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ABSORPTION OF GASES BY CHARCOAL I ~ VACUA 

Historical Introduction 

ork of Dewar and Others.--That charcoal is a 

good absorbent of gases has long been known. The 

subjec t was first investigated by Saussure, and a de

tailed examination of this property of charcoal was made 

by Hunter (Phil. Mag. 4, vol . XXV, p. 364. 1863). Of 

all the charcoals he examined that made from cocoa-nut 

had by far the greatest absorbing power, one ,volume of 

charcoal absorbing 171.7 volumes of ammonia, 17 . 9 of 

Oxygen, and 4.4 of hydrogen. It was not until 1874 

that Sir James ~ewar began his investigations on char-

ooal absorbing power. He found that when charooal is 

first heated and then exhausted to expel gases already 

absorbed, and finally cooled in liquid air, 450 oc . of 

gas i s absorbed by each volume of charcoal. While cocoa-

nut charcoal functions best, any kind will do--even that 

of blood. 

Besides charcoal other substances, such as alumina 

when cooled in liquid air are effective. A small quan-

tity of alumina will absorb 400 cc. of air in a few min

u t es, but will not retain it as well as charcoal does. 

This laok of retaining power is charact eristic of most 

metals. F. Soddy found that heated calcium is a univer-
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sal absorbent of all ohemioally valent gases (Roy. 500., 

Proo., Ser. A, 78, pp. 429-458, 1907). 

From his results with liquid air and ooooa-nut 

oharooal Professor Dewar obtained the following laws: 

At oonstant pressure, the curve of volume absorbed 

to temperature has a hyperbolio form. 

At constant temperature /the pressure-volume ourve 

is also hyperbolio. 

The law oonneoting the pressure of the gas oooluded 

by the charooal with the oonoentration of the gas, in 

a short range, is a fairly simple lograthmio one. The 

oonoentration enters into the formula with a power index 

of about 2.5. Through large ranges, however, the 

formula becomes very oomplioated. 

The following table, II, shows volumes of helium 

absorbed by oharooal at different temperatures (Engineer

ing, 81, p. 796, 1906). 

TABLE II 

Coooa-nut Charooal and Liquid Air 

Temperature 

_1850 C. 

-210 

-252 

-258 

Helium 

2.5 

5.0 

160.0 

195.0 

Hydrogen 

137 

180 

250 

For a variation in pressure table III shows the 

amount of hydrogen absorbed by 6.5 grams of ooooa-nut 
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oharcoa1 at -1900 C. [Engineering, 81, p.796, 1906). 

Table Ill: 

Pressure in Volume in 
Atmospheres o~o. 

1 620 

5 925 

10 1050 

15 1000 

20 975 

26 925 

From the results given in table III1 Dewar oonclud

ed that the hypothetical density of any .gas abso'rbed in 

oharooa1 is praotically equal to the liqu.id. ions! ty of . 

the gas, and that whatever charcoal does, it behaves sim

ilarly to all gases, aDnsidering comparative temperatures. 

Knowing the amount of carbon dioxide gas absorbed by ohar

coal, he could estimate that 100 grams of charcoal oon-

tained about 15 00. of pore spaoe. He could compare 

the density of. that absorbed oarbon dioxide to the real 

density of the liquid oarbon dioxide. Similar ded.uctions 

had been made for other gases .. (See table III1 ). 

Table III1: 

Theoretioa1 Mean Density of Gases in the Pores 

of Charooa1. Available Space 15 00. per 100 Grams 

of Charooal 

Gas Temperature 
Carbon dioxide 150 C. 

Density of Gas 
in Charooal 

.7 

Fluid Den
sity of Gas 

.8 
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Table III 1 continued. 
Density of Gas Fluid Den-

Gas Temperature in Charooal sity of Gas 

Oxygen 0 -183 C. 1.33 1.12 

Nitrogen -193 1.00 .84 

Electrolytic gas ~58 ? 

Hydrogen -193 .06 .07 

" -210 .08 

n -252 .11 

Charooal has a certain selective absorption. 

This is shown in the case of air consisting of four 

volumes of nitrogen and one of oxygen, which if passed 

over cocoa-nut oharooal esoaped with three volumes of 

nitrogen and two of oxygen. Again, if charcoal was 

cooled in liquid air it drank in air-gas very rapidly. 

"'then this charcoal was heated afterwards,the gas given 

off was much richer in oxygen than ordinary air. 

Considerable use has a1ready been made of the graded 

absorption of charcoal in scientific work. 
, 

Applications of Dewars Methods:-- The following are 

some examples of the use of graded absorption of ohar

coal with liquid air for analytioal purposes. The 

general law of selective absorption is that the more 

volatile the gas the less it is absorbed. at a given tem-

perature. If it is required to separate the helium 

which is found in the gases given off by a thermal 

spring, these gases are subject to the action of char-

ooal with liquid air. The result is the absorption 
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of the less volatile constituents, i. e. all except 

hydrogen and helium. The gaseous residue, with the 

addition of oxygen, is then sparked and the water thus 

formed is removed along with the excess of oxygen, when 

helium alone remains. Or the separation may be effected 

by a method of fractionation. To separate the most 

volatile constituents of the atmosphere an apparatus 

suoh as shown in Figure 8, p.54 may be used. In one 

experiment with this apparatus 200 cc. of air was , suppli

ed from the graduated gas-holder, F, to the vessel D 

which contained oharcoal cooled in liquid air. When 

unabsorbed parts of the air passed on to the sparking 

tube AB, which had a small charcoal bulb, C, attached, 

it showed the C and F lines of hydrogen, the yellow 

and. some orange lines of neon, and the yellow and green 

of helium. By using a second charcoal vessel, E, with 

stop-cocks at H, I, J, K, and L to faoilitate the manip

ulation, considerable quantities of the most volatile 

gases can be collected. After the charcoal in E has 

been saturated the stop-cock K is closed and I and J are 

opened for a short time. This allowes the less condens-

able gas in E to be sucked into the second condenser, D, 

along with a portion of air. The condenser E is then 

taken out of the liquid air, heated quickly at 15°C. 

to expel occluded air and then replaced. :More air is 

then passed in and by repeating the operation several 

times 50 liters of air can be treated in a short time. 



supplying sparking tubes which will show the complete 

spectra of the volatile constituents of the air (Roy. 

Soc. Proc. 74. pp. 127-131, 1904). 

6 

The less volatile constituents of the atmosphere. 

krypton and xenon. may be obtained by leading a current 

of air. purified by passage through a series of tubes 

oooled in liquid air, through a charcoal condenser also 

cooled in liquid air. The condenser is then removed 

and plaoed in solid carbon dioxide at _780 C. The gas 

that oomes off is allowed to escape, but what remains in 

the oharcoal is liberated by heating and exhaustion. 

The carbon and oxygen are removed and the residue, con

sisting of krypton and xenon, is separated into its con

stituents by condensation and fractionation. Another 

method is to cover a few hundred grams of charcoal with 

old liquid air. which is allowed to evaporate slowly in 

a silvered vaouum vessel. The gases remaining in the 

charcoal are then treated in the manner described above. 

(Roy. Inst. Froc. 1894). 

Charooal enables a mixture containing a high per

centage of oxygen to be extracted from the atmosphere. 

In one experiment 50 grams of it. after being heated and 

exhausted were allowed to absorb air at -1850 C. Some 

5 or 6 liters were taken up in 10 minutes. and it then 

presumably oontained air of the composition of the atmos-

phere. i. e. 20% oxygen and 80% nitrogen as shown in the 

following figure: 

...... 
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But when air was passed over it, the portion that was not 

absorbed was found to consist of about 98% nitrogen. 

This showed that an excess of oxygen was being absorbed. 

In the course of a few hours the oco1uded gas attained a 

new and apparently definite composition exhibited by 

the figure: 

o N 

o 

N o 

Using oharcoa1 methods such accurate quantitative 

results have been obtained that the percentage of rare 

gases in our atmosphere have been recently determined 

(Engineering, 81, p. 797, 1906). 

The hi gh absorption by charcoal at ve1Y low tempera

tures is shown in the following experiment. The e1ec

trio discharge through a helium tube is not altered when 

the charcoal bulb attached to it is cooled in liquid air, 

beoause there is hardly any condensation of helium at 

that temperature. On the other band, when the tube is 

oooled in liquid hydrogen the gas pressure is so much 

reduced that the discharge can no longer pass through the 

tube. 
Professor Dewar has been able to make vaouum jacket 
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vessels out of metals insteaQ of glass. He improves 

the vacuum between the walls by partly filling the space 

with well exhausted charcoal. \Vhen the liquid air or 

any other substance at very low temperature is placeQ in 

the vessel the charcoal absorb,S parctically all the air 
I 

remaining between the walls after the preliminary ex-

haustion. 

Pressure Changes in Vacuum Tubes.-- BlythwOOQ anQ 

Allen (Phil. Mag. 10, pp. 497-512, Oct. 1905) perfcrmeQ 

some experiments upon the rate of absorption of charcoal 

cooled in liquiQ air. They founQ that if P be t~e or1g-

inal pressure, and Po the pressure after time t, the re

lation holds gOOQ tbat log (p-po) = A-kt, where A anQ k 

are constants. From this they QeQuce the velocity of 

absorption Qx/Qt = k(e-x), where x is the total amount 

of air the charcoal takes up anQ e the amount absorbeQ 

when equilibrum is proQuceQ. 

The capacity for conQensing gases is limiteQ mainly 

to porous surfaces. The enormous increase of absorption 

at low temperatures in the case of charcoal is not founQ 

with pallaQium, accorQing to H. BaerwalQ (Ann. Q. Physik 

23, 1, pp.84-l06, 1907). Nevertheless, Valentier finds 

that pallaQium does absorb hydrogen at low temperatures 
• 

anQ that this absorption increases with the pressure to 

5 mm. (Deutch. Phys. Gesell. Verh. 13,22, pp. 1003-22, 

1911) • 

The Qensity of the carbon anQ the gas are the 
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decisive faotors in the absorption of gases. Charcoal 

powder shows less absorption than the solid material. 

Moreover, the lighter the charcoal the more rapidly is 

the absorption completed. Charcoal prepared from elder 

pith takes up nitrogen as cocoanut charcoal absorbs 

hydrogen. Bergter found that at pressures .5 to 10 mm. 

pure oxygen is absorbed by coooa-nut charcoal 30 to 40 

times as much as pure nitrogen (Ann. d. Physik. 37, 3, 

pp. 475-510, 1912). Absorption, as a rule, is most 

rapid in the lightest charcoal and for the lightest gases. 

Baerwald concluded that regards the initial state of the 

carbon, no oomplete elimination of the original ocoluded 

gas is as yet feasible. Gases are given off beyond 

5000 C. All that can be done at present is to note the 

absorption after maintaining the temperature for some 

time at any given point. He believes that it is prob-

able that all gases are absorbed to the same extent at 

their boiling points by the same kind of charcoal. The 

amount so absQrbed is 240 cc. in the case of cocoa-nut 

charcoal, and 300 cc. in the case of elder pith charcoal. 

I. F. Homfray (Roy. Soc. Proc. Ser. A 84, pp. 99-106, 

1910) finds that when amorphous charcoal is converted 

into orystalline graphite it entirely loses its absorptive 

power. Claud (Comptes Rendus 158, pp. 861-864, I,rar. 

1914) found that as a general rule the more easily a gas 

is liquified, the more readily it is absorbed by char
coal. 
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Theories of the Gas Absorption.-- J. Duc1aux 

(Comptes Rendus, 153, pp. 1217-1219, 1911) thinks that 

t wo ver1 small e ~ual volumes of definite shape p~aced in 

a gase ous medium a r e n ot in gene r al in the same s tate, 

the irregularities of the movements of the molecules and 

their ohances of collision will cause one of these volumes 

to oontain more mo1eoules than the other. These local 

differences of pressure and temperature he believes play 

a part in 'the absorption of gas by porous bodies. 

A. Eucken (Deutch. ~hys. Gesell. Verb. pp.345-362, 

1914) using the assumption that gas absorption on a solid 

body represents the formation of a layer of compres"sed 

gas owing to physical forces of attraction, was able to 

deduce formulae for the absorption of an ideal gas. He 

found, in agreement with experiment, that the absorbed 

amount is for low pressure proportional to the gas 

pressure. Moreover his formula shows the influenoe of 

temperature. In the oase of a real gas saturation takes 

place at high compression owing to the diminution of the 

compressibility. Wita vapors saturation can, as a rule, 

be effected only on strongly pitted surfaces. 

In his paper, "The Mechanism of the Absorption 

('Sorption) of Hydrogen by Charcoal" (Phil. Mag . S. 6, 

18, pp. 916-934, ,1909) James W. McBain sums up the vari

ous theories of absorption: (1) True ohemical absorption, 

(2) True solid absorption. (3) A. modified solid sol.u-'.

tlon in whioh praotioally only the outer layers beoome 
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saturated. owing to the difficulty ~e tlle a~Mi-eQlty of 

diffusion in solids. (4) Condensation on the outside 

of the surface· of the solid.. These, his experiments 

show him, d.o not account for what really occurs. He 

concludes that absorption of hydrogen by charcoal con

sists of a surface condensation and. a diffusion (solid 

solution) into the interior of the carbon. Moreover, 

ho finde that tho eurfaoo oondoneation 1e noar1~ 1notan-

taneous at the temperature of solid air, whereas, the 

diffusion requires about ~2 hours. 

R. J. strutt (Roy. Soc. Froc. Sere A. 87, pp. 381-

382, 1912) found that upon sending a silent discharge 

through a Siemen's oz.one tube containing phosphorous 

helium was absorbed. This helium could be liberated 

again when the tube was heated. When nitrogen or 

hydrogen was absorbed it could not be liberated by heat-

ing. He, therefore, conoluded that the absorption by 

phosphorus seemed to be mechanical in the oase of helium, 

but chemioal in the case of hydrogen and nitrogen. 

H§rdening of X Ray Bulbs.--Wben a discharge is 

first sent through a new X ray bulb considerable gas is 

given off. This is caused chiefly by the gas ejected 

from the oathode and that given off by the antioathode 

(Kaye, X Rays, p. 71). After some time however, the 

gas pressure becomes continuously lower as the tube runs. 

This deorease in pressure is known as hard.ening. The 

same is true of any vaouum tube when a disoharge is 
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passed t hrough i t. Ever since t he days of P1uoker 

(1858) attemps have been ma de to explain t hi s action 

and t hereby obtain methods for its control. Hodson, 

among ot hers, believed tha t the hardening is due to the 

occlusion of the gases by the electrodes - (? hy. Zet., 

19l2} • But Hill fProc. Phil. Soo., 1912) has shown 

tha t a marked absorption of gases . oocurs even with an 

e1ectrodeless disoharge. He ooncurs in belief with 

Willows (Eb.il •. Mag . 1, p .• 517, 1901) that hardening of 

the discharge tube is due to ohemical action between the 

glass· and the gas. Willows concluded t hat if tubes are 

desited in which the pressure remains constant they 

should be ma de of Jena-glas s in preference to lead-glass, 

and of lead- glass rat her t han so da-glass; and finally that 

in the first t wo oases hydrogen is absorbed to a far less 

extent than air or nitrogen, the last t wo gases showing 

little di f ferences. 

Campbell-Swinton (Proo. Roy. Soc. 1907-'08} oon

eluded from experiments that the gas is aotual1y driven 

into the glass by t he disoharge. This, Kaye thinks, 

oould be only a partial explanation for it does not 
t 

for instance, explain the marked di f ferences in the be-

havior of different kinds of glass. Kaye suggests 

also that the action is stimulated by a species of e1eo

trolysis of the glass produoed by the high tension dis

oharge playing over the Elirfaoe. In consideration of the 
results of Soddy and Maokenzie (Proc. Roy. Soo. ~906-'07) 
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showing that helium was absorbed by aluminium sputtered 

from the oa thode of a di soharge tube ,. and the fac t too t 

hardening of an X ray tube is well known to be pronounced 

with tubes whose walls have been blackened with metal 

sputtered from the electrodes, Kaye (Kaye, X Rays, 

p. 74) concluded t hat the finel.y divided metal behaves 

like spongy platinum in its absorptive properties for 

gases. In such a case the gas may be trapped by a con-

tgot f1lm of mgt~l. 
For eo ~t~nlng X r~y tU06S there ar9 B9veral well 

known methods used as, (1) the ooolusion method , (2r 

"OsmOSiS " method due to Prof. Villard, and (3) the use 

of the Bauer valve. 

When a bulb becomes too soft about the only metnod 

used for hardening, besides exhaustion, is by prolonged 

running with as large a ooil as obtainable. It is 

often beneficial to send the hardening discharge in the 

reverse direction, disoonneoting the anticathode. 

Kaye, in his book on X rays, speaks of the "finish-

lng-off fT process~s t6 fo.llow ' _thEZ PlpllP for - iIIc :r ean ~n3 · the 

vaouum. One such process is to use oocoa-nut charooal 

as anode With a feeble disoharge. The gas absorbed by 

the oharcoal is retained long after the discharge ceases. 

This is not the case when the gas has been absorbed by 

charcoal oooled in liquid air. 
The gas absorbed by the electrio process can be 

liberated if a heavier disoharge 1s used. So that with 
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an evaouator of t h i s type one should be able to re gulate 

the vaouum i n a tube or bulb by simply varying t h e disoharge 

s ent through the attaohed evaouator, or by revers i ng the 

direotion of the disoharge. This oharooal evaouator 

(name due to A. H. Pfund) should prove valuable for oon

trolling the degree of vaouum in an audion, in tubes 

used for speotrosoopio work, portable radiometers and 

vaouum thermal junotions,and even in X ray bulbs if high 

enough evaouation o~ be produoed. In this oonneotiOn 

it is interesting to note that Pfund (Phy. Rev. 34, p. 

230, 1912) used a oharooal evaouator to regulate th~ 

vaouum for his blaok-body-vaouum thermal junotion with 

whioh he measured the radiation from Jupiter and other 

planets. 

The following is a desoription of Pfund's oharooal 

evaouator with some of the results he has been able to 

obtain: 

Desoription of Pfund's Charooal Evaouator.-- Take 

the shell of an ordinary ooooa-nut, break up into pieoes 

about one inoh square, plaoe these pieoes upoh a sheet 

iron strip and oover them with another pieoe of the 

same material. Heat over a Bunsen burner until you 

have oharooal. Next plaoe these pieoes of oharooal inbo 

a mortar and orush them into granules of the size of 

granulatedaugar partioles. Do not pulverize them. Re-

heat t he mass to redness. When 0001 plaoe this granular 
oharooal into the evanuator and attaoh the pump. 



wi t h to 
Exhaust~the pump ~t!l about 1 mm. pressure and send 

so heavy a discharge through the tube that the upper 

electrode is raised to a red heat(this eleotrode should 

be made of oxidized sheet iron). The current must not 

be kept on too long at a time since the glass near the 

electrode is liable to get soft. Repeat the process of 

sending heavy discharges through the tube until the 

greenish (i. e. the color of discharge) hydro-carbon 

vapors are no longer given off freely. This process 

of evacuation can be carried out with an ordinary good 

Gaede lTVorpumpe " alone. Next, the mercury pump is 

thrown in and the charcoal evacuator (not traversed b1 

discharge) is pumped out for 15 minu~~~ to the limit of 

the pump. The charcoal evacuator may now be sealed off 

f rom t he pump and i s ready for use. 

If it is desired to remove the small quantities of 

air that may subsequently have leaked into the apparatus , 

connect the charcoal evacuator to a small transformer 

of about 2500 volts (for full primary voltage) in tbe 

secondary and s end a very feeble discharge tbrough tbe 

tube. The gases will be absorbed quite rapidly and 

shortly the discharge will cease. In order to carry 

the evacuation further, a small Wehnelt oathode con

nected to tbe battery Band K2, is inserted at W (Fig. 1). 

Upon clOSing the keys Kl and K2 and beating this oathode 

to inoandesoenoe, a vigorous disoharge is again started 
and gases are again s:f>sorbe.i. 
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In a later experiment Dr. Pfund used the apparatus 

as shown in Figure 3 where 

A indioates an iron electrode (cylindrical and 

hollow) 

B indicates charcoal 

C indicates small tungsten lamp 

D indicates tinfoil externally applied after the 

gases have been driven out of charcoal by 

heavy discharge. 

His method di f fered in some places, however. He 

describes it as follows: 

To prepare this charcoal evacuator, connect A and 

B to a transformer and drive off gases. Continue this 

process (together with pumping) until gases are no longer 

freely given off. stop discharge, work pump alone, 

light up lamp C and heat bulb with Bunsen flame for 

about 15 minutes. Them seal off from pump. Whem 

gases bave leaked in or have been admitted (after 

charcoal evacuator is cold}, connect A and B and send 

feeble discharge through until this praotically stops. 

Next, light up C to white heat and conneot it to A. 

This starts up discharge again, causing absorption of 

much gas. When discharge no longer passes, oonneot 

A and D to one side of transformer and ·.inoandescant lamp 

C to the other. This last oonneotion, gives the highest 

vacuum attainable with the oharooal evaouator. 
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All waxes , such a s bee' s wax and rosin, stop-

coc k ~rease, etc. give off hydrocarbons. These in 

t ur n , react with i ncandescant tungsten wi re and , i n 

co nsequence int er f ere s eriously with t he proper function

i ng of the oharcoal evacuator. 

Using t hi s met hod Dr. Pfund produces a degree of 

eva cua t ion su ch t hat t he di scharge fro m a large induction 

coil will j nnp over an air- ?S'ap greater than 12 cm. in 

preference to passing between two electrodes (6.5 cm. 

apart) in a vacuum tube sealed to the charcoal evacuator. 
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WRITER'S EXPERIMENT S 

The Purpose of the Experiments.-- The purpose of the 

writer's experiments is to learn how effective the elec-

trical process can be made. Also how useful it may be 

for controlling vacua where moderately low pressures are 

desired without the extra' trouble of the more cumbersome 

processes. An other purpose is to study how readily vari-

ous gases are absorb ed by different kinds of charcoal. 

It is known, for instance, that with liquid air elder-

pith charcoal absorbes nitrogen as cocoa-nut charcoal 
t .. t.t 

absorbes hydrogen. . This~suggest~that probably the 

most effecient combination has not yet been found. 

Preparation of Charcoal.--In the first experiments 

Pfund's me thod . of _ pr~paring the C"h arc oaL _was ~ ul?eg., _pa ge. .14. 

As a result of crushing there was always much pulverized 

material present. In order to remove t his powder the 

en t ire mass was poured on one half of a piece of cheese 

cloth, the othe r half being folded over it. now by 

catching hold of both ends of the cloth a sieve was formed 

with a cover so that it could be shaken with convenience 

until practicalljall the powder was gone. This mass of 

granular charcoal was then heated on a piece of sheet 

iron until it glowed ( red heat) for a few minutes, after 

which it was allowed to cool. This cool charcoal was 

now placed into a hard glass tube,about 11 inches long 

and one inch in diameter (Fig. 2). At each of its 
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tapering ends wire electrodes we re sealed in, picene 

and red sealing wax being used f or the f inal sealing . 

To t he upper wire a sheet iron cylinier was attached.. 

This formed the cathode. The lower wire was surrounded 

by charcoal which formed the anod.e. A side tube was 

atgached making connection with an air pump. The d.is~ 

charge tube was connected with an induction coil which in 

turn was connected with a ,7ehuelt interrupter as shown in 

i! i gure 4. A heavy discharge was sent through the tube 

for a few minutes at a time until the hyd.rocarbon vapors 

ceased coming off freely. These vapors glow with a . 

greenish color when a discharge is passed through them. 

The pump was operated all the time, even during the 

intervals when the dischar ge was not passing . After 

t his process was completed the charcoal was placed in a 

softer glass tube (Fig. 3) where a lighter discharge 

from the induction coil, connected to a rotary mercury 

interrupter (Fig. 4), was sent through for some time as 

abov~only for longer intervals, ten or fifteen minutes 

at a time. ~fuen no more hydrocarbons were given off 

freely the charcoal was ready f or use. This t ube 

(Fig. 3) was built like the hard glass tube except for 

t he method of sealing in the wire electrodes and for the 

f act that a n ordinary nail was used f or the oathode -in 

the place of the cylinder. 

At t his place it mi ght be well to mention a few 

precautions to be observed. It is necessary to 
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start the mechanical pump a minute before opening 

the stop-cock passage into the tube to be evacuated. 

~1hen using an aspirato r it is well to place a beaker of 

wate r und. er the e.ozz:le to pr event leakage. Moreover, 
:" b1le r 

remove t hel\ t n.be before turni ng off the water. "[hile 

sending discha r ges through the tube care must be taken 

that it does not get hot enough to break . 

At anot h er tin:e the charooal was prepared by imbed

ding the clean shells in the sand in an earthern ware 

vessel. This was then placed over a Bunsen flame and 

heated until the. charring was complete. The remainder 

of the preparation was the same as in the previous c·ase. 

The second step in the preparation was varied in 

the t hird process when after charring between two sheets 

of iron the shells were placed in a long hard glass 

tube, 32 om. long and 1 cm. i n diameter. One end of the 

tube was closed while the other was connected to the 

Vorpumpe of a Gaede rotary (mercury) . pump. A plug of 

glass wool was placed a short distance above the level 

of the charooal so as to prevent the latter going over 

into the pump. With the pump running the charcoal 

was he a ted for an hour or more over a double burner 

Buns en flame. The double burner was used to give 

an even intensity distribution of heat. At this stage 

a ring of dark green viscous substance, probably tar, 

appeared on the walls of the tube. The heating was 

continued until t his no longer inoreased. Then, 
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with the pump still running , the- charcoal ~a~ allowed 

to cool. In this condition it was placed in the final 

tube. Here a heavy discharge from an . induction coil 

intEn'tt.pted by a -'[ehuelt or mercury turbine break was 

sent thro~gh at intervals for about three houts. This 

was continued until t here was no more lightning -like 

discharge from within the mass of charcoal, and unt il 

the oharacteristic green discharge through hydrooarbons 

ceased. 

,~ethods of Charcoal Preparation not ~ tried.--

In some future experiments different methods of charcoal 

preparation will be tried. Brqwn wood-oharcoal has 

some peouliar properties in oonnection with high explos-

ives. For t his reason it may lead to some interesting 

results when used in an evacuator. It will be prepared 

by prolonged gradual charring' in a vacuum tube surround-

ed by a bath. Another arrangement t o be tried is char-

ring a piece of elder pith by making it an electrode in 

an exhausted tube and passing" a discharge. 

Method of Testing Vacuum.--An increase in the~ree 

of evacuation can be very easily detected when the 

pressure in t he tube is low enough to give the distinct 

cathode dark space, because t his beco mes larger as the 

pressure decreases until finally it fills t he entire 

tube and the disoharge oeases. IT t he potential is 
. f 

increased the disoharge will again appear and a Similar 
process takes place. This process was used onl y as 
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an indicator. 

For ~etermlnlng t ne aotual ~eoreaa e o! pre~6ure 1n 

the tube the paralled spark method was relied upon. It 

is known that if a spark gap (in air) 1s in parallel with 

a vacuum tube through whic h a discharge is passing the 

gap must be made smaller as the pressure in the tube is 

decreased down to a certain point if the discharge is to 

pass only occasionally across the gap. After t his point 

has been reached the spark gap must be ma de larger as the 

pressure in t he tube diminishes. 

It is these facts whic h are made use of in these ex-

periments for determining the degree of eyacuation. 

Ehrough the two poles (AI and A, Fig. 4) are two sharply 

po i nted wires (f ) and (g). The ends of these can be 

placed at different distances apart, thus giving the 

various spark gaps desired. 

\1hen the vacuum is being tested , the wires (f ) and 

(g ) are placed at such distanoesapart that the spark 

jus t j umps across the gap when hardly any discharge takes 

place through the tube. The distance between the near 

ends of the wire (f) and (g) was measured and this used 

to give the relative degree of evaouation. In these no 

pressures were taken which were not below those for whioh 

the discharge in the tube is more vigorous the nearer 

(f) and (g) are together. The distance was measured 

with a vernier caliper. 
In the first experiment a Millikan pump was con-

nected at (A) (Fig. 2} to evaoua.te the "tube. This 
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pump prove d unsatisfactory _ f or this work becaus e 

the pump couli not be operatei ani at t he same time 

the current re gulated. It was finally broken. Then 

a Gaede rotary (mercury) pump was substitutei for it. 

This was joined to a Vorpumpe which was operated by 

the same motor which drove t he Gaede pump. In all 

cases the Vorpumpe was run for a f ew minutes before 

the Gaede pump was thrown in. This was done to produce 

a vacuum low enough for the operation of the latter. 

Description of Apparatus.--The tube used with this 

arrangement was exactly as shown in Figure 2. Here 

(A ) is a side t ube leading to a pump, (B) is t he cylinder 
- " 

of oxidized iron - ~oI~tnt t he cathode, and (0 ) i s t he mass 

of charcoal which is the anode. The tube was made by 

drawing dovm the ends of a glas s tube 2 cm. in diameter 

and 20 cm. long. The lead wi res at (B ) and (C) were 

sealed in with red sealing wax and picene. lt proved 

as the experiment advanced that this method of sealing 

in wires was no t suitable because at times the tube became 

too hot for these sealing materials to hold. It is 

probably due to this fact that no positive results were 

obtained with t his tube. 

The apparatus supplying the current was arranged 

as shown in Figure 4, except that the pump at (H) was 

not present. In this figure (R\) and (L) are the taps 

from the direct current generator (110 volts); (YZW) 
is a doublethrow double pole switch; (DBC·) is a 

1 
double throw single pole switch; (R ) and (R) are 
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variable resistances; (T) is a rotary (mercury ) inter

rup t er; :"(tl) is a Wehnelt interrupter; (K) is a condenser; 

(I) is an inductance; (M) is an induction coil of which 

(A) and (AI) are the poles carrying the rods (f ) and (g). 

The distance apart of (f) and (g) could be adjusted . 

The direction of t he current supplied by the generator 

was such that if (Y) was connected to (R) the ' terminal 

(A) was an anode when ( 1) was connec t ed to (Z), and (A) 

was the cathode when (W) was connected to (y). When 

(B) and (e) were joined the current passed through the 

';rehnelt (V) and when (B) and (D) were Joined the curre,nt 

passed through t he mercury interrupter (T). 

Methods of Operating the Evacuator.--For the first 

part of the operation where a heavy discharge was sent 

through the vacuum tube in order to free the charcoal 

of the gases it contained, (D) was connected to {Z} and 

(B) to (e). The strength of the current passed t hrough 

. ehnelt interrupter was regulated by varying the re-

sistance (R). After the tube had cooled down the switches 

were thrown so that (B) was connected to (D). (W) 

remained connected to (Z). thus keeping the charcoal the 

anode. With the first observations (f) and (g) were 

kept far enough apart so that a spark could not jump 

from one to the other. In order to make the actions of 

the discharge observable a black screen was placed behind 

the vacuum tube. Moreover. all observations were made 

in a dark room. 
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With t he preliminary exhaustion complete d a very 

light discharge from the induction coil (using mercury 

int errupter) was sent through t he tube. The strength 

of t hi s discharge was regulated by varying t he resistnace 

(Rl) • At t his time t he entire t ube was fillei with the 

characteristic green cathoie glow, except t he small 

i a r k space around t he cathode. In a very s hort time the 

dar k space i ncreas ei in size. Then the current was increas

ei in small s t eps until there was no resistance in the 

primary of t he iniuction coi l . I n each case the inorease 

of the cathode dark space was observei, but the total 

increas e was not very great. It is a well known fact 

that with a vacuum of this degree the size of t he cathode 

iark s pace is a guage of the degree of evacuation in the 

tube. The increas e in t he size of t he iark space in-

dicates t hat the pressure in the tube has been decreased 

but not to any markei de gree. It was for t h is reason 

tha t t his method of evacuation was abandonei. 

The a pparatus was changei some for t he next ex

periments. In t he firs t place the vacuum tube was 

changed. This time the tube hai the appearance of 

Fi gure 6 vvhere (m) was an iron nail, (n) was a mass of 

charcoal (anoie) surrounding some "seal i n ll wire which 

extended through the glass of the tube, ( ·c) was a 

~ 1Ulgsten filament automobile lamp , L1') was a i ouble way 

stop-cock leading to the air pumps. This time t he wi res 

at (m) and (n) were sealed in by first drawing out the 

ends of the large tube then plac-
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ing the " s e,). l in" wires throug}: sm·'.:.ll ca pillary glass tubes 

( 
r. . .. ) cm • in dL;.meter '-ind 3 cm. long) aJlowing the wi res to 

extend a bout 3 cm. beyond each end. The c~pillary tubes were 

now melted so a s to make air ti eht contact with the ends of 

the large tube where they were se;_lled on. Also the '~u torr.obi Ie 

lamp w:).s sealed on to the end of t1:e side tube. 

Further ch~nges were made as follows. Since results 

wi t;h the induction coil had proved uns ?tisfactory. a Thor-

d ~ rsen transforme r \Vi LS introduced. ~nd the induction coil 

W;, s uRed only for dGtermininr; t 1" e l ength a t the p.::i.ra1lel 

s park- gap. Also, an arr...l.ngemell t w .S introd.uced for heating 

the tungs ten filament. 

Figure 5 show8 the now arr~ngement • t he dotted lines 

indic 1ting in outline t he direct current part of the a~paratus 

wh i ch v: J. S eX'tctly the same as i n }'i ~ure 4. The 110 volt <-1.1-

ternuting current ( ~F) l ed into the coil (b) which surrounded 

a l . .i.minated iron core. Above the coye "h S cmother coil (a) 

"vi th l ea .:l s to the ~ut r')mobil E ) l<.:.mp (c). The tub e leading to 

th e i . ..ir ]:umfs wa s at (p). The key (k) W J. S up when testing 

with 'the p~rallel spark through (fg). Another 110 volt al

te rna ting current (GJ) l ead to the rrimary (r r ) of the trans

former (r:'). In thi s circuit W3. S a v~ri ').ble resistance (r) 

~nd t~ree lamp:! j n pSJ. ra11el wi tr. e ·lcr.. other and in seri es 

in the circuit. ~he leads from the seconda ry (Se) of the 

transformer':.. terminated in the key (k) and a t the point (x). 

After the tube h i:.l.d been pumped down as stated before 

and the aI- paratus arranged ~ s desoribed above enough , 
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resistanoe was inserted, with key (k) down, to allow 

a feeble disoharge to pass through the tube. The 

current was left on until the discharge ceased. Then 

some resistance was taken out at (r) until a fairly 

vi gorous discharge was again obtained and the same pro

oess was repeated. After a few trials in t his manner 

the disoharge was started again when (a) was placed over 

(b) (other parts conneoted as before) so as to make (0) 

glow dull red. (a) was now left in t his position until 

the discharge oeased. Then (a) was placed a little near

er (b) which made the lamp glow more brilliantly and the 

discharge Inorease. When t his change was not too great 

the disoharge would again cease. Next, (a) was taken 

away from (b) at the same time that :the resistanoe was 

taken out at (r) and the above procedure repeated. The 

results at this point were encouraging but not good 

enough to warrant taking measurements. 

At another time a similar procedure was used with 

a longer time devoted to heating the charooal. With 

full voltage on the transformer a ourrent was sent through 

the (m) and (n) terminals (conneotions as in Figure 5) 

for intervals of five minutes with intermissions of two 

minutes. The tube was flushed with air before sending 

the current through it again. This prooess was repeat

ed until very little green discharge remained. After 

the last time that the heavy curre.nt was sent through 

the pumps were allowed to run for 15 minutes to carry 
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away as muoh as possible of the gas liberated. Then 

the tube was sealed off by means of a stop-cook and 

the evaouator was ready for use. Next with oonneotions 

left exaotly as they were an attempt was made to pass a 

current through the tube by gradually varying the resist-

ance in the primary. No results were ~btained even with 

the full voltage on the primary, indioating a high degree 
r 

of evatauation. ~[hen the automobile lamp was lighted 

b~ an induced our rent a sudden vigorous disoharge appeared. 

This doubtless indioated that gas was liberated , so all 

the ourrent was out off and the pumps turned on to ex-

haust the tube. Conneotions were then made with the fresh-

1y exhausted tube at (x) and (n) (Fig. 5) mo that the 

lamp filament oould be made the oathode. The resistanoe 

at (r) was removed a little at a time. After eaoh step 

the lamp (0) was lighted and left on for a minute or so. 

This was oontinued until suddenly a vigorous disoharge 

appeared and the lamp (0) lighted without the induoed 

ourrent being on. The lamp lighted because the fi1a-

ment as oathode was heated by the high voltage ourrent 

f~m the secondary ~f the transformer. To out this 

voltage down a little more resistanoe was thrown in at 

(r) until a very feeble disoharge was passing through 

the tube. Then the lamp (0) was again lighted with 

the induoed ourrent from (a) and left on about one min

ute. The resistanoe at (r) was reduoed a little at a 

time using the lamp (0) after eaoh ohso'ge of resistano~ 



ffi. 

0.8 he:ore. n ext the tra~sforme r ~as cut off by li f t-

in ,; the key nc ) . ?h e i~duction coil (H) m ".:as con!le cted 

to (m) a ni ( n) so as to s ive a pa~allel spark gap a t (fg) 

f JT te s tlns t he degree of evacua tion. By t h is ~e thod 

tl: e spark c;ap ':":D..S incre!3.sed fo r f!l a fe',"! mn}. to 2?, r.l..'11 . 

At t hi s point it may be ~e ll to f!lention t~o 0: 
t"I-J. e :;'los t seri O'..lS s oarces of error '".1h ic'-1 he1. to be care-

ful l :' ;:::-ue. r :le1 a'?,ainst. I n t~e fi rst place if t~ e iischar~e 

tl:ro'l0'h the vacuum tube i s to o h eavy th.e t ube will crack 

because of heat in~ . Th is woul d necessitate repeating all 

the ~ork. The other s eri ous source of error was the appear-

ance 0"" grease i~ t'he tnbe from the stopcock. It is knoVTn 

tha t grease gives 0 ff gas freely v,'hen under the influence 

of a~ electric discharge. 

Res '-ll t sand ~iscussions. - - ~or t he next s et of exper i -

:-:1e~1 t s a n8'.'7 suppl:J" o f charcoal was use:i. To d.rive off tb. e 

oc clud ed. gas t he charcoal was first placed betl7een !'!'letal 

s1.lee ts and. heated 'Nt th a Bunsen burner. Then it '.vas placed. 

i~ a tube ",'There it was "l-J.ea ted by a current from an induction 

c oUI '.d t, a ~ehnelt interrupter. '.:'he auto;-;"obll c l a ::;p ··.·as 

~lo ':lCl fo r a fe·:.' :-:1 in lte s after cnrren ts for f ree i n -; the 

c ~arc oal o! 3as ~e~~ turned off , hu t ~h ile t he laf!lps ~ere 

Th is VYa S done to free t he '::nn gsten :illo. -

::,cn t ') f any occluj~d. n:as es . After t h e T)''..l::;P '"lui hee n seal ed. 

J~"-: c. r n ther 1:ea',:7 cnrrent was sent throu~h the t ~lbe lo~:; 

e:1o 'l :-;11 to :;et as lon-:; a !larallel s~ark as desi red . ":'he 

'~o llo~inG ~re SOf!lC of the resu lt s obtained. The f irs t 

c o llU~n"';' i ve s t he len.:;t h of the' paralle 1 :3park 5'a p ; the 

second. , its l eng th a t t he eni of t h e time thnt is d.uration 
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0:- :1. isc l~ar~e 3 i ven in tlte tti ~i co In.-rm; t he las t 3" i ves 

t"1 e resLstance in th'3 circu.it &.t (r ) Fi gure 5 , here a 

indicates that t~e resistance ~as decreased over that 

of t ~e preceeiinJ reading . 

Air and aocoa-nllt aharcoa1 

1en~th of parallel spark ~ap 

"g e ,~inning End 

44 :run. 45 !:1:n • 

45 " 50 " 

50 " 50 
,. 

50 " fl5 " 

55 " 64 0' 

58 .. 6" " 
,) 

6 3 " 68 " 

GO 0' 70 ., 

70 ., 71 " 

Dura.tion of 
discharge 

2 min. 

4 

3 

2 

4 

2 

2 

5 

0, 

" 

., 
0, 

" 

Total increase in spark gap 27 mID. 

~osi stance 

middle of (R) 

l~fter t t1is only an occasione.1 spark cou11 be :-:la1e 

to j lL'TIP the gap. ~he ~esistanc~ was further varied in 

s::la11 st~ps an i ',vi th increase of the ti:ne interval bu.t no 

~lrther increase in the length of the parallel spark 

co~li be obtaIne1. 

Swithches \vere placed in the circuit leading to 

t11e transformer and the circuit carryin <s the current wh ich 

1i ~hted the lamp (c ). This wan done to breaK up tho 

capacity effects in these two circuits . It is likely 

that the transformer an1 the coil (a ) might be charge1 
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b:, t'-1~ 'h. iZ~ :!"eq:l~nC~ cu!"rent 1eaJd;1[; off by ':ray of t he 

1u!'11) f' lla!'1en t . 

'::hi Ie t es t i~:.; --.' i t h the pe !"a11e1 spark ~as must 

he. vc 1)e c~ 1.. i bera ted i ~ t1.e t'lbe a s the :,us cha~c:,e d :ro:n 

71 :-:1!:l . to 26 :n~l . where the next set of obse!"vati o~s be ~an. 



Table 11 

Air and Cocoa-nut Charcoal 

Length of parallel spark Time 

Beginning 

26 mm. 

27 " 
29 " 
33 ' I 

34 ' I 

End 

27 mm. 

29 " 
33 " 
34 " 
36 " 

5 min. 

10 

10 

10 

10 

" 
" 

" 

" 
Total increase of spark gap 10 mm. 

Resistance 

middle of (r) 

Next the heavy i i s char ge ·,"a.s sent t t r ough th_~ 

tube at intervals of 15 minutes. The pumps were con-

nected for 10 minutes and the following results were ob

tained. 

Table III 

Air and Cocoa-nut Charcoal 

Length of parallel spark 

Beginning 

43 mm. 

45 " 

50 " 

End 

45 mm. 

50 " 

54 " 

Time 

10 min. 

15 

20 

" 
" 

Total increase of spark gap 11 mm. 

Resistance 

The arrangement of the apparatus was now changed 

somewhat. One of the most important changes was the 

introduction of a water resistanoe in the secondary oir-

ouit at R2 (Fig. 6). [ n Figure 6 the lettering fo'r those 

parts which oocur in the preoeeding figures is as nearly 

the same a s it oo uld be oonveniently made. 
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A key (K5 ) was inserted so that the lamps (LLL) 

could be easily cut out. The resistance at Rl 

was of the type shown in Figure 7, where the lettering 

is the same as that of Figure 6. 

When the apparatus was arranged as shown in Figure 

6 the parallel spark between (f) and (g) was obtained 

by disconnecting at (K3 ), and connecting at (K2) with 

the double pole switch (Wl ) open. To get all the resist

ance at (Rl ) in the circuit it was necessary to disconneat 

(K5), (K2), and (K4); and then after connecting at (Kl) 

This resistance co uld be 

varied (lessened } by sliding (Rl) toward (Ml). The 

lamps (LLL) could be cut out by connecting at (K5). 

\1hen (Kl) was disconnected and (K4) connected all the 

resistance at (Rl) was cut out. In order to glow the 

lamp (a) the switch (WI) was alosed. The seaondary 

resistance (R2) was thrown in by connecting (KI) and 

disconnecting (K4). The remainder of the connections 

and operations were the same as those with apparatus 

shown in Figure 4 and Figure 5. The transformer con-

tained a magnetic shunt which could be regulated by a 

thumb screw. 

With the apparatus as described above three sets of 

readings were taken with results as given in Table 4, 

Table 5, and Table 6. The first three aolumns in these 

tables are the same as those of the preaeeding tables. 

The third aolumn gives the resistanae at (RI) with the 
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sa:;)c notati -:m 3.8 be±"ore, 7.rhile the last colur:m !:ji ves 

t~e chanGe of resi stance usin8 la~ps (11L ) an1 resist~nces 

Air and. ~b:coa-mit Ch i rcoal 

T,cn:; t h of 
pa rallel spa!'1>: gap 

End. 

37 :nrn. 41 rom . 

41 " 52 " 

52 " 61 ., 

rrotal increase 

Air ani 

1cn8 t h of 
pa r allel spark <7'un u ... 

13e 8in:1. i n3 Eni 

22 :nI:l. 24 ~:l . 

~4 " 26 I I 

26 . 32 " 

32 " 

40 
., 

4 ·J " 45 
., 

Cha r a c ter of 
resistance cn an3e 

1 7 !:lin . all i n 

15 

15 ., 

in spark gap 24 mm . 

~ABI..E V 

Cocoa -nut ~harcoal 

RI 

Time Beginning 

2 !":'lin. half in 

n 
/.., 

2 

6 " all out 

10 " all in 

~2 in, grai1w l 
(recrease in rtl 

., .. 
" ,. 

Cha r acter of 
resistanc e charge 

R<)in . 
/.., 

8r a1 . chanGe 
., ., ., 

., " 

' 1 " I, 

R2 out , lamps on 

~otal increase in parallel spBrk 23 ~~ . 

Rl 
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TA:3::-JS VI 

Air ani Cocoa-nut Charcoal 

Len,:;th of 
pa rallel spark p --I Character o-! 

resistance change 
3esi nnin g Eni Time Be ginnins 

20 mm. 28 mm. 20 min. all in lamps on , R2 in 

28 r:llIl • 4 0 :rl.'1l. 20 min. all in lamps on, R" ... out 

40 mro . 49 rum. 20 mi n. all in la:nps out 

Total i ncrease in parallel spark 29 ~'1l . 

~i th another trial t he voltag e l eaped to a hi3h 

val ue very suidenl y, 1 i bera ti ng so m1.lC~ 3'as i:1. the t .... lbe 

that it ",'TaS no t :p rofi table to try to absorb it a 3'ain; 

::1.ciie:1.tally the a l ternatin:; current fluctuated ver~.r much 

at ti :1es thus ca'lsing r:mch. trouble in these exp eriments. 

-=:1:e next expe rimen ts "Tere undertaken to see 'J7h.a t 

ef~ec t (1 ) 11 fferent arrangemen t to resistanc e. t":at 

i s ","in.e :r:.er in primer :,'" or seco:1.1ary circni t; (2 ) chang' -

i ug resistance ~rad.ua1ly or in jumps , ~ou11 have on the 

absorption. ~he a~paratus as shown in Figure 6 ~as 

usei fo r all sets of reaiings. The same time intervals 

~er9 usei f or a l l se ts of readings. The result s ,vere 

as fo 110\';s : 

'}raCtual change in resistance bee inninz; ,n th RZ 

ani LL~ in, eniing R2. t LL, and. Rl out. 



Table VII 

Air and Cocoa-nut Charcoal 

Parallel spark gap length 

Beginning End 

19 mm. 25 mm. 

25 11 

28 " 

34 " 

28 " 

34 11 

40 " 

Total increase in spark gap 21 mm. 

Table VIII 

(Like Table VII except change in jumps) 

Air and Cocoa-nut Charcoal 

Parallel spark gap length 

Beginning 

29 mm. 

37 " 

40 " 

42 " 

End 

37 mm. 

4 0 11 

42 " 

45 " 

Total increase in spark gap 16 mm. 

Ta.ble IX 

Air and Cocoa-nut Charcoal 

Gradual change in resistance beginning with R2 . 

LLL in, Rl out; ending with R2 and Rl out, LLL in 

Parallel spark gap length 

Beginning 

22 mm. 

End 

30 mm. 

Ze . 
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Table IX continued '~ . 

3eginning End. 

30 mm. 34 mm. 

34 If 41 " 

Total increase in spark gap 19 mm. 

Table X 

(Like 'rable IX except resistance changed in jumps) 

Parallel spark gap length 

Beginning End 

21 mm. 28 mm. 

28 " 31 " 

31 tI 33 " 

Total increase in spark gap 12 mm. 

Table XI 

Air and Cocoa-nut Charcoal 

Gradual change in resistance, beginning with Rl 

and LLL in, R2 out; ending Rl t LLL, and R2 out 

Length of parallel spark gap 

Beginning 

22 mm. 

26 " 

30 ' I 

End 

26 mm. 

30 fT 

35 II 

Total increase in spark gap 13 mm. 

Table XII 

(Like Table XI except resistance ohange gradual) 

Length of parallel spark 



Beginning 

26 mm. 

27 " 

31 " 

End. 

27 mm. 

31 " 

35 " 

Total increase in spark gap 11 mm. 

Table XIII 

Air and Cocoa-nut Charcoal 

38. 

Gradua l decrease in resistance beginning with R2 • 

LLL. and Rl in; ending with Rl. R2 . and LLL out. 

Length of parallel spark 

Beginning 

22 mm. 

41 " 

52 " 

61 " 

End 

41 mm. 

52 " 

61 'f 

73 !! 

Total increase in spark gap 51 rom. 

For the last reading of t his table the magnetic 

S~hunt of the transformer was taken out. 

Table XIV 

(Same as f or Table XIII except lamp (c) glowed brighter ) 

Length of parallel spark 

Beginning End. 

23 mm. 43 mm. 

43 " 55 " 

55 If 82 " 

82 " 86 n 

n t:", .. 95 " 
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Total increase i n spark gap 72 rom . 

liere again it was not possible to run the current · 

in the primary of t he transformer to the limit because 

of a sudden voltage Change. 

Upon observing the resul ts it can be seen that 

the greatest inorease in parallel spark gap is obtained 

under conditions of Tables VII , IX, XI, XIII,and XIV ; 

that is, when the resistance is removed graiually . 

The arrangemen t for VII was the same as for VIII , for 

IX the same as X, and XI the same as XII excep t that in 

each case there is a difference in the manner in whi ch 

t he resistance is removed. loreover, it can be seen 

that the best arrangement of resistance is that given 

in Tables XIII and XIV. 

In the next table (Table XV) the arrangement was 

t he same as for Table XIV , but now t he time for each 

reading was the same while the pressure in the tube was 

different for each one. 

Table rv 

Length of parallel spark 

Beginning End 

12 IIl1Il. 34 mm. 

29 " 46 " 
82 " 95 " 

99 " 106 " 

Increase 

22 IIl1Il. 

17 " 
13 " 

7 " 

This table shows that for air and oocoa-nut 



40~ 

c~arc oal t h e smal lest increa s 0s we r e obta ine d a t t he 

1 0",7e r ~r essures . ~h i s c ondi ti o!1 i s t ypi ca l ~or all t he 

results obta ined . Another po i n t n ot i ceable is t ha t the 

~reates t a :ilount of a bsorp ti ::m i n a si !10'le step took pla ce 

~~en mos t o f Rl wa s out. Th i s was a lso t he time ~hen 

~o s t car e hal t o b 8 t ake!1 t o avo i i send in~ to o h eavy a 

dischar ,::;e wi t h to o s udden an i ncrease . t hus r el eani ng gas 

ins t ead of absoTbi n~ it. I.:ore over "i,,':len b e ~ i nnin ::; \'i i t h 

va c un.11 0 f abo u t 104 m.'11. parall e l s park (or eve n 10','ler a t 

times ) the pr essu r e c ~lld no t be brought down en ough to be 

:nc; asnr ed . Thi S ',vas p robably due t o the fact t'ha t '. hen a 

v ol ta:;e "ye s used " .. ,h ich '.'la s h i :3'h enough to cau s e a dis charge 

t o pa s s t hr ou gh t 'rJ.e t ub e a back dis c nar8'e t ook pla ce in 

the c oil ',vhi ch li ghted tlJ.e lamp (c ) . 

An at temp t ':ms made t o s ee ho',v h:rd ro gen \'lonl d b e ab-

sorb ed . ~yd:ro 3'en ":'TaS p r epare d b y e l ectrolys is 0 -: wa t e r. 

~he appar atls cons int ed of t wo ~las s t ubes abou t 1 cm. i n 

diame t er and 20 cn . long . At t h.e t op of e a c 'i. t ube 'ilU S a 

stopcock . ,-,hi l e rlat i num electrodes ':lere sealed into t he 

bot tom of eac h . The bottom o f t he tube s we re conne cted b y 

a t ' l'h e ',1h ic 'l1 had a s i de t tbe into wl-} ich t he '.7ater was ponr-

ed . ~hen a cu rrent ~as s ent t h rough t he wa t e r ~ydro gen 

co ll ect ed i n on e t ube and o~Jgen in the ot her. 

Afte r t h e hyirogen ltai b e en prepa re d it pas sed t h rouD'h 
.:> 

a ~l ryin3' a~ent (phos phorous pentoxi de ) . ? ere i t \Ta s 

ne c es sary to obs erve t wo p recau tions . I n t he f irs t p l a ce 

ca re ',vas tak en to open slowl y th.e s topcock on t he t ub e 



in which hydrogen was colleoted. This aIlowed the 

water to rise gradually so that it oould be stopped 

easily before being able to enter the drying tube. 

When the tube containing hydrogen again filled· with 

41. 

t his gas the process could. be repeated. This prevented 

the wa ter :·getting over into the vacuum tube. Moreover, 

the tube containing the drying agent should lie in an 

horizontal position, or if in any other position some 

substanoe such as glass wool Bhould. be mixed with the 

pentoxlde to prevent clogging of the tube. It might 

have been well also to have passed. the hydrogen through 

sulphuric acid. 

The first gas passing over the drying agent was 

allowed to escape into the &~r. This was done to clear 

the delivery tube of air, thus preventing any oontamina-

tion i n the tube. When the supply was pure it was 

admitted to the vacuum tube through a stop cook. After 

the vacuum tube had been filled with hydrogen it was 

reexhausted. This was repeated several times until it 

was evident that the tube contained only hydrogen. 

The same process was used with oxygen. 

The apparatus was that of Figure 6 and the prooess 

of operation the same as that for whioh Table XIV was 

obtained. For some reason the behavior was not as is 

usually the oase where hydrogen is absorbed by oocoa-nut 

charcoal. With liquid air hydrogen is very readily 
absorbed by cocoa-nut oharcoal, but this was not t he 



42. 

cas e in these experiment s as is sh own in the following 

tabl e : 

Table XVI 

Hydrogen and Cocoa-nut Charcoal 

Length of parallel spark gap 

Beginning End 

24 mm. 

36 ' I 

36 mm. 

42 iT 

Total increas e in spark gap 18 rom . 

The di f ference in the way various kinds of char-

coal absorb when cooled in liquid air suggests t hat a 

similar di f ference might be . found with the process 

previously described. It was with t his in view that 

walnut and hickory nut charcoals were tr i ed. Time 

prohibited further experiments along this line. However, 

i n a no t her s et of experiments which is to be carried on 

later elder pith charcoal, brown wood charcoal and others 

will be tried. 

Air and Walnut Charcoal.-- In t his case the pre

liminary preparation of the walnut charcoal was t he same 

as the las t method (page 18) used for preparing cocoa-nut 

charcoal. The apparatus and operation was t he same 

as that for hydrogen and cocoa-nut charcoal. The re

sults were of t he type given in the following table: 
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Table XVII 

Air and Walnut Charcoal 

Length of parallel spark 

Beginning End Trial Total inorease 

26 mm. 30 mm. 1 

30 " 34 " 

34 " 34 " 8 mm. 

21 " 27 II 2 

27 II 37 " 
37 " 40 11 19 mm. 

20 " 26 11 3 

26 " 34 11 14 mm. 

This table shows that walnut charcoal does not 

absorb air as well as cocoa-nut charcoal does. Hickory 

nut was tried like walnut, but oil was continually 

appearing in the tube so that no satisfactory results 

were obtained with it. Elder pith charcoal was prepared 

but was not tried on account of lack of time. It would 

have been very interesting to try the combinati on of this 

charcoal with nitrogen for two reasons. (1) because it 

absorbs gas with liquid air very readily. (2) beoause it 

absorbs abnormally nitrogen when immersed in liquid air 

as cocoa-nut charcoal absorbs hydrogen. Nitrogen and 

oxygen were not tried on account of lack of time and 

beoause they are constituents of air, thus indicating 

that they should be absorbed rather readily--more 
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partioularly if oombined with the proper oharooal. 

One variation of the above experiments was used 

with the same apparatus. This time oonnection was · 

made so that a feeble discharge passed between m and 

n (Figure 6). This very soon refused to pass. The 

process was repeated with variance in RI. being care-

ful not to send too heavy a discharge. Now (c) and 

,n) were conneoted while (0) was caused to glow to 

incandesence when the discharge again passed and the 

actions of the first arrangement were repeated. In 

each of these cases no tests were made with parallel 

spark because too muoh resistanoe (Rl ) was taken out 

thus finally causing gas to be given off instead of be

ing absorbed. 

The arrangement with tin foil externally applied 

at Q (as suggested by Dr. Pfund) was not tried on 

aocount of lao~ of time. This is supposed to give the 

most efficient arrangement. 

Some Pronounoed Effeots.--When the apparatus 

(Fig. 6) was oonnected so that a disoharge from the 

induotion coil with Wehnelt interrupter passed between 

1m) and {n) a dark brown deposit appeared on the walls 

of the glass tube around the oathode. It is probable 

that this brown deposit was influential in the absorption 

later, in aooordanoe with the suggestion of Kaye (Kaye, 

X Rays ·, p. 74) that this finely divided metal behaves 

like spongy material in its absorptive properties for gases. 



45. 

Inverse Rffect.--The follo~ing phenomenon, ne~ so 

!ar as the ~riter knows, ~& S observei while operatin~ the 

t llbe ~ith t~e iniuction coil, actuated by the mercury 

t ~l.rbine interrupter. On reversing' t he prir.lary of the 

coil by t he use of t'r-te iouble thro'."l s wi tcn ', TirZ (?i e- . 4) 

it ',7&,::::: foun) t'rta t t he cnrren t t hro~lg'r-t the tube was not 

correspond in ~lJ reversed, the t'lbe seemin1 to act a::::: a 

-r ec t i fi er wi t~, t~c cha rcoal a17~a:rs an anoie. ':,"hen the 

s".7itc~ was thro',vn to t he left ;ry (Fi 3" 4 \ gas ',vas ,jiven off 

as s"',cr:;n b~r t he presence o f l:eav:T striat ions ','Thi ch slo1.71y 

fi 11ei tr,O tn'he. ';nen t he 8-::i tc~ rz (}'i ,:; . 4) was thr07Tn 

to t~ e right t~ese ~triations slo~ly movei into the anoie, 

G~o~in~ an tncreasein the absorption or at least a l a r ge 

iccrease in t he amo unt of 'jUs ~iven off. 

p~obabl~ due to the inve r se iischarge being ~rea tcr ~tth 

':"',8 c'l.rrent , in ono ii rect ion , than it '.vas wi th the cnrren t 

in the other i irection. ~?hen tl1ree striations '.~Te r e forcei 

O'.lt oi: the anoie wi th the s',vi tch in the ~ i irection all 

t1:r08 cO '111 be irawn back i nto the anoie '.-'Then the swi tch 

',7a8 in the \7Z iirection. The pump was operatin3' iuring 

thiS process 

Absorption llpon ~ coblilJg even when only iown to r oom 
, \ 

t e::lpe rature was observei as the s~iations w0111i shift 

nearer the anoie after the charcoal hai been ~iven time 

to cool. r~his ',7as ione '\vith the p1.L'1lP shut off. ' 
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CONCLUSIONS 

There are several sources of error which doubtless 

influenced the results materially. In the first place 

it is probable that the charcoal was not heated long 

enough or steady enough to drive off all the occluded 

gases before it was placed in the evacuator. Willows 

(Phil. Mag. I, p. 517, 1901) heated the charcoal he 

used for absorption for as much as three days and longer 

in order to drive off all the gases. In no case was 

the charcoal heated for such a long period in these ex-

periments. Moreover, the stop cock used in these ex-

periments was greased and sometimes the grease was forced 

into the evacuator. It is known (A. H. Pfund, letter) 

that all waxes, such as bee's wax and rosin, stop cock 

grease, etc. give off hydrocarbons. These in turn, 

react with the incandescant tungsten wire; and in 

consequence interfere with the proper functioning 

of the evacuator. Again the method of sealing off 

v~th a stop cock might be ineffective in itself at these 

low pressures. It is possible that the air taken into 

the tube was not perfectly dry. 
'- .- ---- -- --_ .. •. This is probably one 

of reasons why hydrogen acted so peculiarly. It might 

have been well to have the hydrogen bubble through 

hydrogen sulfate after passing through the phosphorous 

pentoxide drying tube. Again the tube used for the 
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evacuator might have been too large for best results. 

rhe large and sudden fluctuations in the supply current 

caused much trouble at places where small changes were 

absolutely essential. An attempt was made to overcome 

t his by working late at night when the load on the supply 

circuit was not subject to abrupt changes. This trouble 

can doubtless be minimized by using storage batteries 

as the source of supply. 

These experiments show that as far as the investi-

gations have been carried the li ghter charcoals are 

better absorbers of air than the heavier ones. Cocoa-

nut charcoal is better than that from either walnut or 

hickory nut . In the experiments with liquid air 

Baerwal d (Ann. d. Physik 37, 3, pp . 84-106, 1907) 

found elder pith charcoal better than any of the others 

for rapid action . Moreover, powdered charcoal wi ll 

not absorb well. The grains should be as large as 

those of granulated sugar. 

Air acted mo re favorably with cocoa-nut charcoal 

than did hydro gen, the only other gas used. There 

are reasons to believe t hat the action of hydrogen was 

not normal. Oxygen and nitrogen were not tried sepa-

rately because of lack of time and because they are don-

stituents of air. It is known (Ann. d. Physik. 37, 3, 

pp . 84-106, 1907) that the lighter gases are absorbed 

most rapidly. These experiments were not oarried far 

enough to prove this point. The fact t hat only air 
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~as tried vn t h di f ferent kinds of charcoal prevents 

any definite conclusion as to the relation between the 

absorbing power and the density of the charcoal and 

gas combined; although it appears likely t hat t he lighter 

gases combined with lighter charcoals would make the 

evacuator of most rapid action . 

It was also found that the most marked absorption 

took plaoe when the tube had a vacuum equivalent to 

abou t 20 om. parallel spark. For the best results the 

strength of the discharge sent through the evacuator 

should be varied gradually. Most absorption took plaQe 

near the limit when a very small excess current would 

cause a rapid evolution of gas. 

The results so far obtained indicate that the absorp

tion i s not great enough at very low pressures to make 

t he method suitable for re gulating the vacuum in an X 

ray tube. However, they do indioate that it may be 

po ss ible to obtain an evacuator tha t will be useful for 

t his purpose if the proper oombination of gas and ohar-

coal is found. For instruments like audions, radiometers, 

s pectrumtubes, thermo- j unctions, etc. whioh do not require 

such a high degree of evacuation t his evacuator would 

prove valuable. 

Proposed Additional Experiments.-- Further experi

ment s ar e to be oarried out with the purpos e of elimina

ting the above mentioned souroes of error and of getting 

data for a wider range of gases and oharooals. 
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I.1oreover, the arrangement with the tin foil applie J to the 

t ube externally after the eases have been driven out of 

t he charcoal by heavy discharges will be used. The position 

of a rplication is shown at ~ tFi g . 6). This , according to 

Dr. Pfund gives the hi ghest vacuum attainable with the char

coal evacuator . 

In conclusion I wish to thank Lr. R. C.Rentschler 

f or suggesting the problem and for his valuable as ~~ istance 

in constructing the apparatus as well as for his important 

advice concerning t he methods of carrying out the experi~ 

mente 
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