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Dr. D. K. Morris~ at Mason Colleg% Birmingham, pre- 
liminary experiments having been performed in London at 
University College in the laboratories of Profs. Ramsay and 
(hllendar. ][ have pleasure in expressing my thanks to these 
gentlemen, as well as to Mr. A. ~V. Porter, of University 
College, London, for friendly interest shown in my work. 

IV. On the Specie Velocities of Ions in the Disct, arge from 
Points. By A. P. CHAT'rOCK, Professor of Physics, 
University College, Bristol; and WI~rlFREO E. WALKER, 
.B.Sc., and E. H. Dlxos, B.Sc., Associates of Univers#y 
College~ Bristol ~. 

I N a communication to the Philosophical Mn~azine for 
November 1899~ it was shown by one of us that under 

suitable conditions the pressure of the electric wind furnishes 
a means of determining the specific velocities of the ions con- 
cerned in its production ; and results obtained in the case of 
air were given in illustration of the method. 

Subsequent experiments on other gases, while leading to 
values which were roughly in accord with the velocities of 
ions obtained by x-rays, have remained unpublished o~1 
account of the behaviour of hydrogen. The results for the 
negative ions in this gas were ibund to vary between the very 
wide limits 5"7 and ~5"3, and in later work 4"7 and 10"0 centi- 
metres per second in a field of one volt per centimetre. 

It is true that, owing to the smallness of the wind-pressures 
for hydrogen, exceptionally large errors were to be expected 
in the readings of the pressure-gauge, and hence in the 
deduced velocities ; but the magnitude of the observed varia- 
tions was much too great to be accounted for in this way, 
and it seemed possible that these might be due to real changes 
in the specific velocities themselves. 

Analysis of the results now obtained, without bein_~ abso- 
lutely conclusive, leaves little room for doubt that this view 
is correct. 

Specific ionic velocities have been measured in the five 
substances, Hyd~'ogen, Carbon Dioxide, Air, Ox~gen~ and 
Turpentine according to the ibrmula 

V=z/cp, 
where c is the current from the point, and 29 the increase in 
the total wind-pressure corresponding with a shift of the dis- 
charging point through z along the axis of the discharge- 
tube (l. c.). 

Communicated by the Authors. 
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in the following tables these specific velocities (V+ and 
V--) are given ibr the positive and negative ions in centi- 
metres per second in a field of one volt per centimetre ; 
being the current from the point in microamperes, n the 
number of values for which V is the mean, Zl z2 the distances 
in centimetres from point to ring used in the "double position" 
method (/. c. p. 413), and V the mean of V +  and V - .  

Hjdrojen.  

c. ~z. V + .  V - .  ~ .  V - - / V + .  z t .  z , .  

4 '4  12 5 '3  7"3 6"3 1"3S 8 ' 0  3"0 Tube  5.. 

2 ' 2  11 5" 1 7"3 6 ' 2  l "43 . . . . . . . .  

3"2 3 5"6 8"5 7"0 1 '67 Curves.  Tube  B. I .  

3"2 19 5"6 7 ' 9  6"8 1"41 9"2 3 ' 7  Tube  ]3. I I .  

l"6 19 5"3 7"2 6"3 1"36 . . . . .  , ,, 

0"8 19 5"2 6"8 6"0 1'31 . . . . . . . .  

3"2 19 . . .  7"8 . . . . . . . . . .  Tube  B. I I I .  

1 '6 19 . . .  7 ' 2  . . . . . . . . . . . . . .  

3 ' 2  7 5"4 . . . . . . . . .  Curves.  Tube  B. 1V. 

3"2 7 . . .  7"6 . . . . . .  Curves.  T u b a  B.  V. 

2"0 . . .  5"40 7"43 6 '41 l "38 . . .We igh t ed  means  fo r  Tube  B only .  

Tube A in all the tables is the tube used in the original 
experiments on air. Its length was 34 centimetres, and its 
internal diameter 6"3 centimetres. Owing to the high values 
of the ionic velocities in hydrogen, it was necessary to use 
greater distances between point and ring than in other gases 
to obtain measurable pressures. This brouuht the discharge 
region so near the ends of the tube, that it became doubtful 
whether it was safe to assume that the ends were at all 
infinite distance from the wind. For this reason a second 
tube B of eboni(e, 55 eentimetres long and 5"6 eentimetres 
internal diameter, was used in the later work ; the decrease 
in diameter possessing the twofold advantage of decreasing 
the convection-currents in the gas and of increasing the 
pressures to be measured. 

In the experiments with Tube A the readings were all 
taken under the same conditions, as the positive and negative 
discharges for the larger current were sandwiched both with 
each other and with those for the smaller current. All these 
values are therefore comparable. The same is true of each 
of the separate groups of experiments with Tube B, marked 
respective)y I., I[., l I I . ;  and the remark applies to the tables 
ibr the other gases as well as for hydrogen. 
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Except  in those experiments marked "curves , "  the "double- 
posit ion" method was used. 

The hydrogen in the case of Tube A was less pure than 
that used in Tube B. I t  was obtained from commercial 
hydrochloric acid and zinc, and was passed through stror~g 
sulphuric acid and over phosphorus pentoxide. In the other 
experiments the hydrochloric acid was pure, and the gas was 
passed through tubes of caustic potash, sulphuric acid, 
phosphorus pentoxid% and glass-wool, in that order. In all 
cases a very sloa, stream of gas passed through the dis- 
charge-tube during the experiments at a pressure greater 
than that of the atmosphere by a few centimetres of water. 

The ring used in Tube A was the brass ring used before 
with air, cleaned and slightly vaselined on its surface. I a  
Tube B. I. in every table a fiat ring of brass~ i millimetre 
thick, was embedded in the ebonite so that its inner edge 
was flush with the inner su~ace of the tube. By this device 
the whole pressure of the wind is measured on the pressure- 
gauge, but against this has to be set the disadvantage that 
conduction over the inner surface of the tube becomes 
appreciable for smuller distances between point and ring than 
in the other arrangement. The ring in experiments I I .  to 
V. was an exact copy in platinum of the ring used in Tube A, 
and was never vaseline& This also applies to all the tables. 

The point was usually of fine platinum wire cut obliquely 
with scissors to a very sharp end, and sheathed, except a 
millimetre or two at the end, with glass. In  a few of the 
experiments this was replaced by alumininm, filed sharp, 
but the change did not cause any certain difference in the 
results. 

Carbon Dioxide. 

e. n. v+.  V- .  V~ V-/V+. z~ &. 

1"2 15 0"76 0"86 0 '81 1"13 6"0 2"0 Tube A. 
1"6 11 0"82 0"9I  0"88 1' 15 3"4 0"4 Tube B.I. 
0"7 11 0'8t 0"92 0 '86  1"13 . . . . . . .  
l 'l 18 0"85 0"92 0 '88  1"08 6"2 3"2 Tube :B. II. 

1"13 ... 0"83 0"925 0"88 1" ll...Weighted m e a n s  for" Tube B only. 

As regards the condition and arrangement of the apparatus 
and the production of the gas, the same remarks apply here 
as in the case of the hydrogen table, except that for zinc is 
to be read marble and for caustic potash water. In l I .  also 
the length of phosphorus pen~oxide was nearly quadrupled, 

Phil. 3lag. S. 6. Vol. 1. No. 1. Jan. 1901. G 
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and  a second tube  of glass-wool was inserted between the klpt) 
and  the d ry ing- tubes .  

A i r .  

e. n. V+. V - .  V. V--/V+. z v z~. 

3'0 26 1 "38 1 '80 1 "59 1 "31 5"2 3'6 Tube h. 
2~) 3 1"46 1"84 1"65 1"26 3'4 0"4 Tube B. I. 
3"~ 15 I'33 I "8-i 1"58 l"38 6"2 3"2 Tube B. II. 
1"6 15 1"3l 1"8l 1"5~ 138 . . . . . . . .  
0"8 15 l'31 1'74 1"52 1 "3? . . . . . . . .  
1"9 2l 1"41 1'85 1-63 1"3(} . . . .  Tube B~ III. 
1-9 15 1"41 1"72 1"56 1 - 2 1  . . . .  Tube B. IV. 

1.9 ... 1.32 1 .80 155 136 ......... Means of Tube B. II. 

The experhuents  with ~'ube A are in  this case the ones 
a l ready published.  I n  I I .  the air  was drawn th rough  glass- 
wool, caustic potash, su lphur ic  acid, phosphorus pentoxide, 
and gla~s-wool, in  tha t  order.  I n  I I I .  some of the air was 
afterwards found to have been d rawn in  past a badly- f i t t ing  
cork, so tha~ i t  did not  all pass th rough ~he d r v l n g - t u h e s ;  
the effect of which is p robab ly  to be  seen in  the lower value 
of V - - / V + .  I n  IV .  the air  was wet, its t rea tment  be ing  
otherwise the same as in  I I .  

The air  was not  passin z th rough  the discharge-tube d u r i n g  
the readings,  bu t  fresh air was pumped th rough  after every 
two determinat ions  of V. 

O.~l ff  e n. 

e. ~. V+. V--. V. V--/V+. z r z o. 

| '9 15 1"42 1"84 1"63 1'30 6"2 3"2 Tube B. II. 
3"2 14 1"33 1"90 1"61 1"43 . . . .  Tube B. III. 
1"6 14 1"33 1"86 1"59 1"40 . . . . . . . .  
08 ]4 1"25 1"78 1-5t 1"42 . . . . . .  ., 

1"9 ... 1"30 1"85 1-57 1"42 ... Means of Tube B. IIL 

Tile gas came fi'om an  o rd inary  oxygen cyl inder  over 
phosphorus pentoxide  and  th rough  gLass-wool. The p la t inum 
r i n g  was. alone used. The. gas passed, frequently, th rough 
the  discharge-tube between the experiments,  as m the case of 
air,  bu t  was not  f lowing while the readings  were be ing taken.  

Exper imen t s  I I .  were made direct ly after a long series on 
hydrogen ,  and have been omitted from the mean on account  
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of the high value of V + .  On emptying and filling the dis- 
charge-tube with oxygen, the readings changed to those or" 
B I l I . ,  and showed no further tendency to fall. I t  is worth 
noting the similarly high value of V +  for air in the case of 
B.[., as it was also obtained directly after discharging in 
hydrogen. 

Turpentine. 
I t  was of interest to see whether non-conducting liquids 

could be treated in the same way as gases, and several 
experiments were made with that object, mostly on tur- 
pentine. It  was of' course necessary to modify the apparatus 
to measure the discharge pressures, and after some failures 
the design shown in fig. 1 was adopted. 

Fig. I. 

T I  Ill  I ~ B L r '~l 

T is a glass discharge-tube of about 10 square centimetros 
cross-section, into the side of which are se,'ded the ends of 
the loop AABB;  the lower portion of the loop being fastened 
to a metal slab C at 8 B .  (~ is pivoted at D, and supported 

G 2  
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at its other end by a micrometer-screw S witb a large 
divided head. P is the discharging point and R the ring, 
both of them supported by ~lass-sheathed wires and capable 
of motion in a vertical direction. 

The apparatus having been completely filled with tur- 
pentine, mercury was introduced at F until it stood at AA, 
a laver of water separating it from the turpentine in each 
limb ; the cross wire of the microsc,)pe M was then focussed 
on the mercury surface in the right-hand limb. Chanze of 
level due to discharge was me~,sured by turning S until the 
mercury surface again appeared on the cross wire, alter 
which it was o~ course a simple matter to calculate the 
pressu e of the discharge. 

The chief difficulty n:et with was the tendency for ions to 
pass from the ring to the point, and so reduce, and in some 
cases even reverse, the pressure. Brass rings were ve~- 
troublesome in this respect, no doubt owing to chemical 
action of the turpentine on the brass ; for which reason 
platinum was adopted. Dust particles in the liquid also 
reduced the pressures, presulnably by playing the part of 
secondary discharge-points ; and the pressures were found to 
rise as the purity of the turpentine was increased. 

In Curves I. are plotted the pressures in arbitrary units as 
ordinates, observed in the purest turpentine we were able to 
obtain, between a platinum poin~ and r ing;  the distances 
between these, in centimetres, being the abscissse. The 
current was about 0"2 microalnpere, and each point is the 
mean of 24 observations. 

The full curve is for positive discharge, the dotted for 
negative. Both curves show the existence of" '" back-dis- 
charge"  from the ring, tbis being most marked for the 
negative. I t  will be seen that at a distance of 2 centimetres 
the curves have beeo/ne practically straight, so that velocities 
should be calculated for distances above this value (see 
previous paper). Unfortunately, the effect of conduction 
along the sides of the tube then makes itself' felt, the 
pressures at 2"4 centimetres ihllit, g below their proper values, 
and the curves at still greater distances tending downwards. 
I t  is thus unsafe to go beyond 2 centimetres, and we have 
tl~erefore calculated V from tangents drawn to the curves at 
this point. The results are thus possibly rather too high, and 
must be regarded as approximate only in the absence of 
experiments with a wider tube, which there is no immediate 
prospect of our being able to make. The following are the 
~alues obtained : ~  

c. V+. V--. V- /V+.  
0"2 < 00013 < 0'0015 1"15 
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Kohlrausch's value for hydrogen in the ordinary electrolysis 
of solutions is 0'003 ; our wtlues thus lie between those tbr 
hydrogen and for many of the other metals respectively. 

7 

t~ 

Cupves I .  

TUR: ENTIA 'E 

r 
I 
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f l  

~ l t / 

o t} '4  0 "8  1"2 l ' f i  2"0  2 "4  

(3entimetres (z). 

Variations in the Value of V. 

It  is of course inevitable that the calculated values of V for 
given conditions should differ to some exten~ among them- 
selves owing to errors of observation; but ~hen, as in the 

�9 ~ �9 1 1 case of negattve discharge m hydrogen, the probab e errors 
of observation are no t  sufficiently large to explain the 
differences observed, it becomes a question whether they may 
not be due to real changes in the motions of the ions�9 

In fig. 2, (p. g6) zl z~ represent the two positions of the point 
m the double-position method, and lh P2 the corresponding 
pressures, z is measured from O, the cens of the plane AB 
drawn to touch the front surface of the ring R. If  z~ is the 
distance of the point where the straight part of the pressure- 
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curve prolonged cuts the axis of z, it is clear that 

p11~,= (zl-  ~o)l(z,- zo). 
Fig. 2. 

R : 

l ! A X / S  O f  

; B  

Provided zo is constant, area! change in V will bring about 
an alteration in the pressures such that their ratio is still 
(zl--Zo)/(z2--zo); whereas if the change is apparent only the 
ratio will alter. It  is thus possible to discriminate between 
the two kinds of variation of V, and for this purpose it is 
important to know the value of z0. 

The table on page 87 contains the values of Zo calculated 
for the various groups of experiments given above, and one 
or two others. 

z0 for the embedded ring is measured from the plane 
through its centre instead of from O. 

As the brass and platinum rings are of the same size and 
shape, the values of Zo obtained with them should be com- 
parable with each other, though not with those for turpentine 
and the embedded ring. I f  we leave out of account the two 
latter sets, it will be seen that, apart from the negative dis- 
charge in hydrogen, the value of Zo does not vary more than 
about 2 millimetres on either side of 0"06 centimetre, its 
mean value. 

That variations in z0 should occur with a ring which 
catches any of the wind-pressure is of course intelligible ; 
tbr the amount caught will depend on the paths taken by the 
ions in approaching the ring~ and these must depend to some 
extent on the relation between the current-density and the 
potential slope in that region, which will vary with the gas as 
well as with the sign and strength of the current. This is 
borne out by the way in which the discrepancies between the 
values of z0 for air and ibr carbon dioxide almost vanish 
when the embedded ring is used ; tot- there is then no reduc- 
tion in the force of the wind by the ring. 

In the case of hydrogen, the same argument leads to the 
conclusion that the large value of z0 for negative discharge is 
not due to the stoppage of an abnormally large amount of 
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,~ind-pressure by the ring; since practically the same value 
is obtained with the embedded as wi~h the other rings. 

Substance. Mim, o- z o in eentimetres. 
amperes. 

Hydrogen . . . . . . . . .  

Carbon Dioxide 

A i r  . . . . . . . . . . . . . . . . . .  

Oxygen . . . . . . . . . . . .  

3"3 
3'2 
;?,'2 
1"6 
0"8 
3'2 
1"6 
3"2 
3"2 

1"2 
l ' l  
l '1 

3'0 
2'0 
3"2 
1 ' 6  

0"8 
1"9 
1"9 

1'9 
3"2 
1"6 
0"8 

0"2 0"8 
0"1 0 9  
0'1 13  
01  1'1 
0 0  1"1 
. .  0'8 

0 8  
6 i  
... 1.d 

- -02  0"0 
- -  0 " 0 6  - -  0"03 
--O'2 0"0 

(~'3 0'1 

0-1 
O" l 0"0 
0"0 0"1 
0'0 01  
0 0  ~ o  

0'1 04  
0"t 0"0 
0 0  0'0 
0"2 0-0 

A. Brass ring% 
B. I. Embedded ring. 
B. II .  Plat inum ring. 

B. II][ . . . . .  

B. IV. Curves II .  
B .V .  ,, ,, 

A. Brass ri.ng % 
B. I .  Embedded ring. 
B.  II .  Plat inum ring. 

A. Brass ring. 
B.I .  Era.bedded. ring. 
B. II.  Plati.num ring. 

II.  ai 
B. IV. 

B. II. ~Platinu, m ring. 
B. I,[[. ,,, ,, ,, 

Turpentine ......... 0"2 > 0 ' 9  5>0"9 Platinum ring. 

The only other way of accounting for the high values of 
z0 in this case is by assuming the presence in the tube of 
ions travelling against the wind, and therefore of similar sign 
to the ring. 

These might conceivably he liberated at the surface of the 
ring, or else in the gas itself by tile passage through it of the 
ions from the pointf. 

In  t he  H y d r o g e n  and  Carbon  Dioxide exper iments  w i th  tube  A the  
values of  z o are unfm~una te ly  not  known  to wi th in  a constant .  The  con- 
s t an t  is, however ,  the  same for both  gases ;  and the  closeness of the  
ag r eemen t  be tween  the  va lues  for the  brass  and  p l a t i num r ings  in the  
vase of CO._, makes  i t  probablo t ha t  t he  cons tan t  we have  assumed is 
abou t  correct.  

t Townsend~ ' Na ture , '  A u g u s t  9, 1900. 
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Now, if they are formed in the gas, the process may be 
expected to occur chiefly in the strong field near the point, 
in which case it is practically equivalent to lengthening the 
discharging point; that is to adding a more or less constant 
quantity to the values of z of from 8 to 13 millimetres. That 
this has not occurred seems to follow from Curves II. ,  the 

Curves II .  

I. 

"~ o-~l 

~2 

I / 
/-h'2,RaGz N / / /  

J ' ~  /I r /6"RO-// l iPS. 

/ 
/ 

o-00 

i 
I 

t 2 3 

j /  

l..- 

1 
/ 

4 5 6 

C e n t i m e t x ~ e s  ( z ) .  

pressure-distance curves for hydrogen. 

~ 4  

J ? 

[ I ' 
I 

7 8 9 

In these each nega- 
~ive point is the menn of ten, and each positive of / 'our  
observations. The positives (full curve) were not sandwiched 
with the negatives (dotted curve) as usual, in order to obtain 
greater constancy in the negatives. There is a bend in each 
curve near z = l ' 2  eentimetre, due no doubt to the shifting of 
the region where the current enters the ring from the front 
to the inner surface of the latter as the point approaches. I t  
will be seen that these bends are vertically over one another ; 
also that the pressure vanishes at about the same value of z 



Spedfic Velocities of Ions in the Discharge from Polnt~. ~9 

for both curves. There is thus no evidence that the negative 
curve has been shifted bodily along z to anything like the 
extent required; and this renders it very improbable that tile 
gas is ionized in the region of the point to an appreciable 
distance from it. 

The only alternative seems to be a back-discharge from 
the ring into the gas ; and as this is also consistent with the 
shape of the curve, we shall assume that it occurs in the case 
of negative discharge through hydrogen. 

Coming now to the fluctuations in V, it looks at first sight 
suspicious that it is precisely in the case in which back-dis- 
charge is high that these fluctuations are so marked; for if 
the ions of the back-discharge travel as tar as the part of the 
tube in which the pressure measurements are made, changes 
in the amount of this discharge must give rise to apparent 
changes in V. 

This, however, would mean that clp/dz must increase as : 
increases; whereas inspection of the negative curve for 
hydrogen shows that for points beyond z = l ' 8  centimetre the 
curve is straight. We may therefore conclude that in the 
region beyond that distance from the surface of the ring 
back-discharge ions are not present in any appreciable 
number. 

Errors of observation being also insufficient to account for 
the apparent changes in V, the possible explanations of these 
thus reduce themselves to 

a. Fluctuations in the back-discharge outside the region of 
pressure measurements. 

b. Real changes in the value of V. 
:Now fluctuations in the back-discharge must affect jo I and 

p~ about equally on the average, and they will therefore pro- 
duce the same sort of effect on V as the accidental errors of 
observation. I t  is true that the amount of the back-discharge 
may depend, for a given current, on the field at the surface 
of the ring ; and it might he objected that, as this field is 
greater for jol than for p:, owing to free electricity in the tube, 
jo I should be more reduced than ps. But if fluctuations in 
the amount of this free electricity are to account for changes 
of 50 per cent. and more in V, the free electricity itself 
must produce a far greater effect in increasing the apparent 
value of V; from which we should have to conclude that our 
value of V- -  is too high, the true value falling considerably 
below that of V + .  This would be contrary to the results 
obtained by other observers however, and the objection thus 
ihlls to the ground. 

At the same time it is quite possible that our value for V -  
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ill hydrogen may be somewhat too high from this cause, and we 
have therefore marked it doubt~t'ul in the summary of results. 

The effect of real changes in V being to alter the diflb.rence 
p: - -p2  without altering the ratio 191/192, while tluctuations in 
the back-discharge alter the two pressures independently, 
and on the average equally, we may apply the test of pro- 
portionality between jo I and 192 to distinguish between the 
two alternatives a and b. 

Take zl z2 as before for the two distances from point to ring 
used in the " double-position" method, and let 291 29~, pl ~ p J  
be two pairs of pressures observed at these distances which 
give different calculated values of V. In case a there will 
be no particular connexion between these pairs of pressures; 
but in case b we shall have 

p~/p~= p:, l p /  = ( z, -_~ o) / (._~- ~o) = constant. 

This may be shown graphically as in fig. 3, by plotting 
Pl with p~ and jol ~ with p~'; the higher pressures being ordi- 
nates, the lower abscissae. I f  the above equation holds, the 
two points thus obtained will lie on the line BB, of which 
the tangent of the angle with the horizontal is (zl--Zo)/(z~--zo). 

Fig. 3. 
8 

�9 ~1  A N'M/ ,C 

2v~ 

In fig. 3 besides BB two other lines AA and CC are shown 
at right angles to each other and at 45 ~ to the vertical. CC 
is obviously a line for which PI--/?~ and therefore V is con- 
stant ; points falling above CC giving values of V below that 
for CC, and vice versa. 

Suppose that in the case of an actual determination of V 
tim point O represents the mean value of, say, n individual 
~bservations. I f  these were ]~lotted separately in the t~gure 
they would lie symmetrically within a circle centred at O for 
ease a ; but fbr case b they would all lie on BB. 

Arrange the n values of u with their corresponding pres- 
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sures in columns according to the descending order of V; 
divide each colmnn into two at its centre ; take the means of 
the pressures in the upper and lower hah-es of each column 
respectively; and plot the two pairs of corresponding pressures 
thus obtained. ]n case a these points will ihll on AA, sayat LL ;  
in case b they will tall on BB a t  MM ; and in the latter case, 

\ / ]l i / 

2 3 4 

N 
,.x, 

i~ B ] 
7 8 

Mieroamp8 . 3"2 

Fig. 4.--HYDttOG:~N. n=19. B. II. 

Negative. 

Z ,8 
/ p j  8 

A ~ a 

/, \ ~ \ , 

1 2 ;J ivg 

p_, 

Positive. 
Pl 11 A [ B  Pl 6 

/ 

10 5 

J 
9 4 

P2 7 8 9 P2 2 

1"6 0"8 

as there cannot fail to he errors of pro'ely accidental character 
also present, we should expect the points to show a trace of 
the " a "  e ~ c t  by falling somewhat off BB as at hTN. 

In fig. 4 are given ~he results of the application of this te st 

A ,  / B  

8 

2 p~ 

p,, 
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to the hydrogen pressures for tube B. lI., the pressures being 
expressed approximately in thousandths of a millimetre of 
water. As explained above, observations belonging to sepa- 
rately labelled groups were sandwiched together when made, 
and the results ibr the different strengths and signs of dis- 
charge are therefore comparable. AA and BB have the same 
meanings as in fig. 3. The dotted line joins the two points 5t, N. 

The fundamental difference between the positive and nega- 
tive discharges is very apparent. In the tbrmer the dotted 
line is short and roughly coincides with AA ; in the latter it 
is longer, and the coincidence is with BB. 

We conclude, therefore, that while the small variations in 
V + are due to errors of observation and chance alterations in 
the condition of the hydrogen, the much larger ones in the 
case of the negative discharge correspond with real changes 
in V-- .  

Fig. 5.--AIR. n----lS. B. II. 

Negative. 
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In figs. 5, 6, 7, and 8 are given the results of similar tests 
applied, where possible, to the pressures for air, oxygen, and 
carbon dioxide; as well as a second set, taken by itself, for the 
negative discharge in hydrogen. The latter is closely in 
accord with the set in fig. 4, though the variations are not so 
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Fig. 7.--CA~BON DIoxInE. 
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large; perhaps because no positive discharges were taken with 
the negatives. V - -  in air and oxygen shows the same ten- 
dency to vary more than V + ,  though it is not nearly so 
marked. u  on the other hand, varies more han iu 
hydrogen ; but this may be dlie to the formation of ozoae. In 
carbbn dioxide the effect seems to be absent. 
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As the current is reduced the effect of accidental errors 
should beeomo increasingly important, the dotted line tendi~g 
towards AA. This is well shown in the figures. In the case 
of" the highest negative discharges in hydrogen the dotted line 

Fig. 8.~HYDROG, gY. n=19. B. II1. 
Negative. 

P' l' J A! k I~ P' / 8  \:  ,A \ / '  "%' 
, / \  / \1 

,, J l  , l  
I 

4 b 11. p~ ~ 3 p.j 

Microamps . . . . .  3'2 1"6 

has actually crossed BB, which is not in accordance with 
theory. I~ this is due to more than an accident, it may be 
explained by supposing that tile more rapidly moving ions 
give rise to greater back-discharge than the slower ones, 
which seems reasonable enough. 

If' the conclusions arrived at above are ~o be accepted, we 
have, in considering the case of hydrogen, to reconcile 
variations of something like 100 per cent. between the extreme 
values of V--  with practical constancy in the value of V + .  
The only obvious changes in the conditions of' discharge were 
those of temperature, pressure, and purity of the gas, which 
must have been extremely small in our experiments ; and it 
seems hardly possible that they should be responsible tbr such 
large effects. 

A solutlon of the difficulty is perhaps to be found in the 
fact that the negative discharge from a point is apparently 
much more closely dependent upon the condition of the point 
surface than the positive. 

It  is an instance of this that a needle-point which when 
discharging positive electricity is covered with a smooth 
velvety glow, often discharges negative from a single 
spot on its surface, the position of which will move irregu- 
larly and suddenly in a manner suggestive of local surlaee 
changes. 

The frequent and large fluctuations in the strength of the 
field close to a point discharging negative eleetrici~y--change~ 
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which do not occur with positive discharge--furnish another 
instance * 

So also does the gradual and permanent increase in the 
strength of this field when the point is discharged from tbr 
tong periods ; an increase which is not shared by the field for 
positive discharge from the same point*. 

If, then, we may assume that the starting-place o[ the 
positive discharge is in the gas surrounding the point, while 
that of the negative is at or just below the surface of the 
metal, it may quite well happen that while the positive ions 
are all formed of hydrogen, some of the negative ions consist 
of gases other than hydrogen occluded in or condensed on the 
point, which, by occurring in greater or less numbers, give 
rise to the fluctuations observed in V. Our value of V - -  
for hydrogen may thus be too low. 

S,,mmary of Results. 
In  the following table are collected the most reliable of our 

values for V; the results of Rutherford "f and of Townsend $ 
being added for comparison. Numbers in square brackets 
are for wet gases. The velocities are in centimetres per second 
in a field of 1 volt per centimetre. The value of V - -  fo'r 
hydrogen may be too high or too low for one or other of the 
reasons already given. 

Substance. 

Hydrogen ......... 

Carbon Dioxide... 

Air ................. 

Oxygen ............ 

Turpm~tine ..... 

Rutherl'ord. 

5"20 

1 "07 

1-60 

1 "40 

Townsen,:i. 

6'60 
[5"40] 
0'98 

[ t'O0] 
1'39 

[1"34] 
I "29 

[1.99] 

Point- 
Discharge. 

6"-tl 

0 88 

l '55 
[1'5~] 
1"57 

<=0"0014 

Z 
Townsend. ~pomt- [ ~t)lSe|large. [ 

1'54 1'38, 
[1-11] 
1"13 1"11 

[ t.o4] 
1"54 1"86 

[1'09] [1 "21] 
1'58 1'42 

[1"'24] 
...... 1"15 

Apropos of the fact that our values of V - - / V +  lie between 
those for dry and wet gases, we may mention that in the cases 
of air and carbon dioxide we quadrupled the length of P~O~- 
tubes, with the only result that the ratio fell a trifle lower. 

* Chattock, Phil. Mug. Sept. 1891, p. 295. 
t Rutherford, Phi]. Mug. :Nov. 1897. 
~t Townsend, Phil. Trans. vol. 193, 1899. 
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Our conclusions may be summed up as follows : ~  
1. The values of V for point-discharge in gases are in approxi- 

mate agreement with those obtained for the same gases 
when ionized by x-rays. 

2. In non-conducting liquids V appears to be of the same 
order of magnitude as in ordinary electrolytes. 

3. In hydrogen for negative dischvrge only, and probably in 
turpentine ibr both kinds of discharge, a considerable 
" back-discharge" of ions seems to occur from a brass 
or platinum ring towards the point. 

4. The amount by which tiffs back-discharge lowers the 
wind-pressures in the case of  hydrogen is closely pro- 
portional to the strength of the current from the point. 
This is proved by the constancy of z0 in each group of 
observations. 

5. Negative ions in constant fields travel at very varying rates 
in hydro~en ; the same being true of oxygen a ,d  air, 
but toa  much less extent. These w~riations are real, and 
not attributable to errors ofobservatlon or other accidents. 
Positive ions are not similarly affected to anything like 
the same extent, f i a t  all. 

6. To account for this it is suggested that a certain number 
of' the negative ions may owe their origin to occluded 
gases in the point ;  that this number may be variable 
owing to changes in the accessibility of the occluded gases 
and.other causes; and that the specific velocity of the 
positive ions may be constant owing to their being fbrmed 
exclusively of the gas outside the point. 

In conclusion we wish to express our thanks to Mr. H. 
Straehau tor much assistance in the work of taking the 
readings. 

N o t e  on a Senz i t i ve  P r e ,  sure -Gauae .  

As will be seen from the magnitades of the wind-pressures 
we have measured and the smoothness of the curves obtained~ 
our gauge was sensitive enough to indicate pressures of a few 
ten-thousandths of a millimetre of wa•er. As it presents 
features which we believe to be new, it  may be or interest to 
describe it. 

I t  was necessary to use a well-krtown combination of oil 
and water to ~btain the reqnisit, e sensitiveness. In fig. 9 
E B B E is a glass U-tube, about 4 eentim, in diameter at the 
wide parts and 1 centim, diameter at A. From centre to 
centre or" the limbs is about 13 centim., and from D to S 
about 25 eentim. The lower part of the tube is filled with 
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water to A Ai, and then to E E with oil of specific gravity 0"88. 
The other letters in the figure have the same meanings as in 
fig. 1. 

Fig. 9. 

" "  | 

I i 

l s  

As far as sensitiveness is concerned, the level of A responds 
to differences of pressure applied to the upper ends of the U 
as readily as though the gauge were filled with a single 
liquid of density equal to the diflhrence between the densities 
of the water and the oil ; but if the pressure is measured by 
the displacement of A in the tube temperature troubles are 
introduced which are serious in proportion to the sensitiveness, 
owing to the unequal expansions of water and oil. In addition 
to this there is the danger that, when the pressure measured 
is small, an appreciable part of this pressure may be used in 
distorting the oil-water surface, and thus fail to be observed. 

Both these sources of error may be avoided by the device, 
already alluded to, of keeping the level of A always in the 
same position in the tube by screwing S up or down~ and so 
tilting the whole gauge. 

If  A is not allowed to move far from its zero position, 
which wi]l he the case if the pressures are small, the shape of 
the oil-water surface will be constant when brought back to 
the cross-wire, and the surface-tension error will therefore 
vanish. On the o~her hand, constancy in the position of A 
implies constancy in the heights of tbe oil columns A E, with 
the consequence that pressure-differences, p, between the 
limbs of the U are measured by a column of water only, of 
height equal to the change in the difference of level between 
A1 and A introduced by the tilt, according to the tbrmula 

p=nxz/y, 
where n is the amount by which S is moved, reckoned in 

.Pldl. Mug. S. 6. Vol. 1. No. 1. Jan. 1901. H 
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screw-turns, x the pitch of the screw~ z the distance from A1 
%o A between the centres of the tubes (the latter being sup- 
posed circular)~ y the distance from D to S, and p is expressed 
as a column of water. The effect of temperature on the 
calculated values of the measured pressures is thus no more 
than it would be tbr a gauge containing water only. 

As is probably inevitable, a slow drift occurs in the level 
of  A due to temperature-changes in the room. I t  is regular, 
and therefbre easily eliminated by timing the observations 
and alternating ze ro-wi th  pressure-readings. I t  has the 
advantage, rnoreover~ that it prevents all the measurements 
being made near one position of the screw. 

When the surface of i is clean and illuminated with cou- 
vergent light, it is just  possible to estimate a change of 
pressure of two ten-thousandths of a millimetre of water with 
our gauge;  but the surface must be very clean for this and 
the light faint. 

V. On Balfour Stewart's Theory of the Connexion between 
Radiatlon and Absorption. By  Lord RAYLEI~, F./~.S.* 

O lN a recent occasiont I remarked that Stewart's work 
appeared to me to be insufficiently recognized upon the 

Continent. One reason for this is probably the comparative 
inaccessibility of the Edinburgh Transactions in which his 
~irst paper appeared $. Another may be found in the fact that 
the paper itself is not well arranged~ and that the principal 
conclusion is put forward in the first instance as if" it were 
the result of Stewart's specialexperiments. The experiments 
were indeed of great value ; but this course gave an opening 
to Kirchhoff's objection that " this proof [of the law that 
t]te absorption of a plate equals its radiation and that for every 
description of ]teat w cannot be a strict one, because experi- 
ments which have only taught us concerning more and less, 
cannot strictly teach us concerning equality" I[. I am inclined 
t;o think that Stewart would have received more recognition 
if he had never experimented at all! 

While yielding to no one in admiration for Kirchhoff, I 
can hardly regard him as in this matter an impartial critic. 

* Communicated by the Author. 
t Phil. Mug. S. 5, vol. 1. p. 539 (1900). 
~ din. Trans. vol. xxii. ~. 1, March 1858. 

The italics are Stewart s. 
II Kirchhofl~ On the History of Spectrum Analysis~ &c.~ Phil. Mag. 

~'ol. xxv. p. 258 (1863). 


