
Physics. - Investigations about the ionising effect of a-rays in solid 
dielectrics. By HERMINE FOLMER. (Communicated by Prof. H. HAGA.) 

(Communicated at the meeting of May 28. 1932.) 

In a previous number of the proceedings 1) I published some experiments 
made by me on th is subject. I then already pointed out one of the difficul
ties of such an investigation, viz . : that the presence of air in the system 
can influence the measurement unfavourably. For that experiment a thin 
layer of solid paraffin (approximately 0 . 2 mmo thick) was placed between 
metallic electrodes in an electric field (upper electrode at -I- 80 volts). the 
lower electrode beiag connected with an electrometer. A current was 
generated. first strong . then weaker in consequence of an increasing 
polarisation tension. until it had almost reached the state called: "Reststrom" 
(residual current) which appears about six hours after application of the 
electric field. After this the paraffin was put under Ct radiation from a plate 
coated with polonium mounted right over it, the radiation of which 
penetrating the thin upper electrode might bring about an ionising effect 
in the paraffin. which might become apparent in the strength of the current. 
An increase of current appeared indeed. but this effect need not be a real 
ionisation in the paraHin. but might be accounted for by the ionisation of 
air-bubbles that had been formed notwithstanding great precautions under 
the upper electrode (Al. leaf about 7 f-l. thick); the tension absent in 
those places on the paraffin would then suddenly be supplied thus causing 
an apparent effect 2). Though one might perhaps be able to explain some 
particular phenomena in such an experiment from real ionisation in the 
paraffin. this could only be done by assuming processes in the paraffin 
that are still very doubtful 3 ). 

In a second investigation an attempt was made to find the ionising effect 
in paraffin in yet another way. viz. by means of an experiment in which an 
electric field was again applied. but especially with this difference. that 
the Po radiation on the paraffin takes place before the application of the 
electric field . in order thus to avoid the difficulty of the air-bubbles. The 
course of the experiment is as follows: every morning during a series of 
days the electric field is applied. while alternately the one night before the 
layer of paraffin had been exposed to Po radiation. whereas the next night 
th is did not take place; in the case of previous radiation the paraffin. 
supposed to be ionised by a radiation will ionise .increasingly until an 

1) Proc. Vol. 32. No. 6. 1929. 
2) l.c. pp. 6. 7. 
3) I C. pp. 8. 9. 
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equilibrium is reached. at which moment as many ions arise per second as 
recombine in that same time. The time required for this process will be 
long er in solid substances than in gases in consequence of the slight 
mobility of ions. which causes a considerable retardation in the recom
bination of these ions in the absence of an electric field . This will also be 
the cause of the facto that. if the Po plate is removed the next morning the 
ionisation will not disappear so rapidly as in a gas. but continues to exist 
for some time. owing to the slow recombination of these once formed ions. 
H. however. after removal of the Po plate in the morning an electric field is 
applied (upper electrode at + 80 volts). as was done in this experiment. 
these ions might influence the electric current that appears: the latter 
might be stronger as compared with the current values obtained on the days 
with non previous Po radiation ; the difference in effect would then be 
measured by comparing the current values of both cases at definite 
moments after application of the field and that after e.g . half a minute. 
three minutes. half an hour. one hour. one hour and a half. These measure
ments are taken in the forenoon . af ter which both metallic electrodes are 
earthed till the next morning . wh en the electric field is again applied after 
previous radiation or non radiation etc. etc. 

There are two great advantages in this new method: in the first place 
the chance that a possibly present air-bubble exerts any influence is 
entirely out of the question 1 ) ; for the ions in this air caused by a radiation. 
have already for the greater part recombined before the application of the 
electric field in the morning. which was only done some minutes af ter the 
removal of the Po plate. In order to annihilate the influence of any still 
remaining air-ionisation the paraffin. on the days following upon the nights 
of non radiation . is first radiated for a few minutes with the Po rays. then 
the Po plate is removed and only then the electric field applied af ter a 
moment's interval. By this course the cond~tions in the cases of previous "Ion 
radiation and radiation have as far as possible been made the same with 
respect to the influence of air . The second advantage is that the influence 
of the Po radiation is examined not as was done in the former method. only 
when the " Reststrom" has almost been reached. but as moments closer to 
the time of application of the electric field. when the polarisation is still in
creasing and consequently the active electric field still strong. which is of 
great advantage with respect to the amount of the difference of effect that 
i., sought. 

Numberless experiments were thus made 2) ; only part of these measure
ments could be used for calculation. because of ten the experiment had to 

I) The same may he said of air-holes in the paraffin near the upper surface. which 
might be present in the paraffin layer notwithstanding previous heating of the paraffin in 
vacuum ; these might also cause disturbances in the former method in consequence of 
ionisation by «-rays. Not too much care can he taken with respect to air-in8uence in 
these investigations. 

2) The string electrometer of WULF was used : the potentialsensitiveness = 45 scale 
divIsions per volt . 
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be broken oH on account of some disturbance, though for only a few days 
the same layer of paraHin had been used, a.o. frequently because suddenly 
an air-bubble would appear under the aluminium. 

As one out of some ex am pIes of a similar experiment made under very 
favourable circumstances may be mentioned a series of experiments made 
with one and the same layer of paraHin, subdivided into two series, which 
were made with an interval of about one month ; they gave the following 
outcome : 

I st series of II days , 6 days with previous radiation. 
5 days with non previous radiation. 

2nd series of 6 days , 3 days with previous radiation. 
3 days with non previous radiation. 

The velocity of the string was measured each morning at the moments 
as indicated above, af,ter application of the electric field; on the days of 
non previous radiation the mean string velocity at those moments is a 
measure of the current in consequence of the natural conductivity of the 
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paraffin, whereas on the mornings after previous radiation this is a measure 
of the sum of this current and the one that is the result of the Po effect. 
The difference of the two mean velocities is therefore a measure of the 
current as a result of the pure Po effect, which finds its expression in 
curves land 11 of the two series. As the natural conductivity increases with 

TI 
pure Po- effect 

T=o 

the increase of temperature, the mean of the temperatures at the moments 
of observation on days with previous radiation should not be higher as 
compared with that on days of non radiation, so that the course of tem
perature considered as a factor by itself could not be the cause of an 
apparent Po effect. The mean of the temperatures in the first series was 
for both kinds of days the same, but in the second series proved to be 0.5° 
lower on days with previous radiation. 

In curve 111 the mean Po effect of the two series has been expressed; 
the sharply decreasing course of this curve takes place, because the 
polarisation increases sa rapidly, especially in the beginning, af ter the 
application of an electric field and in accordance with this the field then 
weakens considerably. 

Curve IV shows (reduced) the mean string velocity for the days with 
non previous radiation; in order to equate the initial ordinate of IV with 
that of 111 all the ordinate values had to be reduced 18.3 times. 
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The meaning of curve V is as follows: its purpose was to examine if 
the Po film might contain some admixtures of substances like Ra D 
and Ra R etc .. and th at as many that instead of the a-rays of Po the 
more penetrating rays of these elements might be made responsible 

h 1 h 

pure Po - AI effect 

for the effect obtained (on the strength of other experiments a similar 
supposition has as good as been rejected) . The experiment was as 
follows: the above described comparative experiments were again made. 
however . with these changes that in the case of previous radiation the 
Po plate was not immediately placed over the paraffin. but with the inter
position of aluminium. thus making the thickness with the foil that served 
as an upper electrode of the paraffin . 24 microns. just sufficient to absorb 
the a particles of Po. With respect to the more penetrating radiation of the 
a dmixtures the condition then grew to be such that if they had caused the 
Po effect their influence would only be somewhat diminished hy the inter
posed aluminium ; the Po effect would therefore not disappear. but only 
be reduced a little in force. Curve V , however, happens always to show 
negative values at the various moments instead of positive. This experiment 
was made with the same layer of para ffin as that of the above-mentioned 
Po experiment and was made between the two series. The observations 
extended over twelve days, with six days of previous radiation. 

The above given curves show quite clearly the existence of a Po effect; 
i.e . that a previous a radiation influences positively the electric conductivity 
of paraffin . In my opinion this brings forward the great probability that 
a-rays cause ionisation in asolid dielectric, viz, in solid paraffin. 

Yet the possibility is not excluded that the upper surface of the paraffin 
is changed in such a way by the previous radiation from a particles. that 
this might influence on application of the electric field the next morning the 
formation of free charges near the upper surface of the paraffin : on those 
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days th en the polarisation tension might be different from that on the days 
of non previous radiation; th is would also give difference in the strength 
of current. This possibility will be still further investigated into. 

Herewith I feel obliged to give a vote of thanks to Prof. Dr. D. COSTER 
for the resources he put at my disposal for this research work and 
especially for the fine working facilities his laboratory afforded me. 

Groningen, Natuurkundig Laboratorium 
der Rijks-Universiteit. 

Mathematics. - Zum Uni{izierungsproblem der Physik. Skizze einer 
generellen Feldtheorie. Von J. A. SCHOUTEN und D. VAN DANTZIG. 
(Communicated by Prof. P . EHRENFEST). 

(Communicated a t the meeting of April 30, 1932.) 

Einleitung. 

In einer früheren Arbeit 1) haben wir gezeigt. dass sich die neue 
EINSTEIN-MAYERsche Theorie 2) in welcher jedem Punkte der Raum
Zeitwelt eine lokale Rs zugeordnet wird. vollständig durch eine rein 
vierdimensionale projektive Theorie ersetzen lässt in welcher nur lokale 
Ri auftreten. die durch die Uebertragung nicht mehr affin sondern 
projektiv auf einander abgebildet werden. Wir ha ben dort schon darauf 
hingewiesen. dass die so modifizierte Theorie aufs engste verwandt ist 
mit einer von VEBLEN und HOFFMANN 3) herrührenden Theorie. die von 
beliebigen in den lokalen Mannigfaltigkeiten liegenden quadratischen 
Hyperflächen ausgeht. VEBLEN und HOFFMANN ha ben dabei von vornherein 
vorausgesetzt, dass der durch das Feld der lokalen Hyperflächen bestimmte 
Zusammenhang symmetrisch ist. während die projektivisierte EINSTEIN
MAYERsche Theorie durch eine ganz andere Forderung. nämlich die der 
Existenz eines gewöhnlichen kovarianten Differentials. ausgezeichnet ist. 

In der vorliegenden Arbeit wollen wir von diesen beiden einschrän
kenden Forderungen absehen. und zunächst ganz allgemein den zu einem 
Feld von lokalen quadratischen Hyperflächen gehörigen projektiven 
Zusammenhang bestimmen. Sodann werden drei geometrische und fünf 
physikalische Forderungen gestellt: Letztere lau ten : 

1) J. A . SCHOUTEN und D. VAN DANTZIG. Ueber eine vierdimensionale Deutung der 
neuesten Feldtheorie, Proc . Kon . Akad . v . Wet. 3. (1931) 1298-li07. 

2) A. EINSTRIN und W. MAYER, Einheitliche Theorie von Gravitation und Elektrizität, 
Sitzungsber. Ber! . Akad. 25 (1931) 511-557. 

3) O. VEBLEN, A generalisatIon of the quadratic differential form, Quart. Jn . of Math. 
t (1930) 60-76 ; O. VEBLEN and B. HOI'I'MANN. Projective relativity, Physical Review 
36 (1931) 810-822; B. HOI'I'MANN. Projective relativity and the quantum field, Phys. 
Review 37 (1931) 88-89. Man vergleiche auch die sehr verwandten Arbeiten von D. J. 
STRUIK und N . WlENER. Sur la théorie relativiste des quanta, C. R. 185 (J 927) 12-41 : 
A relativistic theory of quanta, Journ. of Math. and Phys. 8 (1927). 


