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Mitteilungen des Bot. Institutes der ung. Technischen Universität. Sopron (Ungarn) 
Publications of the Botanical Institute of the Hungarian Technical University. Sopron 
-------------------------------------------------------- (Hungary). —-------------------------------------------------------

H. 16. 1948.

Researches on the biological effect of the 
penetrating rays of the elements.

Botanical Institute of the Hungarian Technical University Sopron.

By D. Fehér.

The detailled results of the investigations, carried out in the recent 
years in our institute on the biological effect of penetrating! rays of the 
elements, have been already published in the communications of the insti­
tute, published in the recent years.

It could be proved in seven publications, that 72 of the known che­
mical elements and their salts develop a physiological effective penetra­
ting radiation.

68 of these elements have so far been considered as non radioactive.
Thus by means of physiological excitation experiments could be 

measured the quantitative intensity of the radiation and its physiolo­
gical influence on the alimentation and growth of the higher plants 
investigated and determinated by greenhous and field experiments. 
More exact quantitative determination and definiton of the radiation 
through the application of the traditional physical methods has so far 
been remained unsuccessful.

Therefore the biological methods, completed in our institute, 
being applied for the time.

The radiation resp. the rays of the elements which could not been 
exactly determinated by physical methods up to date, have been pre­
viously named as bioradiation resp, biorays.

In the following will be fournished an summarized outline of the inves­
tigations and experiments made in the recent time.

Methods.
a) Physiological excitation experiments.
As test objects were young plants of the pease used. The experi­

ments have been made in darkness and in light by equal temperature and 
moisture of the air, to eliminate thermotropic, phototropic and hygrotropic 
influences. The plants were cultivated in long metallic and wooden troughs, 
filled up with pure sand.

The radiating substances were put at one of the ends of the troughs 
to be able, to cause an one sided radiation.

The liquid or powdery substances however, have been put into glass 
vessels resp. the solid elements has been hung up free.
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The gaseous elements were investigated in glas balls with very thin
walls.

Substances which could be received only in little quantity, have 
been enveloped with thin paper in the form of little balls.

In any of case, if only the salts of some elements could be 
mined, the quantitative intensity of its radiation has been indirect cal­
culated. Some examples of this kind of calculation will be demonstrated 
in the appendix.

Owing to the fact, that already relative little quantities of radio­
active substances, which could be mixed with the substances examined, 
being able, to disturb the investigations, the elements resp. their 
salts have been previously examined with the very sensible „one thread“ 
Wulff electrometer.

exa-

The penetrating rays of the elements call a positive and negative 
tropic bending of the experiment plants.

As test object was the pease used. Every irradiative material 
operate at the same time pulling and pushing and will be able therefore, 
to cause in the same time, from the source of energy accounted, at first 
negative and after a distinct limit, wich can be comfortable determina­
ted, positive bending of the experiment plants. The range of + and — 
action respectively its corresponding extensity, will be proportional in­
fluenced by the actual intensity of energy source, relatively by the dis­
tance of irradiated objects from the source of radiation, in the sense of 
fhe commonly known distance law, that is so say contrary to the q(uadrate 
of distances.

To be able, to exactly determine the intensity of the radiation, as 
standard, the F. E. unit was employed.

The F. E. unit is therefore a energetic effect, caused by the radiati­
on of the elements. It bring abouth ^eyuífral region between positive 
and negative spheres of the reaction at T meter, if the pease will used 
as test object.

The actual distance of the limit between positive and negative ranges 
from the active substance depend therefore from the intensity of the 
radiation in sense of the distance law.*)

Thus can be supposed that — — —1
X“

, when
A

J — FE
Jx — the actual intensity of the radiation
X — 1 meter and xx = the actual distance of the limit accounted from the 

surface of the active material.
*) The mathematic method of the exact calculation of the bioradiation was pub­

lished by our collaborator T. Szelényi (50.)
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The unknown intensity of radiation can be therefore calculated as
follow:

S *0 in meter system resp.= -rf m2g~1MM
s A= —- cm-g 1
MM

in centimeter system

when S = the actual intensity of radiation (Fig. 1.)
M — the mass (weight) of the active substance and 
jc0 = the distance of the limit between -j- and — range, 
from the surface of radiation accounted.
It exist widely also the following connexion:

r2AoA .. cm2 xg 1 X 104 M 8,, m2 xg M
-i

The data calculated by these formulas should be however corrected, 
since the intensity of the radiation will be also influenced from the actual 
largeness of the surface of the radiative substance. When radiative substan- 

used with circular surface, the whole intensity of the radiation Jces were
will be calculated at following manner :

Q2y^7i Sp-7lx tg2 11J i — Sp X

When further the radiation will be only related to x0 so can supposed
that

Jx0 = 2nSF (1 — cos u) 
and therefore the factor of rectification will be

J, tg2«C =
Jxo 2(1 — cos u

If substances were used with quadratic surface, so will amounth the 
intensity of the radiation:

ÿi-ZiJi = X*Ao
and

*o f*max f
JSs= V2 ln

X0 7*max /

and therefore
J iC =

Yet the error, wich should be corrected by the factor C, is pro­

3
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portional to the largeness of the angle and therefore its characteris­
tic data calculated by the earlier formulae are the following: (Fig. 1/a)

u -4° 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65,
1% 99 6, 97 7, 95, 91, 86, 80 4, 74, 66'5, 59, 50, 42, 33, 25, 

u 4° 70, 75, 80, 85, 90,
1% 10, 11, 5, 14, 00.

According to the inevitable errors of the methode (10—20%) in 
question, which can 
the correction should be only calculated when the angle ,,u will be more
then 15°—20°.

In the figures are shown some characteristic examples of the results 
of our recent investigations and in the tables I. and II. were given the 

of intensity of the bioradiation of the elements, wich have been
mined up to day. (Fig, 22.)

Investigations were also made to prove the penetrating nature of 
the biorays. For same time many experiments were made with the feebly 
active element lead (Pb) as absorbent. These experiments will probably 
insure a better knowledge of the nature and in particular of the wave­
length of the biorays.

The results, obtained previously, show, that the already described 
tropic effect only could be caused by the electromagnetic rays of short 
wavelenght, because only the latter can penetrate the very thick walls 
(1—20 mm) of the lead plates, used by the experiments.

The figures 14 and 15 show some examples of our investigations of 
- this kind. These researches will be further extended on other metalls als 

absorbents.
Experiments were also made to examine the physiological effect of 

the radiation on the alimentation and on the growth of higher plants m

naturaly not been applied with physicaly correctness,

exa-mass

greenhouse and in the open.
Various metallic and non metallic elements and their salts have

sources ofbeen aplied. While liquid soluble and pulverous substances, as 
radiation, were put into the soil in covered glass vessels; other materials 
with solide consistence have been used free in the depth of 10—15 cm from
the surface of the soil.

To be able, to furnish a complete picture of the whole material pro­
duction of the plants cultivated, were naturaly at the end of the experi­
ments also their dry weights measured.

In the figures 1—28 were shown some of the experiments, made in
the recent time.

The results of the experiments prove, that the bioradiation probably 
consists of particularly effective penetrating quanta; it not only causes
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tropic, physiologicaly stimulating movements of the plants, but also sti­
mulates their productivity of assimilatory matter and their growth and 
accelerates blossoming.

The figures show some of the results of our recent experiments, 
carried out in the greenhouse and on our experiment fields.

The positive results of these investigations have been clear demon­
strated, that not only the radiation of the commonly known radioactive 
elements, but also the radiating energie of the so called non radioactive 
substances resp. elements can stimulate the blossoming, the growth and 
the productivity of assimilatory matter of the plants.

It can therefore presumed, that the quanta of the biorays probably 
not only penetrate the soil, thus reaching the roots of plants, but also 
incite on their way a progressive secundary radiation of the soil partic­
les, wich in turn, produces a further physiological effect.

The results of the experiments made permit the statement, that at 
first the livings cells of the root absorb the impulse of the radiation 
and that they later transmit it, in primary and secondary conduction to 
the tissues and organs influencing growth and the production of living 
matter.

It will be also remarked, that the results of these investigations have 
also shown, that in many experiments could been observed two optima 
of the gowth resp. of the production of living matter.

This phenomen however is a commonly known in the physiology.
The same results have found in the last years by Popoff, Scharrer 

and many other autors and it has been also mentioned in the extensive 
work of Janisch on the use of the exponential law in the biology. One can 
find here many detailed examples of this kind. (56).

Some remarks on the pysical nature of the biorays.
The results of the investigations, carried out up to date, are naturally 

not able to full explain this problem, in some regards quite new in every 
details.

As to the inner mechanism of the physiological effectiveness of the 
biorays, nothing definite can as yet be stated.

It has been however unequivocally proved, that 72 of the known 
chemical elements and their salts develop a physiological effective penet­
rating radiation; 68 of these elements have so far been considered as so 
called non radio-active.

Detailled experiments beside, carried out with the feebly active 
element lead as absorbent, have shown, that the biorays are able, to penet­
rate 8—10 mm thick plates of the lead- The biorays are therefore probably 
electromagnetic rays of short wavelenght.
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The results of the investigations have brought the proof, that 
metallic, non metallic, so as liquid and gaseous elements develop a 
specific penetrating electromagnetic radiation of short wavelenght, which
could be only measured by a simple biological method, described’in this 
work.

The biorays could not be determined and definited up to date by 
the application of the traditional physical methods. Investigations, carried 
out in our institute with the very sensible one thread Wulff electrometer, 
have so far remained as unsuccesfull.

But the results could be stated, that the bioradiation of the 
radioactive 68 elements, wich could be examined hitherto, 
same

non
causes the

tropic and physiologically stimulating actions as the commonly kn 
electromagnetic y rays of the radioactive elements.

It can be therefore supposed, that the capacity, to develop a 
physiological very active bioradiation, is a specific property of the 
elements, in its intensity perhaps depending from their individual 
structure.

own

atom-

The bioradiation however, is an energetic process which desires any 
of energy sources.

The results of our investigations let suppose, that the source of 
energy of the biorays be probably found in a permanent désintég­
ration of the atoms of the elements, which taking place likely to slowly, 
to be perceptible by the known physical methods.

It seems, that only the very sensible plasma of the living cells 
be able, to intercept the influence of the biorays.

can suppose, that a nature phenomen is present, whose 
physical-chemical and biological investigation will clear 
in the biology and ill the physic.

The bioradiation itself is naturally an energetic process, which de­
sires any of energy sources.

From the results of recents investigations lat us suppose that these 
source of energy can be only caused by progressive désintégration of 
the atoms of all the elements, which probably taking placeto slowly to be 
perceptible with our physical methods.

It seems previous, that only the very sensible plant cells are, to able, 
to intercept the influence of the biorays. Out of all we may suppose, that 
a nature phenomen in present, whose physical-chemical and physiological 
investigation will clear up

can

can

Out of all we
up a new range,

range in the biology and in the physic.a new
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Fíg. 2.
The radiation of the element Cu (Appendix: I.).
1. 73 gr 0'0019 FE nFgr"1
2. 145 gr 0*0014 FE m2gr
3. 580 gr 0*0010 FE m2gr 

The experiment shows the validity of the distance law and also the own absorption of 
the element, caused by the increase of the thickness of metal plates used. The details

of the calculation shows the example in P. I. of the appendix,

= 27 cm. 
= 37 cm. 
= 70 cm.
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Fig. 4.
The investigation of the radiation (from above to below) of

40 45 cm 0 0085 FE m- g~L Radiation of the glass dish 0 05K, 14 gr x0
As, 75 gr x0 =z 72—77 cm 0 0065 FE m- g_1 Radiation of the glass dish 0'05 
S, 40 gr x0 40—50 cm 0"0035 FE m2 g-1 Radiation of the glass dish 0‘06
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Fig. 5.
Two sided radiation oí Cu (145 gr above) and Pb (175 gr below)
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2 5 30 35 í/0
Illi I..............................

a) Radiation of the paper
x0 = 5 cm 0"05~2 = 0'0025 FE 

(It could be neglected) 
xo = 23 cm 0'23~2 = 0'053 FE m2 g 
xo = 25 cm 0'25-2 = 0'062 FE m2 g"1 

Average 0*058 FE m2 g-1

Re 1 gr 
Re 1 gr

ll1 ;

50
L Ilii

Fig. 7.
investigation and calculation of the radiation of the element Re. (The element was 

enveloped in thin paper as little ball)
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a) The radiation of the air containing glass ball xo = 5 cm
7 cm

0'0025
b) He 0 068 gr
c) Ne 0’05 gr
d) Ar 0*1
e) Kr 019 gr

0’30Xo =
x0 == 10 cm
xo = 10—12 cm 0'08—0*12 
x0 = 15 cm

0‘15
ár

0‘12

Fig. 8.
The investigation of the radiation of the gaseous elements He Ne, Ar, Kr. From above

to below.
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Fig. 9.
The investigation and indirect calculation of Yb, Sc and 

17—19 cm 
Xo — 22—24 cm 
x0 = 15—16 cm

YbBr3
Sc»03
Tuo03

Yb 0'0795 FE m2 g-1 
Sc = 0'0563 FE m2 d~l 
Tu = 0156 FE m2 g

Xfi
Tu.
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Fig. 10.
Control experiment to the figures 11 and 12. Radiation of the air containing glass 

13 radius of the ball 4‘3 
x'u 14 radius of the ball 4’3
x’o x0 == 13—4*3 = 8'7 cm. 

x0 = 14—4 3 = 9*7 cm. 
FE = 0 008 FE and 0'009 FE (average 0’0085 FE)

cm
cm

ball.

Fig. 11.
Radiation of the Cl Weight 0 7 gr.

0‘035 FE m2 g 
0"041 FE m2 g 
0’041 FE m2 g 

Average 0 039 FE m2 g_1
Indirect calculated (fig. 3 and appendix II.) value of the radiation of Cl 0*022—0*026 F.

a) x’o — 23 cm
b) x’o
c) x’o — 24 cm

x,i = 18*7 FE 
19*7 FE 
19*7 FE

24 cm x„
Xo

lu
ri

'C
X

j

C
I2

>

—
 _:

=

m
s

•M

¡A
. 

...

V
I>ocs

i 
£¡Ln-C u>-J

r

r (jO r—
—

»._J
S£

p—
^

I--

:

I...
...

..c
r~

{l
ijj

li'l
'ii
ls
iii
illl

üjj
üi
w

iji

C
i

""
Si

Els
i

U
".O

O
i fg

<¿
2,o

b;
 Ii;

i-o
äi

 CDI»
U

n
EZ

-S

•O-c
sj

g
Ü

K
U

i
l

w
U

3
o

"c
55

B
[ 

03
0*

1sa*
rxi

E
<c

5
"c

ü
b..

£Q
>

O
s

r
ö;

H"C
5¡

./f
'

V
v—

': o'■
 cf

» '

n

“V
I

F_
 _-uO

iCD

!r
¿X

-I
U

t

_O
i «

CDm
 i

_*
 Cn 

ü

-Tor
 1I

K
>

C
D
D

—
 CMU

l

CDro

F=
ä

'-"i

■I

I«



fl

'

iri m 25 P f ó
hi11 m í 11 n 11 111 i i!

IHJ.1 rfil!

I 5 ijo i? :¡o 25 35 ¿t|0 55 5-D 5,5 6:0 65 7,5 SO 55 90 95 1

I
f <5 2|0 » 3p JjS f -p jp 35 65 7B 75*

âtii*Üi!.gn

Fig. 12.
Radiation of the N.

Weight 0*32 gr.
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Indirect calculated (HN03, NaNO:!, KN03) value 0*024—0*031.
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Fig. 13.
Parallel investigations to determinate the intensity of the radiation of Si. K. Control

experiment (above)
a) Si02 (plate made by Haereus) 15 gr xn = 12 cm
b) Si Oí (plate made by Haereus) 15 gr x0
c) Si Oí (plate made by Haereus) 15 gr x0 — 13 cm
d) SiOi (plate made by Haereus) 15 gr x0 — 13 cm

Radiation of O = 0*0015 FE m3 g 1
12 cm

The radiation of Si when x0 = 12 cm 
The radiation of Si when x(,

0*00021
0*00063

I average 0*00042 FE m3 g 1
13 cm

Si (element) 100 gr. Radiation of the vessel 0*06 FE 
x.j = 30—32 cm average 31 cm Si 0*00036 FE m2 g-1
The average value of the radiation of Si established by previous experiments; 
0*0003 FE m2 g“1.
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The absorption of the biorays of U by Pb. Calculation see in the appendix. Ill,
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Fig. 15.
The absorption of the biorays of CCI, by Pb. Calculation see in the appendix IV.
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Fig. 16.
The influence of Fe and Cr on the growth of pease. Greenhouse experiments. Radiating 
substances were used in covered glass tubes in the dept of 10 15 cm from the surface
of the soil. Tests carried out in pots. K = Control, Ki = Control with vacant glass 

tubes. This explanation will be used also in the following figures.

fe
r

fe. "

S

V
iT.T

>L

« ¡
”

!

--e
îto

fe
ca

i

O
i

'4
*

A
æ1,

:1%

i-O

V

O

H
v

K
-A

*

i > 
i,'

K
5V

__
_f

ej
*»

 fc
j 

,4-

.#

i

ĉ
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Fig. 17
The influence of HsBOa and Ca. on the growth of
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Fig. 18.
influence of coal on the growth of Ricinus communis. Three parallel experiments 
experiments carried out in the open at the experiment fields. Radiating substances 

were used free in the soil in a depth of 15—20 cm.
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Fig. 19.
ihe influence of coal on the growth of Helianthus annuus. Experiments carried out in 
open at the experiment fields. Radiating substances used in covered glass tubes and 

put free in the soil in a depth of 15—20 
7. Coal pieces put free in the soil,
5. Coal pieces pu.t free in the soil.
6. Coal pieces put in covered glass tubes in the soil.
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Control experiment Pease in pots. Greenhouse.
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Fig. 23.
The influence of U on the growth of pease. Tests carried out in pots. Greenhouse

experiment.
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Fig. 24.
the growth of the tobacco plant and pease. Tests carried out 

in pots. Radiating substanc in covered vessels. Greenhouse experiment.
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The influence of superphosphat on the growth of tobacco plant. Tests carried out in 
pots. Radiating substanc in covered vessels. Above: 1/VII. 1942. below: 20/VII. 1942.
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Fig. 26.
Experiment showing the influence of superphosphat, on the growth of the pease. Below 
mixed free in the soil, above used in covered glass tubes. Tests carried out in pots.

Greenhouse experiment.
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Fig. 27.
The influence of the radiation of S, Superphosphat, and carbo animalis on the growth 
of Robinia pseudoacacia. Test carried out in pots. Radiating substanc in covered vessels.
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21-8
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8-5
8-3

15-5
18-14

16 5
120
19 4
16-3
34-5

20-6
211
10-7
17-2

10-3
9-9

28-0
131
10 2
6-3

38-2
409
213

2540
5 2

25-9
13-0
20-6
23-5

7-8
71-0
71
6-7

35 2

16-7
7-1
11-8
13-9

13-21
2-7

14-1

35 2
15-8
8-6

25-7
45-5
38-5
22-8
130

227 0 
107 88 
26-97 
39944 
74-91 

197-2 
10 82 
137-36

9-02
2090

79-916
12010
40-08

112-41
140-13
35457

174-99
52-01

132-91
63-57
58-94

162-46
2220
167-2
152-0

19-0
55-84
6972
72-6

156-2
1-008
4-003

200-61
178-6
164-944
114-76
1931
126-92
39096
83-7

138-92
6.940

24-32 
5403 
95-95 
14008 
22 997 i 
92-91 

144 27 
20 183 
5869
160

190-2 
30-98 

207 21 
2310 
106-7 
2l0-0 
140-92 
195-23 
22605 

85-48 
186-31 
102-19 
101-17 
32 06 

121-76 
4510 
78-96 
28-06 

150-43 
118-70
87- 63 

180-88 
152-2 
127 61 
232 12

47-90
204-39
169-4
238-07

50-95
138-92
131-3
88- 92 

173-04
65-38
91-22

0-0007-0-00010* 
0-022-0028* 
0-08-014* 

00059-0-0072* 
00028—00055* 
00060—0-0084 
0-0097-0012 

0-10—014 
0-00007—0-00016* 
0-0084—0010* 
0-0026—00033* 
0-0033-00042* 
00011—0*0017* 

0-021—0027 
0-022-0029

0-85
250-0

llOO’O
65-0
42-0
72-0

110-0
1200-0

1-2
920
300
38-0
14-0

240-0
2600

0-0032-00036 
00047—0-0065 
0-0015-00019* 

0-00057—0-00085*

3400
560
17-0
71

015-0-191700-0

130*0 0-011-0015
0-00030-0-00040*

0-014—0016*
0-015-0018*

3-5
150 0 
170-0
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0-024—0-031 
0020—0-026* 

0-0065—0-0075*
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0 023-0033 
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15 00-0
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15 0
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2-3
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150-0 0-013-0016
00025-00034*30-0

440-0 
5800 
460 0 
6000

0-039- 0 048 
0053-0062* 
0-038—0-054 

0-05—0-07 
0 0035—0 0047* 
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410
230

795 0
12-0
3-0
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00076—0-011*

200
930

0 0044- 0-0052* 
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00526—0-060 
0-030-0-036* 
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0-0085—0-0095*

48-0
500 0 
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6400 
5630 
330-0

150
90-0

2300
1560-0

0022-0-024 
0 1392-0 1728 
0003-0005* 

0-0022—0-025*
40-0
240

Table I.

The values of radiation of the elements investigated in FE unit,
ordered by alphabet.
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number

Nam
Average
values FE max. — min. m2 ,gr t

P'P'Tr 
V 

I 
'iy 

o
n ro ro r» ö

1 
--h 

—
< C

N 
(N

O
x I I <i 

\0
 VO

 to
tó

 tô
 

¿ O
' ó

 ó



'

l

>,

:

■

(

*

/

...
...

...
...

...
...

.
__

__
_

L_
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
.__

__
__

__
__

__
_

__
__



16-3
9-2

25-9
7-8
6'7
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14-3
7-5
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13 3
16-5
6-7
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0-020—0-026* 
0-019—0-023 
0018-0025* 
0-018-0-025* 
0015—0018* 
0-014-0016* 
0013—0-015 
0-011—0015 
0-010—0-015 

0-0097—0-012 
0-0076-0-011* 
0-0084—0-010* 
0-0085—0-0095* 
0-0070-0010 
0-0060-0-0084 
0-0065—00075* 
0-0059—00072e 
00050-00081 
0-0047—0*0065*
0 0044-0-0052* 
0-0028-0-0055* 
00035-0-0047*

0 00372-0-00439* 
0-003—0-003* 

0-0033—0-0042* 
00032-0-0036 
0-0030-0-0036 
00026-0-0033*
0 0025—0-0034* 
0-0022—0-0025 
0-0023—0-0026* 
00023-0-0024* 
0-0017-0-0022 
0-0015—0-0019* 
0-0012-0-0020 
00014-0-0016* 
0*0011 —0-0017* 
0-0011-0-0013* 
0-0010-0-0014* 

0-00057-0-00085* 
0-00030—000040* 
0-0002—00004* 

000022-0-00024* 
0-00016- 0 00057* 
0-00007—0-00010* 

0-000010-0-000016*

; /

\
Intensity of the radiation

Atomic
number

Atomic
weight

Atomic
volumen

Nam
Average
values FEmax. - min. m2 gr~1

J.

Table II.

The values of radiation of the elements investigated in FE unit, 
ordered by the intensity of their radiation.
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APPENDIX.
L Fig. 2.

Example to the determination and calculation of the intensity of the 
biorays of Cu (with correction).

Source of radiation one quadrangular plate of Cu S04. Weight:
73 gr.

X« = 27 cm, S (surface) = 10X45 = 450 cm2.
= ¡Z 272 + 103 + 452 = 53*4 cm.

Ii = ~=1.232,

therefore r

27 X 53 4 + 450 
27 X 53 4 — 450

/ cos = / nat. = 2 30 X log10 1908 = 0 644

1232
0644

— 1 92-^- = 19 FF cm2g_1 resp. 0 0019 FF m2g_1 

//. Fig. 3.
The calculation of the intensity of radiation of the Cl from the radiation 

of: NaCl, KCl and CC/4
a) Na 58 gr x0 = 110—120 cm, 0 020 — 0026 (0 023) FF m2g"1f
b) NaCl 120 gr x0 = 1 65 — 1 70 cm. Radiation of the glass dish 

taining the radiating substanc 0 06 FF, 39% Na and 61% Cl.
100 : 61 = 164, Na 0 023X0 39 = 0 009 FF n^g1,
V652 — 006 = 2*66, 1702 — 006 = 283,
2 66 : 120 = 0 022, 2 83 : 120 = 0 024,
0 022 — 0 009 = 0013, 0*013X1*64 = 0*021 FF m2g 
0*024 — 0009 = 0015, 0015X1 64 = 0*025 FF m2g !

Radiation of Cl = 0*021 — 0*025 FF m2g_1,
c) K. 14 gr, x0 = 40—45 cm, glass vessel 0*05 FF.

K. = 0 0080 — 0*011 FF m2g-r
Average value, etablished by other experiments 

0*0085 FF m2g-1
d) KCl. 67 gr x0 = 1T5 m, glass dish: 0*06 FF, 53% K, 47% Cl.

1T52 — 0*06 = 1*26, 100 : 47 = 273,
K. 0*0085X0*53 = 0*0045 FF m2g"1
1*26 : 67 = 0*019, 0*0190 — 0*0045 = 0*0145,
0*0145X2*13 = 0*031 FF m2g-1
riO2 —0*06 = 1*15, 1*15 : 67 = 0*017, 0*017 — 0*0045 = 0*0125, 
0*0125X2 13 = 0*0266 FF m2g"1.

/iWhen r = = 1*92 and

con-
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Average value of the intensity of radiation of Cl 
0 023 FE m2g_1 (NaCl)
0 029 FE m2g_1 (KClj

0 052 FE m2g1 = 0 026 FE rmg1
e) CC/4 36 gr, x0 = 85 cm, 8% C, 92% Cl. The radiation of the glass 

dish and of the C could be neglected.
0'852 = 072, 100:92 = 1 09, 0 72X1 09 = 0 78,
0 78 : 36 = 0 022 FE m2^1 (Cl)

III.
Explanation to fig, 14.
The absorption of the biorays of U. by lead. (Pb)
The radiation of the lead plates used: 1. 0'6 mm, 0 023 FE

2. 12 mm, 0 044 FE
3. 2'4 mm, 0 080 FE
4. 4'2 mm, 013 FE
5. 8 2 mm, 0‘20 FE

a) U 16 gr x0 = 75 cm. Radiation of the glass vessel 0 06 FE
0 752 — 0 06 = 0 50 FE.

b) Plate 1. x0 = 64 cm, Absorbed 34%, transmitted 66%
c) Plate 2. x0 = 60 cm, Absorbed 48%, transmitted 52%
d) Plate 3. x0 = 53 cm, Absorbed 72%, transmitted 28%
e) Plate 4. x0 = 60 cm, Absorbed 78%, transmitted 22%
f ) Plate 5. x0 = 50 cm, Absorbed 96%, transmitted 4%

IV.
Explanation to fig. 15. The absorption by lead of the biorays of CCl4 
The same lead plates have been used.
a) CC/4 468 g, x0 = 145 cm, 210 FE
b) Pläte 1.
c) Plate 2.
d) Plate 3.
e) Plate 4.

x0 = 125 cm, Absorbed 30%, Transmitted 70%
x0 = 110 cm, Absorbed 53%, Transmitted 47%
x0 — 100 cm, Absorbed 62%, Transmitted 38%
*0 = .83 cm, Absorbed 80%, Transmitted 20%

Literature.
!• Bünnig E.i: Die Physiologie des Wachtums und der Bewegungen, (J, Springer, 

Berlin, 1939.)
2. Campbell and Wood: The Radioactivity of the Alkalimetals. (Proc. Cambridge Society 

1906, Vol. 14, No. 1.)
3. Dobler P.: Physikalischer und Photographische! Nachweis der Erdstrahlen. (Verlag 

Sommer u. Schorr, Feuchtwangen, 1934.)



9

4. Dobler P.: Natürliche elektrische Wellen und die Einwirkung auf den lebenden Or­
ganismus. (Sommer, Feuchtwangen, 1936.)

5. Dobler P. : Biophysikalische Untersuchungen über Strahlung der Materie. (Sommer, 
F eucbtwiangen, 1939.^)

6. Elster und Geitel: Die Radioaktivität des Kaliums und Rubidiums. (Jahrbuch der 
Radioaktivität, 1913, Vol. 10. No. 3.)

7. Fehér D.: Untersuchungen über das autotrophe Wachstum der Pflanzen im Dunkeln. 
(Mitteil. a. d. Bot. Inst. d. Univ. Sopron, 1932, H. 2.)

8. Fehér D.: Untersuchungen über die durch die unsichtbaren Beta- und Gammastrahlen 
der radioaktiven Stoffe ausgelösten Reizbewegungen der Pflanzen. (Mitteil. a. d. Bot. 
Inst. d. Univ. Sopron, 1940, H. 3.)

9. Fehér D.: Unieisuchungen über die durch die unsichtbaren Beta- und Gammastrahlen 
der radioaktiven Stoffe ausgelösten Reizbewegungen der Pflanzen. II. Quantitative 
Erfassung der Strahlenwirkung. Die biologische Wirkung der kurzwelligen Erdstrahlen, 
•(Mitteil. a. d. Bot. Inst. d. Univ. Sopron, 1940, H. 4.)

10. Fehér D.: Untersuchungen über die durch die unsichtbaren Beta- und Gammastrahlen 
der radioaktiven Stoffe ausgelösten Reizbewegungen der Pflanzen. III. Der biologische 
Nachweis der durchdringenden kurzwelligen Strahlung einiger metallischen Elemente. 
(Mitteil. a. d. Bot. Inst. d. Univ. Sopron, 1941„ H. 5.)

11. Fehér D.: Untersuchungen über die ernährungsphysiologische Wirkung der kurzwelli­
gen, durchdringenden Strahlung der Elemente. (Mitteil. a, d. Bot. Inst. d. Univ. Sop­
ron, 1942. H. 6.)

12. Fehér D.: Der biologische Nachweis der kurzwelligen, durchdringenden Strahlung der
Elemente. (MÜtteil,. a. d. Bot, Inst. d. Univ. Sopron, 1942. H. 8.)

13. Fehér D.: Untersuchungen über die biologische Wirkung der durchdringenden Strah­
lung der Elemente (Mitteil. a. d. Bot. Inst. d. Univ. Sopron, 1942. H. 9.)

14. Fehér D.: Untersuchungen über die biologische Wirkung der kurzwelligen Strahlung 
der Elemente. Mitteilungen IL, III., IV., V. (Mitteil. a. d. Bot Inst. d. Univ. Sopron, 
1946. Nr. 11.)

15. Fehér D.: Untersuchungen über die biologische Wirkung der durchdringenden Strah­
lung der Elemente. Mitteilung VI., VII, (Mitteil. a. d. Bot. Inst. d. Univ. Sopron, 
1946. Nr. 12.)

16. Fehér D., Frank M.: Untersuchungen über die Lichtökologie der Bodenalgen I. II, 
(Archiv f. Mikrobiologie 7, 1—31, 1936, 10, 247—265, 1939.)

17. Fehér D., Frank M.: Ergänzende Bemerkungen zu unseren Arbeiten über die Licht­
ökologie der Bodenalgen. (Archiv für Mikrobiologie, 11, 80—84, 1940.)

18. Frischmann F.- Experimentelle Untersuchungen über das Eindringen der strahlenden 
Energie in den Boden. (Bodenkunde u. Pflanzenernährung, 14, 1939.)

19 Groh Gy.: Fizikai kémia. (Egyetemi Nyomda, Budapest, 1940.)
20. Gurwitsch: Die mitogenetische Strahlung'. (Springer, Berlin, 1932.)
21. Hoffmann: (Physikalische Zeitschrift, 1923, Bd. 24.)
22. Hevesy a. Paneth: Lehrbuch der Radioktivität. (Barth, Leipzig, 1929.)
23. Hess V. F.: Handbuch der Bodenlehre. (J. Springer Berlin, 1930. Vol. VI. p. 374. 

I. Ergängzungsband, p. 272, 1939.)
24. Hanle H.: Künstliche Radioaktivität. (G. Fischer, Jena, 1939.)
25. Israel H.: Radioaktivität. (Barth, Leipzig, 1940.)
26. Kohlhörster: Gammastrahlen an Kaliumsalzen. (Die Naturwissenschaften. 1928. No. 2.) 
2i. Kostytschew S.-Went F.: Lehrbuch der Pflanzenphysiologie. (Springer, Berlin 1931.)
28. Lemmermann G.: Methoden für die Untersuchungen des Bodens. (Verlag Chemie

Berlin, 1932.)



10

29. Meyer St., Schweidler E.: Radioaktivität. (Teubner, Berlin, 1927.)
30. Pringsheim: Die Reizbewegungen der Planzen. (Springer, Berlin, 1942.)

■ 31. Penkava J.: Die biologische Wirkung der Radioaktivität des Kaliums. (Die Ernäh­
rung der Pflanzen, 1928. Vol. 24. No. 23.)

32. Petrova J.: A contribution to the study of radioactivity of potassium and rubidium. 
(Bulletin International de l'Academie des Sciences de Boheme 1926.)

33. Prizbram K.: Radioaktivität. (W. Gruyter, Berlin, 1932.)
34. Pohl: Elektrizitätslehre. (J. Springer, Berlin, 1940.)
35. Popoff: Die Zellstimulation. (Parey, Berlin, 1931.)
36. Rivera V.: Conferme recenti sopra l'azione biologica della radiazione penetrante etc. 

(Atti. Soc. Ital. Progr. Sei. 6, 1939.)
37. Rivera V.: L'azione biologica a distanza dei metalli. Esposizione di fatti e conferme 

1929—4936. (Consiglio Nazionale delle Ricerche, 1936. Roma.)
38. Rivera V.: Conferme recenti sull'azione biologica dei metalli a distanza. (Atti dei 

Terzo Congresso dei nuclei italiani di radiobiologica Bologna, 1937.)
39. Rivera V.: Azione biologica a distanza dei metalli attraverso il vetro. (Rendiconti 

della R. Accademia Nazionale dei Lincei. Vol. XXVIII. serie 6a, 2° sem, fase. 12, 
Roma, 1938.)

40. Rivera V.: Azione di pressenza del piombo sopra l.accrescímento. (La Ricerca Scien- 
tifica. Anno X. n. 5. maggio 1939. XVII. pag. 461.)

41. Rivera V.: Conferme recenti sopra l'azione biologica della radiazione penetrante 
et sopra l'azione biologica a distanza dei metalli. (Societa Italiana per il Progresso 
della Scienze, Roma, 1939. XVII.)

42. Rivera V.: Azione Biologica a distanza dei metalli. (Note e Melori del laboratorio di 
patalogia vegetale R. Instituto Superiore agrario die Perugia. Memoria n. 51. 1935.)

43. Riehm H.: Die Bestimmung der laktatslöslichen Phosphorsäure im Boden unter Ver­
wendung eines lichtelektrischen Kolorimeters. (Bodenkunde u. Pflanzenernährung. 
Berlin, 9—10, 30—50, 1938.)

44. Reiter T. a. Gábor D.: Zellteilung und Strahlung. (J. Springer, Berlin, 1928.)
45. Owerbeck L: Phototropismus. (Bot. Review, 5,, 1939.)
46. Stoklasa, Penkava: Biologie des Radiums und der radioaktiven Elemente. (P. Parey, 

Berlin, 1932.)
47. Swardemaker, W. E. Ringer, E. Smits.: (Akad. von Wetensch. Amsterdam. Wish, en. 

Nath Afd. Bd, 32.)
48. Stern R.: Elektrophysiologie der Pflanzen. (Springer, Berlin, 1924.)
49 Scheminzky F.; Elektro-Biologie. (Juck, Haag, 1941.)
50. Szelényi T.: Die von einer elementaren Kugel aufgenommene Gesammtsrahlung einer 

Ebene. Intensitätsmessung der Fehér'schen Biostrahlung. (Geologische Anstalt, Bu­

dapest, 1943.
51. Scharrer: Biochemie der Spurenelemente. (Parey, Berlin, 1941.)
52. Wettstein F.: Fortschritte der Botanik. (Bd. I—VIL J. Springer, Berlin, 1932—1939.)
53. Zimmer K.: Strahlungen. (Thieme, Leipzig, 1937.)
54. Eugster a. Hess.: Die Weltraumstrahlung und ihre biologische Wirkung. (Orel—Füssli, 

Zürich, 1940.)
55. Schmiedt. Berichte d. d. Bot. Ges. 1943.
56. dänisch. Das Exponentialgesetz als Grundlage der Biologie. Berlin, 1927.

RÖTTIQ-ROMWALTER NYOMDA-RÉSZVÉNYTÁRSASÁG, SOI HON.

^ .



I ■



)



IFI

* ;
m

iá
v:

5

1
.M

>í
I

i

am
m

■■
■■

■■
■I



ÜKÉ<1y ü”'
v.*

z::;W -ÜéA

P f1
mm wilÄiP i 3

.3 P
■ É ' ■ «âà

. a lmm I*S| W ' Wm '

t áá
Í1M1 H

SOI|É|Äi i«te E
iS a5&

0ij0 ff E *. Ü
,>** «Äl
1 ,r WÄ • i

I i St*Pi':« 1M
y I mmm 15 g1 J Hp 4 f:,,|8. Jii mmri=i

- Jb
* . mf. à

8iS*: « i
ii i&¿

A^p 
* JE

ki# 4 Ingi: m 8 4*•
wl; # 3È•ÜsSúí$$? ¿Wk y ■«,r:.1. ü£Üiir

•4: %■¥'¥%I Ä 1 *%# ja1n;gK
^ IsSb

1
:-v ü

TgöS§I r i ;|¡|El* I
1m

& y 1¡Ü& y
wrmmr¡ 8

*%Êm WmmJM% -, ;fp % <£.mmm MW m0* *,MMuHk
mm ;.: ::*

*.. S " :tlUlli
Æ Ä xi 1»$ yWimm ■ 1E, I I- j «y & 1H f•Äite; , .-

mmB n f Mi«lí iE#¿is ÍÉ ä-ip*E •- 31H
Mi m mm s% m ¥■v:::'' mlü■fii «##

EÜÜ äMK% %■■■y/ ymsMM m: m mM«,l i:S: 'í^ # 1B ‘1 1 I
w« nv;;-" ÄsH E : >'míiiiE, 1 <¡¡s& Hü Büli. ?.. é W

nP #•jäg ys iS
> V’Ml F I %sÄfcjCTf■ 'iS

WgjtJÊ ■I Í0' ^4r ir ■»• JSJ

«r- 
^

m
U

tó

k-
s

5 %
%

|*
P

»

te


