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Introduction.

Accordlng to B. Gudden and R. W. Poh! a splitting of clec-
trons comes into existence in every substance illuminated by a light
of suitable wavelength under suitable- circumstances (1) If these
split electrons are conducted by an outer electric field in the same
substance in which they were split from the atom, then we call this
phenomenon an inner photoelectnc effect. The current caused by the
moving of split electrons is called -photeelectric negative primary
current. On account of the moving of molecules caused by heat,
the positive rest of the atom takes over an electron from one of its
neighbour situated nearer to the cathode, in conseduence of this,

the mneighbour will be positive. Thus it may well be that the ion
itself does not wander, only the position of the negative charge
gets nearer to cathode, this causes a current called positive prlmary
current by B. Gudden and R. W. Pohl (2). .

In an ideal case when the substitute of split eleotrona is so
fast that the shifting of charge does not -cause any ‘permanent
change in the substance, the primary current is constant. The pri-
mary current is without inertia and proportional to the absorbed
energy, and to field strength if the field strength is not high. If
the fleég strength is high the -primary current approaches a maxi-
mum C . .
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Tn most cases the speed of substitute of electrons — the
strength of positive primary. current — depends on the guality of
material, temperature and illumination. The substitute of elec’rlons
goes so slowly, that after the first splitting of electrons the inner
photoeleetnc effect oceurs in a new material from the pOlnt of
view of photoelectrlc effect. Consequently, the strength of positive
primary current is not constant in time. In addition, other pheno-
mena may occur which cause a secundary current (e. g. electrolytic -
conduction, rise of space charge etc). :

In case of semiconductors the circumstances are most compli-
cated. These have a little conductivity also in darkness: the cur--
rent is called dark current. Here the negative primary, positive.
primary, secundary and dark- currents are flowing simultaneously -
under illumination. The difference between currents measured in
light and in darkness (shortly, photocurrent) cannot be considered
as a photoelectric curréent. Only one thing is sure i. e. 'that it is of
photoelectric. origin. The observed change of conductivity may form
- an important part of koherer effect, which may be concluded from
the fact that the change of conductivity depends on its former con--
dition and in some cases (€. g. selenimm) on mechanical shuttering.
In these cases the secundary current may be a multiple of the ori-
gmal photoelectric current.

- If we want to investigate the pure photoelectrlc prlmary eur- .
rent we have to quicken the substitute of split. electroas as much
as possible and we have to hinder the rise of greater secondary cur- -
rents. This may be attained by using little thickness and by choosing
as little intensity as possible and as short a time of illumination as
possible. Further we return the substance to its-original condition
after every measurement (by simple waiting, or heating or by red
illumination).

Experiinental.. :

"The mvestlgatxon of outer photoelectric phenomena show that
the shorter the wavelength the more intensive is the splitting of elec-
trons. (4). Therefore I used a spark as a source of light, the elec- -
trodes of which were aluminium plates. The light of the spark' was
focussed on the phosphor by means of one lense.

The substance of phosphor was rhodulin orenge N (5). The ab-
sorbing area of the plate was 1X3 mms and its thickness was 0,1
mm. The directions of illuminating light and of the electric field
dmmg the experlment were perpendmulal‘ The e\ipeumental equip-
ment is sketched in Fig. 1.

""A common dyestuff plate does not show any measurab‘e inner
photoelectric effect. It the plate is heated before measuring then
a measurable photoelectric current is obtainable. The heating was
carried oui in an electric furnace. I raised the temperature of the
plate to a degree of 150° C at a rate of 3° C/min, and 1 kept it at
this degree for 3 hours. It is not allowed to put the dyestnff plate
immediately into a space of a temperature of 150° C on aceount of
the alteration of plate (6).

I used a Lindemann electrometer for measuring the current.
I calculated the intensity of current from the capacity and speed
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of the chargivg of electrometer in the usual manner. The little ca-
pacity and great sensitiveness of the electrometer made an exact
measurement of very small intensities (10='* Amp.) possible

The changing of sensitiveness of electrometer znabled us to
have a short measuring time (a few seconds) in every experiment.
In this way the results were not influenced by secondary currents,
Secondly 1 have to return the phosphor to its original condition ”
after each measurement. This was carried out simply by vesting
the phosphor for 5 minutes in darkness without an electric field.

The photocurrent was calculated from the results of two mea-
surements carried out immediately one after the other. I measured
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the intensity. of current first during irradiation and immediately
afterwards in darkness. The difference between the results of these
measuremenis was the photocurrent. : .

Results.

A) Photocurrent Undel Use of a Constant Outer Volbage
. If the phosphor is kept under constant potential and is per-
manently irradiated by light, then we receive the current curves
shown in Fig-s 2, 3, 4, 5, 6. The abscissa represents time, while the
ordinate represents intesity of current flowing through the phos-
phor. Each figure shows current curves belonging to 10, 50, 100, 300
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and 460 V-s outer voltages respectively. The curve (a) represents
the intensity - measured under illumination while the curve (b) re-
presents that dark current. The third curce (c¢) represents the photo-
current. If the outer voltage is switched off we receive a current
flowing in the opposite direction called secondary current. (Curved)..
The more important rules drawn from the results are as fol-
lows:
' 1. Each kind of current: demeases in time and only after a
certain time fakes a constant valae.

2. In cases of greater voltage the values of photo- and dark
currents, at the beginning, not only decreases at a hlgh rate from
the absolute value to a constant valune, but the decrease is more ab-
rupt. (Table I. 2. and 3. line).
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3. The photocurrent is a smaller percentage of dark -eurrent,
at the beginning value, than under the same outer voltage at the
constant value (The last line of Table I). : -

4, The pho’oocurrent is a greater percentage of dark current
when the outer voltage is smaller, although ‘the absolute value of
photocurrent is mcreasmg when the outer voltage is increased (The
last line of Table I).” ',

© 5. The value of secondary current, at the begmmng, is greater

when the outer voltage is greater. Similarly the steepness of curves

belonging to secondary. current also increases when the outer vol-
tage is increased (d curve on Fig-s 2, 3, 4, 5, 6).

It is well known -that the: mtenSLtv of current ﬂowmg in ge-

. latineous dyestuffs under outer voltage, is dvmnlshlng for a short

time, then becomes constant (7).
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Fig. 7. shows the inner photoelectric effect of a gelatineous
dyestuff plate formerly kept under 100 V outer voltage for 15
min-s, consequently its resistance was constant from the point of -
view of dark current. Yet it is to be seen that its resistance from
the point of view of photoelectric current is not constant in time,
although, compared with the correspondent Fig. 4. we see that the
difference between beginning and constant value .is not so great,
further that the constant value is reached sconer. The constant va-
- lue of photocurrent is the same in both cases.

B) The Photocurrent as the Funection of Outer Voltage

If the value of photocurrent as the function of outer voltage
is investigated, we receive the curves shown in Figs 8, 9, 10. As'is
to be seen the intensity of photocurrent increases linearly with the
increasing of outer voltage, i. e. Ohm’s law is valid not only for
dark current but also for photocurrent. :

Table II.
Outer voltage 10 50 100 150 200. - 250 300
Dark current unit; nmotmeasu- 3 7. 11 15 20 24,2
. Photocurrent 10-18A . 12 8 156 22 29,8 37,6 45
Percentage 267 223 200 198 188 186
- Table 111.
Outer voltage ~ 10 - 50 100 150 200 . 250 - 300
Dark current _unit: 15 13 24 40 53 -63 78
Photocurrent 10-13A 4 10 18 29 36 42 51
Percentage 266 77 75 72,5 68 66,5 65,5
Table 1V. _ _
Outer voltage . 1,5 3 6 -9 12 15 18 21
. Dark current unit ; 3 6 1. 174 228 - 26 34 39
Photocurrent 10-BA 16 3 56 1718 9,8 11 14 15,6

Percentage 535 50 47,2 45° 435 425 41 40

The photoeffect measured immediately after heating is shown -
in Fig. 8. There is no mieasurable dark current under small voltage
(about 20 V), only the photocurrent is measurable. The value of
photocurrent is always greater than that of dark-curren$, but the
percentage is decreasing when outer voltage is inecreased (Table ID.

} Fig. 9. shows the same current as Fig. 8. excepting that the
gelatineous dystuff plate was kept for one day, after heating, in .~
open air until the measurements were carried out. Comparing the
results with those received immediately after heating, we see that
the pereentage is smaller in fhe case of plates kept for one day in

- open air (Table IIL). )

If we keep the plate in open air for two weeks after heating
and afterwards measure the photoeffect, we receive the results
shown in Fig. 10. On account of the great conductivity we can use
only small voltage because the dark current would be too great
if we used great voltage. In this case the photocurrent is always
smaller than the dark current and the percentage is: also smaller
than in the two former cases (Table 1V.).
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C) Photocurrent as the Function of Concentration.

The inner photoelectric effect of gelatineous dyestuff plates
having concentrations of —1,0 —2,0, —3,0 and that of pure gela-
tine plate is shown in Fig-s 11, 12, 13, 14. The greatest photocurrent
flows through the plate of greatest concentration under every vol-
tage. The percentage shows that the absolute value of photocurrent,
in cases of plates of greater conductivity, is greater, yet, the pho-
tocurrent is a smaller percentage of dark current than in cases of
smaller conductivity (Table V.).

Conclusions.

The photocurrent cannot be considered as a pure photoelectric
primary current.’ We can only say that it is of phofoelectrie origin.
In this way we can’ explain the dependence of photocurrent on the
former condition of plate (Comparing the 4. and 7. experiments).
Many kinds of currents slow simultaneously on account of using
a source of light which contains not only the short wavelengths
which split off the electrons from the atom, but long waves, too, The
photocurrent .is not constant in time which shows that a secondary
current of considerable greatness is flowing. I have to suppose the
rise of a very great space charge in the dyestuff plate which lessens
the further photocurrent. The existence of this space chavge in the
dyestuff plate is proved by switching off light and cuter electro-
mdtive force; When switching off light and electromotive force I get
a very abruptly decreasing current of opposite direction. This cur-
.rent is the ceasing of space charge. The absolute value of space
charge is increasing with the increase of outer voltage accoirding to
experimental results. The difference of beginning and constant va-
lues of photocurrent is proportional to space charge, as primary
current is decreased by space charge. The decrease is not. constant
in time because an equilibrium is developing between the beginning
space charge and the intensity of photocurrent.” Therefore the pho-
tocurrent reaches a constant value in a comparatively short time.
We receive a photocurrent of greater percentage in equilibrium
under every outer voltage, than before equilibrium. This shows that
the equilibrium is more advantageous for the splitting .of elec-
trons than the unstable state. The photocurrent and also the
dark current are increasing proportionally to the increase of outer
voliage, but the percentage decreases. This means that the circum-
stances are more-advantageous for the photocurrent — in connection
with dark current — when using of small voltage.

Taking into consideration the results of 8., 9, and 10. expen—
ments we may conclude that the inner photoelectue effect is hind-
" ered by colloid water just as it had -been found for outer photo-
eleciric effect. On investigation of outer photoelectric effect the
loss of colloid and capillary water oceurs in vacuum in every case.
When measuring the inner photoelectric effect we have to heat the
phosphor plate in every case to get measurable photocurrent. As
the phosphor regains its colloid water, the photoaulrent decreases«
(8). (Tables I1., II1. and IV)

The rhotocurlent is increasing with the increase of conbent
raticn (Tabie V.) under every'voltage but the percentage, comparing
the photoenrrent -with the dark current, decreases. This may be’
explained in the following way. 'The conductivity of phosphor is’
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increasing more rapidly with the increase of concentration than the
photoeurrent Presumably the splitting of electrons. is increflsing
with the increase of concentration (just as if has been found in the
case of outer photoelectric effect), but the secondary currents are
greater compared with the primary current in cases of smaller con-
centration than in cases of greater concentration. It may also be
explained by supposing smaller secondary curremte in plates of
greater conductivity (greater concentration). ’

«  Summary.

I have measmed the inner photoelectric effect of '=1g1d gela-
tineous dyestuffs. The results are:

1. The photocmrent decreases and Teaches a eonstant value in
time. The decrease is proportional with outer wvoltage in absolute
value. The percentage is also decreasing. The absolute value of pho-
‘tocurrent is increasing when outer voltage is increased, but its per-
centage, caleculated according to dark current, is diminishing. .

2. The photocurrent is increasing protortionally to outer vol-
tage. The greater the loss of colioid water of phosphor, the greater
the photocurrent at every outer voltage. There is not to be found
a photocurrent on plates exposed to humidity of room.

3. When 1ncleasmg the concentrafmon of dye; the absolute va-
lue of photocurrent is increasing .under every outer volfage but its
percentage, calculated according to dark curreat, is diminishing.
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