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Souhrn

V praci se popisuje novy typ fotoelektrického planimetru pro métreni plochy
listt. Planimetr je zaloZen na absorpci nejzaz$iho ¢erveného a blizkého infra-
derveného zafeni, proto jsou jeho udaje malo z4vislé na tloudtce a zabarveni
listh. Konstrukee optické 8ésti plistroje je pomérné jednoducha. Planimetr mé
dva optické kanaly, jeden méfici, do néhoz se vklidaji listy a druhy kontrolni,
ktery vyrovnavé vykyvy v toku zéfeni od zdroje, zpiusobené kolisdnim napéti
v siti. Tok zafeni v obou kandlech se méni v elektrické signély argentsulfidovymi
hradlovymi fotonkami. Diference fotoproudii mérné a kontrolni fotonky se ze-
siluje citlivym stejnosmérnym diferencidinim zesilovaéem v mustkovém zapojeni.
Pro dosaZeni stability nuly jsou viechny anodové obvody tohoto zesilovade
a Zhaveni prvého stupn® napéjeny elektronkovym stabilisdtorem. Stuperi zesileni
Ize regulovat a tak doséhnout toho, aby dané plose odpovidal zvoleny podet
dilktt vystupniho métidla. Shodnd konstrukce obou kanali dovoluje provadét
moteni také tak, Ze se do kontrolniho kandlu vkladaji kusy papiru o znamé plose
a méfidla na vystupu zesilovade se pouZivd pouze jako indikdtoru nuly. Plani-
metrem nelze méfit vice objekti soudasné, nebot méfeny objekt se musi vkladat
do osy kandlu.

Summary
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This paper gives a description of a two-channel photoelectric planimeter
for measuring leaf areas. It is based on the absorption of rays within the
range 0-6 to 1-4 u. The flux of radiation is converted to electric signals by
argentum sulphide photocells. The difference in the photoelectric currents
from the measuring and control chanmnels is amplified by a sensitive and
highly stable d.-c. differential amplifier and is indicated by a meter which
can be calibrated direct in area units.
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Introduction

The measurement of leaf area plays a direct and important part of research
in photosynthesis and related questions. Leaf area is also an important fac-
tor in the study of the water relations and nutrition of plants, in examining
the influence of herbicides and stimulators and in investigating the mutual
relations between plants. In such cases it is often necessary to measure
large numbers of leaves and for this reason attempts are made to accelerate
the operation as much as possible.

Very rapid and sufficiently accurate measurement of leaf area is possible
by photometric methods in which the reduction in light flux caused by the
object to be measured makes it possible to deduce its area. Besides visual
photoplanimeters (e. g. BoLas and MeLvILLE 1933), a number of photoelectric
planimeters have been suggested, based on various principles and having the
most various constructions (e. g. SporHR and McGEE 1923, GERDEL and
SALTER 1928, FREAR 1935, PETROV and GavriLov 1939, GriGor’EV and
MerrevELT 1958). The great majority of these instruments suffer, however,
from the drawback that the data they afford are not dependent only on the
area of the objects measured, but also to a greater or lesser extent on their
optical properties. In the case of leaves, their thickness and colour, and
the proportion of light which they reflect are important. Such instruments
have to be calibrated using samples of known area, taken from leaves of
the same species as those to be measured. In the case of articulated lea-
ves such calibration is difficult, if not impossible.

This drawback is removed in principle in the apparatus described by
MiLrLER, SHADBOLT and Horm (1956). Its construction, however, requires
good quality large Fresnel lenses, which are not always available. It is there-
fore necessary to seek another solution, which reduces the effect of the optical
properties of the leaves, to a minimum.

In the apparatus described here data sufficiently independent of the quality
of the leaves measured are obtained by following the absorption of rays
within the wave lengths of 0-6 to 1-4 y, that is within a range where the
leaves absorb radiation to a great extent. In addition, such weak illumination
is used that almost total absorption is achieved. Independence of the readings
of this apparatus on fluctuations in the output of the source of radiation
is obtained using a balanced circuit with two AgS-photovoltaic cells. For the
detection of the differences in the very weak photoelectric currents from these
photoelectric cells a very sensitive and highly stable amplifier is used.

Construction of the Instrument

Fig. 1 shows the block scheme of the instrument, divided into two identical
channels. The flux of radiation from a plane source S passes the filters F’
and F" in each channel and is further directed by the two light leading
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prisms C; and G, to the photocells P, and P,. The object O whose area is to be
measured is placed between the filters in one of the channels. The resultant
difference in the photoelectric currents is amplified by means of a differential
amplifier (A) and indicated by the galva-
nometer (M). 8 L F G P

Fig. 2 gives a photograph of all opera-
tional parts of the instrument.

Optical parts. The source of
radiation consists of four regularly spaced
glow lamps 127 V/26 W, two above each
channel. In view of the spectral properties
of the filters and photoelements used, it
is preferable to operate them at a lower —— _ . | A
than nominal voltage, e. g. at cca 70 to  ° ' n
80 volts. The differential method of meas- Fig. 1. Block scheme of optical plani-
urement makes the stabilization of the meter. For explanation seo text.
feeding voltage superfluous. A sheet of
milky lucite 6 mm. thick placed beneath the bulbs scatters the light and
makes the iradiation of the working area of both channels reasonably even.

The leavers are placed on a 2 mm. sheet of getinax in the measuring channel
and are covered by a sheet of red-coloured lucite 4 mm. in thickness. Getinax

Fig. 2. General view of the planimeter

is a plastic produced by the impregnation of paper pulp by bakelite. There-
fore it is not transparent, it scatters light and absorbs a great deal of the
radiation falling on it; only radiation of 1 > 0-6 x is transmitted (v. Fig.3).
The spectrum of the radiation reaching the channels is further modified by
the coloured lucite mentioned above, which was obtained by staining clear
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lucite with fuchsin (“Magenta-Rot’’ Merck preparation). Transmission spectrum
of the filter formed by this combination of getinax and red lucite shown
in Fig. 3, which also includes a diagram of the spectral characteristics of the
photovoltaic cells used.

Fig. 3. Transmission spectrum
of combined filters ¥’ and F**
- (curve A) and spectral char-
acteristics of the argentum
gulphide photocell (curve B).
Abscissa: Wave length in mgu.
Ordinate (left): transmission in
— 9% (curve A), ordinate (right):
selective spectral sensitivity in
7 % (curve B).
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The working area in each channel is 34 X 28 em? The flux of radiation
from this area enters the optical channels, which are pyramidal in shape. The
photocells are mounted in the apexes of these inverted pyramids at a distance
of 25 cm. from the sheet of getinax. The channels are made of sheet brass

600 —
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400 |~ Fig. 4. Photoelectric character-
istics of the argentum sulphide
i photocell. Abscissa: Illumin-
300 |~ ation in lux. Ordinate (left):
_ 1100 Short-circuit current in pAd
200 L (curve 1), ordinate (right):
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and are lined by a layer of white material which scatters light. This is prepared
by painting the insides of the channel walls with lacquer, which is covered
by a layer of fine MgO or BaSO, powder before it has dried. The surplus
powder is blown off after the lacquer has dried. Optical channels constructed
in this way do not completely eliminate the influence of the position of the



A PHOTOELECTRIC PLANIMETER 171

object in the measuring field. The objects are, therefore, always placed as

far as possible in the centre of this field, which is marked by a cross.
Barrier-layer photovoltaic cells, with argentum sulphide as semiconductor,

are used for the detection of radiation. These were constructed at the Institute
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of Physics of the Ukrainian Academy of Sciences. As is shown in Fig. 3, the
transmission spectrum of the filters corresponds very well with the spectral
sensitivity curve of the photovoltaic cells. The photoelectric characteristics
of the photocells used, with a cross section of 2 cm?, are given in Fig. 4. The
voltampere characteristics of the cells are shown in Fig. 5. As can be seen
from this figure, with 50 Ix the relationship is still linear, but with higher
irradiation intensities it deviates from linearity. It is therefore advantageous
that in the instrument described only very weak radiation falls on the photo-
voltaic cells. Temperature dependence of short-circuit current and open-
circuit voltage is presented in Fig. 5. Internal resistance of the photocells
varies between 1,000 and 6,000 ohms. The photocurrent at a given intensity
of radiation changes with time during the first two months during which the
photoeells are in use; in the case of output voltage the period is longer (5 to
6 months).

The amplifier. The difference in the photocurrents coming from the
measuring and control photocell is amplified by means of a two-stage differ-
ential d.-c. amplifier (v. Fig. 6). The voltage generated by the photocells
across the load resistance of several hundred kiloohms is supplied to the grids
of the tubes in the first balanced pentode stage (V, and V,). The load resistors
of the first stage were experimentally chosen so as to balance the deviations
existing between the photovoltaic cells P, and P,. Gain in the first stage may
be regulated by means of the variable resistor R,. In this way it is possible
to get a suitable reading of the meter for a given area.

The second cascade (V, and V,) provides a low output impedance. The
bridge connection again guarantees independence of fluctuations in the supply.

To make the drift of the amplifier as low as possible, the supply voltages
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for both stages and the heating current for the tubes of the first stage are
provided with an efficient electronic voltage stabilizer. In addition the heating
current of tubes V, and V, is stabilized by the resistors R,,, R;; and Ry;.

The electronic stabilizer is governed by the error of the output voltage
(voltage divider R,; to R,;, control grid of tube Vi) and by the error of
unstabilized input voltage through the compensating circuit (voltage divider
Rys + Ry, screen grid of V). Constant reference voltage is provided by the
glow-tube, operating at 75 volts. Heating current of the amplifier (V) is
derived from the stabilized supply. The stabilizer described delivers the
voltage necessary for operation of the amplifier with a high stability (stabiliza-
tion coefficient at about 2,000) if the input voltage varies between —20 to
+10%.

The power supply is of normal type with a full-wave rectifier (Vy).

Putting the instrument into operation. Firstly, it is
necessary to find the proper operation point of the stabilizer. For this purpose
the amplifier is disconnected at points A and B and is replaced by a variable
resistor (Rg — 600 ohms); suitable measuring instruments are connected as
shown in Fig. 7. The variable resistor R, is adjusted to approximately its
middle position. The output voltage of the stabilizer is brought to 162 to
164 volts by adjusting the potentiometer R,, and the output current is adjust-
ed to 72 to 75 milliamperes varying the voltage of the substitute load Rsg.
Input voltage is then varied by means of a variable voltage transformer
between the limits of —20 to 4109%, from the normal mains voltage and the
meter V,, connected in series with a compensating battery, is read. The
resistance of the variable resistor R,, is progressively varied (with simultane-
ous correction of output voltage through adjustment of the potentiometer R,,)
until a state is reached in which the variations of input voltage exercise
a minimal effect on the output voltage of the stabilizer.

<~ Fig. 6. Diagram of the electronic part of the instrument. Scheme is drawn corresponding to
the Czechoslovak norms.

R, 430kQ/0,25W R,; 800 Q/50 W Vi, Vo, Vg — 12 H1JI may be substitued e. g. by RV 12

R, 68 kQ Ry 16kQ2W P 2000
Ry 180kQ/IW R, 1-3MQ/0,25W v, V, —6C65 could be substitued by 6SN7 or
s 240 KOQNW Ry 47TkQNIW E CC 40 eto.

Ry 422 ig;?’?; w g“’ 5?06;{52 1w V, —— 6H5C a valve of rather solitary construc-
R“ 51 KO/1 W Rzo 106 kKQ/1 W tion; might be substitued by two valves
R7 100 kQ/ R21 47 kQ/ of the type PL 36 connected as triodes.
R: 47 kO R:Z 82 kQ/1W V,—CT’2C equivalent to VR 75 or any
R,, 800 Q/50 W R,, 560 kQ/0,25 W other glow tube with Vstab.= 75 V,
Ry 75Q[15W Imax. = 40mA, Inj, = 5mA, Rimax. =

Ry, 330 Q0,25 W C, 40 uF =180 Q.
R,y 330 Q/0,25' W C, 9100 pF Vg — 5114 C equivalent to 5Z4.
R, l0MQ2W C, 0,07 uF

C, 40 uF
V,—V, see text
P,—P, to photoelements
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The amplifier with the photocells is then connected. The variable resistors
R; and Ry are adjusted in approximately their middle position. With weak
illumination of the photocells, R; and R, are experimentally adjusted so as
to bring the deflection of the meter near zero. Finally, residual asymmetry,
zero position and gain are adjusted by means of Rq, Ry and R, respectively.

The gain of the amplifier is

® A r. chosen so as to bring direct
[—O—9~ L 2 8 « . .

f‘ readings of the meter into sim-

IW N, %4t ple relation to the area of the

s 1637 objects measured (e. g. when

2 cm? corresponds to 20 divis-
199V (a)7sma jons of the scale).
. Calibration of the
8 _L instrument. Calibration is
carried out by inserting pieces
of black paper (circular or
square) with area of 1 to 150 cm?
into the measuring channel and noting the readings of the meter. An advantage
of the instrument is that it is possible to choose the gain of the amplifier so
that the maximum area measured would cause a full deviation of the mater,
i. e. a unit of area will correspond to a definite number of divisions.

Another method of measurement can be adopted, reminiscent of weighing
on an ordinary balance: the objects whose area is to be measured are placed
in one channel and round or square pieces of black paper of known area are
placed in the other until the meter returns to zero.

HE—-O)1

Fig. 7. Circuit for adjusting the voltage stabilizer.
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Hpuﬁop JAA N3MEepeHnA IIOMAI JTUCTHhEB
BATIOK B. II., PEIBAJTKO E. ®., OKAHEHKO A. C.
Pesome

B cTaThe aBTOPH ONACHIBAIOT HOBLIA THI HOTORIEKTPIICCKOTO INIAHNMETPA /I N3MePeHIs
niomann JucteeB. IlmanmMerp ocHoBaH Ha adcopbuum KpaiiHero KpacHoro ¥ OJHM3KOTO
uApaKPacHOro MILy9eHMUH, M IIOATOMY eT0 NOKAa3aHNA MAJIO0 3ABUCAT OT TOIMHEL X OKPACKH
ancteeB. HOHCTPpYKIMA ONTHYeCKOH YacTH almapara ZOBOJALHO IpocTa. B INIaHuMerpe
MMEIOTCH [ABA ONTHYeCKHX KaHAJA: OJMH H3MePHTeJIbHLIA, B KOTOPHIA BKJIAIBIBAIOTCA JINCTHA,
U Jpyrof, KOHTPOIIBHBIL (9TATTOHHLIL), KOTOPHIH KOMIEHCHPyeT KojedaHus B CIJIC HOTOKA
¢BeTa, BBI3LIBAeMBle M3MCHEHUAME HANPMKCHUSA B ceTH. IloTOK cBeTa B 000OMX KaHaJIax
TlePeMeHHeTCS B ICKTPHUCCKIe HMITYIBCHL TIPA oMo cepeGpAHOCyIbPHIHEX POTOITeMEH-
TOB. Pazipune Mek1y HaupmKCHHEM H3MCPHTEIBHOIO U 3TAJIOHHOTO (POTOIIEMEHTOR YCUIIH-
BAIOTCS IPH MOMOINM TyBCTBUTEIHHOTO AU(QEpeHITHATLHOTO YCHIIUTEIA TIOCTOAHEOTO TOKA,
cobpannoro no GammancHol cxemc. A obecnedeHmss cTAOMNBHOCTH HyJsl BCe AHOTHBIC
el 9TOTO YCILIHTCAA N HAKAJLHLE LelNH IIePBOr0 KackKaja NHUTAITCA OT 3JAeKTPOHHOIO
crabunusaropa. KoagdunuenT ycumaeHHs MOMKHO MEHATh M TeM CAMEIM JIETKO MOMKHO
YCTAHOBUTS LleHy AejIeHus KAk npubdopa. CxomHoe yeTPORCTRBO 060MX KaHAIOB II03BOJIAET,
KpoMe [poYero, NPIMEHHUTH MeTO[ H3MepeHNsA, aHaJOTHUYHEIT B3BEUINBAHHMIO HA Becax:
B KOHTPOJIBHLII KaHAJI BRIATHBAIOTCA KBAJPATEL HIIM KPYAKKY ¢ H3BECTHOMU JWIOMA/BI0, HOKA
yKazarenb mpufopa He HaXORUTCS Ha HyJe. IIpH noMomu nIjiaHAMeTpa HeJIb3sd H3MepATh
Gorpiroe KONMYeCTBO 0OBCKTOB OTHOBPEMeHHO, TAK KaK 0Ch KaHATA JOJKHA TIPOXOJHThH
uepes maMepseMblil 06 beKT.



