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Souhrn 

V prs se popisuje nov:~ typ fotoelektrick6ho planimetru pro m~eni plochy 
listd. Planimetr je zalo~en na absorpci nejzaz~iho 5erven6ho a bllzk6ho infra- 
6erven6ho zS,~eni, proto jsou jeho fldaje mgdo zhvisl6 na tlouh~ce a zabarvenl 
listfi. Konstrukce optick6 5g~sti pHstroje je pomi~rn~ jednoduchgL. Planimetr mh 
dva optick6 kan~ly, jeden m~icl, do n~ho~t se vklhdaji listy a druh:~ kontrolnl, 
kter:~ vyrovns vJ~kyvy v toku z~enl od zdroje, zpfisoben6 kolisgmlm nap~ti 
v slti. Tok z&~enl v obou kan~lech se m~ni v elektrick6 signg~ly argentsulfidov:~mi 
hradlov~mi fotonkami. Diference fotoproudh m~rn6 a kontrolnl fotonky se ze- 
siluje citliv:~m stejnosm~rn~m diferencihlnim zesilovaSem v mfistkov6m zapojenl. 
Pro dosa~eni stability nuly jsou v~echny anodov6 obvody tohoto zesilovaSe 
a ~havenl prv6ho stupn~ nap~jeny elektronkovs~ra stabilisg~torem. Stupefi zesileni 
lze regulovat a tak dosg~hnout toho, aby dan6 plow odpovldal zvolen~ poser 
dilkfi v:~stupniho m~idla. Shodns konstrukce obou kans dovoluje provg~d~t 
m~enl tak6 tak, ~e se do kontrolnlho kan~lu vkl~dajl kusy paplru o zng~m6 plo~e 
a In~Hdla na v:~stupu zesilova6e se pou~iv& pouze jako indiks nuly. Plani. 
metrem nelze mi~it vice objektfi souSasn~, nebo~ m~en~ objekt se musi vkls 
do osy kans 

Summary 

This  pape r  gives a d e s c r i p t i o n  of a t w o - c h a n n e l  pho toe lec t r i c  p l a n i m e t e r  
for m e a s u r i n g  leaf  areas .  I t  is b a s e d  on  the  a b s o r p t i o n  of r ays  w i t h i n  t h e  
r a n g e  0.6 to  1.4 #. The  f lux of  r a d i a t i o n  is c o n v e r t e d  to  electr ic  s ignals  b y  
a r g e n t u m  su lph ide  photoce l l s .  The  difference in  the  pho toe lec t r i c  c u r r e n t s  
f rom the  m e a s u r i n g  a n d  con t ro l  c h a n n e l s  is ampl i f i ed  b y  a sens i t ive  a n d  
h i g h l y  s t ab le  d.-c. d i f fe ren t i a l  ampl i f ie r  a n d  is i n d i c a t e d  b y  a m e t e r  w h i c h  
can  be c a l i b r a t e d  d i rec t  i n  a rea  un i t s .  
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Introduetion 

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 s tudy 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. SPOEH~ and MCGEE 1923, GERDEL and 
SALTER 1928, FREAR 1935, PETROV and GAVRILOV 1939, GRIOOR'EV and 
METREVELI 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  
MILLER, SI-IADBOLT and HOLM (1956). Its construction, however, requires 
good quality large Fresnel lenses, which are not always available. I t  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 #, 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. 

Construetion 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 



A PHOTOELECTRIC PLANIMETER 169 

prisms C 1 and C 2 to the photocells P1 and P2. 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). 

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

O p t i c a l  p a r t s .  The source of 
radiation consists of four regularly spaced 
glo,w 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 
than nominal voltage, e. g. at cca 70 to 
80 volts. The differential method of meas- 
urement makes the stabilization of the 
feeding voltage superfluous. A sheet of 

L F~ C2 P2 

S F~ 0 F ~ C~ P~ A 

Fig. 1. Block scheme of optical plani- 
meter. For explanation see text .  

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 planimetcr 

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 A > 0.6 # 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. 
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Fig. 3. Transmission spectrum 
of combined filters F '  and  F "  
(curve A) and spectral char- 
acteristics of the argentum 

50 sulphide photocell (curve B). 
Abscissa: Wave length in raft. 
Ordinate (left): t ransmission in 
% (curve A), ordinate  (right): 
selective spectral  sensit ivi ty in 

% (curve B). 

The working area in each channel is 34 x 28 cm 2. 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 
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Fig. 4. Photoelectric character-  
istics of the argentum sulphide 
photocell. Abscissa: Il lumin- 
at ion in lux. Ordinate (left): 
Short-circuit current  in /uA 
(curve 1), ordinate (right): 
opencircuit  voltage in mV 

(curve 2). 

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 BaSe4 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 
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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 photovottaic cells, with argentum sulphide as semiconductor, 
are used for the detection of radiation. These were constructed at the Inst i tute 

:Fig. 5. Voltampere characteris- 
tics of the AgS photocell. Abs- 
cissa: Output  voltage in mV. 
Ordinate: photoelectric current 

in ~tA. 
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of l~hysics 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 lx the relationship is still linear, but  with higher 
irradiation intensities it deviates from linearity. I t  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 
photocells are in use; in the case of output  voltage the period is longer (5 to 
6 months). 

T h e a m p 1 i f i e r. 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 1 and V~.). The load resistors 
of the first stage were experimentally chosen so as to balance the deviations 
existing between the photovoltaic cells P1 and P2. Gain in the first stage may 
be regulated by means of the  variable resistor R 2. In this way it is possible 
to get a suitable reading of the meter for a given area. 

The second cascade (V 1 and V2) 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 1 and V 2 is stabilized by the resistors 1%10, 1%n and R15. 

The electronic stabilizer is governed by the error of the output voltage 
(voltage divider R2~ to R23 , control grid of tube V6) and by the error of 
unstabilized input voltage through the compensating circuit (voltage divider 
t~le + 1%20 , screen grid of Ve). Constant reference voltage is provided by the 
glow-tube, operating at 75 volts. Heating current of the amplifier (Ve) 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 
+1o%. 

The power supply is of normal type with a full-wave rectifier (V8). 

P u t t i n g  t h e  i n s t r u m e n t  i n t o  o p e r a t i o n .  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 (1%s-  600 ohms); suitable measuring instruments are connected as 
shown in Fig. 7. The variable resistor 1%2~ is adjusted to approximately its 
middle position. The output voltage of the stabilizer is brought to 162 to 
164 volts by adjusting the potentiometer 1%24 and the output current is adjust- 
ed to 72 to 75 milliamperes varying the voltage of the substitute load 1%s. 
Input  voltage is then varied by means of a variable voltage transformer 
between the limits o f - - 2 0  to +10~o from the normal mains voltage and the 
meter V2, connected in series with a compensating buttery, is read. The 
resistance of the variable resistor R21 is progressively varied (with simultane- 
ous correction of output voltage through adjustment of the potentiometer 1%24) 
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 par~ of the ins t rument .  Scheme is drawn corresponding to 
the  Czechoslovak norms.  

R~ 430 k ~ / 0 , 2 5 W  R15 800 ~/50 W 
R 2 6"8 k ~  Rle 1 6 k ~ / 2 W  
R 3 180 k~/1  W 1%1~ 1"3 M ~ / 0 , 2 5 W  
R 4 240 k ~ / 1 W  Rls 47 kg2/1W 
R 5 430 k ~ / 0 , 2 5 W  R~9 52.6 k ~ / l W  
R e 43 k~/1  W R~0 10 k ~  
R 7 51 k~/1  W R~I 106 k~/1  W 
Rg 100 kg2 R~2 4-7 k ~  
R 9 47 k ~  R2e 82 k~/1  W 
R10 800 ~/50 W R24 560 k~/0 ,25  W 
R11 75 ~[15 W 
R12 330 ~[0,25 W C 1 40 ~F  
Rla 330 g2/0,25W C~ 9100 pF 
R14 10 M ~ / 2 W  C 3 0,07 ~tF 

C 4 40 ~ F  
V1--V s see text  
P~--P2 to photoelements  

V1, V2, V e - -  12 ~I~l J[ m a y  be subst i tued e. g. by RV 12 
P 2000 

Va, V 4 ---6C65 could be subs t i tued  by 6SN7 or 
E CC 40 etc. 

V 5 - -  6H5C a valve of ra ther  solitary construc- 
tion; m igh t  be subs t i tued  by  two valves 
of the type PL 36 connected as triodes. 

V : - - C T ' 2 C  equivalent  to VR 75 or a ny  
other glow tube with Vstab.  = 75 V, 
Imax. ~ 40 mA, Imin. = 5 mA, R i m a x . =  
= 180~. 

V 8 - -  5 I~4 C equivalent  to 5Z4. 
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The amplifier wi th  the photocells  is t hen  connected.  The variable resistors 
R s and R 9 are adjus ted  in approx imate ly  thei r  middle position. Wi th  weak  
i l luminat ion of  the  photocells,  R a and R 4 are exper imenta l ly  ad jus ted  so as 
to br ing the  deflection of the  mete r  near  zero. Finally,  residual a symmet ry ,  
zero posi t ion and gain are adjus ted  by  means of  Rs, R 9 and R e respect ively.  

TR 

63V ~__~ I160 V 

R 8 

6OO-Q. 

75mA 

Fig. 7. Circuit for adjusting the voltage stabilizer. 

The  gain of  the amplifier is 
chosen so as to  br ing direct  
readings of  the  mete r  into sim- 
ple relat ion to  the  area of  the  
objects measured (e. g. when 
2 cm 2 corresponds to 20 divis- 
ions of  the  scale). 

C a l i b r a t i o n  o f  t h e  
i n s t r u m e n t.  Calibrat ion is 
carried out  b y  insert ing pieces 
of  black paper  (circular or 
square) wi th  area of  I to  150 cm ~ 

into the  measuring channel  and not ing the  readings of the  meter .  An advan tage  
of  the  ins t rument  is t ha t  i t  is possible to  choose the gain of the  amplifier so 
t ha t  the  m a x i m u m  area measured  would cause a full devia t ion of  the  mater ,  
i. e. a uni t  of  area will correspond to a definite number  of divisions. 

Another  m e thod  of measurement  can be adopted,  reminiscent  of  weighing 
on an ord inary  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  o ther  unti l  the  mete r  re turns  to  zero. 
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IIpn6op 3art nsMepentsa n:IOlrtaia~s ancxbeB 

BATIOH B. II., PLIBAJIHO E. O)., OHAHEH][<O A. C. 

Pe3ioMe 

B CTaTbe aBTOpLI OHHCbIBalOT H()BI,[t~I TtIH (~OTOOYteRTpHqecI~oro HJIaHHMeTpa ~Iji~ HHMepeHHn 
]~jiog, Iag[rI YfHCTLeB. IIJIaHI4MCWp OCHOBaH Ha a6cop6I~rm KpafiHeFo KpacHoro IcI 6JIR3EOFO 
H n ~ p a K p a c ~ o r o  Hjiy~eHHfi, rr nO:~TOMy e ro  HoI{a3aHH~I Majio 3aB~C~T OT TO~TIII~I4HI~ ~ oKpacI~H 
JirICWheB. [<OHCTpNKI~H~ onTnqeci<ofi qaCTH a n n a p a T a  ~OBOJIbHO IIpOCTa. B llJIaHgMeTpe 
HM~IOTCIt ~Ba OHTI~qecKI~X i<aHa~a: O~HIr~ H3MepHTe/IbHhI]~, B HOTOpbtfi BI{jia~Ib[BaIOTC~[ JIHCTbH, 
rl ~ p y r o f i ,  l{OHWpOjibHblfi (3wa[IOHItt)[l]), KowopMfi I{OMIIel~cHpyew i~o,~eSaHrm ~ CHJIC HIOTOKa 
CBeTa, nb~HhmaeMhte I~HMeHeut~a_~irI u a H p a m e H I ~  B ceTm I]OTOK CBewa B 060~IX Kana j i ax  
nepeMenHewcg B 3jier~wp~4qeci{t4e nMny:~Ch~ n p ~  noMomH cepe6pn~ocyji~q~r~aHa~x ~OTOH:IeMeH- 
TOn. Pa3 j i~qge  Me~<Ay HalIp~IH<t2HHeM H3MOpHTeJIbHOFO II 3TajiOHHOFO (~OTO3JIeMOHTOB yCHJIH- 
Ba~OTC~ Ilp~ IIOMOII~H qyBCTBrITejibHoro Xur  IIOCTOI:IHHOI~O ToHa, 
c o g p a u n o r o  no 6aj i j iaHcgoii  cxex,e.  ~ j i n  ogecneqeur~a  CTa~HJIbHOCTH Hyjig rice aHO~gbIO 
l[OIll?l DTOFO ycI111tIWe~'Ifl II Hal~aYihHI, te i~enr~ nepnoro l<ac~a~a II~WaIOWCfi OT 3JIeI<WpOHHOrO 
cTa6!4ji!13aTopa. I~O3~q~!II[HeHT yCHJIeHHIi MO~I<HO MeliflTb II TeM CaMLIM 5IeFKo MO}I<HO 
yCTaHOB!ITI~ ~lesy AejieH~l mI{a~  np~60pa. Cxo;IHoe yCTpO~ETBO O~OIIX HaHa:IOB HOHBO/I~IeT, 
gpoMe HpOqeFO, IIpHMeHHTb MeTO;K ~3MepcuH~, aHHajiorHqHM!~ B3BelIIHBOHHIO HHa Becax: 
B HOHTpOJIBHLL~ KaHaji BI{JIa;IhtBa}OTC~[ ~<uaxpaTM HIaH ~py~tr C HI3BeCTHOii naoma~h}o, noKa 
yI<a3aTe~ib npHSopa He Haxo/I~TCg Ha liy/le. IIpR HOMOIKH HI.HaH~MeTpa Hejib3fl I43Mepl:ITb 

021bIllOe KOJIHqeC, TBO 063)ei.ITOB OXHoBpeMeI-IHO, Tal< HaR OCb ~<aHajia ~lOjiil~Ha npoxo~IHT}, 
qepe3 I43MepgeMh[fi o~%el{T. 


