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A digital integrat ing m i c rodens i t om e te r  is suggested.  A specia l  feature  of this ins t rument  
is that it t r a n s f o r m s  a light signal into a number  of pulses  which is propor t ional  to the o p -  
t ical  density of the dots in the f r ame .  The design of the logar i thmic  t r ansducer ,  the f r e -  
quency genera to r ,  and the digital vo l tmete r  is based  on the use of the advantages of the in- 
tegra t ion  principle and can be applied in h igh-prec i s ion  cy tospec t roph0 tomete r s  for study- 
ing cytological  objects  of any geomet r i c  shape.  

To de te rmine  the quantity of l ight-absorbing substance in a cell  or  in subcel lu lar  s t r uc tu r e s  with a 
nonhomogeneous distr ibution of optical density,  var ious  types  of spec t rocy topho tomete r s  are  used.  A 
digital integrat ing m i c r o d e n s i t o m e t e r  suitable for p rec i se  mic ropho tomet r i c  invest igat ions of objects of 
any geome t r i ca l  shape has  been buil t  at the Institute of Chemical  Phys ics ,  Academy of Sciences of the 
USSR. The e lec t ronic  pa r t  of the ins t rument  is a device which yie lds  m e a s u r e m e n t s  of high accuracy  and 
which can be used in measu r ing  ins t ruments  of var ious  types .  

The working pr inciple  of the m i c r o d e n s i t e m e t e r  is based  on m e a s u r e m e n t  of the in tegra l  optical  den- 
sity of the f r ame  [2]. The r e su l t  of the m e a s u r e m e n t  is de te rmined  as the difference between the sums  of 
the logar i thms  of the t r ansmi t t ed  light flux: 

D i = ~. log ~o -- Z log r 

where D i is the integral  optical  density of the object,  and Elog ~0 and E log ~i a re  the sums of the optical 
densi t ies  of the dots in the f r ame  without the object  and with the object,  r e spec t ive ly .  

By con t ras t  with the integrat ing mic rodens i t ome te r  descr ibed  by Deeley [5] and manufac tured  in 
Scotland by B a r r  and Stroud, in the ins t rument  now descr ibed  the magnitude of the signal f r o m  the photo-  
r e c e i v e r  is t r a n s f o r m e d  into a number  of pulses ,  which then undergoes  summation.  

The ins t rument  cons is t s  of the following units (Fig. 1): 1) a s tabi l ized source  of light; 2) a light 
microscope ;  3) a scanning device; 4) a monochromator ;  5) a type FI~U-27 photoelect ronic  mul t ip l ie r  with 
s tabi l ized power supply; 6) a logar i thmic  conver te r ;  7) a digital r e c o r d e r ;  8) an externa l  gene ra to r  to t r i g -  
ge r  the digital vo l tme te r .  

The object  to be invest igated is placed in the light mic roscope .  The scanning device d isp laces  the 
image re la t ive  to a s ta t ionary  nar row b e a m  hole located in the plane of the mic roscope  image.  Light pas s -  
ing through the hole fal ls  on the monochromator ,  and then on the pho torece iver ,  where it is conver ted  into 
an e l ec t r i ca l  signal.  The r e su l t  of integral  m e a s u r e m e n t  of the optical density of the f r ame  is r e co rd ed  on 
the digital signal panel of the recording  ins t rument .  The final r e su l t  is obtained by subtract ing the readings  
of the ins t rument  in accordance  with the method of cytophotometry  used.  If the reproducibi l i ty  of the 
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Fig. 1. Block diagram of the digital in- 
tegrating microdens i tometer  (explana- 
tion in text). 
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Fig. 2. Scheme of e lectronic  pa r t  of the digital integrating 
microdens i tomete r  (explanation in text). PEM) photoelec-  
t r ic  multiplier .  

measurements  is high, the f i rs t  measuremen t  (determination of the optical density of the frame without the 
object) is ca r r i ed  out only ra re ly ,  mainly to check the working of the instrument.  

The source of light is a type K-30 170-W incandescent lamp. A type P71-M voltage stabil izer  is used 
to stabilize the light flux. The light flux is regulated by means of an auto t ransformer .  

A type F]~U-27 photoelectronic mult ipl ier  was used as the photoreceiver  because its sensitivity is 
maximal  in the working region of the spec t rum (about 5500 ~o  The working conditions are  chosen so as to 
make use of the mos t  l inear  port ion of the light charac te r i s t i c  curve which, in the present  case ,  covers  the 
region of optical densit ies up to 1.8 D. 

The logari thmic conver ter  (Fig. 2) consis ts  of a cathode follower incorporat ing the tubes L1 and L 2 
and a functional diode t ransducer  (FDT) incorporat ing semiconductor  diodes Dl-Ds. The principal element 
of the FDT is formed by the semiconductor  diodes 13-223 which serve the purpose of electronic keys, com- 
muting connecting of the r e s i s t o r s  Ill-R10 to Rll, the load res is tance  of the logari thmic conver ter .  In this 
way the segments  approximating par ts  of the logari thmic function are given the assigned slope. SiIieon 
diodes of this type were chosen beeause of their high back res is tance  and the low tempera ture  coefficient 
of their pa rame te r s .  The rat ings of the r e s i s t o r s  ttl-Rl0 must  be chosen with an accuracy  of not less than 
0.1%. Further  details on calculations and adjustment of the FDT are descr ibed in the l i terature  [1, 3, 4]. 
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In this instrument the continuous signal is fed into the input of the recorder, consisting of a type VK7-10A 
digital voltmeter, serving the function of transformer of the "Analog Code" with a decimal basis, and a 
pulse counter consisting of a type Ch3-12 frequency meter. To feed volleys of impulses proportional to the 
optical density of the points in the frame into the input of the frequency meter, the circuit of the digital 
voltmeter is slightly modified: the signal is fed directly from the output of the counting pulse generator 
unit to the input of the frequency meter. 

In principle the combination of two instruments-the digital voltmeter and frequency meter-can be 
replaced by a single integrating voltmeter provided that it can perform all the functions enumerated above. 

The digital voltmeter works on a discrete program from an external starting generator, incorporat- 
ing a 6NIP tube as in the circuit of a multivibrator. The frequency of the generated pulses is synchronized 
with the frequency of the power supply. The beginning and end of operation of the digital voltmeter are set 
by making and breaking the terminal switch TSi (Fig. 2), which is connected mechanically with the scanning 

device. 

The magnitude of the function of the input signal is thus measured by the digital voltmeter in a com- 
plete cycle of measurement of the frame with a frequency of 200 Hz, i.e., every 5 msec. The time for 
complete measurement of the frame is 18 sec. Under these conditions the frame is measured at 3600 points. 

The suggested scheme of conversion and recording of the signal enables maximum use to be made of 
the advantage of the integrat ion pr inciple ,  for  with an inc rease  in the in ter rogat ion  number  of the f r ame  
(other conditions being equal), the accuracy  of the m e a s u r e m e n t s  is inc reased .  The e r r o r  of reproducibi l i ty  
of the r e su l t s  of the m e a s u r e m e n t s  by this ins t rument  without an object  is not more  than 0.05%, but this 
value can be reduced,  for  example ,  by increas ing  the in te r roga t ion  t ime of the f r ame .  By using a digital 
vo l tme te r ,  it is possible  to connect  a digital print ing device and thus to obtain a digital picture of the f r ame .  
This is pa r t i cu la r ly  important  for  quantitative invest igat ions in cytology. 
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