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The technical principles and construction of an apparatus for automatic calibration of 
rheograms are described. By its use, the principal characteristics of the calibration 
mark (duration and frequency of the standard signal) can be unified. 

Calibrat ion of the t es t  signal is e s sen t i a l  for  the obtaining of objective biological  information through 
rheography.  The manual  method of cal ibrat ing r h e o g r a m s  now in use is imper fec t  and r equ i re s  i m p r o v e -  
ment .  The main cause of dis tor t ion of the shape of m a r k e r s  and r h e o g r a m s  in the manual  method of ca l -  
ibrat ion is c o m m e n s u r a t e n e s s  of the duration of the m a r k e r  with the t ime constant of the ampl i f i e r  and the 
duration of the rheographic  wave.  Hence, it can be concluded that the duration of the m a r k e r  must  be many 
t imes  sho r t e r  than the t ime  constant  used  when record ing  r h e o g r a m s .  The optimal  t ime  constant of the 
rheographic  ampl i f i e r  is 0.6-0.7 sec [2]. However ,  a considerable  dec rea se  in the duration of the m a r k e r  
is unacceptable ,  for  to maintain the ampli tude of the m a r k e r  its f requency s p e c t r u m  must  lie within the 
working band of the ampl i f i e r ,  which in the ink-wri t ing ins t ruments  widely used at p resen t  is 60-90 Hz. 
Under these  c i r c u m s t a n c e s  the shor tes t  durat ion which can be reproduced  with high accuracy  is 10 msec .  

The chief fac tor  l imi t ing the m a x i m u m  duration is the lower  f requency of the t r a n s m i s s i o n  band of 
the ampl i f i e r .  A square  pulse decay to 5% can be taken as p e r m i s s i b l e .  In that case  the maximal  p e r -  
mis sab le  duration of the m a r k e r  will be 50 msec .  Exper imenta l  ver i f ica t ion  showed that the optimal  dur -  
ation of the m a r k e r  is 20-40 m s e c ,  depending on the type of recording  ins t rument  used. However,  m a r k e r s  
of this duration a re  not reproducib le  by the exist ing method, so that they must  be fo rmed  by a pulsed e l ec -  
t ronic  device.  

Cases  a re  frequently found in the l i t e ra tu re  in which exper imen ta l  r e su l t s ,  of cons iderable  in te res t ,  
are  p resen ted  without a cal ibrat ion m a r k e r ,  and m e r e l y  with an indication of the scale  of the recording,  
which de t rac t s  f r o m  the authentici ty of the ma t e r i a l  p resented .  It is the re fo re  essen t ia l  not only to f o r m  
a m a r k e r  of definite durat ion but a l so  to t r a n s m i t  it au tomat ica l ly .  

In the l i t e ra tu re  on rheography  it is cus tomary  to i l lus t ra te  the ma t e r i a l  p resen ted  by osci l lographic  
r e co rds  on which usually at l eas t  five pu l sog rams  are  shown. The w r i t e r s '  calculat ions show that if the 
m a r k e r  is put out eve ry  5 pulse waves ,  the e l ec t r i ca l  c i rcui t  of the ins t rument  is too complex and not suf-  
ficiently f ree  f r o m  in te r fe rence .  To provide  the best  technical  and economic p a r a m e t e r s ,  the m a r k e r  should 
be applied at f ixed t ime  in te rva l s .  For  an ave raged  no rma l  pulse ra te  of 60/rain,  this in terval  can be taken 
as 7-10 sec .  

In actual  mult ichannel  se l f -wr i t ing  ins t ruments ,  the pa r t i cu l a r  dynamic scale  which is l ikely to be 
used the mos t  is a ss igned  to each  channel.  In such cases ,  t he re fo re ,  a r b i t r a r y  positioning of the m a r k e r  
is not p e r m i s s i b l e .  For  this  r eason ,  it was sugges ted  previously  [1] that  the m a r k e r  be placed at the end 
of the ca tac ro t i c  phase.  However ,  it is a compl ica ted  task  to ca l ibra te  quali tat ively in this  way by the man-  
ual method. The p rob l em  can be solved if the work of the automat ic  ca l ib ra to r  is "compulsori ly synchro -  
nized with the pulse curve  or the e l e c t r o c a r d i o g r a m .  
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Fig. 1. Theore t ica l  c i rcui t  of automat ic  rheograph  ca l ib ra to r  
(explanation in text).  

Fig. 2. Rheoencephalogram in the left f ron to -mas to id  lead. 

The theore t ica l  c i rcui t  of an automat ic  ca l ib ra to r  which can work e i ther  under conditions of synchro-  
nization or  in the absence of synchronous pulses  is  shown in Fig. 1. A voltage of 100 mV f r o m  the output 
of the rheograph  or  e l ec t roca rd iog raph  is fed into the input of the ins t rument  and, a f te r  amplif icat ion and 
differentiat ion,  it synchronizes  the work of the square  pulse genera to r .  A po ten t iomete r  allows delay of 
the m a r k e r  re la t ive  to the end of the anacro t ic  phase  to be se lec ted.  The delay mul t iv ib ra to r  which op- 
e r a t e s  the re lay  is then t r iggered .  The re lay  changes the r e s i s t ance  in the measu r ing  c i rcui t  by 0.05, 0.1, 
0.25, and 0.5 ~, r e spec t ive ly ,  depending on the intensi ty of the signal tes ted .  

To i l lus t ra te  the working of the ins t rument ,  a rheoencepha logram reco rded  in a clinically healthy 
subject ,  aged 30 y e a r s ,  in the f ron to -mas to id  lead is shown in Fig. 2. The r eco rds  show that the cal ibrat ion 
m a r k e r  was applied eve ry  t ime  at a cer ta in  moment  of the ca tacro t ic  phase.  It is undesirable  to have the 
m a r k e r  r ight  at the end of the ca tacro t ic  phase,  because in that case ,  because  of var iab i l i ty  in the duration 
of the r h e o g r a m ,  the cal ibrat ion m a r k e r  would s o m e t i m e s  be superposed  on the anacrot ic  phase.  It mus t  
be emphas ized  that the ideal case  is when the m a r k e r  of the cal ibrat ion signal fal ls  on the ea tacro t ic  path 
of the pulse wave at the moment  when it p a s se s  through ze ro  (the i soe lec t r i c  line), for  then the amplitude 
of the r h e o g r a m  signal does not coincide with the amplitude of the cal ibrat ion signal,  and as a resu l t  there  
is no dis tor t ion of the amplitude of the cal ibrat ion signal, because it fa l ls  outside the l inear  segment  of the 
dynamic amplitude c h a r a c t e r i s t i c  curve  of the t r a c t .  Fo r  this purpose  the ampl i f ied  r h e o g r a m  signal is 
fo rmed  into pulses ,  for  example ,  by means  of a Schmidt t r i g g e r  and the univ ibra tor  assigning the duration 
of the ca l ibra t ion pulse is t r i g g e r e d  by the corresponding front of these  pulses  through a logical  coincidence 
circui t .  The pulse f r o m  a se l f -exc i ted  osc i l la tor ,  determining the in terval  between success ive  cal ibrat ion 
pulses ,  is fed into the other  input of the logical  coincidence circui t .  

The c i rcui t  as  developed is per fec t ly  applicable a lso  to rheople thysmography.  In automat ic  analys is  
of r h e o g r a m s  by means  of a computer ,  in o rde r  to identify the value of the m a r k e r ,  it is des i rable  to change 
its duration s imultaneously with the change in amplitude of the cal ibrat ion signal. This  can be done by 
nar rowing the original  pulse for  f requency separa t ion  of the m a r k e r  f r o m  the r h e o g r a m s .  This ,  of course ,  
can also be provided for  during graphic  recording and nonautomatic analys is .  
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