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In physiological  experiments there is frequently need to record the e lec t r ica l  ac t iv i ty  in nerve trunks together 
with other processes and to compare the functions quant i ta t ively .  The exper imenter  then encounters considerable 
diff icult ies.  

The first is due to the impossibil i ty of recording the electroneurogram (ENG) on ten recorders ;  these recorders 
are widely used and are in many ways convenient,  but they have a frequency cut-off  below 100 cycles and are not 
wel l  suited to recording rapid processes. It is on this account,  as in other cases where high-frequency potentials are 
to be recorded, that for electroneurography photographic methods of recording are required; however, it is known 
that they show a number of shortcomings. The inconvenience of the string oscillograph or cathode ray tube is felt  
in par t icular ly  acute form ff during the exper iment  a long continuous recording is required where there is a need for 
immedia t e  comparison of the changes in the ENG with other indices (for example  the EKG, EEG, blood pressure, re-  

spiration, etc.) .  

The second diff icul ty concerns the approach to a quant i ta t ive evaluat ion of complex neurograms obtained in 
leads from nerve trunks or from more or less thick bundles of nerve fibers. This es t imate  is often very approximate 
and made "by eye ~ or by use of laborious graphical  methods of visual measurement  of t h e " a m p l i t u d e "  and counting 
the "frequency" of the different impulses making up the neurogram. Often this count can be made only a t  high sweep 
speeds (of the order o f  100 cm or more per second), and even then is ex t remely  coarse; the high scanning speed is 
often very inconvenient and frequently incompat ib le  with simultaneous recording of slower processes. Also when a 
visual es t imate  of the neurogram is made i t  is diff icult  to find a cri terion which effect ively  reflects the "e l ec t r i ca l  
act ivi ty" of the nerve and the amount of information transmitted.  

Indeed, according to modern views, the function of each separate nerve fiber is to transmit information in terms 
of a sequence of separate pulses, each pulse having ident ica l  shape and ampli tude.  Evaluation of the "ac t iv i ty"  of 
a single nerve fiber does not involve any major difficult ies:  an object ive  judgement  of the amount of information 
transmitted over any interval  of t ime may be made from a s imple count of the number of isolated impulses recorded 
on the corresponding section of the electroneurogram. 

However the position is different when the potentials are led off from a nerve trunk consisting of a mass of fibers 
of various diameters ,  and when the impulses from the separate nerve fibers reach the electrodes they are changed to 
a considerable extent  according to their position in the nerve and the position of the electrodes,  and on many other 

factors. Therefore from the point of view of the observer the complex neurogram represents the combined effect  of 
impulses of random ampl i tude  occurring at random times and therefore the instantaneous value of the neurogram 

itself  has a randomly determined value.  

On this account  it  appears that what is required is to employ some stat is t ical  cri terion of the e lec t r i ca l  neuro- 
gram which is related only to the number of impulses t ransmit ted along the nerve trunk in an interval  of t ime r *. 
It is easy to see that nei ther  the ampl i tude  nor the "frequencv" of the net impulses is itself such a criterion. A cer-  

tain number of unit impulses fall ing on the p ick-up e lec t rode  may form either a low-ampl i tude  or a long "net" 

* Str ic t ly  speaking we are interested only in the amount  of information transmitted along the nerve in a t ime  r .  How- 
ever,  it  can be shown that  in a system transmitting information (a code) in terms of unit impulses (binary code) the 

amount  of information is d i rec t ly  proport ional  to the number of impulses transmitted. 
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Fig. 1. Neurogram of the phrenic nerve 
of a rabbit. Part of a respiratory volley. 

Photograph from screen of oscillograph, 

Scan speed 200 cm/second. 

D 
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Fig. 2. Circuit of a diode detector. 

pulse, or else a high-ampli tude short pulse according to 

their temporal  and spatial distribution. In just the same 

way the "frequency" of the net signal is inevitably related 

to the frequency of the unit impulses. 

tn most cases (if not always), with appropriate amp- 
l i f icat ion and a sufficiently rapid scan this effect may 
readily be seen on recordings of the total complex electro- 

neurogram (Fig. 1). It is understandable that the "ampli tude of the impulse" and the "frequency of the impulses" 

cannot be used in an attempt to evaluate such records visually (thus, for example, the term "impulse" loses its de-  

finite physical significance and ceases to correspond to its physiological equivalent).  

Statistical methods may be used to show that the mean  value of the total neurogram* represents the required 

quantity corresponding to the frequency of the random unit impulses. 

Thus in many cases instead of a record of the electroneurogramitself  it may be more advantageous to record 
only its mean value, a procedure which is advantageous from the point of view of method and greatly extends the 

experimental  pract icabil i ty**.  Because the mean value of the electroneurogram alters comparatively slowly it may 

readily be recorded by the ordinary writing heads, and the record obtained may easily be evaluated quanti tat ively.  

The practical real izat ion of the principle just described of recording the etectroneurogram is based on well-  

known laboratory procedures, and requires practically no additional apparatus. The simplest circuit for obtaining a 

mean value is a diode detector (Fig. 2), The diode D rectifies the applied signal converting it into a direct voltage. 

The rectified signal is fed to a RC circuit. If a t ime constant r = RC is chosen so that T is considerably greater than 
the duration of the longest impulse in the total neurogram, then at the output of the circuit a voltage will be pro- 
duced whose instantaneous value at a moment  t_ will be approximately equal to the mean value of the signal at the 

output over the period r (i.e., the average value will be found for the period extending from t -  T to t ) .  

From what has been said above it can be seen that the instantaneous value of the voltage at the output of the 

detector is proportional to the amount of information transmitted along the nerve during the t ime ~" = RC preceding 

the moment  of observation. The whole area enclosed by the graph of voltage at the output of the detector up to 

t ime t 1 is proportional to the information transmitted along the nerve in ffme h - t, less some constant related to 
the amount of noise and stray pick-up. 

In order to record relat ively rapid changes in the mean value of the neurogram the averaging time (i.e., T = RC) 
must be sufficiently small in relation to the t ime of rise (or decay) of the mean value. In practice it is sufficient if 

the condition: RC < T/3 -5  is fulfilled, where T is the least t ime for a threefold change in the mean value, Thus 

the t ime constant RC of the circuit must be chosen so as to satisfy the condition: t 2 << RC << T, where t~ is the 

duration of the longest impulse of the electroneurogram***. In choosing the values of R and C it must be remembered 

*By mean value of the function y =f (t) over a period r is understood the quantity 

~tt: _ z f  ( t) dt 

or from the geometrical point of view the area contained between the curve y = f(t), the axis t ,  and the verticals 
t -  t o and t -- t ~  divided by r .  

**It will be understood that recording the mean value of the electroneurogram may be convenient in many cases for 
a study of the activity of separate nerve fibers. 

***In most experiments we use a circuit with T = 0.1 seconds (R = 50 kohm; C = 2ttF). 
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Fig. 3. Parallel  recording on a string oscillograph of the electroneurogram of the 

phrenic nerve of a rabbit  (1) by the usual method and (2) by use of an averaging 
circuit .  Two respiratory volleys are recorded at a f i lm speed of 3 cm/second.  

Fig. 4. Simultaneous recording on an ink-wri t ing electroencephalograph of (1) the 

averaged electroneurogram from a canine vagus, (2) movements of air in the t rachea 
during ar t i f ic ia l  respiration, (3) ar ter ial  pressure, and (4) the e lect rocardiogram.  
3') Baseline of arterial  pressure; 5) t ime marker (1 second). Left and right portions 
of the drawing were recorded at a speed of 2 rnm/second, middle  portion at a rate 
of 15 mm/second.  

that the resistance of the circuit  from the input side Ri = R/2, while the input resistance of the apparatus following 
the circui t  must be 5-10 tnnes greater than R. 

The signal from the output circui t  is best ampi i f ied  by a DC amplif ier .  Then changes in the level  of ac t iv i ty  
of the nerve of any frequency however low may be recorded. It is understandable that by appropriate setting of the 
basel ine of the pen the average noise of the apparatus may  be e l iminated ,  and in cases when the only interest of the 
exper iment  is the increase of ac t iv i ty  of a nerve above a cer ta in  steady level  (for example  respiratory volleys along 
the vagus) this "background act ivi ty" may be excluded from the record. If this is done, by increase of ampl i f ica t ion  
the signals of interest in the exper iment  may be separated from the totaI electroneurogram; in this way their corre- 

la t ion with changes in other recorded quantities will  be fac i l i ta ted .  

If the output signal from the detector  is app l i ed  to a AC ampli f ier  only those changes in the neurogram will be 
ampl i f ied  whose frequency exceeds a certain threshold set by the low-frequency cut-off  of the amplif ier .  

As far as the input to the detector the amplif ier  need ampl i fy  a band of only re la t ive ly  high frequencies (for 
example  from 100 cycles upwards). If this were not the case, slow potentials due to polar izat ion of the electrodes 
and so forth, which need not be taken into account and which are not re la ted to the neurogram, would reach the 
input to the detector .  Such slow waves would be passed by the detector and might give rise to considerable artefacts. 
Various solutions to this problem will  be applied according to the apparatus in use: if necessary a fi l ter may be placed 
after the second pro-ampl i f ie r  stage and before the input to the main amplif ier ;  also addit ional  filters in some in- 
t e rmedia te  stage of the main  amplif ier  may be incorporated, etc .  
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It will  be apprecia ted that if the main  ampl i f ier  by itself possesses the necessary characterist ics no further de-  

vices  apart  from the integrating ci rcui t  will  be required. 

For normal operat ion of the diode the ampi i tude  of this signal at the input to the detector  must be of sufficient 

ampl i tude  (for example ,  for a germanium diode D-2 it must be of the order of 1 v). 

Figure 3 shows an example  of a para l l e l  recording of a normal and of an average electroneurogram displayed 
on a string oscil lograph. 

Figure 4 il lustrates a simultaneous ink recording of an averaged etectroneurogram and other physiological  pro- 
cesses. This sample vo l ley  was derived from an exper iment  on a dog under conditions of complete  muscular re-  
laxa t ion  while hypovent i la t ion was mainta ined by ar t i f ic ia l  respiration. There is c lear ly  no correlat ion between the 
respiratory volleys from the nuclei  of the vagus (the electroneurogram was recorded from its central  end) and the 
forced movements of the thoracic cage.  On the other hand there is a very evident  retationship between the vagal  
volleys,  oscil lat ions of the pulse and main arterial  pressure (recorded from an e lec t romanometer) ,  and changes of 
the heart rate. 

S U M M A R Y  

A method is suggested which allows the electroneurogram from a bundle of nerve fibers or nerve trunks to be 
recorded on an ink-wri t ing or other kind of instrument with e lec t romagnet ic  heads having the usual frequency re -  
sponse of up to about 100 cycles per second. For this purpose rec t i f ica t ion  and integration of the signals of the neuro- 
gram was carried out by use of a s imple diode detector whose output voltage was supplied to a DC ampli f ier  feeding 
into a recording device.  

It was shown that the values recorded in this way are proportional to the quanti ty of information (in a binary 
code) transmitted along the nerve. 

The record obtained from the averaged electroneurogram faci l i ta tes  objec t ive  quant i ta t ive assessment of 
nervous act ivi ty .  
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