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ABSTRACT. A .study has been made on tlic trigge^ug of the plate-coupled multi­

vibrator by negative pulses. It has been ob'erved that "the voltage forms of different 
electrodes of such a multivibrator are markedly influenced by the form of the input 

pulses. In general, the triggering of such a multivibrator depends largely on the amplitude 
of the input pulse. Tt has been observed that triggering is more perfect by small amplitude 

pulses than by those of larger amplitude.", which is contrary to the general concept of triggering 
such a plate-coupled multivibrator. The.se arc inherent characteristics ot such a circuit, 

and the coupling valve is mainly re.spousible for it. Oscillograms of the voltage forms 
of different electorde.s of the multivibrator have been presented.

A mathematical analysis of the iiaiisicnt characteristics of the multivibrator for 

different types of input pulses has been given 'I'lic theoretical curves have been plotted 
and it has been shown that the.se curves fit well with the oscillograms.

1 N T R 0  D U C T 1 () N

Multivibratoi circuits now a dnys are u.sed widely and mostly in liming 

circuits. There are different tyiics of multivibrator circuits in use. The 
authors had the opportunity of closely studying the driven plate-coupled 

multivibrator which was utilised in producing delays between two signals 
from G-M counters to study the short-lived metastable states in titanium (46) 
iNag, Sen and Chatterjee, 1949)

61

K X P K R I M R N T S  A N D  T H U  O 11 S E  R V A T I () N S

A  detailed investigation has been made on the triggering of a plate-coupled 

multivibrator by negative.pulses and the following observations were made 

therefrom.
(1) The different electrode voltage forms of the multivibrator are 

markedly influenced by the form of the input pulses.

(2) In general, the triggering of the multivibrator depends largely on 
the amplitude of the input pulse.

♦ Communicated̂ by Prof. M. N. Saha, F.R S.
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(3) T h e  v a lu e  o f  th e  c o u p lin g  c o n d e n se r  C, in  f ig u r e  i h a s  m u c h  to 

a lte r  th e  | ie r fo rn ia n cc  o f  th e  m u ltiv ib r a to r .

(4) T h e s e  a re  in h e re n t c h a r a c te r is t ic s  o f  su c h  a m u ltiv ib r a to r  c ir c u it  

an d  th e  c o u p lin g  v a lv e  is m a in ly  re s p o n sib le  fo r  it .

T h e  e x p e r im e n ta l a r ra n g e m e n t is sh o w n  in  f ig u r e  i .  A  n e g a t iv e  p u lse  

f io m  a p u lse  g e n e r a to r , (B a n e rje e , 1945) a t th e  in p u t o f  6 A K  5 (co u p lin g  

v a lv e )  is on e sta g e  a m p lifie d  a n d  a p p lie d  to  th e  g r id  o f  T2 th r o u g h  th e

f/e O V . (^JABlLlifD)

I

Circuit (lirgram of the driven plate-coupled multivibrator.
co n d e n se r  C2. T h e  g r id  o f To is re tu rn e d  to  a  n e g a t iv e  v o lta g e  ( - 1 2  vo lts) 

so  th a t  in it ia l ly  7\  is n o n -c o n d u c tin g . W ith  th e  a rr iv a l o f a p o s itiv e  p u lse  a t 

th e  g r id  o f 1 \ b e c o m e s c o n d u c t in g  an d  its  p la te -p o in t v o lta g e  d e cre ases .

T h is  d e cre ase  o f  an o d e  p o te n tia l o f  T2 is tr a n sm itte d  th r o u g h  C\ to  th e  

g r id  o f  7 'i (re tu rn ed  to  p o s it iv e  v o lta g e ) ,  w h o se  a n o d e  p o te n tia l th e n  rises. 

T h e  rise  o f  7", a n o d e  p o te n tia l is  a g a in  tr a n s m itte d  to  th e  g r id  o f  T j  a n d  

th e  a ctio n  is c u m u la t iv e  w ith  th e  r e s u lt  th a t 7 \  b e c o m e s n o n -c o n d u c tin g  an d  

f u l ly  c o n d u c t in g .

T h is  c u m u la t iv e  o r r e g e n e r a t iv e  s w itc h in g  a c tio n , w h ic h  e n d s w ith  th e  

p la te  c u r r e n t o f re d u ced  to  7X‘i*o an d  th a t o f  in cre a se d  to  a m a x im u m , 

ta k e s  p la ce  e x tr e tn e ly  r a p id ly , in  a sm all fra c tio n  o f a m icro se co n d  in a w e ll-  

d e s ig n e d  m u lt iv ib r a to r  a n d  in o u r th e o re tic a l d is cu s s io n  w e  sh a ll assu m e 

th is  s w itc h in g  a ctio n  to  be in sta n ta n e o u s .

T h e  p o s it iv e  p u lse  a t the g r id  o f T2 c a n n o t c a u se  th e  s w itc h in g  a c tio n  

to  sta rt i f  it  is  n o t la r g e  e n o u g h  to  ra ise  th e  g r id  p o te n t ia l o f T j  a b o v e  

c u t-o ff an d  c a u se  c u r r e n t to  flow  in  th e  p la te  o f  T̂ -
A t  th e  end o f  th e  sw i tc h in g  a ctio n  C\ wdll b e g in  to  d is c h a r g e  so  th a t  

th e  g r id  v o lta g e  o f  w ill  b e g in  to  rise  e x p o n e n t ia l ly  so  m u ch  so  th a t  th e  

cu t-o ff b ia s  v o lta g e  o f T ,  is  re a ch e d , T ,  b e g in s  to  c o n d u c t a n d  re v e rse  

re g e n e r a t iv e  s w itc h in g  p ro ce ss  ta k e s  p la ce  b y  w h ic h  Ti a g a in  b e c o m e s  

c o n d u c t in g  an d  T j  n o n -c o n d u c tin g . T h is  s w itc h in g  p ro ce s s  is  a lso  e x tr e m e ly
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rapid so that the process mny also be assumed to be instantaneous for theo­
retical discussions.

Now, when T, has again become conducting instantaneously» a high 
negative voltage is transferred to 7'̂  -grid. Since the grid of is returned 
to 12 volts negative, ii cannot reuidin peimaiiently at the high negative 
voltage and hence the condenser will discharge t  ̂— 12 volts exponentially. 
Thereafter the multivibrator tubes come to their vOriginal states and these 
states will continue to |)crsist unless another negative pulse arrives at the 
input of 6 A K  5.

The grid of 6 AK  5 is normally at zero potential. The plate voltage 
of 6 A K  5, when both 6 A K 5  and 7', are condtjeting initially, is 75 volts. 
Now, eis a negative pulse is applied to the grid 0f 6 AK 5, generally both
6 AK  5 and T, are simultaneously made non-conducting and condenser (̂ '2
begins to charge. While the condenser is charging, the grid of 6 AK 5 falls 
to zero as the input pulse terminates. This mates 6 AK 5 conducting and 
the plate voltage of 6 A K  5 consequently comes down. Since T, is still 
non-conducting, the plate voltage of 6 AK  5 which is also the plate voltage 
of T ,, finally conics down to a voltage higher than it was when both the 
tubes were conducting. (Inder this condilioii the condenser Co will be 
experiencing simnltaiieously two changes of voltages, a growth of 
voltage due to charging as T, -plate ciirrtait is cut-off and a decay of 
voltage as 6 A K 5  is made conducting. Consequently, tlic actual voltage 
across the condenser will V>e the resultant of these two.

The j)late current of 6 A K  5 may not always become zero when a negative 
pulse is applied at the g r i d o f o A K 5 .  If the amplitude of the input pulse 
is big enough, then only 6 AK 5 will be iion-couducliug and the plate voltage 
of Ti may rise to its highest voltage. In all other cases, when the amplitude 
is small, there remains always in the plate of 6 A K  5 a current although T, 
is non-conducting.

Oscillograms have been taken of the voltage forms of the different 
electrodes of the multivibrator with input i)ulses of various amplitudes and 
are represented in figures (i)-{iv) in Plates X X II A-B.

The photographs have been taken on a Cossor double beam oscilloscope 
(Model No. 1035). Input pulses have been applied to one beatn and the 
electrode voltages of the multivibrator to the other. The multivibrator 
electrode voltages were not directly applied to the vertical plates of the 
oscilloscope but through a cathode follower circuit so that actual voltage 
forms are not changed during recording.
Small Amplitude :

Figurest (a), (b) and (r) [Plate X X II A l show the anode voltage of Ti, 
anode voltage of T2 and the grid voltage of T, respectively with C2 = 4/̂ /aF and 
input pulses are hown in each photograph. In this case the input pulse
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amplitude is not big enough to completely cut-off the plate current of 6 A K  
though the Ti-plate current is zero. With Ca=4f>F, the charging time is small 
so that very soon after 7', is made non-conducting C* is fully charged and the 
anode voltage of T, is raised to a high voltage near the supply voltage (not 
equal to the supply voltage because 6 A K  5 was not completely non conduc- 
ting ; it still had a plate current). Generally the anode voltage of Ti should 
lemain constant at this value as long as T, grid is held negative beyond 
its cut-off value. But although T, is still non-conducting, 6 A K 5  is highly 
conducting because the grid of 6 AK  5 rises at the eud of the input pulse, 
finally becoming zero. Consequently, the anode voltage of T, will come 
down.

Figure i (6) shows the anode voltage form of Tj while figure i (c) that of 
Ti-grid voltage. It will be seen that the forms of these electrode voltages 
are similar.

Figures it (a), (b) and (c) [Plate X X II  A l show the T,-anode voltage, 
•anode voltage and T, -grid voltage respectively with the same input pulse as 
before, but now C» = ioo/’F. In this case the charging time is very large 
so that long time after T, is made non-conducting, the condenser Cj is 
charged to its full voltage. In the meantime since the grid of 6 A K  5 has 
been driven positive, the plate voltage of T, has come down. This time 
it will be observed that the kink in the plate voltage of, Ti is below 
the flat portion of the square top pulse and that the kink is less 
pronounced although the input pulse is the same as before. This can be 
explained as below.

Since C'* is large, the charging time is long so that long before the 
condenser has been charged to its full voltage, the grid of 6 AK  5 is driven 
positive and therefore the kink appears id the lower portion of the voltage 
form. Also when 6AK5 has been made less conducting by the 
negative drive of the grid of 6AK5, the plate voltage of T,
could not rise much from its initial value because of the large time 
constant and so the kink is not so pronounced as before. In the previous 
case, Ti -plate voltage reached the maximum value within a very short 
time and came down right from there when 6 AK 5 was again made 
conducting.

Large amplitude :

Figures Hi (o), (b) and (c) [Plate X X ll  B] represent the anode voltage of 
Ti,  finode voltage of T , and the grid voltage of Tj respectively when the input 
pulse is very big and C, »  ^pp. Prom the figures it will be observed that the 
output pulse$ are not like those from a multivibrator. Further, it was 
noted that changing the grid voltage of r , ,  there was no appreciable change 
of the pulse width. A t the first sight it will appear that the multivibrator 
did not trigger. But this is not so because the other electrode voltages have 
also been photographed under the same condition and shown in figures (ttt)
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Fig. til

C.,=^W¥

In p u t p u l s e - s h a r p  and  bijj a m p litu d e  s h o w n  a t th e  b o tto m  in ia) 
and a t th e  to p  in  (/»,' and  (t l

{a), T i  - p la te  v o lt a g e  ; (/>). - p la te  v o lta g e  ; U). - grid  v o lta g e .

Fig i v

In p u t p u lse  - w id e  an d  b ig  a m p litu d e  s h o w n  a t  th e  b o tto m . 

Ti - p la te  v o lta g e . i



ib)  and (c) which suggests that with the arrival of a negative pulse at the 
input of 6 A K 5 ,  both 6 AK  5 and are made non-conducting as well as 
T2 conducting. This behaviour of the multivibrator circuit can be explained 
with the help of figure i. As the input pulse amplitude is very big, the 
rise of anode voltage is also greater than before  ̂ because previoUvSly, the 
input pulse amplitude was not big enough to completely cut-off the plate 
current of 6 A K  5 and as such let T, -anode volttge rise further. So the 
negative voltage transferred to T . grid through ^hen the plate of 6 A K  5 
comes down at the end of the input pulse is <pso greater. Tlie result is 
that Tj -anode voltage rises back too high to l|e transferred to Ti -grid 
through C\ to drive it towards zero voltage, ^^nce this positive drive of 
T i-grid  is large enough to take the -grid the positive side of its 
cut-off bias value, this will result in changing j[rom its non-conducting to 
conducting stale and thus switching off th^ current from to 7\ 
rather abruptly. If we now compare figured ii (b) and (c) we find 
that positive drive of T, -grid was not sufficient to take it beyond cut-off 
bias and that is why the states of T, and were not disturbed. It can 
also be observed from figure Hi (a) that the output form of T, -anode voltage 
is unlike that of the input pulse and it shows definite sign that the multi­
vibrator becomes unstable abruptly.

Under the same condition (with big input pulse) triggering occurs 
when the condenser C3 of 4/>F is replaced by a large value condenser, 
C2=iooy?F. This is due to the fact that wdien 6 A K  5 and Tj are made non­
conducting, the plate voltage of T, cannot rise faster, so tliat in the 
meantime, the grid of 6 A K  5 is driven positive making it conducting. 
The resultant negative pulse transmitted to grid of T2 is, therefore, not big 
enough to make it much negative,

P'igure iv shows the anode voltage form of Ti when the input pulse is much 
broader and large in amplitude. It will be noticed that the widths of both 
the input pulse and the multivibrator output pulse are equal. Actually, 
the width of the multivibrator pulse ought to have been greater than this. 
But since the amplitude of the input pluse is large, Ti has been forcibly 
brought down to its original state by the positive drive of the input pulse 
proving that the output pulse is not at all independent of the input pulse.

Triggering of a Plate-Coupled Multivibrator^ etc. 601

S U M M A R Y  A N D  D I S C U S S I O N  () V K X P K R I M K N T A h
R K  S IT b  T  S

The output voltage forms of the multivibrator are not completely 
independent of the form of input pulses. As the coupling valve is conducting 
even when Tj is non-conducting, the plate voltage of Tj can never remain 
constant at the supply voltage. The quiescent voltage of the non-conducting 
tube (Tj) is then equal to the voltage at which 6AK5 remains conducting. 
The use of pentode instead of a triode as the coupling valve ensures plate 

4—1803P—la
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current to be constant inspite of the plate voltage changing when Ti goes 
from conducting to non-conducting state.

In general, triggering of the multivibrator depends largely on the 
amplitude of the input pulse. If the initial plate current of 6 AK 5 is small, 
then with very small input pulse, it will be easily made non-conducting 
and very small pulses may not trigger the multivibrator at all. If, however, 
the screen voltage of 6AK5 is such that it initially draws a large plate 
current, the multivibrator may be easily tiiggered by very short pulses. 
But difficulties are being encountered when the input pulses are big. With 
big input pulses, the change of plate current is greater than that with the 
small pulses so that when 6 AK 5 grid is driven positive at the end of the 
input pulse, the output pulse amplitude of 6AK5 may be big enough to 
switch the current from T.̂  to T,, bringing the multivibrator to its original state. 
These are all inherent characteristics of the plate-coupled multivibrator 
driven by negative pulses and the coupling valve is mainly responsible for 
them. The phenomena are pronounced when the coupling valve is sharing 
a large current although the multivibrator can be triggered by very small 
input pulses in this condition. When the plate current drawn by 6 AKs  is 
very small, the phenomena are not so pronounced but at the same time it 
cannot be triggered by short amplitude pulses,

I'hus, in general, when the input pulses have different amplitudes as 
those from a photomultiplier, one cannot be sure that the multivibrator is 
triggered by pulses of all amplitudes. In that case the pulses may have to 
be equalised before applying them to the input of 6 AK5.

It has been observed that by making Cj larger, it may be possible to 
trigger the multivibrator with large amplitude pulses of very short duration 
when 6 AK 5 is drawing large plate current. Because, due to large charging 
time of C2 the plate voltage of 6 AK 5 may not rise much and in the meantime 
the grid of 6 AK 5 is already driven positive.

All these effects will not be observed in the case"̂ ’ of the plate-coupled 
multivibrator driven by positive pulse. Since in that case, normally the 
coupling valve and are non-conducting while Tj is conducting. When 
a positive pulse is applied to 6 AK 5 input, it becomes conducting and by 
cumulative effect, becomes conducting and Ta non-conducting simul­
taneously. At the first impulse, the grid of 1\ is driven to a large negative 
voltage after which begins to discharge. The tube Tz remains non­
conducting so long the grid of Tj is beyond its cut-off bias voltage. Thus 
under this condition when 6 AK 5 is again non-conducting at the end of the 
input pulse (in this case the grid of 6 AK 5 is driven negative to its original 
voltage when the input pulse vanishes), the grid voltage of Tj is suddenly 
driven positive but not beyond its cut-off bias so that Tj -anode voltage is 
unaffected. As a result, the conditions of Tj- anode voltage, Tj -anode 
voltage as well as of the grid voltage of Ti remain unchanged.

I
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It has been shown earlier that the lH*ighl and width of the negative 
pulse at the input of 6 AK  5 have considerable effect on the triggering of 
the plate-coupled multivibrator.

We shall now pioceed to consider the effect of the following negative 
pulses at the input of 6 AK  5 on the triggering of the multivibrator on 
theoretical basis :

(t) Narrow and very short pulses that cannot make 6AK5 non-conducting. 
in) Narrow  ̂ and short pulses that cannot make 6AK5 non-conducting but 

trigger the multivibiator.
{Hi) Narrow pulses of such height as to mak$ 6 A K  5 non-conducting. 
iiv) Narrow and big pulses.

In group (0, pulses of such size come which cannot make the triggering 
possible. If the input negative pulse is very small, the plate current of 
6 A K  5 will net very much diminish so as to increase the plate voltage of 
6 A K  5 i e. that of Tj and thus the grid voltage of above its cut-off value. 
So Ts will not conduct and thus triggering is not possible.

If the pulses are so large as not to make 6 AK 5 non-conducting but to 
in crease the plate valtage of 6 A K  5 to such a magnitude that causes the 
grid voltage of T2 to rise above its cut-oft’ value, the triggering is possible. 
This type of pulse comes in group (n).

In group (til), lie those types of pulses v\hich make 6 AK 5 non-conducting 
but the non-conducting period is very small compared • to the actual time- 
period over which T, remains conducting. We shall first of all, consider this 
type of pulse for our theoretical analysis.

To make the analysis clear and simple we consider first the effect of a 
negative pulse (figure 2) at the grid of 6 A K 5 . During the lime interval 
/ = o and /“ fi, the plate current of 6 A K  5 is zero, assuming of course that 
the g r id  of 6 A K  5 is driven to maximum negative voltage inslantaneously. 
In general, 6 A K  5 will be again conducting at i ^  ii reaching the phase 
of full conduction at / = /2“

i 4H ------ ►

B e tw e e n  t im e  t = tu a n d  < =  <a, h o w e v e r , th e  p la te  c u r r e n t  o f  6 A K 5  is 

v e r y  s m a ll  so  t h a t  fo r  o u r  th e o r e t ic a l  a n a ly s is  w e  sh a ll c o n s id e r  th e  p e rio d
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of actual conduction of 6AK5 to be between i = to t-t./. Here ii denotes 
the time at which the grid voltage of 6AK5 attains just the cut-off bias 
voltage while /a denotes the time after which the grid attains such a value 
as to enable 6AK5 to draw appreciable current for its proper functioning.

'a) Ttansient plaic-poinl voltage of T, : Now when considering the 
plate voltage of we shall assume that the plate currents of both 6AK5 
and 7', are cut-off instantaneously, though actually a small fraction of 
a microsecond elapses during the process. As the plate currents are cut-off 
for the period u <  / < /j, the equivalent circuit when considering the 
plate-voltage of is given by figure 3. By applying Thevenin’s theorem, 
figure 3  may be simplified to figure 4,

7<I, plalc-Ioad re.sistauce.
62 = interstage coupling condenser, 

leak resistance of

conducting resistaiice hetweeu tlie cathode and grid of 7'2 
(\vhcn T.̂ -grid is driven positive).

Tlie effect of inter-electrode capacitances and stray wiring cafiacitances 
at the output of 1\ has been neglected in the above figures because the 
conducting resistance ( ,̂;a) between the grid and cathode of Tj is of very 
small value.

Figure 5 represents the voltage step at the input of the circuit of 
figure 4 while the amplitude of the voltage step during o < t < i i  is given 
by E = where = supply voltage and ei is the plate-point voltage
when both 6AK5 and Ti are conducting.

I



When 6AK5 begins to conduct between / = /, t o /=-L 'th e  equivalent 
circuit is as given in figure 6. The time period between i^ l i  to i=i-2 n»ay be 
again divided into two parts viz. (i) / = /i to t~ when 6AK5 draws 
negligible current and (2) t when 6AK5 rt‘aches gradually the phase of 
full conduction and the current of 6AK5 has reached a steady value.

For the first part i.c. during the period /j <  / <  the plate current 
of the pentode 6AK5 IS negligible and the plate resistance t/>i is veiy large 
compared to Rj, so that circuit of figure 6 is simplified to that in figure 7 
where 2*1 = 0 and R2 has been omitted since tjbe conducting resistance 
r,j2 is very small compared to R2*

^nggerm g of a Plate-Coupled Multivibrator^ etc. 605

F ig . 7 F k ;. 8

The plate-voltage of 1\ during the period t >  1. will be dependent 
on the change of Ti -plate voltage during /, <  t <  /a and two cases may be 
considered here.

Case (a): C. of small value : It will be shown later (eqn.2) that for 
small value of d. (say,*̂ /! pF), the Tj -plate voltage will diminish considerably 
in the time < i < i 2  and as such the grid of T . will be driven towards 
negative voltage not to draw any grid current. then may be taken
open and thus the equivalent circuit for the period t >  /o becomes as shown 
in figure 8.

When Co is big (say, loo pF), the Tj -plate voltage will not change 
appreciably during tim e / , < < <  3̂ and consequently To-grid voltage will 
not come down to such an extent as to stop the grid current altogether ; the 
grid current will, however, be decreased so that will be large. But 
will still be small compared to R2 and the equivalent circuit in this case for 
t <  fa will be as shown in figure 9.

The plate resistance r,, of 6AK5 v\ hioh!̂  is a pentode, is very large 
compared to the load resistance Rl and assuming the internal resistance 
of the voltage supply to be zero, the impedances of the networks (figures 8 
and 9) looking back into the terminals a-b are the same which may be taken 
to be Rh . When 6AK5 begins to conduct steadily during t >  the plate 
voltage of Ti will come down from the value E^b to a lower value £1, say, 
when the output a-fe is open-circuited and the voltage across a-b is as shown



in figure lo where is the reference voltage equal to the plate-voltage of 
Tj when both bAKs^and T, are conducting. Norton's theorem is now
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F ig . iu

applied to the circuits shown in figures 8 and g to obtain the simplified 
equivalent circuitvS as given in figures i i  and 12 respectively where is the 
short circuited current at a-h (figure 13).

F i g . 13

The equivalent circuits (figures i i  and 12) are valid only for the time 
interval t 2 < t < U  where i - U  reckons the time at which h  again begins to 
conduct  ̂ or in other words, the plate current of remains cut-off from 
( = 0 to fj. ii can also be analytically represented by
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The plate point voltage of Ti is equal to the sum of the voltages across 
the coupling condenser Cj and the grid leak resistance R̂ . This voltage 
may now be calculated by four distinct steps :

Step 1 : The step voltage of figure 5 is applied to the
input of figure 4 Taking R2 to be very large compared to 7 , fhe output
plate point voltage during the interval o <C / ■ < f, has been found out to be

- R r . / 1 ... (i)

Step 2 : (/i <C  ̂ ta)- The sle[) voltage is terminated at l~ i i  to form a
a rectangular pulse (figure 5) so that the response across —R.> combination
i.e. across Rl is found, assuming no current flowing in the input of figure 7, as

= ; ... (2)

where, cj/i) = i)late point voltage at / —/,

and T = C.,{Rl ' T̂',̂ „) ... (3)

Step 3 : (/o /a y(t) If the coupling condenser is of small magnitude,
the response is obtained by assuming the small rectangular pulse Tigure 13) 
at the input of figure i i .  The plate point voltage is found out to be

+ i t , < i <  t,} ... (4)
where

7o = the amplitude of the current at the input of figure 11 
en(f2)~thc plate-point voltage at t-1n.

(h) If the coupling condenser is of large value the response is obtained 
by assuming the small rectangular |)ulse (figure 10) applied to the input 
of figure T2. Since 7,;2 in this step is different from that in steps i and 2, 
it will be denoted by f  2̂. The plate point voltage is calculated to be

r„-J?rJ„ + c„(/,)./-"’'> ... (5)
where

T-^C-ARl

and the other constants arc the same as given in equation (4).
At time the small rectangular pulse terminates and T, begins to

conduct. The equivalent circuit for coupling between the plate of Ti and 
the grid of 1\  can now be drawn as given in figure 14 where

Cr/“ grid voltage of 7\ for t ^

Since R2 is very large compared to R l , R2 may be taken as open and 
reactance of the coupling condenser is so small as to be the practical 
equivalent of short circuit, figure 14 can be simplified to figure 15 as 
shown below :

So the plate point voltage which is the voltage across R l is

ei = Tp + Rr,
(6)



m S. K . Sen and B. K . Bhattacharyya

We shall be able to show later that at I —

... (7)

Thus with the help of equations (7) and fS) we can find out the plate point 
voltage of T, at / = /» as

r, =—  - (8)
RiRj J, r -UT ,1

i'/i + Rr Ri + R2 **

(/ >  la)
Step 4 : The voltage e„ (<3) will begin to decrease with a time constant 

Ti which is equal to that with which the grid of 7', will begin to rise. The 
time constant, as will be shown later, is equal to C, (Rr. + T̂ , ). So the output 
voltage £■ „ is calculated to be

C|)—ro(h|)« (t ^  /j) . _ (q)

The voltage waveform for the plate of the tube T, is now drawn with 
the help of equations i to o (figure 23).

Transient voltage in the plate of 1\.  To analyse the plate voltage of 
T 2 we must form a clear picture about the current drawn by the plate of T , 
at different times of the period during which T, is conducting, Certain 
simplifying assumi)tions are to be made to have a not too complex analysis. 
First of all, R2 is taken to be grounded and not returned to H .T . Secondly 
the transition time which is necessary to make the plate current of T , 
maximum is assumed to be instantaneous. Though this is not true, yet the 
time of switching over is very small compared to the actual time-period 
over which Tj remains conducting.

The current in the plate of T̂  will remain maximum for a very short 
time h after which 6AK5 begins to conduct and the grid-voltage of Ta 
comes down.

During the interval f, <  / <  fa the grid voltage of will be reduced 
from its positive value and as a result the plate current of Ta will begin to 
diminish sharply and so the plate resistance (rp) of Tj will be taken to be 
very large during this interval.



The coupling condenser Cj which is moderately large, has little effect 
during the period between f = oand  ̂= 2̂ when the rise and fall in the plate 
current of Tg are considerably steep. The effect of the inter-electrode and 
stray wiring capacitances cannot be neglected during this time ; they really 
determine the times of rise and fall in plate point voltage of T2.
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The equivalent circuit during the time period o < .t  <C ti for the tube 7*2 
is as shown in (figure i6j, where C, takes into account of the stray wiring 
and inter-electrode capacities. If Thevenin's theorem be applied and be 
taken to be equivalent to the parallel combination of tp and Rl , figure 16 
can be vsimplified to the circuit as shown in figure 17 where Since
the coupling condenser has negligible effect on the output voltage Cn during 
this period the plate point voltage of 7  ̂ is the voltage across R̂  or C ,. If 
the voltage e-i is taken to be a step function

the differential equation involving CiU) and eAt) is

R j I /" D d f 2 I . - €i ~  -^CsRi —  +C2* 
R n  a t

Solving this equation, we have

€2(1) ■■

w h e r e

R̂
Ri-^R,

. - i -  ( o < i < / , )
C A

(11)

( l a )

(13)
' l?X + «2

The e q u iv a le n t  c ir c u it  fo r  th e  tu b e  T2 d u r in g  th e  p e r io d  t = ti a n d  

<=<3 is  g iv e n  in  f ig u r e  1 8 . S in c e  in  th is  in te r v a l  rp is  v e r y  la r g e  a n d  R2 is  

a ls o  v e r y  la r g e  c o m p a re d  to  th e  r e a c ta n c e  o f  C2, a  s im p lifie d  e q u iv a le n t  

c i r c u it  o f  f ig u r e  18 c a n  b e  d r a w n  ( fig u r e  1 9 ) . T h e  p la te  p o in t  v o lt a g e  o f  T3 

w h ic h  is  e q u a l to  etU) is  n o w  fo u n d  to  b e

e2it)--E,t-LEit,-e2(t,)]e-i t-h)/CsRL ... (14)

w h e r e  £  6 » =  p la t e - s u p p ly  v o lt a g e

e3(ti) =  p la te  p o in t  v o lta g e  a t  < =  t ,-

S — i S o j P — 1 *
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After the time the plate current of reaches a steady state.
Since llie j>late current of 7\> is then small, is very large. In the repro­
duction of Ihc flat top of the current pulse, which begins at time f =/a, the 
coupling condenser plays a major part while the shunting capacitance 
Cs is then practically open. So the equivalent circuit for coupling between 
the plate of 1\  and grid of becomes as drawn in figure 20 where Ri denotes 
the equivalent resistance foi the parallel combination of r;, and Rl and R2 
is the grid leak resistance of 1\.

F i g . 20

The current drawn by the plate of the tube remains steady at the 
small value in the interval between / = /a and after which the grid of
the tube Tj rises so much as to enable Ti to conduct and following the 
cumulative switching action, sharply regains its non-conducting state. 
So the current in the plate of T2 may well be represented by a rectangular 
pulse (figure 21) beginning at l — tn and terminating at i — the amplitude 
of which is given by

... (15}
where = mutual transconductance of tube which, for all purposes, may be 
assumed to be constant during the above mentioned period, 

and er; = grid voltage of
Now the current pulse may analytically be written as

... (i6i
where represents a unit step function beginning at If time
is reckoned from equation (16) can conveniently be written as

... (17)



The plate point voltage of is the voltage across Ri.  The differential 
equation involving the voltage c-̂  and uirient i, in figure 20 is
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f' 3 C 2 I ̂ '̂ 2 * 1 _i_ IJ
dt T dt ^

(18)

where r^ C ,(A \  + A%;

Solving this etjiialion with the help of equation (7) and with the initial 
condition that at (t)-c'n f/o), we have

€, { ( )  =  ( t , < i < h )  . . .  ( l y j

At the vSinall current pulse is abruptly terminated. At that time
the effect of the interstage coupling condenser is neglected due to the sharp 
change of current and so the plate voltage of 7\ is e^ual to the voltage that 
is developed across R. i.c. at / = the grid voltage of Ti and the jdatc 
voltage of To are exactly identical. The plate voltage of Ta is found to be

(20)

After time the tube T. is non-conducting, whereas, 7', begins to
conduct and so the cqvivalent circuit for / >  is changed to that shown 
in figure 22. The small conducting resistance f(,i between the grid and 
cathode of 7\ is now put in parallel witJi 7\\. v̂ ince R., is very large 
compared to r,;j, it can be omitted from figure 22. Since T.  is non-conducting 
t, = 0 and so, analysing the circuit of figure 22 we obtain,

=0
d t  r (^i)

where T — C,{Ri + r,n}

and R i = R t,

Solving this equation we have

... (22)
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T f-P la te  iH>lfage

Cm -

\

T i-P la te  vcttage.

Cg m 100 pF

F ig . 23

T h e  Voltage waveform in th e  plate of is now' completely specified by 
equations (12), (14), (19), (20), (22) and plotted in figure (24).

/ in j j  erne 
« 6

§> *0

Plate-poind yfoliage o f Tg

F i g . 34

Transient Voltage in the Grid of 1\.  T h e  g r id  v o lt a g e  o f  T j  w i l l  s h o w  

a n  a lm o s t  id e n t ic a l  n a tu r e  a s  .th e  p la te  v o lta g e  o f  T j  w i l l  d o . T h e  sa m e  

e q u iv a le n t  c ir c u it s  t h a t  w e r e  d ra w n  to  a n a ly s e  th e  p la te  v o lt a g e  o f  T , ,  w i l l  

e x p la in  th e  tr a n s ie n t  c h a r a c t e r is t ic s  o f  th e  g r id  v o lta g e  in  T , .

S in c e  th e  c o u p lin g  c o n d e n s e r  C', h a s  n e g l ig ib le  e ffe c t  o n  th e  d if fe r e n t  

e le c tr o d e  v o lta g e  w a v e fo r m s  d u r in g  th e  p e r io d  t —o a n d  t —tj, th e  g r id  

v o lt a g e  o f  Ti  w h ic h  is  th e  v o lta g e  a c r o s s  C$ ( fig u r e s  1 7  a n d  1 9 ), is  a ls o  th e
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voltage in the plate of T2. So equations (12) and (14I wil' determine the 
transient voltage waveform in the grid of T , during the two intervals between

(f) 1 = 0 and l = li 

(if) 1 = 1] and 1 = 1-2

After time l = lj, the voltage across (figure ao) is the grid voltage of 
T i. The differential equation for the circuit in figure 23 is

d F  ~T~ R, + R-2 ~dF

where i, is given by equation (17). Solving this iquation we have

( t >  l-j)
k . + k / * !

Cs ^l =l3>

(23)

(24)

(25)

where T =  (J?, + J?2/C'j

When 1 >  the equivalent circuit shown in figure 22 is to be considered 
where ii = o and R.̂  is very large compared to r„,. vSo with the help of 
equation (23), the differential equation for the circuit in figuie 22 can be 
written as

=0
dt T

(26)

Solving this, we hive
es(l)  =  C3(<3)«“ <'“ ' * ' ^ .. .  (27)

So the grid voltage waveform can be drawn with the help of equations
(12), (14), (24), (2s) and (27) (figure 25).

i in jj see. - 
4 4

■ .------- 1— \--------^ ^
k ____________— ----------

G rid voltage Off 7>

F i g . 25

The theoretical analysis has been made for the voltage waveforms at the 
different electrodes of the tubes of the multivibrator when the input pulse 
at tbe grid of T* is of group (m).
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This analysis also holds good for the pulses of group («j. This type of 

pulse can be represented by figure 26. Initially the plate current of 6AK5 
is very small so that it can be regarded as virtually open for a very short 
time after the negative pulse has been applied to the grid of 6AK5. So 
the equivalent circuit for coupling between the plate of Ti  and grid 
of Tj is given l>y figure 3 at that time and equation (1) then gives the 
plate-point voltage of vSince the Ti  -plate voltage does not rise so 
much as it would if 6AK5 becomes non-conducting, the transferred voltage 
in the grid of is also less in this case and so is higher than it was when 
6AK5 was non-conducting.

/ i n  p $ e c  ------ ►

Steps 2, 3 and 4 are evidently valid in this case Îso and this is why we can 
now conclude by saying that the voltage waveforms at the different electrodes 
of the niultivibi alor tubes which are obtained w'hen triggering is done by a 
pulse of group (ii), are almost exactly identical with those found previously 
in our analysis for a negative pulse of group (m) at the input.

/ in ju5€€.

e u t - p f f  b ia s

F ig . 27

I he effect of n u f t o w  and big pulses : When the pulse is narrow and 
big f̂igure 27) the time is slightly greater than that assumed for the
pulses of group (tii)* For the interval <  < <C ti) the voltage waveforms



at the plate of 7', and at the plate of V'» and grid of T, arc drawn with the 
help of equations (i) and (i2) respectively.

During the period between / = /|, and i — t.,, 6AK5 is gradually reaching 
the phase of full conduction and the grid voltage of 'J\ will begin to come 
down. Since the amplitude of the pulse is now big, this period (/a"" î) 
is now greater than that in the case of pulses of group (m). This is the 
interval when To -plate voltage and 1\ -grid voltage will begin to rise 
(eqn. 14). Since is large in this case# the voltage in the grid of
Ti will rise above its cut off value in the mean tfcie making T, conducting 
and simultaneously 7\ non-conducting.

Thus the multivibrator waveforms at the different electrodes are altered 
markedly in this case.

The overshoot cannot rise too much since the grid voltage of is 
increasing exponentially and as soon as the grid becomes positive, grid 
current is drawn and the overshoot is limited.

When i  >  /o, 7\ -plate voltage and 1\ -grid voltage will be given by 
equations (20) and (22). The 7\-plate voltage curve can then be plotted 
with the help of equations (8) and (q) respectively, ffiguies 28 and 29 show 
the theoretically plotted curves of 1\ -plate voltage and To -grid voltage 
respectively.
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i  in  /u  sec - 
i  9.

\ «

G rid  ffo ttage o f Tj

Plate - volfaffe of 7? 

F i g . 28

F io -  29

S U M M A R Y

The equivalent circuits have been considered and the expressions for 
the voltage waveforms of the different electrodes of the multivibrator 
have been deduced at three distinct time-intervals namely between (/) ^-o 
to i = /i when both 6AK5 and Tj are non-conducting, (2) t — ti and 
when only 6AK5 draws negligible current and (3) t = and 1 = 3̂ when 
6AK5 plate current is more or less steady, Tj being still non-conducting. 
These times have all been reckoned from the instant a negative pulse is
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applied at the input of 6A K 5 and so all the expressions could be related 
with the width of the input pulse.

Pulses of diffrent amplitudes and widths have been considered, The  
experimental findings could well be explained by the theoretical analysis. 
The former conclusion that the triggering of such a multivibrator depends 
largely on amplitudes has been established as well by theoretical analysis. 
Theoretical curves for the voltage waveforms of the difterent electrodes 
of the multivibrator have been plotted with the equations derived and are

I
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