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This invention relates to frequency multipliers 
and particularly to an adaptation of the multi 
Vibrator by means of which one harmonic may 
be made to predominate strongly over the 

5 others. 
It is an object of my invention to produce, from 

a low frequency, a higher frequency having a 
fixed ratio thereto, whereby, if the low fre 
quency be maintained constant, the high fre 

10 quency Will also be constant. 
It is a further object of my invention to pro 

Wide an arrangement by which a constant high 
frequency may be impressed and a low frequency 
Will be delivered, which will be of constant value 

15 So long as the high frequency remains fixed. The 
low frequency will be a submultiple of the im 
pressed frequency and will be suitable for driv 
ing Synchronous motors, such as are now fre 
quently used for operating clocks. 

It is a further object of my invention to pro 
vide means for obtaining a Selected harmonic of 
the fundamental with a fewer number of tubes 
than have heretofore been required for that 
purpoSe. 

It is a further object of my invention to pro 
vide a multivibrator in which the adjustments 
required are not critical. 
Other objects of the invention and details of 

the construction will be understood from the 
30 following description and accompanying draw 

ings, in Which: 
Figure 1 is a diagram of the circuits and 

apparatus; 
Fig. 2 embodies a plurality of curves which 

35 will be used to describe the results obtained; 
Fig. 3 is a diagram of circuitS and apparatus 

illustrating a modification, and 
Fig. 4 embodies curves by means of which the 

operation of the device Will be explained. 
The multivibrator is a term introduced by 

Abraham and Bloch to describe an arrangement 
of tubes equipped with the usual resistance 
capacity coupling, in which the output of the 
last tube is coupled to the input of the first tube. 

45 I have introduced new features into this arrange 
ment, but the invention will be best understood 
from a description of the Whole multivibrator 
including them. 

Referring to Fig. 1, the B-battery 1 is con 
50 nected, through the inductor 2, to the resistors 

3 and 4 and, through them, to the plates of the 
vacuum tubes 5 and 6. The filaments of these 
plates are connected together and to ground and 
are energized by the A-battery 7 in the usual 

55 way. 
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An adjustable condenser 8 is connected be 
tween the plate of the tube 5 and the grid of the 
tube 6, and a similar condenser 9 is connected 
between the plate of the tube 6 and the grid of 
the tube 5. 
A resistor 11 constitutes the grid leak for the 

tube 6, and a resistor 12 for the tube 5. The tWO 
grid leaks are connected to the filaments through 
the secondary of a transformer 13 and an addi 
tional resistor 14. 
The portion of Fig. 1 thus far described con 

stitutes the multivibrator. The features thereof 
which I have invented include the addition of 
the inductor 2 and such selection of values for 
condensers 8 and 9 and resistors 3, 4, 11 and 1270 
that the time constants of the circuits including 
the condenser 9 shall be much shorter than the 
time constants of the circuits including the con 
denser 8. This is accomplished either by mak 
ing condenser 9 considerably smaller than con- is 
denser 8 or by making resistorS4 and 12 consider 
ably Smaller than resistors 3 and 11, or both of 
these expedientS. 
The input to the multivibrator is the primary 

of the transformer 13. I have provided an out- 80 
put by connecting the plate and filament of the 
tube 5 to the grid and the filament of an ampli 
fier tube 16. The connection includes a stop 
ping condenser 17 which may be adjustable. A 
resistor 18 and, if desired, a C-battery 19 con- 85 
stitute the grid-leak path of the tube 16. 
The output circuit of the tube 16 preferably 

contains a parallel-resonant circuit, including an 
adjustable condenser 20 and the primary of a 
transformer 21, the secondary of which consti- 90 
tutes the final output. 

B-battery potential is Supplied to the tube 
16 over a connection 22 from the positive side 
of the battery 1, through a choke coil 23, to the 
parallel-resonant circuit. A connection from 95 
the parallel-resonant circuit to the filament, for 
the high-frequency, is provided by the con 
denser 24. 
In Fig. 3, the corresponding parts are simi 

larly numbered. In order to illustrate that the 100 
input transformer does not have to be connected 
to the common lead for both tubes 5 and 6, Fig. 
3 shows the output from the transformer 13 con 
nected across the resistor 11. 

In order to ensure greater purity in the out- 105 
put from the tube 16, the connection to the grid 
thereof, instead of being Over a single condenser 
17, is over a filter. To illustrate further varia 
tions which are possible, the connection, in 
stead of being from the plate and filament of 10 
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tube 5, is from the grid and the flament there 
of. The filter includes the inductor 30 and coll 
denser 31 in series which together are tuned to 
the desired harmonic. The inductor 32, the se 
ries-tuned circuit 33 and the condenser 34 illus 
trate possible shunts for removing undesired fre quencies. 
When a voltage, such as is illustrated by the 

curve 37 in Fig. 2, is impressed upon the primary 
of the transformer 13, a voltage like that illus 
trated in curve 38 of Fig. 2 is obtained in the 
output from the tube 5 which gives rise, in the 
transformer 21, to a voltage represented by the 
curve 39. It Will be observed that the curve 38 
has a square-wave-form of uniform character 
except that, at the point 40, a single wave has 
been omitted. 
The omission of a single cycle of the high-fre 

quency, square-wave-form potential corresponds 
to the adjustment in which the time constant of 
the condenser 9 is nearly equal to the time con 
stant of condenser 8. If these time constants are 
less nearly equal, the potential delivered by the 
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tube 5 will be similar to that shown in curve 
41, and the period during which the Square 
wave-form pulses will not be delivered is great 
er, as illustrated at 42. The curve 43 illus 
trates the potential which will be delivered by 
the transformer 21 under these circumstances. 
It will be observed that a decrement shown by 
curve 43 occurs, beginning at the beginning of 
the period represented at 42 and continuing 
throughout this period. At the end of the pe 
riod, the amplitude returns to its original value. 
A similar but much less conspicuous decrement 

... is illustrated by curve 39 and may be observed 
by noticing that the peak 44 is not as high as 
its neighboring peaks and the trough 45 is not 
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as deep as the neighboring troughs. 
If, instead of a voltage corresponding to curve 

37 being impressed upon the input of transform 
er 13, a voltage having the frequency of curve 
39 is impressed thereon, as represented by the 
curve 46, the output at the transformer 21 may 
be made to very closely resemble curve 37. When 
this is done, the only readjustment of the con 
stants of the apparatus required is in the par 
allel-resonant circuit 20-21 which must now be 
changed to a low frequency. 
These results have been obtained experimental 

ly. I am not prepared to state with certainty 
the explanation of them, but I have discovered 
that, if the inductor 2 be omitted but a control 
voltage be impressed at the transformer 13, a 
very much more critical adjustment of the con 
densers and resistors is required in Order to pro 
duce the results described. If the inductor 2 
be omitted and no controlling voltage be im 
pressed at the transformer 13, the apparatus 
will give rise to a square-wave-form, high-fre 
quency potential in the output of the tube 5 
which may be controlled, to some extent, by ad 
justment of the ratio between the time con 
stants of the two condensers, but under these 

; circumstances, the adjustment is exceedingly 
critical, many harmonics will be present and the 
interruptions to high frequency, represented at 
40 and 42, will not occur. 
When the controlling voltage is impressed 

through the transformer 13 and the inductor 2 
is omitted, similar results may be obtained by 
inserting an inductor in the connection between 
resistor 3 and the plate of the tube 5 or between 
the resistor 4 and the plate of the tube 6, but, 
by inserting an inductor in each of these places, 
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the result is far less stable. It is also possible 
to obtain these results by inserting an inductor 
between the resistor 12 and the filament con 
nection or between the resistor 11 and the fla 
ment connection, but, if inserted in both of these 
places, the result is far less stable. To insert 
an inductor in the common connection from 
both resistors 11 and 12 to the filaments is equiv 
alent to inserting it at the point 2 illustrated. 
It is then merely at the other end of the same 
circuits. 
I have no satisfactory knowledge of the rea 

son why the inductor, when inserted as described, 
produces the results I have stated. The follow 
ing detailed description of the course of events 
is the best explanation I am, at present, able 
to offer, but I am aware that complete analysis 
of the Operations may show this explanation to 
be incorrect. 

Attention is called to an article beginning at 
page 259 of the Philosophical Transactions of 
the Royal Society of London, vol. 224, November 
13, 1924, by D. W. Dye and to an article in the 
Annals de Physique, No. 9, Series XII, page 237 
(1919). In the French article, beginning at page 
252, the construction, and an analysis of the op 
eration, of the multivibrator is given. Attention 
is also called to Radio Engineering Principles 
by Lauer & Brown, edition of 1928, beginning on 
page 208. This section describes a multivibrator 
and gives a brief analysis of its action. It will 
be noted, from the teaching of these articles, 
that the tubes 5 and 6 are 'Worked hard'. That 
is to say, each time that the grid changes poten 
tial, the change is greater than the straight 
line part of the tube characeristic. 
The analysis about to be given here differs from 

those in the articles just cited, because the time 
constants of the condensers are unequal in the 
structure here proposed and are equal in the 
structures analyzed in the articles. There is a 
further difference which results from the pres 
ence of the inductance. 

Scillographic observations show that the 
tubes 5 and 6 are alternately conductive and non 
conductive, because of the grid potential chang 
ing past the cut-off point. Curves, which have 
been prepared from the OScillographic observa 
tions, are represented in Fig. 4. Curve 51 repre 
sents the plate current through the tube 6. Curve 
52 represents the charge upon the condenser 9. 
Curve 53 represents the potential of the grid in 
tube 5. Curve 54 represents the plate current 
through the tube 5. Curve 55 represents the 
charge upon the condenser 8. Curve 56 repre 
sents the grid potential of the tube 6. Curve 57 
represents the potential across the inductor 2. 
The part of this curve above the zero line repre 
sents potentials directed upward in the inductor 
as it is represented in Fig. 1. Curve 58 represents 
the potentials impressed through the transform 
er 13. 
The moment at which the tube 6 changes from 

a conductive and approaches a non-conductive 
condition is represented by the point 60 in Curve 
51 of Fig. 4. A consequence, although not all of 
the consequences, of the change of current 
through tube 6, is that the potential of the plate 
of tube 6 rises, because the potential drop across 
the resistor 4 approaches Zero. Because the plate 
potential of the tube 6 is increased, the conden 
ster 9 will receive a charge from the battery 1 
over the circuit 1, 2, 4, 9, 12, 13, 14 and return. 
The increase in charge upon Condenser 9 is 
1 presented by the upward trend at 61 of curve 
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52 of Fig. 4. The charging current for the con 
denser 9 flows downward in the resistor 12, as the 
diagram is drawn. Therefore, the grid of the 
tube 5, which is connected to the upper terminal 
of this resistor, is at a positive potential relative 
to the filament of this tube, which is connected 
to the lower end of said resistor. This is indi 
cated by the fact that the portion 62 of curve 53 
is above the Zero line. 
The tube 5 becomes conductive because its grid 

is positive. At the same time, there is some cur 
rent fow from the grid to the filament in this 
tube and, therefore, the charging circuit for the 
condenser 9 includes the grid-filament path in 
tube 5 in parallel with the resistor 12. The cur 
rent drawn by the plate of tube 5 during this 
time is represented at 63 of curve 54. 
The condenser 9 Will continue to charge dur 

ing the time fixed by its capacity and the resist 
ance of the charging circuit. The conditions 
just described, namely, tube 6 non-conductive 
and tube 5 conductive, will continue until the 
charging of the condenser 9 is completed. 
When the condenser 9 is completely charged, 

as indicated at 64 Of Curve 52, no more Current 
will flow in the charging circuit. The drop over 
the resistor 12, therefore, becomes Zero, and the 
potential of the grid of tube 5 will fall, as shown 
at 65 of curve 53. 

Even though the potential of the grid does not 
fall below the cut-off point for the tube, it falls 
enough to cause a diminution in the Current 
through the tube 5. Diminution in this current 
causes an increase in the plate potential of the 
tube 5. The increased potential is impressed 
upon the condenser 8 and this condenser, there 
fore, begins to charge as shown at 66 of curve 55. 
That the condenser 8 was, at this moment, 

either completely or partially discharged, is a 
consequence of the fact that the tube 5 had been 
conductive during the period that condenSer 9 
was charging. The discharge circuit for the 
condenser 8 was through the tube 5 to ground 
and from the ground through elementS 14, 13 
and li. 

he charging circuit for the Condenser 8 is 
from the battery 1 through elements 2, 3, 8, 11, 13, 
14 and return. The direction of the charging 
current for the condenser 8 is downward through 
the resistor 11 and, therefore, the grid of the tube 
6 becomes positive relative to the filament, as 
Soon as the charging of condenser 8 begins. This 
is represented at 67 of curve 56. This results in 
tube 6 drawing current as shown at 68. 
The tube 6, being conductive, opens a discharge 

path for the condenser 9. The discharge current 
flows through the tube 6 to the ground and from 
the ground, through elements 14, 13, and 12, to 
the condenser. Since the discharge current is 
upward through the resistor 12, the grid of the 
tube 5 becomes negative relative to the filament 
and the tube 5 becomes non-conductive. More 
over, as there is Substantially no inductance in 
the discharge path, the change in potential of 
the grid of tube 5 is abrupt, as shown at 69 of 
curve 53. 

It should be noted that the Consequence of the 
Small decrease in current through the tube 5 
which resulted from the cessation of charging 
current for the COIndienSer 9 causes an abrupt 
termination of all current through said tube 5 as 
Shown at 70 of curve 54. 
The condition, tube 6 conductive and tube 5 

non-conductive, Will continue until the condenser 
During this time, the condenser 8 

3 
is receiving a charge. This will be added to the 
charge which remained in the condethser 8 at 
the moment of change in conditions, represented 
at 66 of curve 55. The condenser 8 will not have 
been completely discharged because its time con 
stant is slower than the time constant of con 
denser 9. The change from discharging to 
charging Was-brought about by the completion 
64 of the charge upon condenser 9, which hap 
pened before the discharge of condenser 8 was 
completed. 
The period now under consideration will con 

tinue until the condenser 9 has completed its 
discharge, as indicated at 71 of curve 52. When 
this discharge is completed, discharge current 
will cease to flow over the resistor 12. The po 
tential of the grid of tube 5 will, therefore, rise 
from a negative value to zero, as indicated at 72 
of curve 53, and the tube will again become con 
ductive. AS SOOn as this happens, the condenser 
8 Will begin to discharge through the tube 5, as 
indicated at 73 of curve 55. The tube 6 will, 
thereupon, become non-conductive, the plate 
potential across the tube thus will rise, and the 
condenser 9 will begin to charge, as indicated at 
74 of curve 52. When the condenser 9 begins to 
charge, the grid of the tube 5 will become posi 
tive, as indicated at 75 of curve 53, and the tube 
Will become even more conductive. All of the 
changes just noted are abrupt because no induc 
tance is involved in any of them. The current 
through the tube 5, therefore, rises abruptly from 
Zero to its maximum value, as indicated at 76 
of curve 54. 

Conditions are now as they were at the begin 
ning of this analysis except that the charge upon 
condenser 8 is somewhat greater than at first. 
Operations will repeat themselves in this way 
until the charge upon the condenser 8 has in 
creased Sufficiently to require less time for the 
completion of the charge than is required for the 
discharge of condenser 9. 
Consider the moment when the condenser 8 

begins to receive charging current after the 
charge which has been accumulated therein is 
nearly Sufficient to fill it, as indicated at 77 of 
Curve 55. At that moment, the tube 6 is con 
ductive, as indicated at 78 of curve 51, and the 
Condenser 9 is discharging, as indicated at 80 of 
curve 52, but the condenser 8 completes its charge, 
as indicated at 81 of curve 55, before the con 
denser 9 has completed its discharge, as indi 
cated at 82 of curve 52. When this happens, the 
charging current through the resistor 11 falls 
to Zero. The potential of the grid in tube 6, 
therefore, becomes zero, as indicated at 83 of 
curve 56, and the tube, while still conducting, 
draws less current than before, as indicated at 
84 of curve 5. 
non-conducting condition, as indicated at 85 of 
curve 54. The total current drawn through in 
ductor 2, therefore, diminishes. 
The diminution produces an electromotive force 

downward in the inductor 2, as represented in 
the diagram at 86 of curve 57. The increase in 
plate potential across the tube 6, which result 
from diminution in the drop through resistor 4, is 
added to the electromotive force from the induc 
tOr 2, and the increase in plate potential across 
the tube 6 is, therefore, greater than heretofore. 
The charging effect upon the condenser 9 is, 
therefore, greater. This condenser charges, not 
only to a higher potential, but more rapidly, as 
indicated at 8 of curve 52. The tube 5, there 
fore, becomes conductive, as indicated at 88 of 
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curve 54, and, if anything, more abruptly than 
before. 
The extra rise in plate potential upon the tube 

6 was temporary. The effect of the inductor 2 
disappears, and the higher potential to which 
the condenser 9 had been charged soon exceeds 
the potential impressed upon the plate of the 
tube 6. The condenser 9 will, therefore, dis 
charge, but not through the tube 6. It will dis 
charge Over the path from 9 to 4, 2, 1, 14, 13, 
and 12, until the potential of the condenser 9 
falls to the potential impressed by the battery 

as indicated at 89 of curve 52. 
Since the condenser 9 discharges over a path 

including the battery 1, the potential producing 
the discharge current is only the difference be 
tween the battery potential and the potential to 
which the condenser 9 charged. This difference 
is small. Consequently, the rate of discharge is 
slow. The current through the resistor 12 is, 
therefore, small, and the grid of the tube 5, 
although it becomes negative, does not become 
sufficiently negative to render the tube non 
Conducting. 
Since the time during which the condenser 9 

is discharging is brief, as may be seen by ob 
serving, at 89 of curve 52, that the portion of 
the curve which slopes downward is short, the 
slightly negative potential of the grid was not 
caught by the oscillograph, which is the reason 
why it is not exhibited by curve 53. 
When the potential of the condenser 9 has 

fallen to that impressed by the battery, it will 
not continue to discharge Over the path last 
traced, because of the opposing potential of the 
battery. It will not discharge over the path 
through tube 6, because this tube is, at this time, 
non-conductive (90 of curve 51). The charge 
of condenser 9 will, therefore, remain Steady, and 
there will be zero current through the resistor 
12. Consequently, the tube 5 will be somewhat 
conductive (91 of curve 54) and the condenser 
8 will discharge (92 of curve 55), thereby main 
taining the grid of tube 6 negative (93 of curve 
56) and tube 6 non-conducting until the con 
denser 8 is completely discharged. 
When the condenser 8 is completely discharged, 

the potential of the grid of tube 6 becomes zero 
(94 of curve 56). This tube begins to conduct. 
The condenser 9 can, therefore, discharge, and 
the cycle of operations repeats. 

It will appear upon study of the foregoing 
analysis that one really significant action of the 
inductor 2 is to bring to pass that, during a 
short time, condensers 9 and 8 are both dis 
charging, (compare 89 of curve 52 with 95 of 
curve 55). This changes the control from the 
fast condenser to the slow condenser, and the 
high-frequency pulses will not appear until the 
slow condenser has discharged. 
There are many peculiarities of the electro 

motive force across the inductor 2 shown by 
curve 57 beside the one just mentioned, but this 
one alone produces a significant result. For this 
reason, the other peculiarities are not described 
in detail. The several sharp peaks correspond to 
moments when the total of the current in the 
tubes 5 and 6 is increasing. The portions of 
curve 57 which fall below the Zero line corre 
spond to times when this total is decreasing. 
Tubes continue to be conductive after their 

grid potential has become negative. It is not 
until the grid has become several volts negative 
that the current is cut off entirely. This is the 
explanation of the fact that curve 5 slopes 
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downward at 74 at the same time that the curve 
54 slopes downward at 76 and this accounts for 
the negative portion of curve 57 vertically in 
alignment with 74 and 76. 
The portion of curve 57 immediately to the 

left of the point 86 is explained in the same 
way but, by considering the points on curves 
57 and 54 vertically in alignment with 86, it 
will be seen that the portion of Curve 51 be 
tween 84 and 90 slopes down Ward, While the 
portion of curve 54 at 91 is horizontal. The 
decrease in total current is, therefore, very Small, 
and the portion of curve 57 to the right of 
86 will rise rapidly towards the Zero line. 
The time constants of the two condensers are 

so adjusted that the ratio between them is, as 
nearly as possible, an integer. If this adjust 
ment is inexact, the condenser 8 may complete 
the last step in its charging action somewhat 
too. Soon, but the inductance 2 will produce the 
effect described. Consequently, the presence of 
the inductor makes the adjustment of the resis 
tOrS and condensers non-critical. 
The transformer 13 may be so designed that 

its leakage inductance combines with the dis 
tributed capacity of the Secondary to constitute 
the equivalent of a parallel-resonant circuit in 
the common conductor between the grid leaks 
and the filaments. When such parallel-resonant 
circuit Or its equivalent is present, the adjust 
ments in the multivibrator are much less critical, 
even though the inductance 2 be made much 
Smaller than otherwise. 
The control electromotive force introduced 

through transformer 13, by impressing an extra 
electromotive force upon the condenser 9 and 
thereby causing it to charge above the potential 
impressed by the battery, can produce the same 
result as the inductor 2, but, under these cir 
cumstances, the adjustment must be much more 
carefully made to ensure the correct function 
ing of the apparatus. If both the transformer 
13 and the inductor 2 be omitted, it is not pos 
sible, even with the most careful adjustment, to 
obtain the regular and periodic intermissions 
of the high frequency which can be obtained 
with my invention. 
In one specific embodiment of my invention, 

the tubes used for tubes 5 and 6 are those known 
by the market name UX-210, in which the in 
ternal impedance from plate to filament when 
the grid is at Zero potential is some 4500 ohms, 
and the minimum impedance when the grid is 
Strongly positive is some 250 ohms. In these 
tubes, when the grid is positive relative to the 
filament, the impedance of the grid-filament 
Space is some 840 ohms and, when the grid is 
Zero, it is some 6500 ohms. 

In the particular embodiment of my inven 
tion just mentioned, the inductor 2 has an induc 
tance of five henries, the resistors 3 and 4 are 
each approximately 11,000 ohms, the condenser 
9 is .015 microfalads and the condenser 8 is .3 
microfarads. The resistors 11 and 12 were each 
made of a fixed resistance of 50,000 ohms com 
bined with an adjustable resistance of . 10,000 
ohms. The battery 1 was 250 volts, the battery 7 
was 7% volts and the transformer 13 was a step 
down transformer from 110 volts to 8 volts, the 
Secondary of which was of very low inductance 
having only a few turns. 
I have given these dimensions because I am, 

at present, unable to state a complete theory of 
the operation, but I have not intended them as a 
limitation. Many variations in the structure of 
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the device will occur to those skilled in the art, 
and no limitation is intended except such as 
may be required by the prior art and indicated 
by the accompanying claims. 
I claim as my invention: 
1. A multivibrator comprising a plurality of 

electronic devices having output circuits and con 
trol electrodes, control circuits having resistance 
and embodying said control electrodes, con 
densers of unequal capacities coupling said out 
put circuits with said control circuits whereby said 
control circuits including their respective con 
densers have Substantially unequal time charac 
teristics, and an inductor in said multivibrator 
for stabilizing the operation of said condensers. 

2. A multivibrator comprising a plurality of 
electronic devices having output circuits and con 
trol electrodes, control circuits having resistance 
and embodying Said control electrodes, con 
densers of unequal capacities coupling said out 
put circuits with said control circuits whereby 
Said control circuits including their respective 
Condensers have Substantially unequal time char 
acteristics, and an inductor in Said multivibrator 
located Symmetrically With respect to the cir 
cuits embodying said electronic devices. 

3. In combination, a pair of vacuum tubes, 
each having input circuits and output circuits 
having resistance therein, the output circuit of 
each tube being coupled by a capacitor to the 
input circuit of the other, the time-constant of 

5 
One of said circuits including its coupling capaci 
tor being an integral multiple of the time-COn 
stant of the analogous circuit including the other 
coupling capacitor, and means for stabilizing the 
time constants of said circuits. 

4. In combination a pair of vacuum tubes, each 
having input circuits and output circuits having 
resistance therein, the output circuit of each 
being coupled by a capacitor to the input cir 
cuit of the other, the time-constant of an input 
circuit including its coupling capacitor being an 
integral multiple of the time-constant of the 
other input circuit including the other coupling 

80 

85 

capacitor and an inductor common to the out 
put circuits of both tubes for stabilizing the time 
constants of said circuits. 

5. In a multivibrator comprising a pair of elec 
tron discharge devices each having an input and 
output circuit having resistance therein, a plu 
rality of coupling condensers, one of Said Con 
densers coupling the output circuit of one tube 
with the input circuit of the other tube, the 
other of said condensers coupling the remaining. 
output circuit With the remaining input circuit, a 
resistance connected in circuit with at least one 
of said condensers, the time constant of the cir 
cuit including one condenser being materially 
greater than the time constant of the circuit 
including the other condenser. 
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