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This invention relates to methods of and ap 

paratus for amplifying audio frequency signals 
as converted from seismic waves by suitable de 
tecting means and includes the automatic Con 
trolling of the output volume of the amplifier, 
before delivery to a suitable recorder in order to 
prevent any excessive amplitude swings through 
out any period of the recording of a shock wave 
train, 

In previous amplifiers used in seismic survey 
ing as the link between the seismograph or .de 
tector and the recorder which prepares a trace 
of the Seismic Wave, efforts have been made to 
automatically control the general volume level 
of the output by returning a portion of any ex 
cess output into the circuit to reduce the gain of the amplifier. 
and described in copending application Serial Nd. 
290,928, filed August 18, 1939. In that applica 
tion a portion of the output, when in excess of 
a predetermined maximum, serves to actuate an 
automatic volume control tube, the plate current 
of. Which charges a condenser whose discharge 
is fed in series with the bias on certain of the 
tubes to reduce their gain and hence the over 
all gain of the amplifier. Such a device is very 
satisfactory in operation, but under certain con 
ditions there is recorded on the output trace an 
undesirably large swing at the time of charging 
this condenser and for the initial discharge period 
thereof. This restricts the permissible over-all 
gain of the amplifier in order that these swings 
may be kept within reason. Hence the sensitivity 
of the whole System is somewhat reduced and, in 
addition, the resultant trace is not as usable and 
as desirable in certain portions thereof because 
of the relatively slow recovery of the amplifier 
from excess applied potentials resulting from "di 
rect waves' being received with much greater 
amplitude at the detector than the more desir 
able and useful 'reflected waves' which appear 
Somewhat later. The early portions of the re 
flected waves offer important information which 
is sometimes masked out by the end of the par 
tially uncontrolled trace resulting from the di 
Tect waves. 

In accordance with the present invention im 
provements are made in the volume control sys 
tem just described and in addition there is super 
posed thereon a further control which prevents 
the grid of the last tube from ever becoming with in a predetermined voltage of positive at any 
time in spite of the size or duration of any excess 
waves, thus holding the level of the output al 

ways below a predetermined maximum and pre- . 
venting blocking of the said tube. - 

0. 

It is therefore an object of the present in 
vention to provide a novel and improved auto 
matic volume control system for seismic Wave amplifiers. 
More particularly it is an object of the in- . 

vention to provide a multi-stage amplifier in 
which automatic volume control is applied to the 
early stages and in which the last stage is pre 
vented from being over-loaded by automatic non 
blocking control which prevents the grid of this 
stage from approaching positive more than a pre 

One Such arrangement is shown 

determined arihount. 
An important feature of the invention com 

prises the combination of automatic gain control 
in the early stages of a cascade amplifier plus 
positive elimination of excess amplitude from the 
last stage, whereby a more desirable trace is produced. 
Another important feature of the invention 

comprises the use of a rectifier tube, the anode 
of which is normally maintained at a low nega 
tive potential and adapted to be driven positive 
by excess signal SWings causing a current flow 
in the rectifier which creates a voltage in oppo 
sition to the signal voltage about to be applied 
to the grid of the last stage of the amplifier, 
thereby preventing the amplifier grid from be 30 
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coming positive and the tube from blocking. 
Other and further objects and features of the 

invention will be more apparent to those skilled 
in the art upon a consideration of the accom panying drawing and following specification 
wherein is disclosed a single exemplary embodi-. 
ment, with the understanding that such changes 
may be made therein as fall within the scope of 
the appended claims without departing from the spirit thereof. 

In said drawing: 
Figure 1 is a Wiring diagram of an amplifier 

constructed in accordance with the present in 
vention shown connected to the output of a 

. Seismic Wave detector. 
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The seismic Waves generated in the earth by an 
exploding charge travel in all directions and some 
arrive at the receiving or detecting stations, at 
remote points, by short paths of travel through 
strata, near the surface of the earth. These are 
known as 'direct waves' and because of their 
relatively short path and major horizontal com 
ponent of vibration, usually arrive first at the 

55 
detector. A second form of waves referred to 
as "reflected” travel down to horizons at various 
distances below the surface of the earth and at 
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various inclinations thereto and are reflected 
back to the receiver. Such waves from the upper 
horizons usually travel in longer paths than the 
direct Waves, while those from the deeper hori 
Zons always travel in longer paths and take more 
time to reach the detector than do the direct 
Waves. The reflected waves consisting largely 
of vertical components have an intensity prob 
ably one-tenth or less than that of the direct 
Waves when travelling from upper horizons, while 
those from progressively deeper horizons are more 
and more attenuated. 

It is customary to record on a single chart the 
record traces from a plurality of detectors and 
it is highly desirable to keep the physical size of 
the chart within reason. The Waves are con 
verted from seismic to electrical at the detector, 
but there still remains the tremendous discrep 
ancy in peak amplitudes between the direct and 
the reflected waves (as much as 600 to i often 
occurs) as Well as the problem of attenuation of 
the later arriving reflected waves. Most detec 
tors seek to convert the seismic waves to electro 
motive-forces, the voltages of which are indica 
tive of the amplitudes of the corresponding 
seismic waves. The outputs from such detectors 
are usually at such low levels that they are not 
adequate throughout the whole wave train to 
operate the recorder which includes a galvanom 
eter having multiple moving elements each re 
sponsive to the voltages of the waves from one 
detector. Resort is therefore had to electric am 
plification to raise the level of the Waves So that 
the Weakest produce a usable trace on the chart. 
If this is done with the conventional amplifier 
having uniform gain throughout, the traces of 
the direct waves become so large that they can 
not be kept within the physical confines of the 
chart and furthermore those on adjoining traces 
tangle on the record. Likewise there is difficulty 
of entanglement of the moving systems of a mul 
tiple galvanometer thereby vitiating the record 
and probably damaging the instrument. Even 
With excellent damping applied to the moving 
Systems of the galvanometer, the tremendous 
SWings given to them by the oversized direct 
waves make it difficult for them to quickly sub 
side and give an accurate recording of the earlier 
portions of the reflected waves, and it is highly 
important to know the instant the first reflected 
Wave is received. It is also important to know 
the instant of arrival of the first direct wave. 
One Common Way to limit the maximum level 

that occurs is to have the gain of the amplifier 
reduced So much that at no time is any cycle too 
big. In practice, the third or fourth cycle is 
often the largest while the first cycle amplitude 
is less than 40 (or even in some cases less than 
400) of that of the third or fourth cycle. Limit 
ing the size of the third or fourth cycle to the 
predetermined level by merely reducing the gain 
of the amplifier often causes the first cycle trace 
to be so Small that it cannot be seen much less 
have a sharp break indicating its beginning. 
This break is often very valuable to have for 
computation purposes, and to get it well on the 
chart saves a separate shot, and the accompany 
ing time and cost, as Well as the disadvantage of 
error from being made at a slightly later time 
when conditious may have changed. It is very 
desirable to get all of the information at one 
time and with one shot from computation stand 
point as weli as cost, time, etc. 
To overcome the difficulties outlined above, the 

present invention provides a method of and ap 
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paratus for amplifying the converted electric 
waves from the detector and supplying them to 
the galvanometer of the recorder in such a man 
ner as to provide on the chart a trace of the 
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Seismic waves which is more usable throughout 
its whole length than has heretofore been ob 
tained and in which the amplitude of the swings 
of the direct waves is materially reduced, the 
amplitude of the early portion of the reflected 
waves is moderately reduced, and the latter por 
tion of the reflected wave trace is increased in 
Size to compensate for the normal attenuation of 
Such waves. Furthermore, any “wild' swings of 
the galvanometer are held in much greater re 
straint than heretofore and the trace resumes its 
normal characteristics much more rapidly. 
To obtain these superior results, resort is had 

to the apparatus schematically shown in the 
drawing where G represents any conventional 
form of seismic wave detector, seismograph, or 
the like, having the property of converting 
ground waves to electric waves of corresponding 
form and amplitude. Such a detector, which 
may include a single stage pre-amplifier, is sup 
plied with current for the filament or heater of 
the amplifier tube through conductors 2 and 3 
leading from the 'A' battery depicted at the 
left-hand side of the figure. An interposed vari 
able resistor 4 and milliammeter 5 permit con 
trol of the filament current. The output from 
the detector is brought by means of conductors 
f5 and f6 to the apparatus of the present inven 
tion, there being interposed radio frequency 
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chokes 7 and 8 in these two conductors to elimi 
nate any stray pick-ups from various sources, a 
condenser 9 between the choke 8 and ground 
providing a filter to improve this operation. . 
The battery 20 provides plate current for the 

pre-amplifier, the amount of which is indicated 
by the milliammeter 2, this current as well as the 
A. C. of the signal passing through the primary 
22 of the input transformer 23, the secondary 24 
of which is shunted by a pair of variable resistors 
25 and 26, one for coarse and one for fine ad 
justment. These serve to shunt away a portion 
of the signal to determine the size of the trace 
On the record and are set for each trace in ac 
Cordance with the experience of the operator or 
as a result of previous “shots.' 
The output from the secondary 24 is supplied 

to the grid 28 of a thermionic tube 29 while the 
Opposite end of the secondary is connected to a 
slider 30 on a resistor 3A leading from the nega 
tive side of a bias battery 32 which is connected 
back to ground by means of conductor 33 and 
variable resistors which will be later described. 
The tube shown at 29 has two complete sets of 
elements except for the common heated cathode, 
but the left-hand set is in this particular case 
not used. The multi-element tube is used in this 
location so that it will be identical with the others. 
in the apparatus and only one type of spare will 
have to be provided. The screen grid 3 of tube 
29 receives its positive potential through wire 35 
from tap 36 on the large “B” battery 3 shown at 
the left side of the drawing. The ground return 
from this "B" battery is the conductor 38 leading 
to the A-wire from the point 39 intermediate the 
ends of the battery. 
The plate 40 of the tube 29 receives the poten 

tial of the 'B' battery 37 through the wire 4. 
It has interposed therein the plate Coupling re 
sistor 32. 
From a point between the resistor 42 and the 

plate 40 is connected the coupling condenser 43, a 
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conductor from which leads to the control grid 43 
of the Second stage amplifier comprising the 
right-hand elements in the tube A5. The cou 
pling resistor 46 connected to this grid receives 
its negative bias from a tap 47 on the battery 32. 
The screen grid 48 in this second stage ampli 
fier is supplied with “B” potential through wire 
49 from an appropriate tap on the battery, while 
the plate is tapped into the wire 4 through the 
interposed coupling resistor 50. 
A tetrode tube is used in the first stage of the 

amplifier and resistance-coupled to the second 
tetrode stage as just described to obtain a certain 
amount of band-pass filter action in favor of the 
most Wanted frequencies. Control of the filter 
action to permit these frequencies to be amplified 
more than unwanted ones is had by fixing the 
sizes of the coupling resistors and condenser and 
the potential on the screen grid. 

. The third stage amplifier is a triode compris 
ing the left-hand elements in tube 45, and cou 
pling between the second stage and the third 
stage is a combination of resistance and trans 
former, for a tap between the plate resistor 50 
and the piate 5 of the second stage leads to one. 
side of a bank of condensers 52, any number of 
which may be selected by switch 53, connected by 
wire 54 to the primary 55 of transformer 56. 
One end of each winding of this transformer 

as well as the core and case is directly connected 
to ground as shown at 57 so that at no time is 
there a direct current voltage between any of 
the windings, the core, or the case, thereby pre 
venting any electrolytic action which might take 
place in moist climates due to leakage. This ma 
terially lengthens the life of the transformer 
and makes it more stable. 
A Secondary winding 58 of this transformer 

leads through a resistor 59 to the positive end 
of a bias battery 60, the opposite end of which 
is connected by wire 6 to control grid 62 of the third stage amplifier. 
The combination of plate resistor 50 and var 

iable coupling condenser 52 constitutes a further 
frequency selective filter to ensure substantial 
flattopping and sharp cut-off of the desired band of frequencies. 
The output from the third stage of the ampli 

fier is fed from the plate 63 by conductor 66 to 
winding 65 of output transformer 66. The op 
posite end of the winding 65 is connected to the 
conductor a to supply 'B' battery to the plate. 
A filter in the form of a condenser ST connected 
between ground and the plate side of the wind 
ing 65 further contributes to frequency selection 
and at the same time provides excellent damping 
for the recorder galvanometer connected to the 
output jack 68 of the secondary 69 of the trans 
former 66. . 

A portion of the output is taken off through an 
additional secondary winding 70, one end of 
which is connected to the grid of the left-hand 
or automatic volume control triode elements in 
tube 72. The opposite end of the winding 70 is 
connected to the slider 3 movable along the po 
tentiometer 74 energized from the lower portion 
of the 'B' battery through the contacts 5 of a 
relay, the winding 6 of which is energized when 
the 'A' battery is turned on to the cathode 
heaterS. . 

By means of the potentiometer 74, the bias on 
the grid 7 can be adjusted to any desired amount 
and is normally set below 'cut-off,' that is, 
sufficiently negative to plevent the flow of any 
plate current in the tube. In other words, the 
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bias is more than that necessary to stop the flow 
of current from the separate 'B' battery 77 to 
the plate 8 of the A. W. C. tube. Under these 
conditions the grid will have to become less nega 
tive by an amount slightly more than the extent 
of negative bias below "cut-off' before any cur 
rent can flow in the plate circuit. Such an ad 
justment then ensures that positive excursions 
of the output as taken from the secondary 70 
must be greater than the amount the grid is 
biased below the cut-off point before any cur 
rent can flow in the plate circuit of the A. W. C. 
tube. This amount can be adjusted by the slider 
73 whereby the threshold operating value of the 
A. W. C. tube may be set as desired with the as 
Surance that on every positive excursion beyond 
the predetermined amount, a plate current will 
flow in this tube and may be used to control the 
gain of the amplifier by means about to be ex 
plained. - 

It is found convenient in the case of a three 
Stage amplifier to provide gain control for only 
the first two tubes or stages, leaving the third 
stage without such automatic volume control, 
whereby the filter 50, 52 and the inter-stage 
transformer 56 operate at substantially the same 
level all of the time and do not have a changing 
filter action since, there is no radical change of 
level. Such an arrangement also keeps the 
change in plate current, due to the auto 
matic volume control voltage, out of the output 
transformer where any time constants must be 
extremely long. In the first two stages, however, 
the time constant (time required for the A. W. C. 
to take hold or release) can be fairly short and 
in the second stage can be extremely short. 
The "B" battery 77 supplying the plate of the 

A. W. C. tube is connected to ground through a 
Succession of resistors 80, 8, 82, and 83, all being 
variable. Around all of these except 80 is shunted 
the condenser 84 leaving the adjustment of 80 
most effective for regulating the quantity of plate 
current since the condenser by-passes the D. C. 
surges to ground. At the same time the con 
denser is charged with a substantially pure di 
rect current voltage, the potential of the lower 
plate being negative. The condenser discharges 
through resistor 81 and wire 33 to the positive 
side of the bias battery 32 which is connected to 
the control grids of the first and second stage 
amplifiers as previously described. In so dis 
charging, the condenser 84 increases the bias on 
the two control grids and reduces the gain of 
the first two stages in accordance with the 
amount of over-potential delivered into the out put. 
Since the charging current for condenser 84 is 

pulsating, this grid biasing curent is not entirely 
free from ripples and before being fed into the 
grids is filtered by an additional condenser 85 
and a resistor 8 to form a filter for smoothing 
out the ripples and causing substantially direct 
Current to be applied to the grids. To further re 
duce the ripple of the control voltage applied to 
the first stage, since this would be amplified the 
most by the two Succeeding stages, an additional 
filter comprising the resistor 3 and condenser 86 
is interposed in the grid return circuit of the 
first stage, this resistor 3. preferably being ad 
justable along with resistor 82 as shown by the 
arrow. The filter just described also assists in 
providing a longer time constant and one which 
is adjustable for the rate at which the A. W. C. 
takes hold on the first stage. 

The several filters just described determine the 
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rate at which the charge leaks off of condenser 
34 to the grids and by appropriate Settings of the 
resistors regulate the time of discharge as well as 
the changing slope thereof in accordance with 
certain characteristics desired to be accentuated 
on the record chart. The variable resistor 82 af 
fects the rate of leakage from the Second con 
denser 85 and of course indirectly from 84 and 
is therefore effective in selecting the total volt 
age available for return to the control grids. 
The variable resistor 83 is connected as a po 

tentiometer by having the lead 87 thereof. Con 
nected to the negative pole of a battery 88, the 
positive pole of which is grounded. Contacts 89. 
of relay 90 are interposed and normally closed 
to quiet the galvanometer string prior to the ar 
rival of the "direct waves” by reducing the ampli 
fication of the amplifier. This, however, does not 
reduce the gain sufficiently to prevent the “break' 
of the first direct impulse. The stronger im 
pulses from the amplifier actuate and open the 
relay contacts and the charge from battery 88 
leaks slowly off of condensers 84, 85, and 86. 
Operation of the automatic gain control is par 

ticularly effective for seismic recording since the 
output from the detector comprises the early ar 
riving direct waves of large annplitude and the 

0 

20 

later arriving reflected waves of much less am- . 
plitude which are attenuated over a period of 
several Seconds. The setting of the resistor 74 
fixes the bias on the A. W. C. tube such that 
each of the Swings of the “direct wave' voltages 
causes the A. W. C. tube to function, maintaining 
the condenser 84 charged until the last of the 
direct waves ceases, thus holding the gain of the 
first two stages of the amplifier at a minimum 
during the excess input to the amplifier. 
The amplitude of the reflected waves is nor 

mally too small to cause functioning of the 
A. W. C. tube but the gain of the amplifier does 
not immediately return to normal since the 
charge on condenser 84 leaks off slowly over sev 
eral Seconds and hence holds the amplifier grids 
at an excess bias over a period of time which 
can be determined by appropriate adjustment of 
the various resistors. The gain of the amplifier 
slowly increases as the strength of the reflected 
waves is reduced since the current is leaking off 
of the condenser 84 slowly and permitting the 
grid biases to reduce to normal. This produces 
a record more nearly uniform in character for 
it automatically elevates the swings which would 
normally be attenuated. However, should at any 
time the reflections become too large, the A.V. C. 
could function over and over again as many 
times and as much as required. - 

It is found that with this automatic volume 
control a certain time is essential for it to take 
hold, i.e., the output of the whole amplifier must 
be too large before the automatic volume control 
goes into effect, so that at each tendency for 
the amplitude to become too great there is a 
slight excess output which is reflected on the 
chart in an undesirable swing, sometimes re 
quiring too long an interval to return to normal 
because of momentum in the galvanometer nov 
ing System. As an added means of ensuring 
against this, and at the same time permitting 
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larger useful swings of the chart trace, the sec 
ond Set of elements in tube 2 is made use of as 
a diode rectifier, the plates and both grids being 
tied together as shown to operate as one element 
88 corresponding to the anode of a two-element 
rectifier tube. This anode is preferably con 
nected so as to always receive from the battery 
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69, providing the bias on the third stage amplifier 
grid, a negative potential of one and one-half 
volts in respect to its cathode. 

In Operation, the signal voltage being supplied 
to the grid 62 of the third stage of the amplifier is 
also conducted through this one and one-half volt 
bias to the element 88 of tube 72 in such a manner 
that whenever the signal at this point goes posi 
tive by more than one and one-half volts, a cur 
rent flows in the rectifier which, passing through 
resistor 59, causes a potential drop across the 
Sarne in a direction to oppose the signal voltage 
therein, which prevents the element 88 from ever 
becoming positive by more than a fraction of a 
Volt, since the more it attempts to become posi 
tive the larger the opposing voltage in 59 becomes. 
Under these conditions the grid 62 can never be 
driven positive by excess positive excursions of the 
Signal for there always remains the balance, i.e., 
three Wolts, of the bias battery 60 to bias this grid 
in respect to the positive potential of not more 
than a fraction of a volt existing at the tap 
point 89. - 
By preventing the grid of the final stage from 

ever becoming positive, there is no opportunity for 
grid current flow. As is well-known, grid current 
flow causes a blocked tube Which takes a fraction 
of a Second to recover and since the charts pre 
pared by such apparatus as that described extend 
only Over Several Seconds, it can be seen that no 
portion thereof even to the extent of that period 
in which tube blocking might exist can be spared. 
To prevent excess amplification of negative 

signal excursions of large size, the third stage am 
plifier is operated close to the cut-off point so that 
large negative swings increase the negative bias 
below the cut-off point and plate current is 
stopped. By appropriate adjustment of the war 
ious constants, the Swings at either side of 2ero 
can be maintained substantially the same size. 
With the diode tube in operation as just de 

scribed, it can be seen that there is never an op 
portunity for the output to increase above a pre 
determined amount SO that all SWings of excess 
amplitude are limited, even those which normally 
would last but for a monent prior to operation 
of the other automatic volume control feature. 
The condenser discharge type of automatic vol 
ume control is important in the combination since 
it reduces the gain of each amplifier and prevents 
the flat topping of the recorded waves which 
would result if all control were left entirely to 
the operation of the diode. The purpose of the 
diode is only to take hold where the condenser 
discharge is not quite adequate to hold the Swings 
to the size desired. Furthermore, the condensel 
discharge feature provides the gradual build-up 
of the attenuating reflected waves to maintain 
their record at substantially the same size as the 
first arriving reflected waves. 
The use of the combination of condenser dis 

charge and diode automatic volume control re 
sults in an extremely satisfactory and highly usa 
ble chart in which no parts are masked by exces 
Sive Swings and in which the average size of the 
amplitude swings remains substantially uniform 
throughout the whole length of the chart. 

Having thus described the invention. what is 
claimed as new and desired to be secured by Le 
terS Patent is: - - 

1. In an amplifier for use between a seismic 
Wave detector and a recorder, the combination of 
a plurality of thermionic tubes, means associating 
said tubes for cascade seismic frequency ampli 
fication, an automatic volume control tube ea 
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sponsive to the output of one of said tubes, means 
associating said A. W. C. tube with one of said 
amplifier tubes to control the gain of the latter, 
and means to prevent blocking of a subsequent 
tube only in said cascade by the signals flowing 
thereto, said means being limited to operation 
when the Signals applied thereto exceed a prede 
termined threshold value. r 

2. In an amplifier for use between a seismic 
wave detector and a recorder, the combination of. 
a plurality of thermionic tubes, means associating 
Said tubes for cascade seismic frequency ampli 
fication, an automatic volume control tube, means 
associating the output of said A. W. C. tube with 
One of said amplifier tubes to reduce the gain 
thereof concomitant with increase in output, 
means associating said A. W. C. tube with the am 
plifier output to regulate the operation of said 
A. W. C. tube, a substantially fixed normal bias 
for the grid of the last amplifier tube in the cas 
cade, and means to positively prevent the said 
grid becoming positive when signals impressed 
thereon are of excessive size. 

3. In an amplifier for use between a seismic 
Wave detector and a recorder, the combination of 
a plurality of thernionic tubes, means associating 
said tubes for cascade seismic frequency ampli 
fication, an automatic volume control tube, means 
associating the output of said A. W. C. tube with 
One of Said amplifier tubes to reduce the gain 
thereof concomitant with increase in output, 
means associating said A. W. C. tube with the am 
plifier output to regulate the operation of said 
A. W. C. tube, a diode tube, a bias battery for the 
grid of the last amplifier tube and arranged be 
tween the same and the signal input thereto, a 
tap from said battery applying a lower negative 
potential to the plate of said diode tube whereby 
it is negative in respect to its cathode, said po 
tential being less than the maximum positive 
signal Swings, whereby current flows in said diode 
upon said excess positive Swings and opposes the 
signal current to maintain the potential of said 
tap near zero thereby preventing said grid be 
coming positive. 

4. In a three-stage seismic frequency amplifier 
for use between a seismic wave detector and a re 
corder, in combination, three thermionic tubes, 
interstage coupling elements therefor, means to 
supply the detector output to the first of said 
tubes, and means to deliver the last tube output 
to said recorder with large amplitude swings sub 
ject to less gain than those of less amplitude com 
prising an automatic volume control tube, means 
associating the grid of said tube with the am 
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plifier output, means placing the plate current . 
thereof in control of the amount of bias on only 
the first two amplifier tubes, a normally fixed bias 
on the grid of the third tube and a diode tube nor 
mally inoperative, said tube being driven to op 
eration only by excess positive signal voltage de 
livered to the grid circuit of the third amplifier 
tube, such operation causing said diode to de 
liver current, and means for converting said cur 
rent to a voltage and opposing it to the excess 
positive signal voltage to prevent blocking of the 
third amplifier tube. 

5. Means for preventing blocking of an ampli 
fier tube resulting from the grid thereof becom 
ing positive comprising in combination, a two ele 
ment rectifier tube, a bias battery connected be 
tween the grid of the amplifier and the Source of 
signal applied thereto, a portion of said bias po 
tential being applied to the anode of Said rectifier 
to normally hold the rectifier tube inoperative to 
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pass any portion of said signal, positive signa. 
Swings which overbalance said anode bias caus. 
ing said rectifier to pass a current, means to 
utilize this current to prevent the said rectifie 
anode ever becoming more than a fraction of a 
volt positive at any time, whereby the grid of the 
amplifier always remains negative substantially 
by the amount of the remainder of said bias bat. 
tery voltage. s 

6. The Combination claimed in claim 5 in which 
the bias battery has such a potential that the ann. 
plifier tube is operated near cut-off to prevent ex 
cessive negative signal swings from being delivered 
to the amplifier output. 

7. In a seismic frequency amplifier of the type 
described, in combination, a plurality of stages of 
Cascaded amplification, each having a thermionic 
tube, an A. V. C. tube actuated by excess seismic 
frequency output from the allplifier, mean: 
charging a condenser as a result of current flow 
in the plate circuit of said A. W. C. tube, means 
to allgment the bias on some of said amplifiel 
tubes by discharge from said condenser, and 
means to individually regulate the bias changing 
effect of said condenser charge on said severa 
tubes. 

8. The system as claimed in claim 7 whereir 
the A. W. C. acts on all but the last stage tube 
and means controlled by the output of said con 
trolled stages to automatically prevent blocking 
of said last stage tube from excessively large sig 
nals. 

9. The system as claimed in claim 7 wherein the 
A. W. C. acts on all but the last stage tube, mean: 
controlled by the output of said controlled stages 
to automatically prevent blocking of said last 
stage tube from excessively large signals, and 
means exercising a band pass filter action asso. 
ciating said last tube with the preceding one, said 
automatic gain control maintaining the signa. 
handled by said means substantially uniform. 

10. In a seismic frequency amplifier of the 
type described, in combination, a tetrode first 
stage amplifier tube, a tetrode second-stage am 
plifier tube, resistance coupling means associat. 
ing said tubes, said means having band pass fre 
quency selectivity, an A. W. C. tube, means asso 
ciating the output of said tube with said first two 
tubes to automatically regulate the gain thereof 
a third amplifier tube, interstage coupling means 
associating it with the second-stage tube, saic 
neans Constituting a band pass filter, means to 
apply a portion of the output of said third-stage 
to said A. W. C. tube to control the same, and 
means actuated by the input to said third-stage 
to prevent the grid thereof from ever becoming 
positive in spite of the size of the input. 

11. The amplifier of claim 10 in which said 
last mentioned means is a rectifier tube and 
means normally maintaining the anode thereof 
at a low negative potential in respect to the cath 
Ode thereof. 

12. In an amplifier of the type described, in 
combination, a plurality of stages of cascaded 
amplification, each having a thermionic tube, an 
A. W. C. tube actuated by excess seismic frequency 
output from the amplifier, means charging a con 
denser upon actuation of said A. W. C. tube, means 
to augment, the bias on some of said tubes from 
Said condenser charge, a battery also adapted to 
charge said condenser, and means to cut out said 
battery upon the receipt of such excess output. 

13. For use with a seismic wave detector having 
an electric wave output whose general level is sub 
ject to major changes, an amplifier for raising the 
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general level to a usable value for operation of a 
recorder, said amplifier including a plurality of 
Stages of Cascaded amplification each having a 
thermionic tube, an A. W. C. tube adapted to be 
actuated by excess output from said amplifier, 
means to effect a change of bias on at least two of 
Said thermionic tubes as a result of Operation of 
said A. W. C. tube, and means to effect more rapid 
change of bias on a subsequent tube than on a 
preceding One. 

14. For use with a seismic wave detector having 
an electric wave output whose general level is sub 
ject to major changes, an amplifier for raising 
the general level to a usable value for operation 
of a recorder, said amplifier including a plurality 
of stages of cascaded amplification each having a 
thernionic tube, an A. W. C. tube adapted to be 
actuated by excess output from said amplifier, 
means to effect a change of bias on all tubes but 
that of the last stage, and a coupling means be 
tween said last and the preceding stage including 
a frequency selective filter, the absence of A. W. C. 
control for said last stage preventing substantial 
volume level change ini said filter, and means to. 
prevent Overloading of said last stage tube, said 
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means comprising a circuit to positively limit grid 
potential increase in said tube. 

15. The system as claimed in claim 7 wherein 
the A. W. C. acts with a different time constant on 
the several stages to prevent interstage coupling. 

16. In a multistage amplifier for use between 
a seismic wave detector and a recorder, the Com 
bination of a plurality of thermionic tubes, means 
associating said tubes in stages for cascade Seis 
mic frequency amplification of the signal from 
said detector and including a filter between the 
last and preceding stage tubes, an A. W. C. tube 
associated with the output of the last amplifier 
stage tube for control thereby, means associating 
the output of said A. W. C. tube With at least One 
of the amplifier stage tubes ahead of the last stage 
to reduce the gain of that stage concomitant with 
increase in said output, the last stage of Saidan 
'plifier being free from control by said A. W. C. 
tube and said filter being constructed to prevent 
the application to the last stage of a signal voltage 
resulting from variations in the average Value of 
the plate currents of the preceding tubes pro 
duced by said A. W. C. tube. 

OWE. S. PETY. 
JOSEPHUS O. PARR, JR 

  


