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AUTHORIZATION

1. This problem was authorized by Bureau of Engineering letter
L1-3/NP14(12-21-W8) of 21 September 1934.

OBJECT

2. The object was the development of means to reduce the effect of
static in radio receiving equipment.

ABSTRACT OF TEST

3. The following systems were investigated:

(1) The system covered by Mr. Haffcke's patent applications
as were used during the initial demonstration.

(2) A system that employs signal cancellation when received
amplitude exceeded a predetermined value by a balancing
out method.

(3) A system of decoupling the signal circuits when applied
signals exceed a predetermined value using Class "A"
amplification.

(é) A system of decoupling using Class "C" amplification.

(5) A system wherein exceesive amplitudes zre converted
into harmonics, which are subsequently filtered out of
the signal circuits.

(6) A system that employs an automatic amplitude control
operating at radio frequency without apparent time lag.

(7) A system employing a specinl tube which retains a normal
gain characteristic for a relatively small range of con-
trol grid swing and converts the output energy for in-
puts larger than normal into harmonics which are filter-
ed out by virtue of the receiver's selective circuits.

(8) A systen employing & limiter action at the receiver
input. This system has not developed to & stage where
any progress can be reported.

(9) A system in which excessive voltages on an antenna
system decouple the antenna from the receiver. This
test has not been completed, but is a part of proposed
plans.



Conclusions

(e) The system first tried was obviously of no vslue, due to the lack
of a comstant "carrier” as found in a broadcast program. Due to this lack
of "carrier® ell inter-character nolse came through apparently untouched
and the system was abandoned for use with code reception.

(b) The second system proved unsuccessful and was abandoned. Although
a balance could be obtained and complete cancellation effected of both sig-
nel end statie, segregating the signal from the static was found to be im-
possible, probably due to the change in wave form on one side of the balance,
which would not cancel the wave form on the opposite side when attempts were
made to cause an out of balance condition to exist until the input amplitude
rezched & predetermined value.

(c) The third system apparently operated somewhat as expected, but,
due to the rapid cut off of plate current when the decoupling grid was swung
negative by the rectified current during inter-character intervals, the
effect of this quick cut off or change in plate curreant would cause shock
excitation of the following tuned circuits and the results showed but little
change in the telephones, of the signal to noise ratio, and the idea was
abandoned.

(d) The fourth system calls for a change in the operating character-
istics of the suppressor tube, and the bias was so adjusted as to cause plate
current cut off when there is no signal. The system showed marked improve-
ments over the former system (c) as the major part of the effect of the
shock excitation during ™no signal® intervals was eliminated. However,
besides tumed circuits, there were critical values to be found by adjust-
ment of the resistors R; and Ry, as well as an adjustment on the sensitivity
control on the set, all of which could not be predetermined and had to be
made after the signal had been picked up. This was seem to offer a serious
drawback and the idea was abandoned. This system was also applied by an
adapter which inserted the circnits of the unit into the output circuit
of the last IRF stage.

(e) The fifth system was that of creating A.F. harmonics from a1l sig-
nals and disturbances of greater than 2 predetermined amplitude and showed
very gratifying results, the main drawback to this system being that the umit
was inserted into the circuits of the set Just shead of the audio system, and
did not protect the 2nd oscillator from being thromwn out of osecillation or
Pperalyzed" when extremely heevy surges arrived, and a small portion of the
signal such as a "dot" would be missed before the signal would be restored
again in cases where the sensitivity control on the set would be advanced
to increase the volume of & very weak station. However, on such stations
as GBR (Rugby, England) where the "sensitivity" control did not have to
be too far advanced, and under conditions where the static signal ratio
was not unusuelly great, this blocking oy paralyzing action was not noted.
The adjustments of resistor wvalues in the circuits of the unit could be
made fixed and it became necessary to bring the gain of the receiver up
only to the point where the peaks of the signal wave were reaching the
critical amplitude of the unlt, above which harmonics are created, so that -
the high amplitude static surges would go well above, and subsequently be
lost in the audio selective filter in the set. Care had to be used not
to allow the signal amplitude to exceed by too great an extent this criti-
cal value, as otherwise the signal itself would reach well into the zone
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where harmonics are created and thus a large part of the signal itself
would be apparently lost also. To relieve *his critical adjustment, the
benefit of a rapid amplitude control operating at radio frequencies and
without apparent time lag, inserted ahead of the present harmonic gene-
rating stage, was apparent. After further consideration it appeared that
if such an automatic volume control could be developed it would in itself
accomplish the desired results. This led to the tryout of the automatic
amplitude control in the following system.

(f) This system of amplitude control is of such a nature that tuned
circuits and variable resistors are not required for successful operation.
The circuits of the tube are so arranged that above a predetermined ampli-
tude, the output of the tube is such that there is no increase in output,
this being caused by bringing sbout losses that are in direct proportion
to the increase of the signal input above the critical value, never allow-
ing the output of heavy static to be present at greater amplitudes than
the desired signal. This was found to be quite effective and when the
unit containing this system was inserted into the circuit in the last IRF
stage, it was found that the paralyzing of the 2nd oscillator, such as was
experienced with the system mentioned in (e) above, or when the unit was
cut out of the circuit of the set, was eliminated, as was &lso the ring-
ing effect in the selective audio filter, proving that the peaks of the
static were levelled off approaching signal levei in the radio frequency
circuits without apparent time lag. After further consideration it appeared
that in order to obtain the most satisfactory results it would be desirable
to place the unit containing this system into the earlier circuits and thus
avoid much of the shock excitation known to be existing in those stages
upon the arrival of sudden heavy crashes, and accentuating the effect of
the static in these earlier steges. The investization of system #7 employ-
ing tubes now under construction will show the practicability of such an
arrangement.

(g) Systems 8 and 9 are intended to cover an investigation of static

interference reducing circuits shead of the receiver itself. This work
has not progressed sufficiently to permit any conclusions to be drawn.

-1b-



Reconmendstion

(a) Although considerable progress had been made, it is not felt
advisable to meke any definite recommendation at this time for changes
in existing equipment with the view of obtaining a reduction from static
interference. Due to the magnitude of this problem and the fact that
the most promising circults have not yet been completely tested, it is
recommended that the work continue umtil all seemingly practical circuits

have been investigated.

-] O



METHODS OF TEST

L. All tests were made and adjus’t:nenté chunged while observing the ef-
fects on the cathode ray oszillogrsph.

DATA RECORDED DURING TESTS

5. A1l data were visual on cathode ray oscillograph and aural from
head telephones, to date. The results of these observations are included
in the conclusions as given in this report and in Plate 8.

PROBLBLE FRRORS

6. The progress on this problem during the first four monthswas handi-

- capped by a defective receiver, the abnormal condition of which was not
apparent to the engineer assigned to this problem due to lack of familiarity

- with this particular rcceiving equipment. An investigation showed that 1 sec-
tion of the selector switch was inoperative in the intermediate frequency
amplifier and it was estimated that the semsitivity of the set was only
possibly 10% of normal, or less. The increased sensitivity that & normal
receiver would have given would have been a decided help in the problem as
this difficulty existed during the period when static is at 2 minimum.

DESCRIPTION

7. System #1. (See Plate 1). In this system the tube ST is used as
an amplifier being biased on the signal grid by Ry, to the steep straight
line portion of the Eg-Ip curve. If the amplitude of the received signal
exceeds the critical value, the rectifier currents cause a voltage drop to
appear across 2 and a negetive charge is impressed upon the suppressing
grid and causes the tube to become non-conductive for the period of such
high amplitudes.

8. For broadcast reception, where the carrier is always present, the
rectifier circuits have a small current flowing which reduces the ST plate
current somewhat and keeps it under control, so that when heavy surges ar-
rive the plate current is merely reduced to zero and the following stages
receive no further signal. The sudden reduction of plate current thus falls
from the value at which the normal signal, being rectified, will z2llow to
flow in the circuits of the tube ST, which is not equivalent to the "No
- Signal" value of the plate curremt; thus the change in Ip is not as great
as though the same value of static were to be received without the presence
of a carrier.

9. When tried for code reception, the absence of the carrier thus put
the system into different operating conditions entirely than when used on
broadcast.

10. System #2. (See Plate 2). The principle tried in this system
was to cause an almost balanced circuit to tend to cut down high peaks.

11. The purpose of the bettery was to cause one side of the balance
to be inoperative until the signal amplitude became high enough to cause
sufficient response in the plate circuit of that corresponding side of the
circuit, to allow a ™iear balancing™ out of signal in the output circuit.
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12. Besides calling for critically tuned circuits, the possible changing
of wave form made results indefinite and thus very unsatisfactory. Very little
actual change on the relative noise to signal ratio was noted.

13. System #3. (See Plate 3). Here, the cirruit looks similar to
System #1 except that the charges placed upon the 1l1st grid of ST are now
R.F. currents instead of A.F. components as with System #l. Otherwise, its
action is similar. However, the same trouble encountered with #1 system
was still present to & marked degree because of the sudden interruption of
plate current when sudden surges arrived.

14. System #,. (See Plate 4). Tube ST is here biased on the signal
(2nd) grid to cut off or slightly more than cut off. This permits "no signal®
plate current to be zero until the signal applied on Gp is great enough to
cause the peeks at least to bring the grid G2 inte the working range of the
Egs-Ip curve, at which time the tube allows plate current to flow. If, how-
ever, the input voltage is above a predetermined amplitude, the rectified
voltage across R will cause G1 to be charged negatively sufficient to cause
Ege-Ip cut off, thus maint&inlng silence in case of excessive surges for part
of 1/2 a cycle. ]

15. Veriation of Ry through the range of from zero to the value to
just cause plate current cut off and by obtaining the best point of resis-
tance value of Rp, it was found that the results were at times really sur-
prising, and better results were obtainable than with any of the former
systems for code reception. However, the objection of requiring tumed cir-
cuits and severzl adjustments for the individual station signal were looked
upon as serious drawbacks and the use of this system in the R.F. section of
the set was abandoned.

16. System #5. {(See Plate 5). Here, both tubes were used as detectors
and the output of the system was taken off as audio frequency.

17. This is much the same as System #, (see Plate 4) but now both tubes
operating as detectors and the output of each being at audio frequency, the
creation of audio harmonics being caused when the rectifier circuits cause
sufficient voltage drop across R}, which is impressed as an A.F. upon the
1st grid of ST causing one audio frequency to be imposed upon another but,
in opposite phase. This in turn brought about a conversion in the output
of ST of that part of the audio signal above a predetermined amplitude, in-
to harmonics which would be subsequently filtered out in the audio selective
filter of the receiver. Thus the noise arriving at amplitudes in excess of
the signal amplitude were kept out of the telephones and what little effect
did pass through was of lesser volume than that of the signal.

18. In this system the resistance values of R} and R2 could be set to
a moderste volume and left alone, the only adjustment required being at the
sensitivity control on the set to bring the amplitude of the desired signal
up to just a little more than the point above which higher amplitudes were
converted into the harmonics.

19. The drawbacks recognized with this system were mainly that cir-
cuits within the unit were tuned, and also that extremely heavy surges
caused cither preceding R.F. stages to become blocked or the 2nd oscilla-
tor would become paralyzed and a "dot" in the signsl could be lost. In

e
-



plugging thie cystem into the cet, it was done in the 2nd detector positionm,
the excitation for the "unit® being teken from the output of the 2nd de-
tector, the R.F. component beirg utilized for excitstion of the "umitv».

20. System #6. (See Plate 6). This system of autematic amplitude con-
trol operated without epprccisble time lag and practical tests indicste that
the voltage amplitude, including both sigral end stetie, is limited to not
more then the critical valuve to which it is set. The simplicity of connec-
tions and the fect that tuned circuits have been eliminated are strongly in
its favor, end practical tests show tbai the desired limiting action was
present. The signsl arriving ot the input is passed through a resistor Ry
and thence to the grid above the criticasl value, the tube becomes & recti-
fier and the voltage drop across the resistor Ry rises in phase with the sig-
. nal wave and of opposite polarity. The difference between the signal wave
voltage and the drop across R} being present on the signal grid allows only
a lirited rise in the charge upon the grid. BHowever, this grid being now
slightly positive causes a slight acceleration in electrons from the cathode
end the internsl impcdance between the cathode and screen grid is lowered.
The voltege across the resistor now increases due to increased current
flow from the screen grid and the applied voltage present upon the screen
grid drops proportionally, thus decreasing the electron acceleration from
this element znd in practically direct proportion to the acceleraticn czused
by the slight positive charge present on the control grid. Thus the number
of electrons arriving upon the plate remains practically constent on this
half of the cycle.

2l. On the opposite half of the cycle of the signal wave, the charge
impressed at the input is negutive and because the signal grid cannot
rectify and allow current to pass through Ry, there will be no voltage drop
across this resistor and substantizlly the full voltege of this negative
swing will be Impressed upan the signal grid. However, &s the internal
impedsnce of the cathode to screen grid circuit is now raised, the voltage
drop scross Ro falls and the applied voltage upon the screen grid ie raised
and the acceleration upon the electrons passing through to the plate is in-
ereuwsed, and tends to again hold the charge upon the plate constant on the
negstive half of the signal wave cycle.

22. As 2ll condensers are kept out of the circuit and the cepacities
within the tube are very low, the tire constents of this system are prac-
ticelly nil &s indicated by sural and cathode ray observations made when
the system was applied to the intermediate frequency chamnels of the Model
RAZ receiver.

23. To operate this system with the present available types of com-
mercial tubes, the "unit™ was applied by plugging into the lust IRF stage
socket and inserting the circuits of the umit just shead of the second
detector's input transformer.

24. System #7. It became very evident that to further the tests
slong the lines of System #6, speciel design of tubes would be necessery
with charecteristics not found in any standard tube, such as extreme high
amplification between cathode and 2nd grid, efficient shielding between
2nd gric and plate, and the 2nd grid of such construction &s to allow
high absorption of electrons and thus cause comparatively high sereen cur-
rent in proportion to the plate current.
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25. Having no grid winder and welder available with which to wind the
grids, it was necessary to improvise and substitute in order to test the
theory.

26. The first tube constructed contained a heated cathode, a lst grid
of 60 mesh nickel, and & 2nd grid of similar material, and a plate from a
standard 24 tube, the dimensions of the plate restricting, in a way, the
spacing of the other elements, but at the first tests some idez was wanted
as to just how practical it would be to use such a "first grid" as the
main change toward the aim of high Hu to the 2nd grid. Upon testing this
tube it was found that the absorption and screening action was 100% until
the electrons were accelerated by a positive bias to give them welocity
enough to get through the holes in the mesh and pass on to the 2nd grid.
At zero bias, the flow of screen and plate current was zero and not until
& positive bias of approximately 1/4 volt wes applied was any useful cur-
rent found in either the screem or plate circuits.

27. The second tube constructed and tested was similar to the first
with the exception that another grid of similar winding to that in a 27
tube was interposed between the control grid and the cathode, the object
being to accelerate the electrons to such & speed that would enable some
of them to pass through the mesh of the control (2nd) grid even when a
slight negative bias was placed on it (control grid).

28. With a plus bias of 2 to 4 volts on the now lst grid, speed
enough was obtained to get good results as for screen and plate current,
but due to the small spacing from the control (2nd) grid and the plate,
the Mu was much lower than was known to be wanted. However, znother char-
acteristic was noted which would become very useful and which has required
the use of 2 tubes up to the present; namely, a quick return of the plate
current to zero as the bias was lowered on the control grid and when the
proper resistance (say, 50,000 to 100,000 ohms) is inserted in the screen
circuit, the control grid charge being on the negative side at all times
and drawing no grid current on signal voltages. (See Plate 7).

29. The same shape of curve could be obtained by changing the
various voltages and running the control grid at zero. Then, of course,
the grid would rectify and the input elements would act as a variable
impedance across the input circult and dampen the excess surges at that
point and reduce the hangover due to shock, in the tuned clrcuits. How-
ever, by adjusting the bias on the grid to slightly negative, so that
during periods of little or no signal, there will be no rectification
and no flow of grid current, the strong surges will send the grid strongly
positive and rectification will occur to dampen the circuit on the posi-
tive half of the cycle, and on the negative half of the wave the Eg- Ip
curve will cause distinct harmonics to appear in the plate circuit of
such order that the following tuned circuits will not respond. This oc-
curs at R.F. The tubes built up to this time do not possess the necessary
shielding to prevent direct capacity coupling through the tube, but have
demonstrated on static tests that the desired characteristics can be made
available with the proper tube arrangement and circuits.

30. Tube No. 3 was built using & grid from a 77 tube as a lst grid, a
screen grid from a 24 as a 2nd, a mesh of 60 as a screen near a larger
diameter plate.
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31. The cathode coating extended beyond the control region of the 1st
grid and spoiled the ection desired. However, it was found that the same
character of Eg-Ip curve wus preserved, and that the fall in plate current
was the same on either side of the peak of the Eg-Ip curve when 100,000
obms was inserted in the circuit of the 2nd grid. (Allowance being made
for the electron leakage from the exposed section of the cathode.)

32. Tube No.4 is practically the same but with more careful construc—
tion and uses a shorter coated surface in order to cut out the electron
leakage as experienced with tube no.3.

33. Tube No., contained the control and screen grids of a 24, an
extra shield, and a standard 24 plate. The exiru shield in this case was
of perforated nichml and close to the plate, the idea being to use the
tube in the R.F. circuits of the RAA with an adapter. The limiting action
became very pronounced but the tube had to be used where the input swing
would be that equivelent to the desired signal level in the last I.R.F.
stage. This was expected because of the comparatively low Mu of this
perticular ube, high Mu being of secondary importance at this stage to
good shielding and the ability to reduce to harmonics all voltages above
the desired level; it being assumed that the harmonics will be of such
order that the following stages will not respond readily, and repeat ring-
ing will be missing in the A.F. filter and output of the 2nd detector, as
well as affording protection to the 2nd oscillator from being blocked. It
was realized that in order to adapt the tubes to earlier stages and retain
the desired characteristics, extremely high Mu will be required, but it is
a lot easier to work out the proportions required with a lower Mu tube znd
first get the desired Eg-Ip curve form and then increase the Mu to the de-
sired point. That part alone is comparatively simple.

34. Tube No.5 was built more along what wes believed to be the lines
required for actual practice but before the tube was completed on the exhaust,
an accident caused the filament to burn out and tests could not be completed.
However, it was found that using screening for grids, except for cases where
the screen is located too close to the cathode and when & positive bies is
permissible, favorable characteristics can be expected.

35. HMr. Harshall of the Raytheon Products Corporation agreed to co-
opercte by building tubes to the Laboratory's specifications and samples
were obtained. Tests indicsoted that these tubes were quite close to ex-
pectations for a tube to use in the detector (2nd) position, one which pro-
duced A.F. harmonics above & sharply defined critical value. The amplifi-
cation factor of the tube within the useful input range was maintained the
same as when a 224 detector was used. The sigral gain up to the critical
input value followed the curve of the same set with a stendard tube. (See
Fig.8 showing rescnant overload curves for characteristics of both types
of tubes.) The "cut-off" point of the special tube, however, was not clesr-
ly defined, but a constant level of output was obtained and held constant
over a large range, after the dip in the curve was passed. This was in
evidence when the A.F. filter was in the circuit. However, without the
A.F. filter, the noise level went up &s might be expected as A.F. kharmonics
wvere not rejected and the results were similar to when a 224 tube was used
as the detector. With signals end natural static the reception was much
more readeble in the RAA receiver equipment with the special tube, when
compared with & duplicate receiver with standard tubes throughout and
adjusted to the best possible reception and using the A.V.C. .



36. In trying to get equal results with this new tube in an earlier
socket position in the set, the principal difficulty shown was that of
internsl capacity within the tube, the noise feeding through readily.

37. In order to remove this difficulty snother grid, to be used
as a shield and grounded through a condenser, is necessary and steps have
been taken to obtein another lot of tubes possessing this feature. Further-
more, the signal input grid is to be of higher mu and make the tube more
sensitive for the earlier stages.

38. The plans for zn amplifier system for the purpose of modifying
the static to signal ratio have been completed and a chassis is in the
making in the shop.

39. New systems of noise suppression, by using the output of the
amplifier mentioned in the previous paragraph, to control a varisble im-
pedance tube, which in turn may be made to affect incoming static impulses
in various ways in the circuits of a receiver, to either null the signal,
stop the heterodyne oscillator, or cut up a wave into relatively inef-
fective proportions, become possible. The fundamental principles of these
various systems are being written up as patent specifications.

40. Mn effort is being made to cover the principle, believed to be
wnique, used in the construction of the special tube mentioned earlier,
and the special circuits used to gain the results obtained, as the theory
of the operation is somewhat radical, and to available knowledge has not
been used heretofore.

1. System #8. Between intervals of building and testing tubes, a
system utilizing an untined amplifier and limiting stage, ahead of the
set was tried but work has not progressed far enough to be able to report
any real progress as yet. Investigation of this circuit is a part of
future plans. A system such as this would permit the use of several re-
ceivers from the same pre-limiter.

42. System #9. Another system, not strictly a limiter,was tried
wherein the untuned amplifier caused a discontinuous circuit between
the antenna lead-in and the receiver upon the arrival of excess charges.
The success of this system depends upon the provision of good selectivity
ahead of the control which was not availzble at the time of test. Further
tests will be made on this circuit.

43. Some objections may be sighted against tuning the pre-amplifier,
csuch as the effects of shock excitation of a tuned circuit, but used in a
pre-amplifier for this particular purpose it is felt that this shock ex-
citation may prove to be an advantage, inasmuch as the action of the
"eutout" tube will be enhanced znd its operation more positive. Time
constants for aural reception in particular mey be ignored providing
they do not exceed 1/1,000 second to possibly 1/200 second depending upon
the speed of the trensmission keying of "dots". Then, too, the grids of
the tubes in the pre-emplifier may be so biased that when the denger of
shock excitation is in excess, the grid will rectify and cause the load
on the tube's input to dampen the circvit quickly and restore normal
action more rapidly.



CONCLUSIONS

44. The system first tried was obviously of no value, due to the
lack of a constant "carrier" as found in a broadcast program. Due to
this lack of "carrier" g1l inter-character noise came through apparently
untouched and the system was abandoned for use with code reception.

45. The second system proved unsuccessful and was abendoned. Although
a balance could be obtained and complete cencellation effected of both sig-
nal and static, segregating the signal from the static was found to be
impossible, probebly due to the change in wave form on one side of the
balance, which would not cancel the wave form on the opposite side when
attempts were made to czuse an out of balance condition to exist wntil
the input amplitude reached a predetermined walue.

46. The third system apparently operuted somewhat as expected, but
due to the rapid cut off of plate current when the decoupling grid was
swung negative by the rsctified current during inter-character intervals,
the effect of this quick cut off or change in plate current would cause -
shock excitation of the following tuned circuits and the results showed
but little change in the telephones, of the signal to noise ratio, and
the idea was abandoned.

47. The fourth system calls for & change in the operating charac-
teristics of the suppressor tube, and the bias was so adjusted as to cause
plate current cut off when there is no signal. The system showed marked
improvements over the former system (46) as the major part of the effect
of the shock excitation during ™no signal™ intervels wes eliminated.
However, besides tuned circuits, there were critical wzlues to be found
by adjustment of the resistors Rl and R2 as well as an adjustment on the
sensitivity control on the set, all of which could not be predetermined
and haed to be made after the signal had been picked up. This was seen
to offer a serious drawback and the idea was abandoned. This system was
also applied by an adapter which inserted the circuits of the unit intp
the output circuit of the last IRF stage.

48. The fifth system was that of creating A.F. harmonics from all
signals and disturbances of greater tham a predetermined amplitude and
showed very gratifying results, the main drawbeck to this system being
that the unit was inserted into the circuits of the set just ahead of
the audio system, and did not protect the 2nd oscillator from being throwm
out of oscillation of ®paralyzed™ when extremely heavy surges arrived, and
a small portion of the signal such as a "dot" would be missed before the
signal would be restored agsin in cuses where the sensitivity control on
the set would be advanced to increase the volume of a very weak station.
However, on such stations as GBR (Rugby, England) where the "sensitivity"
control did not have to be too far advanced, and under conditions where
the static signal ratio was not unususlly grezt, this blocking or
paralyzing action was not noted. The adjustments of resistor values
in the circuits of the unit could be mzde fixed and it beceme necessary
to bring the gzin of the receliver up only to the point where the pesks
of the signal wave were reaching the critical amplitude of the unit,
above which harmonics are created, so that the high amplitude static
surges would go well above, and subsequently be lost in the audio
selective filter in the set. Care had to be used not



to allow the signal amplitude to exceed by too great an extent this
critieal vzlue, as otherwise the signal 1tself would reack well into

the zone where harmonics are created and thus a large part of the
signsl itself would be apperently lost slso. To relieve this critical
adjustment, the benefit of a rapid amplitude control operating at radio
frequencies and without apparent time lag, inserted shead of the present
harmonic generating stage, was spparent. After further consideration
it sppeared that if such an zutomztic volume control could be developed
it would in itself accomplish the desired results. This led to the try-
out of the autometic amplitude control in the following system.

49. This system of amplitude control is of such a nature that tuned
circuits and varisble resistors are not required for successful operation.
The circuits of the tube are so arranged that above a predetermined ampli-
tude, the output of the tube is such that there is no increase in output,
this being caused by bringing about lossess that are in direct proportion
to the increase of the signal input above the critical value, never allow-
ing the output of heavy static to be present at greater amplitudes than
the desired signal. This was found to be quite effective and when the
unit containing this system was inserted into the circuit in the last
IRF stage, it was found that the paralyzing of the 2nd oscillator, such
es was experienced with the system mentioned in (48) above, or when the
mit was cut out of the circuit of the set, was eliminated, as was also
the ringing effect in the selective audic filter, proving that the peaks
of the static were levelled off approaching signal level in the radio fre-
guency circuits without apparent time lag. After further consideration it
appeared that in order to obtain the most satisfazctory results it would
be desirsble to place the unit conteining this system into the earlier
circuits and thus avoid much of the shock excitation known to be existing
in those steges upon the arrival of sudden heavy crashes, and accentuating
the effect of the static in these earlier stages. The investigation of
system #7 employing tubes now under construction will show the practice-
bility of such an errangement.

50. Systems 8 and 9 are intended to cover an investigaticn of static
interference reducing circuits zhead of the receiver itself. This work
hes not progressed sufficiently to permit any conclusions to be drawm.
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