The Measurement and Reduction of Microphonic Noise
in Vacuum Tubes

By D. B. PERICE

The 1'|ﬁ|:rr.|p|1|:r||.i|.'. responae of different types of vacuum tubes to the same
mechanical agitation covers a 70 db range of Is, Tubesof the mme type,
on the average, cover a range of about 30 db, These response levels are
too sensitive to minute variations in testing conditions to be measurable
with any great precision, but values which are reproduecible to within 5 db
are obtainable with a laboratory test set comprising a vibrating hammer
agitator, a calibrated amplifier, and a thermocouple galvanometer indicator.
Sputter noise is made measurable by frequency discrimination methods,

Minimum microphonic disturbance under given service conditions is
attained b ng the less microphonic types of tubes which are available, by
selecting ti;l.'- quieter tubes of a given type for wse in PCIHI.UI'.‘II:'IH aepsitive to
mechanical disturbance, and by protecting the tubes mechanical and
acoustic vibration. Examples of quict tricdes are the Western Electric
Mo, 264 B (filament) and Mo, 2624 (indirectly heated cathode],  Indirectly
heated cathode type tulses are intrinsically less microphonic than flamentary
types, Further microphonie improvemnsent in the tubes themselves is made
dul-l]::ﬂt by requirements for favorable electrical characteristics. Well
designed cushion sockets can reduce microphonic levels by as muoch as 30 db,
and other methads of cushioning, more expensive and less compact, can
extend the reduction even farther, Sputler noise can be eliminated almost
entirely in most types of tubes by commonly applied design features and

manufacturing met

A MAJOR problem which has had to be met by every engineer who
has d:-s;gned high gain amplifier is that of elimination or reduoc-

tion of noise. Noise of one kind or another, extraneous to the desired
signal, is always present in any amplifier, and sets a lower limit on the
smallness of the signal which can be amplified without intolerable
interference.  In many experimental and commercial amplifiers, the
technical and economic obstacles to noise reduction necessitate a
compromise between inherent noise level and sufficient volume range
for ideal reproduction.  The possible sources of this noise are numerous
and include power supply, faulty contacts, insulation leaks, pick-up
from stray fields, and many other disturbing elements. Among the
maost persistent types of noise, however, requiring particularly careful
design for their elimination or satisfactory reduction, are three which
originate in the vacuum tubes themselves, namely, fuctuation noise,
microphonic noise, and sputter noise,

Fluctuation noise has been treated at some length by Schottky,'

VW, Schottky, Awn, der Phys,, v. 57, p, 541, 1918; v. 68, p. 157, 1922,  Phys. Rer,,

v. 28, p. T4, 1938,
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the discoverer of one of its sources and by several other investigators.®
It is the fundamental noise arising from the circumstance that the elec-
tron current is a stream of discrete particles rather than a continuous
flow. For ordinary types of low power tubes of good design, over the
audio band of frequencies, the root-mean-square amplitude of this
noise is equivalent to about 1 microvolt (120 db below 1 volt) of noise
voltage applied to the grid of the tube. G. L. Pearson? in a recent
paper, has pointed out that for the best signal-to-noise ratio, the input
impedance should be so large that the thermal noise arising in this
impedance predominates over the fluctuation noise arising in the tube,
In many broad-band or high-frequency systems, however, such an
ideal condition is practically unattainable, and fluctuation noise
remains as a limiting factor.

It ia with the second type, microphonic noise, that we are particu-
larly concerned here, though sputter noise is also of interest and will
be dealt with briefly in a later paragraph. Microphonic noise, as the
name is usually applied, is the familiar gong-like sound which is always
produced when a vacuum tube, followed by a sufficiently high-gain
amplifier and a sound reproducer, is subjected to a mechanical shock.
Its origin 15 in the vibrations of the various elements of the tube, which
make minute, more or less periodic changes in the spacings of the ele-
ments and therefore make corresponding changes in the plate current,
whose value at every inetant depends on these spacings.  [ts intensity
in a given tube depends on the type and intensity of agitation to which
the tube is subjected. For a given agitation, microphonic noise may
be reduced either by stiffening and damping the tube structure, thereby
reducing the amplitude and duration of vibration of the elements, or
by cushioning the tube so that it receives only part of the original
agitation.

In order to treat the problem of noise reduction intelligently, it is
necessary to have a measure of the effectiveness of treatments applied.
To this end, the properties of microphonic response in vacuum tubes
have been studied, and a test set has been designed and built for labora-
tory use which affords a quantitative measure of microphonic response
in tubes, and of effectiveness of cushioning in cushion sockets. Some
of the more important characteristics of microphonic noise will now be
considered.

#"The Schottky Effect in Low Frequency Circuits,” J. B, Johnson, Phys, Rev.,
v Iﬁ.fp. T1-85, July, 1925,
" A Seudy of Noase in Vacoum Tubes and Attached Circuits,” F. B, Llewellyn,
Proc, I RE. v, IEII T 243-265, Feb., 1930,
_ “Shot_ Effect in Space Charge Limited Currents,” E. W, Thatcher and N. H.
Williams, Phys. Rev,, v. 39, pp. 474496, Feb, 1, 1932,
“Fluctuation Noise in Vacoum Tubes,” G. L. Pearson, Physics, v. 5, p. 133,
September, 1934, Also published in this issue of Bell Sy, Teck. Jour.
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Facrors ArFEcTiNG Micrornoxnic Noisg LEvELs

In the first place, it may be pointed out that the production of miero-
phonic noise in commercial types of vacuum tubes is an extremely
complicated phenomenon.  Each individual component of the mechan-
ical structure is a complete vibrating system having several modes of
vibration and natural resonant frequencies, and usually very little
damping as compared with electrical circuits. These components, all
coupled together mechanically in various ways, form a mechanical
network much more complex than the electrical networks encountered
in communication engineering practice.

The complexity of the mechanical vibration is reflected in the com-
plex character of the noise itself, and is admirably illustrated by the
frequency-response characteristics published by Rockwood and
Ferris,? and by similar characteristics obtained in the course of this
work. It is further demonstrated by the experimental fact that when
a large group of supposedly identical tubes is tested by applying the
same mechanical vibration to each tube in turn, mounted in the same
socket, the response levels of individual tubes may differ from each
other by as much as 30 db for representative types of tubes. Such a
magnitude of variation would not be expected to result from the
comparatively small dimensional variations tolerated in manufacture,
and must be explained by the exaggerating effect of intercoupled me-
chanical resonanceg in a complicated wvibrating system. A curve
showing a typical distribution of microphonic response levels in a
group of tubes of the same type measured under identical conditions of
agitation is shown in Fig. 1. The general shape of this curve is char-
acteristic of any function subject to random variations about a mean,
and the range of levels included between the quietest and the noisiest
tubes, approximately 30 db, is about average for different types of
tubes. Tubes of exceptionally firm construction and of fairly wide
spacing, may vary over as small a range as 15 or 20 db, while tubes in
which there is a possibility of slight looseness of parts, may vary over
as great a range as 40 db or even more.

The nature and intensity of the agitation, the vibrational charac-
teristics of the tube mounting, and the type and degree of mechanical
coupling between the tube and its mounting also play an important
part in the determination of the microphonic response of a particular
tube, since the tube and its closely coupled mounting make up a single
vibrating system. The reason for considering the coupling apart
from the mounting is that it is usually of the pressure-friction variety
and is subject to random variation.

84 Microphonic Improverrent in Vacuum Tubes," Alan C, Rockwood and Warren
R. Ferris, Proc, I.R.E., v. 17, pp. 1621-1632, Sept., 1929, :
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Fig. 1.—Typical distribution of microphonic noise levels produced by a constant,
artificial, mechanical stimulus (Western Electric Mo, 102F Vacuum Tubse).

It is found experimentally that with no type of commercial socket
which has been tested can a tube be removed and reinserted, or even
be left in the socket for a period of time subject to incidental jars and
temperature fluctuations, with the expectation of perfectly reproducing
a previously measured microphonic level, The sort of random varia-
tion which is usually found is illustrated in the reproducibility chart of
Fig. 2. In this chart, each peint represents two separate observations
of microphonic level made on the same tube in the same apparatus, the
tube having been removed and reinserted between the two observa-
tions. The two levels thus measured are represented by the abscissa
and ordinate, respectively, so that if the measurements were perfectly
reproducible, all of the points would lie on a straight line making an
angle of 45 degrees with the codrdinate axes and passing through the
origin. The amount of maximum scattering here 1s about 5 db and
may be considered an average value. In some cases, with commercial
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Fig. 2—Reproducibility of microphonic noise level measurements using a commercial
sacket with a conatant, artificial, mechanical stimulus (100 No, 102F Tubes).

sockets, it has been observed to be as low as 3 db and in others as high
as 8 db.

In order to show that this random variation is not due to the tube
itself, experiments have been made with two forms of suspension which
minimize the reaction of the mounting on the vibration of the tube and
s0 reduce as far as possible the effect of variation in coupling. In one
set-up, the tube is hung by a single thread of rubber, stretched to its
elastic limit, the electrical connections being made by wvery light,
flexible leads fastened with light clips directly to the prongs of the
hase. In the other, the tube is clamped lightly between two large
blocks of very soft sponge rubber, and the electrical connections are
made through mercury cups into which the base prongs dip.  In both
cases, the agitator is a light pendulum striking the base or bulb of the
tube. The two mountings give very similar results, and are charac-
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terized by very much less scattering than any normal tube mounting,
as may be seen in the correlation chart of Fig. 3, which is typical of all
of the tests made with these light suspensions. The maximum scatter-
ing here is only about 1 db.

Guoing to the opposite extreme in tube mounting, similar tests have
been made with the tube base held tightly in a split metal clamp,
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Fig. 3—Reproducibility of microphonic measurements using a rubber clamp tube
mounting with a constant, artificial, mechanical stimulus (37 No, 102F Tubes).

which itself is bolted rigidly to a heavy base.  As is to be expected, the
observed levels vary widely and erratically for successive insertions of
the tube, and the mere tightening or loosening of the thumb-screw
controlling the pressure of the clamp on the base in some cases changes

the level by as much as 10 db.
As for the nature of the applied agitation and the vibrational char-

acteristics of the tube mounting, a countless number of combinations
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of these exists, each of which would agitate the tube in a different way.
However, from tests made with a variety of mounting arrangements
for the tube under test and a variety of degrees of intensity and points
of application of forms of impact agitation, it may be concluded that in
practical set-ups these factors may be varied widely without changing
the general nature of the microphonic level measurements greatly.
That is, the form and breadth of the distribution curve and the scatter-
ing of the points on the reproducibility chart for any typical group of
tubes are likely to be quite similar to Figs. 1 and 2, respectively, for
almost any practical impact agitator.

Although the general nature of the results obtained with various
combinations of these agitator and mounting arrangements is about the
same for all of them, there are certain particular differences, which
show up chiefly in two characteristice. One is that the mean noise
level of a group of tubes is in general not the same for different mount-
ings and methods of agitation. That this must be true is fairly ob-
vious and needs no comment. The other is illustrated in Fig. 4,
which is a correlation chart showing typical results of measurements

rd

&a f-""' . a7 -
55 azp
5 KF I .
t%ln . & FE':;' o - ..|l"'
Elﬂu — - of— 174
=9 AN .:.:-D T L f/.--“"
S8 '“L_"T"_ - T
§§ 7. o 1% | A |° 1 4
& :""_-?L_-'_ﬂn = o —
EE s a olo B .
Ué 3z .:
E: r v o b
Ey 20 - A il
= ; o u III||.--"
il T
: - . i ¥
:Iﬂ 1

i '

-]
2 / |
30 32 34 35 M 40 42 44 45 4B 5} &F 54 58 5B

TEST OM APPARATUS RACH
MICAOPHONIC LEWEL ™ DECIBELS BELOW I WOLT

Fig. 4—Comparison of two tube mountings with a constant, artificial, mechanical
atimulus (100 Mo, 102F Tulses).
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of the same group of tubes on two different agitating systems. One
system in this case consists of a rectangular slate block vibrated by
repeated blows of an electrically operated hammer. The other system
consists of a steel panel carrying the tube under test, mounted on an
apparatus rack which is vibrated by a single blow from a steel ball
falling as a pendulum against the rack. The points on this chart
scatter about an ideal line over a band about twice as broad as that
in Fig. 2 where a test is made and repeated on the same testing unit.
It may also be observed that the mean noise levels produced by the
two systems are different, about 35 and 43 db below one volt respec-
tively.

The effect of varyving the intensity of agitation is shown in Fig. 3.
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Fig. 5—Efect of intensity of agitation on 4 No, 204B Tubes.

The four curves represent four No. 2648 Tubes tested under the same
conditions. In making the measurements, the tube under test is
mounted in an ordinary socket on a heavy base, which is agitated by
means of a pendulum swinging against it and making one rebound.
From measurements of the initial swing of the pendulum, its rebound,
and ite mass, the total momentum imparted to the tube mounting
during the impact can be calculated. This quantity is plotted as
ahscissa in the figure and is proportional to the initial velocity imparted
to the tube mounting at the point of impact. Different values of
momentum are obtained by varying the initial swing and the mass of
the pendulum. At the lower values of momentum, the observed
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points lie, within the limits of experimental error, on parallel straight
lines g0 drawn that along them the microphonic noise level expressed
in volts is proportional to the inital velocity of the tube mounting.
Some such relation as this would be expected to hold as long as the
response of the system is linear. The departure from this law at higher
values of momentum, then, probably indicates non-elastic motion
either of elements of the tube with reapect to one another or of the tube
with respect to the socket. It may be noted in passing that the No.
2648 Tube is exceptonally rigid in structure and that in more loosely
constructed tubes, the straight line part of the response curve ends
at much lower intensities of agitation.

* Since the noise energy is spread over a band of frequencies, the
microphonic response observed in any given reproducing system de-
pends aleo on its frequency-response characteristic.  In the usual type
of volume indicator, the response is substantially uniform over the
audio range of frequencies, but where the final auditory sensation is
being considered, the overall characteristic is modified by that of the
ear of the listener.® The effect of changing the overall response
characteristic is illustrated for one particular case in Fig. 6 and Table 1.
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Fig. —Microphonic noise amplifier frequency characteristics,

Here, two sets of measurements have been made on each of three types

of tubes, one set using an amplifier having a fairly uniform gain char-

acteristic, curve (a), Fig. 6, and the other set using a weighted ampli-

fier, weighted as in curve (b} in the figure. The same agitator and
i1 Speech and Hearing," H. Fletcher., D. Van Mostrand Co,, 1920,
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MicearpoNte LEVELE 1M pp BeELow 1 VoLt

TABLE 1

i3

Type Tube Amplifier {4l Amplifier (k) I Dt
o B are 63.2 53
1mFE. .. ..... 9.7 44.7 15.0
i 18.2 JE.9 T

indicator are used in both sets of measurements. Table I gives the
mean noise levels for each of the three types of tubes and the differences
between the values obtained for each tyvpe with the two amplifiers.
The results represent about ten tubes of each type. The weighted
amplifier, of course, gives the lower levels for all tubes since the noise
components at all frequencies except 1000 c.p.s. are amplified less by
this amplifier than by the more uniform amplifier. The magnitude
of the difference in level depends on the frequency spectrum of the
microphonic noise being measured and in general is different for differ-
ent types of tubes as in this illustration,

5till another important factor which affects the microphonic response
of a given system is the relation between the rate of variation of the
noise intensity and the time-response characteristic of the system as a
whole, usually determined by the indicator. The indicator may be a
meter, oscillograph, or other device, or it may be the ear of a listener,
A slow moving indicator would respond less to a pulse of noise, such as
might be produced by a single shock to a tube, than a more rapidly
responding indicator having the same sensitivity to a steady signal.
The time required for the ear to reach its maximum response to a
suddenly applied sound is about 0.2 second.®

The degree of importance of the time-response characteristic of the
indicator in measuring transient pulses may be inferred from Table I1.
This table gives the results of two sets of measurements made on the
same three groups of tubes with a single impact type of agitator. The

TABLE I1
Mrcrormone LEVELS IN be BELow 1 Vot

Trpe Tabe 0.2 S Indlcavor 2.0 Seconid Indicaior Iiferemoe
B, ... ... EP R 35 12.6
1021 my 17.2 7.5
3D....... 18,2 23.2 7.0

¥ Theory of Hearing; Vibration of Basilar Membrane; Fatigue Effect,” G. V.
Bekesy, Physikalische Zeatscheift, v 30, po 115, March, 19329,
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two sets differ only in the indicators used.  One requires approximately
2 seconds to reach its maximum deflection with a steady impressed
signal, and the other requires about 0.2 second. The differences in
level corresponding to different types of tubes do not vary greatly,
but are nevertheless appreciable, They are, to some extent, a measure
of merit of the tube, for a larger difference indicates higher damping of
the microphonic disturbance, and high damping is of course desirable.

A McrorroNic NoisE MEASURING SET

The type of test set which has been built in the course of this study
for use in the laboratory, comprises an arbitrary standard of agitation,
a calibrated amplifier, and an indicating instrument. The agitator
consists of a heavy, rectangular slate base at one end of which are
mounted sockets for several tyvpes of tubes. At the other end is an
electrically driven vibrating armature carrying a hammer which
strikes about 9 blows per second against a steel block bolted firmly near
the center of the slate base. This unit is set on a thick felt pad in a
felt lined copper box which provides electrical shielding and some de-
gree of sound-proofing. The sockets used (except those for the bay-
onet-pin bases) are of the type in which contact springs push each base
prong firmly to one side, against the body of the socket. This type
has been found to stand up well under repeated insertions and with-
drawals of tubes and gives as good correlations between repeated micro-
phonic measurements as any type which has been tried.

The amplifier is basically a simple resistance-choke coupled unit
having a frequency-response characteristic which is essentially flat
{within 3 db) between 80 and 30,00} c.p.s. The tube under test,
whose plate voltage is supplied through an 80-henry choke, works
directly into a 100,00d-chm potentiometer, variable in 10 db steps,
whose cutput is connected to the input of the amplifier.  The indicator
is a sensitive thermocouple galvanometer whose scale is marked off
in db and half db divisions so that the noise level may be read directly
from the setting of the input potentiometer and the position of the
indicator. It has been found convenient to think of the noise level in
terms of the root-mean-square voltage developed by the tube across
the 100,000-chm load resistance and to use 1 volt as the reference level,
Accordingly, unless otherwise noted, the noise levels given herein are
expressed as db below 1 volt across a 100,000-chm load resistance.

In order to correct for time shifts in tube characteristics and battery
voltages, provision is made for checking the amplifer calibration at
any time by throwing a switch which transfers its input circuit from
the tube under test to a local oscillator. This oscillator delivers a
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small, fixed output voltage which is measured and set at a predeter-
mined value with the aid of another thermocouple galvanometer.
The amplifier gain may be adjusted, by means of a small range, con-
tinuously variable potentiometer until the indicator gives the proper
reading to correspond with the known level of the applied input.
With reasonably steady battery voltages, this calibration is necessary
only two or three times in the course of a day’s testing. The range of
noise levels for which the amplifier is calibrated extends from 10 db
above 1 volt to 65 db below 1 volt. This range has been found to
include practically all tubes which it has been desired to test with the
standard agitator.

The flat amplifier characteristic, which has been described, is nor-
mally used for general testing in connection with vacuum tube design
work since it gives the highest microphonic level readings and there-
fore the most conservative picture of the performance of the tube from
the standpoint of the designer. Provision is made, however, for
switching in a specially designed weighted amplifier such as is used in
making routine noise measurements in telephone speech circuits.®
The frequency characteristic including this unit has already been
shown in Fig. 6, curve (b), and is designed to compensate for the in-
terfering effect of each component of noise on the average ear plus the
effect of the frequency characteristic of the telephone subset. A similar
weighting network compensating for the non-uniform frequency re-
sponse of the ear alone would also be useful, but has not yet been
provided.

MNATURE AND MEASUREMENT OF SPUTTER NOISE

By making a slight modification of the ampliher circuit, this test
set may also be used to measure sputter noise. Sputter noise is a
descriptive name applied to a class of noises characterized by a harsh
crackling or sputtering sound easily distinguished from the gong-like
quality of microphonic noise or the steady roar of electron noise. It
may occur either with or without agitation and is the result of dis-
continuous changes in electrode potential such as may be produced by
imperfect contact between conducting members in a tube or by inter-
mittent electrical leaks across insulation.

Sputter noise due to agitation is always accompanied by micro-
phonic noise, and though it often contains instantaneous peaks of high
intensity which constitute a very disagreeable and annoying type of
interference, its total energy content is usually so small that it contri-

81 pMothods for Measuring Interfering Noises," Lloyd Espenschied, Proc. LE.E,;
v, 19, pp. 1951-54, Mav., 1931.
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butes very little to the ordinary microphonic level reading. Special
methods must therefore be used in order to make measurements of
sputter noise which are independent of microphonic noise. One
method which has been found to be effective and convenient, is that of
frequency discrimination. [f the audio frequency components of the
total noise are cut out, then microphonic noise is completely eliminated.
Sputter noise, however, due to its discontinuous character has, theo-
reticallv, an infinite frequency spectrum, and, practically, one which
extends at least into the broadcast band of radio frequencies.

In the microphonic noise test set, sputter noise measurement is
provided for by switching in a high-pass filter cutting off sharply at
16,000 cycles. Greater sensitivity is also provided by additional
stages of amplification to permit the measurement of the lower levels
found to be characteristic of sputter noise in this frequency range. A
schematic diagram of the microphonic and sputter noise test set is
shown in Fig. 7. The weighted amplifier and the calibrating oscilla-
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tors (one for microphonic noise and one for sputter noise) have been
omitted for the sake of clearness.

EeEpvction oF Microraownic Nolse

The reduction of microphonic noise from the view-point of the
vacuum tube designer is chiefly a matter of mechanical design and
manufacturing technique. The guietest construction is obviously one
which has the stiffest electrodes and supporting members, the shortest
distances between points of support, and the highest damping of
mechanical vibration. The extent to which these features can be
incorporated in a practical tube design, however, is limited by the
requirements for favorable electrical characteristics. A low filament
current, for example, requires that the filament be small in diameter,
which renders it more susceptible to vibration than a heavier filament;
or if a tube has an indirectly heated cathode, it is a problem to support
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the cathode rigidly without conducting away large amounts of heat
along the supports, The diameter, length, and spacing of the grid
lateral wires are fixed within relatively narrow limits when the desired
values of amplification factor and internal impedance are fixed, pre-
cluding any important increage in stiffness here; and where high mutual
conductance is desired, it is necessary to use relatively close spacings
between the elements, under which condition a given amplitude of
vibration produces a relatively large per cent change in spacing, and
therefore a high microphonic noise level.

The Western Electric No. 264B Vacuum Tube is an example of
what has been done in working for a stiff, compact structure. The
plate support wires, which also support the whole top of the structure,
are short, straight, and as heavy as is practicable, and an extra wire
from the press braces the glass bead. One of the most important
features of this tube, however, is its filament. In most filament type
tubes the vibration of the filament is the chief source of microphonic
noige, In the No. 264B Tube, therefore, the filament is made com-
paratively short and heavy and is mounted in the form of a broad,
inverted V to whose apex considerable tension is applied by means of a
cantilever spring. The effectiveness of this treatment may be seen
from Table 111 which lists the mean noise levels for a number of types
of Western Electric small tubes, and the maximum and minimum

TABLE II1*
Mizrophonic Moise Lavel
in ells baloaw 1 wall
. ;H'u. of Tyrs
Class bar-gﬂ;' Mumbser | Measared output Level Equlvalent
Mean Impuat
Mox. | Min. | Memm |

Filament type tricde 250 1010 13 | 3z 47
533 101F 8 3 19 35
5035 102F Q M 20 dix
235 2154 12 42 F¥) 41
1,144 231D 2 8 14 33
201 2304 4 s 12 ar
715 4B A0 52 42 58
Indirectly heated cathade G0 A 28 48 3 58
Lype triods EE L] 474 26 32 42 it
452 2624 36 62 40 7l
Sereen grid and pentode 24 2457 15 39 10 k]
4z 2594 b At 0 61
30 283A 4 2 Il G
A0 285A 12 30 i LTl

* The microphonic properties of the No. 259A Tube given in this table are identical
with those of the 2590 discussed by Pearson®
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levels which have been observed for each type. The No. 264B, with a
mean level of 42 db below 1 volt, is 20 db quieter than the No. 239A
which it was designed to replace, and is the quictest of the filament
type trindes. The next quietest tube of this structure is the No. 101D,
in which the elements are supported from a rigid glass arbor and the
filament is quite heavy, requiring one ampere of heating current.  The
No, 215A is almost identical with the No. 239A except for a firmer
supporting structure which results in a 5 db improvement, The most
microphonic of the types listed is the No. 231D, which has a very fine
wire filament whose diameter is ixed by the requirement that the heat-
ing current be 0.060 ampere,

If the filament is the chief source of microphonic noise in flament
type tubes, then it is to be expected that tubes having indirectly heated
cathodes will be much less microphonic, inasmuch as the cathode is an
extremely rigid member, An examination of Table [11 shows that this
is indeed true. The No. 244A and No. 247TA types, in which no
special precautions have been taken to obtain quietness, are about as
gquiet as the No. 2648 Tube:.  In the No, 262A Tube, therefore, it has
been posgible to reduce the microphonic noise still further, to 49 db
below 1 wvolt, by cementing the elements into rigid supporting blocks
of ceramic material.  This tube is also quiet in other respects, notably
in its freedom from AC hum picked up from the cathode heater circuit.”

In comparing tubes having widely different electrical characteristics,
it is not quite fair to compare their noise output levels alone, for given
two tubes having the same noise output, the tube having the higher
gain can be used with smaller signal inputs and have no greater noise
interference in the output. Accordingly, another column is given in
Tahble III listing the equivalent noise input level which would produce
the observed noise output if the tube itself were perfectly quiet. The
ratio of this value to the signal input level 15 directly related to the
degree of microphonic noise interference which is effective in the out-
put of the tube. It is computed by adding the voltage gain expressed
in db, of the tube in the measuring circuit, to the microphonic output
level obtained experimentally. The value of this criterion is illus-
trated in comparing the noise interference produced by multi-element
tubes and tricdes. Multi-element tubes as a rule have higher noise
output levels than triodes as may be seen by comparing the Nos, 245A,
2594, 283A, and 285A screen-grid and pentode types with the Nos.
244A, 24TA, and 262A triodes. When account is taken of the higher
voltage amplification of these former tvpes, however, the noise inter-

T Analysis and Redoction of Output Disturbances Resulting from the ﬁltn:rrmtiﬁ
Corrent Operation of the Heaters of ]I!uJ:il.‘-El_‘I.l].' Heated Cat Triodes," _T-
McMally, Prec. LRE.E., v, 20, pp. 1203-83, Aogust, 1932,
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ference as indicated in the equivalent input noise column of the table,
compares quite favorably with that of the triodes.

From the point of view of the user of vacuum tubes, constrained to
work with available types, the most effective means of microphonic
noise reduction is the use of one of the quieter types of tubes which
have been described.  In cases where noise difficulties are experienced
in existing apparatus not readily convertible to the use of a quieter
type of tube, however, some relief may be gained by selecting the
quieter tubes from a number of the type to be used. To be fully effec-
tive, the selection should be based on measurements made while the
tube is in the socket in which it actually works. Under such circum-
stances, the measurements are reliable to within about 5 db.

Where selection in the field is not feagible, a smaller degree of reliel
may still be gained by selection at the factory. The degree of effective-
ness of this method can be deduced from Fig. 4. Suppose, for example,
that quiet tubes for service on the apparatus rack are to be selected by
a test made on the continuous tapper. Choosing the best 25 of the
group as tested by the continuous tapper (those plotted above the
horizontal line in the figure), it is immediately cbvious that when these
selected tubes are tested on the apparatus rack (compare abscissae in
Fig. 4) the worst tubes are somewhat quieter than some of those in the
remaining portion of the group. This is more clearly shown in Fig. 8
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in which the distribution of levels in this group of 25 tubes is compared
with that of the total group as tested on the apparatus rack. The
noisiest tubes in the selected group are from 6 to 8 db quieter than the
noisieat tubes of the unselected group, and in the selected group,
there are none of the tubes which make up the worst 18 per cent of the
whaole group.

In several commercial situations where microphonic disturbance
was at one time troublesome, this type of selection has proved to be of
practical value. In these situations, the number of quiet tubes re-
quired is only a small percentage of the manufactured output. Fur-
thermore, only a small percentage of the normal output of tubes are
found to be prohibitively noisy. Under such circumstances, it is
found that when selected tubes from the quietest 25 per cent of the
manufacturers stock are used in the positions most sensitive to mechan-
ical shock, the disturbance in these types of equipment either disap-
pears entirely or recedes to such a level that it is no longer troublesome.

PrROTECTION FROM SHOCK

Where selection of quieter tubes is not feasible or is not sufficiently
effective, further reduction of microphonic noise may be achieved by
protecting the tube from mechanical and acoustic shock. A wvery
efficient agency for protection from mechanical shock is a well-designed
cushion socket. The effectiveness of auch a socket depends on its
vibrational transmission characteristics considered in relation to the
response characteristics of the tubes used. Considerable improvement
is uwsually obtained, however, whatever the combination of tube type
and socket type. Figure 9 shows two typical cases of microphonic
improvement obtained by using one of several good types of cushion
socket which have been tested. The curves drawn in solid lines repre-
sent the distributions of microphonic noise levels of a group of Nao.
102F Tubes tested in one instance in a rigid socket, and in the other
in a cushion socket. The mean improvement here due to the cushion
socket, is about 30 db. The dotted curves represent similar tests
made on a group of No. 262A Tubes and show a mean improvement of
about 18 db.

In cases where the noise must be reduced to very low levels, it may
not be sufficient to protect the tube from disturbances transmitted
mechanically through its base and socket. Except in a perfectly quiet
location, there is always some disturbance produced by sound waves
impinging directly on the bulb of the tube. Ordinarily this disturbance
15 negligible, but where the base is sufficiently well cushioned, it may
be of controlling importance. It can be reduced only by reducing
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the intensity of the sound wave which is finally allowed to reach the
tube, by some such means as enclosing the tube in a heavy, air-tight
container.

REDUCTION OF SPUTTER NOISE

The reduction of sputter noise in vacuum tubes is chiefly a problem
for the tube manufacturer. Where sputter noise exists in a tube, and
exists only with agitation, it is often eliminated by the same cushioning
measures which are applied to reduce microphonic noise, but in many
cases, satisfactory reduction of sputter would require prohibitive
amounts of cushioning. Fortunately, however, the known design
features and manufacturing methods, which are now generally applied
to tubes of good design, are for the most part quite effective in reducing
sputter noise to a negligible level. In the older types of filamentary
tubes, for example, sputter noise was often present due to the rattling
of the filament at the hook supports at operating temperatures, This
source of sputter has been removed in most present day tubes by keep-
ing the filament under tension at all times by means of fexible canti-
lever spring supports. The effectiveness of this treatment is illustrated
in Fig. 10, which shows distributions of sputter noise levels for two
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groups of tubes identical in every respect except that one group has
apring filament supports while the other has the older rigid supports.
In 80 per cent of the tubes, the improvement in the sputter noise is
from 20 to 25 db when the spring hoolk is wsed.

The source of sputter noise most difficult to control in present day
tubes is insulation leaks. These are commonly due to very thin films
of conducting material which have been deposited on the surface of the
insulating members by sputtering or evaporation during the exhaust
or operation of the tube. Experence has shown the conductivity of
these films to be intrinsically unstable and discontinuously variable.
This condition alone can and does produce sputter noise, but to make
matters worse, the metal support wires of the tube are often in only
loose contact with the insulating parts and the conducting films cover-
ing them so that mechanical agitation breaks and makes the contact
and increases the intensity of the noise. The reduction of these insula-
tion leaks is largely a matter of choice of materials, of manufacturing
technique to reduce the evaporation of conducting material during
exhaust, and of mechanical design to shield important surfaces from
contamination during the normal operation of the tube. Great prog-
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ress has been made in recent years in effecting an adequate reduction
of leaks economically, and in applications where requirements for
exceptionally low noise levels warrant slightly increased manufacturing
costs, almost any degree of reduction of leaks may be obtained.

CoNCLUSION

The methods which have been outlined for reducing microphonic
noise by cushioning and by making use of the quiet tubes which are
available are, for the present, adequate to meet all but the most ex-
treme requirements. Should the necessity for further reduction be-
come sufficiently urgent in the future, however, it can probably be ob-
tained either by designing still quieter tubes or by improving the cush-
ioning of sockets. The latter course appears to be the more economical.
In either case, however, greatest effectiveness can be attained by con-
sidering particular types of tubes and sockets in their relation to one
another,

The author is greatly indebted to Drs, M. J. Kelly and H. A. Pidgeon
for their kind coBperation and many helpful suggestions in the course of
this work.



