Inc.

Web: http: // www. pearl - hifi . com
E-mail: custserv @ pearl - hifi . com

❦

Perkins Electro-Acoustic Research Lab, Inc.

86008, 2106 33 Ave. SW, Calgary, AB; CAN T2T 1Z6
Ph: + .1.403.244.4434 Fx: + .1.403.245.4456

Engineering and Intuition Serving the Soul of Music

Please note that the links in the PEARL logotype above are “live”
and can be used to direct your web browser to our site or to
open an e-mail message window addressed to ourselves.
To view our item listings on eBay, click here.
To see the feedback we have left for our customers, click here.

This document has been prepared as a public service . Any and all trademarks
and logotypes used herein are the property of their owners.
It is our intent to provide this document in accordance with the stipulations with
respect to “fair use” as delineated in Copyrights - Chapter 1: Subject Matter and
Scope of Copyright; Sec. 107. Limitations on exclusive rights: Fair Use.
Public access to copy of this document is provided on the website of Cornell Law School
at http://www4.law.cornell.edu/uscode/17/107.html and is here reproduced below:
Sec. 107. - Limitations on exclusive rights: Fair Use
Notwithstanding the provisions of sections 106 and 106A, the fair use of a copyrighted work, including such use by reproduction in copies or phono records or by any other means specified by that section,
for purposes such as criticism, comment, news reporting, teaching (including multiple copies for classroom use), scholarship, or research, is not an infringement of copyright. In determining whether the use
made of a work in any particular case is a fair use the factors to be considered shall include:

1 - the purpose and character of the use, including whether such use is of a
commercial nature or is for nonprofit educational purposes;
2 - the nature of the copyrighted work;
3 - the amount and substantiality of the portion used in relation to the copyrighted work as a whole; and
4 - the effect of the use upon the potential market for or value of the copyrighted work.
The fact that a work is unpublished shall not itself bar a finding of fair use if such finding is made
upon consideration of all the above factors

♦

PDF Cover Page

♦

♦

Verso Filler Page

♦

Web: http: // www. pearl - hifi . com
E-mail: custserv @ pearl - hifi . com

Precision Electro-Acoustic Research Laboratory.

❦

2106 33 Ave. SW, Calgary, AB; CAN T2T 1Z6
Ph: +.1.403.244.4434 Fx: +.1.403.244.7134

Hand-Builders of Fine Music-Reproduction Equipment

The Measurement of Microphonic Effects
in Vacuum Tubes
Adapted from an article by R. Bird M.Sc. D.I.C.
that appeared in Electronic Engineering, Nov. 1951.

P TO THE PRESENT, the reduction of microphonic output from vacuum tubes has been
very much regarded as a matter of trial and error.
With equipments becoming ever more sophisticated, the need for greater vibration resistance in
many tube types presses urgently.
Consequently, more-accurate methods of microphonic detection and measurement are necessary as
an aid to better tube design.
One purely qualitative method of investigation
has been to connect a tube in question as the first
stage of an audio power amplifier connected to a
loudspeaker, and then to give the tube a “standard”
blow with a small hammer, the resultant volume,
pitch, and quality of the sound heard from the loudspeaker providing some idea of the merit of the
tube. Although fairly crude, this method has the
virtue of simplicity and is still in use where large
quantities of tubes must be quickly evaluated. Several other equally quick but crude measurement
techniques exist, but these will not be expanded
upon, as the purpose of this paper is to outline more
sophisticated, quantitative investigative methods.
An attempt has been made by previous workers
to determine the absolute microphonic performance of a tube by relating its electrical output to
the frequency and intensity of a sound field in which
it is placed. A schematic diagram of the required
apparatus is shown in Fig. 1. The tube to be tested is
set up to function as a voltage amplifier, but with its
grid coupled to its cathode. It is then placed near the
center of an anechoic chamber, with a measuring
microphone in close proximity to the tube. A fullrange loudspeaker is placed nearby. The electrical
measurement equipment and the operator are situated outside the chamber.
The sound pressure from the loudspeaker thus
acts as a wide-range “vibrator” of the tube under
test. As the force of the vibrations must be kept as
nearly constant as possible with changing fre-
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FIG. 1. An apparatus for measuring a tube’s microphonic output.

quency, the sound pressure in the immediate vicinity
of the tube is monitored by the measuring microphone. Its output is fed back to the sweep oscillator,
which contains a special regulating circuit that
raises or lowers the drive level to the speaker as
required.
The chart recorder and sweep oscillator are
mechanically linked in such a way that the frequency calibration lines on the driven paper of the
recorder, as they appear under the stylus of the
recorder pen, coincide with the output frequency of
the swept oscillator.
The tube may then be simply tested for microphonic output by starting the recorder, which drives
the swept oscillator to produce an output of slowly
increasing frequency. As the tube’s output in the test
circuit is solely a function of the mechanical vibration to which it is thereby subjected, it is a simple
matter to plot this output with the recorder. Knowing the voltage gain of the circuit in which the tube
has been placed, and knowing the output voltage
induced by the mechanical excitation caused by the
swept but essentially constant-amplitude sound
pressure provided by the speaker/microphone/feedback circuit combination, simple arithmetic will
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1000 µV

Resonant frequency in kHz

Microphonic output in µV,
referred to the control grid

reside if driving a speaker
element and is driven by a
variable frequency oscillator/ power amplifier com316 µV
bination. The grid wires
are viewed under a microscope, and as the resonant
100 µV
frequency of a turn of grid
wire is reached, it springs
into vigorous vibration
31.6 µV
and becomes blurred. The
spread of resonances in
the control grid wires of
the pentode of Fig. 2 is
10 µV
10 Hz
20
50
100
200
500
1 kHz
2
5
10
shown in Fig. 3.
Frequency in Hertz
While this method is
FIG. 2. Microphonic output from a high-gain miniature pentode. Note that the mechanically induced outuseful for determining resput voltages from the tube equate to equivalent electrical input voltages on the order of those produced
by modern moving-coil phono cartridges through the mid-band. This is a “worst-case” laboratory situa- onances in a grid struction in terms of the mechanical excitation applied; but typical listening-situation-induced vibration can ture, it provides few clues
easily produce stimulae only 30 to 50dB down from those in the test situation. This means that the micro- as to how the various elephonic signal can be, in the case of a 200µV output moving-coil cartridge, as little as 35 to 55dB down
ments within a multi-elethrough the mid-range frequencies from 1kHz to 5kHz.
ment tube might interact.
It
has
been
suggested
by Dr. E.G. James of the
yield the equivalent electrical input voltage to the
grid which, in normal operation, would yield the
G.E.C. Laboratories that the capacitance change
output voltage achieved by the mechanical vibration
produced between a vibrating electrode and its
of the tube.
neighbors might be used as a means of detecting
A typical pentode response diagram is shown in
these motions in a manner analogous to the way in
Fig 2. Each of the vertical lines corresponds to an
which a capacitor microphone converts sound preselectrical output resulting from the excitation of a
sure to electrical energy.
mechanical resonance in some part of the tube’s
A highly sensitive capacitance bridge operating
structure. Nearly all of these resonances are of very
at a measurement frequency of 1MHz. was found to
high Q, being excited over a band of only a few
be well suited to this technique, being able to resolve
cycles. The broad grey-shaded area represents the
changes in capacitance of 0.00003pF ! The same
band of frequencies which will stimulate the resoacoustical excitation system as shown in Fig. 1 is
nant characteristic of the cathode.
employed. With the leads from the bridge to the test
While data on the frequency and severity of the
apparatus properly shielded and tied down to prevarious resonances is essential, it provides only part
vent, as far as possible, their natural resonant modes
of the information required to remedy the problem.
from producing false data, the system is first run
It remains to determine which of the various elements has been stimulated to resonance. As it is not
8
usually possible to actually see far enough into the
7
tube because of the plate, various internal shields,
the getter patch, and/or beam forming electrodes
6
Section through
obstructing the view, visual methods are of little
control grid
practical value.
5
1mmMathematical methods are fraught with enordiameter
4
post
mous difficulty due to the often complex shapes and
47mm
3
indeterminate mechanical properties of the struc0.05mmtures involved.
diameter
2
molybdenum
Grid-wire resonances may be investigated by a
wire
1
rather expedient means as follows:
The grid structure, consisting of the two side0
rods and the grid wire helix, is cemented to a small
1
5
10
15
20
24
Grid-wire turn number
coil of wire such as used in a conventional movingcoil tweeter. The coil is replaced in the field of the
Fig. 3. Resonant frequency of individual control-grid wires of a
permanent magnet in which it would normally
miniature pentode.
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without a tube in situ to be sure that the output
of a particular type, a large number of samples must
from lead vibration, if any, is known and recorded.
be tested. It should then be possible to define the
Fig. 4 shows the amplitude and frequency of many
troublesome frequency ranges and attempt to isoresonant modes within the pentode discussed in
late the offending structure(s) by microscopic or
this paper.
capacitance-bridge methods. Failing this, trial and
The most troublesome resonant modes are those
error is a last resort.
of the cathode in the vicinity of 100Hz. Vibrations
Thus the design of a low-microphonic tube is a
above this frequency may be prevented, in large mealong and arduous process, and research continues
sure, from reaching the tube by the use of a special
to produce truly non-microphonic types.
resiliently mounted socket. The difficulty with the
cathode is that it may not
Amplitude of element vibration is indicated
be rigidly held at both
Suppressor Screen
Control
by the height of the data lines:
grid grid
grid
ends but must be free at
2 divisions = strong; 1 division = medum; 1/2 division = weak
one end at least in order
Suppressor
to be able to expand
grid and
anode
when heated by the filament. Failure to provide
for this expansion will
Screen and
suppressor
result in the cathode
grid
bowing to one side and
possibly fouling the control grid.
Control and
The variation in
screen grid
microphonic perforCathode vibration
mance between tubes of
the same type, even
Cathode and
though produced concontrol grid
secutively on one assembly line, may be as large
as that between different
40Hz 50
70 100Hz
200 300
500 700 1kHz
2k
3k 4k 5k 7k 10kHz
Frequency in Hertz
types. To get a fair picFig. 4. Variation with frequency of capacitance between adjacent electrodes in a miniature pentode.
ture of the performance
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Valves

R. Bird,· M.Sc., DJ.C.

p to the present the reduction of the microphony
Uvalves has been very much regarded as a matter

in
of
trial and error. However, it is becoming more and more
important. so that more definite methods of microphony
detection have become necessary as an aid to better valve
design.
An early method of investigation of a purely qualitative
natUre was to connect the valve as the first stage of an
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Microphonic Output with Frequ�Il'"

An attempt has been made by previous workers to
determine the absolute microphonic performance of a valve
by relating its electrical output to the frequency and
intensity of a sound field in which it is situated.
A
schematic diagram of a similar apparatus used by the
author is shown in Fig. 1.
The test valve. functioning
as an amplifier. is placed in the acoustic field from a loud
speaker in a chamber which is padded in an· attempt to
reduce acoustic standing waves. The microphonic output
from the test valve is amplified a known amount and then
displayed on a C.R.T. screen. The acoustic pressure within'
the padded chamber is kept approximately constant by an
audio-automatic volume control (A.V.C.) svstem. The loud
speaker output is controlled by the A. v.c. voltage applied
as bias to a variable conductance valve in the loudspeaker
driving amplifier. ThiS A.V.C. voltage is the rectified output
from a second amplifier fed from a crystal microphone in
the sound field from the loudspeaker. Thus an increase
in sound output above a fixed level increases the negative

AI;
lotor

Fig.

valve will cause the loop to oscillate at one of the natural
resonant frequencies oi the valve structure. The amplifier
gain for the threshold of oscillation (measured from the
grid of the test valve I is then ta.ken as a figure of merit
for the valve. The disadvantages of this simple and con
venient method are that both the frequency and the gaiu
level of oscillation depends on the overall phase shift in
the .. loop", and particularly on the spatial relationship
between the loudspc:aker and the test valve.
The Variation

MicrophoM

Microphony

.... In

audio·amplifier and give it a
standard ,. blow with a
small hammer, the volume, pitch and quality of the audio
frequency output from' a loudspeaker giving some idea of
the merit of the valve.
This method. though extremely
Fij:. 1. :\1icrophonic oulpul from hi£h ,lope _i.i,lIure penlode
crude, had the virtue of simCItYl
plicity and � �ill u�d � a
production
test
for large
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A better idea of the level
of microphony in a particular
valve may be obtained by
connecting it as the first stage
of a variable gain audio-fre
quency amplifier while it is
situated in the acoustic field
from a loudspeaker fed by
the output of the same ampli
At a certain amplifier
fier.
gain the acoustic feed-back
f-om the loudspeaker to the
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bias on the variable conductance valve and so tends to
reduce the loudspeaker output again, partially counteract
ing the original rise.

To test a valve , the frequency of the sound wave
excitation is varied slowly through the aud io-range and

the valve output is noted at those frequencies at which
an internal resonance is ex cited . The microphonic per
formance is most conveniently quoted as the voltage input
to the test valve grid to produce an anode current modula
tion equal to that produced by the microp h ony .
A
typical pentode valve response diagram is shown in'
Fig. 2. It is usually found that some of the low frequency
responses are very fiat and may hardly be termed
resonances, while those above, say 1 kcl s, have a very high
Q, being excited over a frequency band of only a few
c ycles. The method, though giving a good indication of
the be hav i our of the valve is not an absolute measure of
microphony; for unfortunately, owing to standing waves,
the sound pattern within the padded chamber is by no
means uniform. The aud io A.V.C. system keeps the sound
pressure at the face of the crystal microphone approxi
mately constant, but the pressure at the test valve may
vary ov er a wide range.
The method might be made
absolute if the loudspeaker, test valve, and controlling
microphone were situ ated in an .. acou stically dead"
room.

cess remove resonances or alter the microphonic perform
ance in, other ways.

The resonant f req ue ncies of the elements wit h in the
valve can� in theory, be, calculated, but in practice the
For instance,
mathematiCS soon become very involved.
calculation of the reson ant frequency of grid wires is
difficult, since they often have complex shapes, unknown
tensions, and indeterminate mechanical p roperties . How
ever, these frequencies may be found experimentally as
follows. The grid stru4�lre. consisting of the two support
wires and the gnd wire lidix, is cemented to a sma U moving
coil such as those found in moving coil earphones. The
coil is replaced in the field of its permanent magnet and
driven by a powerful audio-oscillator of variable fre
The wires are observed through a low - power
quency.
microscope and as the resonant frequency of each indi vi
dual wire is reached, the wire springs into vibration and
becomes blurred. The spread of resonant frequencies in
the wires of the control grid of a min iat ure R.F. pentode
whose per for m ance is shown in Fig. 2 may be seen in
Fig. 3.

THE BRIDGE METHOD

It has been s uggeste d by Dr. E. G. James, of the G.E.C.
Laboratories, that
the capacitance
change produced
between a vibrating electrode and its neighbours might be
used as a m ethod of locating individual vi b r ations .
Podded ao.
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Location of the Vibrating Element
Before s t ructu r al changes in a valve can be made to

reduce microphony it is essentia l to know which portion
of the valve assembly is responsib le for the microph onic
output at a particular frequency.

OPTICAL

METHODS

The valve structure may be obs e rv ed stroboscopically
while subj ec ted to vi bra tion and the offending portion
detected visually.
With the high gain miniature valves
now in production, movements of less t ha n a thousandth
of an inch in grid or cathode structure will mod u late the
electron s t re am appreciably and it will be ne cessa ry to use
a microscope to detect them.

Observatio n t hrough the g l as s env elope of th e valve is
often d i ffi cul t because the anode, shield, or the getter
patch may obscure the inner electrodes. Valve electrodes,
particularly the cathode. often become loose in th e i r micas
and then m ay refix them se lv es , so that a p a rticularly
troublesome vibration may cure itself while the effect is
being investigated.
B re a king open the en velope on the
other hand, destroys the valve, and may also in the pro-
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a

capacitance

A highly sensitive c ap ac i tance bridge of the Twin-T
type1 was found to be suitable for this purpose and the
I Mcl s bridge used could detect a cap acitance change of
O.OOOO3pF. This ty pe of bridge measu res the c apacitan ce
and conductance between two. live termin a l s to earth
The same acoustical el(citation system is used as in
Fig. 1, wh i le the valve and br id ge connexions are as shown
in Fig. 4.

A pair of adjacent valve electrodes such as the co n t rol
and screen grids are connected to the live term i nals of t h e
bridge th rough twp le ng t h s of coa xi a l cable, the re m ainin g
electrodes being earthed to the cable scr eening.
The
coaxial cable connexions are used primarily to reduce the
stray capacitance betwee n the live wire termi nals so that
variation in these strays will not affect the bal ance of the
bridge.

Clearly the bridge will become unbalanced c yc lically
when a natural f req u enc y of vibration of one of the two
live e l ec trodes is excited.
The frequencies and approxi
mate magnitudes of t he bridge unbalance are recorded for
each pair of adjacent electrodes in the valve. the resul ts
being presented as in Fig. 5.

430

NOVEM BER

1951

not necessarily modulate the electrons stream s ufficientl y
to, be detected.
Anode vi brations in a pe ntod e are an
obvious ex ample of this.
The frequen ci �s at which microphony is most trouble
some are those below 1,0000/s, fo r vibrations a bove this
frequenc y may be p revented from reaching the valve by
mounting it in a special resilient holder.
Below 1,000c/s one '.if the most common causes of
microphony is a loose c:"lhode. The c athode cannot be
rigidly held at each end since it needs to expand and
contract with the rise and fall of temperature.
If pre
vented from expan ding the hot cathode will
bow
or
bend as it becomes mechanically weak at 800' C. On th e
other hand if one end passes through a tight fitting mica
which stil\ allows the cathode to slid e it may wear itself

If a capacitance change occurs at the same frequency
in two adj ace nt pairs of electrodes it may be concluded
that it is the common member which is vibrating. It may
be argued that every vi brat ion sho uld produce an unbalance
in two different pairs of electrodes at the same frequency,
whereas in practice, sometimes on ly one is d e tected. This
is p ro bably due to the capacitance unbalance being too
small to be detected in the second pair.
It is found in
p ractice that harmonics in the l oudspeak e r output also
excite vibrations in the valve, and it is th erefore, advis
able to check this by comparin g the outpu t of the brid ge
detector aural\ y with the output from the loudspeaker
exci ti ng the test valve.
Thus vibrations due to loud
speaker harmonics may be separated from those due to
the fundamental. and a true picture of the resonant fre·
quencies obtained. The outp ut from the bridge when a
reso na n ce is excited is an amplitude mo dulated IMc/s
signal. If th e resonance inside the valve is of the order
of IOkc/s then the bandwidth of the radio receiver used
as the bridge detector must be at least this, for even single
sideband recept i on.
2 Oivi,ions

§

-

••

loose after a number of hea t i n g cycles.
One po s si ble
method of overcomi ng this difficulty is to fix it to the
two micas, securely at one end and by thin fl ex i b le strips at
the other.
The va ri ati on in m icrophoni c performance between
valves of th e same type, produced concurrently on one
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It is obv i ous that the large microphont output centred
on lOOc/s is due to a vibration of the cathode as shown
by the capaci tance change met ho d .

Similarly the outputs at about 7.000c 's ru:e due to
,
control grid resonances (probably the gnd wires them
selves). This is b orne out by actual measurement of the
control grid wire resonant frequencies which are shown
in Fig. 3.
There are. on occasion. microphonic outputs which ha v e
no det ectable capacitance change associated with them.
e.g., a grid wire vibration in the plane of the grid will
have a definite effect on the space current. but a ver y
small effect on the cap acitance b etween grid and cathode
or s creen.
Conversely. there are vibrations within the valve which
change the capacitance between the electrodes, but m'tY
1951
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CYCLES/SECOND

Discussion of Results
Fig, 2 shows the frequ en cy response of a typical mi n ia
ture B7G based pentode when used as an amplifier, and
Fig. 5 the corresponding mechanical resonances as
detected by th e b ridge method.
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assembly l i n e may b e as large as that between different
types. Thus, to get a fair pictu re of the performance of
any valve t yp e a large number of speci mens must be
te�ed.
It should then be possible to select the trouble
some frequency ranges and attempt to isolate the offeod
ing po rti o n of the st ructu re by t h e optical or the capaci
tance method.
The p ar ticular mode of vibrat i on may
perhaps be detected by the optical method, but if this is
not possible, it must be located by tria l and error. The
field of p ossi b ili ty has,
however, been considerably
reduced and su ccessi v e modification to the structure will
e v en tually provide a solution. Thus the design of a valve
with low micropho ny is a l ong and tedious process, but
research cont inue s in an attem p t to prod uce a t rul y non
microphonic valve.
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