Eq uipment for Acoustic Measurements

{Part 1)

A Portable General Purpose Microphone Amplifier

Using Miniature Valves

By D. E. L. Shorter,* B.Sc.(Eng.), AM.LEE, and D. G. Beadle,* B.Sc.(Eng), A.C.G.I, AMILEE.

Research on the acoustics of rooms frequently involves the use of portable apparatus for making tests

in studios and concert halls remote from the laboratory. The special equipment used in this work

must be as compact and light as possible so that it can be handled easily by the engineers making the

measurements. With these considerations in mind, apparatus for studio lesting has been designed in

the B.B.C. Research Depariment, using as far as possible, the types of miniature valves and other

components which have become available since the war. The first of these, a general-purpose micro-
phone amplifier, is the subject of the present article.

HE amplifier to be described has to operate in con-

junction with the high -quality microphones used in
broadcasting equipment. The output from such micro-
phones with weak sounds may be only 30db above the
thermal agitation noise arising from the resistance of the
microphone itself, while a full orchestra may produce an
output some 50db higher. Special arrangements are there-
fore necessary in the amplifier to preserve the highest
possible signal-to-noise ratio with minimum distortion.

The amplifier is required to work into a load having a
nominal impedance of 600 ohms, and to present a sub-
stantially resistive output jmpedance of the same figure
over the working frequency range. The maximum output
required for the present purpose is + 20db relative to
ImW and it is desirable that the harmonic distortion of
the system at this level should be below 0.5 per cent.
In modern amplifiers using negative feedback, the distor-
tion may be quite low even when the output is nearly
equal to the maximum which the valves can deliver, but
may increase rapidly with a slight rise in level. A per-
cenlage harmonic figure taken at a single output level
may thus be misleading and it is therefore advisable to
specify, in addition, the margin of safety between this
level and the “ ceiling " level at which actual clipping of
the wave-form begins. In the present instance, a margin
of at least 6db was called for, so that the output stage has
}o l()ie capable of delivering at least 400mW ( + 26db) to the
oad.

In addition to the above requirements, an independent
monitoring output is necessary to operate a loudspeaker
for checking -purposes, together with some visual indication
of the outgoing level. -The amplifier is required to transmit
short-duration pulses and other rapidly fluctuating signals
used in studio testing. A quick-acting indicator is there-
fore essential and since speech and music have also to be
handled upon occasion, the standard B.B.C. peak pro-
gramme metering circuit is used.

From the above, it will be seen that the new microphone
amplifier fulfils the same functions as the portable
apparatus used at outside broadcasts and is in fact similar
in many respects to the existing equipment designed for
that purpose in 1938.! However, by careful layout and the
use of miniature components, the same facilities are pro-

* Research Department, B.B.C. Engineering Divition,
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vided by the present amplifier unit in a fraction of the
space occupied by the earlier equipment. The new design
has been in use in the Electro-Acoustics Group of the
B.B.C. Engineering Research Department since 1947.

Circuit
The complete circuit of the amplifier is shown in Fig. 1.
With the exception of the H.T. rectifier and the first

amplifier stage, B7G based valves are used throughout. The
circuit may be divided into the following parts: —

(a) a first stage, the gain of which is variable by
altering negative feedback in two 10db steps.

(b} a continuously variable carbon track interstage
attenuator of novel design, having a nearly uniform
decibel scale over a large range.

{(c) a three-valve line amplifier with push-pull output.

(d} a second circuit similar to amplifier (c) but
having a low-impedance output for operation of a
checking loudspeaker.

(e) a peak programme meter circuit operated from
amplifier (d).

(f) a power supply unit using light-weight com-
poncnts,

These parts will now be described in more detail.

{a) FIRST STAGE (VALVE V,)

The circuit of the first stage is based on that of an
existing single valve unit amplifier designed by H. D. Eliis
of the B.B.C. Designs Department and used in the new
B.B.C. studio equipment.? In this circuit, the requirements
of low distortion with large input signals and maximum
gain with small input signals are met by the use of
negative feedback, variable in 10db steps. In the present
instance, the steps are arranged to give a maximum overall
gain of 70, 80 or 90db, the setting used being determined
by the maximum input to be handled. It will be noted
that the feedback is taken from the anode circuit of ¥,
to the pgrid and thus lowers the input impedance to that
stage. The constants of the circuit are so arranged that
with the minimum degree of negative feedback, the value
of the input impedance at the grid of ¥, is correct for the
termination of the input transformer T,. Series resistors
are automatically switched into circuit to maintain the load
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Fig. 1. The complete cireylt diagram of the amplifigr




on the transformer at the same value when the feedback
is increased.

As in the earlier poriable equipment,' T, is in effect, a
filter circuit, a shunt capacitor C, being added on the
primary side to complete the network formed by the
leakage inductance, winding and circuit capacitances. This
device makes it possible to use a relatively high step-up
ratio—300 ohms : 250,000 ohms in the present instance—
so that the signal level at the grid of ¥, is sufficient to allow
A.C. to be used for the heater supply to this valve, Because
of the high value of impedance at the grid -of ¥,, the
gsecondary of T, must be so wound as to minimize the
self capacitance. Low-capacitance windings are necessarily
wasteful of space and the result is thus a rather bulky
transformer. Unfortunately, the size of T, cannot be
reduced without also reducing the step-up and hence the
signal-to-noise ratio. Therefore, when adapting the above
circuit for the present purpose, T, was retained in its
original form and, as will be seen later, the usual relative
sizes of input and output transformer are actually reversed.

At the time when the amplifier was designed, miniature
valves having a sufficiently low level of hum and micro-
phony for first stage operation were not available, As a
compromise, however, selected specimens of the EF50 are
used.

C
A
/_p -
INPUT /; OUTPUT

B

SIMPLIFIED DIAGRAM OF ATTENUATOR

O : -0
INPUT ! A'A‘. APAM qL AR T WV‘-T VW-J OUTPUT
3 3 f :F 2 32
o= : —0
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Fig. 2. The interstage atienustor

Even high-grade microphones may have slightly non-
uniform frequency characteristics and it is convenient to
compensate for these effects by equalization within the
. microphone amplifier, To this end, the circuit was
designed with a certain amount of excess gain, Where no
equalization is required, this extra gain is offset by the
loss in a high series resistor R,, which is interposed in the
. input circuit of the second stage. The impedance of the
circuit i3 high and a rise or fall in either high or low
frequency response can therefore be brought about by the
use of quite small series or shunt capacitors in conjunction
with suitable values of resistors. Advantage has been
taken of this arrangement to correct for a slight high
frequency loss in the first amplifier stage by the addition
of capacitor C, and resistor R,, shunted across R,,. The
limit to the amount of equalization obtainable is set by the
permissible variations in the load imposed on the anode
of V,, for any change in the voltage gain of that valve
would affect the input impedance of the amplifier. Up to
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10db of equalization can, however, be obtained without
serious disturbance of the input impedance.

{b) MamNn Gain ConTrOL (R,,) .

A special type of carbon track attenuator provides a
continuously variable gain control between the first and
second stages. This attenuator was devised in 1946* in
the. B.B.C. Research Department by C. G. Mayo and
R. H. Tanner. The principle of operation is illustrated by
the simplified diagram of Fig. 2. The attenuator is formed
by a block of resistance material A, of which the under-
side is covered with conducting material B. The input to
the attenuator is applied between B and a fixed electrode
C, while the output is taken between B and an electrode D
which can be moved along the upper surface of A. The
theory of this device is outside the scope of this article; a
full mathematical treatment has recently been published in
America.® As an approximation, the various series and
shunt paths through the resistance material may be con-
sidered as roughly equivalent to the elements of a ladder
network and the attenuation in decibels is proportional
to the displacement of the slider D over a wide range.
In the practical embodiment of this device as used in the
the microphone amplifier, the block of resistance material
is bent into a circular form and mounted in a 14in,
diameter casing, similar to that of a conventional carbon
track potentiometer. Fig. 3 shows an exploded view of
an experimental model using a resistance element made

Fig. 3. The imierstage attemmator showing dished screem sromnd the outpmt
connexion

by the Morgan Crucible Co., Ltd. The output impedance
of this attenuator, unlikc that of a conventional potentio-
meter, does not become low when the attenuation is high.
It is thus imporiant to avoid stray capacity coupling
between input and output, and the slider connexion is
therefore carefully screened both inside the attenuator and
in the external circuit. The useful range of the modei
illustrated is about 70db.

{c) Lve AMPLIFIER (VALVES ¥V, V, AND V)

The line amplifier was designed as a standard unit for
incorporation in this and other pieces of equipment.

The circuit involves no fundamentally new principle, A
single-ended gain stage ¥, drives one valve, V,, of a class-
A push-pull pair of which the other valve, ¥,, derives its
signal from the voltage developed across the common
cathode resistance R,,. Because of the high mutual con-
ductance of the valves used, the degree of unbalance
between the signal currents in the anodes of ¥V, and ¥,
is only of the order of 6 per cent. This methed of
obtaining a push-pull drive was originally described in an
earlier publication.! Negative feedback is taken from a
tertiary winding on the output transformer T, to the

* Prov. Par. 963{47. Jonuary 10, 1947.
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cathode of V,, the locp gain in the audio-frequency band

being 24db. With this degree of feedback, the impedance -

looking back into the secondary of T, is 200 ohms and a
series resistance R,, is added to raise the output impedance
of the amplifier to the required value of 600 ohms.

To reduce the voltage to be handled by the outpu?
transformer T,, the anode load of ¥V, and ¥V, is made
about 60 per cent of the optimum value, a compromise
which makes it possible to keep the size of T, to
23/ .in. by 19/ .in, by 2°/,.in. high over tags and the
weight to 7iozs. Although each winding on the trans-
former is divided into two by a central partition on the
spool, the total number of sections is, in effect, only three,
one primary and two secondaries. With this arrangement
of windings, the leakage inductance is sufficient to cause a
slight loss in the 10-15kc/s region. - To reduce the loss by
increasing the number of sections would be difficult in such
a small transformer and would lead to considerable
complication of the feedback windings. Instead, the
leakage inductance is approximately compensated over the
frequency range concerned by shunting R,, with a capaci-
tor C,,. By this means, the amplifier as a whole is made
to present an almost constarit output impedance up to
15ke/s.

Because of the small number of sections used in the
output transformer, extensive distribution of the feedback
winding is unnecessary. Bach half of the primary winding
is split to allow half of the feedback winding to be inter-

posed. As the feedback winding consists of only a few -

turns of fine wire spread out in a single layer, the capaci-
tance to earth introduced at the junction of the two parts of
cach primary winding is not sufficient to cause serious
‘internal phase shift. To give the form of loop charac-
teristics required for stability, the forward gain of the
system is progressively attenuated at high frequencies by
step circuits R,;, C,, and R.,, C,., while a slight rise in
response with a corresponding phase lead is introduced
?toRtheCfeedback path above the audio-frequency band

Yol Gy

The overload point of this amplifier is at approximately
750mW, of which 300mW are dissipated in R,, and
450mW are delivered to the external load.

(d) MOMITORING AMPLIFIER (VALVES, V,, V, AND V,)

For convenience, the input to the monitoring amplifier
is taken from the feedback winding on the output trans-
former T, of the line amplifier. The circuit of the
monitoring amplifier is basically the same as that of the
line amplifier, but the output is designed to operate into
a 12 ohm load. Since a low output impedance is desirable,
the building-out resistance is omitted with a consequent
gain in efficiency and the amplifier will thus deliver the full
0.75W to the load. With a modern high-efficiency loud-
speaker, this power provides adequate sound level for
checking purposes.

{e) PEAK PROGRAMME METER (VALVES V, AND V,,)

This circuit is of the form standard in the B.B.C. Both
halves of the signal wave are rectified by the double diode
¥V, which charges capacitor C,, negatively. The voltage
change across C,, is converted by the variable-u valve
V.. to a current change in the milliammeter Af,, which
is made with a right-hand zero to avoid the necessity for
a backing-off circuit. The operating characteristics of
V.. are adjusted to give a roughly uniform decibel scale
over a range of 20db.

The input to the double diode V, is taken from the
output stage of the monitoring amplifier. The diodes
necessarily impose on this stage a non-linear impedance
load and to minimize the distortion thus introduced into
the monitoring circuit, the programme meter input is
tapped down on the primary of T, and further isolated by
resistors R,,, R, and R, R,;.

For many purposes, it is desirable that the reading of the

SEPTEMBER 1951

329

programme meter should be proportional o the internal
E.MF. at the amplifier output and thus be independent of
load impedance. Although the input to the monitoring
amplifier and programme meter is derived, as already
stated, from the feedback winding on T,, the circuit con-
stants are such that the above requirement is approximately
met. Of the 600 ochms output impedance presented by the
line amplifier, 400 ohms are provided by the resistance
R,, while the resistance of the transformer secondary
winding accounts for another 130 ohms. The remaining
70 ohms represents the true output impedance of the stage
and it is in effect the voltage across this impedance which
is registered by the programme meter. It can readily be
shown that if the programme meler is lined up to read
correctly with the amplifier working into a 600 ohm
resistive load, the maximum error involved in assuming the
meter to read the true internal EMF. is *idb for any
load condition from short circuit to open circuit.
Since the programme meter is fed from the monitoring
amplifier, the gain of the latter must be kept constant.
Control of the loudspeaker volume is, therefore, affected
by an attenuator AT, following the output transformer.
This attenuator provides four steps of approximately 4db
each and is designed to keep the impedance presepled to
the loudspeaker as low as possible without presenting too
low an impedance to the monitoring amplifier output.
Because of the degree of negative feedback used in the
loudspeaker amplifier, the variation in the loudspeaker
impedance with frequency has only a slight effect on the
programme meter frequency characteristic. The maximum
deviation arising from this cause is *4db, and even this
figure could be reduced, if necessary, by rough equaliza-
tion of the loudspeaker impedance.

Fig. 4. The amplifier removed from its case

It might at first sight appear that the use of an attenuator
between the monitoring amplifier and the loudspeaker
would lead to overloading of the amplifier, but this is not
the case in the present design. The adjustment of poten-
tiometer R,, is pre-set so that the monitoring amplifier
overloads at a programme meter reading corresponding to
an output from the line amplifier 4db above the maximum
rated level. Control of the main output thus antomatically
ensures sufficient margin of safety. The programme meter
sensitivity is adjusted according to the output level
required by potentiometer R,,, an intermal calibrating
voltage for this purpose being derived from the heater
supply via resistors R,,-R,,. The heater voltage in turn is
checked by the programme meter itself via the rectifiers
W, W, and meter switch §,, the mains tapping switch
S, being adjusted as required to bring the reading to a fixed
point on the scale.

{f) PowEr SuppLy (VALVE V,)

The iron-cored components in the supply circuit are
designed for minimum size and weight. The mains trans-
former on the prototype was wound on a stalloy core,
34in, by 34in, by 3}in. and weighed 4.3lb. It has been
recently redesigned on a grain-oriented silicon iron core,
the dimensions being reduced to 34in. by 34in. by 2§ in..
and the weight to 2.71b. The smoothing choke is wound on
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achieve such a degree of compagt-

+2 ness while retaining reasonable acces-

@)

sibility to components, careful layout

) and screening are essential; the voltage

gain per stage is high and the fre-
-4

(b}

quency response can be seriously
affected by quite small stray capacity
couplings.

Fig. 4 is a photograph of the assembly
out of its case, showing the upper

side of the chassis. It will be noted

{c)

that 7,, V¥, and ¥V, are carried on
a rubber-mounted sub-chassis at one
end of the amplifier while the power

unit is housed in a separate compart-

—— NTO RESISTANCE LOAD

ment at the other end.

====INTC OPEN CIRCUIT

i [ T

The weight of the complete assem-
bly as originally designed was 194lb.
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and with the new power transformer,
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Fig. 5. Frequency retponss
(a) 600 ochm ouipuot, 70db gein setting
(b} 600 ohm oulput, B0db and 70db pguain settings
{c) 12 obm output, T0db gain seiting

a radiometal core having a gapped centre limb. This form
- of stamping gives a small external field, an important point
in compact eguipment, while the sliding friction between
laminations ensures a high degree of mechanical stability
of the gap without the use of special core clamps. The
-choke is 14in. by 1}in. by 1}in. and weighs 44 ozs.
Metering of anode feeds is carried out on the meter

M,, the values of the shunts being so adjusted that the
normhal feeds of the various stages correspond to the same
point on the meter scale.

. The power consumption of the amplifier is 48W at
200/250V, 50¢/s.

Mounting and Layout

The complete apparatus described above is accom-
modated in a carrying case [7in. by 10in. by 6in. To

the figure is reduced to just under
181b. .

Performance

The following figures give the per-
formance of a typical specimen of the
amplifier described above.

lelel74
0000l
0000z
[elele )14

FREQUENCY RESPONSE

See Fig. 5. The comstancy of the output impedance
with frequency can be judged from the small difference
between the frequency response in the on-load and open-
circuit conditions. This difference can be made even
smaller by adjusting the value of C,, to suit individual
output transformers, the leakage reactance of which varies
slightly according to the tension used in winding them.
In the case of the 12 ohm output, there is no compensation
for leakage inductance and the output impedance there-
fore rises slightly at high frequencies. However, the
cone loudspeaker used presents an inductive load so that
no loss occurs in practice from this cause.

NOISE
With main gain control set at maximum

3.4 Gain Noise oulput, relative (o ImW
[ [ I I [ 90 —38db
70db GAIN SETTING I 80 — d44db
c
3 ONTROL Porzmpo:tg:in AT MAXIMUM 70 _48db
———Ikck ! For comparison it may be noted that the calculated out-
2'8 Fig. 6 (efi). Overull distortion
[ Fig. 7 (below). Distortion of 12 ohm output stage
25
24 , I B
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¢2‘ ; 20 MO OUTAUT ATTENUATION
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T T ’ R the peak programme meter. As this type
OUTPUT HELD CONSTANT AT+IOdb of distortion is greatest immediately after
20 BY ADJUSTMENT OF MAIN GAIN CONTROL the arrival of a signal, betore the capa-
- 60c/s citor C,;; has had time to charge, steady-
——— Ikels state measurements are misleading and
; careful listening tests had to be carried
ge ! out to check the performance of the
° ; amplifier in this respect.
; 2 . Fig. 6 shows the overall distortion with
! 90db GAIN the 70db gain setting and the control
m ; J/ potentiometer at maximum. Here, the
= \x / . . distortion is principally that of the line
zos® B I 80 GAIN amplifier.
:;" /F/ Fig. 7 shows the distortion of the 12
S 4 L A ohm output stage under the same con-
— - /// 1-- 70db GAN ditions.
/ E___J}.———-”‘ ’C — -+ J___{J{} - Fig. 8 shows the distortion introduced
00 — - _ . . - ] - by the first stage, the output to line being
-80 -75  -70 m:jr vou.br?xcs RE.SLSATIVE i% o»77455v 40 s 39 restricted to a low value so as to keep
Fig. 8. Distortion of first stage other distortions small.
put from thermal agitation in the input circuit, including Acknowledgments

300 ohms source, is —42db for a 15kc/s frequency band
and 90db gain.

DISTORTION

To cover all possible gain settings, the circuit has been
treated for the purpose of distortion measurement as two
separate amplifiers in cascade.

All amplifier valves are operated under class-A condi-
tions with sufficient negative feedback to keep the distor-
tion small over the working range. In these circumstances,
it is legitimate to take the total harmonic distortion as an
indication of the degree of linearity of the system. An
exception must be made in the case of the distortion
introduced into the monitoring circuit by the rectifier of

SEPTEMBER 1951

331

The authors wish to acknowledge the help received from
their colleagues in the B.B.C. Engineering Research
Department, and in particular, the technical assistance
rendered by Mr. C. G. Mayo and the work of Mr. S. H.
Holmes on the mechanical layout. They are indebted to
the Chief Engineer of the B.B.C. for permission to publish
this article.

REFERENCES

! New Equipment for Outside Broadcasts. Parts | and 2 by A. E. Barrett, C. G.
Mayo and H. D. Ellis ; Part 3 by R. D. Petrie. World Radio, July 21, July 28,
August 4, 1939.

'IS;Eglo Equipment : A New Design, by H. D. Ellis. B.B.C. Quarterly, April,

s Desi'gn of Logarithmic Attenuators, by F. V. Hunt and O. D. Sledge. Review
of Scientific Instrumems7 April, 1950.

ELECTRONIC ENGINEERING



