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MONTHLY COMMENTARY :

HE more obvious purpose of a radio exhibi-
 tion is strictly commercial; it acts as a
convenient shop window, and the commer-
cial exhibitor hopes to recoup himself for a con-
siderable expenditure—of time, effort and money
—by an immediate increase in sales. Taking the
long-term view, the aim should be to encourage
the widest possible section of the public to take an
intelligent and serious interest in all branches of
radio. And to those already ‘‘in the game’’ an
annual exhibition should be a kind of focal point
of the year.

IN our view, pre-war exhibitions failed lament-

ably in all these respects. They were .too
specialized, and concentrated mainly on ‘‘selling”’
broadcasting—which was already sold—rather
than  on selling equipment, or, on the broader
issue, showing the year’s progress in all branches
of the industry. True, there were some signs of
improvement in 1939; the fiasco of the exhibition
of that year was in no way the fault of the organ-
izers, but was due to the fact that it coincided with
the outbreak of war. ~Broadly speaking, however,
it was not until the first post-war exhibition of
1947, which came under the wing of the Radio
Industry Council (itself a war-time creation) that
the exhibition took on what we think to be the
right shape. It proved a great success, and did
much to re-establish in the eyes of the world the
prestige of the British radio industry, and to offset
much of the harm that had been done by ill-ad-
vised delays in permitting the publication of
detailed technical information on war-time devel-
opments. . Attendances at the 1947 exhibition
reached record figures; true, some of that attend-

ance comprised ‘‘ exhibition addicts’’ and so was

not of any great value, but we know from our own
observation that there was a very high proportion
of deeply interested and serious visitors, including
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users and would-be users of every kind of radio and
radio-like equipment. . .

Radiolympia, 1949, follows the essential pattern
of its immediate predecessor of 1947. In spite of
one or two regrettable defaults, the show which
will have opened when this appears in print should
be adequately representative of all branches of

- radio and its offshoots, and there is little to criticize

in its general plan. Though it may be urged that
television is given undue prominence, the organ-
izers could hardly do otherwise at a time when our
national service is in process, at long last, of being
extended, and with further extensions in prospect.

So far as can be judged at present, there is a lack
of the more serious kind of educational exhibit
which, we suggest, would be a highly desirable
feature.  Developments in our field are still so
rapid that there is small wonder that the layman,
even of the best informed type, can hardly be ex-
pected to know what radio can (and cannot) do
for him. To some small extent the exhibits of the
various non-commercial bodies and Government
departments fill this gap, but the kind of thing we
have in mind would be of a rather more detailed
nature, and might well be presented by the various
industrial organizations.

ELSEWHERE in this issue we present informa-

tion which, it is hoped, will serve as a con-
venient guide to the visitor to Olympia, and, at
the same time, will be of some value to readers,
including those overseas, who are unable to go to
the show. In addition to a plan of the exhibition,
with lists of exhibitors, we give in tabular and
graphical form a quick-reference index to the
stands on which the various classes and types of
radio and electronic equipment are to be seen.
This information is as complete as possible up to
the time of going to press. In our next issue we
hope to give a detailed review of the show.
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MAGNETIC RECORDING

HE general theory of mag-
netic recording has already
been covered in this

journal,* anrd it is the purpose of
the present article to cover the
more practical aspects and to
draw attention to soime of the finer
pomts of techmque, now that tape

TOP SLIGHTLY THIN
FLATTENED N /HIGH*PERMEAB?LITY

LAMINATIONS

o AUXILIARY
WINDINGS
Fig. 1. Essential features of a

magnetic recording head

and wire are available, e.g., from
E.M.I. Factories, Ltd., Hayes,
Middlesex, and Wirek (Elec-
tronics), Deansbrook Road, Edg-
ware.

Heads (General) : Modern mag-
netic heads are made in ring or
toroidal form. Usually the rings
are cut in half and each half fitted
with a coil (Fig. 1). The halves
are then clamped together with
non-magnetic spaciny shims to
give two accurately dimensioned
gaps. The magnetic recording
medium is arranged to lie in con-
tact with the outer face of the core
for about 7sth of an inch on either
side of one of the gaps. Different
gap widths are used for the erase,
record and playback heads, typi-
cal values being 20 mil, 1 mil and
1 mil respectively (1 mil =o0.001in).

Heads for use with tape are
generally made from a stack of
5 mil ring laminations, the thin
gauge being necessary to reduce
eddy-current losses at high fre-
quencies. Heads vary from %in to
1in outside diameter, with about
$in  wall. High - permeability
nickel-iron alloy, such as Mu-
metal or Permalloy-C, is used, as
it is essential to have the lowest
possible reluctance at the pole-
piece tips for a sharply defined

* ‘““‘Magpetic Recording,” G. L. Ashman,
Aug. 1944, p. 226,

““The Gesman Magnetophon,” R. A. Power
June 1946, p. 195.

magnetic field. Laminations are
clamped together and the gap
edges ground straight and square.
The tape contact area is also
smoothed. Finally the lamina-

tions are annealed to restore maxi-

mum permeability and then
cemented solidly together. A
hard material, such as beryllium-
copper, is used for the shims to
prevent roumdmg of the gap
edges.

Less efficient tape heads may be
made by bending two }in widé
strips of 15-mil material into
semi-circular shape. The loss in
efficiency occurs mainly at low
frequencies owing to the low iron/
copper ratio, so that these heads
are more suitable for use at low
tape speeds, where, as will be
seen, the bass response is rela-
tively greater. These heads work
quite well un-annealed, but there
is a comparative treble loss of
about an octave.

A head for wire recording is
very similar, but consists of a
single-ring lamination, about 10
mil thick, clamped between non-
magnetic side pieces. These side
pieces are bevelled so as to form a

give better magnetic contact with
the round surface. It is not neces-
sary for a head to be of perfect
ring form. Rectangular lamina-
tions may be used, with a curved
edge or a felt pad to keep the
medium in contact with the gap.
But it is important to keep the
head symmetrical and the coils
identical ; an astatic head picks
up much less hum, which is a
very real problem in magnetic

‘recording.

Coils may be of high or low im-
pedance according to circuit re-
quirements.  Low impedances
have the advantage that self-
supporting coils of thicker wire
may be used. The playback head,
however, must be of high imped-
ance, or used with a step-up trans-
former, for maximum voltage out-
put to be developed.

Erase Head.—A fairly wide gap
is used in the erase head so that
the erasing field spreads suffi-
ciently for each point of the pass-

-ing wire or tape to be subjected to

a hundred or so gradually decreas-
ing demagnetizing cycles. But the
gap must not be too large or the
maximum value of the field will
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Fig. 2. Typical constant-current response curves with playback equiliza-

tion for two different tape speads.

V slet leading down to the edge of
the lamination. The wire runs on
the edge of the lamination and a
shallow groove is usually provided
to keep the wire central and to

not be enough to saturate the
medium, and previous recordings
will not be erased completely. To
obtain sufficient erase current the
inductance of the erase head is

v
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Practical Notes for the Experimenter
By DESMOND ROE (Birmingham Sound Reproducers)

often tuned to the frequency of
the ultrasonic oscillator by means
of a series condenser. It is quite
common for an erase head to run
warm. I00 ampere-turns is a
typical energizing value, Radio-
metal is better than Mumetal for
erase heads.

Recording Head.—In recording
with modern ‘‘ultrasonic bias,”’
the actual flux density recorded
depends on the instantaneous

value of the magnetizing field at-

the moment the medium leaves
the gap and passes into the rela-
tively field-free region of the rear
pole-piece. Hence the actual gap
width is of less importance than
the rapidity of the decay of the
magnetic field at the rear gap
edge. It is important, therefore,
that the rear edge be sharp and
square, and the material fully
annealed for lowest reluctance if
the maximum high - frequency
response is to be recorded.

Playback Head.—For good
treble response on playback,
““scanning '’ loss must be a mini-
mum, so the playback gap is
made very narrow, about } to }
mil. The gap should not be too
narrow or else efficiency will be
lowered due to the magnetic flux
from the medium leaking back
across, the gap instead of going
through the pick-up coils. Pole-
pieces are slightly tapered to
the point where they meet the
medium, so that the actual amount
of parallel gap is small. In the
case of wire heads, it is usual to
clamp the two pole-pieces, remove
the spacer and soft solder the pole
tips in position.

Frequency Response.—In any
sound recording system, to
obtain the maximum signal-to-
noise ratio, there should be equal
likelihood of overload at all fre-
quencies. In magnetic recording
the overload point is set by the
saturation level of the magnetic
medium. Saturation is indepen-
dent of frequency, and depends
only on the magnetizing field of

the recording head; that is, on
the recording ampere-turns. Con-
stant recording current, there-
fore, produces constant peak flux.

On playback the wvoltage in-
duced in the playback head is pro-
portional to the rate of change of
flux, and as the flux reversal is
clearly more rapid at higher fre-
quencies, owing to the shorter
wavelength, the playback output
rises with frequency at a rate of
6 db per octave. However, at very
high frequencies the minute mag-
nets representing individual cycles
become very short
and of a size com-
parable with the
thickness of the wire
or tape. Conse-
quently the well-
known demagnetiza-
tion of short mag-

470k0. Q.

SOpFT
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selective overload. = However,
most of the equilization has to be
applied during playback. Be-
tween 18 db and 30 db of bass
boost at 100 c/s is required,
according to the recording speed.
Treble boost is usually obtained
by means of a damped tuned cir-
cuit, which more closely comple-
ments the recording curve.

A typical playback equalizer
circuit is shown in Fig. 3. Owing
to the large amount of bass boost
used on playback, great care has
to be taken to shield the playback
head from magnetic hum pick-up.
One or more screening cans of
high-permeability alloy may be
needed, and the head should be
spaced as far as possible from
drive motors and mains trans-
formers.

Distortion.—Superimposition of
a steady high-frequency tone upon

HHT.

Fig. 3. Playback equalizer circuit for low-speed recording.

nets occurs, resulting in con-
siderable high-frequency attenua-
tion. A typical playback response
curve of a constant current
recording is shown in Fig. 2.
It should be noted that this curve
is more or less constant in shape
for a given wire or tape, and with
changes in recording speed merely
shifts proportionately, paralle! to
the 6 db per octave line.
Constant current in the record-
ing head is obtained by feeding it
from a comstant-voltage high-
resistance source, or through a
series resistance from a source of
low resistance. Magnetic record-
ing requires a power of only
about 10 mW, so the resulting
power transfer loss is not impor-
tant. In recording, some treble
boost and a little bass boost may
be used without risk of frequency-

the audio signal while recording
on a completely unmagnetized
medium has been found to pro-
duce a linear magnetic recording
characteristic of greater volume
rauge than previous methods, to-
gether with much less background
noise. The frequency of this
““ultrasonic bias’ is not im-
portant, but it is usual to choose
a value af least five times the
highest audio frequency, to pre-
vent audible beat notes with the
signal. The optimum amplitude
of the bias varies with different
wires, tapes and recording heads.
Fortunately, it is easily found by
experiment and is not very critical.

Using music as a test signal, as
the ‘“ bias ”’ is increased from zero,
distortion rapidly diminishes,
while the volume output rises to a
maximmm. Above this point, any
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- HIGH-QUALITY AMPLIFIER:

-~ New Version

OST power amplifiers in-

| tended for sound repro-
duction are designed to

have a uniform response to fre-
quencies within the audible range,
and 1t is the aim of designers of
pickups, microphones and Ioud-
speakers to give similar character-
istics to their products.” This re-
presents an attempt to fulfil one

of the conditions for the creation -

of a perfect replica of the original
sound and provides a common
basis for the design of individual
units, which, when connected to-
gether; will provide a complete
thannel with a uniform gain/
frequency characteristic.

Considerations of an engineer-
ing nature sometimes
make it desirable, and
even essential, to
depart from this ideal
of a uniform response
in certain sections of
equipment, and quite
frequently the use of
inferior equipment or
long and unsuitable
transmission lines,
leads to an undesirable departure
from uniformity. In cases like
this, other ‘‘equalizer’’ units
have to be inserted in the chan-
nel to provide characteristics
which are the inverse of those of
the offending section, so remedy-
ing the defect.

When listening conditions de-
part from the ideal—and this, un-
fortunately,
since most rooms are unsuitable
auditoria for. the reproduction of
orchestral music at realistic in-
tensities—it is sometimes bene-
ficial to modify the frequency re-
sponse characteristic of the equip-
ment in an attempt to compensate
for the more obvious defects in the
room  acoustics. The word
““attempt ’ is used advisedly,
since only very complex equaliza-
tion could ever hope to provide
accurate compensation for room
acoustics. This question of the
frequency compensation which is
desirable when conditions depart

happens frequently .

By D. T. N. WILLIAMSON

- (Ferranti Research Laboratories)

from the ideal is a very thorny
and subjective one. It provokes
much heated, dogmatic, and
usually very unscientific discus-

sion, and is beyond the scope of.

the present article. It must suffice
to say that the matter is one in
which the individual must exer-
cise his own judgment and act
accordingly. :

In order that he may have

scope to do this, a pre-amplifier -

designed to be used in conjunction
with gramophone recordings and

e Sttt S ot i ot ot S T it ot St o e B A b et e et e e S s S Sk A At b S A e e

Design of Tone Controls and
Auxiliary Gramophone Circuits

radio . transmissions should there-
fore be capable of providing vari-
able compensation for such de-
fects as are likely to occur in the
source, and are capable of being
ameliorated. In addition, fixed
compensation must be provided
for deviations from a uniform re-
sponse which are deliberately in-
troduced in gramophone records.

The degree -of complication
which is worthwhile in such a
unit must be considered. In
theory, it is possible to compen-
sate precisely for deficiencies in
the amplitude/frequency and
phase/frequency response charac-
teristics, but the equipment to do
this is complicated and expensive.
When a considerable portion of
the channel is outside the control
of the listener, as is the case
when reproducing records or
broadcast transmissions, he has
no means, apart from the sensi-
tivity and training of his ears, of
determining the defects which

(Continued from page 287 of August issue)

have occurred in that portion.
Since it is impossible to determine
the nature and amount of phase
distortion by listening to a trans-
mission, and since it is not usual
for much attention to be paid to
this form of distortion at the re-
cording or transmitting end, there
would seem to be little justifica-
tion for the inclusion of phase
correcting networks in domestic
equipment. In the case of a
sound reproducing system which
is’ completely under the control of
the user, particularly if stereo-
phonic, phase distortion should
not be allowed to occur if the
finest possible quality is to be ob-
tained. This is especially true at
low frequencies, where
considerable time
delays are involved.
Low phase distortion
is best achieved by
designing a system
with a bandwidth con-
siderably greater than
the audible range,
but where this is not
possible compensation
may be provided.

Consideration of the causes of
frequency distortion leads to the
conclusion that it is normal for the -
levels at the ends of the spectrum
to be accentuated or attenuated
progressively with respect to the
level at middle frequencies and a
form of compensation to correct
this fulfils most requirements. It

_is not possible to lay down hard

and fast rules about the amount
of compensation necessary, but
rates of attenuation or accentua-
tion greater than 6db/octave are
not usually required. .

As it is often desirable to change
the amount of compensation dur-
ing a programme without calling
attention to the fact, methods
which give continuous control
over the response are to be pre-
ferred to switched, systems, unless
the latter are graded in very fine
steps.

The use of inductors to provide
gain/frequency compensation is
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to be deprecated as, apart from
possible troubles due to résonance
effects and non-linearity, they are
very liable to pick up hum from
stray alternating magnetic fields,
especially if they are air-cored.
Metal- or dust-cored toroids are
less troublesome in this respect,
but are expensive and not readily
obtainable.

INPUT .
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Fig. 6.

Fig. 5. Basic frequency compen-
sation circuit. Typical values
(for use after an EF37, triode-
connected) are: Ry, 250k,
log ; R4y, 100kQ ; Rys, 6.8kQ ;
Ry3, 10kQ ; Ryy, 100kQ linear.
Cogy 150pF max. ; Cgy, 0.01uF,
Cys 0.05uF ; Cyg, 1000pF.

Frequency Compensation.—Fig.
5 shows a simple compensation
circuit which will accomplish bass
and treble accentuation and
attenuation without the use of in-
ductors. The controls consist of
two potentiometers, each asso-
ciated with a changeover switch.
Consider the low frequency con-
trols R,, and S,. When R, is
fully anticlockwise (minimum re-
sistance) the response to fre-
quencies below 1,000c/s is uni-
form. If the switch S, is set to
“rise,”’ as R,, is rotated clock-
wise, the amplitude/frequency
characteristic will rise at low fre-
quencies to the maximum shown
at A in Fig. 6. If S, is set to
‘““fall’”’ and R,, rotated clockwise
from minimum position, progres-
sive low-frequency attenuation
will be introduced, up to the
maximum shown at B. In a simi-
lar manner, by the use of R,, and
S, the high-frequency response is
eontinuously variable from a level
response to the extremes shown at
C and D with the values given.

The  attenua-
tion introduced by the net-
work when controls are at the

- level position is 24 db, and the

network must, of course, be
introduced into the system at a
signal level such that the wvalve
feeding it is not

FREQUENCY (cfs)

Fig. 6. Response curves of circuit of Fig. s.

rattle or buzz often accompany-
ing transient sounds such as piano-
forte music. This type of distor-
tion is commonly caused by minor
discontinuities in the transfer
characteristic and is frequently
associated with Class *“* B’’ ampli-
fiers.

Recording and processing de-
fects, record wear and imperfect
tracing by the pickup produce a
similar type of distortion from
gramophone records.

The most offensive frequency
components of the rattle or
buzz are generally present at

overloaded. §
Low-Pass w
Filter. — The =
. . <
majority of r
medium - wave
broadcast trans-
missions, when
reproduced with -
wide-range equip- C s
= o4
;, 0
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Oo. o
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Fig. 7. Basic filter circuit.

ment, exhibit a most objec-
_tionable form of non-linear dis-
tortion. This takes the form of a

FREQUENCY

Fig. 8. Characteristics of circuit
of Fig. 5.

the extreme upper end of the
audible spectrum, and spread
downwards as the severity of the
effect increases. Fortunately, the
concentration of this type of dis-
tortion into the extreme upper end
of the spectrum makes it possible
to effect considerable improve-
ment by removing or reducing the
energy in the signal at these fre-
quencies. A low-pass filter with
a cut-off frequency variable be-
tween the limits of 5 and 13kc/s
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and a fairly high rate of attenua-
tion above the cut-off frequency
is a great asset in securing the best
possible aural result from indiffer-
ent transmissions or recordings.
Although it is practicable to
provide a filter with a continu-
ously variable cut-off frequency,
the expense and complication are
not normally justified and a
switched selection of frequencies is
satisfactory. To attain the high
attenuation rates necessary to se-
cure satisfactory results a normal
resonant-section type of filter
could be used, but this carries
with it the disadvaatages asso-
ciated with the use of inductors.
An alternative type of filter

RELATIVE GAIN

FREQUENCY

Fig. 9. Modification of basic
filter characteristic produced by
additional phase shift.

using only resistive and capacitive
elements based on the parallel-T
network! is capable of giving very
satisfactory results. Briefly, the
principle of this filter is as fol-
lows. In Fig. 7 is shown an ampli-
fier feeding a parallel-T null net-
work, the output from the net-
work being fed back to the input
of the amplifier. Such a system
has amplitude and phase charac-
teristics of the general shape
shown in Fig. 8. By altering the
loop gain of the amplifier, it is
possible to produce a resonance
characteristic of any desired de-
gree of sharpness.

If now a lagging phase shift is
introduced into the amplifier, for
example, by connecting the capa-
citor C from grid to earth, it will
be seen that the total phase shift
due to network and amplifier just
below resonance will be greater

than 9o° and the feedback volt-

age will have a positive compon-
ent, whilst above resonance a
greater negative component will
exist. The effect of this is to un-

' Thiessen, G. J. “R-C Filter Circuits.”
Journal of the Acoustical Society of
America.  Vol. 16, No. 4, pp. 275-279
April, 1945.
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balance the amplitude character-
istic as shown in Fig. 9. A rise
in response occurs just before the
resonance frequency due to the
positive component of feedback,

and above the
resonant fre-
quency the re-
Z sponse rises to a
e fraction of its
Z
<
o
o
FREQUENCY
Fig. 10. Final low-pass charac-

teristic resulting from addition of
external R-C attenuator.

value below resonance and then
falls off due to the attenua-
tion produced by the capacitor C.

The addition of a further R-C
attenuating network external to
the circuit will produce a fre-
quency response characteristic as
shown in Fig. 10. The similarity
of this curve to the response of a
resonant element L-C filter will
readily be appreciated. There is
a practical limit to the rate of
attenuation which can be achieved
with a single stage, since the
attenuation rate and the level to
which the response rises above the
frequency of maximum attenua-
tion are interrelated. Thus a high
rate of attenuation is achieved

367

a minimum attenuation above
cut-off of nearly 30db, which is
quite satisfactory. By cascading
a number of these filter stages any
desired attenuation characteristics
may be achieved, and high-pass
filters may be similarly formed by
the addition of leading phase shift
to the amplifier. :

A filter designed on these lines,
with five switched positions giv-
ing nominal cut-off frequencies of
5. 7, 1o and 13kc/s and a
‘“linear’’ position is incorporated
in the final circuit. The perform-
ance is shown in Fig. 11.

Gramophone Pre-amplifier. —
The arrangements just described
are generally all that is necessary
to compensate for defects in radio
transmissions. For record repro-
duction, however, additional fixed
compensation is required. The
nature of this compensation will
depend on the recording charac-
teristic and the type of pickup
used.

For reasons now too well known
to require repetition, lateral disc
recordings are usually cut with a
groove amplitude which is propor-
tional to signal below some arbi-
trarily selected frequency in the
300-400c/s region and with a
lateral groove velocity which is
proportional to signal above this

frequency. To improve signal/

noise ratio it is now common prac-
tice to increase the level recorded

e
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‘ Fig. 11. Measured overall response of low-pass-filter, in conjunction
with pre-amplifier circuit to be described in a subsequent instalment.

with simplicity only at the expense
of a low ratio of response below
cut-off to peak response above
cut-off. However, a rate of
attenuation of 4odb/octave can
be obtained from one stage with

at high frequencies. This is par-
ticularly effective, since the noise
energy per cycle increases with
frequency due to the structure of
the record material. In Fig. 12 is
shown the recording characteristic
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used by Decca. The E.M.I. char-
acteristic does not differ substan-
tially at low frequencies but the
rise above 3,000c/s is absent. It
is proposed to use the Decca char-
acteristic as a basis for design.
When playing E.M.I. recordings,
one fixed capacitor in the pre-
amplifiers to be described later may
be switched out of circuit, giving a
level response. Alternatively the
gramophone pre-amplifier may be
left unchanged and correction pro-
vided by means of the variable
treble control in the tone compen-
sation unit. This, when C,, is set
to 10o0pF and R,, (Fig. 5) ad-
vanced by one quarter of maxi-
mum rotation, gives almost per-
fect correction.

Wireless World

sound systems is of such vital im-
portance that a few remarks of
a general nature will not be out
of place at this juncture.

It is an unfortunate fact that
improvements-in microphones and
pickups in the direction of wider
frequency range and absence of
other forms of distortion are
almost invariably achieved at the
expense of the electrical output.
This does not necessarily mean
that the efficiency of the trans-
ducer is reduced by the other im-
provements, but merely that it re-
moves less
acoustical field or from the record
groove which actuates it, causing
less disturbance of this field, or
less wear of the record groove.

There is, however, a limit to
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Fig. 12. Decca recording characteristic.

The majority of pickups, with
the exception of piezoelectric
types, give an electrical output
which is proportional to the lateral
velocity of the stylus. The out-
put of such a pickup when play-
ing a Decca recording will be of
the form shown in Fig. 12, with
ordinates of voltage instead of
velocity. A pre-amplifier suitable
for such a pickup should have a
frequency characteristic which is
the inverse of this. -

Some desirable properties of a
pickup pre-amplifier are :—

1. Low noise level.-

2. -Low distortion at signal
levels likely to be encountered
with pickups in common use.

3. Sharp attenuation below
20c/s to suppress turntable
rumble, etc. '

4. Provision for varying the
gain electrically. :

Noise Level.—The attainment
of a low noise level in high-quality

this tendency set by the noise
generated by thermal agitation in
the transducer and its auxiliaries
and by the noise produced in the
first valve of the amplifier. - It is
desirable in a wide-range, high-
quality sound system to attempt
to maintain a peak signal/noise
ratio of at least 7odb. This
figure represents the best that can
be achieved with a direct cellulose
disc recording when everything is
““just right,”” and it is to be ex-
pected that the standards of com-
mercial disc recordings will ap-
proach this level when improved
techniques are combined with new
disc materials. A well-designed
magnetic tape recorder will give
a signal /noise ratio of 70-8odb,
and the increasing use of this type
of equipment will doubtless give
impetus to the research necessary
for the achievement of similar
standards in other forms of re-
cording. With a signal/noise

energy from the
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ratio of 70db, a sound reproduc--
ing system with a frequency re-
sponse flat to 20,000c/s operat-
ing at a realistic volume level pro-
duces, in the absence of a signal,
noise which is just audible as a
very gentle rustle and is com-
pletely inoffensive.

Most modern microphones and
pickups  are electromagnetic,
although there is a tendency for
microphone design to gravitate
towards carrier-operated capacitor
types.. These have problems of
their own and will not be treated
here. Electromagnetic micro-
phones and pickups are manufac-
tured with impedances ranging
from a few milliohms to several
thousand ohms, but are normally
used in conjunction with a trans--
former which raises the impedance
to a suitably high value to match
the input impedance of a valve.

For obvious reasons it is desir-
able to make this secondary im-
pedance as large as possible—say
several megohms—since the volt-

. age output from the transducer

will increase simultaneously, re-
ducing the gain required from the
electronic equipment and the
amount of noise contributed by it.

It is not practicable, however,
to increase the secondary imped- -
ance much beyond o.r M) if a
flat frequency response is required
from the transformer over the
audible range. .

The noise generated by thermal
agitation in a 0.1 M resistor at
room temperature is about 6 uV
for a bandwidth of 20,000¢/s. To
this must be added the noise pro-
duced in the first valve of the
amplifier. By careful design and
construction, and by the use of a
suitable valve, the noise from all
causes, including mains hum, can
be reduced to a value equivalent
to about 3uV. at the grid, but
under normal conditions a figure
of 5uV is fairly representative.
The total noise may be taken as
the square root of the sum of the
squares of these values, or about
8pV. To obtain a signal/noise
ratio of 7o0db, then, the peak sig-

. nal must be 70 db above this level,

say 25mV r.m.s. The pre-ampli-
fier should have sufficient gain to
enable the main amplifier to be
fully loaded by a signal -at this
level.

The choice of a valve type for
the first stage must be made care-
fully. In theory, for equal gain
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