THE unit to be described is intended for use
with high-quality magnetic pickup cartridges, and
features unusually-accurate equalization for the
standard microgroove recording characteristic. The
signal-to-noise ratio is of high-fidelity standard
and the total harmonic distortion is extremely low.
- Two of the pre-amplifiers can be used with stereo-
phonic cartridges, provided the battery is decoupled
so that cross-talk is minimized.

The specifications to which the unit was designed
ane;—

(1) Power supply 18V,

(2) Noise introduced by unit to be negligible under
listening conditions.

(3) Equalization accuracy better than --1dB from
20c/s to 20ke/s.

(4) Total harmonic distortion <
r.m.s. output.

(5) Gain at lkc/s to be within - 0.5dB of unity
voltage gain when feeding a load < 50kQ.

As the results show, these specifications were
achieved or bettered. The specification on equaliza-
~ tion accuracy would seem unusually strict, but since
the better magnetic cartridges available today have a
frequency response which is flat within -1 dB
from 30c/s to 15kc/s, it was thought worth while
10 aim for an equalization accuracy at least as good
as that in specification (3). As far as the distortion
figure is concerned, this would seem to bec the
accepted standard for high-fidelity reproduction.
Equalization.—Before describing the circuit, it
is proposed to describe how the equalization is
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Figs. I (a) and (b). Two types of feedback amplifier.
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effected.  The standard playback characteristic
(B.S. 1928: 1960 and R.I.A.A.) can be written as the
transfer function
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where o is angular frequency (2#f), K is the gain at
zero frequency, T, = 3,180usec, T, = 318usec,
and Tu = 75/LSCC.

Since it is necessary to use feedback to reduce
distortion, the possibility of including the equaliza-
tion components in the feedback loop was investi-
gated. The type of feedback used was determined by
the requirement that the unit should present a
load of not less than 50k Q to magnetic cartridges.

Two types of feedback are shown, in block form,
in Figs. 1(a) and 1(b).

In Fig. 1(a), the closed loop gain will be Z,/Z,
and accurately defined, provided the open loop gain A
is high, and that Y, + Y, + Y,, <€ AY,, where
Y, Y, and Y,, are the admittances corresponding
to Z, Z, and R;, respectively. The closed loop
input impedance will be approximately Z, since
Point B is a virtual earth. Thus Z, must be greater
than 50k, which means that R;, must be of the
order of 50k{). This can be achieved with an emitter
follower, and this would be followed by a common-
emitter stage to provide voltage gain. However,
the open loop gain, as provided by just this one
transistor, would not be sufficient to ensure accurate
definition of the closed loop gain. Thus, without
resorting to more than two transistors per channel
this type of feedback is unsuitable.

In Fig. 1(b) the closed loop gain will be 1 + Z,/Z,
and will be accurately defined when the open loop
gain is high. This being series feedback, the closed
loop input impedance will be high ¢nough to provide
the correct loading for magnetic cartridges. The
magnitude of the closed loop gain is always greater
than unity, wherecas the transfer function of equation
(1) approaches zero as the frequency approaches
infinity. Therefore, this type of fecdback cannot
provide the complete transfer function specified in
equation (1). However, bass equalization is specified
by the transfer function

. KA + joTy)
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where K T, T, and « are as before, and use of the
network shown in Fig. 2 will produce the above
transfer function.

Referring again to Fig. 1(b) then, provided that
the signal current in Z, is very nearly equal to that
in Z, and provided the open loop gain A is high
compared with the maximum value of the gain
G(jw) when feedback is applicd (a function of
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Fig. 2. Feedback amplifier providing bass equalization.

frequency),

then G(jw) = 1 4+ Z,/Z, to a high

degree of accuracy.

In Fig.

2, Z, becomes R, in parallel with C,

and Z, becomes R,. Thus

This is of the form
1+ |ng

S T

R,
== e = -1- /R,
where T, = T, R+ R andK =1 | R;/R,,

Thus if 'I‘l - 3,180 pusec, and T, = 318§
then G(jw) = [,, (jw). Thus bass equalization g
be incorporated in the feedback loop.

In the circuit of Fig. 3, the components com
ponding to R, C, and R, in Fig. 2, are R6,(
and R4 respectively (and R6a, C3a, and R4a for
other channel),

Treble equalization is accomplished by a si
C-R network (formed by C5 and R9 in Fig. 3)u
a time constant of 75usec, which is equal to

7 R,/juC, R, specified time constant. This C-R network is
“1 Vi R TR S et " side the feedback amplifier, an. the time consi
R, + 1/juC T, +1 ik R s
T R‘(‘1 ke S will not be materially affected by the low ou
where T, = R,C, impedance of the amplifier. The load on the ou
Therefore, may be as little as 50k Q without affecting equaliz
003 ol R, accuracy. .
Jo) = " Rl - 1) It should be pointed out that the accuragy
RoGiaT. - 1‘ "R equalization depends on component tolcranccs
20Ty + ) o well as the amount of feedback.
R, (T, + 1) Circuit Details.—The circuit diagram of
T R, pre-amplifiers is shown in Fig. 3. The transi
i R, ) 1 4 juT,y ¢ e ) used are Ql, GET 106, a p-n-p low-noise transis
: k " R = 2 st and Q2, OC140, an n-p-n transistor. A p-n-p
1 + jeT, n-p-n combination is used to facilitate direct coupl
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Figs. 3. Circuit diagram of a stereo pickup pre-amplifier prowdmg equalization for fine-groove records. All resistors

iW, - 109, (H.5. means high stability) and all capacitors

by an OC44 0C45 or XAI02, but with a slightly higher noise level. The OCI40 may be replaced by an OCI39, hut

mo-e distortion.
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:-209, unless otherwise shown. The GETI05 may be reple
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TABLE I: EQUALIZATION ACCURACY
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between the stages. The direct coupling avoids the
low-frequency attenuation and phase shift associated
with a coupling capacitor, thereby reducing the
possibility of motorboating. Bass and treble equal-
ization are accomplished separately; bass equaliza-
tion within the feedback loop, and treble equalization
outside. The d.c. conditions are stabilized by two
d.c. feedback paths.

The battery supply is decoupled by R10 and

(6, so that cross talk is minimized. (Alternatively,
the units may be operated from separate power
supplies.)
Input Circuit.—The first stage stands at approxi-
mately 300xA under quiescent conditions, and the
collector-base  potential is approximately 3.5V.
These conditions result in close to optimum operation
of the GET 106 as far as noise level is concerned.

Although the input may be applied between the
base of Q1 and earth, it is possible to make the input
connection such that much more cable capacitance
may be tolerated, In this case, the cable will be
double screened and is connected as follows:—
(a) Outer screen: Between cartridge * earth” and

earth on pre-amplifier.

(b) Inner screen: Left unconnected at cartridge end
and connected to emitter of Q1 at other end.
(c) Inner wire: Between cartridge “ live >’ and input

to pre-amplifier.

These connections considerably reduce the effect
of the cable capacitance, and enable longer cables
to be used.

The reason for the reduction of the effect of cable
capacitance is as follows. The cable capacity con-
sists of two capacities in series, one between signal
wire and inner screen, C, say, and one between
inner screen and outer screen, C, say. The voltage
across C,, is very small compared with the input
voltage (being e in Fig. 1b), and thercfore its effect
is much reduced. The voltage across C, will be

instead of being associated with an input impedance
of 100kQ, C, is now connccted to the low im-
pedance point at the emitter of QL (compare the
impedance at the cathode of a valve).

If C is the effective cable capacitance, and L the
inductance of the cartridge windings, then there will
be a peak in the output at a frequency which is
approximately 1/27+/L.C, if the input impedance of
the pre-amplifier is so high that the resonant circuit
formed by L and C is underdamped. But C, the
effective cable capacitance, is now very small, and
with usual values of L, the peak in the response will
occur at a frequency well above audibility, and the
output will fall off thereafter. .

D.C. Conditions.—The potential at the first base
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approximately the same as the input voltage, but

is set by the potential-dividing chain of resistors
R1, R2, and R8, which take approximately 30pA
from the supply. By defining the potential in this
manner, d.c. negative feedback is applied from the
emitter of Q2 to the base of QI, thus stabilizing
the collector current of Q1. By using static com-
plementary symmetry, direct coupling between
Q1 and Q2 is achieved, whilst maintaining the correct
potentials so that the feedback from collector of
Q2 to the emitter of Q1 may be direct coupled.

_ The unit should in general be capacitively coupled
into the succeeding amplifier, but the capacitor need
not be larger than 0.5xF, provided that the load is
not less than the recommended lower limit of
50kQ. (The load will be the input resistance to the
next amplifier.)

Performance.—The performance of the pre-
amplifier is shown in Tables 1 and 2.

Table 1: Egualization Accuracy.—This was mea-
sured using average samples of the transistors
specified, and Table 1 shows that the accuracy
was -4 0.2dB from 20c/s to 20kc/s. (This accuracy
may be more conveniently expressed as - 2 centi-

Table 2: Miscellaneous Tests and Measurements

(1) A large amplitude signal at 0.1c/s caused very little
ringing or overshoot,

(2) When a square wave of 5V peak-to-peak at 20kc/s
was applied at the input the output showed no trace
of ringing or overshoot.

(3) A resistor of 5600 was placed in series with the
battery supply, and the equalization, even at bass
frequencies, was completely unaffected.

(4) A load of 3,300pF at the output caused an attenua-
tion of 1dB at 20kc/s.

(5) Input Impedance: 75kQ at audio frequencies.

(6) Output impedance: 1.5kQ at audio frequencies.

(7) Maximum input at 30c/s, before clipping: 200mV
r.am.s. Maximum input at 15kc/s, before clipping:
760mV r.m.s.

(8) Total consumption (2 pre-amplifiers): 2.6mA.

(9) Equalization accuracy completely unaffected when
unit was at 60°C for one hour.

(10) The clipping level was reduced by 1dB under the
conditions of (9).

(11) When the supply was reduced to 7.5V, equalization
accuracy was - 0.6dB, and the total harmonic
distortion, measured at 3.5kc/s and 100mV r.m.s.
output, was < 0.05%,.

(12) Cross talk between the units was better than 55dB
below 100mV r.m.s. at audio frequencies.

(13) The measured gain of the unit at 1kcfs, feeding a
56kQ load, was - 0.1dB relative to unity voltage
gain.
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bels!) The accuracy was also measured using
transistors different to those specified, having current
gains of 15 and 30 for Q1 and Q2 respectively, and
was found to be within -~ 0.5dB from 20c¢’s to
20kc/s. It should be noted that these values of
current gain arc lower than the manufacturer’s
published lower limits for the transistors specified.
As noted previously, the accuracy of equalization
depends upon the tolerances of R4, R6, R9, C3 and
€5,

Distorrion.—The distortion was measured at 3.5kc's
because a filter was available which attenuated the
signal at 7kc/s by 70dB relative to the signal at
3.5ke/s. Thus a signal of 3.5kc/s with very little
harmonic content was available. The distortion
output of 100mV r.m.s. was unmeasurable, so
the figure at 150mV r.m.s. output was measured, and
found to be less than 0.015%, total harmonic. When
the output is 150mV r.m.s. the input is approximately
300mV r.m.s. which is of the order of ten times
the peak output available from a magnetic cartridge
and a microgroove disc at 3.5kc/s.

Table 2: Miscellanecous Tests and Measurements.—
Results (1) and (2) show that the pre-amplifier is very
stable. Result (3) shows that the unit’s performance
will not deteriorate as the battery ages (i.e. as its
internal resistance gets higher). Result (6) indicates
that screened cable up to 15 feet in length may be
used at the output. Result (7) shows that the pre-
amplifier will handle signals from a typical magnetic
cartridge at well below clipping level. Results (9)
and (10) show that the unit is unaffected by tempera-
tures of up to 60°C (which is 140°F). Result (11)
shows that the performance is but little affected by
the supply voltage in the range 7.5 to 18V.

Noise.—To measure noise levels of better than
— 60dB with respect to 100mV r.m.s. requires a
very sensitive valve voltmeter. The most sensitive
valve voltmeter available had a full-scale deflection
of 1mV r.m.s., and when the input of the pre-
amplifier was terminated with a 600Q wirewound
resistor, the noise level did not register.

Listening Tests.—The unit was tested in conjunction
with a Decca ““ffss” stereophonic cartridge, an SME
arm, and Leak power amplifiers, and the quality was
clean and smooth throughout the audio range.
The unit did not introduce audible noise when
connected to the above equipment. Even when the
supply was decreased to 3V, the difference in quality
was only just noticeable.

Construction.—The layout is not critical, and
the results should be within the design specifications
in all cases. (In fact, the equalization accuracy
should always be better than -~ 0.5dB from 20c/s
to 20kc/s.) When two pre-amplifiers are built for
a stereophonic cartridge, then the signal-carrying
wires of the scparate pre-amplifiers should not cross
or come near to onc another, so that cross-talk is
minimized. Also, as shown in the circuit diagram,
the battery should be decoupled via RI10 and Co6
s0 that cross-talk due to an impedance in the battery,
which is common to both channels, is less likely to
oceur.

The frequency response of the pre-amplifier may
be made flat by omitting C3, C5 and R9, in which
case the voltage gain will be 10 at all audio frequen-
cies. The output impedance will then be close to
zero, and the input impedance will remain at about
75kQ,
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The pre-amplifier would seem to satisfy ev
requirement for reproduction of the highest standa
and the equalization accuracy is better than in any
amplifier known to the author.

Credit is due to D. A. Smith, late of English Elec
tric Aviation Ltd., for helpful suggestions during
the design of the unit.

Industrial Groups—V

AT the annual general meetings of both Camp Bid
Ltd. and its associates Hartley Baird Ltd., sharcholdes
asked if a list of companies within each group could b
included in furure annual reports. ‘These suggestions
were readily accepted by the respective chairmen, Johs
Dalgleish (Camp Bird) and A. W. M. Hartley. Asi
will be nearly a year before effect can be given literaly
to these requests, we feel we may be doing a servig
to readers by publishing a list of companies in i
Camp Bird Group of which Hartley Baird is a membe

Camp Bird is an old-established mining compan
with interests 1 Colorado and Canada but during the
past few years its operations have been widened con
siderably and the group of nearly 40 companies noy
includes manufacturers of electrical, electronic, plasts
and mechanical equipment and cold-forging plant.

John Dalgleish, the present chairman and managiny
director, joined the group when his company, Sapphit
Bearings Ltd. was acquired. Sapphire Bearings, wiid
was started in East London in 1952 with one muchi
for grinding sapphire tips for gramophone styli, becam
in three years *the largest sapphire engineering factoy
in the world.” Its title was changed to E.V. Ltd. bu
is now operating as Electronic Reproducers (Con
ponents) Laid.

Four vears ago the Hartley Baird Group was acquire
by Camp Bird. It was in 1954 that Baird Televisiu
Ltd. was amalgamated with the Hartley group of con
panies and the group became known as Hartley Baird
It continued for some time to produce domestic tele
vision receivers with the trade name Baird, bur it wil
be recalled that Hartley Baird recently sold Baird Tele
vision Ltd. to Radio Rentals who now use the trad
name Baird for their sound and television receivers.

We conclude this very brief and abridged history
the Camp Bird Group with some figures from
1959-60 accounts. The group’s share capital a
reserves total £3,879,786. Its fixed assets are £2,296 410!
The 1959-60 trading profit was £295,323 compared will
£366,345 the previous year. The group, however, It
curred a consolidated loss of £163,028 (after taxatio
and the transfer of £278,898 to capital reserve) agains
the previous year’s profit of £272,151. The groupy
present constitution is;—

Limit Tools & Gauges

A. Prince Industrial Products
Rubber Plastics

Tenaplas

Vending Supply & Service
West European Industries

Camp Bird

Camp Bird Finance

Camp Bird Industries

Camp Bird Investment Trust

Camp Bird Mining

Camp Bird Securities

Cold Forging

Coolers & Yenders

Creston Electric

Electronic Reproducers

Electronic Reproducers
(Compaonents)

Grahams Trading Co.

Hanworth Engineering (Aircraft)

Inductoforce

Kelly Acoustics

Lambert & Son (Eastcheap)

Limic Engineering Group

Limit Manufacturing Co.

Limic Sales

Hartley Baird
Baldwin, H. J., & Co.
Baldwin Central Products
Baldwin Durawire Cable Co.
Baldwin Engineering

Equipments

Duratube & Wire
Hardey Installations
National Rejectors
Salopian Industries (Me als)
Thermat
Waldogram Properties
Wireohms (Universal)
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