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For some years the author had 
contemplated the possibilities for the 
provision of music of reasonable tech
nical quality, by way of headphones, 
while away from home on camping 
holidays - which were normally taken 
in scenically attractive but physically 
remote parts of the countryside. Of the 
available alternatives, the use of pre
viously recorded tape cassettes seemed 
the most satisfactory, but it is unlikely 
that further action would have been 
taken on this matter but for the current 
availability at an attractive price of 
good-quality cassette mechanisms 
made under Staar patents by Garrard 
and Goldring-Lenco. 

It must be explained, at the outset, 
that the intention was not to provide an 
instrument which would equal or 
exceed that of expensive and carefully 
engineered "transcription" cassette 
recorders, but rather to evolve a 
straightforward and relatively inexpen
sive circuit arrangement which would 
nevertheless provide a standard of 
performance which would be accept
able in the context of existing, high 
quality, audio equipment. In the event, 
the performance of the prototype has 
substantially exceeded expectations, 
and has led to a major revision of the 
author's opinion of the performance 
obtainable from this medium. 

In particular, it would appear that, 
with good system design and appro
priate attention paid to recording and 
bias levels in a direct recording made 
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from a good quality l.p. disc onto a 
reasonable quality ferric-oxide cassette 
tape, the major component of noise on 
replay is likely to be the surface noise on 
the original disc. Also, the differences 
between the source material and the 
cassette transcript can be sufficiently 
small that they are not readily apparent, 
even on A-B comparison. 

Basic circuit 
The general layout of the system 
adopted is shown in Fig. I. The d.c. 
powelT supply unit has two outputs -
one of about 12-14V at 200-400mA to 
feed the d.c. drive motor which operates 
the cassette feed, and which has its own 
speed control system incorporated by 
the manufacturers, in the case of the 
Garrard CT4 used in the prototype -
and one having a well-smoothed and 
electronically stabilized output preset 
to a nominal 13.5V, which feeds either 
the replay or record amplifiers. Between 
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these two lines there are two change
over switches, to the centre point of 
which can be connected a 12-14V d.c. 
supply, so that the system can also be 
operated from batteries. 

The changeover switch in the ampli
fier supply line is a small microswitch, 
not supplied with the cassette mechan
ism but operated by a protruding tag on 
the side of the record push button on the 
mechanism. To make a recording, this is 
depressed before the cassette is insert
ed, when a mechanical interlock retains 
the button in the inward position. When 
the d.c. supply is connected to the 
record amplifier panel; it also energises 
a 12V, three-pole change-over relay 
connected in parallel with it. This relay 
transfers the connections from the 
combined replay-record heads from the 
input to the replay amplifier to the 
output of the record amplifier. Under 
normal replay conditions, neither the 
relay nor the record amplifier panel are 
energized. The bias/erase oscillator is 
mounted at the output end of the record 
amplifier and is supplied with power 
when this panel is energized. By using 
separate record and replay amplifiers 
some additional component cost is 
incurred, but the internal switching is 
greatly simplified. 

Replay amplifier 
The use of the extremely low tape speed 
of the Philips cassette design, coupled 
with the small head gaps necessary for 
good high frequency response, and the 
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relatively low coil inductance required 
for adequate recording and bias current, 
lead to a very low output voltage from 
the cassette replay heads. In the stereo 
configuration this means a OVU (normal 
maximum record level) output of some 
SOO-lOOOf.LV, and actual signal levels 
down to a few tens of microvolts. Under 
these circumstances, it is imperative 
that great care is taken, both in the 
design of the input amplifier circuit and 
in the layout of the wiring from the 
heads to this, to prevent obtrusive noise 
or hum. The use of a d.c. tape motor 
greatly reduces hum originating in the 
motor, but the mains transformer in the 
power supply should have a low exter
nal mains field and should be as far 
away as possible from the replay 
amplifier input wiring and replay heads. 

In the prototype, as the mains trans
former which had been obtained was 
not very well designed from the point of 
its external 50Hz field, a home-made 
Mumetal shroud was fashioned from a 
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Fig. 1. System diagram showing 
record/replay switching and 

battery/mains selection. 
Motor stabilizatii:m circuitry is provided 

by the makers of the mechanism. 

surplus C.r.t. screen to enclose it and this 
completely solved the problem. 

The input circuit of the replay ampli
fier is shown in Fig. 2: the amplifier is 
optimized for the minimum practicable 
noise voltage, to which the major 
contributory factors are Johnson noise, 
due to thermal agitation in the input 
circuit and input device base diffusion 
impedances (minimized by making the 
input impedance as low as practicable 
and by the correct choice of input 
devices - epitaxial-base silicon bipolar 
transistors are preferred); "Shot" noise, 
which is proportional to both curren t 
and bandwidth; "excess" or "I/f' noise, 

Fig. 2. Relay amplifier. 
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due to imperfections in the crystal 
lattice and proportional to device 
current and root bandwidth and inver
sely proportional to root frequency; 
collector-base leakage current noise, 
which is influenced both by working 
temperature and collector-base voltage; 
and finally surface recombination noise 
in the base region. Where these are 
approximately calculable, the equations 
shown below are appropriate. 

Johnson (thermal) noise V = V4KTRM 
Shot noise i = V2qI DcP.f 

Modulation (liD noise V - £EJW 
m-

f 
where M is the bandwidth (Hz) 
K = l.38 X 10-23, T the temperature (K), q 
the electronic charge (l.59 x 10-19 cou
lombs), fthe frequency and R the input 
impedance. 

In practical terms, this means using a 
silicon bipolar epitaxial-base transistor 
as the input device, which should be of 
p-n-p form to take advantage of the 
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better surface recombination noise 
characteristics of the n-type base 
material, at an appropriately low col
lector-to-emitter voltage, say 3 to 4V, 
with as low a collector current as is 
permissible and a base circuit impe
dance giving a suitable compromise 
between Johnson noise and device noise 
figure requirements. In the case of the 
Texas Instruments BC2 14LC, the 
optimum collector· current and base 
circuit impedances are 10jLA and about 
800 ohms. This gave, on the prototypes 
of this amplifier, a measured noise 
referred to the input of some 0.2,N 
which is only slightly above the pre
dicted Johnson noise value for the 
known input impedance and equalized 
bandwidt.h. In practice, the input noise 
intrOduced by this stage is sufficit�ntly 
less than that of the tape background 
for it to be unimportant as a contribu
tion to the overall system noise figure. 

In the second stage of this amplifier, 
where the replay equalization (frequen
cy/amplitude response shaping) is 
performed, a good-quality integrated 
operational amplifier "gain block" is 
employed, as in all the other gain stages 
of the system. The unit chosen is the 
Motorola MCI741CG, which is a fairly 
standard 741 but in an 8-pin T039 
metal-can encapsulation, and is, in the 
authors experience with these devices, 
much to be preferred on grounds of 
reliability. T w o  equalizing 
characteristics are provided, having 
70JlS and 120J1S upper time-constants. Of 
these, the former is the internationally 
agreed standard for chrome tape, and 
the latter is the normal standard for 
ferric types. 

The output from this amplifier, about 
O.4volts r.m.s., at OVU and 660Hz, is 
taken to the output socket, and the VU 
meter through an isolating silicon 
diode. A similar isolating diode on the 
output of the record amplifier circuit 
allows the VU meters to be used both on 
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useful for assessing tape output char
acteristics, and the recording levels of 
recorded cassettes. 

The two replay characteristics are 
shown in Fig. 3, and are determined by 
the switched values of RIO. 12 and CG. 8. 
Some additional treble lift to compen
sate for head limitations is given by R9, 
Cs and gives rise to the part of the curve 
indicated in Fig. 3. 

Although the author has some per
sonal reservations about the use of 
series feedback configurations in the 
case of magnetic pick-up input equali
zation arrangements, where at the 
upper end of the recorded frequency 
range it is possible to generate relatively 
large pickup output voltages with 
consequent risk of distortion due to 
common-mode failure, in the case of 
cassette replay heads the likely output 
vol>.ages are so small in relation to the 
input device Cbe voltage that this is a 
negligible problem. Also, to design for 
the lowest practicable noise level, series 
feedback configurations remain the 
simplest form to implement, although in 
higher-speed, higher-output recorder 
systems it could be worthwhile to 
introduce feedback, around an invert
ing amplifier, at a low impedance at the 
earthy end of the playback coils. 

To avoid replay head magnetization 
problems due to switch-on current 
surges through the replay coif windings 
on the charging of an input· series 
capacitor, the replay coil is connected 
between the input reference voltage 
source and the base of the input 
transistor, so that the total current flow 
through this is limited to the base 

. current of this device - about O.IJLA. 
(Head magnetization is less of a prob
lem on record due to the demagnetizing 
effect of the fairly large bias voltage 
applied to it during recording. It is, 
however, important that the time 
constant of the record output circuit 
should be shorter than that of the decay 
of bias voltage, which is ensured by the 
use of fairly substantial capacitor 
values on the record amplifier positive 

. supply line.) 
The measured total harmonic distor

tion of the replay amplifier, input to 
output, at up to IV r.m.s. output, is less 
than 0.01%, and a very high degree of 

, , , 

Fig. 3. The two replay characteristics, 
with different values of Rg-
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Measured p.rtonnance 
figures of prototype 

(Garrard CT4. mechanism) 
Frequency response ±1 d B  3 5 Hz 
-12kHz (BASF LH Super C90) 
Channel separatiOn 45dB at 1 kHz 
Erasure better than 50dB 
T.h.d. at OVU (660Hz) 0.75%" 
Replay amplifier background noise. CCIR 
weighted. -56dB .. 
Zero recorded level background noise. 
CCIR weighted. -52dB. 
Bulk erased tape background level. CCIR 
weighted. -54dB. 
The above figures refer to a 1 kHz tone 
recorded at OVU on BASF LHSuper C90. 
Both channels are identical to within 1 dB. 
Record amplifier t.h.d. at + 3VU less than 
0.02% 
Replay amplifier t.h.d. at +3VU 0.01 % 
(Residual distortion less than background 
noise at -:6VU.1 

Ihis figure should be considered in the 
context of typical disC; replay figures (e.g. 
1.2% and 0.6% harmonic distortion for 
20cm / s at 1 kHz. vertical and lateral 
modulation respectively) for a good-qua
lity pick-up cartridge in a good-quality 
arm. rather than in comparison with the 
less than 0.1 % t.h.d. typical of a 
good-quality audio amplifier. 

h.t.-line noise and ripple rejection is 
given by the use of a constant·current
source load (Trz) in the first stage. 

Record amplifier 
Since the design value of input sensiti
vity for this amplifier is not very high -
50mV r.m.s. input at 1kHz' for.a OVU 
record level - great care to obtain a 
high signal-to-noise ratio is unne' ces
sary (the difference in recorded noise 
obtained by replacing the input 
MC1741CG with a very low noise circuit 
such as that used in the replay amplifier 
is only of the order of 0.75dB). A simple 
amplifier design based on a pair of these 
operational amplifiers is therefore 
entirely adequate, and confers a number 
of minor advantages in addition to 
those of simplicity and economy of 
component cost . 

To avoid the necessity for winding 
coils for the generation of the required 
peaky record characteristic (desirable 
to offset shortcomings in the head 
performance, tape and recording char
acteristics at the upper end of the 
recording range) an active RC circuit 
arrangement is employed. This is shown 
in the circuit diagram of Fig. 4, and 
consists of the network RIG, Rl7, C12, CI3 
in conjunction with RI9/VR2 and CIS' 
The recording characteristics obtain
able from this are shown in Fig. 5, for 
various component values, which may 
be of use if it is desired to use different 
record heads to those supplied with the 
Garrard CT4. The magnitude of the 
pre-emphasis hump in the 13-15kHz 
region is determined by the setting of 
VR2 (a preset component on the circuit 
board), while the basic recording treble 
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lift time constants are determined by CI2 
and C15• 

Changeover from the basic 70fLS 
recording characteristic to the 120fLS 
one is by switching CI8 into circuit. The 
new casset.te-standard bass pre-empha
sis at 3180 fLS is provided by C!7' R27. A 
39kQ swamping resistor is interposed 
between the output of the record 
amplifier and the head, to approximate 
to a COi1stant-current recording condi
tion. Since the impedance of the head at 
the upper end of the frequency range of 
the recorder is less than 1 OkQ, the loss of 
hJ. due to this is small, and readily 
compensated for in the equalizing 
circuitry. With this value of output 
swamp resistor, attenuation of the bias 
voltage by the low output impedance of 
the 1741 is sufficient to eliminate the 
need for any additional bias-trap circuit, 
while allowing record amplifier circuit 
outputs of up to + 3VU with less than 
0.02% t.h.d. at 1kHz. 

With the recording heads used in the 
prototype, a OVU record .level at 660Hz, 
chosen to avoid regions in which 
pre-emphasis characteristics would 
influence the result, corresponded to 
2.25Vr.m.s. at the output of, the 
recording amplifier. Since the output 
magnetic flux characteristics of the 
heads were not specified, this level was 
chosen arbitrarily as the one at which a 
third-harmonic distortion level of 
approximately 1 % was given at 660Hz on 
a good quality (BASF Super LH C90) 
ferric tape. This gives a + 3VU setting of 
3.1V r.m.s., which is below the amplifier 
clipping level on 13V supply line 
voltage. 

. 

Th� output of the record amplifier is 
taken to the VU meter circuit through a 
silicon diode, but since the record 

Fig. 4. Recording amplifier_ 

output is higher than that of the replay, 
an attenuator is included in this circuit 
to bring the two outputs to equality. 
The 47kQ resistor to the zero-volt line 
serves to provide a forward current to 
bias the diodes into conduction.  
Switching between record and replay in 
the VU meter circuit is  automatic since 
only the circuit in use has an output 

Fig. 5, Recording characteristics with 
variations in C 15 and C 12" The peak 

heights are adjustable by VR� (b) being 
the compromise adjustment and (c) the 

setting for optimum square wave 
reproduction. 
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above the zero-volt level, the other one 
being disconnected from the supply 
line. Unwanted signal transfer through 
this diode feed network is of a very low 
order magnitude. 

VU meter 
This is a straightforward preCISIOn 
millivoltmeter of conventional type, in 
which the meter rectifier bridge is 
connected in the feedback lQop of an 
operational amplifier as shown in Fig. 6. 
Although this is a more elaborate 
arrangement than most conventional 
VU meter systems, the cost of the 
operational amplifiers and the associat
ed germanium diode rectifiers is small in 
comparison with even a modest twin 
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Fig. 7. Erase and bias oscillator, with continuous variation of bias level. Provision is 
made on the p.c.b. for the level to be switched. 

vu meter, and the arrangement has 
much in its favour in a very linear 
a.c.-to-d.c. conversion, flat frequency I 
amplitude response, high input imped
ance, and short output voltage rise 
time due to the low output impedance of 
the amplifier. This latter feature is of 
particular value in tape recording, 
where the signal level meter should 
ideally have zero inertia so that it can 
follow the modulation of the signal 
without missing short-duration peak 
levels. 

Bias and erase oscillator 
A fairly common and irritating feature 
of inexpensive cassette recorders is 
their inability to erase fully an existing 
programme on a tape, when a further 
recording is being made on top of this. 
For satisfactory erasure of ferric and 
ferrichrome tapes, at least 20V r.m.s. 
should be supplied to the erase coil, and 
for chrome tapes a value as high as 25V 
may be required with typical cassette 

erase heads. To obtain voltages as high 
as this with low-voltage lines, it is 
customary to use a push-pull oscillator 
driving a step-up transformer, but some 
care is necessary to avoid harmonic 
distortion which can impair the record
ed signal quality and sin ratio. 

A simpler method, which avoids 
many complications, is to use the erase 
head as the coil in a self-oscillating 
circuit, and employ the Q-multiplication 
of the tuned circuit around the erase 
coil both to provide the necessary 
voltage swing and also to improve the 
purity of the waveform. The circuit 
shown in Fig. 7 is a modified Colpitts, 
and provides an output of 25-33V r.m.s. 
at the required erase frequency (50kHz), 
with supply voltages in the range 12- 14 
volts and with a waveform distortion of 
less than 1 %, even when loaded with the 
bias circuitry. The current consumption 
is, however, of the order of 100mA, 
giving a transistor dissipation of about 
O.7W. The Motorola MPS-U05 is 
particularly suitable, but other high-
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gain, high-transition-frequency 1 W 
devices are quite suitable since the 
circuit is not particularly critical of 
component values or types, except in so 
far that these may modify the operating 
frequency, which should be within the 
range 50kHz ± 5%. 

The hJ. bias waveform is also derived 
from the erase coil, by way of a 
resistor-capacitor chain, VR3, R28, C20, to 
each record head output (VR3 is twin
gang). Since the purity of the bias 
waveform at the recording head is the 
design requirement, it is tempting to use 
a value of series capacitor (C20) which 
will be series resonant with the record 
coil at the bias frequency, as is fairly 
standard commercial practice. How
ever, on reflection, confirmed by mea
surement, it is better to use a larger 
value of C20, and take advantage of the 
integrating characteristics of the series 
network to attenuate higher order 
distortion components in the bias 
waveform, as seen at the head. 

The bias voltage required across the 
record coil is dependent on the tape 
used but, as a guide, should be in the 
region 5-7V r.m.s., with the CT4 heads. 
The signal level, for reference, at this 
point, is only about 5OmV. 

(To be continued) 

Garrard Engineering Ltd now tell us 
that production of the CT4 mechanism 
is to stop in June. As mentioned in the 
article, however, Goldring Ltd also 
market a unit made under the Staar 
patents and this will continue to be 
available for some years. The type 
number is CRY and one difference 
between the two is that the CRY does 
not incorporate motor speed stabiliza
tion. An easy way to overcome this is to 
use the SGS-Ates TCA9 10 regulator i.c. 
on a small p.c.b., the design of which we 
will publish in the next article. 

Wireless World has arranged a supply of 

stereo glass fibre p.c.bs for this design. 

The boards measure about 9in x 3 % in 
and accommodate the changeover relay 
as well as two pre-set potentiometers per 

channel for switchable bias settings. 

One-off price is £4.50' inclusive from M. 
R. Sagin, 11 Villiers Road, London NW2. 

Automation in broadcasting 
In addition to the International Broadcasting 
Convention being held in London, September 
20-24, there is to be an international  
conference on automation in sound and 
video broadca s t i n g  a n d  tra n s m i s s i o n  
networks held i n  Paris, October 19-2 1 .  Papers 
are still being invited and anyone wishing to 
contribute is asked to contact Mr B. Sewter, 
IBA Engineering Headquarters, Crawley 
C o u r t ,  W i n c h e s t e r ,  H a m p s h i re (Tel: 
Winchester 822477). 
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Lovv-noise, lovv-cost cassette deck - 2 
by J. L. Linsley Hood 

Any co.nvenient power supply circuit 
may be used for a.c. mains o.peration, 
provided that it can be set to give a 
stable, ripple-free output of 13.5-14V at 
output currents up to. 250mA. A suitable 
design is sho.wn in Fig. 8. The low-value 
resisto.r in the record amplifier supply 
line is to. limit the supply line current 
surge through the changeover micro·

' 

switch when the large capacitor on this 
line is co.nnected in parallel with the 
capacitor o.n the output of the power 
supply. To avoid noise originating from 
the pulsating current demand from the 

d.c. cassette·drive motor· control cir
cuitry, the recorder supply is taken 
directly fro.m the power supply reser
voir capacitor through a 2011, IOW 
resistor, with the negative return line 
being also directly connected to the 
reservoir capacitor, rather than to a 
chassis return. 

The chassis itself is only connected to 
the zero-volt line at the input to the 
replay amplifier. 

Recording and bias levels 
One of the most 'obscure areas in the 
field of tape recording, in the eyes of the 
layman, is the interaction between tape 
types and biasing levels. While much 
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information has been published on this 
subject, it is often discussed in obscure 
terms which make the argument diffi
cult to comprehend. Since it is possible 
that the construction of a cassette 
recorder of this type may be of interest 
to those with no previous experience in 
this medium, an attempt has been made 
to provide a simple introduction to this 
topic. 

In general, it is not practicable to 
obtain an adequate remanent magnetic 
flux in a magnetic tape, for the repro
duction of signal waveforms of low 
harmonic distortion and good output 
level, unless a high frequency "bias" of 
suitable magnitude is superimposed on 
the signal at the time of recording. The 
effect upon the various signal para
meters of variations in the bias level is 
shown in schematic form in Fig. 9. From 
this it will be seen that there is not a 
single biasing level which is optimum 
for all recorded frequencies, and that 
the optimum level forJ,kHz is in excess 

Fig. 8. Power supply. The motor is fed 
with 3.5V by the stabilizer, but the 
solenoid is provided with the full 
12-14V. 

of that which gives the highest output 
for, say, 10kHz. Also, the level which 
gives the lowest recorded noise level is 
less than that which gives the lowest 
t.h.d. 

It is apparent from this that the 
setting of this parameter is one which 
demands some compromise, and the 
one which is chosen will depend upon 
the preferences of the user. In general, 
for cassette recorders, the chosen bias is 
that which gives the maximum output 
at 330Hz, or a slight excess of that 
optimum for 1kHz, and the reduction in 
output at higher frequencies is com
pensated by modifications to the record 
pre-emphasis curve. However, the 
required bias and compensation char
acteristics will be different from one 
make of tape to another, and from one 
design of record/replay head to 
another. In this design, the decision had 
been taken, partly in the interests of 
running costs, and partly in the inter
ests of minimizing wear in the Permal
loy heads, to optimize the design for 
"ferric" tapes rather than chrome types, 
and the Philips standard low noise e90 
was taken as the reference. It was 
found, however, that the settings 
derived for this was also optimum for 

* or two diodes in series 
to give 13V 

R38 © + 

Tr6 Tr5 
MJ2955 

(on heat sink) 

R41 BC212L 50. 

@ R37 1W * 1k Z1 batt R35 R36 1W 1N964A 
47k 47k 13V + 

6-8V maIns Q·Q6A C3Q (meter light) 22QQf' 
R34 + 16V 

20. lOW C29 + 
C28 1QQf'-

R4Q 22QQf.L 16V Tr7 Tr8 
25V 2N1711 BC184L 470. 

QV 
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"super" tapes of the types exemplified 
oy Memorex MRX2, and BASF Super 
LH, although these gave an improved 
performance. 

In general, there is very little differ
ence in the background "bulk-erased" 
noise levels of most good-quality com
mercial cassette tapes, although there 
will be larger differences between the 
noise outputs of tapes passed through a 
recorder set to record at zero signal 
level. The greater the degree of homo
geneity of the tape oxide layer, the 
lower the zero-recorded-level noise will 
be, down to a minimum which depends 
on the fundamental granularity of the' 
oxide medium. The recently introduced. 
"super" series tapes have a /llore. 
uniform oxide coating, whiclr can give a 
1-2dB zero-signal background level 
improvement. 

However, there are also improve
ments which have been made in the 
output level and harmonic distortion for 
a given output level, due to a more 
careful balance of grain shapes and 
sizes. The extra 2-3dB in output can 
lead, in total, to a small though audible 
improvement in overall signal-to-noise 
ratio (some typical results are shown in 
Fig. 1 1, and Table l.) Useful though this 
is, a far greater capacity for improve
ment in overall performance lies in the 
hands of the user in a careful choice of 
the recording level setting. Ideally, one 
should record at as high 'a level as 
possible, so long as few signal peaks 
significantly exceed the DVU level. A 
1-2dB excess is unlikely to be noticed in 
replay, especially with good tape, 
provided that the duration of overrun is 
brief, and the difference in sin ratio 
from "correct" to over-cautious choice 
of record levels can readily exceed the 
difference between a cheap tape and an 
expensive one. 

Probably the best way of choosing 
recording levels is to set the mechanism 
to' Record but with the pause button 
pushed in, and in this condition to 
experiment with the gain settings until 
the optimum setting is found. when the 
recording can be started. In the case of a 
live performance, assuming one has the 
co-operation of, the performers, it is 
,usually possible to persuade them to 
execute a known fortissimo and s'et the 
record levels appropriately for this. 

Noise characteristics of the system 
During the development of this circuit, 
the sources of noise in the system were 
investigated at some length, since, 
although it was envisaged that some 
form Of external noise-reduction system 
would be incorporated for use during 
replay, it seemed advisable to try to 
minimize noise in 'the design before 
taking additional palliative action. The 
reduction of noise in the replay circuit 
has already been described; if the 
unweighted noise level at this stage, 
without tape, is taken as the unit, the 
bulk-erased-tape noise level cor r e
sponds to about one and a half or two 
units, and the zero-record-level noise 
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(with the circuit parameters arranged in 
accordance with normal practice) was 
then equivalent to some five or six units. 

Obviously there was little that could 
be done about the noise level of the 
tape, as received, but it seemed that 
quite a lot could or should be done 
about the 14dB worsening of this'during 
no-signal recording. Indeed, if it were 
possible to get down to the level of the 
original tape, the overall performance 
would have been beyond reproach, in 

spite of the low tape speed and narrow 
tape width. An additional piece of 
evidence which seemed of interest was 
that the replayed noise was "whiter" 
than would have been expected from an 
original white-noise source (Le., the 
tape) when replayed through the type of 
equalizing characteristic employed in 
the replay amplifier. This seemed to be a 
common characteristic of commercial 
cassette recorders, which all sounded 
"whiter" on the replay noise tone than 
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seemed reasonable to expect. It was also 
observed that changes in the level, 
frequency or shape of the bias wave
fonn made no difference to the result. 
The conclusion began to grow that the 
problem was due to generally-distribut
ed noise, in the source and record 
amplifier, being selectively amplified in 
the 10-15 kHz band and applied to the 
tape at high levels through excessive 
signal pre-emphasis. 

Having become convinced on this 
point, the attempt was made to deter
mine the optimum compromise 
between flatness of frequency response 
and signal-to-noise ratio for a given 
record level. At this stage it was found 
that optimization of a recorded 1kHz 
square wave to reduce the initial 
overshoot and ringing found when 
more conventional magnitudes of pre-

pin 6 of I.e.1 
(+5Vnom) 

BC182L 

emphasis were applied gave also the 
best performance compromise on 
bandwidth against sin ratio. The bias 
levels found during this exercise were 
compared to those obtained by more 
conventional setting-up procedures, 
and found to be substantially identical. 
However, the zero-signal-Ievel recorded 
noise was found to have been reduced 
by about 10dB by the pro�ess of 
square-wave optimizing, as compared 
to that given by frequency response 
optimizing. The two curves are shown 
in Fig. 10, and it will be seen that the h.f. 
loss amounts to only 1dB at 10kHz and 
some 4dB at 14kHz, which can be 
remedied by the use of amplifier tone 
controls on replay with very little 
detriment to performance. 

The final conclusion is that in general 
far more hJ. pre-emphasis is employed 
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on recording, in the interests of maxi
mum flatness of the published response 
curves, than is sensible in the light of 
the overall performance, and that with 
more prudence exercised in this respect, 
noticeable improvements could well be 
made. Interestingly, progra mme 
recordings made before and after opti
mizing of the square-wave performance 
of the recorder did not show the 
expected small loss of higher fre
quencies, with the upper register seem
ing both cleaner and more extended 
than before, possibly due to the lessen
ing of the incidence of hJ. tape or head 
saturation. 

One final rec-ommendation in this 
respect is that for one's own use, even 
on ferric tapes, the 70fLS characteristic 
should be used both on record and 
replay. However, this is a choice which 
can be assessed readily by individual 
experiment. Certainly, in the case of the 
author's prototype, the use of. this 
equalizing time-constant, in association 
with an optimized square-wave charac
teristic, has given a system in which the 
tape noise, on a good quality tape, is 
sufficiently unobtrusive 'to render 
further noise reducing circuitry unne
cessary. 

Bias and equalization settings 

It will be apparent from Fig. 9 that 
adjustment of the hJ. bias level of the 
recorder will have the effect of altering 
the whole response curve, by altering 
the effective recorded levels of the hJ. 
and I.f. components relative to one 
another, and it may therefore appear 
difficult to optimize either the bias or 
the equalization. The suggested method 
is therefore as follows: 
• Set VR2 so that the response curve on 
record is as curve A on Fig. 5., (approx. 
85Q) when measured at the output of 
IC:!, 
• Set the bias level so that there is 
approximately a 1-2dB drop in output 
at 1kHz. 
• Record a square wave at 660Hz, and 
make small adjustments to VR2 until 
the c1eanest leading edge is obtained on 
the replayed square wave, with only a 
small single overshoot. 
• FinallY,leaving VR2 set at the chosen 
value, record a 660Hz square-wave' at 
various bias levels and adopt the one 
which gives the best overall square
wave shape for the tape which it is 
desired to employ. 

The technique of square-wave opti
mization is well known in the audio field 
as a means for setting tone-controls and 
filters to optimum flatness, because of 
the facility which it offers for a simul
taneous examination of a wide range of 
frequencies. On exactly the same score 
i( would appear to be an excellent 
method of optimizing bias levels. 

While it is hoped that the perfor
mance given by the prototype will prove 
to be fairly typical of the results given 
by other models built to this design, it is 
appreciated that in a system in which 
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not only will components vary in types 
and tolerances, but also the tape 
transport mechanism and heads (which 
may be changed during the manu
facturer's production run for reasons of 
commercial availablility) may differ 
from those used by the author, the 
scope for variability is considerable. 
Also, from personal experience, and 
measurements, there is a considerable 
variation in performance from one tape 
type to another, although the consis
tency of performance of the better
grade tapes from the b�tter manu
facturers appears to be fairly good. On 
the credit side may be set the fact that 
one does not have quality control 
problems in a unit that is one-off, and 
that one can optimize one's channel 
balance and hJ. performance for the 
tapes one prefers and the heads one 
happens to possess. 

Headphone operation 
Both the output level and the drive 
capability of the final 741s of the replay 
amplifier are adequate to give a satis
factory signal strength and quality into 
the 2kQ load impedance of the author's 
headphones (Sennheiser HD414), so, for 
simplicity, this was the course adopted. 
However, for those with lower-impe
dance or less-sensitive headphones, a 
suitable circuit is shown in Fig. 12. This 
operates in class A, and is suitable for 
load impedances down to 100 ohms. 

Direct microphone recording 

The sensitivity of the record input is 
only intended to be sufficient for 
recording from an existing audio 
amplifier or radio tuner capable of 
delivering some 50-100mV output at a 
fairly low impedance, and it would not 
be suitable for microphone inputs. For 
this purpose a pre-amplifier can be used, 
of which a suitable circuit is shown in 
Fig. 13. Three preset gain positions are 
given, of 10, 33 and 100 x, which should' 
cope with the bulk of microphones 
likely to be found in practice. A typical 
ga,in suitable for a low-output cardioid 
capacitor electret microphone is of the 
order of 33, for a normal recording level 
at half-gain setting on the recorder. 

Final details of the design will be 
in the final part, including informa
tion on the motor controller - lack of 
space prevents publication in this issue. 

We are informed that components 
and metalwork for this design will be 
available from Hart Electronics, Peny
lan Mill, OswestIy. 

Appendix 

Derivation of record equalisation char
acteristics. 

The generation of a recording pre-em
phasis characteristic of the general form 
shown in Fig. 5 is normally done by 
incorporating a damped LC parallel 
resonant circuit in the feedback loop of 
an inverting amplifier stage. However, 
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Fig. 15. Frequency/gain response of 
filter in Fig. 14. 

O�----------4-----------0 
Fig. 14. Basic second-order active 
low-pass filter (as Reference 1). 

Fig. 16. Common-emitter (a) and 
common-collector (b) arrangements of 
basic circuit shown in Fig. 14. 

since it was desired, in the interests of 
simplicity, to avoid the use of inductors, 
and it was also required to avoid 
possible trouble due to the intrusion of 
38kHz signals frpm multiplex stereo 
decoders, the decision was made to use 
the gain/frequency characteristics of an 
under-damped second-order active 
low-pass filter, such as that shown in 
Fig. 14: 

This is one of the classic forms of 
active element, and was analysed by 
Girling and Goodl in the first part of 
their survey of active filters in Wireless 
World. It has a gain/frequency response 
of the type shown in equation ( 1) and 

65 

Ca) 

Cb) 

illustrated in Fig. 15 for various values 
ofQ(1/o:) . W 1 + JO:Wc 

w (W)2 l + jo:-- -Wc Wc 
( 1) 

If this is redrawn, ignoring biasing, in 
the form in which the amplifying 
element is a single, common-emitter
connected transistor, as shown in Fig. 
16(a), it will clearly be seen that this can 
be rearranged into the common-collec
tor form of Fig. 16(b) without signifi
cant alteration of tpe expression for the 
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C 1  

R 1 

Fig. 17. Use of the active filter in a 
stage possessing gain, as in Fig. 4. 

frequency response. (It was pointed out 
by Girling and Good that a similar 
rearrangement leads to the evolution of 
the filter circuit due to Sallen and Key

2 

from the type based on a feedback loop 
containing an integrator and a lag, 
described earlier by Baxandall3 .) 

Filters of the type shown in Fig. 14, 
and 16(b) were used in the authors 
"Modular preamplifier" design (Wire
less World July 1969) and the subse
quent postscript to this and the earlier 
class A a'mplifier, published in De
cember 1970. The performance of the 
circuit shown in Fig. 16(b) referred to as 
a bootstrap or "H" filter, was analysed 
by the autho

'
r In another place4 and, in a 

(!Oou Received) 
. \ccording to its sleeve note Problems and 
Solutions in Logic Design by Prof. D .  Zissos,  
makes easy and reliable logic design tech
niques available to those with no specialist 
knowtedge of mathematics or engineering. 
Even those who are not fam i l i a r  with 
Boolean algebra wil l  find an appendix giving 
sufficient foundation for the rest of the book.  
The emphasis throughout is on opti m a l  
rather than sfrictly minimal designs w h i c h  
h a v e  b e c o m e  less  i m p o r t a n t  w i t h  t h e  
availability o f  integrated circuits.  In the case 
of sequential circuits, these allow h azard -free 
designs for the realistic engineering c o n 
straint o f  a maximum variation of 33\13% in 
gate speed. A feature of the book is the 
comprehensive set of problems and solutions 
at the end of each chapter. These have been 
chosen to appeal to the student and include 
the design of logic circuits for traffic l ights,  a 
pa nel game, digital clocks and electronic 
dice. For the practising engineer solutions 
are given for commonly used circuits such as 
flat sorters, shaft encoders and counters.  
After an introduction to the basic concepts of 
l o g i c  d e s i g n ,  the c h ap t e r s  d e a l  w i t h  

, u n  cl ocked seq u e n t i a l  c i r c u i t s ,  c l o c k e d  
sequential circuits, counters a n d  combina
t ional circuits. The design pattern used 
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different context, by Hemingway5. 
The operation of the filter circuit of 

Fig. 16(b), like that of the Sallen and 
Key configuration, can be realised by 
any active element in which there is 
approximately unity gain . between 
points "a" and "b". This allows the use, 
for example, of a voltage-follower 
operational amplifier as the active 
circuit element, or even a non-inverting 
operational amplifier having m'ore than 
unity gain, as shown in Fig. 17, provided 
that an adequate fed-back gain margin 
is available at the frequency of interest. 
The gain and frequency of maximum 
response of such a circuit is given by 
equations (3) and (4) where M is the 

'throughout the book was developed by Pro£.' 
Zissos several years ago and is now gaining 
rapid acceptance. The technique involves the 
conversion of a design problem into a flow 
diagram which can be converted directly into 
the basic logic equations before the circuit is 
then drawn. The three stages are analogous 
to flow charting,  writing the soft w a re 
statements and executing a computer pro 
gramme. An important feature is that the , 
documentation is inherent in the design. The 
use of state diagrams and sequential  eq ua
' tions eliminates confusion in verbal state
ments. Price £ 1 .75. pp. 1 46. Oxford University 
Press, 37 Dover Street, London 'N I X  4AH. 

High Speed Pulse Techniques by J . .A. Coebin 
describes the nature of pulse signals and the 
deliberate or inadvertent processing of them. 
The emphasis is on an appreciation of circuit 
and system behaviour at very high and ultra 
high speed. It  is assumed that the reader is 
familiar with a.c. theory, use of the Laplace 
transform, small-signal tran sistor response; 
and the fundamentals of logic. Price £5.00 
(£3.50 paperback). Pp. 2 1 9. Pergamon Press 
Ltd, Headington Hill Hal l ,  Oxford, OX3 OBW. 

Noise and Fluctuation in Electronic Devices 
and Circuits by F. Robinson. Noise to the 
physicist represents a phenomena described 
by statistical mechanics. To the engineer, 
noise is an obstacle in the realization of 
useful devices. This book attempts to interest 
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nonnal gain of the stage with feedback. 

1 fc� 2 _ I[ (3) 'TT v C3C4RI(R2+R�]  

I 
Eoutl _ (R2+ R� CIC2 'h 

Ein - M (l +  R I (CI + Cz}2 ) (4) 

While, basically; the Q of the system is 
detennined by the ratios of R I  : R2+ R .. 
in a stage with a shunt network, such as 
that of VR2, RI9 and CI5 in Fig. 4, the gain 
will change in the frequency region of 
the . filter attenuation band. The asso
ciated phase shift due to this network 
also modifies the Q and allows adjust
ment of this by VR2, which is a feature 
of some practical convenience. 
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Component supplies 

Goldring-Lenco CRV cassette mechanisms 
can be obtained from Goldring Ltd,  1 0  
Bayford St, Hackney, London E 8  3SE, o r  Hart 
Electronics, Penylan Mill, Oswestry, S alop. 
VU meters are available from J. E .  T.  
Electronics, 90a Mawney Road, Romford, 
Essex. 

the physicist and be sufficiently practical for 
the engineer. The emphasis is entirely on the 
physical origins of noise in electronic deviceS. 
and the way nois.e behaves in electronic

' 

circuits which are used as building blocks. 
Price £8.50. Pp. , 246. Oxford Books, 37 Dover' 
Street, London W I X  4AH. 

Japanese Consumer Electronics - Schema
tic /Servicing Manual. T h i s  p u b l i c a t i o n  
contains details  a n d  schematic diagrams for 
about 90 pro'ducts manufactured by J.V.C.,  
Lloyds, Midland, Panasonic, Sanyo, Sharp, 
Sony and Toshiba. Items covered are digital 
clock radios, a.m.-f.m. radios, monochrome 
'television receivers, cassette recorders, 
eight-track tape players and receivers. Four 
chapters deal with radio principles, n:ldio, 
recorder, and stereo servicing, transistor and 
i.c. cross references, and typical circuit 
diagrams. Foulsham-Tab Ltd, Yeovil Road, 
Slough, Bucks SL l 4JH .  

' Recent additions t o  t h e  Tab Books range are 
Radio Astronomy for the Amateur by Dave 
Heiserman ( N o .  7 1 4, $5.95 paperback) .  
Transistor Theory for Technicians and 
Engineers by A.  Veronis (No.  7 1 7, $5.95 
paperback). Computer Programming Hand
book by P. A. Stark (No. 752, $8.95 paper
back). Handbook of Multichannel Recording 
by A. Everest (No. 78 1 ,  $7.95 paperback). 
Toshiba Colour TV Service Manual Vo1. one 
(from 1 970 to 1974, $5.95). Tab Books, Blue 
Ridge Summit, Pa. I 72 1 4, U.S.A. 
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Lovv-noise, lovv-cost 
cassette deck - 3 

M otor control and further notes 
by J. L. Li nsley Hood 

In response to one or two queries, the 
following notes are offered. Several 
cassette decks have now been complet
ed, using alternative designs of printed 
ooard, and have proved very successful. 

Motor control 
Circuitry for the control of the drive 
motor and solenoid is shown in Fig. 20. 
It is required to supply or withhold 
current from the cassette-retaining 
solenoid and to supply a constant drive 
to the motor in the presence of supply 
variations. 

thereby released. If the "pause" con
tacts are made, the motor stops, but the 
cassette is retained in position. 

Speed control. The motor is supplied 
with constant current via Trs. Tr4 is 
conducting. Back e.mJ. developed by 
the motor beginning to turn is applied to 
Tr4 emitter, reducing its forward bias. 

Fig. 19. Buffer amplifier to match a DIN 
source to the recording amplifier. 
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This reduces the current into Trs base 
and tends to reduce the motor speed -
the effect is to stabilize the motor. Trs 
behaves as a constant-current source by 
virtue of the feedback from its collector 
to Tr4 base. 

Record input impedance 
There are, unfortunately, two conven
tions on the impedance levels employed 
for signal handling prior to tape record
ing. Of these, the older, and I think the 

record a m p  h. t .  l i n e  

*220k 

Solenoid control. Tr3 normally conducts 
and energizes the solenoid. As the 
motor turns, the pulse-generating 
switch in the mechanism (yellow and 
green leads in the Goldring deck) keeps 
Tr. conducting, which cuts off Tr2 and 
allows current to flow through the 
solenoid and Tr3' When the motor stops, 
so does the switch: Tr . ceases to 
conduct and, after 3 seconds (C2Rs) Tr2 
conducts, cutting off Tr3 and de-ener
gizing the solenoid. The cassette is 

* 100 k 
, RECORD >-1----1 1--....... -1: R16 IC 

Fig. 20. Circuit diagram of the motor 
controller. 
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more sensible, is the "600 ohms, 0 VU" 
( + 0  to -60dB , ref. 0.77 V r.m.s.) , system 
which seems to be used by many 
recording studios, and gives a signal 
level which can be handled comfortably 
without problems of degradation due to 
,noise. The other, and the one which is 
being used increasingly in commercial 
amplifier "recorder" outputs, is the DIN 
standard, which implies basically a 
constant-current source, developing a 
nominal ImV r.m.s. for each lkQ of 
recorder input impedance. Predictably ,  
this leads to a degradation of  signal 
quality due to thermal noise unless 
fairly high value input impedance 
circuits are employed. 

T he convention for which the 
recorder described above was designed 
was the 6OO-ohm source impedance one 
although, taken in general terms, this 
means any range of source impedances 
in the range zero to a few kilohms, and 
the system as it stands would probably 
have inadequate gain if operated from a 
DIN source. It is, however, not practi
cable simply to increase the input 
record level potentiometer to 50kQ or 
lOOkQ since the source impedance of IC2 
influences the Q of the h.f. pre-emphasis 
system (see Appendix). While the effect 
of the existing 10kQ potentiometer, 
when driven from a fairly low source 
impedance, is negligible, this would not 
be true for a higher value DIN input. 

If, therefore, this is to be used with a 
commercial unit having this convention 
(as distinct from a home-constructed 
item, in which it is probably most 
convenient to take the recorder feed at 
the pre-amp output, in parallel with the 
power amplifier input), it is recom
mended that a small buffer circuit 

o 

o 

Fig. 21 . A suggested, actual-size layout 
for the controller. The layout a n d  
modifications to t h e  speed control 
circuit are due to Mr A. H. Milligan. 

should be attached to the output of the 
record level potentiometer, as shown in 
Fig. 19. 

Replay h.f. stability 

Proximity of output and input leads 
may cause instability in the replay 
amplifier. If this cannot be avoided due 
to layout constraints, a small capacitor 
(33OpF or so) can be connected across 
the replay output relay terminals 
(RL, I l ,  RL,I2) - across the replay coil 
output in the replay position - without 
any adverse effect on the h.f. perfor
mance. 

The author has pointed out to us that the 
use of a Doram 207-374 toroidal transformer 
greatly eases the problems of hum elimina· 
tion. Doram Electronics Ltd, P.O. Box TR8. 
Leeds, are the suppliers. Components and 
metalwork for this design will be available 
from Hart Electronics Ltd, Penylan Mill ,  
Oswestry ,  amI Powertran E l e c t r o n i c s  
Portway Industrial Estate, Andover, Hants : 
also tell us they intend to produce a kit of 
components. Wireless World has arranged a 
supply of glass fibre p.c.bs based on the 
author's design. The board accommodates a 
changeover relay and four present potentio
meters for switchable bias and provision has 
been made for a single time constant suitable 
for chromium dioxide tape (70f1S). The board 
is priced at £4.50 inclusive. Make cheques or 
postal orders payable to M. R. Sagin at 1 1  
Villiers Road, London, N.W.2. 
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Customs and Excise have issued a revised list of 
electronic components which will attract a VAT 
rate of 121,2 per cent from July 1 .  The announcement 
supersedes one made on May 22 by the customs and 
the Electronic Components Board, and the list 
includes c.r.ts, radio and tv tuners, delay lines, 
transformers, chokes and coils, valves and voltage 
multipliers. The full list is available from the 
nearest V AT office. 

Computer exhibition COMPEC has been acquired 
by the publishers of Wireless World, IPC Business 
Press Ltd, from the original promoters Trident 
Conferences & Exhibitions Ltd. This year it will be 
held at the new Wembley Conference Centre, 
November 23 to 25. In May COMPEC Europe was 
launched in Brussels and plans are in hand for 
further European shows. 

The European Physical Society has awarded the 
Hewlett Packard Europhysics prize to Professor 
Wolfgang Helfrich for work on liquid crystals, 
leading to the discovery of the twisted nematic 
display. 

The Sira Institute, in association with Warren 
Spring Laboratory, is holding a two·day seminar on 
microprocessor applications in instrumentation 
and control systems at the City University, London 
EC I ,  on September 29 and 30, 1976. Application 
forms from the Sira Institute Ltd, South Hill ,  
Chislehurst, Kent BR7 5EH. 

(Sixty lean Ago) 
The following, rather untypical piece was 
published in Wireless World for August 1 9 1 6 .  
Technological prophecies seem to become 
fact rather quicker than the prophets 
imagine, but this one was a little too 
far-seeing. The long-wave trans-Atlantic 
wireless telephone service was opened on 
January 7th, 1927. 

"According to an American scientific 
journal, it will not be long before England 
and America will be able to converse with 
one another by means of the wireless 
telephone. There are certain individuals 
to-day who cling to the conviction that the 
telephone was simply the invention of a man 
who had a grudge against humanity. What 
will they now say of the wireless telephone? 
There is this much to say. It  will be much 
better than those cheap wire telephones, the 
wires of which are so apt to snap if you don't 
pay up your subscriptions. With the wireless 
telephone it may be that you will receive a 
second demand note for payment, but there 
will be not a man with a pair of wire-cutters 
in his pocket to bring the third and last 
demand note and cut you off if you do not 
pay at once. It is getting to be very exciting 
when we get those wireless telephones in full 
working order. Just imagine yourself step
ping into a call box in Victoria Street and 
asking for "45678, Broadway, New York 
Oty." While the young lady is waking up 
New York you just sit down and read a few 
chapters from your Shakespeare or Bacon -
according to which school you belong: But it 
\\ill test your temper when the young lady 
tells you that you are through, and will you 
please drop three hundred and sixty-five 
pennies in the slot and 'turn the handle after 
each, please' ." 
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