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Low-noise cassette 
deck - postscript 

Further details of circuit design and methods of obtaining an even better s:n ratio 

Nearty two years has elapsed since the 
publication· of this des1gn. and while the 
basic circuit design still appears. in 
r<tttospeet, to have been satisfactory. 
wlthout many unforeseen snags. thoro 
are ono or two areas w hero some 
improvements ca rl be made. and where 
some additior,al information can, 
usefully. be given. Also, b&cause ot the 
enormous amount of developmen~ 
acuvily in tape recording. parttcularly 10 
respect of cassette tape coatings. it 
seem.s usolul to take a fresh look a. the 
potential of this medium. 

RF.oucrtONS in the background noise 
level In both recording and replay pro· 
cesses are possible. giving n worthwhile 
improvement in signal-to-noise ratio. 

Replay noise level . 
in the basic design of t he rep lay 
amplifier an attempt was made co de­
sign a circuit in which the inherent 
noise level was as low as currently 
available dev-ices would permit and. 
while m general this aim was achieved. 
the Integrated-circuit amplifier In the 
outpu t stage was overlooked as a new 
source of noise. This is because the 
a-elutivtly limited slew-raw of the 741 
ICc\d~ to intermodulation-type effec ts 
when it is red with signals which Ql'l;! 

COt~ 

by J. L. Linsley Hood 

ouL~ide its effective linear pass-band. 
Since the mput amplifying stage has a 
bandwidth m the MHZ region. as de­
signed. and the Impedance (and hence 
circuit noise) of the replay coil increases 
with frequency, ~he input of th e 741 is 
presented, quite un n~c~ssarily, whh a 
substamial Kmount of noise energy well 
above the requil·ed audio p"ssband. and 
some of this is heterodyned do\vn into 
the auctible region. 

Fortunately. the solution to this pro­
blem is a simple one - lO ensure that 
the input circuit impedance does not 
increase too greatly with increasing 
frequency, which can be done by pu(­
ting a small capaci~or. In the range 680-
820 pf. across (he Input to the replay 
amplifier, and to limit (he bandwidth of 
the input stages of the replay amplifier 
to a value which does not greatly ex· 
ceed the required pass-band. This can be 
done by putting a small capaci(o r (150· 
220pF) in parallel with the 47kl! feed· 
back resistor (R ). An amended circuit 
diagram. fig. I. ror the rep Ill)' amplifier is 

• Wireless Wc>rfd. M\\y, June and ,\ugust. 
1976. High Fidelity Oeil&ns. 2nd l-ditioi'l. 

f"ig.I. Suggesced amendments to 
replay amplifier. Altered component 
vafues for 1.5 m1'cron head-gup shown 
in brucket~. 
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given, showmg these changes. The total 
improvement in CCIR weighted noise 
level or the replay amplifier, due to 
~hcsc changes. is about 2dB, and on the 
prototype a nd ~wo other units so 
modified, one of which was made from a 
commercial kit, the replay amplifier 
noise level was 8-IOdB better than that 
of the tape background - an adequate 
safety margin. This performance. how­
ever. also depends on the head type, and 
this is discussed later. 

Zero-reeorded·level noise 
background 
In view of the good signal -to-noise 
ratios which had been achieved with the 
modified replay amplifiers, the major 
residual source of background noise on 
the final recording, ignoring that asso· 
ciated with the i ncoming signal, was 
Lhat apparently impressed on the tape 
during the recording process. S ince 
some of the recent tape types have an 
impressively low inherent tape noise 
level (the Pyral Maxima is particularly 
noteworthy in this respect) an inves· 
tlgAt ion was made to identi fy the 
separate contr ibutions to this. 

Since the tape, as received, Is bulk 
erAsed. while that following recording 
has passed the cas.~ette recorder erase 
head, It seemed possible that this re· 
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Low-noise cassette 

deck — postscript 

Further details of circuit design and methods of obtaining an even better s:n ratio 

by J. L. Linsloy Hood 

Nearly two years has elapsed since the 
publication' oi this design and while the 
basic circuit design still appears, in 
retrospect, to have bean satisfactory, 
without many unforeseen snags, there 
a:e one or two areas where some 
improvements can be made, and where 
some additional in'ormation can. 
usefully, be given, Also, because of the 
enormous amount of development 
activity in tape recording, particularly m 
respect of cassette tape coatings, it 
seems useful to take a fresh look at the 
potential of this medium. 

reductions in the background noise 
level in both recording and replay pro- 
cesses are possible, giving a worthwhile 
improvement in signal-10-noise ratio, 

Replay noise level 
in the basic design of the replay 
amplifier an attempt was made to de- 
sign a circuit in which the inherent 
noise level was as low as currently 
available devices would permit and. 
while in general this aim was achieved, 
the integrated-circuit amplifier in the 
output stage was overlooked as a new 
source of noise. This is because the 
relatively limited slew-rate of the 7-51 
leads to intermodulaiion-type effects 
when it is fed with signals which are 

outside its effective linear pass-band. 
Since the input amplifying stage has a 
bandwidth in the MHz region, as de- 
signed. and the impedance (and hence 
circuit noise) of the replay coil increases 
with frequency, the input of the 741 is 
presented, quite unnecessarily, with a 
substantial amount of noise energy well 
above the required audio passband. and 
some of this is heterodyned down into 
the audible region. 

Fortunately, the solution to this pro- 
blem is a simple one — to ensure that 
the input circuit impedance does not 
increase too greatly with increasing 
frequency, which can bo done by put- 
ting a small capacitor, in the range H80- 
820 pF. across the input to the replay 
amplifier, and to limit the bandwidth of 
the input stages of the replay amplifier 
to a value which does not greatly ex- 
ceed the required pass-band. This can be 
done by putting a small capacitor (150- 
22l)pF') in parallel with the 47k(J feed- 
back resistor (R). An amended circuit 
diagram. Fig. 1. for the replay amplifier is 
•Wireless World. May, lum and Augusi. 
1976. High Fidelity Designs, 2nd edition. 

Fig. I. Suggested amendments to 
replay amplifier. Altered component 
values for 15 micron head-gap shown 
in brackets. 

given, showing these changes. The total 
improvement in CCIR weighted noise 
level of the replay amplifier, due to 
these changes, is about 2dB> and on the 
prototype and two other units so 
modified, one of which was made from a 
commercial kit, the replay amplifier 
noise level was 8-10dB better than that 
of the tape background - an adequate 
safety margin. This performance, how- 
ever. also depends on the head type, and 
this is discussed later. 

Zero-recorded-level noise 
background 
In view of the good signal-to-noise 
ratios which had been achieved with the 
modified replay amplifiers, the major 
residual source of background noise on 
the final recording, ignoring that asso- 
ciated with the incoming signal, was 
that apparently impressed on the tape 
during the recording process. Since 
some of the recent tape types have an 
impressively low inherent tape noise 
level (the Pyral Maxima is particularly 
noteworthy in this respect) an inves- 
tigation was made to identify the 
separate contributions to this. 

Since the tape, as received, is bulk 
erased, while that following recording 
has passed the cassette recorder erase 
head, it seemed possible that this re- 

c—- 
ri->a <r 

r J-J;: i.c 

I -_r; 



3 6 

ti 3--~V( Il•7QrAA I 

R'IO• 

"'' 
-{ I {;;; ac.?"r? 

•• J ~ 
"'""""' 

RlOb .• , 
-{ l _G., 

J ~ SC1l:t2 
u •,2J~o'IOV 

: af~' c ... , 

erasure was 'wiping it dirty·. However. 
using a separate. though identical, bias 
oscillator. so that the on-cassette erase 
bead could be disconnected. made no 
improvement in this respect. Indeed, the 
off.Jine oscillat.Or was somewhat worse 
than the on.lfnc one. Disconnecting the 
record amplifier also made no measur­
able improvement, while leaving ·the 
erase head in usc but disconnecting the 
bia• circuit from the record head left a 
rape noise level which was c losely 
similar tO that. of the tape as received. 

It was at this stage that the rea•on 
finally became clear. Typically, dur ing 
recording. the magnitude or the h.f. bias 
\\'avcform applied Lo the recording head 
in parallel with the signal is some 40-
50dB greater than that of the signal. If 
the signal· to--noise ratio of the incoming 
signal Is not to be impaired in the 
recording process, since the head is not 
able to disccm tho source of the signals 
which it receives. the Sin ratio of Lhe 
bias waveform must be at least 60dB 
better than that of the record amplifier 
and •lgnal source. It is probably this fact 
which has given rise to the widespread 
belief that good bias waveform purity is 
essential to low recorded noise level. 
Experimentally, it seems perfectly feas­
ible to record wit h triangu lar a nd 
square. wave bias voltages (of the pos­
sible options a square-wave bias seems 
to have many advan tages), non· 
sinusoidality seeming to be important 
only when this leads to bias waveform 
asymmetry and consequent even ­
harmonic distortion or the recorded 
signal. This arises because the recorded 
signal amplitude- i"n either direction -
is bias voltage dependent. 

Two steps can be taken to improve 
the oscillator signal-to-noise ratio: to 
improve its effi ciency in terms of 
output-voltage swing for a given input 
power, nnd LO reduce the proponion of 
wide-band noise ge nera ted by t he 
oscillator which is t ransmitted to the 
record head ttlo ng wit h the bias 
wavefonn. lmprovcmcrn in the effi· 
ciency of the erase oscillator is effective 
in improving its s/ n ratio because the 
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Fig. 2. Alrernoliwt higher efficiency 
biasferowo.clllator. (Note: Output 
voltage can be increased. to 80V r.m.s.. 
by incn~asffll! C.. and n~ducing R.,_ 
R.,. if needed for future tape types). 

t ransisto r collector current is the major 
source of' wide-band noise. assuming 
that the loSJSe• in the LC network con­
taining the erase coil ore small. An 
al ternat ive oscil lator circuit g ivi ng 
about 35V r.m.s. for about 12·15mA h.t. 
supply is shown in Fig. 2. The original 
circuit requires some 100·120mA for 
30V r .m.s. Although t he waveform 
purity of the lwo oscillator circuits is 
very similar, there is a small s / n 
improvement in the use of the later one. 

The second possibility. that of 
reducing the component of oscillator 
noise within !.he audio pass-band which 
is fed to the record coil along with the 
50kHz bias waveform, can be accom. 
plishcd very simply by reducing the 
value of the coupling capacitor in the 
bia:;; circuit (C:ru> to the smallest value 
which will {live adequate bias voltage: 
33·47pr is suitable- This change is moi'C 
errective in reducing zero ~recorded. 
level noise than the improvement to the 
oscillator, nnd for those who have 
already built this cassette recorder, this 
is the on ly recommended change. 
Together, these modifications lead to 
about 1.5-2dB Improvement in tape 
background noise level. 

Allhough each or the changes sugg­
ested above will, In normal circum­
stances. lead only to a small. and per­
haps imperceptible improvement in 
overall s in ratio. taken together the 
improvement can be 2-3dB, which is 
worthwhile. 

factors affecting 
signal-to-noise ratio 
In the eal'llcr anic lc, attenlion was 
d rawn to the need to avoid excessiv~ 
caution In the recording process, in that 
the overall quality of a recordi ng in 
which the recording-level meter needles 
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were occasionally driven 'into the red' 
would be likely to be much better tban 
one in which. In the interests of low 
recorded dist.OrliOn levels, the overload 
zone was always given a. wide berth. 
and this point is worth restating. 

However, it was expecLed, at the t ime 
of the earlier article, and this has been 
borne out by later experience, t h a t th e 
performance of the record/replay heads 
themselves would have a dominant 
effect upon the performance or the 
recorder. lL seems. alas, to be a general 
rule that if n circuit design or process is 
evolved around some readily-available 
piece of commercial equipmen t or 
material. the publication of an article 
describing this will coincide with the 
discontinuation of the item upon which 
it was based. 

Fortunately. In the case of the cass­
ette deck. the Lenco cassette mechanism 
is identical meehanica.lly. and at least as 
well made, as the Garrard unit upon 
which the prototype was based. How­
ever, the Garrard deck used the Natio­
nal Panasonic (Matsush ita) record· 
replay head, type WY 435Z, which 
has a higher output and better h.f. res­
ponse, and also a lower motor~n oise 
pick-up, ihan some of the alternative 
types fitted in the Lenco unit. Luckily. it 
is a relatively simple matter to replace 
head units and to check che azimuth 
setting. Both the original head type and 
a superior unit of ~he same make are 
easily available so. in this particular­
instance. it is Still practicable to copy 
!.he characteristics of the prototype if 
!.his is wished. 

In view of the confusion which still 
seems to surround the design of cassette 
recording heads. and the relative merits 
of the materials used. it seems worth· 
while t<> consider how thcsc ·things 
will affect performance. arrd the basic 
characteristics or three d ifferent type 
record/replay heads arc shown in Fig. 3. 
It can be seen from this that che use of a 
smaller head gtlp leads to a reduction in 
output at lower freq uencies, but allows 
the increase in output with frequency to 
cont inue t o a higher tu rn .. over 

36 WIRELESS WORLD. FEBRUARY 1973 

A t K' rA'f r-;"?OmA| 

(30785 rmi; 

ICOIJI liowij) 
(0Q06B(Wl<H,J] 

(W-ibtoi '.oso(ii>-r 
voiia.itf) 

.28 VR, —\V\A 

^ II 

•OV 

erasure was 'wiping ii dirty'. However, 
using a separate, though identical, bias 
oscillator, so that the on-cassette erase 
head could be disconnected, made no 
improvement in this respect. Indeed, the 
off-line oscillator was somewhat worse 
than the on-line one. Disconnecting the 
record amplifier also made no measur- 
able improvement, while leaving the 
erase head in use but disconnecting the 
bias circuit from the record head left a 
tape noise level which was closely 
similar to that of the tape as received. 

It was at this stage that the reason 
finally became clear. Typically, during 
recording, the magnitude of the h.f. bias 
waveform applied to the recording head 
in parallel with the signal is some 40- 
50dB greater than that of the signal. If 
the signal-lo-noise ratio of the incoming 
signal is not to be impaired in the 
recording process, since the head is not 
able to discern the source of the signals 
which it receives, the s/n ratio of the 
bias waveform must be at least 60dB 
better than that of the record amplifier 
and signal source, it is probably this fact 
which has given rise to the widespread 
belief that good bias waveform purity is 
essential to low recorded noise level 
Experimentally, it seems perfectly feas- 
ible to record with triangular and 
square-wave bias voltages (of the pos- 
sible options a square-wave bias seems 
to have many advantages), non 
sinusoidality seeming to be important 
only when this loads to bias waveform 
asymmetry and consequenl even- 
harmonic distortion of the recorded 
signal. This arises because the recorded 
signal amplitude - in either direction - 
is bias voltage dependent. 

Two steps can be taken to improve 
the oscillator signal-lo-noise ratio: to 
improve its efficiency in terms of 
output-voltage swing for a given input 
power, and to reduce the proportion of 
wide-band noise generated by the 
oscillator which is transmitted to the 
record head along with the bias 
waveform. I m pro vein em in the effi- 
ciency of the erase oscillator is effective 
in improving its s/n ratio because the 

Fig. 2, Alternative higher efficiency 
bias/erase oscillator. (.\'ote: Output 
voltage, can he increased, to 80V r.m.s., 
by increasing C?? and reducing Ri(fa, 
R-rtn if needed fur future tape types), 

transistor collector current is the major 
source of wide-band noise, assuming 
that the losses in the LC network con- 
taining the erase coil are small. An 
alternative oscillator circuit giving 
about 35V r.m.s. for about l2-15mA h.t. 
supply is shown in Fig. 2. The original 
circuit requires some l0(M20mA for 
30V r.m.s. Although the waveform 
purity of the two oscillator circuits is 
very similar, there is a small s/n 
improvement in the use of the later one. 

The second possibility, that of 
reducing the component of oscillator 
noise within the audio pass-band which 
is fed to the record coil along with the 
50kHi bias waveform, can be accom- 
plished very simply by reducing the 
value of the coupling capacitor in the 
bias circuit (C20) to the smallest value 
which will give adequate bias voltage: 
33-47pK is suitable. This change is more 
effective in reducing zero-recorded- 
level noise than the improvemenl to the 
oscillator, and for those who have 
already built this cassette recorder, this 
is the only recommended change. 
Together, those modifications lead to 
about 1.5-2d8 improvement in tape 
background noise level. 

Although each of the changes sugg- 
ested above will, in normal circum- 
stances, lead only to a small, and per- 
haps imperceptible improvement in 
overall s/n ratio, taken together the 
improvement can be 2-3dB. which is 
worthwhile. 

Factors affecting 
signal-lo-noise ratio 
In the earlier article, aucntion was 
drawn to the need to avoid excessive 
caution in the recording process, in that 
the overall quality of a recording in 
which the recording-levei meter needles 

were occasionally driven 'into the red' 
would be likely to be much better than 
one in which, in the interests of low 
recorded distortion levels, the overload 
zone was always given a wide berth, 
and this point is worth restating. 

However, it was expected, at the lime 
of the earlier article, and this has been 
borne out by later experience, that the 
perfonnance of the record/replay heads 
themselves would have a dominant 
effect upon the performance of the 
recorder. It seems, alas, to be a general 
rule that if a circuit design or process is 
evolved around some readily-available 
piece of commercial equipment or 
material, the publication of an article 
describing this will coincide with the 
discontinuation of the item upon which 
it was based. 

Fortunately, in the case of the cass- 
ette deck, the Lenco cassette mechanism 
is identical mechanically, and at least as 
well made, as the Garrard unit upon 
which the prototype was based. How- 
ever, the Garrard deck used the Natio- 
nal Panasonic (Matsushita) record- 
replay head, type WV 435Z, which 
has a higher output and better h.f. res- 
ponse. and also a lower motor-noise 
pick-up. than some of the alternative 
types fitted in the Lenco unit. Luckily, it 
is a relatively simple matter to replace 
head units and to check the azimuth 
setting. Both the original head type and 
a superior unit of the same make arc 
easily available so. in this particular 
instance, it is still practicable to copy 
the characteristics of the prototype if 
this is wished. 

In view of the confusion which still 
seems to surround the design of cassette 
recording heads, and the relative merit.1; 
of the materials used, it seems worth- 
while to consider how those things 
will affect performance, and the basic 
characteristics of three different type 
record/replay heads are shown in Fig. 3. 
It can be seen from this that the use of a 
smaller head gap leads to a reduction in 
output at lower frequencies, but allows 
the increase in output with frequency to 
continue to a higher turn-over 
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frequency. T he use of ' hot -pressed' 
(polycrystalline) ferrite. which has 
lower eddy-current losses, g ives an even 
beuer h.f. response for the same eap 
width than laminated Permalloy, but 
the lower magnetic permeability of the 
ferrite material leads to a further 
lowering of output at lower frequencies. 
Materials such as Super Permalloy and 
Sendust offer, respectively, improve· 
ments in wear resistance for the same 
permeability, and improvements in per­
meability for the same low level of 
eddy-current loss, witll respect to rer· 
rite. However. y,ith available materials, 
there is a general trend towards lower 
output and less goods/ n ratio as the h.f. 
performance o~ the heads is improved. 

An additional factor, in the head de· 
sign, which affects the output from the 
head is the extent of the magnetic $hunt 
provided by the proximity of the inter· 
nal pole races within the head. As can be 
seen from tile schematic representation 
in Fig. 4, the narrower this internal face 
is the better will be the head output -
and also the more quickly the wear on 
the head (ace, due to tape abrasion, will 
impair the gap integrity. Happily. de· 
velopments in tape coating technology 
(reductions in ferric particle size and 
improvements in particle size unifor­
mity) have markedly reduced the ab· 
rasiveness of the tapes marketed during 
the last few years. Measurements made 
oo the prototype unit over the last two 
and a half years and 1000· 1200 hours of 
use, have shown litt.le significant 
change In performance after the initial, 
fairly rapid, improvement in output -
p~mably due to an improvement in 
tape to head contact as the head is 
lapped in. 

The two remaining important factors 
affecting stn ratio are bias level and 
head magnetism. Taking the last point 
first, it cannOt be stressed too strongly 
that inadvertent magnetism of the 
record/replay head - which can occur 
for a variety of reasons, and will most 
certainly arise If it is h andled or 
remounted - will lead to a most sub­
srantial degradation of performance, 
both in respect of sensitivity and in 
respect of h.f. response, so that common 
prudence suggests periodic head de· 
magnet.lsation, just to be on the safe 
side. 

So far as the effect of bias is concerned, 
this was dealt with in the original article 
( Part 2) and the effects of changing bias 
voltage levels were shown graphically 
in the original Fig. 9. It can be seen from 
this that the use or too high a value of 
h.f. bias has a bad effect on the h.f. 
recording levels, due probably to partial 
re-erasure. While many of the modem 
tape types, such as ferro-chrome and 
cobalt-doped ma~erials, benefit from 
somewhat higher levels (typically 7V 
r.m.s., measured across t.he record coil 
with a low capacitance h.f. probe), the 
several cases which I have encountered 
in which the record/replay performance 
was much below par were due either to 
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Fig. 3. Record/ replay head 
oharacteri~Lics. 

undema.gnetised heads or lO excessive 
bias levels (in the 10·15V range!). 

Since the actual output from the 
oscillator depends on the Q of the erase 
coil oscillatory circuit. there can be 
variations from manufacturer to 
manufacturer, and the coils fitted to the 
t.cnco mechanisms tend to give a higher 
bias and erase voltage than that of the 
Garrard unit used in the prototype. This 
all to the good, but it is recommended 
that the bias adjustment pots (VR,) be 
increased to lOOk!! from 47kl'l to give a 
wider adj ustment range. It is appre· 
elated that many coqstructors may not 
have access to suitable h.f. voltmeters 
for on-coil voltage measurements. but 
some simple practical experiments in 
recording a steady tone. using a pre· 
arranged programme of bias poten· 
tiometer adjustments, and choosing the 
setting which gives the highest output 
on the replay recording level meters -
for a tone in the 300-I kHz range - will 
take one close to the optimum level, and 
such a test will compensate for varia· 
tions in the bias requirements of 
differing typeS of record heads. 

Head replacement procedure. Many 
horrifying tales of gross head wear, due 
tO the use of cheap tapes. chromium 
dioxide formulations. Permalloy heads, 

Fig. 4. Schema lie d rawit18 of tape 
rocordl replay head, showing flux 
linkage in head and tope. 

or excessive use of the recorder, have 
gained currency during the growth of 
popularity of the cassette medium, and 
many usen must entertain some app· 
rehensions about the Inevitability of 
head wear Incapacitating or impairing 
their machines; with c.he consequent 
need for specialist skills in head 
replacement. While the availability of a 
calibration tape. and a double-beam 
oscilloscope, makes this task a bit 
easier. simple alternatives will suffice. 

Since many users will have built up 
their own library of tapes, recorded on 
their own lnsuuments it will be more 
important when the lime for head 
replacement approaches, that a 
replacement head should be in the same 
position as its predecessor, with resp~t 
to the tape, than that it should be In 
accurate 'azimuth' (gap verticality) and 
height conformity ~0 the notional 
standard. A standard cassette recorded 
on their own machines will meet lheir 
needs. lt is suggested that a range of 
frequencies from 300Hz to lOkHz 
should be recorded, with both channel 
·inputs in parallel, at ·o vu·. (300. lk. 3k, 
6k and tOkHz for two minutes each will 
be adequate.) If the replacement head is 
in the same position as the head with 
which the test cassette has been 
recorded, the output of this Lape will be 
of identical magnitude In each channel 
and the outputs will be In phase. Output 
magnitude can be checkea rrom the 
recording level me~ers, and phase 
equality can be checked by a headphone 
or a.c. volt.meter across the c.wo '11ve' 
outputs of the recorder or subsequent 
amplifier. When the two signals are in 
phase, the voltage difterence between 
the 'R' and ' L' channels will be at Its 
least. 

This test becomes more critical as the 
recorded frequency Is increased. and as 
the higher trequencies are approached 
errors in admuth also become apparent. 
If the gap between the replay head 
polepieces Is not tr uly perpendicular to 
the direction of motion of the tape, the 
h.f. output will be diminished. If the 
condition of phase coherence between 
the two channels does not correspond 
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frequency. The use of 'hot-pressed' 
(polycrystalline) ferrile, which has 
lower eddy-current losses, gives an even 
better h.f. response for the same gap 
width than laminated Permalloy, but 
the lower magnetic permeability of the 
ferrite material leads to a further 
lowering of output at lower frequencies. 
Materials such as Super Permalloy and 
Sendust offer, respectively, improve- 
ments in wear resistance for the same 
permeability, and improvements in per- 
meability for the same low level of 
eddy-current loss, with respect to fer- 
rite. However, with available materials, 
there is a general trend towards lower 
output and less good s/n ratio as the h.f. 
performance of the heads is improved. 

An additional factor, in the head de- 
sign, which affects the output from the 
head is the extent of the magnetic shunt 
provided by the proximity of the inter- 
nal pole faces within the head. As can be 
seen from the schematic representation 
in Fig, 4, the narrower this internal face 
is the better will be the head output - 
and also the more quickly the wear on 
the head face, due to tape abrasion, will 
impair the gap integrity. Happily, de- 
velopments in tape coating technology 
(reductions in ferric particle size and 
improvements in particle size unifor- 
mity) have markedly reduced the ab- 
rasiveness of the tapes marketed during 
the last few years. Measurements made 
on the prototype unit over the last two 
and a half years and 1000-1200 hours of 
use, have shown little significant 
change in performance after the initial, 
fairly rapid, improvement in output - 
presumably due to an improvement in 
tape to head contact as the head is 
lapped in. 

The two remaining important factors 
affecting s/n ratio are bias level and 
head magnetism. Taking the last point 
first, it cannot be stressed loo strongly 
that inadvertent magnetism of the 
record/replay head - which can occur 
for a variety of reasons, and will most 
certainly arise if it is handled or 
remounted - will lead to a most sub- 
stantial degradation of performance, 
both in respect of sensitivity and in 
respect of h.f. response, so that common 
prudence suggests periodic head de- 
magnetisation, just to be on the safe 
side.. 

So far as the effect of bias is concerned, 
this was dealt with in the original article 
(Part 2) and the effects of changing bias 
voltage levels were shown graphically 
in the original Fig. 9. It can be seen from 
this thai the use of too high a value of 
h.f. bias has a bad effect on the h.f. 
recording levels, due probably to partial 
re-erasure. While many of the modern 
tape types, such as ferro-chrome and 
cobalt-doped materials, benefit from 
somewhat higher levels (typically 7V 
r.m.s., measured across the record coil 
with a low capacitance h.f. probe), the 
several cases which I have encountered 
in which the record/replay performance 
was much below par were due either to 
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Fig. 3. Record/ replay head 
choractensiics. 

undemagnetised heads or to excessive 
bias levels (in the 10-15V range!). 

Since the actual output from the 
oscillator depends on the Q of Che erase 
coil oscillatory circuit, there can be 
variations from manufacturer to 
manufacturer, and the coils filled to the 
I.cnco mechanisms tend to give a higher 
bias and erase voltage than that of the 
Garrard unit used in the prototype. This 
all to the good, but it is recommended 
that the bias adjustment pots (VRj) be 
increased to lOOkfJ from 47kn to give a 
wider adjustment range. It Is appre- 
ciated that many constructors may not 
have access to suitable h.f. voltmeters 
for on-coil voltage measurements, but 
some simple practical experiments in 
recording a steady lone, using a pre- 
arranged programme of bias poten- 
tiometer adjustments, and choosing the 
setting which gives the highest output 
on the replay recording level meters - 
for a tone in the 300-1 kHz range - will 
lake one close to the optimum level, and 
such a test will compensate for varia- 
tions in the bias requirements of 
differing types of record heads. 

Head replacement procedure. Many 
horrifying tales of gross head wear, due 
to the use of cheap tapes, chromium 
dioxide formulations, Permalloy heads. 

Fig. 4. Schematic drawing of tape 
record/ replay head, showing flux 
linkage in head and tape. 
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or excessive use of the recorder, have 
gained currency during the growth of 
popularity of the cassette medium, and 
many users must entertain some app- 
rehensions about the inevitability of 
head wear incapacitating or impairing 
their machines, with the consequent 
need for specialist skills in head 
replacement. While the availability of a 
calibration tape, and a double-beam 
oscilloscope, makes this task a bit 
easier, simple alternatives will suffice. 

Since many users will have built up 
their own library of tapes, recorded on 
their own Instruments it will be more 
important when the time for head 
replacement approaches, thai a 
replacement head should be in the same 
position as its predecessor, with respect 
to the tape, than that it should be in 
accurate 'azimuth' (gap verticality) and 
height conformity to the notional 
standard. A standard cassette recorded 
on their own machines will meet their 
needs. It is suggested that a range of 
frequencies from SOOHz to 10kHz 
should be recorded, with both channel 
inputs in parallel, at '0 VU'. (300. Ik. 3k. 
6k and 10kHz for two minutes each will 
be adequate.) If the replacement head is 
in the same position as the head with 
which the test cassette has been 
recorded, the output of this tape will be 
of identical magnitude in each channel 
and the outputs will be in phase. Output 
magnitude can be checked from the 
recording level meters, and phase 
equality can be checked by a headphone 
or a.c. voltmeter across the two 'live' 
outputs of the recorder or subsequent 
amplifier. When the two signals are in 
phase, the voltage difference between 
the 'R' and 'L' channels will be at its 
least. 

This test becomes more critical as the 
recorded frequency is increased, and as 
i lie higher frequencies are approached 
errors in azimuth also become apparent. 
If the gap between the replay head 
polepieces is not truly perpendicular to 
the direction of motion of the tape, the 
h.f. output will be diminished. If the 
condition of phase coherence between 
the two channels does not correspond 
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to the maximum h.f. output. the original 
record head azimuth setting was prob­
ably in error. 1f Phase coherence bet· 
ween channels does not correspond to 
amplitude equality between them. the 
replacement head cent re heigh t is in ­
correct, which can he remedied by the 
addition or removal of washers from the 
non-adjustable end of the head moun­
t ing. For the record, a relative positional 
(angular) error of Jess than 0.05(1 can be 
seen by phase coherence checks at 
10kHz, which is well within the azimuth 
accuracy requirements for optimum h.f. 
output. 

The d imensions and agreed heights 
for the EIAJ (.Japanese) ' Y' type, and 
Lenco/Garrard. ' Z' type, heads are 
shown in Fig . 5 , t ogether w ith the 
mounting system employed on the 
S taar type mechan is ms. Na tiona l 
Panasonic (Matsushita Co .. Ltd .) offer 
two heads. WY 435 Z (2 micron gap 
Permalloy) and WY 436 AZ (1.5 micron 
gap, long-life Permalloy) which are o f a 
suitable type for the Garrard and Len co 
mechanisms. The latter head is of a 
superior c onstruct ion , having a 
somewhat h igher specific output. which 
compensates jn part for the loss in 
sensit ivity due to the narrower head 
gap, a od allows the record/replay 
frequency response to be extended w at 
least 15kHz with suitable rape types. If 
Lhe ch.anges noted above are carried 
out, the approximately 2dB loss in out­
put due to the use of the narrower head 
gap can be accepted with a final s/n 
ratio no worse than that of the original 
specification and the advantage of a 
better overall frequency response. Jt 
may well be that there arc other head 

Fig. 5. Specified d imensions for 
cassette record! replay heads and 
method of mount.ir1g used on S ra-a r 
nuwhanisms. 

units, either now or in the futu re, which 
will be superior in performance to the 
National Panasonic units referred to 
above, since-th is, like that of tape-com­
position improvements. is a field in 
which intensive development work will 
certainly continue. 

Some adjustments to circu it com­
ponent values are desirable if the 2 
micron gap record/replay head is 
replaced with a unit having a 1.5 micron 
gap width, and these suggested changes 
are indicated by the values shown in 
brackets in fig. 1 and 6. Jn the proto· 
type. with square-wave response ad· 
justed to give minimal overshoot. the 
h.f. response with the 1.5 micron WY 
436 AZ head is - 5dB at 15l<Hz. ref. 
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Azimuth 
adjustment 

sc rew 

300Hz, using Fuji FX t.ape. There is little 
doubt tha t the system could be made to 
yield a more uniform h.f. response than 
this, if required . by accepting a less wen 
damped response to a square-wave­
signals, but earlier experiments indicate 
that the subject ive response of the sys.­
tem is not improved by tlie a t tempt to 
obtain optimal flatness of steady state 
freq uency r esponse by sacrificing 
accuracy of tra nsien t. waveform 
reproduction. 

lt seems probuble that th is is because 
the tape recording mechanism is t ruty a 
's)e\'-''·rate-limited' one, in that there is a 
minimu-m and readily calculabJe t ime 
which is r·equired for a pOint on the tape, 
t ravelling at 4 .75cmis ( ll~inis) to pass 
the 1.5 o r 2 micron (0 .000059 or 
0.000078in) head gap. This implies that , 
for an ideally perfect tape impressed 
\C..: ith a recorded square-wave, the out­
put from the system cannot 'slew' at a 
gre ater rate than t he rep lay head 
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10 the maximum h.f. outpul. the original 
record head azimuth selling was prob- 
ably in error. If phase coherence bet- 
ween channels does not correspond to 
amplitude equality between them, "he 
replacement head centre height is in- 
correct, which can be remedied by the 
addition or removal of washers from the 
non-adjusiabie end of the head moun- 
ting. For the record, a relative positional 
(angular) error of less than 0.05° can bo 
seen by phase coherence checks at 
10kHz, which is well within the azimuth 
accuracy requirements for optimum h.f. 
output. 

The dimensions and agreed heights 
for the EIAJ (Japanese) 'Y' type, and 
Lenco/Garrard, 'Z' type, heads are 
shown in Fig. 5, together with the 
mounting system employed on the 
Staar type mechanisms. National 
Panasonic (Matsushita Co.. Ltd.) offer 
two heads. WY 435 Z (2 micron gap 
Permalloy) and WY 436 AZ (1.5 micron 
gap, long-life Permalloy) which are of a 
suitable type for the Garrard and Lenco 
mechanisms. The latter head is of a 
superior construction, having a 
somewhat higher specific output, which 
compensates in part for the loss in 
sensitivity due to the narrower head 
gap, and allows the record/replay 
frequency response to be extended to at 
least 15kHz with suitable tape types. If 
the changes noted above are carried 
out, the approximately 2dB loss in out- 
put due to the use of the narrower head 
gap can be accepted with a final s/n 
ratio no worse than that of the original 
specification and the advantage of a 
better overall frequency response It 
may well be that there are other head 

Fig, 5. Specified dimensions for 
cassette record/ replay heads and 
method of mount ins used on Staar 
mechanisms, 

units, either now or in the future, which 
will be superior in performance to the 
National Panasonic units referred to 
above, since this, like that of tape com- 
position improvements, is a field in 
which intensive-development work will 
certainly continue. 

Some adjustments to circuit com- 
ponent values are desirable if the 2 
micron gap record/replay head is 
replaced with a unit having a 1.5 micron 
gap width, and these sugges:c-d changes 
are indicated by the values shown in 
brackets in Fig. 1 and 6. In the proto- 
type. with square-wave response ad 
justed to give minimal overshoot, the 
h.f. response with the 1.5 micron WY 
436 AZ head is —5dB at ISkHz, rcf. 

300Hz, using Fuji FX tape. There is little 
doubt that the system could be made to 
yield a more uniform h.f. response than 
this, if required, by accepting a less well 
damped response to a square-wave 
signals, but earlier experiments indicate 
that the subjective response of the sys- 
tem is not improved by the attempt to 
obtain optima! flatness of steady state 
frequency response by sacrificing 
accuracy of transiom waveform 
reproduction. 

It seems probable that this is because 
the tape recording mechanism is truly a 
'slew-rate-limited" one, in that there is a 
minimum and readily calculable lime 
which is required for a point on the tape, 
travelling at 4.75cm/s (H'sin/s) to pass 
the 1.5 or 2 micron (0.000059 or 
0.00007Sin) head gap. This implies that, 
for an ideally perfect tape impressed 
with a recorded square-wave, the out- 
put from the system cannot 'slew' at a 
greater rale than the replay head 
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Fig, 6. Modifications to the recording 
amplifier lo accommodate a 1.5 micron 
head. 
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geometry will allow, so that, if a greater 
input signal is Impressed on the system, 
in the attempt to achieve improved h.f. 
response, the only likely effect will be to 
convert waveforms into a triangular 
shape, wlt.h a consequent increase in h.f. 
int.ennodulation dist.Ortion. 

Harl Ef&ctronies of Oswestry have 
agreed to stOCk equivalent units to the 
Matsushita WY 436 AZ 1.5 micron head 
for those constructors interested in 
making the substitution. 

Choice of h.f. bias frequency 
The original choice of bias frequency 
(50kHz) was sim1>IY that of the recom. 
mc nda tions of Garrard Ltd, ~he 
manufacturers or Lhe original cassette 
mechanism. There is a considerable 
tradi~ion in the h igh .quality ta pe 
recorder field ~ha~ the bias frequency 
should be at least five times greater 
than the highest intended recording 
frequency. This arises because the act· 
ion or the bias waveform is effectively to 
sample the signal waveform at the bias 
frequency. and it is plausible that the 
desired waveform cannot be recon· 
st.rUcted accurately unless there is an 
adequate number of samples within one 
cycle of the highest required frequency. 

However. expe r imental results 
obtained with differ ing bias frequencies 
- obtained by using differing values of 
C,3 - show that on the tapes used the 
remanent recorded flux and hence the 
s/ n ratio ror a given recording level, 
decreases significantly as tile bias 
frequency is increased ~o 60 or 75kHz, so 
that even though a wider bandwidth 
can be obtained with alternative head 
units a change in bias oscillator values 
is not recommended. Some support for 
retaining the original 50kHz bias 
frequency is iiven by the observation 
that some very high quality audio sys. 
terns are based on sampling rates which 
are lower than this. For example, the 
current BBC f.m. stereo radio trans · 
missions have a n L-R sampling 
f1·equency of 38kHz; the digita l en· 
coding process, by which the p.c.m. 
signal is transmitted over cross-country 
land-Lines. uses a 32kHz sample rate; 
and the very highly regarded Denon 
p.c.m. encoded gramophone recordings 
employ n sample rate or 47.25kHz . I 
accept the qualification that square· 
wave sampling and sine·wave biassing 
may not be equivalent and since a 
square bias waveform (in effect, a 
triangular current waveform) appears 
to work qu\te well I intend also to 
explore this approach. 

Dubbing 
If it Is desired ~o ·over·dub' an existing 
recording, wit.hout. erasing the existing 
maLe1·iai, Lhis C3n be done by the use of a 
coil otM r than the existing erase head 
in the bios oscillator circuit, so [hat the 
erase head can be sw itched o ut of 
circuit. Althouch. in principle, any coil 
of suitable Q and an inductance of I mH 
could be used for th is purpose, the 
simpl<!st approach is to usc another. 

similar. erase head, mounted in a con· 
venient position remote from the deck 
and connected lOa change.over switch. 

Miscellaneous design oversights 
It is, I suppose. Inevitable, following the 
contemplation of a design for a couple 
of years, even without the benefit of 
criticism fn print, that the designer wilt 
feel that there are certain aspeets which 
could have boon done better. 

Gain adjustments. Apart from the 
changes In bias oscillator, feed 
capaciLor llnd adj ustment pot ~n­
tiometcr value no ted above, and the 
modifications to the replay circuit noise 
bandwidth limiting components, I feel l 
should have provided some means for 
adjustment of the relative channel sen· 
sitivltles In the record and replay 
amplifiers. in order that the effects of 
component value errors could be 
removed. This can be done by making 
the lower feedback resistor, R1, in the 
replay amp1ifier variable over the range 
820-Jk8 ohms, In either one or both 
channels, which can be done con· 
veniently by altering the value of R, to 
820 ohms. and putting a I kl1 preset pot. 
in series with this. A good quality unit 
such as a cermet type, should be used 
for this duty LO avoid worsening the 
input noise level. 

A similar re lative gain adjustment 
can be made In the record amplifier if 
the value of Rn is reduced to 2k2, and a 
Hdl pot. is ptacecl in series with it at the 
earthy end. This can then be used to set 
the relative record levels to equality at 
the l.f. (say 300Hz) end of the spectrum, 
as indicated on the meters - assuming 
that these have already been correctly 
calibrated - while the h.f. pre-emphasis 
trimmer pot., VR2 , can be used to 
achieve record level balance between 
channels at the h.f. end (say lOkHz). 
These suaa.ested changes are shown in 
Fig. I and Fig. 6. 

Bias oscillator. In the bias oscillatOr 
circuit (the original Fig. 7) the lower 
potential divider capacitor in ~he Clapp 
oscillator (C,) was shown as 2.2j>F. 
With some erase heads, this did not give 
enough circuit gain to ensure that the 
oscillator would always operate. A J.,f 
capacitor in this position gives a greater 
tolerance or erase coil characteristics 
variations. This chantc was shown in 
the reprint • and IS recommended fo' 
adoption in future units employing the 
original oscillator circuit design. 

Meters. Some justified criticism has 
been receivod concerning the tendency 
of the record~ level meter needJes to 
hit the.ir limit SlOp:; o n switch-o n. This 
type tJ( behaviour IS di(ficull LO avoid 
entirely, but it can be minimised, if 
necessary, by reducin g the slightly 
over-generous valu e of the rectifier 
c ircuil sel'ies co.pac itor (C26) from lOJlF' 
to2,.2f'. 

Headphone amplifier. I also regre[ that 
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'timc~conston ts'. 

the input p-n·p transistor in the Class A 
headphone amplifier was incorrectly 
labellod BCI82L instead of BC212L Any 
small·signal p·n·p deviee will serve, 
since Its application Is a very uncritical 
one. 

Replay equalisation 
Not entirely unexpectedly, I have come 
in for a certain amountof 1Stic.k', both in 
correspondence and in the Letters col· 
umns. for my advocacy of the 70~s 
record/replay characteristic for general 
use. I note. however (with a certain 
amount of inward sntisfact.ion. since it is 
nice occasionally 'tO be right) that much 
or this has stemmed from a failure to 
understand just what the record/ replay 
equalisation compensations are intro­
duced for, or how they are derived. To 
shed a certlin amount of extra light on 
what is obviously a somewhat shadowy 
area. I have appended a simplified ana. 
lysis of the situation below, which can 
be omitted by those familiar witb the 
subject. 

In an ideal world of perfect magnetic 
tapes, and replay heads with complete 
external nux linkage and infinitesimally 
small pole·piece gaps, a tape could be 
recorded at all desired frequencies at a 
consmnt magnetic nux level. at some, 
conv~nlent value a lit t le below t he tape, 
or head, saturation level, and this would 
be found, on replay, ~o have generated. 
an electrical output which increased. 
linearly with increasing frequency, in 
such a manner t hat a doubling of 
frequency would cause a doubling of 
output, as defined by the classical laws 
of electromagnetic induction. A replay 
output which was constant. indepen· 
dent of frequency, could be obtained by 
a simple replay equalisation circuit 
which gave an out..put, starting at some 
com·eniently low frequency, which de· 
creased at a rate of -6dB/ octave. 

However, because of shortcomings in 
the tape and head characteristics, at the 
h.f. end of Lhe re<:.bn.le<l :;pecLrUin, lt Js 
customary to incorporate a degree of 
recording h.f. pre .. emphasis, starting. in 
the case or the Phillips cassette system. 

• High Hdt llt)' Ocsl~ru~ - a book of reprinted 
Wir~:lc~:r Wol"'d :\rt\Clts on audio equipment con· 
s.tructloll. 
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geometry will allow, so that, if a greater 
input signal is impressed on the system, 
in the attempt to achieve improved h.f. 
response, the only likely effect will be to 
convert waveforms into a triangular 
shape, with a consequent increase in h.f. 
iniermodulation distorlion. 

Hart. r.Iectronics of OsweSlry have 
agreed to slock equivalent units to the 
Matsushita WY 436 AZ 1.5 micron head 
for those constructors interested in 
making the substitution. 

Choice of h.f. bias frequency 
The original choice of bias frequency 
(50kHz) was simply that of the recom- 
mendations of Garrard Ltd, the 
manufacturers of the original cassette 
mechanism. There is a considerable 
tradition in the high-quality tape 
recorder field thai the bias frequency 
should be at least five limes greater 
than the highest intended recording 
frequency. This arises because the act- 
ion of the bias waveform is effectively to 
sample the signal waveform at the bias 
frequency, and it is plausible chat the 
desired waveform cannot be recon- 
structed accurately unless there is an 
adequate number of samples within one 
cycle of the highest required frequency. 

However, experimental results 
obtained with differing bias frequencies 
— obtained by using differing values of 
Cj, - show that on the capes used the 
remanenl recorded flux and hence the 
s/n ratio for a given recording level, 
decreases significantly as the bias 
frequency is increased to60 or75kIIz,so 
that even though a wider bandwidth 
can be obtained with alternative head 
units a change in bias oscillator values 
is not recommended. Some support for 
retaining the original 50kHz bias 
frequency is given by the observation 
that some very high quality audio sys- 
tems are based on sampling races which 
a^e lower than this. For example, the 
current BBC f.m. stereo radio trans- 
missions have an L-R sampling 
frequency of SSkHz; the digital en- 
coding process, by which the p.c.m. 
signal is transmitted over cross-country 
land-lines, uses a 32kHz sample rale; 
and the very highly regarded Denon 
p.c.m. encoded gramophone recordings 
employ a sample rale of 47.25kHz. 1 
accept the qualification that square- 
wave sampling and sine-wave biassing 
may not be equivalent and since a 
square bias waveform (in effect, a 
triangular current waveform) appears 
to work quite well I intend also :o 
explore this approach. 

Dubbfng 
If it is desired to 'over-dub" an existing 
recording, without erasing the existing 
material, this can be done by the use of a 
coil other than the existing erase head 
in the bias oscillator circuit, so that the 
erase head can be switched out of 
circuit. Although, in principle, any coil 
of suitable Q and an inductance of imH 
could be used for this purpose, the 
simplest approach is to use another. 

similar, erase head, mounted in a con- 
venient position remote from the deck 
and connected to a change-over switch. 

Miscellaneous design oversights 
It is, I suppose, inevitable, following the 
contemplation of a design for a couple 
of years, even without the benefit of 
criticism in print, that the designer will 
feel that there are certain aspects which 
could have been done better. 

Gain adjustments. Apart from the 
changes in bias oscillator, feed 
capacitor and adjustment poten- 
tiometer value noted above, and the 
modifications to the replay circuit noise 
bandwidth limiting components, 1 feel I 
should have provided some means for 
adjustment of the relative channel sen- 
sitivities in the record and replay 
amplifiers, in order that the effects of 
component value errors could be 
removed. This can be done by making 
the lower feedback resistor, R>, in the 
replay amplifier variable over the range 
S20-lkS ohms. In either one or both 
channels, which can be done con 
veniently by altering the value of R- to 
820 ohms, and pulling a lkS2 preset pot. 
in series with this. A good quality unit 
such as a cermet type, should be used 
for this duly to avoid worsening the 
input noise level. 

A similar relative gain adjustment 
can be made in the record amplifier if 
the value of R22 is reduced to 2k2. and a 
IkfJ pot. is placed in series with it at the 
earthy end. This can then be used to set 
the relative record levels to equality at 
the l.f. (say SOOHz) end of the spectrum, 
as indicated on the meters - assuming 
that these have already been correctly 
calibrated — while the h.f. pre-omphasis 
trimmer pot., VR,, can be used to 
achieve record level balance between 
channels at the h.f. end (say 10kHz). 
These suggested changes are shown in 
Fig. I and Fig. 6. 

Bias oscillator. In the bias oscillator 
circuit (the original Fig. 7) the lower 
potential divider capacitor in the Clapp 
oscillator (C2,) was shown as 2.2i..F 
With some erase heads, this did not give 
enough circuit gain to ensure that the 
oscillator would always operate, A Igr 
capacitor in this position gives a greater 
tolerance of erase coil characterisiics 
variations. This change was shown in 
the reprint' and is recommended for 
adoption in future units employing the 
original oscillator circuit design. 

Meters. Some justified criticism has 
been received concerning the tendency 
of the recorded level meter needles to 
hil their limit stops on switch-on. This 
type of behaviour is difficult to avoid 
entirely, but it can be minimised, it 
necessary, by reducing the slightly 
over-generous value of the rectifier 
circuit series capacitor (Cj^) from IOjiF 
to2g2K. 

Headphone amplifier. 1 also regret that 
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Fig. 7. Effect of recording pre-emphasis 
'timc-constan ts'. 

the input p-n-p transistor in the Class A 
headphone amplifier was incorrectly 
labelled RC182L instead of BC212L. Any 
small-signal p-n-p device will serve, 
since its application is a very uncritical 
one. 

Replay equalisation 
Not entirely unexpectedly, I have come 
in for a certain amount of 'slick', both in 
correspondence and in the Letters col- 
umns, for my advocacy of the 70|is 
record/replay characteristic for general 
use, I note, however (with a certain 
amount of inward satisfaction, since it is 
nice occasionally to be right) that much 
of this has stemmed from a failure to 
understand just what the record/replay 
equalisation compensations are intro- 
duced for, or how they are derived. To 
shed a certain amount of extra light on 
what is obviously a somewhat shadowy 
area, I have appended a simplified ana- 
lysis of the situation below, which can 
be omitted by those familiar with the 
subject. 

In an ideal world of perfect magnetic 
tapes, and replay heads with complete 
external flux linkage and infinitesimally 
small pole-piece gaps, a tape could be 
recorded at all desired frequencies at a 
constant magnetic flux level, at some, 
convenient value a little below the tape, 
or head, saturation level, and this would 
be found, on replay, to have generated, 
an electrical output which increased 
linearly with increasing frequency, in 
such a manner chat a doubling of 
frequency would cause a doubling of 
output, as defined by the classical laws 
of electromagnetic induction. A replay 
output which was constant, indepen- 
dent of frequency, could be obtained by 
a simple replay equalisation circuit 
which gave an output, starling at some 
conveniently low frequency, which de- 
creased at a rate of ~-6dB/octave. 

However, because of shortcomings in 
the cape and head characterisiics, at the 
h.f. end of the recorded .spectrum. It is 
customary to incorporate a degree of 
recording h.f, pre-emphasis, starting, in 
the case of the Phillips cassette system, 
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at 1-2kHz. The actual pre-emphasis 
characteristics are defined by a 
specified time-constant, having t he 
a.greed values of 70 and 1201.t.S. T hi s 
can be converted int o a kn own 
± 3dB point by the rela tionship 
f =l/2,CR=J/2.,xtime const. which 
~:tives +3dB values for the 70 and 12011s 
characteristics of 2273 a nd 1326Hz res­
pectively, leading to the type of recor­
ding pre-emphasis characteristics 
shown in Fig. 7(a). If it is assumed that 
during recording the recorded signal 
levels are adjusted so that the recording 
level meters achieve the same recorded 
levels on peaks_. and if it is assumed that 
this is mainly influenced by the greater 
signal level oi the pre-emphasised reg­
ion, the effective recorded level wHI, in 
reality, be that of Fig. i(b). ln the case of 
the 70!1S characteristic, this assumes 
that tb.e h.f. losses wi.ll be less, requiring 
les.':i correction, and ~rmits the record· 
ing of all frequencies be.low the 2.2kHz 
turnover point at about 3dB higher level 
than is the case for the 120f'S character­
istic. 

Jf a similar chatacteristic were to be 
adopted on replay, the effect would be 
to arrest the downward slope of the 
replay character istic at a turn 4 over 
point of 2273 or 1326Hz, beyond which 
the response would be level. In practice, 
however, the equalisation adopted is 
the recording one, and the replay cha­
racteristics are then corrected in the­
light of the experimentally derived 
repla}'-headitape characteristics, so 
that the final record-replay fre.quency 
response is acceptably level. This 
usually involves some additional replay 
treble lift, to compensate for the finite 
replay-head gap width. The overall 
residual advantage is, therefore, due to 
the greater signal level in the mid·range 
frequency band, on the 70tJ.s equalisat­
ion, due to the decision to adopt a Jesser 
degl'ce of h.f. boo:;t, wh ich give·s 
about a 3dB benefit in terms of signaJ to 
noise ratio. Since tapes. and heads, are 
no less able to accept a given magnetic 
flux density at 300Hz than at lOkHz (i n 
fact rather the converse), the imputat­
ion of a less satisfactory recorded dis­
tortion lc.vel due to t his £echn ique 
appears ill~conceived. 

Technkal inaccuracies 
Jt is a matter of genuine concern in the 
preparation and pubHcation of techni­
cal articles that inaccuracies of fact or 
terminology should be avoided. With 
the be.st \\'ill in the world, however, 
inadvertent errors do creep in, and, in 
the case of the orig inal articles. there 
<\.Ct' lhrcc corroct ions I would like to 
make concerning the 'VU ' nom en­
clature. 

'VU' levels. H ene constructs a pie·ce of 
equipment which has signal lc\:cJ indi­
cating instruments, \vhich have calib­
rat ions ranging from - 20 to + 3, and 
which their manufacturers have labeJ .. 
Jed ·vu•, then, so far as the signaJ icvcls 
indicated by. these instruments are con· 
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cerned, one is rachet in the position of 
Humpty Dumpty - " .. . 'when I use a 
word: Humpty Dumpty said in a rather 
scornful cone, ' it means just what 1 
choose it to mean, neither more nor less' 
- . :· - so that although ·o vu· has a 
precise and specific mean ing in the 
recording studio and sound engineering 
field (that of a signal level equivalent to 
I milliwatt in a 600 ohm load, or 0.775 
volts r.m.s.) the ·o~ level on one's own 
instruments may, for practical reasons, 
be quite different from t his. 

Sjnce I int~nded to redefine this Jevel, 
for the purposes of this design. as being 
a level of 2.25 volts r.m.s., at 600Hz, as 
measured at the outp\lt of TC:. in the 
record amplifier, it had been my intent­
ion, io the original article, to refer to v U 
levels, in this context. on ly within in· 
verted commas, in order co indicate rny 
temporary misuse of the defin ition . 
However, this I found. in print. that 1 
had failed to do, and for this I apolog­
ise.• 

Mr. \Varrcn. writing from Austntlia.l 
d id indeed reproach both \.Vireless 
World. and me. respectively. for permit­
ting and committ ing the solecism of 
referrlng to the recording level in­
struments as VU meters at all, in thal 
this term s hould only be applied to 
instruments having certain, internatio­
nally agreed, standards- of impedance, 
sensitivity and ballistic response. which 
the simple instruments I h ad described 
did not, and were not imended to. meet. 
I accept this rebuke, and am happy to 
substitute the somewhat more lengthy 
term 'recording level meter' for these 
display instruments. However, these 
strictures could be more widely spread, 
in that there are a large number of 
commercially available instruments 
which have signal level meters referred 
to as VU meters, which also fa ll a long 
way short of the internationa l 
standards. \Vbile it is obviously desir­
able to prevent t he corrup ljon of 
specific descriptions by their careless 
~se, I suspect that th is particular case is 

• F.x;~min<ttion of ~h~; :lrigut<tt -.lu ows Cb<n Mr 
Un~dey J.loo<l did U$(• (1\IOlcs. In an t.>xccss of 
ed.!~O~I31 z~a l thev we1~ deleted - we :::"<! :corrv r1:r 
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Fig. 8. Calculated transmission 
characteristics Of se.cond-order 
!ow-pass 'H' filter for '{?_' = 0.707-8. 

going to prove a difficult battle to win. 
Finally, in describill1; the techniq"le 

which I had adopted to generate the 
desired recording pre··emphasis charac· 
teristic, 1 showed a familv of curves in 
my F'ig.l5. as being typical of the type of 
response which would .be generated by 
the use of an under.damped. second­
order low-pass filter, for Various values 
of 'Q'. Although the mathematical deri­
vation of the transmiSSion characteris­
t ics of such filters is I~latively s traight­
forward, and in the case-of the circuit 
which 1 used. is $hown. elsewhere,2 the 
plot ting of the frequeMy <esponse, for 
various values of Q and .fr'equency, is a 
laborious task in the· absence of a suit­
able computer programme, so. since an 
illustrat ion was required, t used that of 
the active lead+ lag system, for wbich 1 
had prf;!viously determ ined the 
frequency response characteristics. and 
which are similar to those of Lhe sys'tern 
1 had actuaiJy. used. though not identi· 
cal. lt had been my intention. in the text, 
to make clear the fact that the curves 
were typical r~t.her than aclUal. Mr 
Goocf$ has drawn my attention to my 
error in this, so, by way of penance. 1 
have calculated the a·ctual performance 
chara<.:terist ics. and s-how these in Fig. 8. 
For convenience jn calc'u'lation J define 
Q and I t o in these graphs. 

Because· of the. irtfltt"e._nce of ~he Jag 
network, (VR,, ·R, and C,;), on the 
operatioiJ of the c ircuic. the actual 
resonant frequency of the cireuit is 
towel' than the value calculated from 
Rl.s· Rr:. C12 and C1-a, and decreases in 
frequency as well a·s increasing in mag­
nitude, as the value of VR2 + R,.:: is 
reduced. This is a cor)venient. charac­
l&istic from the point of vie\v of suiting 
the h.f. equ~liSa t ion peak respor1se 
fr~quency to the· characteristics of che 
heads jn usc. <:u'ld is ·an..8.dditional r N1SOn 

for choosing this typt: Of circuit in J)I'C· 
fcrcncc to the more conventional in­
ductor based systems. 
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Fig. 8. Calculated transmission 
characteristics of second-order 
low-pass 'H' filter for 0.707-8. 

Hi l-2kHz. The actual pre-emphasis 
characterisiics are defined by a 
specified time-constant, having the 
agreed values of 70 and 120|is. This 
can be convened into a known 
±3dB point by the relationship 
f= 1/2'ttCR= l/2TTXtime const, which 
gives +3dB values for the 70 and I20)is 
characleristics of 2273 and ! 32611?, res- 
pectively, leading to the type of recor- 
ding pre-emphasis characteristics 
shown in Fig. 7(a). If il is assumed that 
during recording the recorded signal 
levels are adjusted so that the recording 
level meters achieve the same recorded 
levels on peaks, and if it is assumed that 
this is mainly influenced by the greater 
signal level of the prc-emphasised reg- 
ion, the effective recorded level will, in 
reality, be that of Fig. 7(b). In the case of 
the 70iis characterislic, this assumes 
lhai the h.f. losses will be less, requiring 
less correction, and permits the record- 
ing of all frequencies below the 2.2kH? 
turnover point at about 3dB higher level 
than is the case for the 120fis character- 
istic. 

If a similar characterislic were to be 
adopted on replay, the effect would bo 
to arrest the downward slope of the 
replay characteristic at a turn-over 
point of 2273 or 1326Hz, beyond which 
the response would be level, in practice, 
however, the equalisation adopted is 
the recording one. and the replay cha- 
racteristics are then corrected in the 
light of the experimentally derived 
replay-head/tape characteristics, so 
that the final record-replay frequency 
response is acceptably level. This 
usually involves some additional replay 
treble lift, to compensate for the finite 
replay-head gap width. The overall 
residual advantage is, therefore, due to 
the greater signal level in the mid-range 
frequency band, on I he 70jis equalisat- 
ion, due to the decision to adopt a lesser 
degree of h.f. boost, which gives 
about a 3dB benefit in terms of signal to 
noise ratio. Since tapes, and heads, are 
no less able to accept a given magnetic 
flux density at 300Hz than at 10kHz (in 
fact rather the converse), the imputat- 
ion of a less satisfactory recorded dis- 
tortion level due to this technique 
appears ill-conceived. 

Technical inaccuracies 
It is a matter of genuine concern in the 
preparation and publication of techni- 
cal articles that inaccuracies of fact or 
terminology should be avoided. With 
the best will in the world, however, 
inadvertent errors do creep in, and, in 
the case of the original articles, there 
arc throe corrections I would like to 
make concerning the 'VL" nomen- 
clature. 

'VU' levels. If one constructs a piece of 
equipment which has signal level indi- 
cating instruments, which have calib- 
rations ranging from —20 to -*•3, and 
which their manufacturers have label- 
led " VL", then, so far as the signal levels 
indicated by these instruments are con 

cerned, one is rather in the position of 
Humpty Dumpty — "... 'when I use a 
word,' Humpty Dumpty said in a rather 
scornful tone, 'it means just what 1 
choose it to mean, neither more nor less' 
..." - so that although '0 VL" has a 
precise and specific meaning in the 
recording studio and sound engineering 
field (that of a signal level equivalent to 
1 milliwatt in a 600 ohm load, or 0.775 
volts r.m.s.) the '0' level on one's own 
instruments may, for practical reasons, 
be quite different from this. 

Since 1 intended to redefine this level, 
for the purposes of this design, as being 
a level of 2.25 volts r.m.s., at 600Hz, as 
measured at the output of ICX in the 
record amplifier, it had been my intent- 
ion, in the original article, to refer to VL 
levels, in this context, only within in- 
verted commas, in order to indicate my 
temporary misuse of the definition. 
However, this I found, in print, that I 
had failed to do, and for this I apolog- 
ise.* 

Mr. Warren, writing from Australia.1 

did indeed reproach both Wireless 
World and me, respectively, for permit- 
ting and committing the solecism of 
referring to the recording level in- 
struments as VU meters at all. in that 
this term should only be applied to 
instruments having certain, internatio- 
nally agreed, standards of impedance, 
sensitivity and ballistic response, which 
the simple instruments i had described 
did not, and were not intended to, meet. 
I accept this rebuke, and am happy to 
substitute the somewhat more lengthy 
term 'recording level meter' for these 
display instruments. However, these 
strictures could be more widely spread, 
in that there are a large number of 
commercially available instruments 
which have signal level meters referred 
co as VU meters, which also fall a long 
way short of the international 
standards. While il is obviously desir- 
able to prevent the corrupiion of 
specific descriptions by their careless 
use, I suspect thai this partir.uJar case is 

l:.xamm<i(lon ni the ■iri;>i".;i shmvs M' 
Linsley Mood did um- qooics. Ir un ixcess o: 
edaona! zftjl they were deleted - we are mjitv lut 
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going to prove a difficult battle to win. 
Finally, in describing ihe technique 

which ! had adopted to generate the 
desired recording pre-emphasis charac- 
terislic, 1 showed a family of curves in 
my Fig. 15. as being typical of ihe type of 
response which would be generated by 
the use of an under-damped second- 
order low-pass filter, for various values 
of "Q", Although the mathematical deri- 
vation of the transmission characteris- 
tics of such fillers is relatively straight- 
forward. and in the case of the circuit 
which 1 used, is shown elsewhere,2 the 
plotting of the frequency response, for 
various values of Q and frequency, is a 
laborious task in the absence of a suit- 
able computer programme, so, since an 
illustration was required, I used that of 
the active lead-f- lag system, for which J 
had previously determined the 
frequency response characteristics, and 
which are similar to those of the system 
1 had actually used, though not identi- 
cal. It had been my intention, in the text, 
to make clear the fact that the curves 
were typical rather than actual. Mr 
Good' has drawn my attention to my 
error in this, so. by way of penance. I 
have calculated the actual performance 
characteristics, and show these in Fig. S 
For convenience in calculation I define 
Q and I /a in these graphs. 

Because of the influence of the lag 
network, (VR,. R.2 and C,,). on the 
operation of the circuit, the actual 
resonant frequency of the circuit is 
lower than the value calculated from 
R,5. R17, c:;2 and C,.„ and decreases in 
frequency as well as increasing in mag- 
nitude. as the value of VR^+R.^ is 
reduced. This is a convenient charac- 
teristic from the point of view of suiting 
the h.f. equalisation peak response 
frequency to the characteristics of the 
beads in use. and is an additional reason 
for choosing this type of circuit in pre- 
ference to the more conventional in 
ductor based systems. 
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