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Ceramic Pickups and Transistor

Pre-amplifiers
Are they incompatible?

by B. J. C. Burrows, B.Sc.(Eng.)

Of the pre-amplifier designs published in
Wireless World aver the past eight years or
so, Mr. Linsley Hood's' is the first to provide
proper vqualization for ceramic pickups. This
article explains in greater detail how he
derived his pre-amplifier replay character-
istics and gives 3 new simple circuit for
correct— yet adjustable — equalization.

Ceramic pickups work on the piezo-electric
principle, as do crystal pickups, and thus
they are basically alike. The likeness extends
further since historically crystal pickups
were the first to be developed and marketed
on a commercial scale, and they were
followed by ceramic pickups (which are
more reliable than their ¢lder brethren,
being less affected by temperature and
humidity extremes). Many of the traditions
of crystal pickup manufacture were carried
over 1o ceramic cartndges, such as built-in
mechamical compensation, and perhaps
ceramic . pickup manufacturers assumed
that their products would be used generally
into a high-tmpedance amplifier as in the
*crystal pickup plus valve amplifier” days.
it is apparcent that many people experienced
difficulty in using ceramic pickups (which
usually need an input impedance of twice
that for crystal pickups) with transistor pre-
amphifiers and this has resulied in a wealth
of designs for high input impedance con-
verters using fets etc. to overcome the
problems. The author Uunks that this is an
unsatisfactory method and that better
results will be obtained by re-thunking the
problem from scratch. By looking at the
basic operating pninciples of the pickup
and comparing these with the requirements,
a simple design may readily be evolved.

Piezo-electric pickups

Let us first have a close look at the important
characteristics of piezo-clectric pickups and
contrast them with a typical magnetic pick-
up. As the namc implies, the piezo-electric
pickup depends upon the piezo-electric
eflect— that is, when certain crystals like
Rochelle salt and barium titanate are
strained (i.c bent, twisted etc) an em £ 15
developed across the faces of the crystal.
Conducting lavers deposited on the oppo-
site {aces of the crystal with wires attached
complete the piezo-electric transducer. The
piczo-clectnic e.m.f. is proportional to the
strain in the crystal element, so the e.m.f,
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Fig. 1. fa)} Equivalent circuit and
b} frequency response of piezo-elecrric

pickup. f., = 71:;('.' R (C in farads, R in
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chms, fin Hz).

depends upon the amplitude of movement
of the device transmitting the force to the
crystal. Thus, in the case of a ceramic pick-
up the e.m.[. produced by stylus movements
1s preporiional 1o the instantancous devia-
non of the groove from the unmodulated
position, or as is commonly said, the em.f.
1s proportsonal to the amplitude of the
groove. This is the first fundamental differ-
ence between ceramic and magnetic pick-
ups.

The second important feature is that the
piezo-elecinic crystals are dielectrics and
hence the conducting layers together with
the crysial form a capacitor—typically 700
pF to 1500 pF which appecars 1n series with
the piezo e.m.f.*

We can draw an cquivaleni circuit for the
pickup feeding into a resistive input im-
pedance and this 1s shown in Fig. [(a). The
pick-up consists of a zero mpedance

*Sometimes the /mpedance of a pickup 15 quoted as,
say, 2 MQ. This practice B misleading, because owing
1o ils capacitance the impedance is inversely pro-
portional to frequency, and almost purely reactive.
Obviously the pick up will have i reaciance of 2 M{} at
only onc frequency (~ 30 Hz) | think, 100, that an
Impression exists that one hac to “match” 4 pickup (o
an amptlifier tke matching & loudspeaker (o the am-
plifier output wage. Perhaps matching 1s an appro-
priate expression for the pickup case, but the reasons
that govern the choice of *matching" impedances are
quite different in the two cases. [See p. 86 —ED.}
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Fig. 2. fa) High-resistance loading,
R = 4 M} and (b) low-resistance,
“velocity” loading, R = 10 k().

generator in seéries with a capacitor. Fig.
1(a) will be mmediately recognized as a
differentiation ¢iecuit, that 1s, a high-pass
filter whose cut-off {requency, calicd 7.,
separates a region of siope 6dBioctave
from a region of zero slope, as shown in
Fig. 1(b).

Forexampie,if C = 800pFand R = 4M1},
then £, occurs at 50 Hz. This will be termed
high-tmpedance loading because the voltage
developed across the load is substanually
independent of R and is equal to £, the
pickup em.f. over the whole audio fre-
quency range. That s (0 say, the voltage a1
the amplifier terminals equals the pickup
voltage. So, if records were recorded with a
constant amplitude characteristict a per-
fect piezo-¢lectric pickup would require no
further equalization.

An alternative method of operating the
pickup is the low-impedance loading’ or
“velocity loading™ method. Here we choose
R to place f,., at the highest end of the
frequency spectrum—say 20 kHz—where

- Constant amplitude characteristic™ mesns here that
the records will have been recorded in such a8 way that
a perfect rero impedunce amplitude-sensitive pickup
would produce a signul requiring no further ¢cotrection
before being amplified and fed to the loodspeaker.
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R would equal 10 k€2 for a pickup capaci-
tance of 80 pF as before. Referring lo
Fig. 1(b) again it can be noticed that if /.,
lies at 20 kHz, the whaole of the audio spec-
trum lies on that part of the curve with a
nsing frequency response of 6 dB/oclave.
Only above 20kHz s V equal to E, so at
50 Hz ¥ 1s very low (approximately — 52
dB). The name “*velocity loading’ has been
given to this mode of operation because the
oulput shows a nsing response with fre-
quency as obtained from a magnetic pickup
under appropriate conditions {see below).
One frequently comes across this recom-
mendation: 10 give approximate “velocity
loading™ load a ceramic pickup with 68 k!
This recommendation is unjustifiable since
the “velocity loading™ will be effective only
up (0 2°5kHz, and at 12 kHz, for example,
68 k{2 loading gives 12-:6 dB less than true
velocity loading.

Figs. 2(a) and (b) summarnze the above
ideas for a ceramic pickup of 800 pF operat-
ing into a load of (a) 4 M and (b) 10 k¢,
while playing a constant amplitude record-

INg.

Magnetic pickups

| hope the reader will forgive the rather
lengthy discussion on piezo-electric pwck-
ups—a few quick words will sum up the
essential features of magnctic pickups. A
similar type of equivalent circuit may be
drawn except that, first, the em.f. is pro-
portional to the velocity of the stylus at any
instant and, secondly, this em.f. can be
thought of as a zero impedance generator
in series with an inductance, typically 500
mH. Fig. 3(a) shows the equivalent circuit
and Fig. 3(b) the {requency response of this
circuit when stray capacitance 1s ignored. [t
is seen that up 1o 7, the voltage } across
the amphbifier input equals E, the pickup
e.m.f. Now, if we assume that such a mag-
netic pickup 1s used to reproduce from a
constant amphitude record, £ (the pickup
e.m.l.) i1s directly proportional to the fre-
quency f. Fis rising at 4 rate of 6 dB/octlave
over the whole frequency range and there-
fore ¥ will also nise at the same rate up 1o
fesg and then turm “fat” above it. This is
shown in Fig 4 for the case when R = 65 k{2
By analogy with piezo-electric pickups,
65 kQ loading would be termed high-im-
pedance loading, because the audio range
lies entirely 1n thal region of the curve
where the amplifier input voltage is egual
10 the pickup e.m.f. (which is proportional
to frequency). Low-impedance loading is of
no practical interest*, but iniermediate im-
pedance loading is practicable? and in this
case /, . 1s made 2100 Hz

If Fig. 2(b) 1s now compared with Fig. 4
it 18 seen that they are identical in most
respects, particularly i having the response
V oc fover the whole audio spectrum. Both
curves apply only to pickups on constant
amphitude recordings. This means therefore

*This 15 tue because low-impedance loading woutd
praduce a very small oulpul voliage although giving a
fla1 frequency response n principle. A smaller oulpul
voltage would aggravate the noise problem, and in any
casc the value of R required 10 make £, ~ 50 Hz is
160 2 which is already less than 1he actual a.¢. resist-
ance of the pickup cotl! Intermediale loading 1s prac-
tcable though with many magnetic pickups
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that an ideal ceramic pickup when velocity
loaded (C = 800 pF. R = 10kE}) will re-
quire exactly the same frequency correction
as an ideal magnetic pickup (L = 500 mH,
R = 65 k). This should make clear the use
of the term “velocity loading™ as applied
10 a ceramic pickup.

H we now wish to specily the gain,
frequency characterisuic of amplifiers for
reproducing constant amplitude records
using the pickup configurations shown in
Figs. 2 and 4, we find that a “flat’” amplifier
characteristic 1s required for Fig. 2(a) and
this 1s shown in Fig. 5{a). Both 2(b) and 4
require 3 gain falling at a slope of —6dB,
oclave over the whole audio spectrum as
shown in Fig. 5(b). (See last section for note
aboul bass hift below 50 Hz)

R.I.A.A. Recordings

Up 1o now we have considered consiant
amplitude recordings only and this is now
a convenient point to introduce the com-
phcations caused by the rcal R A A re-
cording characteristic. The R.1LA A, char-
acleristicis usually given asa gainAfrequency
curve required to correct a perfec: magneric
pickup with a high-Z load. Fig. 6(b) shows
this curve. The author’s preference, when
considering ceramic pickups, 15 the replay
charactenstic for a high-Z loaded ceramic
mckup which s givenin Fig. &(a). This form
of the curve emphasizes 1he close approxi-
mation of the R.1.A A characteristic to
constant amphiude recording apart from
the 12.5dB “copgle™ in the curve between
500 and 2121 Hz. Thus it maght be loosely
assumed that an amplifier 1o replay from a
ceramic pickup would require 4 gain/fre-
quency curve hike Figs. 6(a) or 6{b) depend-
ing on the loading employed. However, the
historical development of piezo-electric
pickups comes into play here, and as men-
tioned above the tradition of expecting
piezo-electric paickups to be played into a
high impedance load dies hard so we have
the situation that aimost all piezo-eleciric
pickups have built-in compensation,
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Fig. 4. High-resistance loading for magnetic

pickup playving a constant amplitde
recording. { R = 65 k€Y, L = 500 mH,
Jwaa = 20kHz, E oc fover audio runge. )
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Fig. 5. Amplifier gain characteristics
(a) for high-Z piezo pickup [ Fig. 2(a) )
and (&) for low-Z piezo (Fig 2(h) ] und
lugh-Z mugnetic (Fig. 4) pickups. Note
These characteristics refer 1o ideal piezo
and mugnetic pickups playing constanr
amplitude recordings.
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{ideal ceramic pickup with high-Z foad)
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characieristic { magnetic pickup into
high-£ load }.
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The 12:5dBliftan the higher frequencies 1s
provided by built-in mechanical compensa-
tion and this means that the pickup can be
played directly into a high-impedance *“flat™
amplifier and give acceptable results. On
the other hand, no magneuc pickups in-
corporatle mechamcal equalizatton and so
always need the full R.1 A A equahzation
as given by the curve in Fig. 6{(b). But as
practically all ceramic cariridges have the
mechanwcal compensation the amphfier
gain tfreguency charactenistic would have
to be like Fig. S(a) or 5(b), depending on
the loading employed, nor 6(a) or &(b).

As nothing can bc done about the built-in
mechanical compensation, additional elec-
irical equahization must be added 1o an
exisuing amplifier sf an atiempt 1s made 10
“velocity load™ the pickup and then play il
through an amplifier with fuil R.1.A.A. mag-
netic equahzation. Despite the mechanxal
compensation, no basic change m the
equivalent circuit of the pickup 1s needed,
the only difference is that the emf. Eisa
function of {requency, but the pickup is
still basically an amphitude sensitive device.
| think there 1s a good case for marketing
high-quakity ceramic pickups with no built-
in equahzation, specifically designed to
operate into the “magnetic™ input socket of
pre-amplifiers, whose input impedance is of
the order of 50 k().

This should have explained fully the
derivation of the three curves in Fag 5 of
ref. 1 where circuits and curves are given for
varying degrees of built-in mechanical com-
pensation.

Curve | —-Full mechanical
Curve 2 50%, eflective mechanical
Curve 3 - Zero mechanica)

In this respect Mr. Linsley Hood's Fig. 5
arvangement is more flexibie than his Fig.
4 circut which assumes [ull mechamcal
equalization

Medivm-/ loading of magnetic and
ceramic pickups

In the onginal version of the Tobey-
Dinsdale pre-amplifier!, an ingemous form
of equahzation was suggested for magneuc
pickups with an inductance ol the order of
500 mH. This depended on the concept of
splituing the equalization into two separate
sccitons, one proveding the treble equaliza-
tion above 2121 Hz and the other providing
the bass equalization below 500 Hz. Treble
equahzation was obtained by seting 1, =
2121 Hz and reference 10 Fig. 5(b) will show
that a flat amplifier characteristic 1s required
above £, for proper overall equahization.
Below 500 Hz amplifier bass lift 1s required
and this was achieved by frequency selective
feedback using a virtual eacth ampiiher (see
Appendix 1) where Z; consisted of a resistor
and capacitor in scrics with a ime constant
of 300 us.

This provides a gainfrequency charac-
teristic as shown in Fig. 7, assuming £, is
resistive. Thus the combination of the two
systems provides correct equalization. Pick-
ups with stductances much smaller than
S00 mH and/or with high a.c. resistances at
2 kHz cause difficulty with this method.
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Fig. 7. Gain'frequency curte of pickup
equalization feedback circuii of Ref. 2.

Switch 1 position tor LP RIAA
and connect Pickup 03 showh o2 &2
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Equaolized
cutput

(a)
Fig 8(u, Principle of equalizaiion for

virtual eqrth amplifier ( see Appendix ).
No biasing components are shown

A —
Re Fie

Cr Fig 8(b). Modified

WW— Dinsdale Mk 1 pre-
amplifier. Notes R, is
omitted. Component
values as in original
uniess shown. R, isa
sheleton pot. The value of
C, should be chosen to
give a total capacitance
Cof Co+C+C s

(b)

However, the critics of this system were
uncduly harsh and it s probable that the
majority of stereco magnetic pickups will
work satisfactorily with this form of equali-
zation. Tests on the Neat V-70 and the
B. & O. SP2 pickups, which are typical of
the moving magnet and variable reluctance
type respectively, have shown no decrease
a1 all in channel separation using the E.M i
stereo lest disc TCS 101 when first one
channel, then the other, is shoried. In a
recent article in Wireless World® i was
pointed out that magnetic imbalance of
these types of pickup is very low, resulung
in a separation of hetter than 40 dB from
this cause alone. Thus any transformers
effect (i.e. the current 1n one ¢oil inducing a
voltage in the other) wouid be of negligible
proporuons compared Lo the other causes of
crosstatk —which are poncipally mechani-
cal. Obviously the Decca fiss pickup 1s an
exception since 1t has a sum and difference
coi! system, where the common coll would
carry appreciable curreat through a com-
mon mpedance.

When ceramic sterco pickups arc oper-
ated into low-Z Joads there is no nisk at all
of worsening the channel separation
indeed. somc authors beheve that low 1m-
pedance loading improves the damping and
hence the transient performance. This idea
onginated a long time ago’, and as yet no
evidence 1s forthcoming in support of this
claim. Reference 3 contains many mislead-
img and conlentious remarks, and it s
possible that pen was put to paper rather
too hastily! Well, low-impedance ioading
is probably neither much worse nor much
better than high-timpedance lcading, other
things being equal, and if the reader wilil
accept the idea of a 1) k) load, or there-
abouts, i1t ts very simple to design a circuit
providing the necessary equahization. No

about 1500 pF { + 150
p.F) de‘ i5 ﬂbouf
N pF y

I
' I

| i l
IResponse of teestock (Co.Rg)

E ~" Response of Input
-'-E wirewit{Cy,Rg)
8
% :
i IResutont, Ra=50w
e
1 __-3.-"" !
/ ! Resutton, Ram 200w
l )
! i . '
50z s500H: 2-mH;z —>

rg. V. Performunce of Fig. 8.

doubt many readers have reverted 10 high-
impedance loading after being dissatisfied
with results from their pickup when opes-
ated into a magneltic input and the reasons
for this should be clear from the above dis-
Cuss+on.

However, theoreicaily perfect equaliza-
tion with medium-Z loading is possible by
adapting Lhc Tobey-Dinsdale sysiem for
equalizing magnetic pckups.

E.qualization of ceramic pickups—
new method

Suppose we load a 1500 pF pckup with
200 k€). The formula by Fig I{b) tells us
that f,,, = 500 Hz. Frequencies below 500
Hz suffer an attenuation of 6 dB/octave as
shown on Fig. I(b). Suppose also that we
use a feedback circunt providing an ampli-
fier gain curve as shown in Fig. 7, which
gives a rising gain below 500 Hz. Combin-
ing these 1wo circuits will provide a flat
overall frequency response-—which is what
is required for a fully mechanically com-
pensated ceramic pickup playing R.LLAA.
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recordings. The wirtual earth amplifier as
used in reference 2 works very satisfactorily
when the input circuit 1s modified as shown
in Fig. 8(a) which shows the outline system
and {b) giving the detailed modifications.
With a Sonotone 9 TAHC C; and R, were
kept as 0-005 uF and 47 kQ, and the only
alteration was to include the preset R,. The
performance of the adapted arcuit is shown
by the full linein Fig. 9. Should the mechan-
cal compensauon not be fully effective the
circuit can be arranged to give the full 12 dB
Ift by reducing the value of R, to 50 kS),
which raises the tunr-over frequency £,
from 500 Hz up to 2000 Hz as shown by the
dashed curve n Fig. 9. It 15 obvious thai
any degree of mechanical compensation can
be allowed for by tweaking R,. This can be
done quite casily by ear. [f 200 kQ 1s incon-
vemently high, the pickup can be shunied
with extra capacitance, say 1000 pF, so
allowing R, 1o be reduced, for the same
product of C,x R,. It 1s convement (o
arrange for the fecdback circuit 1o have its
turnover frequency at (0 Hz because then
inadequate mechanical compensation can
be easily adjusted for. If it is known that the
pickup s fully compensated any ¢onvenient
value for C, x R, may be chosen.

Any feedback type pre-amplifier stage
can be easily modified to prowvide correci
ceram¢ pickup equalization using the basic
method just discussed. The type discussed
in Appendix 2 has appeared as the Dinsdale
Mk. [1*; this pre-amplifier can be modified
1o give excellent equahzation as shown in
Fig. 10. Another popular more recent Wire-
less Warld pre-amplifier design 1s the Bailey
circuit®, which also can be improved by
greater attention to the egualization re-
qutrements. This design can easily be modi-
fied by, say, using the “Disc 1" position for
a ceramic pickup and “Disc 2™ for the
magnetic. The circut for the ceramic pick-
up will now appear as shown in Fig. 11
The circuits in both Figs. 10 and 11 are
capable of the adjustment range as shown
in Fig. 9 for the simpler virtual earth circuit
Each has an additional control R; of 10 k{2
10 presel the overall gain to a suitable Jevel
for the particular pickup. Using this form
of equalization lor pickups, it is doubtful
whether the performance of the modified
Dinsdale Mk. 1115 in any way mferior 1o the
modified Bailey because the feedback circuit
m the Dinsdale MKk. [l does not have a
falling impedance with nsing frequency any
more. Instead, the impedance Aatiens off a:
about 9 k() and does not shunt the Irahsistor
Joad impedance excessively at high fre.
quencies. The same 1s true for the other two
ampliher circuits, of course.

Equalization of ceramic pickups:
alternative circuits

Circuits requirmg no internal modifications
to the pre-amplifier fall naturally into two
matn groups
(1) add-on high input impedance fe t. and
boot-strapped circuits
(2) circuits adapting magnetic-cartridge in-
puts by “velocity loading™ the pickup and
decompensating (or the mechanical com-
pensalion.

I shall confine the discussion to the second

Magretlc
pickup

Ceraomic
— O—y

L T
D -

>

Fig. 10. Modified Dinsdale Mk. 11 for ceramic pickup equalization. Switch position 2 is now
labelled ceramic pickup R.1.AA. i.p. Note: Do not operate this circuit with C,, shorted
and R, se1 to less than 3500 Y or motor boating ar | H: might occur. To be safe, raise C,
10 20 ;iF or more. C, = C,+ C 4+ Coaa, €€, choose C 4 to make C, = 1500 pF [ + 150}

Rls. CI.O = 30[”.‘ Rl; Rl'r - 12‘4,C|’n H'F_. R iHQ, R"'

sef f... R, —sel gain.

+20V
8C 107
o e
Magnetic o= =0
Ceramic by
| Ra
Cp 220k W"‘T_‘
L] C 4
2 [ S— — -
Fig. 11. Modified Builey pre-amplifier for
ceramic pickup equalization. Swiich
position I is labeiled ceramic pickup
RIAA Lp C, = C,+C+C,.,. choose
Ctomake C, = 1500 pF ( +150)
Rs,flR‘ == 12'4 J R_;,.C,; = 3300.
R;—set [, . Ry—ser gain
—— O == = »
\ Sonotone
- 10k 9 TAHC S630
-— F‘I"‘e:'.'lmpﬂﬂef » Q_E'
- s
& Rin > S0k} _[_—’ Preamp
\[ 22k Toow BOGp S8k Zin 2 470
o '8 e O 10k

Derom cortridye

&
or similar type fulty equollzed

for RI1AA
magne tIc pickup
Fig. 12. Circuit for “velocity” loading and
decompensaling a ceramic pickup.

group since adequate information is already
available for the first group.

One of the best known circuits for de-
compensatimg the mechamical equalization
is due to J. Walion (Fig. 12). This is an in-
gemous circt. 1t provides “velocity load-
mg"” of the pickup over the whole audio
frequency range but the cffective load 1m-
pedance for the pickup 1s higher at low
frequencies than at higher frequencies,
therefore a relauvely Jarger signal is pro-
duced at low frequencies than at high. This
circwit allows the Decca Deram to be con-
necled successfully to a fully R.J.A.A com-
pensated magnetic nput of R, approxi-

fufl magr.etic
equolizing

- —

Fig. I3. Circuit for “velocity” loading and
decompensaiing Sonotone Y TAHC.

mately 47 k€2 or so. An aliemative circuit,
which was provided in a privale communi-
cauen, for decompensating the Sonolone
9 TAHC pickup 15 shown n Fig. 13, and
although seemingly very difierent from Mr.
Walton's arcuit, achieves the same objec-
tive

These circuits probably function quite
well, but there 1s the possibility of a big
build-up of errors in the mechanical com-
pensation, the decompensanion and the
amplifier equalization characteristic. By
comparnison the arcuit of Fig. 8(a) 1s very
simple, gives less risk of accumulated errors,
and allows adjustment for degrees of
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mechanical compensation. The one main
shortcoming of this stmple circuit 1s the
lack of loop gain to stabilize gain at fow
frequencies. In this respect the Dinsdale MEk.
Il and Bailey pre-amplifiers are superior.
Rumbile filtering is a good feature Lo include
as well. If the Dinsdale design of main
amplifier is used, or the Bailey amplifier
with the recent modification®, then rumble
filtering 1s no! so necessary since these
amphfiers have u buili-in high-pass charac-
teristic.

Further notes

{1) It may have occurred o the reader that
an even simpler form of equalizer is pos-
sible, consisting of a virtual earth applifier
with just a capacitor in the feedback circuit
as in Fig. 14. Though superficially very
altractive, this circuit 18 not very satis-
factory owing o the shunting effect of C,
on the transistor load resistor at high fre-
quencies, and the difficulty of adjusting the
comnensation. Stabihzauon of low-fre-
quency gain would be desirable, so requir-
ing a resistor shunting C, and perhaps C,,
thus making the circuit no simpler than the
udjustable circuit of Fig. 8. On the other
hand. the simple aircunt of the form of Fig. 8
is eminently suitable for a multi-transistor
virtual earth amplifier and is a simpler way
of achieving proper ceramic pickup equak-
zation than Mr. Linsley Hood's arcuit
(Fig. 5 of ref. 1).

(2} Pickups of very low or very lugh outputs
may cause difficulty through lack of gain,
or overloading and some further notes
might help to provide solutons for par-
licular problems.

Circuits in Figs. 10 and 1] arc not likely
10 be troubled m this way owing 1o Lthe
presence of the adjusiabie Ry. If the pickup
ouipul is low, R, may be increased up to
50k} max., which might then require
R, = 0. An alternative method to increase
the gain is to alter the values ol the resistors
and capacitors in the feedback circuits (R g,
R, Cig)in Fig. 10, or the equivalent ones
(R, R, C;) in Fig. 11. The ranios between
the component values must be maintained,
however, us given by the formulae at the
side of each diagram. In general, raising the
resistor values increases the gain and lower-
ing them reduces it. The equalization will
not be affected by such changes.

The circuit in Fig. 8(b) 15 not quite so
simple, as no one component can be varied
easily to alter the gain. Shunting the pickup
with a capacitor will neither raise nor lower
the overall gamn, because the attendant
alteration of R, to preserve the same j,
will exactly neutralize the change However,
if a series capacitor is used and a shunt
capacitor as well 10 keep the same effective
source capacitance of 1500 pF, effective
gain reduction can be achieved without
raising R, atall(Fig. 15). ForC,,, = 1500 pF
with C,+C,,... = 800 pF, C, = 390 pF,
C, == 1200 pF, gain is reduced by a factor
of 3 compared with the gain when C, is not
used, and the pre-amplifier would not be
overloaded by operating from a pickup with
an ouwtput of 1-25 V max!

An alternative method is to alter the
values of the feedback components (C, and

= O O

Fig. 14 A simple but bvpracticable

Cftrel e tan Cireiel }
RB Cas
Cs
]
1
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stroys
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Fig 15, Curbing high oulpur pickups by
including series and shunt capacitance.
Effective capacitance vaiue for calculating
feer 18 Couy which (Cot Luran) % €,
Co+Copers + C;
R, in Fig. 8(b)). In genecral decreasing Kg
lowers the gain, and increasing Kg raises it
However, this causes a change in the mag-
netic pickup gain as well as the ceramic
pickup, 8o it is hest avoided.

Finally, the pickup output may be
shunted directly with a resistor, R,, which
would be connected between the left side
of R, in Fig. 8(b) and chassis. To preserve
the time constant once more, this resistor
would have to be shunted hy a capacitor C,
larger than normal so that

R,R,
Ry+ R,

That is, if R; equals 200k, and Rj 13
200 kQ, thus giving a parallel combination
of 100 kQ), C,+C, would have 10 be made
equal 10 3000 pF or so.

A word of warning, do not aulempt 1©
shunt virtual earth amphfiers by putting a
resistor between the virtual earth point (sce
appendix 1) and real earth. The loep pan
of the amplifier 15 reduced, making the
circuit more susceptible to (ransistor gain
variations and the gain/frequency curve will
be Jess exact.

(3) Response below 50 Hz, Referring 1o
Fig. 6{(a) which shows the replay charac-
tenistic for a piezo-electne pickup playing
R.1.A A recordings, the curve implies that
bass hft is recorded below 50 Hz, since,
theoretically the replay charactenistic should
drop off below 50 Hz at 6 dB/octave. This
is probably not done by many recording
companies because of the allowable max-
mum recorded amplitude which s less for
ihe lower frequencies * Thus a flat gain 15
probably required below 50 Hz, down 10
say 20 Hz, below which a fall of 18dB/
oclave to reduce rumble 1s beneficial. Too
few pre-amplifiers include adequate rumble
filtering. The author recently has had to

(C,+C))x 318 us

*See for cxample, “Meusuring pickop performance™,
1. Walwon, Wireless Weorld, December 1967
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modify a valve stereo amptlifier of a very
well known make on account of its extended
low frequency response—flat 1o less than
0O H2!

On balance it is better to dispensc with
the luxury of “flat to 20 Hz” and allow
the theoretical 6 dBjoctave below 50 Hz
(R.1.A.A)) aid the rumble reduction, leav-
ing only 12dB/octave to be added else-
where, say, by a couple of differentiation
circuits in series between the pre-amplifier
and main amplifier, unless the main am-
plifier itself has a high pass characteristic.

in principle, the simple equalization cir-
cuit of Fig. 8(a) would pive a flat responsc
down to zero frequency. This is pot true of
Fig. 8(b) owing to the limited gain of a one
transistor amplitier, and also to the feed-
back deliberatcly introduced to give a high
pass action. With a high gain amplifier and
no anti-rumble feedback, C; would need 10
be shunted by 560 k{ to give a turnover
frequency of 50 Hz

Bass roll-oft would not be achieved by
pulting a capacitor of 0-01 uF in series with
R,, although it was this method, in effect,
that was suggested recently’. Since the 0-01
uF 1s in series with the pickup capacitance
and the pickup capacitance is only 700 pF
or 50, the 0-01 uF capacitor would have only
a 7%, effect on the turnover frequency of the
pickup in conjunction with the amphfier
input resisiance. ( £, would be about 1-$
kHz, and not 50 Hz.)

(4) Magnetic pickups playing into high re-
sistance loads. Manufacturers of magnetic
pickups commonly staie that their products
should be loaded with not less than 47 k().
Many reports on magnetic pickups refer to
the proeblem of the pickup inductance and
lead capacitance giving a resonant effect on
frequencies ahout 15 kHz to 20 kHz. In the
case of pickups with an inductance of about
300 mH it is advisable to use no more than
50 k() since then the @ of the LCR circuit s
about 1 which almost entirely suppresses
the resonance effect.

(5) The capacitance of the connecting leads
to a ceramic pickup are of no consequence
since the capacitance simply adds 10 the
source capacitance of the ceramic pickup
and does not cause resonance etiects.

{ Please see p. 80 for Appendix}
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notch of low -pass Lype 1s obrained, Fig. 8{d),
Vi = Ve+ayV = (1 +ayp®T7) Ve (39)

Simuarity if ay = 1 and a,<]. an un
symmetrical notch of high-pass 1ype is
obtamed, Fig. 8(¢). The noich summing
amplifier is not always required in a filter
having several factors, because the summa-
tion for one siage can be made a1 the inpui
of the following stage.
All-pass response, secoixd-order,

I-; pT+p?T?

1+; PT+pPT?

Fa+ Ve

Ve

=V, {40}

1s casily obtained by adding alithree primary
outpuls, as the output proportional 1o Fy
alrcady has the necessary relauve sign
reversal. Note: the relalive magnitude of
the contnbutwon from the luned-circuit
output is Vg, ie,qbVu/g

The effect of parasite phase lags

The effect of parasiuc phase lags, provided
they are small, can be estimated as shown in
Part 5 In ihe absence of such lags
1/q¢ = tan 0, where ¢ 1s the phase margin at
wg, and therefore for g» 1, 1/q s approxe-
mately equal to the phase margin {(measured
in racians). Parasitic phase lags, by reduc-
ing the margin, increase (he effective g, and
are in effect negalive loss factors. When the
lime¢ consiant of such a lag, ¢, i1s small
compared with T {T = 1/w¢), us phase lag
in radians atweis i T, and equn. (18) may be
further moditied to

1 _ 1,0 Z:
9 4. 4 T
Lags inside the amplificrs may to a first
approximatlion be taken as divided by the
loop gain, which for the integrators 15 the
amplifier gain
Because the product of the gains of two
amplifiers can be drawn on, the iwo-
miegrator loop 15 particularly suitable jor
reahsing hugh @ factors (tens rather than
units). This mecans that | ¢ may well be
small, and then for accurate design un-
wantcd phase lag must be very small
compared with the design value of T In
consequence very high values of ¢ factor
are more practicable at low frequency.
When ¢ 15 low, quite simple ampiifiers
with perhaps only one stage of gain may be
used. This could be the case in. for example,
a varnably 1uped audio-frequency fiker.
And because the bandwidth of such an
amplifier could casily be large compared
with the corner frequency of tihe filter,
parasitic [ags should be negligible. It will be
usclul, therefore, 10 consider in more detail
the situation where finite {and rather low)
zero-frequency gain is the major imperfec-
tion. This wall be taken up agam in the next
article.

(41)
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Continued from p. 60

Appendix to
Ceramic Pickups &
Transistor Pre-amps

(1) Gain and impruir impedknce of virtual earth

amplifers
For high gain amphfier
Vo £: Juncionof Z, and 7,
F. Z, 1savinualearth
Zo= 7,
Z,.,—0

virtugl ecrth

Amplifier is phase inverting, e.g. one high
gdin {ransistor in common emitier mode.

A clear understunding of the operation of
the equalization circuit put forward in this
article is gained by thinking of the ceramic
pickup capacitance as being a part of Z,:

ifR xC, = Ry xC,
then Z,/Z, = constant, wdependens of £

Therefore ¥, E = constan over wholc [re-
quency range, which is the requirement for
a mechamcally compensated pickup. The
virtual earth amplifier was used in the Dins-
dale Mk. 1 pre-amphfier and more recently
in the Liastey Hood pre-amplifier

(2) High input impedunce feedbuck amplifier

For large value of 1otal gain

V 2 R +R;
V., R.
Pickup
cagac.tance Z?

- =
V. ¢
In general, E,"' C'; ar Lf. and
¥ R
%l = =2 gy hf.

E R,

Wireless World, February 1970

If the amplifier — 4 consists of a transistor
(Tr,) in common emitier configuration and
the current gain of 7r, and Tr, = f, Z,,
tends to % x R, shunted by R,  and the
Miller capaciance of Tr,

=)
‘[ + supply
s S
1 'lﬁl..___‘}— 2}
Zlh == L
T!"1
» A tvm
Yin ) R'|
Rad
i o

i :

Total gain = gamof Tr x| A

This system 1s used in the Dinsdale Mk.
[l pre-amplifier where Z,, = 500 kQ but nt
1s of course frequency dependent, so norm-
ally Z,, is shunied by a resistor 10 stabihize
the 1nput resistance to 100 k{2.

The Bailey pre-amplifier 1s a develop-
ment of the Dinsdale Mk. ]I and an 1m-
provement has been made by adding an
emitter follower after the second common
emitter amplifiecr transistor to reduce the
shunting effect of the feedback network (a
frequency sensitive circuit in place of R))
at high frequencies.

Corrections &
Amendments

Pickup Charscteristics (December): Garrand
pout out [hat the output voltage of their can-
ridges should have been quoted in volts {not
mV)and at |kHz at 3.54 cnmv/sec.

Thermistor Hygrometer (December): The
UK. distnbutors of the Phico Ford op. amp.
PA 7709-39 arc Elecironic Component Services

(Worcester) Lid, 636 Foregate Street.
Worcester, and not as stated on p. 558.
Electronic Metronome (January) Resistor

R < should be connected directly to the coliector
of Try. The junction of ¥R, and R« should not
be connected 10 the transistor.

Low-distortion Bias and Erase Oscillator
{January): In Fig. 4 the 470 1) resistor 10 series
with §3. shoud be connected to the collector
of 2M3704 and not the emitter as shown.



