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Inside The Ceramic Cartridge
B o e N e e R e e

The ceramic cartridge is justly popular today, partly because it produces good results in relation to its

cost. The inter-related factors of high signal output and the simpler amplifier arrangements necessary have

in the past supported in a most adequate way the subject of low cost. Ceramic cartridges as a whole are
more robust than electromagnetic types and are therefore less susceptible to damage caused by rough or
accidental handling. Most if not all of them contain “built-in” equalization or require a less complex type of
equalization involving lower losses. These are of course generalisations, to which valid objection can be made

in specific circumstances.

It has been pointed out, for example, that as ceramic cartridges attain better performance figures, their
output gets lower and lower. Some consideration had to be given initially to suitable amplifier input circuits
using transistors, but this problem now appears to have been solved to the satisfaction of most, and without

waiting for devices such as field effect transistors to become more plentiful.

However, the object of this article is not to deal with these matters, but with the cartridge itself, and
particularly with considerations involved in the design of ceramic cartridges. The mechanical system of the
ceramic cartridge is complex when compared with most magnetic cartridges, and will be discussed at some
length as it forms the limiting factor in some aspects of performance.

General Considerations

The complexity of the ceramic car-
tridge has already been mentioned.
Below a frequency f,, which varies from
one design to the other, the mechanical
system of the cartridge can be Tte-
presented by lumped parameters in a
network comprising two loops, and the
performance of the pickup can be pre-
dicted and explained qualitatively and
partially quantitatively in terms of the
network. At the frequency f,, which
typically occurs in the region 5 to 8 Kc,
a parallel resonance occurs in the
mechanical system, and the frequency
response and the mechanical impedance
become large.

Above frequency f,, the comparative-
ly simple explanation mentioned is not
possible. Mulfiple reasonances can and
do occur in the region above f,, and in
fact these resonances are often intro-
duced or used to control the frequency
response of the cartridge in the ap-
propriate area. It will be recognised
that the use of multiple resonances in
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this way, whilst it may assist in cer-
tain portions of the frequency response,
will at the same time make it difficult
or impossible to attain a smooth fre-
quency response in the relevant area.

Further parallel resonances can occur
above f,, and at these frequencies the
mechanical impedance of the cartridge
can again become unduly high. For
these reasons mis-tracking and distor-
tion can occur on high frequency peaks
even though the low frequency per-
formance of the cartridge, below f,
may be adequate. Because the channel
separation in a stereo cartridge is close-
ly related to mechanical impedance, the
separation falls as the impedance rises.
These matters are illustrated in the per-
formance curves of the cartridges, as
will be shown later in the article.

It is unfortunate that the outstanding
advantages of high output voltage and
built-in mechanical equalization which
characterise the ceramic cartridge are
obtained at the expense of other para-
meters such as the frequency response
and the mechanical impedance. Because

the ceramic cartridge, like all piezo-
electric transducers, “looks” like a volt-
age generator in series with a small
capacitor of perhaps 500 to 1,000 pico-
farads, depending on the type, it nor-

mally needs a very high impedance load,/”)

to avoid a fall-off in low-frequenc
response. Alternatively, when working
into a load impedance lower than that
recommended, a simple form of equali-
zation such as a shunt capacitor may
be used, but this involves a loss of
output. As a further and very satisfac-
tory alternative that has been evolved
for use in transistorized amplifiers, the
input stage of the amplifier may be de-
signed to “look” like a capacitor to the
cartridge; whilst this also involves an
effective loss of signal level, it is a
highly satisfactory solution from the
point of view of frequency response,
and it has been shown (“Radiotronics”,
Vol. 28 No. 10, October, 1963, “Cera-
mic Pickup Cartridges”, and “Radio-
tronics”, Vol. 28 No. 11, November,
1963, “Crystal Pickup Cartridges™) that
where the circuit has been carefully de-
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signed around a cartridge, the overall
response of the cartridge and input cir-
cuit can be better than that of the
cartridge alone working into the recom-
mended load.

Requirements

Before going further with the dis-
cussion, it may be profitable at this stage
to remind ourselves of the most impor-
tant features of the cartridge and the
level of performance that may be ex-
pected of a ceramic cartridge today. To
some extent we will be idealising here,
so that the figures quoted must not
necessarily be used as a yard-stick
against units presently offered.

FREQUENCY RESPONSE. A smooth
frequency response throughout the audio
frequency range goes without saying. It
is generally accepted in the present
state of the art that a frequency re-
sponse from 20 cps to 15 Ke = 2 db
will provide the best quality sound
reproduction when the present perform-
ance of other units in the reproduction
chain is considered.

SENSITIVITY. High sensitivity is un-
doubtedly desirable as a generalisation.
However, except in relation to overall
system cost, and provided always that a
satisfactory signal level is available to
overcome signal/noise problems in the
amplifier, this would appear to be one
of the less mandatory features.

TRANSFER COEFFICIENT. The
cartridge is a transducer which converts

‘mechanical energy imparted to it from

the record into electrical energy. This
mechanical/electrical  energy transfer
should be linear to avoid distortion of
the signal, and must extend sufficiently
far to accommodate the maximum energy
input that can be expected from the
record.

ELECTRICAL IMPEDANCE. Ideally
the electrical impedance should be rea-
sonably low in relation to the input
impedances of amplifiers with which the
cartridge will be used. There is a num-
ber of reasons for this. Because the
ceramic cartridge is a capacitive source
of voltage, cable and amplifier input
capacitances cause a loss of signal level,
but this loss is substantially equal at
all frequencies of interest. High im-
pedances also increase the problem of
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noise, and of noise and hum pickup.
There is also the sheer difficulty of
making amplifiers with input impedances
which are very high, although as al-
ready indicated, other approaches to this
problem are possible.

CROSSTALK. Crosstalk levels have
been hotly debated in the past. The
issue has been clouded by claims that
from a subjective point of view chan-
nel separation of as low as 6 db can
provide acceptable stereo results, and
claims of a similar nature. Such claims
probably always have an element of
truth in them. In fact it has always
been difficult to relate published separa-
tion figures with subjective results. This
probably arises from the fact that
separation is generally quoted at one
frequency, which is likely to be 1 Kc
or thereabouts. In other cases better
information is provided by quoting a
minimum separation figure which ap-
plies over a specified frequency range;
this is of course the way it should be
done. Because from a subjective point
of view most of the stereo effect will
be derived from frequencies above about
300 to 500 cps, and typically in the
range up to frequency f, at which the
first parallel resonance occurs, there is
little point in having a separation at
1 Kc of -20 db if it has fallen off to
virtually nothing somewhere between,
say, 5 Kc and 10 Kc. A separation of
-20 db throughout the audio frequency

MECHANICAL IMPEDANCE. A low
mechanical impedance at the stylus is
desirable for all frequencies within the
operating range, in order to avoid un-
due record wear and improper track-
ing of the stylus. Information on this
property is generally conveyed to the
user in terms of the cartridge compli-
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ances, which should be as high as
possible,

In addition to the main properties
listed above, it is clearly desirable that
the cartridge have built-in mechanical
equalization if this can be done without
unduly compromising other aspects of
performance, as this will simplify and

- cheapen the amplifier. If this is not

pqssible, then it may be possible to
provide a cartridge that requires a less
complex equalization than the RIAA
characteristic used with electromagnetic
cartridges. It is clear that in the present
state of the art it is not possible to
provide a cartridge in which all the
properties listed above are optimised,
as some of them are mutually incom-
patible. A compromise has been made
in all such cartridges offered today, so
that the success and acceptance of the
cartridge is largely determined by the
way in which the compromise has been
made,

Basic Arrangement

Whilst there are a few exceptions,
most of the ceramic cartridges available
at present have an interior arrangement
similar to that shown in Fig. 1. This
diagram shows a stereo cartridge having
two active elements, each of which
consists of a ceramic bar with silvered
electrodes on each of two opposing
faces. These two active elements are
securely clamped at one end in the
mounting block shown, which is in turn
securely held in the casing of the car-
tridge when the assembly is complete.
The outer end of each bar is left free
to move. The bar clamped at one end
therefore becomes a clamped-free canti-
lever beam which may be deflected by
a force applied to the free end.

The two bars are set at an angle of
45° to the record surface so that they
are mutually at a 90° angle. This is the
standard stereo arrangement by which
the cartridge extracts the right and left
hand information from the grooves on
the record. The free ends of the two
bars are controlled by a yoke which
has an included angle of 90° and forms
a coupling between the bars and the
stylus arm.

The stylus arm is held at one end in
a manner similar to that of the two
bars, with the exception that the arm is
not necessarily held rigidly, but may
be held in a rubber block, for reasons
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which will appear later. The arm is
preferably of tubular aluminium or
similar material in order to keep the
inertia of the arm to a minimum. The
stylus itself is mounted towards the
outer end of the stylus arm in any
convenient manner.

The yoke which couples the stylus
arm to the active bars is a very impor-
tant component, and a wide variety of
materials have been used at one time
and another for it. The arms of the
yoke are so shaped that they will trans-
mit longitudinal forces to the bars but
not transverse forces, at least in theory.
The extent to which this is in fact
accomplished determines, among other
things, the isolation between channels.
The coupling to the stylus arm usually
consists of a notch fitting over the
stylus arm; this provides for easy re-
placement of the stylus and arm assem-
bly when necessary.

When one of the ceramic bars is bent
in a direction normal to the faces carry-
ing the silvered electrodes, a voltage is
generated across the electrodes, this
voltage forming the output of the car-
tridge. If now the case is considered
where the cartridge is traversing a ste-
reo record and at the time under con-
sideration there is a signal on one
stereo channel and none on the other,
the stylus will be driven at a 45° angle
to the surface of the record. When this
motion is translated by the stylus arm
and the yoke to the ends of the two
ceramic bars, the direction of motion
will be such that the yoke applies longi-
tudinal forces to one bar, This bar will
then provide an output corresponding
to the original modulation of the record
groove,

If the design of the cartridge were
perfect, and other factors were ideal,
the yoke would not apply the same mo-
tion as a transverse force to the second
bar, nor would there be any longi-
tudinal component of force applied to
the second bar, so that no output would
be obtained from the bar. This does
not happen in practice and it is neces-
sary to compromise between lowest
possible cross-talk and other desirable
features. It is clear that when the car-
tridge is used on a stereo record with
signal in both channels, each bar pro-
duces complex signals containing ele-
ments of both channels.
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Mechanical Network

Having considered the general re-
quirements and arrangement of the cera-
mic cartridge, it will now be necessary
to consider the comparatively complex
mechanical arrangement of the device
to see how the idealised requirements
can be met, or if they cannot fully be
met, to find out why this is so. The
electromagnetic cartridge has a simple
mechanical system whose network usu-
ally consists only of a mass in series
with the compliance of the stylus arm
and its clamping block. The ceramic
cartridge is very different.

In order to analyse the operation of
the mechanical system of the ceramic
cartridge, a number of assumptions will
be made. It will be assumed first of all
that only those elements comprising one
channel are involved, as shown in
Fig. 2A, where a further liberty has
been taken by assuming all the elements
to be assembled in the plane of the
paper. It is further assumed that there
is complete isolation between the two
channels. In this manner an attempt
will be made to analyse the dynamic
behaviour of the device.

It will be seen in Fig. 2A that each
of the mechanical elements has been
labelled as possessing a mass M and a

compliance C, The equivalent network
of the mechanical system is shown in
Fig. 2B. This analogue of the system
shown in part A of the figure applies
only in the frequency range over which
the mechanical elements can be treated
as lumped parameters, that is, below
f,, the frequency at which the first
parallel resonance occurs. Only the re-
active elements have been included in
the analogue network shown, as these
are the only elements necessary to
consider the general aspects of fre-
quency response and mechanical im-
pedance, There will in practice be
elements of mechanical resistance in the
analogue network; the effect of these
elements will be to add some damping
and to shift the resonances to slightly
lower frequencies.

Many readers will be familiar with
analogue networks of the kind shown in
Fig. 2B, particularly in connection with
loudspeakers and their associated en-
closures. For those who are not famil-
iar with such networks it may be
advisable to provide some further ex-
planation before going further. Mass is
represented in the electrical analogue
by inductance and compliance by capa-
citance, whilst non-reactive components
such as damping are represented by
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resistance. Going quickly through the
network therefore, stylus mass and com-
pliance are represented by M, and
Cs and include that section of the stylus
arm which is between the stylus
and the yoke. The mass and compliance
of the rest of the stylus arm is re-
presented by M. and C., the properties
of the yoke by M, and C,, and those
of the ceramic bar by M, and Cy. The
compliance C. has two components

Cyy and Gy,

The mechanical impedance at the
stylus, at the primary of the mechanical
transformer T, of the rearward end of
the stylus arm, at the driven end of the
yoke and at the driven end of the
ceramic bar are respectively represent-

2d by Ze, Zi, Z., Zy and Z.. The

mechanical transformer T will be seen
to consist of a second-order lever around
the stylus arm, wherein the clamping
block is the fulcrum and the yoke is
the load. The transformation ratio is
determined by the relationship between
the total length of the arm and the
length between the vyoke and the
clamped end.

If one assumes that the mechanical
impedance of the record groove is
infinite, then the stylus will be driven
with a constant velocity V, at all fre-
quencies. The output of the pickup is
proportional to the amount of bend-
ing, that is the deflection, of the cera-
mic bar, and this deflection is in turn
proportional to the force F acting on
the compliance C,; of the bar. Cal-
culation of the force F as a function
»f the driving velocity V., at the stylus

-will produce the output voltage versus

frequency response, It is also possible
using the network of Fig. 2B to cal-
culate the driving point impedance, i.e.,
at the stylus, as a function of fre-
quency, For a simple mathematical
treatment of the analogue circuit, see
the Appendix.

The remarks made earlier regarding
the relative complexity of the ceramic
cartridge compared with the electro-
magnetic cartridge will be clear from
the analogue network shown. Recalling
the earlier statement that the analogue
network of Fig. 2B is valid only up to
the frequency f, at which the first
parallel resonance occurs, above this
frequency the ceramic bars and other
individual elements in the system re-
sonate in modes higher than the first
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order, and can therefore no longer be
represented by lumped parameters, but
are more accurately represented by
mechanical transmission lines.

Those resonances which are due to
the higher modes of vibration are used
in practice to extend the frequency
response of ceramic cartridges. Further,
the multiple resonances of this type of
pickup are largely responsible for the
comparatively high output by which it
is characterised, and are used or modi-
fied to provide the built-in equaliza-
tion characteristic so common to pick-
ups of this type. Because of the diffi-
culties presented by the multiple re-
sonances to the accurate calculation
prediction of the performance of the
device at frequencies above f,, a con-
siderable amount of empirical know-
ledge is used in practice in the design
of these cartridges. The resonant fre-
quencies and the degree of damping are
likely to be adjusted empirically and
experimentally to provide a satisfactory
frequency response, but often the
mechanical driving point impedance is
little considered except in relation to
the provision of sufficient compliance at
the stylus to allow it to stay in the
record groove when tracking loud low-
frequency passages. This will be re-
verted to later when dealing with the
subject of driving point impedance.

FIG. 3

Higher-order Resonances

Having mentioned the higher-order
resonances which determine the per-
formance of the cartridge above the
frequency f,, it will be instructive to
see how the more important of these
arise. Take for instance the ceramic
bar, which is a cantilever loosely
clamped at one end and free at the
other, or substantially so. The time re-
quired for a wave at the fundamental
resonant frequency of the bar to travel
from one end to the other and back
again is equal to one period or cycle of
the sinusoidal driving force. The driv-
ing point impedance of the bar at this

frequency is very low, and the deflection
of the bar is monotonic, that is, no max-
ima or minima are exhibited, as shown
in Fig. 3A. This is the first vibration
mode of the bar, As the driving fre-
quency is increased a point will be
reached at which the two-way journey
along the bar takes a time equal to 1.5
times the period of the driving fre-
‘quency, and the reflected wave then
arrives at the driving end 180° out of
phase with the driving energy, so that
the driving point impedance is very
large. As the driving frequency is
increased still further, the second mode
of vibration of the bar is reached, de-
picted in Fig. 3B, where the travelling
time of the wave down and back along
the bar is equal to twice the period of
the driving force. At this frequency the
driving point impedance will again be
very low. TFurther increases of fre-
quency, then, excite still higher vibra-
tion modes in the bar, so that the
driving point impedance varies with fre-
quency between high and low values.
Compare this action with that of a
transmission line of fixed length with
varying frequency applied.

The frequencies at which the various
modes of vibration of bars occur can
be calculated'. For a bar rigidly clamped
at one end, where the first mode vibra-
tion occurs at frequency f;, then the
second mode vibration will occur at
6.27f, and the third mode vibration at
17.56f;. For a bar which is not
clamped but is provided with a simple
support, the second mode vibration will
occur at 4.4f;, and the third mode
vibration at 14.2f,. Because the cera-
mic bar in the pickup is held in a
rubber block, with a degree of clamp-
ing which varies from one maker to
another, the case we have to consider
lies somewhere between the two sets of
conditions mentioned. For bars of typi-
cal size as used today in pickups, f; is
likely to lie in the range 1.5 to 3.0 Kec.
This means that the second mode vibra-
tion will fall within the audio fre-
quency range of interest, but the third
mode vibration will lie outside the range
of interest.

If we look again at Fig. 3B, which
depicts the second mode vibration, it
will be seen that because of the nature
of the deflection curve imposed on the
bar at and near this mode, some parts
of the bar are being deflected in one
direction, which for convenience will be
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called positive, whilst other parts are
being deflected in the opposite direc-
tion, Some degree of cancellation will
therefore occur as the charges are col-
lected at the electrodes disposed along
the sides of the bar, and this will have
a pronounced effect on the voltage
output/frequency curve.

The second major component of the
cartridge in which higher-order re-
sonances will occur is the yoke. Each
arm of the yoke is a substantially solid
bar which transmits compressional waves
from the stylus arm to the ceramic bar.
In a bar driven at one end and free at
the other, compressional resonances
will occur at frequencies for which
1 = nM\/2, where 1 is the length of the
bar, A is the transmitted wavelength
and n is the order of the mode. For a
bar driven at one end and clamped at
the other, the resonances occur at fre-
quencies where 1 = (2n-1)A/4. The con-
dition at the undriven end of the yoke
may lie anywhere between these two
conditions, depending on the mechanical
impedance of the ceramic bar, which
will itself vary with frequency as already
explained.
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FIG. 4—Response of an experimental

cartridge plotted for constant displace-

ment drive (curve A) and the mechanical
impedance (curve B).

The mechanical impedance at the
driven end of the yoke is therefore de-
pendent in a complex way upon the
interaction between the yoke itself and
the ceramic bar. Further difficulties
arise from the fact that the cross-
section of the yoke arm will inevitably
not be uniform over the entire length,
and that the performance of a given
yoke will depend also on the elastic
constants of the material chosen for it.
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There is some reason to believe that
the fundamental resonance of the yoke
used in most pickups will lie within the
audio frequency range of interest, and
that in many cases the second order
mode also occurs within that range.

Having dealt with the ceramic bar
itself and the yoke, the remaining
major component is of course the
stylus arm. This arm is similar to that
of the ceramic bar, in that it is driven
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FIG. 5.—Single channel response (curve

A) of a typical commercial ceramic

cartridge, and the cross-talk response
(curve B).

at one end and clamped, at least to
some degree, at the other, and the same
considerations apply. The fundamental
resonance of most stylus arms appears
to occur in the mid-audio range of
frequencies, that is, probably in the
range 1.0 to 3.0 Kc. The low driving
point impedance of the pickup at the
arm resonance frequency has no ap-
preciable effect on the frequency re-
ponse, but at higher vibrational modes
the driving point impedance becomes
very large. In high quality pickups care
has been taken to put this higher mode
resonance above the frequency range of
interest, but in poorer grade units this
resonance has been observed to occur
in the 8 to 15 Kc region, and is in fact
often used to augment the response of
the pickup in that range.

At frequencies slightly below that at
which the second mode vibration oc-
curs, the driving point impedance is
large and is equivalent to a large mass.
The equivalent mass resonates with the
compliance of the record in the stylus
contact area, and is the phenomenon
known as stylus-groove resonance. Where
this resonance occurs, and it will occur
particularly in those cases mentioned
above where there is a poorer unit and

the resonance is used to augment the
response, irrepairable damage will rapid-
ly be done to the higher frequency
components of modulation on the record.

Calculating Frequency
Response and Impedance

Enough has been said to show how
difficutt if not virtually impossible it
is to design a cartridge on paper, and
so to support the empirical and experi-
mental approach to the subject. Inci-
dentally, although not often admitted,
a similar approach is often used in the
design of loudspeaker/enclosure assem-
blies. Further, the dynamic compli-
ances of the various elements are likely

to be between 2 and 3 times smaller” >

than the static compliances which are
studied on paper. The designer natu-
rally knows the various single factors,
say mass of the ceramic bar, and the
general effect the variation of each of
these factors may be expected to have
on the final results.

The single-channel compliance at low
frequencies is given by
TCu(Cy + Cy)
C, =~
C.+C +GC,

The mechanical impedance of the
cartridge becomes very small in the re-
gion of that frequency at which a
series resonance is present between the
compliance C, of the ceramic arm (see
Fig. 2B) and all the masses in series
taking into account the transformer
ratio, Conversely, in the absence of
damping, the mechanical impedance be-
comes infinite at that frequency for
which the yoke compliance C, and the
bar compliance C. in series form a
parallel resonance with the mass of the
bar, M:;. The response also becomes

—{I10DB |+—
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very large at that frequency. Damping
will of course reduce the magnitude of
the impedance at this resonance to a
finite value, and the mechanical im-
pedance at the stylus may be further
reduced at the expense of lower output
by increasing the ratio of the mechanical
transformer T.

A large mechanical impedance in the
middle of the band can lead to improper
tracking, increased record wear and
increased distortion, and a satisfactory
compromise must be found by the de-
signer of the pickup in this area. To
illustrate  the inter-dependence  of
mechanical impedance and response,
there is shown in Fig. 4 response and
mechanical impedance curves for an ex-
perimental pickup, plotted on a constant
displacement basis. The mechanical
impedance of the pickup was a mini-
mum at about 500 cps and reached a
maximum at about 3.2 Kc, correspond-
ing to a parallel resonance in the sys-
tem. The maximum at 3.2 Kc is
followed by a second minimum and then
a rise again as the system approaches a
higher-order resonance of the ceramic
bar. As far as the frequency response is
concerned, a peak occurred at the fre-
quency of the first parallel resonance
followed by a characteristic rapid fall
off in response.

Driving Point Impedance

The tracking capability of the pickup
depends on the mechanical impedance at
the stylus, which is therefore a most
important parameter. At low frequencies
the driving point impedance is a com-
pliance, and the force exerted in de-
flecting the stylus by the wall of the
record groove must be at least balanced
by the vertical tracking force if the
stylus is to remain in the groove. This
low frequency relationship of the
mechanical impedance is well under-
stood, and is adequately catered for in
commercial units. The quoted vertical
tracking force is likely to be deter-
mined largely by those factors involved
in the low frequency relationship of the
mechanical impedance.

It is possible at the high frequency
end of the operating range for a higher
order mode of vibration of the stylus
arm to produce a high driving point
impedance, leading to stylus-groove
resonance and record damage as previ-
ously mentioned. Because this effect
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occurs at the stylus itself, it cannot be
eliminated by adjusting the ratio of the
mechanical transformer, i.e., by adjust-
ing the position of the yoke on the
stylus arm.

Improper tracking is a distinct pos-
sibility at any frequency at which the
driving point impedance becomes large.
For example, in the case of the ex-
perimental pickup previously mentioned
and to which the curves of Fig. 4 apply,
the main parallel resonance occurs at
about 3.2 Kc, where the mechanical
impedance is 3,000 mechanical ohms.
With this impedance and with a 3.2 Kc
signal recorded at a velocity of
10 cm/sec, a vertical tracking force of
30 grammes would be required to avoid
distortion due to improper tracking. But
this is an exaggerated example, due to
the nature of the experimental unit. In
commercial designs the parallel re-
sonance will be more highly damped
and the impedance at the stylus will be
reduced by positioning the yoke closer
to the clamped end of the stylus arm,
i.e., increasing the ratio of the mechan-
ical transformer T. However, it is still
very difficult to reduce the vertical
tracking weight below about 4 grammes
for completely satisfactory results. The
same remarks apply to resonances at
higher frequencies caused by higher
modes of vibration, but the damping
will be more effective at the higher fre-
quencies and the signals will of neces-
sity be recorded at lower levels due to
curvature-overloading considerations.

Because modern ceramic pickups are
ideally required to have vertical tracking
weights of the order of 2 grammes, the
use of parallel mechanical resonances to
control or influence the frequency re-
sponse must be questioned unless means
can be found to reduce considerably the
driving point impedances, particularly at
the higher frequencies so that the speci-
fied weight is still adequate to provide
proper tracking.

Separation

So far a great deal of discussion has
dealt with a single-channel cartridge so
as to simplify matters. From a practical
point of view, however, the stereo cart-
ridge must now be considered. Vertical
and horizontal displacements of the
stylus and the forces involved are out-
lined in the Appendix.

In ceramic stereo cartridges the yoke
is shaped to provide a high compliance
with respect to transverse deflection of
each leg of the yoke, i.e., of each of
the two ceramic bars, but to provide a
much lower compliance with respect to
longitudinal deflections parallel to the
axis of the leg. From a practical point
of view it is inevitable that some inter-
action will take place between the two
channels, through the yoke. Channel
separation is an important feature of the
performance of any stereo cartridge.
Some cartridges can boast a very high
separation of, say, 30 db or more over
a limited frequency range, whilst others
preserve a lower but reasonably con-
sistent separation over a substantial por-
tion of the operating frequency range.
Cases are common in the lower grade
units where high separation at com-
paratively low frequencies is followed by
a rapid fall off in separation well within
the operating frequency range and even
in some cases, due to vagaries in the
system, to a negative value of separation,
That is, over a portion of the operating
frequency range, the output from the
“unwanted” channel is higher than that
from the “wanted” channel.

Here again, in the matter of separa-
tion, the performance feature is very
dependent on the mechanical impedance
of the system, and is lower where the
mechanical impedance is higher. This
is illustrated in Fig. 5, which shows
the single-channel and separation charac-
teristics of a commercial pickup not on
sale in Australia. The output voltage/
frequency response of this unit shows
the characteristic parallel resonance peak
at about 5 Kc, followed by the usual
fall-off of output. The separation curve
is seen to show a maximum separation
at about 3 Kc, where the mechanical
impedance is low due to the first-order
series resonance of the ceramic bar
described earlier. The separation falls
to a minimum at about 5 Kc where the
parallel resonance causes the mechanical
impedance to be high.

The separation has another minimum
at about 14 Kc, where a higher order
parallel resonance and stylus-groove reso-
nance cause a high mechanical impe-
dance, In this way the performance
curves can be interpreted in terms of
the design features of the cartridge and
in general terms can serve to amplify
the assessment of quality that would
otherwise be derived from such curves.
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The negative separation mentioned above
is illustrated where the separation curve
crosses the single-channel curve at about
14 Kc, in this case due to buckling in
the yoke arm.

The fact that a higher output can
under some conditions be obtained from
the “unwanted” channel than from the
“wanted” channel has led some re-
searchers to examine the matter more
thoroughly. For example, it has been
shown® that the play back of single-
channel high frequency signals with a
high impedance pickup can lead to per-
manent wall deformation in the unused
channel, the deformation being modu-
lated at the frequency originally modu-
lated in the used channel. This could,
at least in theory, result in high fre-
quency recorded sounds, say those of
finger cymbals, changing position or
apparent position during the life of a
record!

Equalization

Recordings are made today using the
RIAA recording characteristic shown
in curve A of Fig. 6, wherein the ver-
tical co-ordinate represents stylus velo-
city. If now the same curve were plotted
in terms of stylus displacement, then the
same equalization takes the form shown
in curve B. When a record is played
back, an inverse equalization characteris-
tic must be included so as to provide a
“flat” overall record/playback frequency
response., Ceramic cartridges, like all
piezoelectric devices, are responsive to
displacement, so that the playback
equalization required is the inverse of
curve B and not of curve A (the inverse
of curve A is of course the playback
equalization required with electromag-
netic devices), and is shown in curve C.

It is common practice, but by no
means applicable in all cases, to design
ceramic cartridges so as to provide an

Frequency Response and Driving Point T

Impedance

Referring to Fig. 2B, the bending compliance of that portion
of the stylus arm which is between the stylus and the yoke
contact point is designated C.. This compliance is so small
at the frequencies of interest as to be negligible. Calculation 7, =

output voltage/frequency response at the
terminals corresponding to curve C, pro-
viding the equalization in the mechanical
rather than in the electrical circuit of
the system by an adjustment of the fre-
quencies and damping of the mechanical
resonances already discussed, The extent
to which this is successful is indicated
in the response curve of the cartridge.
For example, in the case of the com-
mercial cartridge used to provide the
curves of Fig. 5, the response curve was
taken using a test record made according
to the RIAA characteristic, so that the
output of the right-hand channel shouid
in theory have a “flat” response through-
out the audio frequency range. In fact,
ignoring the lower and middle range,
which would provide acceptable listening
from a subjective point of view, this
particular cartridge is very deficient over
about 7 to 8 Kc. At the same time it
must be realised that the extent to which
this deficiency in itself would have an
effect on the overall performance of a
system will be determined by the quality
of the rest of the components in the
system. Such a unit of comparatively
low cost would probably be used with,
say, speakers in a comparable price
range, which themselves may not be
capable of reproducing the higher regis-
ters, in which case the cartridge in ques-
tion could be held to be acceptable.

Summary

The difficulties which present them-
selves in controlling the mechanical
resonances and damping in such a com-
paratively complex mechanical device as
the ceramic cartridge, will generally
mean that the performance standards
common in electromagnetic cartridges
cannot be met in ceramic units, At the
same time, some remarkable advances
have been made in recent years which
are a tribute to the tenacity of those

APPENDIX

B o

workers who have produced them.
However, much of the improvement
has been made at the expense of output
voltage, coupled in some cases with
increased recommended load impedances
andjor the use of part mechanical and
part electrical equalization, all of which
are disadvantageous to the ceramic cart-
ridge when compared with electromag-
netic devices. Very few ceramic cart-
ridges can track correctly over the com-
plete audio frequency range (20 cps to
15 Kc) with tracking weights as low as
2 grammes, which is generally accepted
as being the lowest tracking weight at
which record wear can be kept very low.
One must also consider the fact that
whilst all the recent improvements in
ceramic cartridges have been going on,
advances have also been made in the
electromagnetic devices, not only in the
exceptionally high grade units which do
not have a place in this argument, but
in lower cost units which have a very
high standard of performance in relation
to their cost. It is, for example, possible
today to buy a magnetic cartridge at
something around twice the price of a
good ceramic unit where the magnetic
unit still performs appreciably better
than the ceramic unit, whilst at the same
time the difference in amplifier costs
between the two types of unit has in
some cases vanished. An instance of
this state of affairs is shown in a
recently published set of preamplifier
circuits (“Radiotronics”, Vol, 30 No. 7,
July, 1965) where the difference in cost
between the preamplifier for ceramic
cartridge and that for magnetic cartridge
was negligible.
References
1 Acoustical Engineering”, H. F. Olsen.
D. Van Nostrand Co.
2 “Stylus Mass and Distortion”, J. Wal-
ton, “Wireless World”, April, 1963.

Vo

wI[wCyCyMy — (Cy + C)]

The response has a maximum value when the denominator is
zero. This happens at zero frequency and also at that frequency

at which Cy + C, in series resonates with M..
The reactive mechanical impedance at the yoke is
w'CCyMuMy — W*M(Cy + C) — w'CM. + 1

of frequency response then becomes simple since

Vo =V; =TV,
where V,, is the driving velocity at the stylus, V, is the velocity

W(WQCbCth — Ch ad Cy)

to which must be added the impedance Z, due to M. and

at the input to the mechanical transformer, and T.V, is the

velocity at the transformer secondary transformed to the pri-

mary. The frequency response will now be given by
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Zy, = WMa——

C. of the rearward portion of the stylus arm, so that

1

+ Zy
wCa
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This impedance Z, is referred to the stylus through the
mechanical transformer T, in which the transformer ratio is
1./15, and the reactive impedance referred to the primary of
the transformer is Z: — Zo/T% 'In the significant frequency
range the driving point reactance at the stylus is Z, =
wM; + Z. The driving point impedance is infinite at dc
and has two resonances and one antiresonance.

Two-channel Case
In a stereo cartridge there is obviously some interaction

between channels, In the vertical mode the stylus is made
to move vertically with respect to the record groove, the
vertical motion being transmitted through the stylus arm to
the yoke, where the vertical displacement d is divided into
two equal left and right components d; and d. along two
axes at 45° to the vertical. These three displacements are
related in the expression d2 = d2 + d;2, and the corres-
ponding velocities are similarly related in the expression
g2 = g2 -+g2. The forces and mechanical impedances in
the two channels are related by F; = g.Z, and F,
= grnZ:;, and it follows that the velocity

- FL'Z FTZ
g N J ZLz + erz

If the two channels are identical, F1 — F:and Z, = Z., so
that

Fver! =S \/FLZ + F’r2 s '\/Z_FL = '\/51?“7'

and Zvere = Z1 = Z.. In general the two channels will not
be identical, so that the resultant of F: and F. will not be
truly vertical.

The same considerations apply in the lateral mode, where
the stylus is subjected “to a lateral displacement h with a
velocity x, wherein

F.2 F.2
x= Joh + 2
Z, Z,

and the vector sum of Z: and Z: will not in general be in
the lateral direction. Differences between the vertical and
lateral displacements and the resultant forces will not affect
the performance of the cartridge, except that it may involve
asymmetrical deformation of the groove wall under the stylus.

IMPLOSION PROTECTION
FOR PICTURE TUBES

locking them into their correct
position. The bands are coated
with epoxy resin before being ap-
plied to the tube and this resin

MODERN DEVELOPMENTS

Since the advent of the lami-
nated picture tube to minimize
damage from a possible implosion,
other systems have been devised
to achieve the same result and at
the same time give some cost
saving to the set manufacturer,
together with a lighter assembly
and one more convenient to mount
into the cabinet.

Broadly, there are two such
systems, the first of which uses
a high ftensile steel strap around
the bulb in the panel seal area
pulled up to a predetermined ten-
sion. The second method uses a
metal shell which is cemented to
the edges of the tube.

The laminated tube has two
variations. The most common ap-
proach in Australia is the glass
cap cemented over the tube face
as in type 23CP4. The other
method uses a plain piece of glass,
contoured to fit the tube face,
cemented to the face as in type
25LP4. Both these approaches
work very efficiently and no safety
glass is needed. The only criticism

compared to an unprotected tube
is the added weight of the extra
glass and the cementing resin.

Much work has been done on
the actual mechanism of laboratory
induced implosions and from these
studies it has been found that the
effects of an implosion can also
be minimized if the area between
the mould match line and the
panel seal is kept under strong
compression by an outside force
or if this area of the tube is held
securely in a metal container.

One way of putting the bulb into
compression is to wrap a high ten-
sile steel strap around the bulb
with a predetermined residual ten-
sion. Such a tube can then be
used in a set with the usual tube
mountings, but the safety glass
can be dispensed with.

A variation of this method is
to first place two halfshells or rim-
bands, each complete with two
cabinet mounting lugs or ears,
around the tube. The steel strap
is then pulled up to tension over
these overlapping bands, securely

is later cured after the tensioning
has occurred. This tube can then
be simply fixed to the cabinet by
means of the four mounting lugs
now securely fixed to the tube and
again no safety glass is needed.

If the strap is tensioned and kept
in that condition by means of a
seal, which is crimped over both
ends of the strap before the ten-
sioning device is withdrawn, the
assembly is known as KIMCODE.
Another variation where the two
ends of the strap are welded rather
than crimped is known as PAN-O-
PLY.

The other approach uses a com-
plete close-fitting metal shell which
covers the sides of the tube from
the edge of the face-plate to the
panel seal bulge. The shell is
cemented to the tube with an
epoxy resin and has a cabinet
mounting hole in each corner for
use by the set manufacturer. This
system evolved simultaneously in
both Europe and America and the
latter version is known as SHEL-
BOND.

All of the above implosion pro-
tection systems are currently being
used where required by picture
tube manufacturers in Australia.
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Regulated Bias Supply

This short article is based on AWV Applications Laboratory Report No. VR104 entitled “Regulated Bias
Supply”, June, 1964, prepared by R. Walton, B.Sc.(Tech.) Grad. IREE, and is one of a number of such articles
based on these reports which are being specially prepared for “Radiotronics™.

INTRODUCTION

In its original form the unit which
forms the subject of this article was
a regulated bias supply, which was
intended primarily for use with TV re-
ceivers to supply external bias voltages
to the video intermediate frequency and
the tuner agc points. But it will be
clear that several other applications are
possible for such a unit within its capa-
bilities. It will also be clear that the
basic circuits used in the unit are
adaptable to many different configura-
tions and applications, For this reason

CIRCUIT DIAGRAM OF THE REGULATED POWER

it is expected that this article will have
a field of interest far beyond the ori-
ginal scope of the unit as described in
the report, and it will be referred to in
this article as a regulated power supply.

In its original form the unit provides
two regulated outputs, each of which is
continuously variable in four ranges
from zero to 50 volts. Each supply was
provided with its own voltmeter. The
two supplies have a common positive
terminal but are otherwise completely
independent, whilst all terminals are
isolated from the chassis or mains

earth. This provides the greatest flexi-
bility' in the use of the power supply.

In addition to the regulation feature
of this power supply, overload current
limiting is provided so that the power
supply is substantially immune to short
circuits or overloads on the outputs.
Provision is made for an automatic re-
duction in the output voltage supplied
to the relevant terminal when the out-
put current rises above the permissible
level, so that the output current is
never allowed to rise above the pre-
predetermined maximum value, 100 ma.

SUPPLY.
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Since putting this unit info service it has been found that improved operation is obtained by adding a 1uf

70 V.W.
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electrolytic capacitor across each potentiometer PI, P2.
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CIRCUIT OPERATION

The complete circuit of the power
supply is shown in an accompanying
diagram. Inspection will show that the
power supply consists essentially of two
identical voltage adjusting and regulat-
ing circuits, one for each output. These
two identical circuits are fed from a
common unregulated direct current sup-
ply circuit and from a common regu-
lated reference-voltage supply circuit
both of which common circuits use the
same mains transformer and power in-
put arrangements, For this reason, those
parts of the complete circuit which are
common to both outputs will first be
described, followed by a description of
one only of the identical voltage adjust-
ing and regulating circuits,

INTERIOR OF THE POWER SUPPLY
UNIT SHOWING THE GENERAL
ARRANGEMENT.

The mains input is switched and
fused, and provided with a neon indi-
cator., One secondary winding on the
mains input transformer provides 45
volts at 300 ma; this is applied to a
bridge rectifier to produce approximate-
Iy 65 velts rectified output, which is of
course at this stage unregulated. A fur-
ther secondary winding on the mains
transformer provides 12 volts at 30 ma.
Again a bridge rectifier is used, this
time producing a rectified output of
about 16 volts. This direct supply is
filtered and then applied through ap-
propriate series resistor to a zener diode
to produce a regulated reference volt-
age. It will be seen that little filtering
of the main direct output is required as
the regulating action of the following
circuits will also provide filtering. The
regulated reference voltage produced by
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the zener diode provides a voltage
against which the voltage-regulating cir-
cuits for the two outputs can be
compared.

ANOTHER INTERIOR VIEW OF
THE POWER SUPPLY UNIT.

Turning now to the two voltage ad-
justing and regulating circuits, that at
the top of the diagram will be de-
scribed, the other as already pointed out
being identical in all respects. The ac-
tive regulating element in the circuit is
transistor Q1. This transistor, together
with Q2, are connected in a Darling-
ton pair configuration. This type of
composite connection is often used to
form what is in effect one transistor
with a very high gain. In this case the
two transistors so used have a minimum
current gain of 2,500. Resistors R2
and R3 ensure that with no external
base current the two transistors are cut
off, whilst the value of resistor R1 is
so chosen that under the worst condi-
tions enough current is supplied to the
base of Q2 to permit 100 ma of load
current to flow. This corresponds to a
base current of 40 u. The worst case
conditions already mentioned visualise
transistors of minimum gain together
with maximum output voltage from the
unit, i.e., 50 volts.

Transistor Q3 controls the Darlington
pair which form the actual regulating
elements. Transistor Q3 compares the
voltage at its emitter, which in this case
is the voltage on the common positive
output terminal, with the voltage at the
junction of R16, R17 and PI, this last
voltage being applied to the base of
the transistor. If the voltage on the
base of Q3 is negative with respect to
that at the emitter, the transistor con-
ducts, and in so doing reduces the bias

on the QI, Q2 pair. This in turn re-
duces the output voltage, i.e., on the
terminal -V1, until the potential differ-
ence at the junction of R16, R17, and
P1, and at the base of Q3 with respect
to the common positive output terminal
is almost zero.

It will now be clear that an adjust-

, ment of the output voltage of the unit

can be achieved by a variation of the
voltage at the base of Q3 with respect
to the common output terminal. In this
way the four ranges of output voltage
are provided by the selection of ap-
propriate resistors in the lead from the
regulated reference voltage and the base
of Q3, whilst precise adjustment of the
required voltage within a selected range
is made possible by the use of the
potentiometer P1. Switch S1 functions
therefore as a RANGE selector, whilst
the potentiometer functions as a FINE
voltage adjustment. The provision of the
regulated reference voltage by means of
the zener diode gives a point or refer-
ence which remains constant, and around
which the adjustment and regulation of
the output voltage of the circuit can be
oriented.

THE ORIGINAL REGULATED BIAS
SUPPLY WHICH FORMS THE BASIS
OF THIS ARTICLE.

Having described the mechanism of
adjusting and regulating the output volt-
age of the unit, it is now necessary to
consider the overload protection. As
already mentioned, this is provided in
the form whereby the output voltage is
reduced under conditions which would
cause an overload current to flow so
that the output current is always in fact
held below a predetermined maximum
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figure. The transistor Q4 and its asso-
ciated components form that part of the
circuit which fills this function.

Two small resistors R4 and R6 are
placed in series with the output termi-
nal of the unit. As the load current
through R6 approaches the operating
maximum of 100 ma, the voltage across
it, and across the diode D2, ap-
proaches the conduction value for the
diode of approximately 0.6 volt for
0.1 ma. A further increase in the out-
put current through R6 causes the diode
D2 to conduct which in turn brings the
transistor Q4 into conduction, The con-
duction in Q4 reduces the bias to QI
and Q2 until the output current is
limited to the predetermined value of
110 ma. The presence of resistor R4,
across which a voltage drop similar to
that across R6 appears, ensures that
when Q4 conducts, it will pull the base
of Q2 to a more positive potential than
that appearing at the emitter of Q2.

The small capacitor C3 prevents oscil-
lation at frequencies where the phase
shift in the transistors causes positive
feedback around the combination of QI,
Q2 and Q3. A capacitor C4 across the
output of the supply reduces the ac
impedance of the supply.

SELECTION OF RANGES

It was mentioned earlier that Q3 con-
trols Q1 and Q2 until the voltage be-

VouT
PI
IOK
Q3 —_—
BASE—EMITTER
VOLTAGE
-0.2V RI6,RI7
RI2
REFERENCE RI3,RI4,RI5
DIODE
VOLTAGE
+ 7.5V

EXPLANATORY DIAGRAM SHOW-

ING ARRANGEMENT AND SELEC-

TION OF RANGE-DETERMINING
RESISTORS.
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tween the base and the emitter of Q3
is almost zero. In fact one would have
to assume a small residual voltage here,
and 0.2 volt is typical. Further, in the
original unit, the zener diode was so
chosen that the regulated reference volt-
age was +7.5 volts. It may be of inter-
est to see how the resistors R12 through
R17 and potentiometer Pl are chosen
for the different ranges, and the selec-
tion of the values for the nominal
0 — 5 volt and 0 — 10 volt ranges
(actually 0 — 5.2 volts and 0 — 10.5
volts) will be considered. A small dia-
gram has been prepared and is presented
here covering only the essential com-
ponents in the circuit from the regulat-
ed reference voltage output to the base
of Q3 and to the negative output termi-
nal of the circuit. All voltages are
specified with respect to the common
output terminal.

The diagram shows the reference volt-
age of +7.5 volts and the base-to-
emitter voltage of Q3 at -0.2 volt. Also
for convenience the value of the poten-
tiometer P1 has been chosen at 10K
ohms. Now

R16 + RI12 Pl

7.5 — (—0.2) V1l — (—0.2)
Then for the 5.2 volts range, and
with P1 = 10K ohms,

10,000 X —7.7
RI6 + R12 = —mmm————
—52 + 0.2
= 15.5K ohms.
and for the 10.5 volts range,
10,000 X 7.7
R16 + R13 = _—
—10.5 + 0.2
= 7.5K ohms

The RI13 is chosen 3.9K ohms and
R12 is chosen 12K ohms, the preset
resistor R16 is set to 3.6K ohms.

PERFORMANCE

The performance of the unit may be
summarised as follows:

Mains Variation. Variation in the re-
gulated output voltage is not greater
than =+ 1% for a mains voltage varia-
tion of = 10%.

Output Regulation. The output regu-
lation is within =+ 1% for load vari-
ation between zero and the full load
current of 100 ma.

TS

Ouiput Impedance. The output im-
pedance of the power supply is less than
20 ohms over the frequency range
50 cps to 300 cps, and is less than
10 ohms over the frequency range 1Kc
to 200Kc.

Noise. Noise output is 50 wvolts rms,
per volt dc output.

Power Consumption, No load, 5 watts,
pf = 0.37, full load,
25 watts, pf = 0.93.

CONSTRUCTION

(

The accompanying photographs show
the appearance and construction of the
unit, which was incorporated into a stand-
ard Imhof type 1480A cabinet. However,
in order to make the unit compact and
fit it into this small cabinet, special
controls were made in the AWV work-
shops consisting of a concentric ar-
rangement of the switch and potentio-
meter forming the RANGE and FINE
voltage controls. These are non-standard
items and cannot be purchased, so that
unless the intending constructor has the
facilities for making these controls, a
larger panel space will be required to
accommodate separate controls.

The bridge rectifier for the reference
supply may be replaced by a single
halfwave rectifier IN3253 with a suit-
able increase in filtering capacitors.

Apart from the foregoing, no diffi-
culty should be experienced in putting
the unit together, layout being comple-
tely unimportant. Further, several varia-
tions of the original unit would be pos-
sible to meet circumstances. For ex-
ample, it would be possible to build a
power supply providing only one out-
put or with more than two outputs. It
would also be possible with appropriate
rearrangements to construct a unit with
positive outputs about a common nega-
tive terminal, or a mixture of both.
Variations of the kind mentioned would
require the provision of separate refer-
ence voltages for each output or sepa-
rate unregulated direct supplies for
each output, as the case may be.
However, the number of variations pos-
sible are too numerous to discuss them
all in detail in this short article.
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“CERAMIC
TORS”, A. A. Anan’eva, Consultants
Bureau, size 84" x 103", 122 pages,
soft covers,

ACOUSTIC DETEC-

This title is an authorised translation
from the Russian of a text originally
published by the Academy of Sciences
Press in Moscow. Like many such trans-
lations becoming available today, this
book displays high quality in the treat-
ment of the subject matter, and is mainly
of interest to those specialising in this
field of endeavour. Piezoelectric proper-
ties in quartz were first discovered by
the Curie brothers in 1880, whilst piezo-
electric materials were first used in
acoustic detection systems in 1917 by
Langevin, who constructed the first
quartz mosaic and used it for depth-
ounding purposes.

Since then, many synthetic materials
have been evolved with piezoelectric pro-
perties, out of which barium titanate
ceramics have today achieved an impor-
tant position. This book is chiefly con-
cerned with work carried out by the
author on the design of acoustic sound
receivers (transducers) using barium ti-
tanate ceramic. Valuable introductory
material reviewing the dielectric and
piezoelectric properties of barium titanate
ceramic and methods of determining
transducer characteristics is followed by
design and evaluation procedures on
wide-band sound receivers employing
non-directional cylindrical and spherical
forms, and those which use plane dia-
phragms. Further chapters deal with
natural frequencies of the various forms,
and with the use of resonant transducers.
Not the least useful feature of this
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book is the generous citation of pertinent
literature, mostly of Russian origin.

“PRINCIPLES OF TELEVISION EN-
GINEERING”, R. C. Whitehead,
Ilifte Books Ltd., size 81" x 51", in
two volumes; Vol, 1, 178 pages; Vol.
2, 270 pages, soft covers.

This title is one of many excellent
books that have come out of Britain
over recent years as an inevitable pro-
duct of the growth of technological
training. To one who suffered with the
stodgy old-fashioned type of text book
in days gone by, the method of approach
and clarity of some of these new books
comes as a breath of fresh air, and
they will not fail to make the students’
lot a happier one. The author of this
title spent nearly 20 years with the
BBC and is now teaching at the Nor-
thern Polytechnic in London.

The first volume commences with an
introduction to light and a comparison
of sound and vision signals. The author
then covers photo-electric circuits, pic-
ture analysis and synthesis, and bright-
ness modulation, and then goes on to
the problems of aspect ratio and scan-
ning, and the spectre of video and RF
signals. A gratifyingly thorough chapter
on gamma is then followed by the treat-
ment of blanking, scanning frequencies,
synchronisation and porches. Extensive
appendices deal with gamma control,
blanking, gating, video switching, mix-
ing, timing pulse and standard pulse
systems.

The second volume deals first of all
with the subjects of pulse types used in
studios, programme mixing, telecine,
telerecording, magnetic recording and
standards conversion. This is followed
by vestigial sideband operation, carrier
modulation and detection. An interesting
chapter deals with the transmission of
television signals over various types of
cable, and deals with the problems of
attenuation, phase, differential and echo
equalisers.

The author next deals with transmit-
ters, including discussion of carrier fre-
quencies, high-level and low-level modu-
lation, combination of sound and vision
signals, and aerials. A final chapter
covers the subject of television amplifiers.
Appendices deal with the characteristics
of single CR combinations, production
of 75-ohm sources, DC restoration and
clamping, DC, HT and EHT stabilisa-

tion, transmitter modulator circuits and
camera tubes.

As may be expected, the book is wril-
ten with an accent towards practice in
Britain and BBC methods, but this shows
mainly in lesser detail and is readily
recognisable.

“UNIFIED CIRCUIT THEORY IN
ELECTRONICS AND ENGINEER-
ING ANALYSIS”, J. W. Head and
C. G. Mayo, lliffe Books Ltd., 174
pages, size 83" x 51",

The purpose of this book is to show
how the output, or response, of a linear
system may be formulated, whatever the
nature of the input may be. Steady-state
conditions present no mathematical dif-
ficulties, but decidedly more advanced
techniques are required when dealing
with the non-steady state. There are
alternative methods of solving problems
of this kind, that involving the use of
Laplace transforms being currently popu-
lar. The authors of this book prefer,
and strongly advocate, the use of opera-
tional calculus, which they maintain has
the outstanding advantage of directness
and simplicity of working that makes it
easy for practising engineers and students
alike to appreciate the significance of
each necessary process. Further, they
justly claim that it does not require the
memorising, or use, of tables of trans-
forms or any special form of integration,
only the standard integrals of elementary
calculus.

Why with these advantages is opera-
tional calculus not more widely used?
The answer lies in the fact that Heavi-
side, who invented it, was an engineer
and more concerned with the practical
results of his calculations than with
explaining the theory underlying them
to the mathematicians of his day, who
considered them to be inspired guess-
work incapable of rigorous proof. Opera-
tional calculus is closely associated with
the generalisation of the Ohm's law
known as the impedance “concept”, and
with the Fourier integral and identity.
An infinitesimal variation of the Fourier
integral, suggested by physical considera-
tions, removes immediately all difficul-
ties and ambiguities associated with the
classical form of this integral.

The authors have a very easy style,
and although the examples are expressed
mainly in terms of electrical systems,
the methods employed are equally appli-
cable to a wide variety of other fields.
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“QUANTUM ELECTRON THEORY
OF AMORPHOUS CONDUCTORS”,

A. Gubanov, Consultants Bureau
Enterprises Inc., size 97 x 6”, 277
pages, translated from the Russian by
A. Tybulewicz,

The application of quantum mechanics
to solids has resulted in a very satis-
factory explanation of their electrical
properties. The high electrical conduc-
tivity of metals and its dependence on
temperature became understood, and
then the differences between the electrical
conductivities of meltals, insulators and
semiconductors were explained. The most
outstanding achievements of the quan-
tum-mechanical theory of solids was in
the development of semiconductor phy-
sics. Electron and hole conduction, the
great influence of minute amounts of
impurities, the different effective masses
of carriers, and many other phenomena
which were inexplicable within the
framework of the classical electron
theory, were explained by quantum
mechanics.

Most material so far published on the
electron theory of solids is related to
crystalline conductors, whereas a great
deal of experiment and theoretical inves-
tigation has been made in the Soviet
Union in the region of liquid and solid
amorphous conductors. Although many
papers have been published on this sub-
ject in various journals, this is claimed
to be the first book in which an attempt
has been made 10 present in a systematic
fashion the quantum electron theory of
amorphous conductors. The investigation
of liquid and amorphous semiconductors
is of great practical importance. In the
first place, most solid semiconductors are
prepared from the liquid phase and it
is important to understand the electrical
and other properties of this phase. Sec-
ondly, amorphous semiconductors are
beginning to be used in industry (e.g.,
amorphous Sb,S; films in vidicons)
where in many cases amorphous semi-
conductors have advantages over those
possessing a crystalline formation.

The preparation and referencing of
this book must make it a valuable con-
tribution to the fund of knowledge. Both
the subject matter and the high level of
writing and discussion make it a book for
the specialist,
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Electromagnetic

Frequency Spectrum

Questions often arise as to the exact meaning of such terms as
“SHEF”, “Gamma Rays”, etc. in terms of frequency. Similar questions
arise also regarding the meaning of the letter terminology used to
designate particular frequency bands in the UHF, SHF and EHF regions,

often referred to as the “microwave” region.

The diagram here is prepared on a logarithmic scale, and will help
to answer these questions, It should be noted that the designations given
to the microwave bands are those used by R.C.A, and in the U.S.A.
generally; they may differ slightly from those used by British manu-

facturers.
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