A New Wide-Range
Phonograph Cartridge

JOHN F. WOQOD*

A description of the newest contender in the field of hi-fi reproduction. The principles of operation
of the barium-titanate cartridge are outlined, and the economies of such a device are discussed.

graph cartridge has been accepted

as the standard of the industry and
weed in practically all professional and
high quality reproducing systems. With
specialized associated equipment, excel-
lent respunse can be obtained over the
major portion of the audio spectrum.
While ideally swoited for the constant
velocity recording characteristic, there
are definite disadvantages to the use of
a welocity type of pickup on modern
records. Until recently there has been
little else available and the use of the
magnetic cactridge has been accompanied
with equalizing circwits and preampli-
fiers of increasing complexity.

With the development of the barium
titanate plezoelectric clement a new
niedinm was available to the cartridge
desimer, Experience had been acetmn-
fated with the design and production of
various ceramic cartridges for conven-
tional phonograph use where high out-
put and low cost were primary con-
siderations. Accordingly, it was logical
to purste the development of a mrmd
in which the full potentialities of tlm
ceramic could be vealized,

As the patgrowth of this program,
the Electr nﬂy"uln_e Model 84 Ultra-
Linear ceramic carividge s presented ta
the snsic listener and professional as a
cattiidge etninently suited to the repro-
cinckion of modern records.

F(‘H_’t MARY YEARS the 1'!!1:13’]1!‘#3{‘. phmm-

# Bentor Engineer, Elvcive- Foaiee, fie,

The mew Electra-Voice Ultra-Linear ceramic
pickup cartridee.

Amplitude and Velocity

Unfortunately, a nudber of miscon-
ceptions have existad regadding cart-
rldge:. and recordifig methods, In view
of these misconeeptions, a brief review
of recording tharacieristics is desirable
and follaws in tlie parapraphs below.

Figures 1 and 2 are shown 1o clarily
the relation ‘between velocity and am-
olitude. The wavelorm i3 thit of the
:‘-r:l:urd groove with frequency increasing
toward the right. The fréequency scale
has been reduced because of limited
spice. According to the f!:.']-ll:lii-!_‘i'll:

V=2afd

where ¥ = velocily of a stylus moving
latevally with the longilu-
dinal metion of the groove,

§= frequency
J=amplitude of groove excur-

velocity will increase with frequency for
a given amplitude at the rate of 6 db
per octave, Conversely, amphitude will
decreaze with frequency for a given ve-
locity at the rate of 6 db per octave.
The statement 15 often made that a eart-
ricdzre or svatem is “flat.” To be acourate
it 15 necessary to indicate the reierence
to constant amplitude, constant velocity,
or some recordimp characteristic such as
the New Orthophonic or Mational As-
socintion of Radio and Television Broad-
casters recommended curves. For ex-
ample, a wvelocity-flat cartridge would
not reproduce a modern music record
with an QOrethophonie eharacteristic with-
sut considerable cogualization.

Origin of Recording Characteristics

The origin of constant-velocily re-
cording poes far baek into the history
of sound recording. The old aconatic
recording method, with elaborate horns
and strong voiced artists, utilized es-
sentrally a wvelocity chavacteristic. The
first electric cutters were of the magnetic
type and recorded with & 6 b per octave
deseending slope on an amp litude basis.
When played back with a magnetic

pickup with the inherently inverse char-
actﬂz'i-stit. the result was a flat reprodue-
tion of the original sound. Since the
amplitude of the groove can become
quite large at the lower frequencies, a
reduction iy level below some arbitrary
CTrOSROVET DOIMIL was necessary to prevent
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Figs, 1 to 4 (1) Constant amplitude operation. 12) Constant velecily sparation.
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racosding characheristics,

13} Standard frequency fest record characteristic,
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ILeft) Praduction resting of campliancs, uting a magadtically driven vibrating roed which i3 ioadad by |

ha sfiffn-& of the carfridpe. Tha chings

in amplitude of vibration is read from the meter which s calibrated directly in eompliance—the reciprocal of stiffmess. A high value of com-

pliance it necessary to prevent distertion ond octusl damaoge fe the récord groove, (Right) Production testing of owtput voltage and frequency

rasponse. Woltage output ab 1000 eps i indicated on the meter while playing a test record, and frequency response is checked within 2 25 db
envelape on the foge of the oscilloséaps aver the ronge from 50 o 10,000 ¢ps. The soiirce for this test s a sweep-frequency récord.

next, At this crossover pcuinr the transi-
tion was made electrically from constant
velocity to constant amplitude. This
characteristic is shown in Fig. 3 and is
still wsed for o number of standard fre-
quency test records.

When interest was arocused in the
maré natural reproduction of sound, it
was found that the signal-to-noise ratio
was very poor. This was true becausc
of the small groove amplitude at the
higher frequencies. Consequently, high-
{requency cqualization was provided for
the cutters in various degrees until, to-
fay, records are cot with very nearly a
constant-amplitude characteristic. Varia-
tions from this characteristic exist for
SE"L'EI.'HI: TEASONS, rr‘l'l!: ﬁ'l.'.‘it réasan i.S 0]
fpcilitate design of equalizing networks.
Another involves improvement in needle
tracking at the high frequencies. Varia-
tions are often made by the recording
engineer (o compensate for acoustic de-
ficiencies and to produce special effects.

The NARTBE, AES and Mew Ortho-
phonic characteristics are shown in Fig.
4. The crossover points still exist but do
not have the significance of the old
transition point’ The lower pomnt iz
shown at 500 cps (f,) and the upper
point at 2120 eps (f,). Becanse of the
gradual transition, the crossover can be
defined as  the intersection of the
asymptote or tangent of the curve with
the 1000 cps level.

Obwiously, the correct reproduction of
these curves requires compensation of
any magnetic eartridge, whether it be
variable reluctines, moving coil dy-
namic, or other. These cartridges oper-
ate in accordance with Faraday's Law:

&
eAinf. = ?} f

where ganf.=the menerated electro-
motive force,
N =the number of conductors

in the field,
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ds - :
) =the time rate of change
of magnetic flux,

IFor thiz reason this class of cartridges
is referred to as the velocity tvpe.

For the mapgnetic \wriridges, equali-
zation iy wmally Saccomphished Dy a
rising gain in ghe preamplifier of about
6 db per octave below the lower cross-
aver poink>As the magnetic cartridpc
is induchive, ligh-frequency  edquiliza-
tion can be gtcomplished by shuntiig
with a legel resistnoce of the proper
wilue, 4% 1% done in some preamplifiers.
In athers this is doene in other sections of
the cireuit,

The cifects of this estensive reshaping
I'IE th‘ TeSPNSCS C1IIVE il ninw ]5[" Can-
sicered. As mentioned above, the ecar-
tricfee iz inductive and is therefore
susceptible to hum pickep from stray
magnetic Aelds. These felds are produced
by phonograph maotors, travsformers, aind
other clectrical equipment. At 30-cps, the
output of this cartridee is 18 db below the
1000-cps level, or from 125 mv to 3 mv
i s average eartridge. Amplification of
this low-=level signal will ncrease the
huin along with the signal. Further-
inere, there 5 the considération of tube
and cironst noise which 15 always a
problem in low level amplifier desigi.

The Barium Titanate Transducer

Barinm tilanate 15 a frie ceramic
material, simlar to the mmterial used
i an  ondinary  tea cup. However,
barinm titanate possesses the wnigue
ability to generate an electric charge
wlten subjected to mechanical stress.
This phenomenon 15 known as  the
piezoeleetric effect, Inm such an ele-
ment the generated emf. is propor-
tional to the mechanical strain in the
material. Beeause of this phenomenon,
pickups utilizing the piczoclectric effect
are referred to as ampliturde or displace-
ment devices.

A typical element consists of two
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slabs of barium titanate separated by
an electrode surface which may e a
mietal strip or a deposit of silver. (Ses
Fig. 5.) Electrodes are deposited on the
outside surfaces and the entire assembly
is charged by the application of a high
voltage, jnst under the breakdown po-
tentinl. This “charge” accomplishes an
arientation of the molecular striuctirs
amd produces piezoelectric sensitivity.
A bencding foree applicd to the clement
will stress one side in tension and the
other in compression. The generated
voltages of the two slabs are usually
added in series 1o provide maximum
oupuL,

While the pieroelectric effect has been
widely used in cartridzes with Rochelle
Salt or ammoniom di-hydrogen phos-
phate (ADP)Y penerating clements, cer-
tain characteristice limited theéir nse
for the comventionzl home phionogiaph,
The higher output voltage ol the Ro-
chelle Sale element is offsct by its sus-
ceptibility to damage by excess hamidity
aml ies dehydration by exposure fo ex-
treme dryness. Furthermore it dissolves
in its water of erystallization at 130°
FF. ADP iz better in these respects but
has a much lower diclectric constant.
On the other hand, the barium titanate
clement 15 conipletely Tesistant to mors-
ture, is enaffected by temperatuves up
to and above 212° [, s relatively
strong, and has a very high dielectvic

{Continned on page 52
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Fig. 5. -.A barium-titanate element.
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PHONOGRAPH CARTRIDGE

(from page 23)
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Fig. 6. Electro-mechanical cquivalent eircuit of a esramic pa:lmp ca-rmdn_

conslant, The sensibivity of this element,
while somewhat lower than Rocheliz
Salt at 72° ., is of the same order of
magnitudesagd does not erdinanly re-
guire changes in associated cquipment.
In all prezoclectric materials, sensi-
tivity and dielectric constant are de-
pendent vpou temperature, In a practi-
cal Roehelle Salt piekop, maximm
output ocenrs at 729 ¥, and may tempo-
rarily drop to 60 per cent of this value
at 909 IF. The 'Lempa\"rmum output eurve
of barium titanateis relatively fat and
the loss of sszusztmi}r iz megligible
throughout | ‘temperature r-mg.:g en-
countereds By Aty phone cartridee, Be-
cause of @ dieketiric constant four and
one-lialf tms“\’:s greater than Rochells
Salt and an ultimate strength approxi-
nately five and one-half times greater,
i prm:tml titanate element can be much
smialler in all dimensions. Accordingly,
the effective mass of the element and
associated drive mechanism 15 mueh
less, Mass must be helid to an absolute
ninimum to prevent excessive mechani-
cal impedance from appearing at the
ncedle with resulting distortion and in-
creased wear on record and seylus,

Development of the Ultra-Linear Cariridge

In the last few years, ceramic ene-
tridees have been available for pse in
commiereial home phonographs, A ce-
ramic of this tvpe has sufficient cutput
voltage to replace the majority of Ro-
chelle Salt units. However, response
has been restricted to 4000 to 5000 cps.
This limitation has vsually lwen con-
sidered desirable. Tn fact, some mani-
facturers have required a 2500- -zps “roll-
off to minimize surfice noise and
distartion,

Inltanrmst ta thiz performance, basic
requirements for the Ulira-Linear ce-

ramic cartrides were set up as follows:

1. Frequency response was o fall
within 214 db of the New Ortho-
phonic curve throughout the vinge
of 30 to 15000 cps without re-
guiring cqualization in associated
chuipment,

Output voltage was to be adequate
to drive standard amplificrs with-
out preamplification.

3. Lateral compliance should be 3.0 %
10-0 e felyne or higher, with maxi-
mum allowable damped  vertical
compliatice consistant with me-
chanical stability in all arms and
changers, These values are -
poriant factors in reducing record
ind stylns wear,

The stylus showld be replaceable
and of a standard type,

Reinforcing the high-frequency re-
eponge above the constant amplifude
level a required amount is onc of the
most important problems of adapting an
amplitude device to a complex curve
such as the Orthophonic characieristic.
This 15 cften accomplished by allowing
the system to resonate in this range and
damping ta the desired level. The result
is a somiewhat peaked resporse falling
off rapidly above rezonanee. Nesdle
impedance can become quite high in
snch cases producing mis-tracking, dis-
tortion and actual damage to he rocard
STOoOvEe.

5
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Damping Mefthods

Dwming iz neceseary in any cartridge
and ean be applied in a number of ways.
Commcn practice is to rely on materials
sich us viseoloid, audioid, and various
ritbber mmpmnu]s While they are nsu-
ally necessary for mounting and re-
straining the element, un{l\esn’nme sHiff-

BeT =
Fig. 8. Frequency re- e e
spanse of E-V model g & T
B4 cartridge Sy L
R = T oo miﬁjn
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ness and temperatuce instability resule
if these materials are nsed entirely. The
propeity of a vizcous material (a true
niechanical rosistance} can be expressed
as:
F=ky
where F = jaree developed upen an ini-
mersed body,
& =a eonstant dependent upon the
viscosity of the material,
v =velocity of motion.

If the vizcous material were utilized as
a fulerum or restraining medium on
the element, the applied force or “drive”
would be greater at the higher frequen-
cies where the welocity is increasing.

“hus it is possible to incorporate a re-
sistanee for damping purposcs and, at
the same time, to reinforce the high-fre-
quency response. A very low "0 can be
obtained, which is essential for a smonth
fesponge.

Viscous loading of the element is
used in this cartridee by surrounding
the ceramic with a viscous material,
Coupling to the viscous material iz ad-
Justed to the correct value by menns of a
small metal vane attached to the md-
point of the ceramic. The material itself
15 4 silicone prepared for this appliea-
tioih in which values of wiscosity, plas-
ticity, mass, and stifiness have been
established for optimum results. Silicone
has excellent chenngal amd phiysical sta-
Lility, particularly with respech to tem-
perature, a

Y
Ny Y

Fig. 7, Equivalent of pickup having a capaci-
tive impedince werking into a resistance load
thunted by stray and circult capacitance.
Equivalent Circuit

Equivalent circnts using electro-me-
ehanten]l analogies are often useful in
anderstanding the operation of a me-
chanieal system. The cquivalent circuit
ef the Ultra-Linear ceramic eartridge
is shown i Fig. 6. The conversion of
mechanieal energy to electrical energy
is ropresented by the transformer T
. is the actual load resistance on the
cartridge,

Input Circuits

The electrical circuit of any plezoeles-
tric device can be represented by a en-
pacitance in series with a generator, as
i Frg. 7. It shoulil be recognized that
the slunt eapacitinee of a lead and inpin
eiremt divestly across the eartridpe will
mot affect the frequency responsc io a
noticeable extent. A voltaze divider is
set up congisting of the reactances of the
ceramic capacitance { X} and the shunt
capacitance (X, ). The ratio of these
veactinces iz constant at all frequencies,
The et result is a given reduction in
signal voltage at all frequencies.

The lesw-frequency response of a ce-
ramic cartridge, however, is dircetly de-
pendent upon the value of load resistance

(Ry). At low frequengies, X, becomes
appreciable and a smaller portion of the
signal 15 avatlable across &, For this
reason, a minimom load resistince of 3
megs 15 recommended for flat Bass down
to the lowest frequency permiited by
tone Are resonance.

Output at 1000 ¢ps is 06 volt as
measured on the BRCA 12-549 V fre-
quency test vecord. This record repre-
sents the normal reference level for
microgroove recording. Figare 8 illus-
trates an actual response corve taken on
the RCA record.

Distortion tests, using the Cook “N-A
Beam™ teat record indicate inter-modula-
tion well below 2 per cent throughout
the entire recorded range. This method
is specilied as it is easily duplicated and
evaluated by anyone without special
e(ui pment.

Extensive “A-B" listening tests have
corroborated all laboratory data and
demonstrated the improved performance
of the Model 84 Ultra Linear ceramic
cariridge.
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