14 Fig. 1. Cuat-away view of cartridge
with Impoerianl parls identified hers.

Fig. 2. The dualstylus type of -—*
the VR-II cartridge with I's clip-ln tlps.

By ROY DALLY
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Better high-frequency response, less tracking pressure

with new replacement for G-F's RPX reluctance cartridge.

ERTAIN ohjectives are common to
all pickup designs, tempered where
necessary (o meet practical opéra-
tional requirements. The objectives in-
clude adequate compliance, minimum
dynamiec mass, smooth extended fre-
gquency response, minimum 1M distor-
tion, and good transient response
The VR-1I ecartridge (Fig. 21 has
been designed about these objectives,
keeping in mind the essential require-
ments that 1t must function properly
with presently available changers and
tone-arms. It was specifically dezigned
to be compatible, both mechanically
and electrically, with the original BPX
cartridge and it does replace the orig-
inal cartridege without changes of any
kind. The difference in weight between
the two cartrdges, approximately two
and one<half grams, automatically
fixes the vertical needle forece of o six
Lo seven pram syvstem to the sugpested
four gram force suggested for the new
VH-11
Fig. 1 iz a
tridge
irabed b

cut-away of the car-
Iri '|||.|:.-I-II;-: t'u'1:-.|l||r|| (ot illuig-
assembly and [ts
agsoclated ohannel & e secured in
double W™ the body M,
causing the cantilever H (o be in the
alr gap formed by two pale pieces L-L.

Assembled on the pole pleeces are
two coils B-B, with the alternating
current magnelic path completed by
two yokes A-A. The cantilever H is
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made of ferrous material and it acts
as a flexible extension of the magnet.
When the pickup i3 not in use, the
direct current flux divides in the air
gap, combines apgain in yvokes d-4,
with the circuit being completed by
air to the magnet. The colls are con-
nected in series opposing  for the
steady-state magnet flux and stray
hum felds, resulting in substantial
cancellation of stray felds induced by
turntable motors. In operation, the
styvlus end of the cantilever is driven
by the record groove, alternately ap-
profiching and departing from each
pole piece. The alternating curpent
flux which now appears in the iron
path L-A causes an equivalent current
to be generated in the coils. This
current adds in the two coils since the
cantilever reduces the flux in one coil

ag 1t increazeg the flux in the other,
(Editor's Note: Although the wore
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connection wmight be made 1f if §a de-
sived fe ".l-'qi'r'l!-,'..'.l'.'l: -r|-.'|'.||'_|;r for @ pse
sible open winding. )

We are now ready 1o consider our
design objectives. One of these is the
requirement of high compliance. Com-
]}|3I-E|||'li.'L'. L"IilJ‘['t'h‘-'L"i.] in centimelers per
dyne icm./dynel, is essentially a low

Reluctance
00
artriage

[requency
rwenzsured. One ol 1 makies
measured. One common metnod makaes

phenomenon, as ordinarily

wherein
measured 15

use of tone-Arm resonance,
the ecartridge io be
mounted in an arm and driven elther

with frequency records or a driver.
The fundamental resonance of the
system 15 used in the following
formula :
1
o=
i='FM

where K i compliance in cm./dvne,
M iz effective mass of ecartridge and
arm in grams, and § is tone Arm reso-
nance in cps

Thie method, not wased by all
manufacturers, resulis in a hetter
compliance fgure because of the low
resonant freguencies invalved, often
as low as ten eyeles. Substitution of
a cahbrated mass for the tone arm
pErmits measuréments at a TR b e
ol [requencies. Disregarding spurious
resonances, the higher the frequency
used by oa given manufacturer, the
ipoarer! the compliance factor
willl b, Thiz 2 atiributable to  ines
creazing  internal resistance of any
adequate damping material with fre-
|iIJ-:';'||._'_'.

It minigt e |"'r'.i'||'|:1h:|.-'|"r that r'-e|;|1'|]:-||-
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anee measyrements are essentially low
frequency measurements, and are in-
dicative primarily of tone arm track-
ing ablily at low [regquencies. A
moderate compliance is adequate for
this purpose:; in fact excessive come-
pliance can be detrimental to changer
operation when inadequate tone arm
and trip mechanism are imvolved.
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High compliance in itself is not a
criterion for minimum record wear.
The most destructive record wear
occurs at high frequencies and in-
volves other factors, including dynamic
or effective mass of the moving system
and damping and mechanical reso-
nances. The VR-II moving svetem
consists of a cantilever equipped with
a stylus and damping blocks, Since a
cantilever iz cszsentially a tuned reed,
quite capable of breaking up into any
number of mechanical resonances, it
becomes obvious that the design of the
moving system is of utmost Impor-
tance. Choice of material, proper
cross-s¢ction ratio, length and con-
formation must all be carefully bal-
anced to achieve smooth, wide-range
reproduction.

A cantilever, when properly cons
trolled, has certain advantages with
respect to effective mass. At low fre-
quencies, it acts as a beam, rigidly
supported at one end. When foree is
applied at the free end, displacement
occurs throughout its length to a di-
minishing degree, dizappearing at the
secured end. Under these conditions
of operation. the effective mass of the
VR-II system encountered at low fre-
quencies iE not a significant cause of
record wear. As frequency iz in-
creased, the flexing point of the
cantilever moves toward the stvius
end. By careful location of the canti-
lever twist and damping materinl near
the twist, only the front flal section
of the cantilever moves laterally, from
approximately 9 ke. through 20 ke,
Thus the effective mass s greatly
diminighed at high frequencies, result-
ing in low record wear in this eritical
region Application of controlled
damping to this section by means of
the front damping hlock produces a
smooth high-frequeney response. This
results in excellent transient response,

The fundamental compliance of the
unit is determined by the length and
cross-seclion ratio of the cantilever in
conjunction with the damping system.
The necessary degree of restoring
force essential to drawing the tone
arm across the record is determined
by the same factors.

Methods of measuring IM distortion
in pickups invelves the use of records
which, unfortunately, are high in in-
herent distortion, varying lrom one to
two and one-half per-cent. Such meas-
urements therefore are inconclusive
when the per-cent of distertion being
indicated by the meter is within this
range. Most good pickup designs fall
within this category. including the
VR-II, and for all practical purposes
may be considered to be satisfactory,
It is significant, however, "that the
VR-IT reaches this area of fixed dis-
tortion at a low vertical needle foree.

Fig. 6 shows the VR-1I response
from 30 cps to 20 ke. An RTA 12.5-49
record having an RIAA recording
characteristic is utilized for measure-
meénts (rom 30 cps to 1 ke, The curve
is corrected in accordance with the
corrections included with the record
An RCA 12-5-67 pressing is used to
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measure the response from 1 ke to
20 ke. This has a conslant velocity
characteristic and for magnetic pick-
ups has no corrections. Both pressings
are in commercial vinyl and present
an accurate picture of factual per-
formance,

A word of warning about frequency
records, Fig. 3 shows the results of
using five different types of records
with the same pickup. All pressings
are in vinyl and measurement con-
ditions identical. There are other recs
ords available that have not been
tested. All response claims made for
the VR-II are based exclusively on
RCA Victor's 12-5-49 and 12-5-67
pressings, with nominal manufacturing
tolerances applied.

Fig. 4 shows responses with various
loads. Where imterstage record com-
pensalion is wsed, the winimum lood
across the cartridge showld be 100,000
ohms. Larger values may he used.
Note that if load resistors in the order
of 25,000 or 50,000 ohms are used,
these produce undesired treble roll-
offs at 15 ke. of 55 and 3 db respec-
tively. Since these resistance values
are found in a good many preampli-
fiers that are designed for the variable
reluctance cartridge, such units should
be checked before installing the new
eartridge.

Where it is desired to have an RIAA
characteristic directly out of the car-
tridge from 1 to 20 ke, a 6200-ohm
load should be used. This is the same
vialue of cartridge load recommended
for the early G-E cartridge. Fig. 5
shows the response with such a load,
using the 12-5-49 record. Note that
under this condition the cartridge may
be shunted with as much as 1000 apfd.,
without detrimental high-frequency
attenuation or resonance effects. For
any application that requires a long
lead involving high capacitance, record
compensation applied diveetly to the
cartridge is recommended,

An electrostatie shield (E in Fig. 1)
grounds the electromagnetic shield K
and the moving system to one termi-
nal. This eliminates body capacity
cffects, if the shield is touched, and
effectively dissipates any electrostatic
field built up about the stylus by vinyl
records. An ungrounded moving svs-
tem operating under dry atmospheric
conditions can result in periodic static
discharges, resembling and often con-
fused with severe background noise.

The performance of the VR-II car-
tridge is readily apparent to the aver-
age listener by direct comparison; it is
distinguished by peak-free, clean, high-
(requency response, Mechanical re-

production, nolse emanating directly
from the moving system, is effectively
reduced by means ol a special damp-

-

ing medium.
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tridge rells off ot the high end when small
values of cartridge loading resistors are
used. Thorefore. when interstage record
squalization s employed. the value of
the cartridge leading resistor that io
used oughl to be al least 100,000 chms.
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Fig. 5. Response of the cartridge above
| k¢. with o 8200-ohm load resisior, The
RCA 12.549 RIAR test record was used.

Fig. 6. This Ia the

VRl response lram

20 eps to 20 ke, ome
ploying the rwo test

records indicated.




GENERAL @3 ELECTRIC

VARIAELE RELUCTANCE CARTRIDGES
FOR STANDARD OR MICROGROOVE RECORDINGS

CAT. NOS. RPX-040, RPX-041, RPX-042, RPX-061 AND RPX-063

SPECIFICATIONS
Cartridge Styius Recommendad I:HL'IT].'-[J-EE with
Cat. Mo, Kadius ze Stylus Cot. No,
. JHEE i Standard EPJ-001
(78 rpm)
BEPX-041 L in. Microgroove E.PT-005
bk {33 -5 rpm) v s
RPX-042 Eelect Stylus Iram Service Chart Less Stylus
BEPX-081 ] am. Microrroave RPJ-004
(3—45 Tpm) %
RPX-003 003 Ta. Standard RFj-008
(T8 rpm)
Resistance (D-C). .o vciiiiinmnnnnsnnsnserans oo, approgimately 340 ohms
[ndumnc:f‘. Ciinrmaeecennaesianaiesesasassnsn.hpprozimately 520 millihenries
Duatput @ 1000 eweles Croinimum) ; P
EPX-040 (Columbin 10003% test recard). . ... .co..8pprosimately 10 millivelts
EPX.041 [(Columbia F.DO0 test record). ..o oo - copproximately 10 milhvolts
Btylug PrBSBUNE. v vrcvnnrrronssrncsansnrsasssnasassnnnasasnnns.b b8 grams

GENERAL

. These cartridges are identical except for the stylus as described in the specifica-
tion chart above. The stylus assembly may be readily replaced when necessary.
All the replacement '"Baton” stylus assemblies given in the eatalegue listing at
the end of this instruction may be used interchangeably with sny of these cartridges,
The atylus selection should be made in aceordance with {ts recommended use nnd
choice of sapphire or diamoend stylus tip. Each stylus sssembly is identified by a
eode color located on the stud pin at poant “C" shewn in the cartridoe illustration,
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UPX-003A PREAMPLIFIER CIRCIT

AMPLIFIER DESIGN

For optimum performance, the amplifier should be designed for full output with
10 millivalt input, it squalization must be employed to compensate for ceeord.-
ing characteriztics of the various record manufacturers to obtain the desired fre-
quancy responss. Actual desipn will vary according to the m}uimmmﬂ- of the indi-
vidunl ingtallation, but for applications -n-.--;r]mng mysic amplifiers and radio receiv-
arg, the General Electric Cat. No. UPX-003A Fhono Pmmgliﬂnr 18 recommanded to
provide the necoasary prepmplifiention of the reproducer's low level cutput and
the previeusly mentioned clreult equalization, The equalization is provided by C§
and R11 shown in the accompanyiog schematie dingram of Pigore 1. The low fre.
quency cross-over of this combination i3 approximately 700 cycles, Total equa-
lizgtion & 18 db. In the receiver or souncd nEphmhL: to be used with these units,
previously employed circalt compensalion for phonograph corfridge frequency respanse

sl be rem .

OTE: RI may be geected in the range of 3000 to 50,000 chms nnd added as
shown in the schematic dinpram. The hisher wvalues provide iperesscd bhigh fre-
gaency Tesponse but the aurstg.u: noise will alss be increased. For maximur high
frequency respopse, Bl may be omitted entirely. The recommended welue for

general application is 6800 chma,

Al-900 RECORD COMPENSATOR— An adjustable record compensator, such as the
General Electric model A1-900, is n convenient means of aebtaining the most widely

FiG. 1.

ueed response eurves. Thiz unit also has two seratch filter positions for 78 RPM
records, The Varisble Reluctance cartridge epnnects divectly into the compensator
which plugs inte a UPX-003A preamplifier, or ﬁﬁmﬂhnﬁ input cicenit. When nsin

the Als compeonsator, the cartridge preamplifier loading resistor, 1, i omitted,

TONE ARM REQUIREMENTS

Choies of the tone arm should be corefully considered. The mass weight of the
arm should be low, and the lateral and wertical bearings of the low friction type.
[f the tone arm has exccssive mass, and friclon in its bearings, the record groove
will be overloaded, causing immediate or early breakdown of the re surfase
materinl and consequent destruction of the re ing. The force required %o move
the piekup and arm in a lateral direction should not -uxumdloﬁ‘tgmms. The difference
in stylus pressure measured when moving the arm wvery slowly upward should not
exceed the pressure measured mo the arm dewnward by more than 2 grams,
When making meapsyrements the stylus must rest oo the weight measuring device
a5 tha devics is moved, frst upward approximately 3 inch, and then downward
approsimately £ inch.
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FIG. 2. CARTRIDGE QUTLINE

FA-21-A TONE ARM—The General Electric model FA-21-A tone arm is recom.
mended to et the above Eﬁuciﬁmtlngs for vse with 1_.-'.:|.r[:|.h'|.¢ ralustance carbridges,
An adapter weight (EWP-001) i3 available to maks it operate at the 6 to 3 gram
pressure required for these cartridges,

ADDITIONAL REQUIREMENTS

Additignal eonsiderations are required in the -tﬁ:l.-bii’.‘u af the pr&.’tmpl[ﬁtr and
phonogeaph motor, Due to the lower output of the pickup cartridge plaving natrow
RrOOVE mmrﬂin?ﬁ- (cadsed by less groove displacement) the bum-to-signal ratie is
increazed. For this reason the four-pole phonograph motor is preferred to the two-
pole type, In addition, adequate filtering of the sound system power supply is neces.
sary to keep the hum-to-sigoel ratio ot a minimum,

MOUNTING

Most tone arms of current meanufacture will accommodate the General Blectrie
Variable Reluctance Cartridges readily, mounting being done by means of the two
Mo, 348 z W-inch long Round Head machine serews, Tweo Moo 440 x M.inch
Fillister Hoad maching screws are also supplied for use with pickup arms reguinng
this size serew. [n cases where fitting 15 necessary, Ptﬂknglafm mounting basses may
be toimmed to accomrnodate the reproducer. Dretailed dimensions are given 1n the
cartridge cutline deawing. Any m .:ﬁ:.l.‘h-:_mu- vegquired should be made ia the tone
arrm, never in the cartrdge or cartridge casa,

For use in automatic record chongers, to Infore clearance between the topmost
al a full stack of records and the cortridge case, the cartridge shonld ba mounted
with its tap sarface parallel to the tone anm.

STYLUS ASSEMBLY REMOVAL

AND INSTALLATION

The replacesble stylus assembly is shown in the darker cartridge outline of Figure

2. Unless n hole is provided in the top of the tone arm for the purpose, the cartridge
must be removed from the tone arm for access to point “'A° in the procedure for
gtylus removal.
REMOVAL=—Tnsert o straiphtened paper clip or equivalent tool into the stylus stud
pin socket at point A, Press the stylus assembly out with the toel as shown by the
rraw.
INSTALLATION=—Lpy the stylus nssembly inte the position shown =o that the stylas

pide lies within the recess between the magnet pele pieces Press assembly in firmiy
En_.r applying preasuce only ot point ™C." making certain that the n?lusl_[gmdu Ti-
mains contered bebwesn the pieces to avold drmage to the assembly. The space
between the stylus spring and each of the two pole pieces should be appromimately
equal. If it is not, mdjust by carefully bending the styles arm Iaterally at the peint
marked 3" Band only slightly.

SERVICE

To! msuce optimum performance from the Genstal Electric Variable Reluctance
Cartridge its stylus, m tic pole picces, and gaps should be cleaned periodieall
of foreipn particles which accumulate from the record surfaces. A soft bristls brus
similar to Cat, Mo, RE-E-EIM ghould be used to clean these parts, :

The gap clearance betwesn stvlus and ench of its pole pieces has been adjusted
s ha not ]Em than 010 inch. To obtain optimum poriormance from your eartridge,
be careful not to disturb this adjustment during pssembly or when cleaniag thoe unit.

The following stylus sssemblies are available as catalogued below. These assem-
hlies ean be interchanged to mount inte the plokup carteidges listed in these in-

structions.
- REPLACEMENT ""BATON"" STYLI
P | Recommended s hira| Color | Dismond Color
Radigs | Jep Btylus Code Stylas Code
1 mil | Microgroove (03 Bod RPJ-004 Elack
e f o U3 MAS rpan) et
2.5 mil I N.A.B. Transerip- | REJ-006 | White | REPJ-004 | Vellow
tigns
& mil Standard RF]-001 | MNoeural | REJ.-00F | Vielet
{78 rpm)

*Synthetic sapphire,
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