Vertical Tracking Angle—
A Source of IM Distortion

An analysis of the distortion resulting from the discrepancy between
the vertical angle at which the record is cut and the vertical angle of
the playback stylus. A proposal is made to standardize these angles.

ROBLEMS CONCERNING THE reprodue-

tion of stereo records have been

considered from the viewpoint of
reproduction quality previously. M. S.
Corrington and T. Murakami of R.C.A.
Vietor have analyzed the relationships
and found that when using the 45/45
system and a 90-deg. groove angle with
the ideal playback cartridge, there is no
cross-modulation between the two chan-
nels. Intermodulation and harmonie dis-
tortion are identieal for the two channels
and are the same as they appear with a
normal hill-and-dale record. If the rec-
ords are cut with a groove angle of 90
deg. between the two channels, and the
two axes of the cartridge are at right
angles to the movement of the two re-
spective grooves, there will be no cross-
talk from one channel to the other. These
are ideal conditions. In the following
diseussion it will be shown how nnevenly
and confusingly the various makes of
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records are cut— a confusion that not
only makes for listening variations of the
many records, but also gives quite a few
headaches to the playback eartridge de-
signer. These problems ecounld be avoided
if agreement counld be reached on stand-
ardization of dise cufting procedures.

Perhaps the historical background is
partly responsible for the wide disagree-
ment on methods. It should be remem-
hered that the first experiments with
stereophonic phonograph records began
abont 1930. At first the vertical-lateral
system was used, although even at that
time mention was made of the 45/45
system now in use. In a way the two sys-
tems are identical, since by suitable
phasing of the two information channels,
it is possible to change from one system
to the other, making it practical to cut
with either system nsing the same cut-
ting apparatus. Correspondingly, a
pickup constructed for the one system
can, by means of suitable phasing, be
used to play the other system.
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Fig. 2. Stylus cantilever angle in a vari-
ety of cartridges.

This is not the place to discuss the ad-
vantages and disadvantages of one sys-
tem versus the other, but merely to point
ont that from the historic development,
equipment to record and play back stereo
records has been largely derived from
the vertical-lateral system. It is this
existing equipment which impedes work
in creating agreement on standards for
the 45/45 system which has bheen ae-
cepted.

Stereo phonograph records only be-
came a reality after the development of
the Westrex stereo dise system. Stereo
records were first made available to the
general public in the United States. The
fundamental work on the method of con-
structing stereo playback cartridges
therefore came from C. C. Davis’ and
J. G. Frayne's description of the Wes-
trex system which was publicized in the
spring of 1958. In June, 1958, the al-
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Fig. 3. Vertical and lateral IM distortion as a function of the distance from the center
of the record and stylus-tip radius.

ready mentioned work of Corrington and
Murakami in the R.C.4. Review, which
welghed the merits of the vertical-lateral
and the 45/45 system in regard to distor-
tion, favored the latter system.

Since it is impractical to place the

in reality a variation of a considerable
angle from the vertical. In the Westrex
system, this angle is set at 23 deg.
Calculations have been made of the
harmonie distortion which appears when
playing a laterally-modulated phono-
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TABLE 1. Distortion measurements of a
numbeyr of test records.

axis of revolution of the stylus cantilever
exactly at the surface of the record, a
vertical tracking distortion will arise
nnless there is a very close agreement
between the angle used by the cutting
head and by the pickup. What is nor-
mally referred to as the vertical move-
ment of the tip of the cutting stylus is

graph record with the incorrect tracking
angle. According to B. B. Bauer
(*“Tracking angle in phonograph pick-
ups,” Electronies, March, 1945) the for-
mula for the second harmonic when using
the wrong tracking angle is

0.593
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R
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Fig. 4. A double-
modvulated groove
and the result of
incorrect tracking
angle.
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@is the varmation in tracking
angle in degrees

M is the modulation amplitude
in ¢m/see

R is the radins from the groove
to the eenter of the record in
cim,

When :

It can be seen that the distortion is in-
dependent of the frequency, and only
dependent on the modulation and the
distance of the stylus from the center of
the record, and of course the tracking
angle. The formula is computed for a
laterally cut groove with a record rota-
tion speed of 3314 revolutions per min-
ute. Figure 1 shows the tracking angle
disfortion at different places on the ree-
ord, with a modnlation of 10 em/see. In
a well-constructed tone arm the varia-
tion from the correct tracking angle can
be held to within 1 deg., plus or minus;
in other words, in a good playback ear-
tridge it can be demanded that the sec-
ond harmonic be less than 1 per cent
with normal modulation.

Bauer’s formula can also be used for
a vertically cut groove but additional in-
formation is required, because the har-
monie distortion will depend here to a
great extent on the frequency and on the
radius of the stylns. It should be noted
that the harmonie distortion is always
greater for a vertically cut groove than
for a lateral eut. At 1000 eps it will be
about 5-6 times as great. Here I refer to
the basiec work of J. A. Pierce and I. V,
Hunt in the Journal of the Acoustic So-
ciety of America, 1938.

Of the same magnitude, indeed some-
times worse, is the distortion obtained
when playing with the wrong vertical
tracking angle.

Distortion measurements have been
made on a number of fest records, nsing
a B & O stereo pickup. The results are
shown in Table I. The average figures
for the right and left channel, recaleu-
lated for all records to 334 rpm and
with a modulation of 10 em/see, and a
distance from groove to record center of
10 em (about the middle of the record)
are shown at the far right. On the hasis
of these measurements, and after com-
parison with the curves of Fig. 1, the
presumed cutting angles for the vertical
cutting are indieated.

Harmonie distortion resnlting from an
incorreet tracking angle consists mostly
of seecond harmonie. The third barnionie
is about 12-15 db down from the second.

We can see from Table I that the
lateral distortion is unimportant in com-
parison with the vertical so that we may
assunme the fracking angle is correct for
it. Vertical modulation shows consider-
able second harmonice distortion, how-
ever, dependent on the make of record.
In order to compare the various records,
recalenlation (average value for hoth
channels at 3374 rpm) has heen made in
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the next-to-last column. The difference is
obvious between records from Decea, at
the one extreme, with RCA, Westrex,
and Electro-Voice at the other.

From the viewpoint of the playbaeck
cartridge designer, a fairly large vertical
cutting angle would be preferable, as it
is necessary to allow space for the mov-
ing elements, whose center of rotation
must lie above the record surface.

The angle of the stylus cantilever to
the record surface of several pickups
has heen determined by measurement and
is shown in Fig. 2. It is evident that
there is as much difference here as with
the various cutting angles for the rec-
ords—the result of a lack of standards
for recording.

As mentioned earlier, the most im-
portant harmonie distortion is second
harmonic due to the inecorrect vertical
tracking angle. In the case of groove
modulation with two tones, an intermod-
ulation produet appears as well. As far
as is known no previous theoretical ecal-
enlation has been made of the size of
this product as a funection of the track-
ing angle. An attempt to make such a
caleulation will therefore be made here.

If you first assume a correct vertical
tracking angle, there is considerably
more intermodulation distortion in play-
ing a vertically modulated groove than
is the case with a laterally modulated
groove. Corrington and Murakami give
the following formula:

fig. 6. Principle of the B & O cartridge.
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1= SOOrZu,r
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where: u,is the lowest frequency re-
corded amplitude in ips

ris the radins of the stylus in
thousandths of an inch

vis the record speed in ips.

With a 33%-rpm record,

_ 2R33Y%
=T

R is the radius from the stylus tip to the
center of the record.

In Fig. 3 the intermodulation distor-
tion is shown respectively vertieally and
laterally with a stylus tip radins of 0.5
mil and 0.7 mil and a recording speed
of 7 em/sec at various distances from
the center of the reeord.

As can be seen, the intermodulation is
about 10 times as large in the vertical
channel as in the lateral. Intermodulation
in the lateral cutting appears as modula-
tion of the even harmonics, and in ver-
tical cutting it appears as modulation of
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TABLE 11. Intermodulation of a
number of cartridges.

the odd harmonies. It looks severe, and
it is not improved by an incorrect verti-
cal tracking angle.

In Fig. 4 a vertical double-modulated
groove is diagrammed. We imagine the
groove to be traced by an ideal stylus,
and try to investigate what will happen
due to a wrong vertical tracking angle.
This groove is considered to be eut with
a vertical cutting angle of 0 deg.

The angle for zero transmission of the
lowest frequeney is «, the amplitude of
the low frequency is a,, and for the high
frequency a,. The minimum and maxi-
mum values which will be obtained for
a, will be found at the points of zero
transmission, which are p and ¢. The
difference between these values of a; at
points p and ¢, divided by the average
amplitude of a,, multiplied by 100 will
equal the percenfage of intermodulation
of the odd harmonies.

In Fig. 4 the areas about points p and
¢ are shown magnified. a, is the ampli-
tude for the high frequency, as it would
be with the correect delineation (p=0),
b is the size at point p with delineation
under the angle @, and ¢ the size at point
q with delineation under angle ®.

GROCOVE $0° IN THE CUTYTING PLANE.
CUTTING DIRECTION 45/45 IN THE
CUTTING PLANE.

x=45° - a

y =45° o

Fig. 7. Some geometrical relationships in the stereo groove.
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The percentage of intermodulation is
expressed as:
IM=

¢—-b
00
¢ .‘Z1 %

2

Eq. (1)

Z is a factor that determines the aver-

age amplitude of a, with delineation
under the angle o.
For small values of ¢ however,

. For larger angles the correet

7y at

cos @

Yo 20 Chay/SEC
R=7.5CM

CUTTING AMGLE =20"

Fig. 9. Graphic representation of what happens when the stylus angle is different

than the cotting angle. This indicates that

the sylus should be tipped back rather than

forward as is commonly believed.
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value of Z can be obtained with the in-
tegration of a,’s delineation value under
the angle @ over a wavelength of the
low frequency, which gives:
cos «
z2=
\/cos («+ @) * cos (e—)

With the help of the sine relation nsed
on friangle MNO, we obtain

a, ¢os &
cos (a.— @)
and used on triangle MSO,

_ azcosa
" cos (¢+ @)

Inserting the values for b, ¢, and Z in
I5g. (1), we obtain

13 = [eos (@~ @) _
\J’cos (a+ @)

(
/Mz] L
cos {u~p)

a, which is the angle for the zero
transmission of the low frequency, is
found from

tan o= M

¢
where v is the effective recording speed
in em/see, and ¢ the groove speed in
em/sec.

Development of the above assumes a
considerable difference in the two fre-
quencies, and that the sine curve for the
lowest frequency in the points consid-
ered can be thought of as a straight line.

The ahove gives a basis for the deter-
mination of the degree of intermodula-
tion as a function of the tracking-angle
fault.

Pigure 5 shows IM calenlated for three
different recording levels and a distance
from the record center of 10 em. The
caleulation is valid for intermodulation
of the odd harmonies.

A calculation of the intermodulation
of the even harmonies shows that these
are unimportant in comparison with the
modulation of the odd harmonies.

If Fig. 1 and Fig. 5 are compared it
is seen that considerable harmoniec and
intermodulation distortion appears if
the vertical cutting angle and the verti-
cal tracking angle of the pickup are not
the same.

On the hasis of two intermodulation
test records produced by Ortofon, meas-
urements have been made of a number
of playback cartridges. The results are
in Table II. The principle of the B & O
pickup is shown in Fig. 6.

The results are anything but encourag-
ing. From the measured values it is pos-
sible to predict with reasonable accuracy
what angle the stylus cantilever makes
with the record suvface, if all the data
for the record is known.

The variations in vertical cutting angle

(Continued on page 88)
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Continued from page 24

TRACKING ANGLE

(from page 24)

from one record to the next also canse
problems of channel separation. It is
surprising, but frequently different
amonnts of crosstalk can he measured
with the various records. Sometimes
crosstalk is high from the left to the
right ehannel, and low from the right to
the left chanpel, and vice versa.

Igure 7 demonstrates what happens
when the picknp is incorrectly posi-
tioned. The amount of channel separa-
tion will vary with the angle «. If every-
thing is correet in both cutting and
playback, two identical curves will be
obtained for crosstalk on the left and
right channels. However, measurements
show that two identical curves are not
obtained in all cases. This can be due to
geometrical faults in the construection of
the pickup, but if these are eliminated
it 18 found that widely differing results
are obtained when measuring the vavious
test records.

Figure T shows a drawing of the sterco
groove. @ is the vertical tracking angle
and P is the cutting angle. = is 45 deg.,
the half angle of the angular distance
between the two minimum points for the
two curves for erosstalk as a funetion of
the angle variation «.

If we assmme that the entting direetion
is 45/45 in the cuftting plane, there is
the following relation between the three
angles:

COS @

If we know @ and measure @ we can thus
find B.

Figure 8 gives these curves for various
phonograph records. The B & O pickup
was used in measuring these.

Since the vertical entting angle varies
from record to record, it is noi possible
to find any ideal pickup construction
mntil standards can be agreed on.

The fact that the vertical eutting angle
is in reality not vertical results in the
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determination that the stylus tip should
not be vertically oriented. Figure 9
shows what happens if the stylus angle
is not in agreement with the eutting
angle. This is a point which is frequently
diffieult to impress on people, even pro-
fessionals, Generally there is the feeling
that a pickup stylus should angle for-
ward very shghtly in order to avoid
damaging the record. In reality this is a
ereat misunderstanding. Due to the ve-
eording conditions, the stylus tip should
in reality point in the opposite direction,
and exaetly as mueh as the eutting angle
varies from the vertical line.

After a cold and sober theoretical
consideration, the sterecophonic phono-
graph records should in reality be in-
toleruble to listen lo. However, practice
reveals a different situation. Kven
though the experienced ear can probably
hear the greater distortion, there is no
doubt that the stereophonic effeet is such
a great advantage that considerably
more distortion ean be tolerated than is
the case with mono records. On the basis
of listening tests it seems that such high
demands for distortion reduction in
stereo systems are unnecessary as eon-
pared with single-channel systems. This
should not draw attention away from
the sources of faults that can be removed
with the greatest ease by merely estab-
lishing standards.

In the IEC-publication 98 and 98-1,
which contains recommendation for com-
mercial stereophonie recorvds, the prob-
lem about the cutting angle is not men-
tioned. However this publication is being
revised. At the TEC-meeting in Helsinki
last yvear the Danish delegation proposed

- pages 88 and 89 (article columns only)

to standardize this angle at 15 deg.:
(This proposal was made iy Furope
before the essenticdly Furopean eommit-
tee. See the FEditorial for further ecom-
ments about the stiwtus in the U. S. [5p.)
The proposal contains the following
definition of the nature of the groove:
“The stereophonic groove shall carry
two channels of information. The two
channels shall be recorded in such a
manner that they ean be reproduced by
movement of a reproducing stylus in
two directions at 90 deg. to each other
and at 45 deg. to a radial line through
the stylus tip and the center of the dise.
“The reproducing stylus motion shall
he tangent to or lie in a plane throngh
the stylus tip and the reeord center, in-
clined at a nominal angle of 15 deg.
clockwise to the normal through the
stylus tip as viewed from the cenfer of
the dise.”
It is hoped that the changing of Publi-
cation 98 and 98-1 will be confirmed as
soon as possible, and that the different

record makers will adopt this standardi- |

zation as soon as possible. =z
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