ickup Tracking Error

EDCAR M. VILLCHUR"®

Misconceptions on the subject of tracking error are many, and recent

articles have been sparse.

The author presents a lucid analysis of track-

ing error and its effects upon distortion in phonograph reproduction.

pickup tangent to the rvecord grooves

at ifferent radii has been with us
ever since manufactirers abanidoned the
cvlinder player, a device in which the
pivot of the overhead pickup was driven
across the record by a feed screw. With
disc records, tracking error constibites
a problem, and the reasons for it and the
principles involved in its solution are
here discussed.

Some years ago the most sevious ef-
fect of tracking error was considered to
be undue wear of the record, The tip of
a steel needle loses its spherical shape
after a few revolutions of the turntable
amd s ground to the forin of a wedye,
with its long axis lying along the groove.
1f the pickup then tuens with respect to
the groove due to chanpe of tracking
angle the needle tip is re-ground and
abrasion of the groove walls is increased.
Thiere has been some disagreement as
to the extent of this increase, hut it any
case a jewel stylus maintains its shape
better, and turning the spherical tip in
the groove does less harm. Reecord wear
is therefore a minor matter in tracking
considerations when jewel styli are used.
Tone arm design even makes a degree
of sacrifice in this direction (side thrust
is allowed to increase) for the sake of
other henefits.

The nain result of tracking error in
modern equipment is that the vibration
axis of the pickup is turned from the
groove, generating distortion. If the line
trom styins to arm pivol is at an angle
to the groove tangent, the stylus is also
pressed against one groove wall more
than the otlier. Extreme angles will
cause an increase in record wear and in
the chances of groove jumping. None of
these effects was very noticeable on nlder
phonographs hecause pickups were guite
heavy an:l tracking distortion was rela-
tively sniall compared to other types of
distortion.

T HE rrorteM of keeping a phonograph

Side Thrust

Figure 1 shows the forces acting on
the stylus under two conditions of track-
ing error. The stylus at rest is subject
only ta the weight of the pickup and sup-
port of the groove, and will always be
seated correctly, no matter what the
tracking angle. When the groove is
moved past the styhus, however, the tip is
subjected to two additional forces egual

‘}36-5.-? 70th Rood, Flushing 67, N. Y.

AUDIO ENGINEERING o MARCH,

Fiz. 1. Foree com-
ponents of side thrust
on stylus.

to each other in magnitude, the frictional
force Fo of the groove whith tries to
drag the stylus with it in a tangential di-
rection, and the force resisting Fe in a
direction toward the pivot, shown as Fa,
When the frictional pull of the groove
and the resistance of the arm do not lie
along the same line. a resultant side force
is exerted on the stylus independent of
groove modulation, either towards the
center of the recortl, as at {A) in Fig. 1,
or away from the center, as at (B). The
slope of the groove walls directs some
of this force upward. and so if pressure
against the sidewall is great enough the
stylug will climb towards and possibly
over the top of the wall.

The force resisting frictional drag of
the groove is applied along the straight
line from arm pivet to stylus, coupled
from the pivot by means of the arm.
Since the arm is rigid the direction of
the line of force is farmed by the stylus
and pivet imlependent of the particular
shape of the arm. The temlency of the
stvlits to ride up on the walls of the
groove cannot, therefore, be made less
by the use of a bent arm.

Contrary  to  occasional  popular
opinion this tendency is actually some-
what preater in offset arms, not because
of their shape but hecause of the way
in which they must be mounted. The
imaginary line connecting the pivot and
stylus of an offset arm makes a larger
angle with the groove tangent than the
corresponding line of a properly mounted
straight arm. The greater the angle of
offset the worse the offending nature
of the pivot Incation in this respect, anl
the more the side thrust on the stylus.
This is one of the reasons that studio-
type ntfset arms are long, requiring only
a small angle. even though an eight-inch
arnt with a larger angle may be designed
to have almost negligible tracking error.
The increased side thrust of bent arms
15 accepted as a far lesser evil than
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tracking error. Since the side thrust of
bent arms is always directed toward the
center of the record, a moderate amoun:
serves to overcome frictional resistance
of the arm pivat.

Tracking Error Distortion

It 1s evadent that an arm which main-
tains tangency well due to its offset
design may actually produce more side
thrust than an arm with greater tracking
error, and distortion generated by non-
tangency cannot be laid primanily at the
door of improper seating of the stylus
in the groove. Liven if the arm holds
the picup at an angle to the groove
tangent, the styvlus may follow the
groove convolutions withont error.
Stylus motion in an oblique, pickup
however, will not be perpendicular
to the groove, and imstantaneons stylus
displacement relative to the longitudinal
axis of the pickup will not correspond
to the recorded signal. Figure 2 shows
consecutive positions of styli in two
identically modulated grooves. In (A)
there is no tracking error, Displacemeant
of the stylus relative to the pickup,
plotted against time, 18 a copy of the
groove's wave forni In (B), with the
stylus tip still following the groove, a
tracking ervor of o results i a distorted
shape of the same graph, As can be seen,
maxiniim stylus displacement relative
1o the center line of the pickup occurs
first oo soon aned then too late within
the recorded period. Maximum stylus
displacement across the pickup is also
greater in anmplitude than maximnm dis
placement relative to the center line of
the groove.

This effect is aggravated when groove
madulations are heavier or closer to-
gether. The distortion generated is there-
fore tnversely proporuonal (o groove
radius and turntable r.p.m., and directly
proportional to the amplitude and fre-
quency of the recorded sound.

Another source of possible tracking
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distortion is the offset angle of the
cartridge in bent arms. The force trving
to carry the stylus away from the arm
(ivot tends to turn a swivel-type stylns
assemily to lace the pivot. But the
cartridge held by a bent arm cannot, by
the nature of its mouniing, ever face
the pivot, Thus the lateral position of the
stylus following an unmodnlated groove
is not along the center line of the cari-
ridge, and the stylus at lateral rest is
not at the center of its normal play.
Figure 3 illustrates this angular bias i
a pickup and in an analogaus system
marte up of two linked rods.

The amount of tnas s directly pro-
portionat to 1he complizuce of the coup-
ling bhetween stylus and pickup amd to
the angle of ofiget of the cartridge. It
will become significant enly if the moy-
ing element of the cartridge is driven
into a non-tinear region of operation,
in which case asymmetrical or even-
harmonic distortion 15 generated. It is
far less consenuence than he first type
of tracking cistortion, or olfset arm
design would offer no advautage, but
it constitutes a second reason for making
offset arms as long as possible and with
a small angle.

Arm Design and Mounting

The approximate solution to the track-
ing problem is (0 nuse a tone arm as long
as can be ailorded, to locate the pivot
in that position which produces the least
variation of angle between arm and
groove (ignoring the absolute values of
the angles} and to then offset the pickup
from the arm to bring the center line
of the cartridge or element to tangency
with the grooves at selected radii. The
niost popular misconception ahout the
oliset ari is the helief that it is the hend
in the arm which produces the reduction
in tracking angle variation, due to a
“virtupl pivot” ot other fancied cause.
The variation in groove-pickup angle
for any arm of given length, mownted

Y(;. A Briggs, Sound Reproduction, 2nd
ed., Wharfedale Wireless Works, Rradiord,
Yorks. (Juote on page 206 from a paper by
W, J. Lloyd.

ar a specified pount, must be the same
whether the arm is straight, bent, or
shuped ke one of the spakes of an
ancient Egvptian head-dress. This be-
conies clewr 1f we think of a bent arm
forming a rigitl triangle with the line
from pivot to stvlus. The angle hetween
thus line and grooves of different radhi
representing tne wracking of o straight
arm, must vary exactly the same anmount
as the angle hetween the grooves and the
offset pickup. [mprovement in tracking
can only result irom the shift in pivot
mognting which the offset allows us to
nuke.

it 15 possible to choose a mounting
point for a given arm such hat the arc
swept across the record intersects the
grooves  with minunum  varation of
angle. Figure 4 shows the ares produced
Ly the same arm from different pivots,
Considering only the variation in angle
at whiclt the are encounters cach groove
it will be seen that arc 3 has the best
tracking. The graph of tracking angle
versus racdius indicates that ares 1 and 2
decrease 1heir angles of intersection
with cach groove as they approach the
center, white arc 3, representing a posi-
tion of the pivot winch "overhangs™ the
stylus past the turntable spindle, de-
crenses its intersecling angle only up
to a minimum point and then increases
the angle again as further progress to-
ward the center is made. The fact that
the intersecting angle goes through =
minimum point means that for some
angle values before the minimum there
will be an equal value after the mini-
.

It would ot e feasible to jount a
straight arm to sweep arc 3, hecause al-
though the variation in angle is small
the aectual angle at which the pickup
would be held is far from the taugent. A
positional bias 1 therefore applied 1o the
pickup element by offsetting it & We
have already seen that the variation in
intersecting angle is independent of arm
shiape. and so we will not lose the ad-
vautage of minimum variation by this
ofiset, while we gain correctiou by this
method for the ahsolute value about
which the tracking angle varies.
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Fig. 2 Distortion
caused by tracking
errdr arrows indicate
maximum stylus dis-
placement relative te
pickup.
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Zero tracking error may he achieved
at two. points: at the groove for which
the onset makes a pertect correction,
and at its mute on the other side of mim-
mum. The points of zero tracking error
{determined by the angle of offset) and
the groove radius at which the mimimum
intersection angle occurs {(determined
hy the pivot mounting) are adjusted
for optimum performance. These ad-
justmenis are concerned with keeging

x
- rather than = alone as small as pos-

sible.

Tracking Equations

The tracking vquations of most intev-
est are those which furnish information
on optilmin offset angle, correet pivot
mounting for a given arni, and the track-
ing error and distortion of a given sys-
ten. B. B, Bauer? las derived general
fornis of some of the foregoing equations
in a ¢lear and interesting article to which
the reader is referred. The equations
below apply anly to twelve-inch records,
and have had small decimals of no sig-
nificance dropped.
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Fig. 3. (A) Pickup bias due to cartridee otset,
and |B) analogous mechanical system illustrat-
ing pickup bias,

Optimnm offset angle f§ for an arm of
length [ inches (pivot 1o stylus tip) is:

179
B =" degrees

The overhang D {the distance from
spindle to stylus) of such an army, or of
an arm with a larger angle of offset
(some designs have considered mini-
e tracking error without reference

*B. B. Bauer, "Trackiog angle in phono-
araph pckups,” flectronics, March 1945,
110
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to the need for better tracking at the
inner grooves} should be:

A
i

(B/57.3)
l NI a57.18000

+{ |inches

and when B is equal to the optimum
] deg., the expression simplifies to:

=427

The eauutions for D) are inaccurate
for arms whose angle of offset is less
than the optimum f. For arms in which
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Fig. 4. Tracking angle variation of the same arm
at ditferent pivot mountings.®

4 is between 2/3 of optimum and opti-
nium we must change the expression to:

58 B

D=29 T

[ (BT
’ Nt 3857 |

And for arms wlhose offset angle is
less than 2/3 of optimum we use:
]
D=.0133- 7
——

The equation for a straght arm, with
4 equal to zero, hecomes:

* Yalues from Ralph P. Glover, “A record
saving picknp,” Etectronics Feb. 1937, p. 31.

Fig. 5. Basic oblique

triangle vsed in de-

termining  tracking
characteristics.

As would he expecied from the track-
g curves of iy, 4 optimmm mounting
of the siraight arm requires that the
needle be underbung Ly an amount
which places the point of perfeet track-
ing at the inner grooves.

The tracking error = of a given sys-
tem at a groove of radivs 7 is equal to!

ol e
2lr

1

% =8I

The derivation is sitiple and interest-
ing enough to be included in the appen-
dix. Maxinmm 2 over the record may
he found by checking at the three radius
values at which maximum error could
accur: the inner groove, the outer
groove, and the groove at which the
angle of intersection with the arc of the
tone arm reaches a minimum and hegins
to increase again. Tracking error at the
first two pomts 15 {owmul by nsing 175
inches and 3.75 inches, respectively, for
the vahie of #. The radins at the third
poiut can be solved for aiter setting the

. -
partial derivative a7 eqial 1o zero, aed

is equal to:
ra=vVD(2-D)

The main tracking distortion is sec-
ond harmonie. On a basis of stvlus
velocity change, the per cent distortion
15

1.95 fdx
Vr

His ‘ % 166 | per cent

where = frequency of the signal in cps

A= amplitude  of  maximum
groove modulation i
inches {004 [nches at 250
ciis would be t¥pical of 78
r.Lan. commercial records
conraining lowdl passages.)

2 = tracking error in degrees

¥ = r.p.ut of turntable

r= rlius of groove
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The trackmg distortion produced m a
standard conmercial pressing by a prop-
erty moumted 8-inch straight arm {17-
deg.  maximum  error at  the outer
grooves, 8-deg. maximumn at the inner}
tiay he expected to he of the order of 6
per cent on loud passages. A correctly
designed offset tone arm of the same
length will reduce the tracking error and
the distortion by a factor of six.

AFPENDIX

From the irigonometric formula for
oblique triangles (see Fig. 5):

(i-Py=B+*-2lrcos A
sl o 11 e
2lr
LA+ L8 La=9g°
%= (90° - 4) —B

£ A=cos?

The ability of a pickup awd tone arm to
maintain  good stylus-groove contact is
oilen referredd to as tracking capability,
and the weight required to keep the stylus
properly seated is called tracking pressure.
These expressions would seem to have
somethitig to do with pickup tatgency, but
they do not, Stylus seating at normal track-
ing errors is almost independent ol tan-
geney. The lerm “tracking” is used in two
different ways in relation to toue arms: it
has a literal meaning which relates to seat-
ing of the stylus in the track of the groove;
and a tectuiical or mathematical one, which
refers to maintenance of a constant tan-
gency relationship hetween two variables,
the pickup axis and the groove at the point
of stylus contact. In the latter application
the word is used in the same way as when
it describes the beliavior of one section of
a variable capacitor, which *tracks” or
keeps a constant capacitance relationship
to another section with which it is ganged.
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