Pickup-arm design techniques

History of the development of pickup arms, with a description
of design methods used in a modern arm

by Tejinder Singh Randhawa VU2TSR

THE AUTHOR of this article has recently
designed and constructed his own pickup
arm based on the experience he gained
on an earlier inferior design. The
following text does not attempt to
describe the constructional details of the
new pickup arm, but instead
coneentrates on the methods employed
in its design. In addition to attempting to
remove some existing fallacies on the
subject of pickup arms, the author has
traced the history of their development
from the end of the nineteenth century to
the present day

“Mary had a little lamb,"" history’s first
recorded phrase, squeaked out from the
hill-and-dale recording of the tinfoil-
layered cylinder of Edison's phono-
graph in 1877, The gramophone, which
substituted wax for tinfoil, was
patented by Chicester Bell and Charles
Tainter in 1886, In the following year,
the precursor of the modern record
player — a gramophone using laterally-
recorded discs — was developed by
Emile Berliner, and in 1880 the English
artist Francis Berraud painted the form
of Nipper, quizzically peering into the
reproducing horn of a gramophone,
listening to “His Master's Vioice".

It was to the credit of these older
record reproducing machines that the
sound box arm, a rough equivalent term
to the present day ‘pickup arm’, was of
substantial design and construction.
With the introduction of electrical
transducers came the early pickup arms
of the simple stub type and, over the
years, precision pickup arms have de-
veloped into the pleasingly intricate and
technically perfected designs common
today.

Tracking error

One of the first problems faced by
pickup arm designers was tracking er-.
ror, which is illustrated in Figs la and
1b. It was not the resulting distortion
which brought the problem to their
attention, but the excessive record
wear. According to extracts from 1937
issues of the American magazine Elec-
fronics, it is probable that European and
Australian audio firms were the first to
benefit from the use of a bent arm to
decrease tracking error, as follows: "A
survey of the literature indicates that
the situation has been thoroughly
appreciated abroad. Notable examples
of tone arms which correct for tracking

angle can be found in the products of
manufacturers in England, Continental
Europe and Australia. All of these de-
vices are of the bent arm type'.” In
October 1937, C. J. Lebel wrote?, “the
only fundamental improvement in
pickup arms to appear in a long while is
the use of the bent arm. This has been
standard practice in England for some
time. A consideration of the theory, as
given by P. Wilson and G. W, Webb?,
shows that the reduction of needle
tracking error is very great. . .. Ameri-
can manufacturers will undoubtedly
change over as their dies wear out.”
When Lebel wrote this, the Wilson
alignment protactor' was already being
marketed in England by The
Gramophone. A month later, B. Olney’
recorded, "For several yvears past a
feature of phonographs produced
abroad has been some special arrange-
ment of the pickup arm for minimizing
the so-called tracking error, but it is
only lately that such devices have made
their appearance in this country. In 1830
the author became interested in this

The author's record dech showing
the turntable and pickup arm.

subject through an article published in a
British journal Wireless World®...”

At about this time, in America, atten-
tion was drawn to the distortion pro-
duced by tracking error. In 1941, H. G.
Baerwald carried out a rigorous mathe-
matical analysis of tracking error and
the resulting distortion’, and derived
the fundamental equation (Equation 1)
relating tracking error distortion to
recording variables. In a simpler ana-
lysis in 1945, B. Bauer® derived the two
compact equations (Equations 2 and 3)
to determine the optimum offset angle
and overhang for a pickup arm. Bauer's
equations held their ground until 1966
when J. K. Stevenson® derived new
formulae, which gave results slightly
nearer the optimum than Bauer's for-
mulae because the approximation
(Sin(X)=X Radians for small values of
X) was not used.

Two years ago the author developed a
‘direct’ method which, by using a com-
puter iteration method, gave marginally
better results than the geometrical ana-
lyses employed in 1941, 1945 and 1966.
The table shows the results obtained by
the author’s method. On the whole
Stevenson's and the author's analyses
give results which are slightly better
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