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MACHINE-TO-MACHINE COMPATIBILITY IN WIDEBAND
RECORDING

AVNER LEVY
Ampex Corporation

Redwood City, California

The problem of machine-to-machine compatibility, although as old as magnetic
recording, came into focus once more when inquiries were made by the TWG of the
IRIG Committee. These were matched by inputE from various customers about
incompatibility problems encountered when interchanging tapes between wideband
recorders made by various manufacturers. Except for one case, all of the recorders
examined were found to comply with the “constant flux” recommendations for IRIG
106-66 and 106-69.

In considering the problems associated with machine-to-machine compatibility, it
becomes immediately apparent that the problem could be divided into two parts; one part
to contain all those factors common to all tape transports, regardless of manufacturer,
such as tracking, skew and azimuth. The other to include basically those factors involved
in the head-tape signal function. These are additional problems closely associated with
the design of the various manufacturers. These factors are, in addition to tape tension:
Recording demagnetization, core loss and gap loss (self-demagnetization loss and tape
thickness loss are omitted, since they do not affect interchangeability).

Gap loss is usually associated with the gap length of the reproduce head. While there are
various analytical derivations for the optimum gap length of the reproduce head in the
literature (C. Mee, Fujwara and others) very little attention is given to the record gap.
The record gap length is usually regarded as less critical to the performance of the
record-reproduce transfer characteristics. It is the purpose of this paper to show,
however, that the record gap although not as critical as the reproduce gap, nevertheless
could and does affect the record transfer characteristics in the form of amplitude,
distortion content and group delay.

To analyze the problem experimentally, a set of tests were made in which three pre-
recorded programs were reproduced on the same reproduce head. The programs were
recorded using set-up procedure as per IRIG 106-69 on heads with 200, 140 and 70Fin.
Those programs will be referred to as Programs A, B and C, respectively.



Figure I shows head frequency response curve of Program A. Note the peak frequency,
as well as the roll-off from the peak to the band edge frequency, 1.5 MHz, and from the
peak to 10 kHz. The latter was chosen arbitrarily for comparison. The third harmonic
distortion of the signal on this tape at 500 kHz was found to vary about 1.6%, more than
50% higher than the distortion of 150 kHz, the set-up frequency. In some tracks the third
harmonic distortion at 500 kHz was found as high as 1.9%.

Figure II shows head frequency response curve of Program B. The peak output seems to
have shifted up in frequency with slight loss of amplitude. The roll- off from the peak to
the band edge frequency, 1.5 MHz is reduced here to 14.5 dB, while the difference
between 10 kHz and the peak has increased to 20 dB. This recording exhibits very little
distortion change at 500 kHz, when compared with the 1% third harmonics of 150 kHz,
the set-up frequency.

Figure III shows head frequency response curve of Program C. The peak of the curve has
shifted further up in frequency with a loss of 1.5 dB. Only 13.5 dB roll-off at the high
frequency end of the band are evident, while 21.2 are shown between 10 kHz and the
peak of the curve. Here again, very little change in distortion content between 150 kHz
and 500 kHz is apparent. As a matter of fact, the figures are almost indistinguishable
from experimental error.

A clear comparison between the three curves is presented in Figure IV. As the record gap
becomes narrower, the peak output shifts to higher frequencies and some loss of signal is
evident. This is possibly due to the shunting effect of the gap and consequently less
penetration of the long wavelength into the tape; at the same time the roll-off becomes
smaller and the distortion content (third harmonic) at the 500 kHz decreases. The fact
that the absolute signal on the tape at that frequency remains the same suggests that the
narrower gap produces a sharper field gradient for the recording of that wavelength than
the wider gap does (Figure V).

Group delay, or group velocity, is always a function of the storage elements in the
circuit. In the magnetic recording process the group delay is usually introduced by the
amount of equalization required to achieve flat response. In this sense, the group delay is
directly related to the roll-off from the peak output to the band edge frequency and the
associated equalizing network. Hence, one can predict, simply by inspection, the effect
of increased gap length on group delay. Evaluation of group delay data is more difficult,
however, because of the relatively wide spread of data caused by the range of adjustment
of the equalizing network. In spite of this, however, analysis of the data shows, as
expected, a marked increase in group delay for Program A recorded with 200pin. gap. Of
significance is the fact that the difference between Curve A and B in terms of overall
performance is considerably more than between Curve B and C, hence suggesting that 



there is a range of optimum record gap for this application beyond which very little
improvement is experienced (Figure V, VI).

Finally, an attempt was made to generate a procedure by which the user would be able to
reproduce a tape recorded with Head A on a system usually equalized for use with Head
B. It was found that when the bias drive is set for 4 dB signal suppression (overbias) at
1.5 MHz (120 in. /8) the two curves were brought close together.
 
Figure VII shows such a system when a pre-recorded tape was reproduced on an Ampex
FR-1400 (usually compatible with Program B) which was set and equalized for 4 dB of
signal suppression at 1.5 MHz. The curve, although not as flat at the “standard” FR-1400
curve, does meet the ±3 dB specification.

Hence, it seems that interchangeability between systems requiring flat frequency
response is possible provided the user knows the limitations of his system and can
provide for the variations. Several recommendations were made in favor of limiting or
prescribing record and reproduce head gaps in order to standardize and provide for
compatibility between systems. Such a proposal, if adopted, would hamper incentives of
efforts the manufacturer may have in improving the actual recording process. An
alternate approach could be to consider the record-reproduce heads as a “black box” with
prescribed input and output. Neither approach, however, will solve the problem of
possible incompatibility between systems due to variations in azimuth which could vary
by as much as 3 dB.

A more practical approach yet is the use of a “signature” at the start of each recording.
The “signature” may be in a form of a sweep, a white noise or a series of pre-selected
frequencies. Before reproducing a tape on a different system, the user may reproduce the
“signature” and make the necessary adjustments for proper performance. This approach
eliminates, in addition to record gap and azimuth differences, possible differences due to
pre-emphasis variations. This approach was introduced several years ago, and is now
used successfully in a system where data acquisition is done in one station and the data
reduction in another remote location, using two different tape transports.
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