CHAPTER XI
THE INSTRUMENTATION RECORDER AT WORK

This handbook would not be complete
without at least a representative sampling
of the applications of modern multi-mode
tape-recording systems to the measure-
ment requirements of science and indus-
try. We have placed this chapter at the
end because it is the logical conclusion of
a work dedicated to what we deem to be
the interests of the instrumentation engi-
neer and scientific investigator. We -trust
that, having come this far, our reader will
be in a good position to appreciate how
well the modern instrumentation recorder
fulfills the promise it clearly showed a
quarter-century ago, in its clumsy infancy.
We have no doubt that this is not, in fact,
the end of the subject, but only a good

beginning.

11.1 Why Record Signals on Magnetic
Tape? Unlike other forms of signal and
data recording equipment, the instrumen-
tation tape recorder is much more than a
convenient and economical way of stor-
ing information. It is that, of course.
Properly handled (see Chapter VII), mag-
netic tape is an excellent “archival”
medium: compact, stable, very low in
cost per unit of data stored, easily search-
ed, easily copied, and completely non-
dissipative and non-destructive. Stan-
dardization is now well enough establish-
ed (see Chapter X) to ensure uncompli-
cated retrieval and reproduction of the
stored data on machines available all over
the industrialized world.

But, having said all that, we must say
that its role in providing long-term data
storage is the least important of the capa-
bilities of instrumentation tape-recording
systems. Far more important, and more
prevalent, are the following classes of
applications:

® Data Capture for Later Analysis. In
thousands of sites all over the world,

instrumentation tape recording is the
preferred way — and, in most cases,
the only practical way — of capturing
fleeting, random, or “one-shot” data,
for leisurely, repetitive, and thorough
analysis at some other, perhaps more
convenient, time and place.
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Figure 11-1. A typical modern intermediate-
band portable instrumentation tape recording
system (EMI Model 7000A) provides Direct, FM,
and HDDR recording modes, eight tape speeds
from 15/16 ips to 120 ips, and up to 14 tracks
(1" tape), or up to 7 tracks (%" tape). ‘
Similar systems are offered by at least eight
other manufacturers. This one is distinguished
(in our admittedly prejudiced opinion) by five
features, each of which is relevant to this
applications discussion: (1) virtually com-
plete modularity, allowing very rapid and

easy adaptation of the system to almost any
application; (2) “all-speed” filtering for

its eight speeds, automatically switched

when the speed is selected; (3) an easy-to-
thread tape transport of state-of-the-art
proficiency (hence lowest flutter and time-
base error and highest broadband S/N for this
class of equipment); (4) low-error-ratio HDDR
at high packing densities (probably the best
HDDR performance among intermediate-band
portables); and (5) the most comprehensive
(and most logically “human-engineered”)
calibration system . . . including a true
electronics-to-electronics calibration and
signal-verification system. The only compromise
in this design that is apparent to our fond
parental eyes is the reel-size limitation

(104"  diameter, as against 14" reels in
portable systems using concentric transport
geometry).



e Data Translation and Transformation.
Alone or in conjunction with other
modern electronic instruments, the
instrumentation tape recorder can con-
vert the most enigmatic and/or com-
plex signals into easily understood,
readily analyzed form. At the turn of a
selector switch, the time scale of a
recording can be changed, over a range
of more than two orders of magnitude.
Slow phenomena can be speeded up,
for quick survey or to fit into the
bandwidth range of associated instru-
ments that could not otherwise meas-

. ure or display it. Alternatively, very

Figure 11-3. A wideband (Group II) version of

fast phenomena can be slowed down,
for better visual observation, or, again,
to make the recorded signal compat-
ible with the bandwidth of instrumen-

the system of figure 11-1 (EMI Model 7000M).
Features of that lower-frequency system are
preserved complete, and extended to: 2 MHz
Direct; 500 kHz FM; and HDDR with 30,000
BPI/2.5MBS serial data performance (each of

tation, time-domain signals can be con-

14 channels — parallel format data rate is 35MBS).

verted to frequency-domain spectra,
using a spectrum analyzer. Noisy,
weak, uncorrelated signals can be pro-
cessed (by computer, usually) into
more meaningful information.

e Correlation. Because modern instru-
mentation recorders make many chan-
nels available simultaneously, they per-

Figure 11.2. A 42-track (1" tape) intermediate-
band version of the system of figure 11-1.
(EMI Model 7000C). To our knowledge, this is
the only modern portable system with 42-track
capability . . . at this writing (March, 1978).
Can be equipped for 14, 28, or other smaller
channel capacities, as required.
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mit the user to examine pairs (or larger
groups) of signals with respect to each
other, to the same time and amplitude
scales to which they were recorded, or
to simultaneously translated time
scales (see above), and to more con-
venient amplitude scales. Further, be-
cause the sensitivity of each channel is
independently adjustable and accurate-
ly calibratable (without any external
apparatus, in the better-designed sys-
tems), the relative amplitudes of the
signals to be correlated may be nor-
malized, for more meaningful com-
parison.

Monitoring. The running time of a
single tape on a modern portable may
be varied from a few minutes to many
hours ... and, by a simple switching
arrangement that uses the channels
sequentially (running forward and
backwards through the same tape) to
many weeks, without once having to
stop or change a tape. Unlike more
primitive monitors (limit alarms, event
recorders, data-compression systems)
the instrumentation recorder records






