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0 INTRODUCTION

Theinformation in this publication appliesto all MRL Open-Reel
Calibration Tapesfor anal og audi o magnetic tapereproducers. It covers
the topics listed in the Table of Contents below.

All of the MRL “Publications” mentioned here are available by
mail, and you can aso download them from MRL’s website,
http://www.flash.net/~mrltapes.

Much of this information also applies to our NAB and IEC
Cartridge Reproducer Calibration Tapes for Audio Broadcasting. For
additional specificationsand information on those tapes, please see our
Publication CART.

If youhave MRL Calibration Tapeswith tape shed problems, please
see our Publication SHED-2.

A copy of this Publication Choo&U is included with each MRL
Calibration Tape. It is in lieu of a “Handbook of Magnetic Tape
Reproducer Calibration and Standardization” , whichwepromised years
ago but still haven't finished.

For an introduction to analog magnetic recording, we recommend
Rumsey and McCormick [1]; for an intermediate discussion, Borwick
[2]. For a comprehensive reference on magnetic recording theory and
applications, see Camras [3] and Jorgensen [4]. (Camras has more
emphasis on audio recording; Jorgensen has more on data recording).
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1 GUIDE TO CHOOSING MRL CALIBRATION TAPES

You can use MRL Cadibration Tapes (dso caled Test Tapes,
Alignment Tapes, Reference Tapes, or Standard Tapes) to standardize
themechanical and el ectronic adjustmentsof anal og audio magnetictape
reproducersand reproducers. Having donethis, youwill beabletofreely
interchangerecordingsamong many different recordersand reproducers,
and you will get the same fregquency response and level no matter which
recorder or reproducer you use.

This section givesyou theinformation that you will need to find the
Catalog Number of the MRL Cadlibration Tape that you need.

Y ou might logically think that the make and model of your recorder
would uniquely determine which Calibration Tape to use. If that were
true, you could just say “1 need a Cdlibration Tapefor my Studer Model
A-80" (or whatever), and the Calibration Tape would be determined.
But professiona analog sound recording covers a wide range of
applications, from monophonic recording to 24 track (or more) tracks,
and from medium quality to the highest quality. For application
flexibility, most makesand model s of professional anal og taperecorders
can be run at several speeds, and can use more than one tape width,
equalization standard, and recording level. Unfortunately most tape
recorder model numbers tell nothing about how a particular recorder is
actually being used.

MRL Cadlibration Tapes are designed for use with various
international interchange standards, and they have test signals
optimized for use with various measurement equipment. Let usexplain
both of these to help you choose the right Calibration Tape.

In case thereis still doubt which MRL Calibration Tape you should
use, the engineer who will use the tape should cal MRL and ask for
Technical Support to help determine the specific catalog number. Then
he can givethisnumber to his purchasing agent to order from one of our
dedlersor directly from us.

11 I nterchange Standar ds

Imagine a situation where you always record and reproduce on the
sametaperecorder, and it will never wear out or need any maintenance.
Then you could conceivably just setit for flat overall response, and you
wouldn’t have to worry about interchange “ standards’. But you know
that any practical recorder will wear out, and you will haveto repair it or
buy anew one. And if you have no interchange standards, how will you
be ableto set the repaired or replaced recorder to have the same gain and
frequency response as the old one?

But thisimaginary situation of using only one tape recorder is very
unlikely — youwill usually beinterchanging recordings among several
recordersin your own studios, and interchanging recordings with other
studios. For such interchanges you must be sure to use exactly the same
standards for al of the recorders and reproducers. These standards
include not only the obvious things like tape width, speed, and track
formats, but aso the less obvious things like the equalization and the
reference fluxivity.

Altho audio tape recording systems are standardized, many different
standardsareused. In open-reel recording, for instance, thereare5 “ stan-
dard” speeds, 4 “standard” tape widths, some 2 to 5 “standard” track
configurationsfor each tape width, two “ standard” equalizations, and at
least 3 “standard” reference fluxivities.

Theinternational standardsfor anal og magnetic tape sound recording
are published by the International Electrotechnical Commission (IEC)
as Standard 60094, Parts1...11, of whichafew ([5], [6], [7], [8]) pertain
to the interchange of open-reel and broadcast cartridge recordings.

Whenyou set up your standardsfor anew studio, first talk to the other
studios with whom you will be interchanging, and use the same
standards that they use.

If you do not yet know with whom you will be interchanging, or if
you have been using a system but aren’t surewhat standards it was last
set for, the sections below will give you general guidance.

1.2 Information Needed to Choose a Calibration Tape
121 Tape Width: ¥ainch (6.3 mm), ¥z inch (12.5 mm), 1 inch
(25 mm), or 2 inch (50 mm) [5].

122 Tape Speed: 3.75in/s (95 mm/s), 7.5in/s (190 mm/s), 15 in/s
(380 mm/s), 30in/s (760 mm/s) [5]. Speedsare usually givenin“inches
per second”, properly symbolized “in/s’, and colloquially called “ips’;
or in millimeters per second, mm/s (using slightly rounded values; see
85.2.1 for the exact millimeter speeds).

MRL also makes multispeed Calibration Tapes — see §1.2.4.3. The
Multifrequency Calibration Tapes of 81.2.4.1 are not available in multispeed.

123 Equalization Standard: For technica reasons, the signa
recorded on the tape — the magnetic flux — does not have a “flat”
frequency response. For optimum dynamic range in recording, the
recorded flux is “equalized” so that it decreases with increasing
frequency in a standardized way. Therefore reproducers must have a
response that increases with increasing frequency in a standardized
complementary way, so that the reproduced electrical output signal will
be flat with frequency. Sometimes there is also a standardized low-
frequency boost in recording and complementary cut in reproduction.

This standardized response of the tape flux — the “equalization” —
iscommonly identified by the initials of the organization that wrote the
tape recording standard:
IEC thelnternational Electrotechnical Commission [5] (now asocalled

IEC1 equalization)

NAB the US National Association of Broadcasters (now also called
IEC2 equalization)
the Audio Engineering Society [9] (only for 30 in/s; now also
called IEC2 equalization)
French for International Radio Consultative Committee. CCIR
turned over their tape recording standards writing to the IEC in
1970. The IEC1 at 7.5 and IEC1 at 15 in/s (which are the only
speeds CCIR now recognizes) haveaways beenidentical tothe
origina CCIR equalizations— only theadministering organi za-
tion has changed. Around 1993 the name of the CCIR was
changed to ITU-R, International Telecommunication Union —
Radiocommunications.
German for German Industrial Standard, which is identical to
IECL1 for Studio use, and |EC2 for Home use.

The equalizations at 3.75 in/s and 30 in/sredlly are standard — one
equalization is used everywhere for each speed.
At 3.75 in/s the only equalization now used is identified as NAB and
IEC.
At 30 in/sthe only equalization now used isidentified as AES[9] and
IEC2.

Note that there is not now, and never was, an NAB standard for 30 in/s.

Note also that altho the current IEC standard includes an IEC1 (= DIN = obsolete

CCIR) for 30in/s, it isonly for historical mono recordings made in Europe on ¥4
inch tape before 1955: it is never used for new recordings.

At 7.5in/stwo equalizations are used, but the usage is fairly uniform:

NAB = IEC2 ismostly used in US; and

IEC = |EC1 (= CCIR = DIN Studio) is mostly used in Europe.

At 15 in/s — the most commonly used professiona speed — the
equalizations are the most confusing:

8-track recorderson ¥zinch tape, and 16- and 24-track recorderson

1inch tape always use IEC = |EC1;

for al other widths and track configurations,

NAB = IEC2 ismostly used in US, and

IEC = |EC1 (= CCIR = DIN Studio) is mostly used in Europe.

The standardized flux level versusfrequency mentioned above, L 4(f)
in decibels, isdescribed by theformulabelow, in termsof two transition
frequencies F,,,, and F,; in hertz:

2
Le(f) =10 Iog—l+(F'°W/ f )2
1+(f 1Fy)

AES

CCIR

DIN

[dB]

Thedifferent equalizationsidentified aboveall usethissameresponse
formula, differing only in the values of the transition frequencies. The
original standards speak of “time constants’ T, where T = 1/(21tF). We
prefer the transition frequencies, since they are more obviously related
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to thefrequency responseof theflux. Thestandardtransition frequencies
andtime constantsaresummarizedin T able 1, bel ow, takenmainly from
(5]

Note that this formula describes the standard tape flux, not the
response of an equalizing network. In addition to providing the
equalization for the standard flux response shown above, one must
provide an integrator (response falling 6 decibels per octave) to
compensate for the differentiation inherent in the inductive (Faraday’s
Law) type of heads used in audio reproducers; and one must aso
compensate for the “non-ideal” (non-flat) frequency and wavelength
response of most practical reproducing heads. This last compensation
can be provided either by providing a separate equalizing network, or
(more commonly) by dightly “misadjusting” the standard tape flux
response network. This* misadjustment” isusually doneby reproducing
an appropriate Calibration Tape, and setting the reproducer’ sequalizers
to givethebest approximation to aconstant output versusfrequency. To
quotethelEC Standard [5], “ Calibration tapes shall be used to set-up the
amplitude/frequency response of the reproducing chain.”

Ampex used “ Ampex Master Equalization” (AME) at 15in/sonly on
some¥zinch mastering recordersintroduced in 1958 and sold for several
years following. This equalization does not follow the formula above.
MRL can supply information on the AME curve, and Calibration Tapes
for this specia equalization.

Nagrataperecordersuse aspecia equalizationat 15 in/sonly, known
asthe NagraMaster Equalization (see MRL Publication 108). It follows
the standard responseformula, with values of F,,=50Hzand F,; = 11.8
kHz (time constants 3150 and 13.5 |1S).

1.2.4 Test Signals: The best test signals to use for calibrating your
tape reproducers will depend on severa factors. the measurement
equipment that you have (vu meter on the reproducer? digital
multimeter? oscilloscope? 'srd-octave rea time anadyzer? Audio
Precision or Sound Technology Analyzer? etc?); how long it takesyou
to make the adjustments and read out the results on your tape
reproducers; and the level of service work that you are doing— that is,
whether you are verifying the performance of a reproducer that isin
good operating order, or doing amajor overhaul including replacing or
relapping the heads. The different test signals are described below
briefly, and in detail in the referenced MRL Publications, which are
availableon request by mail, and can also be downloaded fromthe MRL
website http://www.flash.net/~mrltapes.
1.2.4.1 Multifrequency Calibration Tapes (Publication 101): Theseare
the most commonly used Calibration Tapes. They contain a
seriesof voice-announced recorded sine-wavesignal swhich can
be monitored with the program level meter on the tape
reproducer, or on an external voltmeter. They containal000 Hz
section for setting the reproducer gain, an 8 kHz and a 16 kHz
section for setting head azimuth and preliminary frequency

responseadjustment, and aseries of frequenciesat octavesfrom
32 Hz to 8 kHz, and one-third octaves from 10 kHz to 20 kHz,
for calibrating thereproducer frequency response. Total duration
ranges from 6 minutes for ¥ainch tape to 16 minutesfor 2 inch
tape. Y ou can also special order Multifrequency tapeswith any
of these timing programs an any of the tape widths.
1.2.4.2 Short Calibration Tapes with Chromatic Sweep (Publication
CHROM) are aso for monitoring on the reproducer’s own
program level meter. They contain a1 kHz and a 10 kHz tone
(and optionally a 100 Hz tone) for making adjustments, and
musical-semitone steps from 32 Hz to 20 kHz in 105 s, an-
nounced at the octaves, to verify the response over the entire
audio frequency range. They provide moreinformation, in less
timeand at lesscost, thanthe Multifrequency Calibration Tapes.
Total durations are 4 minutes or 8 minutes. They are aso
available in two-speed (15 and 30 in/s) versions.
1.2.4.3 “Minimalist” Calibration Tapes: For routine caibration of

reproducers, many of our customersuse“ minimalist” caibration
tapeswith just afew tones. Out of themany possibilities, certain
ones are so commonly requested that we have created the
Publicationsbelow listing the part numbersand pricesfor 4- and
8-minute durations, at 250- and 355-nWh/m reference fluxivi-
ties, for all speeds and egualizations.

Publication 560: 1 kHz single frequency.

Publication 580: 10 kHz single frequency.

Publication 611: 1 kHz and 10 kHz, ¥ each.

Publication 644: 1 kHz, 10 kHz, 100 Hz, ¥ each.

Other “minimalist” tapes are for multi-speeds:

Publication SMS1: White Noise, 500 Hz, 10 kHz, 1 kHz; 2, 3, or
4 speeds with NAB and AES equalization, at 250 nWhb/m only.
Publication SMS2: Several different programs of tones at two
speeds: at 7.5 in/s NAB and 15 in/s NAB; at 15 in/s IEC and 30 in/s
AES; and at 15in/sNAB and 30 in/sAES. All of thethese are available
in 250- or 355-nWh/m reference fluxivity, and 5.5- or 11-minute
durations.
1.2.4.4 Fast Svept-Frequency Calibration Tapes (Publication 313):
Alignment of amagneti c tape recorder-reproducer requiressuch
mechanical adjustments as head-height, vertex angle, azimuth
angle, etc., and such electronic adjustments asgain and multiple
equalizer responses across the frequency pass-band. Most of
these adjustments interact with each other.

The usual Multifrequency Reproducer Calibration Tapes contain a
seriesof discretefrequencies. Often, in order to perform the adjustments,
one must rewind and replay the Calibration Tape several timesin order
to obtain proper mechanica adjustment and optimum frequency
response.

Table 1 Standard Equalizations Per IEC, NAB, and AES Standards
Transition Frequencies, F,, and F, (and Transition Time Constants, T = 1/(2TTF ) )

Professional

Commercial Tape Records

95 mm/s 3.75 in/s .
Professionally

TAPE SPEED Open-Reel . and Home Recorders
Broadcast Cartridge
IEC & NAB IEC, RIAA, & EIA
IEC1 (IEC) IEC2 ( NAB)
Not Used [NAB only] [Commercial-not std] 50 Hz, 1800 Hz

50 Hz, 1800 Hz
(3150 Us, 90 ys)

[50 Hz, 1800 Hz]

[(3150 s, 90 ps)] (3150 Hs, 90 Hs)

190 mmi/s 7.5 in/s 0 Hz, 2240 Hz 50 Hz, 3150 Hz 0 Hz, 3150 Hz 50 Hz, 3150 Hz
’ (0, 70 Us) (3150 Us, 50 Us) (°, 50 Us) (3150 Ws, 50 Us)
[Commercial-not std] Not Used
380 mm/s 15in/s 0 l(-z ;‘55005;_{2 (3(1)5%1]2128 E;) [0 Hz, 6300 Hz] for Tape Records
+35H ’ [(e°, 25 Hs)] and Home Recorders
[IEC1 is obsolete] AES-1971 (no NAB) Not Used Not Used
760 mm/s 30 in/s [0 Hz, 4500 Hz] 0 Hz, 9000 Hz in Cartridge for Tape Records
[(e0, 35 US)] (0, 17.5 Us) 9 and Home Recorders
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The alignment procedure is much simpler and faster if you use a
Calibration Tape containing a repeating fast-swept frequency. This
signal, viewed on an oscilloscope, givesthe appearance of acontinuous
display of al frequenciesat once. Thusthe effect of the adjustmentsand
their interactionsisimmediately apparent becausethedisplay isupdated
6 times per second. Note that the display update on the “high-tech”
analyzers such as Sound Technology and Audio Precision is much
slower: more typically once every second or two. The Fast Swept-
Frequency is not fancy, automatic, computerized, etc., etc., but it is
FAST, and therefore much more useful for adjusting atape reproducer,
especialy if it isbadly out of adjustment.
Fast Swept-Frequency Calibration Tapes contain a repeated sweep
(actually, since 1994, 1/6th octave steps) from 500 Hz to 20 kHz in
100 ms, with a 65 ms blanked interval between sweeps — that is, 6
sweeps per second. This signal must be read out using an oscilloscope
with an MRL Graticule. The first cycle of each sweep is at triple
amplitude for synchronizing the oscilloscope. Finally, after the sweeps,
thereis 30 s of 1000 Hz for setting the reproducer gain.
Because various oscilloscope sizes are commonly used, the
GRATICULESARENOT INCLUDED WITH THE SWEEPTAPES,
but are sold separately.
1.2.4.5 Sow Swept-Frequency Calibration Tapes (Publication 402): If
you have an automatic level recorder, you can use the Slow
Swept- Frequency Calibration Tapes to produce a complete
written record of the frequency response of an adjusted
reproducer. The signal on these tapes is suitable for readout on
theUnited Recording Electronics I ndustries (UREI) Model 200
Series Level Recorder, with either the Model 2000 Automatic
Response Plotting Module, or the Model 2010 Level and
Fregquency Detector Module; or with the Bruel and Kjaer Level
Recorders, with or without the Model 4409 or 4416 “ Response
Test Unit”.
TheMRL Slow Swept-frequency Calibration Tapescontainanumber
of repetitions of the following 60-s sequence: 1000 Hz for 8.33 s, for
level set and for the B & K automatic start system; 20 Hz for 1.67 s, for
the UREI Frequency Detector to lock in on the starting frequency; then
asweep from 20 Hzto 20 kHzin 50 s. Thissweep rate may be expressed
as 1.67 sper "/ard octave, or 16.67 s per decade of frequency.
1.2.4.6 Sgnals for Use With Sound Technology 1500 Series
(Publication 211): Special test signalsdesigned to be used with
the Sound Technology 1500 Series Tape Recorder/Audio Test
System.

1.2.4.7 Sgnalsfor Use With Audio Precision “ System One” Program
2HD-FREQ (Publication 423): 1 kHz reference fluxivity,
16 kHz and 10 kHz for azimuth and high-frequency
equalization, 100 Hz for low-frequency equalization, then two
/ard octave step tone series of signal's designed to be used with
the Audio Precision “System One” Program 2HD-FREQ.

1.2.4.8 Broadband White- or Pink-Spectrum Random Noise
(Publications 702 and 802): Broadband random noise (20
Hz...20 kHz) of either “white” spectrum or “pink” spectrum.

The white spectrum is especially suited to analysis by a constant-
bandwidthfilter. Becauseof itslarge high-frequency amplitude, itisalso
very useful for adjusting the azimuth of full-track reproducers, or for
adjusting multitrack reproducers for minimum intertrack time
displacement (“phase error”).

The pink spectrum is especialy suited to andysis by a frequency-
proportional bandwidth (for example, "/srd octave) filter.

Finaly, thereis 30 sof 1000 Hz tone, for setting the reproducer gain.
1.2.4.9 3150-Hz Flutter and Speed Test (Publication 570): A 3150-Hz

test frequency isrecorded, in accordance with current standards
of IEC, ANSI, AES, CCIR, and DIN.

The weighted peak flutter of the recordings ranges from £0.02 % at
30in/s (760 mm/s) to +0.10 % at 3.75 in/s (95 mm/s).

This tape may also be used for “tape speed” measurements. The
wavelength recorded is +0.1 % of the true value.

1.2.4.10 Polarity Calibration Tapes (Publication 203): A full-track
recording of a truncated sawtooth according to the
specification given by Lipshitz and Vanderkooy [10]. This
polarity convention has been adopted as an AES Standard
[11], as well as being standardized by the European
Broadcasting Union (EBU) and the Society of Motion
Picture and Television Engineers (SMPTE).

Soecial Test Sgnals: We can make for you Multifrequency
Cdlibration Tapes similar to those of §1.2.4.1 in any
standard width, speed, and equalization, in awide range of
fluxivity levels in 1 dB increments, using the frequency
sequencesand durationsshownin Pub. 101. Inother words,
you could order a¥ainch wide tape with the durations and
sequence usually used for a2 inch wide tape. Or a2 inch-
wide tape with the 8-minute program usualy used for %2
inch tape, with a considerable cost saving.

MRL’ srecording system iscomputer controlled, and programmedin
the Forth language. Therefore we can easily make amost any sequence
of frequencies, levels, and durations that you need. Contact us with the
details of your requirements for specia test signals, including the
frequency, level, and duration of each signa, the duration of blank
leader (if any) between tones, and whether or not you want voice
announcements.

Thepricesfor speciasdepend onthewidth, speed, and duration of the
recordings. They areshown on the back of our pricelist, Publication PL.
You will have to contact us for a part number — there are too many
possibilitiesto give al of the numbersin acatalog.

125 Levels All Multifrequency Calibration TapeshavealkHztone
at 0dB (that is, at the reference fluxivity itself) at both ends;

3.75 and 7.5 in/s Multifrequency Calibration Tapes have all other
tones at 10 dB below the reference fluxivity in order to avoid tape
saturation at the short wavelengths;

The 10 dB level reduction isahistorical artifact of the 1950s. At that time, the
short-wavelength losses of tapesrequired a10 dB level reduction at 16- to 20-kHz

in order to prevent saturating the tape. Also, the voltage level meters of that day

had a 10 dB range attenuator. With modern tapes, a reduction of 5 dB would be

sufficient, and would allow one to make accurate readings on the scale of avu
meter. We can do this, if you request it. But old habits are hard to change.

15 and 30 in/s Multifrequency Calibration Tapes have al tones at
0 dB except for G320 nWh/m IEC tapes (see § 5.2.4.2 for G320).

TheMultifrequency Tapeswith G320 nWb/m referencefluxivity are
in conformance with the customary European studio practice, where
pesk-reading program meters (PPMs) are used. The test signals are
recorded on these tapes at -10 dB, in conformance with the customary
European studio practice devel oped before the existence of high output
mastering tapes. Because the PPMs have along linear level scale, they
can accurately read the test signal levels at -10 dB.

Most reproducers in the US use a“ Standard Volume Indicator” (vu

meter) whichisonly accuratefor test signalsin therange+3 dB to-6 dB.
If you have avu meter, it is not accurate at -10 dB, and in order to use
these Multifrequency Tapesyou will haveto either use an external level
meter with 10 dB more sensitivity, or elseyou will haveto increaseyour
reproducer gain by 10 dB each time you want to use these tapes. We
ther eforerecommend usingthe250- or 355-nWh/m M ultifrequency
Tapesrather than the G320 nWb/m Multifrequency Tapeson all
systemswith vu meters.
1.2.6 ReferenceFluxivityisasignal of known magnetic magnitude,
such as 250 nanowebers per meter [nWh/m], usually a 1000 Hz. In
practical sound recordingitisusedto calibrate thegain of thereproducer
so that the program level meter (vu meter or PPM) reads some standard
level, usualy 0 dB (the “reference deflection” of the meter). Since the
recorder is subsequently set to record this same fluxivity, the reference
fluxivity is thus used indirectly to set the program levels recorded on
tape.

If al of the elements of anal og tape recording could be standardized,
asingle standard reference fluxivity could be used. Unfortunately, the
elements are not standardized, nor — because of continuing

12411
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improvements in analog recording media and systems — is it even

possible or desirable to completely standardize them. Therefore several

valuesof referencefluxivity arecommonly used. Thefollowing sections

give our practical recommendations. For a longer discussion, see 86

“More On Choosing a Reference Fluxivity”.

1.2.6.1 Common US Practice isto monitor the recording level with a
Standard Volume Indicator (vu meter). The reference fluxivity
is usually used to set the reproducer gain so that the vu meter
reads 0 dB.

Different reference fluxivities are used as shown in Table 2 below,
accordingtotheremanencefluxivity (saturation output) of theblank tape
to be used for recording, and whether or not noise reduction (NR, such
as Dolby, dbx, etc.) will be used.

If you experiment with different tapes, keep the same headroom during a test:
if you use Quantegy 456 at 250 nWh/m, then try Quantegy 499 at 355 nWh/m (not

500 nWhb/m). Otherwise you will not be able to tell whether any changeyou getin

performance — better or worse — is due to the change of tape, or due to the
change of headroom.

If you expect to use thevery-high output tape (Quantegy 499 or GP9,
or BASF 900) without NR, but you might also sometimes use NR or
other tapes, we recommend using the 355 nWhb/m (+6 dB) reference
fluxivity. With this, a+3 dB offset on avu meter will let you set up for
reference fluxivities in the range 250...500 nWb/m (+3 to +9 dB). See
§2.3.1 for details. If you are sure that you will be using only the very-
high output tapes, the 500 nWhb/m reference fluxivity is available on
request, even tho it is not specifically mentioned in our “Publications’.
For the multifrequency tapesof Pub. 101 at 500 nwWh/m, use“5" for the
fourth character of the catalog number.
1.2.6.2 Common European Practice is to monitor the recording level
with a Peak Program Meter (PPM), and to use a reference
fluxivity of G320 nWb/m. (See 85.2.4.2 for more information
on G320 nWh/m.) Just how this fluxivity is used in Europe for
practical tape reproducer setup is a puzzle to us. We would
appreciate any information you can send us. (This was first
publishedin 1992, and weare till awaiting areply. Cananyone
help us?)

1.2.6.3 Fluxivity Level in decibels [dB] is sometimes given instead of
the fluxivity in nanowebers per meter. Table 3 gives the
commonly used fluxivities and corresponding levels.

The fluxivity level Lgs was calculated using the formula
Ly =20l0g,, (P/®,.), where D, isthereferencefluxivity, whichinthis
case is the old “Ampex Operating Level” of 185 nWhb/m at 700 Hz
(corresponding to 180 nWh/m at 1000 Hz — see 85.2.4.1). The
fluxivities listed above are conventionaly rounded to the R 20 “Pre-
ferred Number” values of the SO Standards [12], which correspond to
1dB incrementsof level. Y ou may also see dightly different valuesthat
are unrounded conversions between fluxivities and levels.

1.2.7 Track Configuration and Fringing Compensation: All MRL

Table 2 Blank Tapes and Reference Fluxivities Commonly Used

Quantegy
Blank tapes|| Quantegy Quantegy 456, 4(5; 2?2%
(typical) 642 406 BASF 911 or BASE 900
468
Tape
[LO00 NWb/m | 1400 nWb/m| 2000 nWb/m |2700 nWh/m
Remanence
For
Systems
with NR — 200 nWb/m | 250 nWb/m | 355 nWb/m
(Low
Ref Flux)
For
Systems
without NR]|200 nWb/m | 250 nWb/m | 355 nWb/m | 500 nWb/m
(Medium
Ref Flux)

Remanence values are from the tape manufacturers' “magnetic
properties” in their data sheets.
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Calibration Tapes are recorded full track in order to provide the most
uniform flux and time alignment across the tape width.

When full-track tapes are reproduced on multi-track heads, a small
low-frequency measurement error called “fringing” occurs. Unless
otherwise requested, we apply an approximate correction for fringing
whilerecording ¥2inch, 1 inch, and 2 inch width tapes, but not ¥2inch
tapes. See §2.2 and §5.1.1 for detalils.

128 Packaging: Unless otherwise specified, MRL Open-reel
Calibration Tapes are supplied on aredl, in a box.

Yainchtapesareusual ly supplied on 7 inch (180 mm) diameter plastic
reels with a4 inch (100 mm) hub and a 0.319 inch (8 mm) mounting
hole. Lengthstoo great to fit thesereelsare supplied on a10.5 inch (270
mm) plastic reel with a 4.5 inch (115 mm) hub and 3 inch (76 mm)
mounting hole.

Wider tapes are supplied on 8 inch (200 mm) or 10.5 inch (270 mm)

diameter metal reels.
1.2.9 Blank Tape Stock: The manufacturers of professional analog
audio tape have been — how should we put it? — in a state of flux.
Ampex Recording Media Corp has been sold to Quantegy Inc, and the
tape is now identified as Quantegy. 3M has sold its pro audio products
to Quantegy, and |eft the pro analog audio market completely. BASF,
long used in Europe, has been sold to Emtec, and has entered theUS pro
analog audio market. The British tape Zonal was sold in the US for a
short time, but the company is now out of business.

Our standard stocks for Open-reel Calibration Tapes for 200- and
250-nWh/m fluxivity are Quantegy 406, which weidentify by ayellow
dot on the box spine; and BASF Studio Master 911 (red dot).

Many studios use higher-output tapes such as Quantegy 456, 499, or
GP9, or BASF 911 or 900. We do not always use these tapes, because
they aremore expensive and do not provideany benefit for aCalibration
Tape. With very few exceptions the blank tape stock doesn’t make any
difference for a Calibration Tape, because the test signals are
standardized independently of the blank tape. Also, for instance,
Quantegy uses the same base materials, binders, and processing
equipment to make 406 and 456. The only difference is in the oxide
particles — the oxide in 456 has better dynamic range and is therefore
better for recording programs, but it is not better for making a Calibra-
tion Tape, nor doesit guide differently, nor last longer.

Y ou can avoid the delay for special production by using the standard
blank tapes — talk to MRL Technica Support if you believe that you
need one of these high-output blank tape stocks.

Table 3 Fluxivities and Fluxivity Levels

- Fluxivity Level
Fluxivity at 1 kHz re 185 nWh/m at 700 Hz
180 nWb/m 0dB
= 185 n\Wb/m at 700 Hz*
200 nWh/m +1dB
224 nWh/m +2dB
250 nWb/m
= 260 nWh/m at 700 Hz* +3dB
280 nWb/m
= G320 NWh/m* 4 dB
315 nWh/m +5 dB
355 nWb/m
= 370 nWh/m at 700 Hz* +6dB
400 NWh/m +7dB
450 nWb/m
= G510 NWh/m* +8dB
500 nWh/m +9 dB

* See § 5.2.4.1 on page 10.
** See § 5.2.4.2 on page 10 on G320 and G510.



The one exception is for Calibration Tapes recorded at fluxivities of
355 nWh/m and gresater. These require tapes with higher saturation flux
than Quantegy 406. For 355 nWh/m reference fluxivity we use
Quantegy 456 (green dot), BASF 911 (red dot) and Zonal 700 (orange
dot). For 500 nWh/m reference fluxivity, we use Quantegy 499 (gold
dot) or GP9 (green and gold dots), and BASF 900 (lite blue).

Since there are lots more tape types than dot colors, we have had to
reuse the colors when tape types have been discontinued. If you have a
cdibration tapewith ared, orange, or blue dot madebefore 1994-06, call
us with the serial number of the tape, and we can tell you what kind of
blank tape type was used.

2 TAPE REPRODUCER ADJUSTMENT TECHNIQUES
21 Preliminary

Before using any Calibration Tape, the heads and tape guides
should be cleaned and demagnetized See [13] for detailed
demagnetizing techniques. Heads should be visually checked for “lips’
at the edge of tape travel, and for wear-through at the gaps. While
running a blank tape, look to seethat it istracking properly and that the
heads are not obviously misadjusted. The relative height of the tape
guides and heads should be such that the tape is symmetrically located
over thehead faces. That is, the distance from the edge of thetapeto the
next outside shield should bethe same at both edges of thetape. See[14]
for detailed head-height adjusting techniques.

The tape is easily damaged in handling and storage when wound
unevenly. MRL Open-reel Calibration Tapes are supplied “tail out” for
best storage. Mount them on the takeup side, with the label facing up,
and rewind them immediately before use. (If the voice announcements
sound like some really weird foreign language, you probably forgot to
rewind thetape.) After use, leavethemin the“tail out” positionagainfor
removal and storage. All tapes should be stored inthe“played” (tail out)
position, since fast rewinding usually produces an uneven tape pack.

Play the Cadlibration Tape, and check (without adjusting) the
reproducer gain, the head azimuth, and the high and low frequency
response. If the reproducer was in adjustment previoudly, but now
shows an incorrect azimuth, sensitivity, or response, check the
mechanical alignment of thetransport and headsbeforeadjusting the
electronics. Mechanical errors cannot be properly compensated by
electronics adjustments.

Then, if adjustment of the reproducer isrequired and possible, set the
high- and low-frequency equalization controls according the tape
recorder manufacturer’ sinstructionsin order to obtainthemost uniform
frequency response.

Thefollowing sectionsgiveadvanced topicsthat areoften not covered
in the recorder manufacturer’s manuals.

22 L ow-Frequency Response Calibration

Calibrating the frequency response of a magnetic tape reproducer is
usually a simple process: play areproducer cdibration test tape, and
write down the output level versus frequency, or adjust the reproducer
equalizers for constant output voltage level versus frequency.

However, a medium to low frequencies — below 500 Hz at a tape
speed of 15 in/s (380 mm/s) — there are several important sources of
error that make this approach inaccurate:

1) Theequalization standards below 50 Hz are often not followed
in practice.

2) Some head core widths, and therefore track widths, are not
standardized in practice, and although fringing response calculations
exist, they are only approximate (see §5.1.1 below).

3) There are too few frequencies on the usual Multifrequency
Calibration Tapes to characterize accurately the undulating low-
frequency response of most reproducing heads.

If youwant all of thedetails, seethe paper “ L ow-Fregquency Response
Calibration of aMultitrack Magnetic Tape Recording and Reproducing
System” by J. G. McKnight [15]. (Copy available upon request from
MRL.) That paper points out that someof theseerrorscan beavoided by
using the recording section of a system to calibrate the low-frequency
response of the reproducing system. (This method can not be used for

high-frequency calibration.)

This method of setting the reproducer response against the recorder
responseisrecommended by most professional recorder manufacturers
in their instruction books. Despite the availability of this information,
many users are neither aware of the sources of error, nor of the methods
for avoiding the errors.

The best practical solution for many casua users may simply be to
ignore the problems entirely. The audibility of the differences in tape
recording and reproducing system responses below 125 Hz may often
be obscured by differences in response between various loudspeakers
and their associated room acoustics. The meticulous users will surely
object: the response errors in one generation of recording might be
inaudible, but they will certainly cause problemsin multiplegenerations
through the same recording and reproducing system. Furthermore, the
errors of response will be increased by companding systems (noise-
reduction systems such as Dolby, dbx, etc.) And finally, systemsusing
low-frequency control toneswill haveproblems. Canapractical solution
be found to eliminate all these errors at once? Yes — and it is
summarized as follows:

1) Decideexactly what low-frequency recording equalization you
want to use, and modify al recorders to this equalization.

2) Standardizethewidthsof the head cores, and thereby thewidths
of the recorded and reproduced tracks in al of your recorders and
reproducers. Also, be sureal head heightsare correctly set, sothetracks
will be correctly located. (See [15] if you want to modify the
equalization or standardize core widths.)

3) Cdlibrate the reproducers against the now-calibrated recorders
by recording and reproducing. Slowly sweep thefrequency todetermine
the maxima and minima of response, and set the reproducer low-
frequency equalization for the flattest average response.

2.2.1 Calibrate the Reproducer: To calibrate a reproducing system
against arecording system, record and reproduce simultaneously on one
track; sweep the frequency slowly down from 1000 Hz to the lowest
frequency of interest (16 Hz??32Hz??). Find the frequenciesand ampli-
tudes of the response maxima and minima; then adjust the reproducing
low-frequency equalizer for “optimum flatness.” We personally prefer
to set thelow-frequency maximum to benot morethan+1 dB and let the
minimafall where they may.

2.2.2 Calibrate the Calibration Tape: Now that you have adjusted
one track of the reproducing system to the optimum response, you
should reproduceyour MRL Reproducer Calibration Tape and read and
write down its response on that same adjusted track. These readings
constitute a custom calibration table for this Calibration Tape on your
particular reproducing system, to correct for al the effects we have
discussed: variations in the standard equalization, track width, and
fringing, and theresponse at the test frequencieson the Calibration Tape.
Inother words, your custom calibration tabl e describesthe way the MRL
Calibration Tape should play on your system when it is properly
adjusted.

Now you can use this custom calibration table with the Reproducer
Calibration Tapeto adjust al of the other tracks on this reproducer, and
all of thetracks on any other identical type of reproducer. Y ou can also
use it in the future to readjust the origina reproducer, in case someone
changesiit.

Some systems utilize machines which reproduce only, and do not
recordat all. Inthiscaserecord alow-frequency slow sweep on whatever
recorder isnormally used to make the recordings which this reproducer
plays. In this case an automatic level recorder is almost a necessity for
plotting the reproducer’ s response.

2.3 In Case You Don’'t Have the Right Calibration Tape

Y ou should have aCalibration Tape for each speed, equalization, and
reference fluxivity that you use regularly. A full set of Multifrequency
Calibration tapes may betoo expensive. A Short Calibration Tape with
Chromatic Sweep (81.2.4.2 above), &' Minimalist” Calibration Tape
(81.2.4.3), or a Special Test Signal (81.2.4.11), can give you more
flexibility at lower cost.
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Even then you may have an unexpected call for aspeed, equalization,

or reference fluxivity that you don’t ordinarily use. In this case you can
use a correction table to make do with the tape you already have.
231 Shiftingthe ReferenceFluxivity: Table4 below can beused to
determine the offset for setting to one reference fluxivity, given a
Calibration Tape with another reference fluxivity. Suppose you have a
250 nWh/m Calibration Tape, and want to set your reproducer for 500
nWb/m reference fluxivity. Find the box aong the left side that
correspondsto thetapeyou have: e. g..“ 250 nWh/m”. Thenfind theline
inthe box to the right for the desired fluxivity: e. g.. “500 nWh/m”. On
the same line in the next box to the right read “-6 dB”. This meansto
play your 250 nWh/m Calibration Tape and set the reproducer gain so
that the program level meter on your reproducer reads -6 dB.

After setting the reproducer gain this way, remove your Calibration
Tape, put onaroll of your blank tape, and adjust the recording level so
thesignal playsback at 0 dB. Thisrecordingisthusrecorded 6 dB above
250 nWh/m, which is the desired 500 nWb/m.

2.3.2 Shifting the Equalization Standard: In general, you will need
aseparate Calibration Tape for each different speed and equalization.

Theexceptionisthefollowing group, whosemembersareidentical on
awavelength basis: that is, you can play any of these Calibration Tapes
at any of these speeds, set thereproducer equalizersfor flat response, and
have a correct calibration:

7.5in/sIEC (IEC1) 15in/slIEC (IEC1) 30in/sAES(IEC2)

Of course the frequency range scales with speed, and the playing times

Table 4 Reference Fluxivity Conversions

Reference Fluxivity of the Desired Refer- Set Reproducer Gain
Calibration Tape ence Fluxivity So Volume Indicator
That You Have Reads

185 0dB
200 -1dB
180 nWb/m at 1000 Hz 250 -3dB
=185 nWb/m at 700 Hz* G320 -4dB
355 -6 dB
500 -9dB
185 +1dB
200 0dB
250 -2dB
200 nWb/m at 1000 Hz G320 3dB
355 -5dB
500 -8 dB
185 +3dB
200 +2 dB
250 nWb/m at 1000 Hz 250 0dB
=260 nWb/m at 700 Hz* G320 -1dB
355 -3dB
500 -6 dB
185 +4 dB
G320 nWh/m ;‘5)8 :i jg
at 1000 Hz**
G320 0dB
355 -2dB
500 -5dB
185 +6 dB
200 +5dB
355 nWhb/m at 1000 Hz 250 +3dB
=370 nWb/m at 700 Hz* G320 +2 dB
355 0dB
500 -3dB
185 +9 dB
200 +8 dB
250 +6 dB
500 nWb/m at 1000 Hz G320 +5dB
355 +3dB
500 0dB

* See §5.2.4.1 on page 10.
** See 85.2.4.2 on page 10 on G320 and G510.
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scale inversely with speed.

For other speeds and equalizations, the subtablesin Table 5 on the
next page give the frequencies and corresponding level offsets for
substituting a Calibration Tape that you have for one of another speed,
equalization, or both. Inquire if you need other tables. we have a
complete set for all combinations.

Inthe captionsof Table5, “Calibration Tape” identifiesthe speed and
equalization of the Calibration Tape that you have, and “Desired
Playback” identifies the speed and equalization that you want your
reproducer to be set for. For example, if you have a 15 in/s NAB
Calibration Tape, and want to set up a30 in/s AES reproducer, you will
find this combination in Table 5-3. Play the tape at 30 in/s, and set the
reproducer gain control so the 1 kHz recording— which playsas2 kHz
— reads 0 dB on the level meter; then set the high-frequency equalizer
so the 8 kHz recording — which playsas 16 kHz — reads -2.33 dB on
the level meter, as shown in the table.

Some of thetables are for recording and playback at the same speed.
For those tables only, you can reverse the recording and playback
equalization conversion just by inverting the sign of the Playback Level
column. For example, supposeyou haveal5in/sIEC Calibration Tape,
and you want to set the Playback for 15in/sNAB equalization. Usethe
Table 5-4, but, where the table shows -2.51 dB at 10 kHz for the NAB
to IEC conversion, use +2.51 dB for the IEC to NAB conversion.

24 Levelsin a Tape Recorder/reproducer

There are three important but different kinds of levelsinvolved in
setting up a tape recorder: The first is the magnetic fluxivity leve in
decibels on the magnetic tapeitself. The second isthe electrical voltage
level indecibelsat theinput and output connectors, commonly called the
“linelevel”. The third isthe level in decibels indicated by the program
level meter (we assume avu meter in this discussion).

Since dl three are “levelsin decibels’, it is easy to confuse them. So
we have occasional calls from a puzzled tape recorder owner who says
he needs a Calibration Tape made “for a-10 dB recorder”, or “for a+4
vu recorder”.

Perhaps the easiest way to clear the confusion is to go back from the
levelsin decibels to the fundamental quantities: the magnetic fluxivity
in nanowebers per meter; the electrical line voltage in volts; and the
sensitivity of the meter in volts for the “reference deflection” (0 dB
reading). Let’slook at each of these quantities.

241 Reference Fluxivity

MRL Calibration Tapes are made with several different values of
“Reference Fluxivity”. Each is designed to be used for setting up for a
particular kind of blank tape which will be used |ater for recording. The
Reference Fluxivity isintended to be used to set the reproducer gain so
that the vu meter reads Reference Deflection (0 dB).

2.4.2 Reference Output Voltage

Two reference output voltages are commonly used inthe USfor the
line levels on recorders with vu meters. In each case the “reference
output voltage” (usually caled “standard linelevel™) correspondsto the
“reference deflection” (0 dB reading) of the vu meter.

One standard line level is “+4 vu”, which is the de facto
“professional” recording studio standard used by many tape recorder
makers, including Ampex starting around 1948. The original vu meter
system is based on a passive ac voltmeter designed so that the reference
deflection of the meter (0 dB) corresponds to a line voltage of 1.25 V.
Thisvoltage correspondsto 2.5 mW dissipated in a600 Q load resistor,
which in turn corresponds to a power level relative to 1 milliwatt of +4
dB (abbreviated +4 dBm), and thisiscaled a“+4 vu” line level. These
systems are usually balanced.

Altho the original audio systems of the 1920s to 1940s actually
had 600 €2 input and output impedances, and were designed to be
used with 600 Q source and load impedances, most systems
designed since the 1940s are 600 Q in name only, having alower
output impedance and a higher input impedance. For more
information, see[16].



Table 5 Conversions for Different Speeds and Equalizations, Normalized to the 1000 Hz Fluxivity

Table 5-1 For any Calibration Tape and any Desired Playback Table 5-5 Calibration Tape: 15 in/s, NAB (IEC2) Equalization
among the following three speeds and equalizations, Desired Playback: 7.5 in/s, NAB (IEC2) Equalization
there is NO (_:orre_ctlon required: the response is flat. You can play any Recorded Playback Playback
of these Calibration Tapes at any of these speeds, set the reproducer Frequency/ Frequency/ Level/
equalizers for flat response, and have a correct calibration. [Hz] [Hz] [dB]
63 32 -3.01
125 63 -1.17
2000 1000 -0.71
4000 2000 -2.34
8000 4000 -4.19
10000 5000 -4.63
12500 6250 -4.96
16000 8000 -5.22
Table 5-2 Calibration Tape: 30 in/s, AES (IEC2) Equalization 20000 10000 5737
Desired Playback: 15 in/s, NAB (IEC2) Equalization
Recorded Playback Playback Table 5-6 Calibration Tape: 7.5 in/s, NAB (IEC2) Equalization
Frequency/ Frequency/ Level/ Desired Playback: 7.5 in/s, IEC (IEC1) Equalization
[Hz] [Hz] [dB] Recorded Playback Playback
32 16 -10.33 Frequency/ Frequency/ Level/
63 32 -5.48 [Hz] [Hz] [dB]
125 63 -2.16 32 32 500
250 125 -0.65 63 63 1.75
500 250 -0.17 125 125 0.28
1000 500 0.00 250 250 017
2000 1000 0.18 500 500 0.23
4000 2000 0.66 1000 1000 0.00
8000 4000 161 2000 2000 0.68
10000 5000 1.95 4000 4000 1.64
12500 6250 224 8000 8000 225
20000 10000 2.69 12500 12500 242
16000 16000 247
Table 5-3 Calibration Tape: 15 in/s, NAB (IEC2) Equalization 20000 20000 250
Desired Playback: 30 in/s, AES (IEC2) Equalization
Recorded Playback Playback Table 5-7 Calibration Tape: 7.5 in/s, NAB (IEC2) Equalization
Frequency/ Frequency/ Level/ Desired Playback: 15 in/s, NAB (IEC2) Equalization
[Hz] [Hz] [dB] Recorded Playback Playback
32 64 5.56 Frequency/ Frequency/ Level/
63 126 231 [Hz] [Hz] [dB]
125 250 0.83 32 64 225
250 500 0.35 63 126 0.45
500 1000 0.18 125 250 055
1000 2000 0.00 250 500 0.84
2000 4000 -0.48 500 1000 071
4000 8000 -1.43 1000 2000 0.00
8000 16000 -2.33 2000 4000 1.63
10000 20000 -2.51 4000 8000 3.48
8000 16000 451
Table 5-4 Calibration Tape: 15 in/s, NAB (IEC2) Equalization 10000 20000 4.67
Desired Playback: 15 in/s, IEC (IEC1) Equalization
Recorded Playback Playback Table 5-8 Calibration Tape: 7.5 in/s, NAB (IEC2) Equalization
Frequency/ Frequency/ Level/ Desired Playback: 3.75 in/s, NAB & IEC Equalization
[Hz] [Hz] [dB] Recorded Playback Playback
32 32 5.56 Frequency/ Frequency/ Level/
63 63 231 [Hz] [Hz] [dB]
125 125 0.83 63 32 324
250 250 0.35 125 63 140
500 500 0.18 250 125 0.37
1000 1000 0.00 500 250 0.04
2000 2000 -0.48 1000 500 0.00
4000 4000 -1.43 2000 1000 014
8000 8000 -2.33 4000 2000 .0.43
10000 10000 -2.51 8000 4000 0.67
12500 12500 -2.64 10000 5000 071
16000 16000 -2.74 12500 6250 0.75
20000 20000 -2.79 16000 8000 0.77
20000 10000 -0.78
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Theother standard linelevel is“-10dBV”, whichisthe defacto” semi-
professiona” standard used by severa makers, including Tascam and
Fostex. The metering system isdesigned so that the reference deflection
of the meter (0 dB) corresponds to an output voltage of 315 mV, which
corresponds to a voltage level relative to 1 volt of -10 dB; this is
commonly called a “-10 dBV” line level. These systems are usually
designed to work into a load impedance of 10 k&2 or more, and are
usually unbalanced.

For interchangeability of line input and output levels, it isimportant
that thisvoltageactualy be 1.25 V for a“+4 vu” system, or 315 mV for
a“-10 dBV” system. Itisof coursea soimportant that, if “ professional”
and “semi-professiona” systems need to beinterconnected, aninterface
circuit be provided to convert the voltage, the impedance, and the
balance/unbalance.

243 Program Level Meter Sensitivity

To calibrate the meter sensitivity, you measure the line voltage with
an accurate voltmeter, adjust the line voltage to be its standard voltage
(1.25V for +4dBmin anominal 600 Q system), then adjust therheostat
associated with the meter so the meter reads 0 dB.

The original vu meter system consists of agenerator with a300 Q source impedance
(formed by a 600 Q source terminated by a 600 Q load), a “bridging” or “build-out”
resistance of 3600 Q (so the 300 Q source plus 3600 L build-out totals 3900 Q), and the
actual vu meter itself, which isapassive ac voltmeter with 3900 Q input impedance. The
basic sensitivity in this configuration (meter plus 3600 Q build-out resistor) is 1.25 V to
deflect the pointer to 0 dB on the scale. An optional 3900 Q “T” attenuator can be
inserted between the build-out resistance and the meter, to reduce the meter system’s
sensitivity, soitreads0 dB for ahigher linevoltage. The 3600 L build-out resistancewas
normally split into a 2800 2 fixed resistance and a 1600 Q rheostat; at mid-resistance
(800 Q) the build-out resistance was its standard value, 3600 Q. The 0 to 1600 Q
adjustment gave a +1 dB adjustment for variations in the basic sensitivity of the ac
voltmeter. Some tape recorders (most or al Ampex’) omitted the rheostat, and just put
in afixed 3600 Q resistor. This means that the line voltage for 0 dB on the meter would
be something in the range of about 1.18 ... 1.32 V; or, put the other way, if the line
voltage were 1.25 V, the meter would read something in the range +0.5 dB. To set this
for exactly 1.25V requiresreplacing the 3600 Q resistor with either acustom-determined
resistor, or with the 2800  fixed resistor plus 1600 2 rheostat. Thisisworth doing if
you need to have consistent levelsin your system.

On many modern recorders, adedicated meter driving amplifier with
itsown gain control is used. In this case the line output voltageis set to
1.25V, and the meter gain control is set so the meter reads 0 dB.

On the “-10 dBV" systems, a separate meter amplifier is aways
necessary to drive the vu meter, and a meter gain control is usually
provided to set the meter to read 0 dB when the line output voltage is
315 mV.

Notethat therelationship between the programlevel meter indication
and the reproducer output voltage (“line level”) is actualy quite
arbitrary: 0 dB onthevu meter usually correspondsto either 315 mV or
1.25V, but it could be anything, sinceit is set by the meter’ s sensitivity
control.

24.4 Setting the Levels

In summary, to coordinate between the tape flux, the vu meter
reading, and the line voltage:

Feed a 1 kHz tone from an oscillator thru the recorder (or, if a
reproducer only, play a1 kHz tone); measure the line output voltage
with an accurate ac voltmeter; adjust therecording (or reproducing) gain
control so theline output voltageisappropriately exactly either 315 mV
or 1.25 V; then adjust the vu meter gain control (or meter trimming
rheostat) so the vu meter reads O dB. This adjustment should only be
necessary once in the lifetime of the system.

Then play a Calibration Tape with a reference fluxivity that is
appropriate to the tape you will subsequently be recording onto, and set
the reproducing gain control so the vu meter indicates reference
deflection (0 dB). Now the reference fluxivity correspondsto reference
deflection on the program level meter, and also to the reference output
voltage (“standard line output level”).

Thuswe seethat therel ationship between the fluxivity on tape and the
reproducer output voltage can be anything, since it is set by the
“Reproducer Gain” control.

It follows that the choice of Calibration Tape is completely
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independent of the line output voltage of the reproducer.
3 CONFORMANCE TO STANDARDS

Theequalizationsand other characteristicsof MRL Calibration Tapes
conform to the applicable parts of the IEC Standard [5] as well as the
standards published by the US National Association of Broadcasters
(NAB), and the Audio Engineering Society (AES).

Theformat and tolerancesof MRL Multifrequency Calibration Tapes
conform to applicable parts of the IEC Standard [6].

4 CALIBRATION GRAPHS

Each MRL Calibration Tape is accompanied by a Calibration Graph
made on alevel recorder that simulates a Standard V olume Indicator (vu
meter), as that tape is reproduced on MRL’s calibrated reproducing
system. The Graph assures our operator and you that our recording
system is recording the standard level, and that level fluctuations are
within tolerance.

Whenyou play the MRL Calibration Tape on your reproducer, if you
observe flux level variations that are greater than those shown on the
graph, check your tape tracking and the tape-to-head contact.

5 SPECIFICATIONS
51 Track Configuration

With the exception of someNAB Broadcasting Cartridgetapeswhich
have the “cuetrack” erased, all of the MRL recordingsare* full track”,
that is, recorded across the full width of the tape.

5.1.1 Fringing Effect

When any full-track tape (for instance one of these Calibration Tapes)
isreproduced on any multi-track reproducer, therecordingiswider than
the intended reproducing head, and this causes a measuring error called
fringing. Thiscausesboth an apparent riseinthelow-frequency response
of the reproducer, and a so increased undulations of the low-frequency
response (“head bumps’).

The MRL Y4 inch (6.3 mm) width tapes are suitable for use on full-
track mono players. When they are used on stereo or multi-track
reproducers, the low-frequency response will bein error by 1- to 2-dB
because of fringing. The corrections for a 2-mm track width are shown
in Table6.

We correct the %2 inch (12.5 mm) and wider tapes for fringing by
reducing the recording level at low frequencies by the amounts shown
in Table 6.

For very wide tracks (e.g. two tracks on %2 and 1 inch tape and eight
tracks on 2 inch tape), however, you should NOT use the usual MRL
Cadlibration tapeswith fringing correction. On request, wewill makeany
of our Calibration Tapes with or without fringing compensation.

Be aware for all cases that the fringing response calculations are only approximate,
especially at thelowest frequencies. Also, they assume a center track; the correctionsfor
an edge track are somewhat less. If you need exact measurements of the low-frequency
response, use the method described in §2.2, Low Frequency Response Calibration.

The announcements on older MRL Multifrequency Cdibration Tapes referred to
specific numbers of tracks, for instance 16 tracks on 2 inch width tape, 8 trackson 1inch
tape, and 4 tracks on ¥z inch tape. Since the calculated fringing compensation is approxi-

mate at best, it is also usable for 24-, 16-, and 8-track recorders respectively. The
reference to specific numbers of tracks is unnecessary, and has now been deleted.

Table 6 Fringing Level Corrections for a 2-mm Trackwidth

Tape Speed
Frequency/

[Hz] 95 mm/s | 190 mm/s | 380 mm/s | 760 mm/s

3.75in/s 7.5in/s 15in/s 30in/s
32 1.1dB 1.3dB 1.4dB 1.5dB
63 0.9dB 1.1dB 1.3dB 1.4dB
125 0.6 dB 0.9dB 1.1dB 1.3dB
250 0.4dB 0.6 dB 0.9dB 1.1dB
500 0.2dB 0.4dB 0.6 dB 0.9dB
1k 0.1dB 0.2dB 0.4dB 0.6 dB
2k 0dB 0.1dB 0.2dB 0.4dB
4k 0dB 0dB 0.1dB 0.2dB
8 k 0dB 0dB 0dB 0.1dB




5.2 Tolerances
Unlessotherwisespecified, all MRL Cadlibration Tapesconformtothe
following tolerances, when measured by the methods described below.
5.2.1 Accuracy of Recorded Frequencies
The deviation of the recorded frequency from its stated vaue is
measured when the tape is reproduced at its standard speed (a binary
submultiple of exactly 30 in/s =762 mm/s), with atapetension into the
head assembly of 0.8 newtons (N) for ¥z inch (6.3 mm) tape width (1
newton = 3.6 ounces = 100 grams-force); 1.3 N for %2 in (12.5 mm)
width; 2 N for 1in (25 mm) width; or 3 N for 2 in (50 mm) width, and
a tension increase at the reproducing head of about 25 %, due to the
friction of the tape over the heads and guides.
Tolerance on the frequency of:
3150 Hz Speed & Flutter Tapes(see Pub. 570) ............ +0.1%
All tones above 32 Hz on dl other MRL tapes ............ +0.5%
5.2.2 Harmonic Distortion of Tones
Thetotal harmonic distortion isthe root sum square of theindividual
harmonic components as measured with awave analyzer.
Maximum distortionat LkHz . ................. ...l <1%
5.2.3 Mechanical Azmuth Angle
All signals are recorded with thetape flux paralldl to the longitudinal
axis of the tape.
Tolerance on mechanical azimuthangle ... .. .. +300 prad (1 min)
5.2.3.1 Conversion of Mechanical Angleto Electrical Angle
The more common measure of azimuth error isthe electrical phase
angle between edge channelson amulti-track reproducer. Thiselectrical
phase angle depends not only on the mechanical azimuth error, but also
on the tape width, tape speed, and test frequency used for the
measurement. With the specified mechanical azimuth angle error (+300
microradians, equivalent to £1 minute of angle), and a 10 kHz test
signal, thedlectrical phase angle between 2-mm-wideedgetrackswill be
as shown in Table 7 below. If a different test frequency is used, the
electrical phase angle will be directly proportional to the ratio of the
actual test frequency to 10 kHz.
5.2.4 Fluxivity Measurement at Medium Wavelengths
The short-circuit fluxivity a medium wavelength is measured
according to AES7-2000 [17].
Tolerance on reference fluxivity . .............. *39% (£ £0.25 dB)
Comments on the Reference Fluxivity
5.2.4.1 Effect of Reference Frequency: Because of the “standard
equalizations’ describedin §1.2.3, theflux on astandard Cali-
bration Tapeisnot usually constant versusfrequency eveninthe
range 250 Hz ... 1000 Hz. Therefore a change of the reference
frequency will produce a change of the reference fluxivity. For
example, the Ampex calibration tapes used 700 Hz as the
reference frequency, whereas the MRL tapes use 1000 Hz.
When the 7.5 and 15 in/s NAB equalizations are used, the
fluxivity on acalibration tape at 1000 Hz is 2.5 % less than at

Table 7 Electrical Phase Angle at 10 kHz for a
Mechanical Azimuth Angle of £300 prad (+1 min of angle)

For 2 mm Edge Tracks on a Tape Width of:
Tape
Speed 6.3 mm 12.5mm 25 mm 50 mm
Yain ¥in lin 2in
95 mm/s . . .
3.75in/s +45 +110 +260 NA
190 mm/s +22° +55° +130° +280°
7.5in/s
380 mm/s +11° +27° +65° +140°
15in/s
760 mm/s
. +5° +14° +32° +70°
30in/s 5 14 32
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700 Hz. So the old “Ampex Operating Level” of 185 nWh/m
corresponds to approximately 180 nWhb/m at 1000 Hz, 260
nWh/m at 700 Hz corresponds to 250 nWh/m at 1000 Hz, and
370 nWhb/m at 700 Hz correspondsto 355 nWhb/m at 1000 Hz..

For another example, theoriginal MRL 21F101 (speed 3.75in/s=95
mm/s) used 500 Hz for the reference frequency. The standard equal-
ization causes the flux level a 500 Hz to be 1 dB greater than that at
1000 Hz. Thereforewhen thereferencefluxivity iskept constant and the
reference frequency is changed from 500 Hz to 1000 Hz, the flux level
of all signals recorded on the tape isincreased by 1 dB.
5.2.4.2 German Flux Measurement, G320. The origina tape flux

measurements were made in Germany in the late 1950s, using
atransfer-to-dc method standardized in German Standard DIN
45520 [18]. These measurements are the basisfor thereference
fluxivity of 320 n\Whb/m used on German calibration tapesmade
by BASF and AGFA (now apart of BASF).

In the late 1960s we used the AES7 method [17] to measure the
German tapes, and found that the German reference fluxivity was not
320 nWh/m, but only 290 nWhb/m, which isamost 1 dB low. Recent
new measurementsat MRL [19] have confirmed that flux measurement
by the transfer-to-dc method used in Germany gives exactly the same
results as the AES7 method. So we conclude that the origina (1950s)
German measurement was in error by 10 %.

The MRL Calibration Tapes made to conform to the old German measurements were
previously identified by MRL as“320” nWhb/m; we have changed thisidentifier to G320
nWhb/m, indicating 320 nWh/m according to the original German measurement. Thereis
aso a G510 nWh/m which corresponds to 450 nWhb/m.

5.2.4.3 Effect of Track Width Mismatch on Two-track Recorders: There
arethreedifferent “ standard” widthsfor two tracks recorded on
Y inch (6.3 mm) tape: 1.9 mm, the Ampex Standard (the
origina two-track de facto standard) ; 2.1 mm, the NAB
Standard (used by amost everyone else but Ampex); and
2.8 mm, the IEC “stereo” format. Put more cynically, thetrack
widthsfor two tracks on Yainch tape are not very standardized.

When therecorded track iswider than the reproducing head core, the
reproducer will show the low-frequency boost mentioned above due to
fringing.

When the recorded track is narrower than the reproducing head core,
thereis no fringing, but instead an apparent loss of recorded level at all
frequencies. It amountsto theratio of 1.9 mmto 2.1 mm, corresponding
to al dB level shift for these head widths, or 1.9 mm to 2.8 mm,
corresponding to 3.3 dB for these widths.

In conclusion: if you want standardization of recorded levels and
frequency responsesin exchanging two-track 6.3 mmrecordings, do not
trust any manufacturers’ claims of “standard track widths’. Measure the
recording and reproducing head core widths yourself, and use only
recorders and reproducers with the same core widths.

5.25 Flux Leve Error vs Frequency

The flux level error vsfrequency occurs because of the basic limita-
tions to the accuracy of the calibration techniques used by MRL to
calibrateitsreference reproducer. It will cause an error of measurement
of the flux amplitude that we call “deviation of the average recorded
levelsrelative to the flux response curve given in the standards.”
Toleranceondeviation of averagerecorded levelsrel ativeto thestandard
flux response curves:

For open-reel recordingsat 3.75 in/s (95 mm/s) speed, and broadcasting
cartridges at any speed:

Uptoandincluding10kHz ........................ +0.5dB

Above10kHz ... ... .. . . +1dB
For open-reel recordings at 7.5 in/s (190 mm/s) and greater speeds:
Deviation of average recorded levels relative to the standard flux
response Ccurves:

Atal frequencies .........c.. i +0.5dB
5.26 Flux Leve Error vs Time

The flux level error vs time occurs at long wavelengths because of

variations of the tape coating thickness, and a short wavelengths
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because of variations of the surface finish of the tape. It will cause
instantaneouslevel fluctuationsthat wecall “level fluctuations’, around
the average value. These level fluctuations are measured with an
indicator having the dynamics of the Standard Volume Indicator (“vu
meter”).

Tolerance on level fluctuations about average values:

For open-reel recordingsat 3.75 in/s (95 mm/s) speed, and broadcasting
cartridges at any speed:

Uptoandincluding10kHz ........................ +0.3dB

Above10KHz ... ... ... . +0.6 dB
For open-reel recordings at 7.5 in/s (190 mm/s) and greater speeds:

Atal frequencies ....... ... +0.3dB

6 MORE ON CHOOSING A REFERENCE FLUXIVITY

The reference fluxivity value and usage is interconnected with the
entire subject of optimal signal level control of the audio system. Itisa
more complicated subject than we can discussfully here, sowewill give
afew highlights and recommendations.

To our knowledge, there are no published engineering standards for
analog sound recording system that tell how to choose the reference
fluxivity, nor for what reading on the program level meter corresponds
to the reference fluxivity. Therefore you will be given advice on “the
correct reference fluxivity” by the tape recorder manufacturersin their
manuals, by the tape manufacturersin their literature, by references to
standards organizations, and by us. Unfortunately someof thisadviceis
based on obsolete blank tape and equipment types, and on
misunderstandings about standards and operating practices. If you know
of a published engineering standard, please send usa copy to reference
in this publication. (We first published this in 1992, and we're still
hoping for areply!)

Therearefour particular sourcesof conflictingrequirementsthatyou
will have to balance in establishing the reference fluxivity to use:

Thefirst conflict is caused by progress in tape development — the
maximum output level (MOL, at which the third-harmonic distortion
becomes 3 %) of the newest tapes (Quantegy 499 and GP9, BA SF 900)
is some 10 dB grester than that of the old reference tape (3M 111) on
which many practices are based. How should this increased MOL be
used? Should thereferencefluxivity be kept constant, which will reduce
the non-linear distortion due to tape saturation? Or should the reference
fluxivity beincreased, which will reduce therelative background noise?

The second conflict iscaused by the use of two very different kinds
of program level meters — one isthe “peak program meter (PPM)”, a
voltmeter with activecircuitry that averagesthesignal over about 5t0 10
ms, and so reads about 3 dB below the signal peak levels; and the other
is the “vu meter”, a passive ac voltmeter that averages the signal over
roughly 200 ms, and so reads about 10 dB below thesignal peak levels.
If the two meters read the same on a steady-state signal such asasine
wave, they will read from 3 to 15 dB different on programs —
“typically” about 8 dB.

Furthermore, altho thelevel monitoring meters— the vu meter inthe
US, and the PPM in Europe — are standardized, the way they are used
isnot standardized. To appreciatethe situation, we recommend that you
read“ Three-Level Test Signal for Setting AudioLevels’ by A.N. Thiele
[20]. Note that the IEC has standardized three different scale markings
for the PPM: onewith full-scale level marked as +5 dB, one marked as
+13 dB, and one with unnamed 4 dB divisions marked 1 to 7, with full
scaleat 7.25.

At onetimethe PPM was used in Europe and the vu meter inthe US.
But now both are being used more often in both places. How should the
reference fluxivity be set to accommodate this difference in scale
markings and averaging times?

Thethird conflict isthe conflicting goalsin level controlling: Oneis
to produce uniformity of recorded level on recordingsonall blank tapes,
eventhothetapesmay havedifferent recording sensitivitiesand different
maximum output levels. The other goal is to get maximum dynamic
range of the medium by recording at the highest possible level without
distortion on each different kind of blank tape. Since the maximum
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output levelsof open-reel tapesnow cover arange of about 10dB, if you
use different kinds of blank tape stock, it is clearly not possible to
achieve both goals at the same time with all kinds of blank tape.

Uniformity of level isusually most important wherealargelibrary of
recordings isto be used, and they must all play at the samelevel with a
minimum of attention from an operator — for instance, inabroadcasting
station that plays many different tape recordings on the air. In this case
a standard reference fluxivity is chosen and used for al kinds of
recording tape.

On the other hand, obtaining the maximum dynamic range of the
medium is usually most important where the dynamic range of the
program material islarge, or the dynamic range of therecording system
is reduced because of narrow recording tracks on tape, many re-
recordings of the program, etc.; and the operator is available to control
levels individually — for instance, in a sound recording and record
mastering studio. In this case a different reference fluxivity is used for
each of the various kinds of recording tape.

Thefourth conflict hasto do with maximizing the dynamic range of
a given tape recording system. The dynamic range is limited at high
levels by the distortion produced by compression of the signa as the
tape approaches saturation; and at low levels by the tape noise, whichis
just another kind of distortion.

Originally theonly way to maximizethe dynamicrangeof arecording
system was to record such a high level that 1 or 2 dB of tape
compression would occur on the peak levels. This corresponds to a
recording level increase of about 3 to 6 dB above that for which no
compressionoccurs. Thedistortion dueto thetape compressionisnearly
inaudiblein practice, but the effective noise level reduction of 3to 6 dB
isvery audible.

Modern companding noise-reduction (NR) systemswere introduced
by Dolby in the mid-1960s, and later by others (dbx, etc.) Becausethese
NR systems increase the dynamic range by 10 dB or more, it is not
necessary to record at level sso high that they produce tape compression.
In fact, if there is tape compression it will seriousy degrade the
performance of the NR system.

Thereforeif maximum dynamic rangeisrequired and NRisnot used,
the reference fluxivity can be 3 to 6 dB higher than when NR is used.
7 TAPE RECORDER ADJUSTMENT TECHNIQUES
7.1 Biasing

High-quality audio recordingismade possible by “high-frequency ac
biasing”. For information how bias works, see [21] and [22], and the
graph of the effect of bias on recording performance that is in the
technical data sheets from BASF (available at
http://www.emtec-usa.com), and some of those from Quantegy.

The amplitude of thebias current affectsthe high-frequency response
(better with less bias), the distortion (better with more bias), and the
modul ation noise of the recording (dependent on the tape speed and the
particular tapetype). Thereforethe” optimum” bias depends on both the
tape type and the recording speed.

The general idea is that the recording sensitivity (the reproduced
output level for afixed low recording level) islow for low bias current,
increasing with increasing bias to a maximum senstivity, then
decreasing with afurther increase of bias current.

At the studio mastering speeds of 15- and 30-in/s, theeffect of biason
frequency response is minimal, so one often biases for minimum
distortion (this of course assumesthat you have adistortion meter). This
is however not as straight forward as it sounds, because the distortion
with some tape typesis a so dependent on the recorded fluxivity.

Anold, simple, and effective method that we use for setting biaswith
all kinds of tape isto usea1000 Hz test signd. First set the bias current
for maximum recording sensitivity. Then, for 15- and 30-in/srecording,
increase the bias current so that the recording sensitivity drops by 0.2
dB. For 3.75- and 7.5 in/srecording decrease the bias current so that the
recording sensitivity drops by 0.1to 0.2 dB.

Anocther method, recommended by tape manufacturers, usesa1l0kHz
test signal. We find this method more complicated — you need to
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know the gap length of the recording head, and the amount of signa
reduction for each kind of tape and each speed — and without any
redeeming socia value.
8 OTHER CALIBRATION PRODUCTS

MRL has availablefor saletwo other measurement standardsthat are
of interest mainly to manufacturers of calibration tapes and blank tape.

time, are now available from MRL. Contact us for details.
8.2 |EC Reference (blank) Tape

The IEC Reference (blank) tape for measurements on professional
tapes according to IEC Standard 60094-5 “Electrical magnetic tape
properties’, 82.5 “Reference tape”. This tape, type MT 82 472, was
made and originally sold by 3M Company, St Paul MN, US. 3M

Company has|eft the audio tape business, and passed their |EC primary
reference tape for professional tape to MRL. Contact us for details.

8.1 Flux Measuring Head

The “calibrated flux measuring heads’ for use with AES7-2000
(formerly ANSI Standard $S4.6-1982), which wereunavailablefor along
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