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Reproducer test tapes (also called alignment tapes or standard tapes) are used to
standardize the azimuth, frequency-response characteristics, and recorded levels of
magnetic sound recording systems. Informal working standards and formal standards
are discussed, with emphasis on changes in standards and possible resulting confusion.
The manufacture of reproducer test tapes is described, including special requirements
for heads and blank tape, and the methods for determining the azimuth and the flux
vs frequency response characteristic. Handling techniques which minimize the chance
of damage are also described.

INTRODUCTION Recorded material must reproduce and .this does not even include tapes for every track
satisfactorily, not only on the machine which made the configuration, e or cartridge tapes, or the flat sheet me-
initialrecording,butalsoon allothersimilarequipment, diumfor spotannouncementscalledCUE-MATTM.

Thus, each reproducer must be adjusted to the same Experience has shown that old standards cannot be
specified standard reproducing flux characteristics and simply dropped when a new standard is adopted by one,
operating level. The purpose of reproducer test tapes is or for that matter by all, standardizing organizations.
to make possible the practical measurement and adjust- Even if the old "standard" became so only by virtue of
ment of magnetic tape reproducers, popular usage, it does exist, libraries of tapes made to

The reproducer test tape is used to adjust the repro- agree with it exist, equipment exists, and the manufac-
ducing head azimuth as well as the reproducing ampli- turer has to provide the corresponding test tapes for many
tier equalization and gain ("operating level"). Other years. A good example of this is the 3.75 ips (9.5 cra/
types of test tapes (not further discussed here) are the sec) situation, where three different standards a are now
flutter test tape, used for measuring flutter to the NAB in use in the United States and one more internationally:
Standards _ (it is also used according to American Stand- viz, high-frequency equalization time constants t2 of 200,
ard Z57.1-1954); and the recorder adjusting or reference 140, 120 and 90 /_sec, with or without bass equalization
medium test tapes, which are unrecorded tapes of average t_ of 3180 /_sec.
characteristics used for adjusting the bias current and
recording equalization of a recorder. THE NAB STANDARDS

In 1953 the National Association of Broadcasters pub-
EVOLUTION OF REPRODUCING lished a description of a standard reproducer for 15 ips
CHARACTERISTICS (38 em/sec) use, based on an idealized ferromagnetic

Standardizing organizations have been almost as pro- reproducing head and an amplifier of specified response.
lific in their _ecommendations as the industry has been The reproducing flux characteristic had time constants
in developing hardware. The one-of-a-kind custom equip- of t1 _ 3180/zsec and t2 ----50 /_sec (transition frequen-
ment of a few years ago has often created a working cies of/z = 50 Hz, /_ --_ 3200 Hz).
standard simply by usage, and formal standards have At the 15 and 30 ips (38 and 76 em/sec) speeds then
then followed. In the beginning there was only full prevalent, the wavelength remained relatively long even
track, _ in. (6.25 mm) tape width, and one or two at high frequencies--a 1 mil (25 /_m) wavelength 4 (15
tape speeds. Now sixteen different reproducer test tapes kHz at 15 ips) was the shortest encountered in general
are available from a single manufacturer (Ampex). audio work. This meant that even without using a repro-
Adding the proposed test tapes according to the new ducer test tape, the error might be small if the repro-
NAB Standard, plus proposed changes in International ducing amplifier were adjusted to the specified response,
Standards, this number will soon rise to twenty-seven, and the reproducing head assumed to be ideal. (The

test tape was needed to adjust head azimuth and operat-

* Presented October 12, 1966 at the 31st Convention of ing level.)
the Audio Engineering Society, New York. Experiments indicated that a 15 ips test tape suffered
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very little degradation with careful use. Primary and MANUFACTURING REPRODUCER TEST TAPES

secondary reference response tapes, carefully stored, In order to manufacture reproducer test tapes, one
were employed to calibrate test tape production equip-

must obtain high quality heads and tape; determine the
ment over long periods of time. correct head azimuth; and calibrate the reproducing

Because several different reproducing characteristics system which is used to measure the reproducer test
were in use for 7.5 ips (19 em/sec) in the early 1950's,
the NAB did not standardize a reproducing character- tape flux characteristic.

istic, for this speed. Eventually the characteristic origi-
nally used for 15 ips (q -_ 3180 tzsec, t2 _ 50 /,sec) Magnetic Heads

also became generally accepted for 7.5 ips, thus estab- A chief requisite in the production of reproducer test
lishing a "standard ,by usage", tapes is the availability of a good source of custom_built

The 1953 NAB Standard made no mention of the recording and reproducing heads. Without a facility
recorded level. The Ampex "operating level ''n was origi- such as a head development laboratory, it would be
nally determined ,by measuring distortion, and would difficult (if not impossible) to obtain the necessary
thus be a function of the particular tape used. A 15 mil calibration and ,production hardware.
(380 /mm) wavelength signal producing 1% third har- Heads nmst be selected for greatest possible edge
monic distortion on a selected ,batch of then-current straightness, gap regularity u,7 and consistency of pole-
3M-111 tape became the flux reference for the "Ampex piece depth. In the case of full-track tapes, the recording
operating level". It was recognized very early that the head cores must be wider than the tape in order to

operating level of the Ampex Test Tapes had to be held assure recording across the entire width of the tape.
at a constant absolute flux level rather than at a constant Gap depth of the .recording head must ,be constant across
distortion, in order to produce practical compatibility its entire width in order ,to insure even flux distribution

of levels in the recording industry. Thus, although tape across the tape. Reproducing heads for calibration work
has changed, the operating level flux of test tapes has should be of the high density type (that is, with very
remained extremely constant to the present time. Fortu- thin layers of bonding material between laminations).
nately, the tape selected in the original determination of For 0.5 mil (= 12 _m) wavelength recording the bond-
long wavelength operating level had greater distortion lng material should be less than 0.5 mil in thickness;
at a given flux than present-day tapes; therefore the any thicker material will cause noticeable unrecorded

amount of distortion ex.perienced today with most avail- ;'tracks" where the tape is contacted by the non-magnetic
able tapes a;t operating level is less than the original bonding material, which in turn will cause amplitude
1%. The Ampex operating level recording has a short- variations when adjusting overall response and thereby
circuit flux of approximately 210 nanowebers per meter increase the possibilities of error.
of track width (z 2l millimaxwells per millimeter, or Head gaps must .be microscopically examined, lamina-
130 mM for a tape 246 mil wide), tion by lamination, and deviations from the average

In 1965, the NAB published a new Standard which center of the gap measured at both the leading and
reaffirmed the reproducing flux-characteristic time con- trailing edges. Imperfect heads are rejected.
stants for 15 ips (ti = 3180 /zsec, t2 _ 50 /zsec), and
recognized past industry usage of this same reproducing
characteristic for 7.5 ips. The new NAB Standard does Selection of Tapes

call, however, for a change of the reproducing charac- Blank tape for test tape production must exhibit even

teristic time constant t2 at 3.75 ips from 120 /zsec to 90 coating thickness and a good degree of surface polish,
/zsec. This represents a 2.4 dB reduction of high- in order to have amplitude stability of the recorded tones.
frequency response in the reproducer, which in turn Other very important requirements are precise straight-
necessitates a corresponding increase of 2.4 dB of the ness of the tape edge, and accurate tape packing on the
recording pre-emphasis in order to maintain a flat overall reel. Otherwise, the recorded azimuth will vary to the
response. This in turn suggests that .a recording level point where the "azimuth" section on the test tape will
reduction might be desirable at this speed. On the other be unsuitable for adjustments. By carefully selecting

hand, it would be confusing in practice if the NAB properly slit tape, one can hold average azimuth vari-
Reference Level were different from the existing Ampex ation to about -4-i'; amplitude variation caused by this
Operating Level. Also, among recording companies and amount of azimuth disagreement will then be less than

broadcasters there exists a great variety of methods for --+0.)5 dB with a 12 /_m (0.5 mil) wavelength full-track
mixing and for reading program levels: some recording recording.
companies record in the "RED" at all times, and others

make it a practice never to allow meter readings to Azimuth Determination
exceed --3 on the vu meter. It seems doubtful that many

will want to change their long-established level practices. Correct head azimuth is obtained when the head gap
Therefore it would seem advantageous for the NAB is exactly at right angles to the edge of the tape; this
Reference Level to be the same as the presently accepted in turn produces a recorded track which is exactly per-

Ampex Operating Level. pendicular to the tape edge. (This assumes that the
Since the NAB Standard specified the Reference Level tape has a straight edge which can be referenced. If the

in terms of a "vault reference recording" rather than in tape is improperly slit, wound, and/or stored, the edge
terms of flux in standard units, one must await the will be wavey and relative azimuth will vary.)

availability of the approved NAB Test Tapes in order Some very early test tapes were made with incorrect
to find out what the new NAB level will in fact be. azimuth. The error was not too serious (especially at
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the then-current 30 and 15 ips speeds), but was corrected 0 _,,,
because it was quite noticeable at the slower speeds. '_

Azimuth loss is plotted s in Fig. 1; the loss is seen to _:1
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Fig. 2. Azimuth loss vs tape speed for 0 ---- 2', w ----full-

0 0.5 1.0 track ¼ in. tape (6.25 mm), f: 15 kHz.

O '= Owl/s, radians
Fig 1. The azimuthloss,_c(0')/q_: (simr0')/_r0';or,in using a combination recording and reproducinghead

dB directly, ,l,c(0')/av_ ---- 20. (0')_'_, where 0' = 0wf/s, in with an arbitrary azimuth setting. An indicator and an
radians, 0 is the angle between the recorded track and the
reproducer gap, in radians (3440 minutes of arc ---- 1 radian), angular scale should be added to the azimuth adjust-
w is the track width, and s the reproducing speed (w and s ment screw of the head assembly to show the relative azi-
in the same units), and f the reproduced frequency in Hz. muth se[tings: the angle for this first recording should

be noted.

2. After the signal is recorded, the full-track tape is
increase with increasing angle, track width, and fre-

rewound with the oxide surface in contact with a blank
quency, and with decreasing speed. This curve is shown
again in Fig. 2, this time plotted vs tape speed, with the piece of tape.

3. The two tapes are then run through the machine,other conditions fixed: the loss is seen to increase as
with a small amount of bias current applied to the head.

speed decreases, from about 0.4 dB at 15 ips to 5.5 dB
This causes a "mirror image" of the original signal to

at 3.75 ips. Similarly, Fig. 3 shows the loss vs track
be printed on the adjacent blank piece of tape.width with other conditions fixed: an unmeasurable loss

4. The "printed tape" is reproduced, the head ad-with 20 or 40 mil tracks increases to a 5.5 dB loss with

full track heads. Thus, for a given tape speed and fre- justed for this new azimuth, and the new setting noted.
quency, the wider the track, the more critical the azi-
muth adjus[ment becomes. From this, it follows that

high-frequency amplitude variations due to misalign- 0 _'_ t
ment, poor tape slitting or winding, or poor guiding will 'x'
generallybe worse with wide-tracksystems, n:3

A number of methods have been used to determine I::I,,-4
the azimuth of a recorded track. The simplest in prin- _X

ciple is to make the recorded track visible by means of \carbonyl iron powder, :_ by softening the binder with 02

amyl acetate? or by using a tape viewerJ_ The visible _14_ _5
track can be checked for perpendicularityto the tape O
edge by means of a toolmaker's microscope. _2 The I_1 \
major difficultyis that [ape with a perfectly straight edge 00
does not exist; therefore many measurements are re- O \1--4
quired in order to determine the average angle. (This
method is also helpful in demonstrating edge curl, which Oc,4

\may happen when imperfect tape winding allows the

tape to rest againstone reel flange.) "10 j ,

If tape is simply turned end-for-end, the azimuth error 2', _0 246 mils
will be in the same direction--it does not reverse. There-

fore some means is needed for producing a "mirror .5 I 2 6,25 mm
image". The first and most satisfactory method is shown TRACK WIDTH
in Fig. 4. It consists of the following steps: Fig. 3. Azimuth loss vs track width for 0 = 2', f = 15

1. A full-track, short-wavelength signal is recorded, kHz, s ---- 3.75 in./sec (9.5 cm/sec).
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making reproducer test tapes generally follows the pro-
STEP ONE _ HE_D _ RECORD TAPE WITH C0MBINATIONHEADATA,8_TRARVSETTING. cedures detailed in the 1965 NAB Standard. First one

determines .the response of the reproducing head plus

electronicsfrom a constant flux input: a flux-inducing
REWIND RECORDED TAPE IN CONTJ_L"'F

STEP TWO WITH _ BLANK TAPE ONTO ONE loop is attached to .the front gap of the head, and a
REEL ( OXIDIE TO OXIDE CONTACT).

constant current signal vs _frequency is applied through
the loop. The amplifier can then be adjusted to provide
the correct response for an ideal head. (In this measure-

STEPTHREE _ PASSTWOTAPES,, NORMAL ment, resonance effects of the head and cable are in-MODE OVER HEAD WITH BIAS

2OFLAVERSTAx.......Zf--7-BfAS_ZSUb,E0 CURRENTSUPPL,EOTOHEAr eluded. It simplifies matters if the playback head reso-
TO.EAD nates well outside the band of interest; this requires a

low inductancehead, with fewer turns of wire thanSTEP FOUR REPRODUCE "PRINTED" RESULT

w.,CH_sA_,,,O, ,_A__ usual.) When using this flux-inducing method, a de-MAKE PARTIAL CORRECTION

TO._OAZ,_Ur.. emphasis network can be used after the reproducing
amplifier to produce a flat reading on a vtvm when the

SUNSEOUE.T_.o--_ -- _--_--_ reproducing flux response is correctly adjusted to theSTEPS -- ,, _ .. CONTINUE CORRECTION UNTIL

"ECOR_DMASTE.SAND._N_D appropriate standard. A different response is of courseI_L] RESULTS AGREE WITH ONE

AZ,_UT,SETTING. needed for each of the many standard curves in use.

Fig. 4. Azimuth determination by the master and transfer A practical head will also have wavelength response
print method, errors which must be measured and .taken into account.

Gap losses .and contour effects are measured as outlined
5. The azimuth is set halfway between .the two azi- in Annex C of the 1965 NAB Standard. These measure-

muth angles measured in steps 1 and 4. ments are somewhat .involved, and it is best to double-
6. Steps 1-5 are repeated until "masters" and "prints" check them. As a ,further check, one should measure

both show maximum response at the same setting-- several known heads for .later cross reference.
this indicates perpendicularity of the head gap to the After the .losses inherent in 'the reproducing head are

guided tape path. determined, a curve may be drawn showing the devi-
A second method for producing the "mirror image" ation from ideal of a particular reproducing system. A

involves turning [he tape over and reproducing the recording can then ibe made which will reproduce in
signal through the base of the tape. The adjustment agreement with the calibration curve; in other words,
method is similar .to that just explained. The problem the recording should play back with the same response
here is that, at the short wavelengths necessary for accu- as the reproducing system.
rate azimuth adjustment, the loss of signal through the Once a system is calibrated, a tape may be made for
backing of the tape is so large that it is difficult to find use in adjusting other test tape production machines,
the signal at all. Evans has described _a a means for for test tape production on a comparative reference basis.
making this principle of azimuth determination prac- Each such machine must produce .tapes which have re-
tical: A two-track combination head is used. (An im- corded flux identical to that of the tape made on the
portant requirement not mentioned by Evans is that calibrated system. In production practice, several tapes

the two gaps must be exactly coplanar, that is, there are made on the calibrated reproducer and used as setup
must be no gap scatter.) Phase of the two signals is tapes. However, it should be noted that setup tapes do
compared, rather than seeking maximum amplitude. If not last long, and must be recalibrated frequently on
the two signals are combined out of phase, the position the original test setup or else replaced entirely.
of correct alignment results in a very sharp null of output These techniques all center around the calibration of
even when a midXrequency signal (say 3 kHz at 15 ips) the reproducing system. Recording current can be varied

is used. Therefore the signal amplitude can be large to compensate for differing tape characteristics.
enough even when reproduced through the tape back. Production practice at Ampex has shown that each

Finally, experiments have been conducted on a third test tape must be made individually: each tape is an
method for determining azimuth, using heads with a original recording, it is not a copy. Of course, the voice
gap at the front and another at the back, and special announcements are dubbed, but the test signals are
guides for the tape (see Fig. 5). The front and back

gaps of the head must be parallel to one another, and

both surfaces must .be .lapped for good tape-to-head con- /_REARGAR
tact. The tape is recorded at the front of the head, /_

rewound oxide-out (B wind), then reproduced by the _ .......x""""_
back gap of the same head. The head rather than the STEPONE ,',V','_','#,','_?_¥??::_RECORD ON FRONT _ 8A$£ SI0/ I tlUll I/I IIII/u _PRONT GAP

tape thus produces .the "mirror image". Adjustments FACEOFHEAD L__ GA_SRARALLEL
are made as described above until perfect agreement is Co_$,,AT,O,RECORD-PLAYBACKHEN)

achieved between the back and front gaps. Guiding PLA_BAcxSTERTWO ///////////_//)_///////_'r_L_problems have made this method unsatisfactory. RECORD,NGON _OX,0_,O_
BACK GAP

DETERMINING THE REPRODUCING FLUX BUBBEOUE.TBTE. .........................................PLAYS BACK IN AGREEMENT WITH THE REAR GAP

CHARACTERISTIC _............................. ,.

The calibration of the reproducing channel used in Fig. 5. Azimuth determination bythe front/back gap method.
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