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Section 1

INTRODUCTION

USE OF THE INSTRUCTION MANUAL

This instruction manual is an attempt to
give the installation man, the operator, and the
maintenance man the most complete and ac-
curate information that is available.

For the installation man:
the description and performance
characteristics section,
the installation section, and
the operating instructions section

are required reading and the principles of mag-
netic recording section will provide good back-
ground.

For the operator:
the description and performance
characteristics section, and
the operating instructions section
are required reading. Again, the principles of
magnetic recording section will provide good
background.

For the maintenance man:

the description and performance
characteristics section,

the principles of magnetic
recording section, and

the individual component sections
(i.e., tape transport, etc.)

are required reading.

89-0131
89-0144
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THE DESCRIPTION AND PERFORMANCE
CHARACTERISTICS SECTION

The description and performance charac-
teristics scction briefly describes the system,
the components, their uses, and their perform-
ance characteristics. This section also describes
additional related equipment that may be of
value to the user,

THE INSTALLATION SECTION

The installation section provides all neces-
sary information for properly installing and
connccting the equipment. All mounting di-
mensions are given for custom installation.
Testing of the equipment afler installation is
not covered in this section, but rather is cov-
ered in the electronic assembly section.

THE OPERATING INSTRUCTIONS SECTION

The operating instructions section describes
the operating controls and their functions, de-
scribes the ways in which the cquipment can
be used, and describes how to use the equip-
ment.

THE PRINCIPLES OF MAGNETIC RECORDING SECTION

The principles of magnetic recording sec-
tion provides the user and the maintenance
man with a basic knowledge of how a mag-
netic recorder works and the principles behind
the major adjustments.

THE TAPE TRANSPORT SECTION

The tapc transport section describes the
tape transport in detail and provides all neces-
sary maintenance adjustment procedures. The
section also covers the replacement of parts.

THE HEAD ASSEMBLY SECTION

The head assembly section describes the
head assembly in detail and provides all neces-
sary maintenance procedures. This section also
covers the replacement of parts. Adjustment
procedures. for the most part, are covered in
the electronic assembly section.

THE ELECTRONIC ASSEMBLY SECTION

The elcclronic assembly section provides
the detailed theory of the electronics along
with the maintenance procedures and some
troubleshooting hints. The lists of replacemcent
parts are, of course, included.

THE ACCESSORIES SECTION

The accessories section describes the acces-
sories available for use with the system and
describes their use in the system. The acces-
sories are provided to simplify or extend the
use of the system.

THE INDEX

[n an attempt to give as complete 2 manual
as possible, the index is included to aid in lo-
cating the required information as quickly as
possible.

89-0131
89-0144
Issue A



section2 ~ DESCRIPTION



1 9 UA D7 Y bV i TTIIos, IR T
{; ",‘.‘n\\ Y AR PTS " ) 3<""A’S )\"‘u J-ln'u' A;\"'u- % b~'. 1 A LN
YAV A wl’ I Iy it YN W 1 1 ” Y YT
J ..s’,&-«.‘.‘;‘ s TRV D B v : .,',vl

AMPEX PROFESSIONAL AUDIO EQUIPMENT

ONE YEAR WARRANTY

Congratulations and thanks. You now own the finest instrument of its kind in the world today. This equip-
ment meets standards of performance, durability and reliabiity that surpass anything in its market. The
warranty covering this equipment Ls valuable Lo you,

This warranty is effective only when the warranty-registration card is fully and properly filled and re-
turned to the factory within ten (10) days of delivery.

A validated one year warraniy identification card will be returned immediately to the purchaser to be
used when in-warranty service is necessary in order to protect you within the terms of this warranty.

Before your unit left the factory, all phases of its performance were carefully checked by sensitive test
instruments, This individual Ampex unit equalled or exceeded all current specifications for its model. Hence,
if properly used, it should meet your most exacting requirements.

Should you experience difficulty in the operation of this equipment or should servicing of any kind be
necessary, please contact the dealer from whom you purchased it.

If the equipment has been damaged in transit, you should report the fact immediately to your dealer.

Ampex reserves the right to modify or change the equipment, in whole or in part, at any time prior to
delivery thereof, in order to include therein electrical or mechanical refinements deemed appropriate by
Ampex, but without incurring any liability to modify or change any equipment previously delivered, or to
supply new equipment in accordance with earlier specifications.

WARRANTY

Ampex warrants to the original using purchaser that all new Professional
Audio Equipment skall be free from defects in workmanship and material
under normal and praper use and service for a period of one year from
date of delivery to original using purchaser and agrees to repair of
replace all parts (except tubes and tape) thereof showing such defects,
subject to all of the following provisions.

Ampex Warranly Obligation

(3) Parts returned within 0-90 Days from Date Equipment Delivered o
Driginal Using Purchaser — All such defective parts will be re
paired or replaced at no charge for labor or msterials;

(b) Parts returned within 91-365 Days from Date Equipment Delivered
to Original Using Purchaser — All such defective parts will be
repaired or replaced at no charge for material and a labor charge
equal to actual labor costs incurred in such repair or replacement.

(¢c) In all warranty transactions the responsibility of Ampex shall be
limited to making a new or factory-reconditioned replacement part
available to the dealer; it is the responsibility of the cealer to
repaic or replace defective parts.

Conditions of Ampex Warranty

(a) Defective equipment shall be returned, transportation prepaid, to
the Ampex dealer from whom the equipment was osiginally purchased
unless such dealer agrees to inspect or repair at purchaser's
premises; and

(b) Warranty registration card shall have been fully and properly
filled out and retumed to the factory within ten (10) days from the
date the equipment was delivered to original using purchaser;

(c) Purchaser, for warranty service, must present ome year warranty
identification card to Ampex Dealer; and
(d) Purchaser shall not have used or allowed to have heen used in
the equipment any parts not supplied by Ampex through its dealers
(tape and vacuum tutes excepted); and
(e) Inspection shall disclose to Ampex's satisfaction thal the defects
are as above specified and that the equipment has not been
altered or repaired by other than factory approved pracedures,
subjected to negligence, misuse or accident, or dsmaged by ex-
cessive current or otherwise, or h3d its serial number or any part
thereof altered, defaced or removed.
Exceptions to Ampex Warranty
(a) Vacuum tubes carry their respective manufacturer's warranties and
shall be and are hercby extludec from the provisions of this war-
ranty (ss (o this item, no warranty, expressed or implied, is made
by Ampex);
(b) Replacement parts supplied under this warranty carry only the
unexpired portion of the original warranty.
Sole Warranty
This warranty is expressly in lieu of all other warrenties, expressed or
implied, and all othar obligations or Siabilities on the part of Ampex.
No person, including any dealer, agent or representative of Ampex, is
authorized to assume for Ampex any liability on its behalf or in its
name except to refer purchasers to this warranty. In no event shall
Ampex be liable for cfaims, demands or damages of any naiure, however
denominated; Ampex's sole warranty liability shall be to repair defective
items or to supply replacement parts in accordance with the terms of
this warranty.
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GENERAL

The AMPEX Scries 354 Magnetic Tape Re-
corder/Reproducers are high quality precision
instruments designed for the professionul user
who requires the finest and most faithful re-
cording and reproduction,

A basic recorder /reproducer in the 354 scrics
consists of a tape transport for opecration at
tape speced pairs of 3% inches per sccond (ips)
and 7% ips or 74 and 15 ips: a two-track head
assembly for use with the Vs-inch magnetic
tapc; and an clectronic asscmbly which con-
tains two record arplificrs, two reproduce am-
plifiers, a bias and crasc oscillator, and a power
supply — all fecaturing ectched board construc-
tion.

CCIR equalization can be obtained on request
when ordering equipment.

Several mounting arrangements are offered
—console, two case portable, and rack mount.
In the portable equipment, one case contains
the lape transport and the othcr houses the
electronic assembly

Section 2
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Tape \Vidth

Tupe Speed Pawrs

Freguency Respanse

Stgnal-to-Noise Ratio

Flutter and Wouwe

Recarding or

Reproducueg Tome

‘NAB 104 Inch Diameter
Acels, 24Q0 feet of tape)

Starting Time

Stopping Trne

Reproduce Toing
Accracy

PERFORMANCE CHARACTERISTICS

Va-mch

334-714 ips
7Y2-15 ips

Speed (ips) Response (Cycles per second)
3% =2 db 40 to 8,000
I£%) +2 db 40 to 12,000
5 42 db 30 to 18,000
Speed (1ps) Peak Record Level to
Unweighted Nowse (db)
3% 50
7Va 55
15 Sanie as 7% ips

Peak rccord level is that level at which the overall (input to output)
total rms harmonic distortion docs not exceed 3 percent when
measured on a 400 cycle tone. Noise is measured after erasing
a signal of pecak recording level in the absence of new signal. Bias,
erase and rcproduce amplifier noise are included in the measure-
ment. All frequencics between 50 and 15,000 cycles are measured.

Specd (1ps) Flutter and Wouw
(percentage rms)
3% 18%
7% 14%
15 11%

Flutte and wow measurements include all components between
0.5 and 250 cycles. The figure quoted is for the reproduction of a
relatively flutter-free test tape and is measured in accordance with
American Standards Association standard number 7257.1-1954.
(The alternate non-standard method of measuring flutter as de-
scribed in Appendix II of the ASA standard was previously used
by Ampex in determining flutter specifications.)

Half Track Two Track

Speed (1ps) (hrs) (min) (hrs) (min)
3% 4 16 2 8
7V 2 8 1 4
15 1 4 2

The tapc is accelerated to full speed in less than 1,10 of a second.

When operating at 15 ips, the tapc moves less than two inches
after the STOP hutton is pressed.

Accuracy Accuracy Length of Recording
(percentage) (second) (e
-.2% £ 3.6 30
89-0131
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Rewind Time

Controls
Tape Motion

Record Control

Tape Specd

Equalization

Reel Size

Record Inputs

Reproduce Qutputs

Head Housing

Monitoring
(aural uand visual)

Power Requirements

89-0131
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Approximately 1 minute for a full 2,400 foot NAB reel.

All tape motion is controlled by four pushbuttons, PLAY, STOP,
FAST FORWARD and REWIND.

A scparatc RECORD button on the face of the electronic assembly,
when pressed, energizes the record relay which drops out when
the STOP button is pressed. Seleclion of record channel(s) de-
sired. is accomplished by the RECORD SELECTOR switch on the
electronic assembly.

Tape speed can be changed by the TAPI SPEED swiich. LOW or
HIGH positions are used to select drive motor windings.

An EQUALIZATION switch on the face of the electronic assembly
provides a means for selecling LOW or HIGH speed equalization
appropriate Lo the tape speed used.

A REEL SIZF toggle switch on the tape transport makes possible
selection of the proper tape tensioning for the NAB 10%% inch
diameter reel or the I:IA 5 inch and 7 inch reels,

Two inputs are supplied; one for each channel. With optional
plug-in preamplifiers, optional plug-in transformers of supplied
dummy plugs, the inputs can accommodate microphones, balanced
lines or unbalanced lines respectively. A RECORD LEVEL control
is included for each channel.

44 vu =0.5 dh (Zero indication on the vu meter corresponds to
-4 dbm into 600 chms balanced or unbalanced.)

The crasc, record, and reproduce heads are contained in a single
head housing (See SECTION 7 on HEAD ASSEMBLIES).

The signal on the tape can be monitored while the equipment is
recording Two phone jacks arc available (o allow monitoring the
rccord input signal, or the output signal from the reproduce head.
A switch provides a imcans for making dircct comparison between
the original program und the recorded progrium. Two 2V2-inch vu
meters arc provided for level comparison and visual monitoring
of cach channcl.

Two track equipment requires 2.5 amperes at 117 volts ac, 50 or
60 cycles.

When the Ampex Model 375 Precision Frequency 60 cycle amph-
fier 1s used with the equipment, power requirements are greater
by 2.5 amperes.
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EQUIPMENT AVAILABLE

Dimensions and Weight Item
(in.) (1b.)
Rack Mount Tape Transport
Electronic
Assembly
Console Console

Two Case
Portable

Tape Transport
Case (Equipment
in Case)
Electronic Ass’y.
Case (Equipment
in Case)

Height Depth Width Weght

15% 8 19 50
(rack space) (behind rack)

7 8% 19 18
(rack space) (behind rack)

48 (max) 28% (max) 24Ve 155

15%2 17 20/ G9

9 13 21 38

EQUIPMENT APPLICATIONS
The Stereophonic Technique

In stereophonic recording., two or morc
microphones, cach transmitting its signal in-
dependently, sample the complex wave-fronts
of sound at separated points 1n an imagmary
curtain between the performers and the in-
lended audicnce. A microphone at the left of
an orchestra picks up first and most strongly
the instruments on the Jeft. The right-hand mi-
crophone, then. picks up first and most strongly
the instrumcents on the right.

In the reproduction, the listener is faced
with (wo or more loudspeakers, each con-
nected through time and space with the micro-
phone corresponding. Each is located in about
the same angular relation to him as the micro-
phoncs were during recording. The spcaker on
the lelt reproduces first and most strongly
the sounds which were nearest its micro-
phone, while the speaker on the right does the
converse.

Mixture occurs only at the time of repro-
duction, and performs a sorL of minor miracle
of re-crecation. Not only are the instruments on
the lelt stronger from the left loudspeaker, but
they arc reproduced there momentarily earlier
than they are heard, at a distance, in the right
speaker. Since the reverse is going on between
sounds al the right and their speaker. there
results a melting of sound between them. With
a strong, sense of direction, the whole orches-
wa scems (o be spread out before the audience.
when the mixture is correct. There is no hole
in thc middle; indeed, in a perfectly micro-
phoned and balanced presentation, a soloist

24

can be made to appear exactly front and cen-
ter, where there is 110 loudspeaker at all in a
two-channel presentation.

It is curious that a certain amount of lcft-
hand sound must be present in the right-hand
speaker, subdued a little and delayed by dis-
tance, of coursc, if the effects of spread and
rcalism arc to be heard. When there is hude or
none of this mixing. we hear a kind of musical
ping-pong, which certainly may be used syn-
thetically by the director for good novelty cf-
fect. but is unsuitable for most musical repro-
duction.

The balance of sound which places the solo-
ist 1n the nuddle must be cstablished at the
time of the recording. It might be thought.
at first, that crrors in microphane placement
might be compensated later in the dubbing
studio by raising or lowering the strength of
one signal In relation to the other. Within lim-
its, where the error was only one of gain sctting
during the recording, it is true that this can
be done. But after the recording is made it is
not possible to vary individually the muliitude
of small variations in the delay of sound from
each of many sound sources to cach of the
microphones, so good microphone placement
at lglne tume of recording is greatly to be de-
sired.

Some Applications Qutside of Stereo

Many examples may be given. Music and di-
alogue for an claborate puppet-show have
been recorded on one channel of a two-channel
recorder, while advance cues. and signals for
entrances and cffects have been recorded on
the ather channel. Since there is no possibilits

§32-013 |
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for one channel to get off synchronism from
the other, every performance is letter perfect,
every cue and every line on time.

Such an arrangement is also used for a well-
known ice-skating show. On one channel is the
music for the performance, played into the
auditorium’s sound system. Synchronized, on
the other channel, are the backstage signals.
Not only are the performer calls recorded
here, but metronome ticks, in perfect synchro-
nism with the music which will follow, permit
all the performers to make their entrances, in
perfect (ime with music which begins only
when they are on stage.

Reconstructing Historical Events

The ability to record sevcral different sound
sources on tape, all simultancous but unmixed,
offers many other possibilities. Often Lape re-
corders are used to record sounds which can-
not be repeated, either because of cost or be-
cause of their unique charactcr An important
occasion, perhaps an inauguration or confer-
ence, cannot be rehearsed or repeated. Yel a
commentary on it, made simultaneously with
the event, may be needed later to present a
meaningful record. This, of course, may be re-
corded on a separate channel on the same tape
as the recording of the event itself, when a
multi-channel recorder is used.

Often on such occasions it is not possible to
make a perfect “mix” of the several micro-
phones which may be used. Yet a perfect rve-
cording can be obtained later if cach of several
microphones or groups of microphones are fed
o individual channels [or separation and mix-
ing later at leisure in the studio, then to be
dubbed to one-channel Lape or disc.

Scientific Uses

In science and industry it is uscful some-
times to record simultaneously one or more
sounds under study, or to present previously
recorded sounds to separate locations repeated-
ly, always in synchronism, in exact time sc-
guence. An effect may be recorded in one
channel, whilc the operations producing that
cffect are described on another channel. Or,
in a psychological expcviment, entirely differ-
ent stimuli may need to be presented simulta-
ncously to dilfevent subjects,

Educational Uses

Both singlc-channcl standard recorders and
multi-channel machines have been uscd o im-
prove the cfficicncy ol language instruction.

89-0131
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In one language department, for example,
each student is provided with a standard tape
recorder into which he plugs an eurphone All
the recorders receive the output of a master
tape in the control room, on which is a senies
of phrases or sentences spoken by an instruc-
tor, for students (o imitate.

Because the instructor 1s on tape, his voice
quality is the same throughout, and he never
makes an error. Each studemt hears this ex-
ample in his headphone as it is simultaneously
recorded on his tape. With his own microphone
the student then rccords his imitation after
each of the instructor's examples. After the
session, each student rewinds his tape and
plays back the entire sequence of the instruc-
tor’s voice followed by his own, in cdirect com-
parisen. The tape can now be rewound and
the lesson repeated, the master lape once again
being fed to all students. While they record a
new version the previous recording is auto-
matically erased. Each successive attempt of
the student is made more nearly correct by the
experience of hearmg timsclf as others do.

Binaural vs. Stereo

Stereophonic tccording has received so
much atlention that the binaural technique
seems to be somewhat neglected lately, and
most multi-channel recorders are called “sterco-
phonic” recorders. Fortunately, any good quali-
ty stereo machine of two or more channels
will also scrve well as a binaural recorder or
reproducer.

The binaural technique implies the use of
headphones or separale earpieces, which is
usually impractical for commercial systems.
Yet for special purposes this technique has its
advantages. It mmght be said that stereophonic
reproduction brings the scene of the sound to
Lhe listener, while binaural transmission takes
the listener to the scene of the sound.

The binaural method takes into account the
fact that a substantial part of our human
ability to sense the direction of sound results
from small differences in its character at one
ear, compared with its character at the other.
A whistle at our left not only strikes our left
ear first, but is much weaker at the right than
the Jeft because our head deflects and absorbs
it. Lower pitched sounds on the left will reach
the left ear first, but be about the same level,
only later, at the right ear. In either case, ex-
perience has taught us how to interpret the re-
sult and to know where the sound is coming
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from. It is interesting to find that very low
pitched hum, without harmonic overtones, is
almost impossible to locate.

A Dbinaural recorder uses Lwo separate chan-
nels, one for each ear. Two microphones are
used, each of which has as ncarly as possible
the same pickup characteristics as one ear.
They are separated approximately the distance
between our ears by an artificial head of much
the same size and sound-absorption as a human
head. This apparatus is then placed wherever
we wish our eventual headphoned listener to
seem to be when he plays back the binaural
tape.

In actual practice a matched pair of al-
mosL any professional quality cardioid or one-
direction microphones serve well, separated by
a small pillow, their diaphragms about six
inches apart, facing opposite from one another
and slightly forward. Each microphone then
feeds its own channel on one track of the rc-
corder. In playback, that track which carries
the left ear impression is fed individually
through amplifiers to the left headphone alone,
the right track to the right headphone. The ef-
fect is as if the listener has been transported to
the location of the microphones. so far as
sound is concerned. Of course, if he turns. the
sound scene will turn with him.

This arrangement has special usefulness in
the recording of conferences, courtroom pro-
ceedings, debales or other gatherings where a
verbatim written transcription will be needed
later. If a simple single-channel recorder were
used, only the voice quality would identify the
spcaker, while with the binaural recording his
location as well would be apparent. In a single-
channcl recording it is almost impossible (o ex-
tract onc voice from another when two or
marce speak at once, yet with the binaural play-
back wc are able to exercise our normal power
to sclect one at a time. then replay for each of
the others.

Sound-On-Sound

The phenomenal success of Les Paul and
Mary IFord in their unique multi-voice records
focused attention on the technique which they
pioncered, and which has great usefulness for
other purposes as well.

In the earhest days, “sound on sound” was
accomplished with a single recorder, and a
smgle-channel recorder at that, to producc
thosc rcimarkable masters on which Les 1s
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heard accompanying himself, many tmes
over, while Mary becomes a vocal soloist and
all the members of the chorus behind her.

The machine was unusual in one way only:
its heads were arranged in an unusual manner.
In a normal machine the tape passes first an
erase head, which removes all previous record-
ing, then a recording head, which impresses a
new recording, and then a playback head,
which independently reproduces the newly re-
corded program. Les and Mary had a machinc
custom-built with the heads arranged Playback,
Erase, and Record.

Using this machine,Les would record first a
solo version of his music. This would go on the
tape through the recording head. He would
then rewind the l\‘cllm The playback amplificr
was then connected into the recording ampli-
fier, while simultaneously being mixed with
the output of Les’ microphone preamplifier.
He wore a pair of headphones which monitored
the mixture going into the recording circuil.
And then he wou%cl record an accompaniment
to his own previously rccorded solo, which he
would hear in his headphones. The original
solo would be copied along with the new part.
Thus, the playback hcad would feed out the
original solo line which would simultaneously
be recorded with the new part a little further
along the tape.

The solo passage would then move past the
crasc head, leaving a clean ta})e for the record
head 1o continue operation. The process would
then be repeated, again and again. until all of
Les™ guitar parts and all of Mary's vocals had
been collected. The difficulty with this ar-
rangement was that a fluff anywhere along
the line would make all of the previous work
useless, and it would be nccessary Lo start over
again. Neverthcless, for many successful re-
lcases, this is how it was done.

A better solution was o use two normal re-
corders. In this case, the solo would start on
onc recorder. This would be rewound, the play-
back fed to the recording circuit of the second
recorder, mixed with the output of- the micro-
phone. On the second recorder solo and first
accompaniment would be recorded together,
but the first tape was not erased, and errors in
stage (wo would not affect 1t. The third part
was added by playing the second tape back
into the first machine, while adding part three,
and so on.

With the advent of two-track recorders, the
recording of sound-on-sound became even
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easier because it no longer required two re-
corders. In this case, the solo would start on
the upper track. This would be rewound, the
playback fed to the recording circuit of the sec-
ond track, mixed with the output of the micro-
phone. On the second track, salo and first ac-
companiment would be recorded together, but
the first track was not erased, and errors in
stage two would not affect jt. The third part
was added by playing the second track into the
first track, while adding part three, and so on.

TAPE

PHONES
RECORD REPRODUCE

MIC Chaonel | Channel |

TAPE
REPRQDUCE MIXER RECORD
Chonoal ! MR-10 ar MX.3S] Channy! 2
#AIC

Sound-on-sound with a stereo recorder

But even this arrangement has its disad-
vantages. Fine as they are, magnetic recordings
can be subjected only to a certain number of
successive dubbings before audible degrada-
tion scts in. By the time the first voice on one
of these tapes gets mixed onto the second tape
1L is a copy; when it gets to the third tape, it is
a copy of a copy, until, if eighteen parts are
added it is a long chain descendant of its origi-
nal self.

Several things happen to the sound. If, for
example, the original recordings were to de-
viate in frequency response only =Y db from
30 to 15,000 cycles, thus, perhaps down 7% dbh
at 30 and 15,000 cycles, then its copy on an
equally flat recorder would be —1 at 30 and
15,000, —1% in the third generation, and so
on, until at eighteen generations the response
would be —9 db at 30 and at 15,000 cycles. Any
litle bumps or hollows in the frequency re-
sponse curve would similarly be exaggerated.

In well-designed recorders, whose noise de-
pends solely on tape, noise also accumulates
when generation after gencration of copies
arc made. The noisc increase, over the master
recording, follows the “square root of the sum
of the squares” law. This means that the S/N
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ratio decrease is 3 db in the first copy, and
that it will total 6 db at the 4th generalion, 9
db at the cighth generation, and 12 db at the
16th gencration. Thus it is desirable to begin
with great S/N ratio in the original, if the
final release is to be several generations re-
moved.

Distortion collects, too, although luckily it
is not the arithmetic sum of the distortions oc-
curring with cach successive generation, either.
There is a limit to the dodges which can be em-
ployed to make cach recording ten or more
times better than it need be for single genera-
tion copies. It would be much better if most
parts could be kept separate on their own origl-
nal magnetic tracks, undiminished by multiple-
generation copying, the ultimate number of
gencerations being held to two or three.

EQUALIZATION CHARACTERISTICS
Ceneral

The following paragraphs briefly describe
the various equalization characteristics avail-
able so that the user may choose the equaliza-
tion best suited to his application. Proper equal-
ization requires the use of a reproduce equalizer
which follows a standardized reproduce curve
and a complementary record equalizer which
is used to achieve flat over-all response.

Up to a certain frequency (in the neigh-
borhood of 1000 to 2000 cps depending on tape
speed ), the output of the reproduce head of a
tape recorder will increase directly with fre-
quency. Above this frequency, the output of the
reproduce head decreases. The reproduce equal-
izer produces a decaying slope that compensates
for the increasing output of the reproduce head
below the frequency at which peak output is
obtained. 'L'he record equalizer is used to com-
pensate for the decreasing output above this
frequency. The equalizers have been designed
to obtain an optimum in the overall record/re-
produce system between signal-to-noise ratio on
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one hand and tape averload characteristics on
the other and are related to considerations of
the rclative spectrum energy distribution of
speech and music.

Reproduce equalizers may be either fixed or
variable. Fixed equalizers will follow the equal-
ization curve within the tolerances allowed and
for most practical purposes are adequate. How-
ever, under certain circumstances such as cri-
tical master recordings which may have many
generations of copies, a variable equalizer would
be more desirable since it can be adjusted to
follow the cqualization curve exactly, overcom-
ing the effects of small variables introduced by
reproduce head differences and the like. There
1s, of course, a disadvantage to variable equal-
ization in that it can also be misadjusted where-
as fixed equalizers can not,

Record equalizers are always variable since
the amount of equalization necessary to achieve
flat response will vary from machine to machine
and will vary when tapes from different sources
are used on the same machine. In all cases, there
is a corresponding record equalizer for each re-
produce equalizer

15 ips NAB Reproduce Equalization

The 15 ips NAB (National Association of
Broadcasters) reproduce equalization curve is
the American broadcast and recording industry
standard. The equalization curve consists of a
6 db per octave decaying slope with a 3180
microsecond low end time constant and a 50
microsecond high end time constant, This curve
is used for most of the master recordings made
by the recording studios.

7%2 1ps NAB Reproduce Equalization

The National Association of Broadcasters
has not set up a standard for 7% ips. However,
industry practice has been to use the 15 ips NAB
reproduce curve for 7% ips hence it is called
the 7% ips NAB curve. This curve is used for
all of the 7% ips pre-recorded tapes (both two
track aund four track) made in the United States,

3% ips Reproduce Equalization

Prior to the introduction of the 3% 1ps pre-
recorded tape cartridge, industry practice was
to usc the 3% ips 200 microsecond reproduce
curve. ‘this curve, which consisted of a 6 db per
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octave decaying slope with a 3180 microsecond
low end time constant and a 200 microsecond
high end time constant, provided good quality
speech recordings but, because of limited signal-
to-noise ratio, it was not adequate for good qual-
ity music recordings. When the tape cartridge
was introduced, the high end time constant was
changed to 120 microseconds. This change im-
proved the signal-to-noise ratio considerably
(with somc sacrifice in overload characteris-
tics) and allowed music recordings of passable
quality to be made. The 120 microsecond curve
is now used for all 3% ips recordings, both
cartridge type and rcel-to-reel type.

The choice betwcen the 120 microsecond
and the 200 microsecond time constant will de-
pend on the number of recordings of each type
in the user’s tape library. If there are no 3% ips
recordings in the library, the 120 microsecond
time constant is preferred.

15 1ps AML Equalization

Tape noise, or “hiss” is perhaps the greatest
limiting factor in the quality of present-day tape
recordings. The noise generated by the tape can-
not actually be reduced by any means outside
of improving the tape itself However, an in-
crease in the signal-to-noise ratio can be ob-
tained by increasing the signal level. As the in-
put signal amplitude increases to a high level,
however, the amount of signal actually recorded
on the tape reaches a limit called saturation.
At this point, the signal on the tape is much less
than the input signal, or is compressed to about
one-half the amplitude ot less of the input sig-
nal. Since this saturation level varies with fre-
quency, a very uneven response is obtained
when recording at too high a level. If the high-
frequency input level js increased still more
beyond the saturation point, the signal on the
tape decreases. This phenomenon is known as
self-erasure. A high-level, high-frequency signal
not only erases itself as it is being recorded, but
partially erases any other tone which is also
being recorded.

The 15 ips Ampex Master Equalization
(AME) curve is designed to obtain a somewhat
better apparent signal-to-noise ratio than is ob-
tainable with the standard NAB equalization
(see note). It was Found that a greater signal
amplitude could be recorded in the 2000 to 6000
cps region than is presently allowed by NAB
equalization — without significant increase in
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overall distortion. This region is the band to
which the ear is most sensitive.

NOTE

The apparent signal-to-noise ratio is
increased by approximately 8 db al-
though the actual measured signal-to-
noise ratio remains unchanged. Note
also that the recorded siqnal amplitude
is increased ONLY in the 2000 to
6000 cps band, thus avoiding self-
erasure at high frequencies.

The 15 ips AME curve is intended for in-
ternal use in companies specializing in produc-
ing “master” recordings and is not to he con-
sidcred as supplanting the NAB standard for
commercially released Lapes.

7Y% and 15 ips CCIR Reproduce Equalization

The 7% and 15 ips CCIR equalization curves
are the European counter parts of the 7%4 and
15 ips NAB curves. The CCIR curves and the
NAR curves are not the same. The 7Y% 1ps CCIR

curve consists of a 6 db per octave decaying
slope with a 100 microsecond high end time
constant and no low end equalization. The 15
ips CCIR curve consists of a 6 db per octave
decaying slope with a 35 microsccond high end
lime constant and no low end equalization.
When 72 ips CCIR tape is played back on a
machine with 72 ips NAB equulization, it has
the affect of decreasing bigh frequency response
by approximately 6 db. When a 15 ips CCIR tape
is played back using 15 jps NAB equalization, it
has the affect of increasing high frequency re-
sponse by approximately 4 db. When NAB tapes
are played back using CCIR equalization, the
opposite affects occur.
NOTE

The CCIR specifications do not include

a low end time constant. However, the

[requency response tolerances at the

lou end are broad cuough that most

machines that do have a low end time

constant are still within CCIR specifi-

cations. (Most manufactwrer’s include

the low end tvme constant.)
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NOTE

Before operating Uee equipnient read
this SECTION AND SECTION 4.
OPERATION.

GENERAL

The 354  Scrics cquipment s shipped
mountcd in consoles or portable casecs after
a thovough inspcction and performance check
at the factory. In the cvent that the cquipment
1s requested disassembled, for customer rack
mounting, all asscmbly hardwarc is provided.

INTERCONNECTING

Sce the appropriate interconncecting  dia-
grams at the back of this section.

MOUNTING

Console Models
To assemble the console model procced as
follows:

Step 1: Install the tape transport in the cab-
inet frame, securing the 8 oval-head
screws and finishing washcrs.

Step 2:  Tlace the Lwo springs in the holes for
the clectronic assembly cabinet frame.

Step 3. Attach the two rails (o the electronic
assembly using thc number 8 screws.

Section 3
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Series 354 Recorder/Reproducer— % View

Step 4. Slide the cabimnct back pancl up and
oul to allow connecting of the a-c
power cable and 1rlug the input cable
and the output cable into their rccep-
tacles on the back of the electronic

- assembly.

Step 5. Install the electronic assembly, tight-
ening the fouar knurled nuts to fasten
it o the frame.

Step 6. Connect the captive head cables at
their locations on the electronic as-
sembly.

Step 7. Connect the captive CABLE TO
ELECTRONICS to the electronic as-
sembly.

Step 8 Replace the back panel, making cer-
tain that all cables run freely through
the semi-circular cut-outs at the bot-
tom of the sliding panel.

Two Case Portable Models

The two casc portable medels arc shipped
in a veady to operate condition, cxcept for the
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connection of interconnecting cables. Conven-
jent rubber feet are locuted at both ends of
cach case, and metal rests are provided on the
backs of each casc. To set up the equipment
{ollow thesc sleps:

Step I:

Step 2:

Step 3.

Step 4.

Step 5:

Arrange the cases so that the mechan-
ical assembly case is to the right of
the clectronic assembly case.

Unlatch and remove the top cover
and the side access door on the me.
chanical asscmbly case.

Unlatch and remove the front and
reat covers on the electronic assembly
case.

Uncoil the interconnecting cables
from behind the cable access door on
the tape transport case and plug them
into mating receptacles at the rear
of the eclectronic assembly.

Connect the a-c power, and the input
and output to the rear of the elec-
tronic assembly

. '_?" = i

- ! e if

o

o —= e ﬁ —— S ‘%

JomEEs @ ¢
o S

oo

{ 9

AMPEX]

—
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Rock Mounted Models

Mount these versions of the equipment on
a standard 19-inch relay rack with the mechan-
ical assembly above the main elcctronic panel

POWER CONNECTION

Conncct the power cable from the a-c
POWLR input connector, J20, on the eleclronic
assembly to a convenient 117 volt a-c power
source.

OUTPUT

A mating connector for LINE OUTPUT is
supplied. The user must fabricate his own
cables, using the connectors supplied with the
recorder.

Studio Line

Plus 4 vu, 600 ochm line output, balanced or
unbalanced, is available at line output conncc-
tors J3 and J4. A two-wire shielded cable should
be used and should be wired (o the supplied
mating connector so that the two wires of the
cable are connected to pins 2 and 3 and shield
is connected to pin 1. This will provide balanced
output. I{ unbalanced outpul is desired, a
jumper should be wired between pins 1 and 2
of the mating connector.

High Impedance Amplifier Input

Wire the mating connector so that pin 3 of
the line output connector, J3 or J4, is commected
to the high side of the amplifier input Strap
pins 1 and 2 of the mating conncctor for con-
necction to the cround side of the amplifier
input.

INPUT

During this discussion refer to the foldout
illustration - Schematic Diagram-Electronic
Asscemblics at the back of SECTION 8

Microphone Input

Any low impedance microphone having a
nominal impedance between 30 and 250 ohms
can be plugged into the equipment. The use of
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microphones requires that an optional micro-
phonc preamplifier be inserted into transformer
socket 4]15 (channel A) and/or 4)16 (channel
B). Wire the mating conncctor so that the mi-
crophone is connected to pins 2 and 3 of the line
input connector, J1 (channel A) or J2 (channel
B". The cable shield must be connected to pin 1.

High impedance microphones are not recom-
mended for use in this equipment because, in
general, the quality is not satisfactory for pro-
fessional work.

Bridging o Balanced Sfudio line

Connect a balanced linc to pins 2 and 3 of
the input connector, J1 or J2. Pin 1 is ground.
The plug-in linc input transformer must be
inserted into the transformer socket, Rms input
levels of zero to plus five dbm can be accom-
modated. I'he load placed on the line is ap-
proximately 20K ohms.

Bridging an Unbalanced Source

Connect an unbalanced line. radio tuner,
ctc., to pins 1 and 3 of the mput counector.
Pin 1 is the ground side. The shorting bar must
be inserted between pins 3 and 8 of the trans-
former socket. This connection provides a 100K
ohm bridging input An rms program voltage
of onc volt is adequale

PHONES

High impedance head phones must be used.
To monitor the incoming line or reproduce out-
put, plug the high impedance phones into phone
Jjack J17 (channel A) or J18 (channel B) on the
amplifier face panel To preserve low frequency
response, feed into an input impedance of 50K
ohms ot higher. To preserve high frequency re-
sponse, the cable capacity should not exceed 500
pfd total.

60 CYCLE AMPLIFIER

The Ampex Model 375 Precision 60 Cycle
Amplifier can be plugged directly into the
equipment at J503S. No other connections arc
necessary. The Model 375 is used where power
sources are erratic and thcre is need for a pre-
cision 60 cycle time basc for driving the cap-
stan.
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CAUTION

If this unit is used with the Recorder/
Reproducer, the control circuit fuse
F402 must be increased to S amperes.

NOTE

Do not remove the dummy plug
P503P unless the 60 cycles amplifier
is connected.

OVERALL PERFORMANCE CHECK

(Read SECTION 4, OPERATION before mak-
ing these checks.)

Make the following cquipment performance
checks at the time of installation and when
necessary thercafter:

REPRODUCE (Playback) LEVEL

REPRODUCE (Playback ) RESPONSE

REPRODUCE (Playback ) NOISE
MEASURLMENT

RECORD CAIL.IBRATION
FREQUENCY RESPONSE
RECORD NOISE MEASUREMLENT

NOTE

It should be noted that this machine
lias been adjusted al the factory to
produce frequency response within
specifications when recording on an
average tape. In the last few years the
Igh [requency output frowm tape lhas
miproved tremendously. In order to
keep pace with these improvements,
in the swummer of 1959 Ampcex sel-
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lected a new “average” tape to adjust
bias and record equalization.

Complete instructions for making the above
checks are given in SECITON 8 ALIGNVMENT
AND PERFORMANCE CHECKS.

DISTORTION

Overall distortion can be measurced by con-
necting any standard distortion measurcment
apparatus across the output. The readings from
a wave analyzer or selective frequency distor-
tion meter will be more accurate than those
from a null type instrument at lower distortion
levels. Distortion rcadings are somewhat de-
pendent on tape. A reading of 1% is normal
al operating level while a reading of 3% is
normal at 6 b above opcrating level. Second
harmonic distortion is negligible, mcasured
distortion is predominately third order.

FLUTTER AND WOW

Flutter and wow are produced by periodic
irregularities 1n tape speed and appear as fre-
quency deviations in recording or reproduction.
They can be measured by means of a calibrated
flutter test tape (see “Accessaries” section) and
a standaxd flutter bridge. Readings will be near
or below 0.11% rms at 15 ips, 0.14% rms at
7V2 ips, and 0.18% at 3% ips. The Ampex pri-
mary standard of measurements is based on
the use of a flutter meter calibrated to indicate
the deviation from mean carrier frequency of
any rate between 0.5 and 250 cps expressed in
percent rms,
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INTERCONNECTING

Catalog From To
Cahle Number Qty Receptacle Chassts Receptacle Chassis
A-c 2413-00 (1) J20 POWER Electronic A-c Source
Assembly
Power (1) J19 TAPE Electronic CABLE TO Caplive at
Intex- TRANSPORT Assembiy FLECTRONICS Tape Transport
connecting
leproduce (1) J9 PLAYBACK IClectronic Captive at 'I'ape Transport
Head (Ch. A) HEAD Assembly
Reproduce (1) J10 PLAYBACK Electronic Captive at Tape Transport
Head (Ch. B) HEAD Assembly
Record (1) J7 RECORD Electronic Captive at Tape Transpoit
Head (Ch. A) HEAD Assembly
Record (1) J8 RECORD Electronic Captive at Tape Transport
Head (Ch. I¥) HEAD Assembly
Erase (1) J5 ERASE Electronic Captive at Tape Transport
Head (Ch. A) [TEAD Assembly
Erase (1) J6 ERASLE Electronic Captive at Tape Transportl
Head (Ch. B) HEAD Assembly
TAPE {RANSPORT ASSEmMmBLY

ocove hoody

record hoods

roproduece heod:

cable to
alecironica

P

ELLCTRONIC ASSEMBLY

Sislels

N line inpur 42 J3 lina ovigwr )4

orave
Neood

tecord
beod

QIO

OF

Nne

playback
heod

1§
11
(|

Jope Hi@nipoil

© &

ne

power
)20

fuie (vse
[ 3] F2
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GENERAL

The 354 Scries recorder/reproducers are
available for two wrack stcrcophonic operation.
All opcrating controls arc located on the tape
transport with the exception of the record con-
trol which is on the front panet of the clec-
tronic assembly. When the remote control unit
is furnished, duplicate tape motion controls, a
RECORD button. a RECORD INDICATOR
light and a TAPE. MOTION indicator light arc
mounted on the remote unit.

The equipment can accommodate the NAB
10% inch diameter tape reels or the EIA 5
and 7-inch recls. Provision is made for selec-
tion of proper tape tensioning at the REEL
SIZE switch on the tape transport for the
LARGE or SMALL size reels.

NOTE

In the LARGFE reel position both the
rewind and take-up reels must be NAB
type and in the SMALL reel position
both reels must be EIA.

Either of two capstan drive motor speeds
can be selected at the LOW-HIGH TAPE
SPEED switch on the tape transport.

On the front panel of the electronic assembly

are facilities for setting RECORD LEVEL, se- .

lecting the channel(s) to be recorded, and
selecting LOW SPEED or HIGH SPEED
EQUALIZATION. Two phone jacks (PHONLES)

Section 4
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for monitoring, a RECORD button, two BRE- OFF switch are also miounited on the electronic
CORD INDICATOR lights, and a POWER QON- assembly front panel.

SUMMARY OF CONTROLS, SWITCHES AND INDICATORS

Schematic
Reference
Item Symbol Location Function
POWER S6 Electronic Controls power to the electronic and mechan-
Assembly ical assemblies. When power is on, capstan
front panel will rotate if tape is properly threaded or the
tension arm safety switch is mechanically
closed. The vu meter lamps light when power
ison,and arc not affected by the safety switch.
Provides a means for visually monitoring re-
cord input level and reproduce output level.
TAPE SPEED S503  Tape Transport Determines speed of the capstan drive motor
control cluster by high or low speed winding. Used in con-
junction with EQUALIZATION switch S2.
EQUALIZATION S1 Electronic Used to select appropriate equalization cir-
Assembly cuitry for tape speed chosen.
front panel
REEL SIZE S504  Tape Transport Adjusts tape tensioning circuitry for the reel
size used.
The switch is closed when (LARGT. position)
NAB 10% inch reels are used. In the SMALL
position the switch is open, connecting re-
sistance R502 in series with the torque
motors, thereby reducing holdback and take-
up tension.

RECORD SLELECIOR S4 Electronic Provides bias and crase current to channel A
Assembly only when in chaunel A" posinion if RE-
front panel CORD button 1s pressed. provides bias and

erasc cwurent to channel B when in ¢channcl
“B” position if RECORD bution is pressed:
provides bias and crasc current to both
channcls when in “A & B” position if R[-
CORD button is pressed; and docs not pro-
vide bias or crasc current to cither channcl
when in either SAFLE position regardlcss of
whether or not the RECORD button is
pressed.
RECORD LEVEL R1 Electronic Adjusts record level.
R2 Assembly
front panel
VU METER M1 - Electronic Provides a means for visually monitoring
M2 Assembly record input level and reproduce level.

front panel

89-0131
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PLAY button S505  Tape Transport
control cluster
RECORD button S5 Electronic
Assembly
front panel
REWIND button S507 Tape Transport
control cluster
FAST FORWARD §506  Tape Transport
hutton control cluster
STOP bution S502  Tape Transport

control cluster

ou LPLt SELECTOR 27 Electronic
S3 Assembly

front panel

Controls tape motion in the reproduce
(PLAY) and record modecs. Interlocked with
rewind and fast forward modes.

Controls the record relay in the electronic
assembly. Power is applied to the bias erase
oscillator when this button is pressed. The
PLAY button must be pressed to put the tapc
in motion before the record button is used.

Controls thc rewind relay. Full a-c power
is connected directly to the rewind (supply)
motor when this button. is pressed, the re-
sistance 11504 1s placed in the a-c circuit to
the take-up motor.

Controls the fast forward relay. Connects full
a-c power to the take-up motor and places
resistance 11304 in the a-c circuit to the
rewind motor when this button is pressed

When this button 1s pressed, the brake solen-
oids and all velays arc de-cnergized.

[n the REPRODUCKE, posttion. the v-u meters
indicate the signal level at the secondary of
the output wansformer. In the RECORD
position, the v-u meters indicate a “flat” read-
ing of the input signal.

OPERATING TECHNIQUES

Threading the Tape

Thread the tape as shown in the illustration.
Unwind and inspcct all new factory wound
reels of tape by running them through in the
FAST FORWARD modc. New tapes may be
looped to the hub 1n such a manncr that the
tapc will not come free at the end of the reel.
This will prevent the safety switch (S501)
from disengaging the capstan idler from the
capstan, which in turn results in a flat being
worn on the capstan idler wheel. (Any adhes-
ive material accumulation on the rcel hub
may also keep the tapc from coming free at
the end of the rcel, and should therefore be
removed with solvent.)

Power

Power is supphed  thirough power  switch
SG which must be tarned on to aperate the
clecrvonic and  mechanical  assemblies. The
mcchanical assembly and clectronic assembly
are indnaduwdly Tused by the 3 ampere contro)
circuil fuse T'T and the %4 ampore clectronte

)

fuse 192,

59 0031
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Tape threading path

Speed Switches

There ave two swiltches associated with op-
crating speced. The tape specd switch S503 de-
(ermines the speed of the capstan drive motor,
and the equalization switch S1 changes the
cqualization n the amplifiers appropriately
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Tape Motion

The tape motion is controlled by means of
four pushbuttons labeled REWIND, FAST
FWD STOP and PLAY.

PLAY OR RECORD

The ape is set into play motion at the speed
sclected by the tape speed switch when the
PLAY button S505 is pressed. To change from
play (o the recoid mode with the tape in mo-
tion, press the RECORD button S5 on the clee-
tronic assembly.

STOP

To stop the tape while it is moving in any
mode, press the STOP button S502. The equip-
ment will stop automatically if the tape breaks
or runs off either reel.

FAST FORWARD

The equipment can be started in fast for-
ward or switched to fast forward from any of
the operating modes by pressing the fast for-
ward button S506.

REWIND

The equipment can be started in rewind or
switched to rewind from any of the operating
modcs by pressing the rewind button S507.

NOTE

In using cither the fast forward or
rewind mode, it is destrable to remove
the tape from direct contact with the
heads by opening the gate of the head
asscuibly. This will reduce wear on
the heads and prevent the oxide coat-
ing on the tape from depositing on
the heads and impairing their por-
formance.

Editing ond Cueing

Indexing the wape as in ediung or cucing, or
when approaching the end of the reel, is simph-
fied by holding down a combination of buttons.
Tape motion can be reduccd by holding down
the fast forward and rewind buttons simultan-
cously, and then alwrnating between the (wo

to control tape direction. When the desired
point is reached, the STOP button must be held
down unlil the fast forward and rewind but-
tons are released.

CAUTION

Never press the STOP and PLAY but-
tons in rapid sequence when the tape
is traveling at high speed in the RE-
WIND or FAST FORWARD modes.
Thas will almost invariahly break the
tape simce it docs not allow the tape
to stop before the capstan idler locks
it to the capsian.

Reproduce (Playback!

To reproduce a previously recorded 1ape.
place the OUTPUT SELECTOR switch, §2 or
53 or both. in the REPRODUCE position, then
start the tape in motion as indicated under
PLAY. RECORD SELECTOR switch, S4. should
be in cither of the two SAFE positions.

Record

To record a new program an previously ie-
corded wape. or on blank (ape, place the QUT-
PUT SELECTOR switch. S2 or S3 or both, in
thec RECORD position and the RECORD SIE
LECTOR switch. S4. in cither of the SAFLE
positions. Turn the RECORD LEVEL control.
R1 or R2 or both. clockwise until the level veads
0 (zcvo) on the associated vo meter on the
most intense program peaks. The program can
be audiblv monmtored through cither the phone
jacks (PHONES). J17 and J18. or the line oul
connectors (LINE OUTPUT)Y. I3 and J4. be-
fore the tape is in motion. This direct monitor
feature allows the prograim to be sct up through
the machine without actually yecording duing
the sct up period.

When the program level s properly set. (urn
the RECORD SELECTOR switch, S4 1o the
"ATTA & B or "B position as applicable and
start the tape in motion as indicated uncer
PLAY. Then press the RECORD bution. S5
The RECORD INDICATOR. DS1 or DS2 or
both. will now glow and the cquimment s re-
cording,
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Issue A



JINIGY0J3Y 3dV1 JILINOVIN 10 SLAIINGQD JISvE  Guowses

BASIC CONCEPTS OF MAGNETIC TAPE RECORDING
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Fundamental Theory And Design Considerations For Professional Audio Equipment
Copyright 1960 by AmMPEX CORPORATION

FOREWORD

This discussion 1s intended only as an intio:tuc-
tion to magnetic tape recoiding, an attempt (o ex-
plain the fundamental theory in the simplest pos-
sible (urms As in any such endvavor there will no
doubt be avi:as which are over-simplified, «nd in these
instances it 1s requested that you remember the basic
objective stated above

‘wformation presented here was obtained from
varwous sources by the Technic:i Publication Scetion
of AmepExX PurorrssionaL Propucts Co. Audio Divi-
sion, Included in the Appendix is a bibliography which
lists the published works used. Other sources utilized
were AMPEX Tnginecring Reports (not available for
geucral distribution) and personal mterviews with
AMPEX engineering personnel.

GENERAL

Let it be understood to start with that vou are not
going to be bored by the Jong, drawn out, discussion
of thu - history of magnctic recording which 1s the
seccmingly inevitable preface to any attempts (0 ex-
plam the basic theory oi this process. Bul it seems
pertinent to point out that the first patent on a mag-
netic recording device was issued some 60 years a¢0
and it was originally anticipated that its main use
would be i the telephone and telesraph industries.
O magnetic SOLlHd 15 Not a yecent innovation.

1t is also interesting to note that probably the
first mugnctic recorder to use tape (stee] tape, that is)

instead of wire as the recording medium was dc
veloped for a motion picture application. About 1920
a British producer named Louis Blattner acquiud
patent rights to manufacture magnetic rvecording
cquipment for use in the entertainment field. His
machine, the “Blattnerphone.” supplied synchronous
sound for some of the first talking pictures 10 Eng-
litnd,

0143

Typwal professional quality recorder /reproducer n
portable case. Ampex Model PR-10-2 fits either a por-
table carrying case or will mount without modification
m « normal 19-inch rack.



A console mounted Ampex Model 354, two channel
recorder /reproducer

WHY MAGNETIC TAPE?

There are many advanlages to recording on 1o-
day's high quality magnetic tape. using professional
grade equipment No other device can offer com-
parable fidelity of reproduction. Tape provides
convenience of immediate playback without proces-
sing, and thce economy of being able to erase and re-
record. It furnishes a large storage capacity in a
minimum space, Technically one of its greatest attri-
butes is a gradual overload characteristic which ex-
acts a minimum penalty for slightly incorrect record
level adjustments. Audio recordings can be stored
indefinitely or replayed thousands of times with no
deterioration of signal. And tape still is the only prac-
tical means of recording professional quality stereo-
phonic sound, though two track discs are used ex-
tensively in home music systems, the original master
recordings for those discs are made on tape.

Magnetic recording has made possible the presen-
tation of three, four, and six channel sound in the
motion picture theater. In this instance, of course,
the magnetic material is striped on film rather than
on the usual plastic backing.

BASIC COMPONENTS OF A MAGNETIC TAPE RECORDER
Magunetic Tape

Modern magnetic tape consists of a plastic back-
ing, on which is deposited a layer of magnetic ma-
terial consisting of iron oxide particles suspended in
a synthetic resin binder. The iron oxide material is
the actual magnetization medium, and since it is in
the form of minute pacticles the recording process
must depend on the size. shape. orientatiou, and uni-
form distribution of these particles on the tape.

Manufacturers have greatly increased the quality
of magnetic tape over the past few years, but it re
mains true that variations m magneuzation within
individual wavelengths will occur. The magnitude of
these variations will depend on the factors noted in
the preceding paragraph.

A random packing density of the oxide particles
will impose a random vanaton of .mplitude of a re-
corded signal, which will appear as noise in the repro-
duced output. In high frequency applications, wherce
only a surface layer of the tape 1s imnvolved. 1the signal-
to-neise raiic will be particularly affected.

If the backing which supports the medivm is not
umform in thickness. it will create variations in the
deposit of oxide coating at the base, In low frequency
wark the under lavers assume importance and such
variation 1 coating will. acam, be reproduced as
noise.

Any lack ol wniformity m the coaung implies a
lack of perlfect flatness al the (ape surface. so separa-
tion of the tape from the heads will vavy. T'has will
affect the output capabilities (sce Frequency Re-
sponse ). Suitable polishing of the tape after manu
facture will reduce this variation, and some manu-
facturers arc wew pre-paolishing their professional
grade tape. This polishing also minimizes head wear
for equipment that will continually run new tape
such as duplicating systems for the commercial re-
cording industry.

Tape width variations can also causce troulile when
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The difference in response bceiuw.con polished (curve
A) and unpolished (curve B) tape is indicated on this
graph. Readings were tuken using new tape [rom the
manufacturer (B) and again after mechanical polish-
ing by Tunning the oxided surfaces against each other

(A).



the clearance on guides is limited to minimum figures
to abtain extremely accurate guiding. If the width of
the tape then exceeds tolerances, the guides will bow
the tape, and it will again be lifted from contact with
the heads. Slitting the tape must, therefore, be rigidly
contralled.

The binder material must be wear resistant. This
is not primarily a matter of ensuring the durability
of the recording, but rather is to minimize oxide de.
posits on components in the tape threading path (see
Cleaning). Of course, if the binder breaks down suffi-
ciently to cause signal drop-outs it would affect the
durability, but this will be encountered normally only
after prolonged use at high tape speeds not vsually
employed in audio work.

There are several considerations conccrning the
iron oxade particles which affect tape characteristics.
These include the size and shape of the particles, and
their physical orientation so that the axes of easy
magnetization are longitudinal 10 the direction of
recording.

In addition to all the above, tape must he strong
enough to wilhstand the stresses it will undcrgo in
normal operation, and pliable enough to follow the
required turns in the tape threading path

Recogniziny that the quality of magnelic record-
ing is today limited by the properties of the tape, not
the equipment, AMPEX recently entered the tape man-
ufacturing field. It is felt that the association of Am-
PEX and its subsidiary — Orr Industries Co. — will
result in definite improvements in the art of magnetic
recording.

Heads

No assembly in a magnetic recording system is
more important than the beads, which convert the
electrical current to a magnetizing force during the
recording operation, then reconvert that magnetism
to an electrical current during the reproduce mode.
Professional quality equipment employs three separ-
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Construction of a typical magnetic head.

ate heads - erase, record, and reproduce - each
especially designed to perform its specific function.

Recording

The operation of the record head is essentially the
same as that of an electro-magnet. If we insert a corc
of permeable material within a coil of wire, then Tun
a direct current through that wire, we can set up an
ntense magnelic field that will attract any nearby
material that is capable of being magnetized. If in-
stead of the direct current, we use an alternating cur-
rent, we would first attract then repel that material
(at a rale controlled by the frequency of our a-c)
until it assumed a position that was neutral in respect
to the altermating field.

In a magnetic recording head the core is shaped
like an incomplete ring — the discontinuity forms the
head “gap” — which is inserted within a coil of wire.
When the signal to be recorded is converted to an
electric current and passed through the coil, a strong
magnetic fitld 1s created across the gup. If we now
pass our magnetic tape across the gap, the iron oxide
particles in the tape will be magnetized in a pattern
which 1s a function of the instantaneous magnitude
and polarity of the original signal. Understand here
that thesc particles do not physically move, but are
simply magnetized by the flux at the head gap so that
each individual partcle contributes to an overall
magnetic pattern,

The wavelength of the signal recorded on the tape
depends upon how far the tape mowves during each
complete alternation of the signal current. For ex-
ample, if we were recording 60 cycles at 15 inches
per sccond, each cycle would be recorded on a 0.25
inch scgment of the tape; if our frequency were 6000
cycles and our tape speed 7V%2 inches per second, each
cycle would be recorded on a 0.00125 inch segment
of the tape. Such computations may be continued for
any frequency at any tape speed by simply dividing
the tape speed (in inches per second) by the fre-
quency (1n cycles per second).

This brings up a point that sometimes confuses
indiwviduals accustomed to considering wavelength
and frequency as being practically synonomous terms
— that a certain wavelength can denote only one fre-
quency or vice versa. This cannot hold true on any
device which employs a moving medium (o store the
information. For example, say we record a frequency
of 10,000 cycles at a tape speed of 15 ips. If we re-
produce that tape at the same speed we will re-creale
our original signal; but if we reproduce the tape at
7V ips the same wavelength on the Ltape will result
in a signal of only 5,000 ¢ps, if our reproduce speed
is 3% ips our signal will be 2,500 cps. Similarly. if
we record 10.000 cps at 15 ips the wavelength is 1.5
mils, if we record the same signal at 7%% ips the wave-
length is .75 mil, at 3% ips the wavelength is .375
mil. Thus, wavelength may vary for a constant fre-
quency and frequency may vary for a constant wave-

. length, dependent on the speed of our medium.



In magnetic recovding such diffcrentiation is Im-
portant. Certain losses - such as amplifier response,
self-resonance of head windings. ¢ddy current losses
in head cores, etc. are frequency-iependent losses.
Others —— reproduce gap losses, head-lto-tape spacing
losses, tape thickness losses, etc. — are wavelength-
dependent losses.

Erasing

Our major purposes 1n erasing aie (o obliterate
any prior recording and to leave the tape guiet. so
that it may be used again and again {for different
programs. Permanent magnets will do the erasing
job. but it is dificult to prevent these devices {rom
magnetizing the tape in one direction — a single pole
on the magnet wauld magnetize the tape to satura-
tion, and a high noise level would result in the subse-
quent recording. The common practice, therefore, is
to subject the tape to an a-c field which gradually in-
creases to a maximum maegnitude. then gradually de-
creases to zero

The erase bead Tunctions cxactly the same as the
record head. but it is constructed with a relatively
large gap which allows the flux to leak out over a
relatively large longitudinal area in the tape path
We send a high frequency a-c signal to the head. As
¢ pomt oun the tape approaches the gap. the alternat-
ing magnetic field gets stronger and stronger until
a maximum magnitude is veached directly at the gap
Then as the point recedes from the gap. toward the
record head, the field grows weaker and weakur until
it disappears, Remember here that we are talking of
relative distances, and the erasing field will disappear
hefore our point on the tape approaches the record
head.

Maguetic reproducing equipment in the motion picture
theater. Ampex installation along the far wall (at War-
wer Theater, New York City) provides six channel
stereophonic sound,

Reproducing

Although the reproduce head is constructed al-
most the same as the record head, it functions more
like an electric generator, When we mave a conducror
through a magnetic field, as we do in a generator, we
induce in that conductor a voltage whose amplitude
and polarity are functions of the magnitude and direc-
tion of the magnetic field. We can, of course. achieve
the same results by passing the magnetic field across
2 stationary conductor. as the only requisite is that
the conductor must cut the lines of force, (Note here
that, assuming a constant field. the amplitude of the
induced voltage 15 dependent upon the speed with
which the conductor cuts the lines of force.)

Similarly, when we move the recorded tape past
the gap in a reproduce head. the magnetic flux on
the moving tape will induce a voltage iy the head coil,
This induced voltage will be propartional to the num-
ber of turns of wire on the head coil, the permeability
of the core material «and the time rate of change of
the maguetic flux.

Assuming a constant tape speed across the head.
the last factor means that the owtpit of a given repro-
duce head will increase divectly with frequency (as
frequency rises there is a greater rate of change of
flux across the head gap for a given tape speed)
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Head gap terminelogy used iu this discussiaon (A) gap
length (B) gap with (C) gap depth.

In reproducing information from a vecorded tape
one important factor is the dimension of the tepro-
duce head gap We have scen that the magnetic flux
on the moving tape induces a voltage in the head
coil, but what actually occurs here is a little nore
complex than that simple statement implies.

Actually, the flux must travel to the coil through
each branch of the head core ({orced nto that path
by the high reluctance of the gap) and must result in
a voltage differential across the coil if a current is (o
be created, Therefoie, an iustantancous difference
in the magnitude of the moving flux mus( exist acrosa



the head gap. This means that the gap must always
intercept less than one complete wavelength of the
signal recarded on the tape (see High Freguency Re-
sponse). However, if the gap is too small the flux will
not be forced through the core to the coil, and signal
level will be reduced. An optimum design, tailored
to specific requirements of frequency response and
level is thus necessary

Tape Transport — General

The function of the tape transport is to move the
tape accurately across the heads at a precisely con-
stant rate of speed. We can consider that all tape
transports consist basically of three major divisions
— first a tape supply system, then a tape drive sys-
tem, and finally a tape takeup system. These divisions
can be likened to two reservoirs with a pumping sta-
tion between them that removes material {rom one
reservoir and adds it to the other. Most professional
quality equipment employs three motors (or their
equivalents), one each for the supply system, dnve
system, and takeup system; however, if weight or
volume is important (such as in portable 1machines)
high quality results can be obtained by using one
motor to drive the tape and employing mechanical
coupling (o the supply and 1akeup turntables,

Supply and Takeup Systeras

Usually, the tape supply and tape takeup systems
can be considered as identical assemblies, with the
only probably differences being in the brake configur-
ation and the connection to the power source, Torque
motaors (or their equivalent) are used to drive the
turntables directly. These maotors are connected (o
rotate in opposile directions when power is applied
— the supply motor opposing and the takeup motor
supporting the normal direction of tape motion.
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Typical professional quality tape transport showing
the top components on an Ampex Madel 300.

In the record and reproduce modes these motors
act simply to maintain proper tape tension and have
no influence on tape motion, which is controlled en-
tirely by the drive system. During this operation the
supply motor imparts tension by opposing tape mo-
tion, while the takeup motor attempts to turn slightly
faster than necessary to wind in the tape from the
drive system.

In the fast winding modes of Lape travel, the reel
motors do control the tape motion. Here one motor
is operated under full power and the other with re
duced power; Lhe greater torque of the molor under
full power overcomes the lesser opposing lorque and
tape is simply pulled from one reel to the other, again
under correct tension.

The Drive System

The drive system utilizes a synchronous motor
coupled either directly or through a pulley arrange-
ment to the capstan. The circumference of the cap-
stan and its rotational velocily determine the speed
of the tape in the record and reproduce modes

While tape speed is « [unction only of the cap-
stan, tape motion in record and reproduce is insti-
gated when a capstan idler (somelimes called a pres-
sure roller) clamps the tape between the capstan and
itself, thus providing a surface against which the
capstan can drive the tape. The capstan idler is nor-
mally couplcd to a solenoid, which in turn is actuated
by the play switch, This arrangement allows a “fast
start” condition in which the capstan molox is operat-
ing whenever power is applied to the equipment, and
tape can be quickly brought to full speed whenever
the play switch is pressed.

Head-10-Tape Contact

Good head-to-tape contact and proper placement
of the tape on the heads is extremely important. An
inherent characteristic of magnetic tape recording is
that the effective recording or repraducing of a signal
on magnetic tape deteriorates with any spacing be-
tween the tape and heads Thus, any loss in good
head-to-tape contact will result in impaired perform
ance — in recoxding there will be signal drop outs,
in reproducing there will be a loss in frequency re
sponse,

Tape Tracking

If the tape does not:track coxrrectly across the
heads, frequency response, phasing, and levrl will be
affected. Two guides will thus bridge the head assem-
bly. In professional quality equipment the positioning
of the guides will ensure good head-to-tape contact
and the accurate placement of the tape.

Tape Transport — Detailed Discussion®

Flutter and Wow

Flutter (or wow) 1s the aimount of deviation from
a mean frequency, caused by anything in the system
that will affect tape motion,

*From “Muliichannel Recording For Mastering Pur-
poses”, Journal of the A.L..S., October 1960.
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For instance, (o consider an exaggerated example,
if we were reproducing a sustained 1000-cycle tone
at a tape speed of 7% inches per second and that
speed suddenly dropped to 6 inches per second our
tone would be reduced to 800 cycles; then as normal
speed was again atlained the (one would return to
1,000 cps.

Differentiating between flutter and wow has his-
torically bheen difficult, but speaking generally we can
consider that flutler consists of components about 6
or 7 cycles per second, with wow components falling
below that figure. (Normal Autter will extend to ap-
proximately 250 c¢ps, but tape scrape flutter is usually
about 3500 cps.) Flutter and wow can result from
anything that aficcts tape mution; although the drive
system of a transport is most commonly blamed it is
nol always at fault.

Drive Requirements

Designing a drive systemn usually entails a com-
promise betwern low flutcer requirements and the
amount of money we can expect in return. There are
ways and means of producing transports that exhibit
extremely low flutter; the accomplishment, however,
is accompanied by a high price, These ultra precision
drives are usually employed only in certawn instru-
mentation and data type recorders. with the cost pre-
cluding their use in other than very special appli-
calions.

CAPSTAN ASSEMBLY — First, the capstan shaft, A
small, round shaft seems quite simple and harmless,
but it can be a real troublemaker. It must be round
within small tolerances (0.2 mil) and mounted in its
bearing it must exhibit minimum “run-out” (again,
0.2 mil) at the tape contact point, The shaft must be
corrosion resistant, and sufficiently hard to with-
stand wearing.

The diameter of the capstan should be large
enough to hold tape slippage and creep to a minimum,
with a compromise noymally necessary between the
diameter and the speed of the shaft. For a given tape
speed an increase in diameter demands a decrease in
rolational speed, which in turn requires more fly-
wheel.

We generally will use as much flywheel as the
drive motor can hwundle while maintaining syne, this
is simply a mattcr of filtering any cogging of the
dnve motor, or otlier irregularities. As the mass of the
flywheel increases, its efficiency in damping out high
Irequency irregularities improves, but 1t might start
to accentuate low frequency disturbances. If this
accurs we must provide some damping arrangemcant

for example, silicone coupling bctween the shaft
and flywheel.

DRIVE MOTOR - The drive molor must be of the
syrichronous type in order to maintain the necessary
spced accuracy. Hysteresis synchronous motors are
usually employed rather than salient pole (reluc-
tance) types, although the lattex is less expensive and
provides as good results insofar as flutter is con-
cerned. The reason for this preference is that the

hysteresis motor will sync a greater mass and thus
can handle a larger flywhec].

Supply and Takeup Assemblies

When motors are used in the supply and takeup
assembly they are usually of the induction type, with
high resistance rotors, Reel motors must be as free
from cogging as possible, because cogging in the hold
back system has been responsible for many flutter
problems that have been blamed on the drive assem-
bly It would be nice if we could discover a reel motor
whose torque would change with the tape diameter
on the reel, thus providing a constant tape tension
throughout the reel of tape. (VMarny constant tension
devices have been used in the past, but those designed
for audio equipment have not been 100 successful.)

AMPEX is now using eddy current clutches on the
turntables of some of the latest recorders. These de-
vices provide completely cog-free operation (depen-
dent only on a well-filtered d-c supply voltage) and
thus result in improved flutter and wow, There are
no commulators or slip rings, therefore no replace-
ment problem, and no rf intexference is generated.
Faster start times are realized because of the small
mass, and an associated low inertia, when corupared
to the roter of a conventivnal torque motor.

‘The brakes, generally associated with the tumm-
table assemblies, can be either of the mechanical or
dynamic type. AL AMPEX, the feeling has always been
that mechanical brakes are superior. With mechani-
cal brakes, a self-limiting — or at lcast 2 non-energiz-
ing — configuration should be used. lnergizing type
brakes that are not limiting will give quite different
braking forces as the coefficient of friction changes
with variations it temperature and humidity,

Another consideration in designing the brake
system is the differential. This differential, as applied
to magnelic 1ape recorders, means the difference
braking force that exists between the two directions
of turntable rotation — with the greater force always
acting on the trailing turntable (in respect to Lape
motion ). The differential is expressed as a ratio,

WOH 30T ADIUIIMENT 1OW SIDE ADIUSTMENT

Typicd mechanical brake assembly as used by Ampex,
showing the two adjustment points,



which is chosen to prevent excessive tape slack being
thrown in the stopping procrss from the narmal or
fast winding modes of operation,

Ree] Idlers

The main purpose of the reel idlex is to isolate the
heads 110m the disturbances originating in the supply
motor, by tape scraping aganst the reel flanges, by
splices as they leave the reel or by tape layecs slip-
ping as the reel unwinds ('Lhis last effect may be
quite prevalent if tape is wound so fast that air is
trapped between the layers, thereby producing a very
loose pack )

While the reel idler minumizes such disturbances,
we musl use care or we will creale more flutter than
we eliminare. Reel idlers shculd have minimum run.
out, beaungs must be selected for low noise and
smoothness of operation, and flywheels must be
dynamically balanced to close limits, And the diam-
etev of the idler and the tape wrap around it must
ensure positive coupling between the tape and the
idler, As with the capstan flywheel. a damping ar-
rangement might be necessary.

Mounung Piutes

Mounting plates shauld be sufficiently rigid 1o
maintain & natwal resonance above 300 cps —— or
notahly higher than the 60 and 120 cps exciting fre-
quencies which emit from torque motors and drive
motors., This rigidity is most important in the area
surrounding the rcel idler, heads and capstan, any
flexure 111 this area will cause flutter.

Ot course. another reason for a rigid mounting
plate i3 to hold alignment between the various com-
ponuents that control the twacking of the tape, This
is mare 1mportint on Y2 inch tape or l-inch tape than
it is with Y4-inch

AREA MOST CRITICAL FOR
STITENESS ANO FLATNESS

006a

The most critical area of the transport for rigidity and
flatness is shown by the shading,

CAPSIAN MEADS REEL IDLER

CAPSTAN CORIVE MOYQOR Q140

Back view of a typical professional tape transport.
Dashed line wdicates heavy mounting casting em
ployed in arvea wherve rigid comsituction is critical,
(Ampex Model 300.)

Tape Guiding

Next to flutter, our most difficult problem of tape
wansport design is 1the tape guiding. Ceitain design
rules must be lollowed. All components in the tape
threading path must be kept in accurate alignment —
this means maintaining exacting tolurances on the
perpendicularity and flatness of all such components
(turntables. reel idlers, heaids, capstans, etc.)

The capstan idler must hit the capstan squarely,
or the tape will be diverted up or down. ['ape guides,
either rotary or fixed, should not be too small in cham-
eter, and guide widths must be held to close toler-
ances —- normally not more than 2 mils over tape
width and preferably less. (Tape itzclf is slit to a (ol-
erance of O to 6 mus under the nominal dimension.)

Tape guiding problems are multiplied when we
use thin base tapes. This is caused by the loss of stiff-
ness at the edge and becanse we must use lower ten-
sions with this type (ape.

Incidently, if we have a well designed tape trans-
port that has received good maintenance and sud
denly bhave tracking problems, we can suspect the
tape itself. A quick check on the tape is to stretch out
an approximate three foot length beside a straight-
edge. If it does not line up with the straightedge it
has been poorly slitted, or stored on a poarly wound
reel, and the best thing to do is dispose of it —
quickly!

Takeup Tension Arm

The main duty of the takeup tension arm is to
act as a tape storage loop and thus takeup any tape
slack that occurs during starting. It also usually incor-
porates a safety switch that automatically stops oper-




ation when tape is exhausted from the reel, or if the
tape breaks.

Operational Requirements

We 1must provide adequate torque for the fast
forward and rewind modes, with the actual (orque
requirements varying with the tape width, But we
must bear in mind that excessive torque might result
in our exceeding the elastic limits of the magnetic
tape, and result in breaking or deforming (he tape.

The tape must be stopped without damage. The
elastic limit of the tape again delermines our maxi-
mum bralong force. Since a minimum brake difter-
ential must be maintained, this factor also determines
our lower braking limit.

We must also have reasonablle start and stop
times.

Therefore, we must provide vptihnun torgue and
braking force, adequate for fast winding and accept-
able start and stop times, but which will not exceed
the elastic strength of our medium. Typical values
for a Ye-inch tape equipment would be 35-40 ounce-
inches of toxque, with a maximum braking force of
approximately 30 ounces, measured on a 2%a-inch
radius (N.A.B. reel hub).

TAPE THREADING — From the human engineering
standpoint, tape threading paths using the wrap-
around principle are superior to those utilizing a
“drop-through-the-slot” type. The utmost efficiency in
threading tape would be provided by a transport thal
had a simple wrap-around path from supply reel to
takeup reel, with no necessity for threading behind
idlers, guides, etc. Unfortunately this perfection is
impossible of achievement — although it can be
approached — because of the necessity for threading
the tape between the capstan and the capstan idler.
Of course, a transport employing a system of self-

Magnetic cquipment in the recording industry. Ampex
Madel 300-3 installed at United Recording Studios,
Hollywaond.,

threading, with reels compatible with those now
existing, offers a definite improvement. The threading
path can then be engineered for optimum perform-
ance of the equipment, disregarding the human
equation,

TAPE WRAP The amount of wrap-around the
heads should be held to 3 minimum, because the
build-up of tape tension will increase with the degree
of head wrap. Depending on the flexibility of the tape
and the geomelry of the head, it is possible that a
large tape wrap will result in the tape bowing out at
the apex of the head and losing contact al the gap. A
wrap of 4 o 6 degrces on each side of (he head gap
has proved quite satisfactory.

Large tape wraps (in degrees) around small dian-
eters should be avoided. This is not only a case of
holding tension build-up to 2 minimum While there
are no qualitative data avalable it has been proved
that sharp bends around siwall diameters result in
measurable losses of recorded high frequencies durtng
the first three or four playbacks.,

Tape wrap avound the reel idler must be suflicient
to ensure a good, solid coupling between the tape and
the idler. On AMrix machines operating at 60 and
120 ips, it has been necessary to groove the tape con-
racting area of the idler pulley so that the air film is
dispelled and good coupling is ensured. The eflect of
insufficient coupling can be seen jn the fast forward
or rewind modes of a standard recovder; the air film
picked up hy the fast moving tape aclts as a cushon
and the idler barely turns. The air film can be advan-
tageous if we wish to operate in a fast winding meode
without mechanically lifting the tape from the heads,
but it proves quite troublesome at times (especially
when we are trying 1o get 2 good pack during a fast
winding made using 1-inch tape).

DRIVE LAYOUT — The heads, capstan and capsian
idler should be arranged so thai thu tape from the
heads first contacts the capstan not the idler In those
layouts where the tape from the playback head con-
tacts the idler before reaching the capstan, thece will
be flutter — caused by idler run-out, by variations in
the hardness of the rubber around Lhe periphery, and
by bumps or voids in the tire.

NUMBER OF COMPONENTS — The nnumber of tape
contacting components should be be held to a mini-
muin, because every additicnal part means moxe
build-up in tape tension. This build-up is a function
of the number of tape contacting components, the
degree of tape wrap around each, and their suxface
roughness. The geomeury of the layout must eliminate
unnceessary guide posts, idlers, etc. Tension build-
up can also be reduced by mounting the necessary
compenents on ball bearings, or on other types of low
lorque bearings.

Electronic Circuits

There are three main electronic circuits which
usually arve provided — a record amplifier, a bias
and erasc oscillator, and a reproduce preamplifier.
These will normally be quite conventional audio



0004

Typical two channel electronic assembly. Ampex
Model PR-10-2 professional recorder /reproducer.

circuits, except for certain minor modifications made
necessary by the special application. (Note here that
such necessary items as line amplifiers, power am-
plifiers, loudspeakers, microphones, mixers, etc , are
not considered part of the magnetic recorder.)

Record Amplifier

The function of the record amplifier is to pre-
sent to the record head a signal current of proper
amplitude for the recording process. The record head
is esscntially an inductance whose impedance will
vary direcuy with frequency. The magnetizing force
1s dwcectly related to the amount of current which
tlows in the head coil. so high frequencies would suf-
fer if the rising impedance of the head coil at the
higher freguency were allowed to decrease the corrent
flow appreciably, Therefore, the output circuit of the
amplifier will present a relatively high resistance in
respect to the head coil, which will now have a minor
effect on the complete ciccuit, a virtvally constant
current condition is thus maintained regardless of the
frequency involved

[n order Lo Jurther ensure proper recording of
high frequencies, the recovd amplifier also contains a
pre-emphasis circvit which essentially provides more
amplification as frequency rises, Because the repro-
duce curve has been standardized, the pre-emphasis
circuit is adjustable to reproduce a flat overall re-
sponse when the reproduce amplifier is set on the
standard curve,

A-C Bias

The normal magnetization curve of any ferro-
magnetic material is extremely non-linear, with the
slope near the point of origin practically zero. Theo-
retically we should be able to record in this region
with no correction (it is sufficiently linear) by main-
taimng signal amplitude at a sofficiently low Jevel
However, such a recorded signal would be so small
that the signal-to-noise ratio would be unacceptable.

By using carefully chosen values of d-c bias we
can utilize the approxbmately linear portion of the
curve in recording a limited range of alternating
signal amplitudes. But lower basic noise and more
linear results over a greater range of signal levels can
be accomplished by usiug an a-c bias voltage, The fre-
quency of this a-c bias is not critical, but it should be

several times that of the highest signal frcquency (in
AMPEX audio equipment the bias frequency is nor
mally 100 kc).

Fundamentally, biasing with an a-c field is similar
to a long-knawn method of achieving an “ideal” (or
“anhysteretic”) magnetizadon. I(n this method, an
alternating field of high amplitude is superimposed an
an unidirectional field, then the amplitude of the
alternating field is gradually reduced to zero. The
result is a remnant magnetzation that is a linear
function of the uniditectional field. The maximum
amplitude of the alternating field is unimportant as
long as it exceeds a certain level, and the final state
of magnetization will depend only on the value of
the unidirectional fleld when the alternating field
steength falls below a certain level,

If we assume that while a point on the moving
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Anhysteretic intensity of magunetization (f) is plotted
against the unidivectional field serength (1) far various
amplitudes of a- bias in this chart. {e (A) the hias
field was reduced while holding the unidirectional field
constant. In (B) both fields were reduced simulta-
ncously. Note in (B) that increasing the bias field
beyond a certain value decreases the intensity of mag-
netization.



tape is within the gap of the record head il is sub-
jected o a high frequency alternating field that is
maximuwm at the center of the gap and decreases
smoothly to zera on either side, plus a signal field that
looks like an unidirectional field fox that instant, we
can see the degree of similarity that exists between
the ideal magnetization method and an a-c based
magnetic recording

As usual, however, there 1s one major area of dif-
ference. In the ideal method, the unidirectional ficld
strength is held constant while the alternating ficld
decreases to zero. In magnetic recording both ficlds
reduce at the same rate as the point on the tape
leaves the record gap, and the remnant magnetization
on the tape will be determined by the signal strength
when the bias reduces to the critical level, As 2 con-
sequence, the remanent magnetization in recording,
while linear, is always less than could be achieved by
the ideal method. Another result is that the amplitude
of the bias signal becomes important, because we
find that the recorded level falls as the bias is in-
creased beyond a certaxn value. This is explained by
the fact that an excessive bias current can place the
critical bias field strength well beyond the trailing
edge of the gap, where the signal field strength is Jow.
(Remember here that the only effective signal field
is Lthat which exists where the critical bias field is
located.)

Using a-c bias, the output of the system can be
peaked :tt any given frequency by the proper adjust-
ment of the bias current. A complication arises in
that the bas current necessary to achieve maximum
cutpul at low frequencies will result in a decreased
output at high frequencies We therefore adjust the
bias at a given wavelength of the signal on the tape
(see Record Bias Adjustment).
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Reproduce Amplifier

Preliminary amplification of the signal induced in
the reproduce head is accomplished 1n the reproduce
(ot "playback”) preamplificr. You will recall that the
output of a reproduce head vises directly with fre-
quency. This increasing oulput is 41 an approximate
s1x db per octave rate (a very technical way of saying
that the voltage output doubles each time the fre-
quency doubles) so an opposite characteristic is re-
quired to obtain a Rat overall frequency response

An integrating amplifier, which attenuates 1ising
frequencies at a 6 db per octave rate, is thus necessary
for the reproduce function. The NAB standard curve
incorporates this mtegrating amplifier modified by a
vising frequency characteristic (or “post emphasis”).
This post emphasis is achieved by an c-c circuit with
a time constant diclated by (ape speed and set by
standards — for example, NAB siandards for 7/ or
15 ips calls for a 50 microsecond time constant.
which places the -3 db point at 3,180 cycles

FACTORS IN DETERMINING IMPORTANT
OPERATING CHARACTERISTICS

General

The most important operating characteristic in
any sound storage device are low distortion, high
signal-to-noise, good frequency response, and low
flutter and wow. The last was thoroughly covered in
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the discussion of the tzpe transport, so we will treat
the first three in this portion and then follow with
additional factors encountered in stereophonic re-
cording.

Distortion

Distortion in magnelic recording is a function of
both the bias adjustment and the recording level. We
have already seen the effect of the bias voltage near
the point of zero magnetization on the tape (sec
Electronic Circuits) so in this we will cover only the
effect of the recording level.

To achieve a maximum signal lo-noise ratio, we
wish to record at the highest possible signal level.
But as we increase our recording levcl we will even-
tually reach the point where any further increase
has little effect 1n magnetizing the tape. We have
“saturated” the medium, and any addilional current
n the record head will simply give distortion.

In distortion caused by over-recording, the odd
harmonics will stand out, with the thitd harmonic
predominaung Our prevailing standards define the
normal recording level as the point where there is a
1% third harmonic content of the signal, and the
maxumum recording level as the point where there is
a 3% third harmonic conlent

Such a standard implies that the professional user
will have equipment to adjust his recorder to meet
these distortion specifications. It is rare that wave
analyzers or distortion meters are available, therefore
the calibration is usually made by using a standard
tape (see Basic Adjustmenits).

Signal-To-Noise Ratio

Many faclors complicate the signal-to-noise prob
lem, some of them entirely beyond any control of the
manufacturer of magnetic tape recorders.

First is the tendency of both studios and “hi-fi”
fans to reproduce music at a greater volume than that
of the original source. This, of course, also increases
the audible noise level.

Then there is the fact that the average loud-
speaker is deficient in response, and directional at
high frequencies The deficient response sometimes
vesults in the user increasing the high frequency
encrgy eclectrically (with an equalizing circuit)
during the recording process. This extra high fre-
quency enecgy increases the problems that exist in
high frequency overloading. The directional pattern
at high frequencies means thati, if the average high
frequency energy throughout the room is to equal the
encrgy at lower frequencies, the high frequency
¢nergy on the axis of the speaker is higher (han that

of the middle frequencies, and the audible noise level
is increased. The noise coming {rom a small area is
also more noticeable than if it emanated from a large
source.

But probably the major complication is that the
human ear is most sensitive to noise in the 1 to 6 k¢
area, and the noise below 100 cps must be very great
before it is objectionable. The usual meter indication
consists largely of the low frequency component of
noise, which 1s inaudible; it is for this reason that a
recorder which tests quieter than another on our
normal rneasuring devices sometimes sounds noiser
when we actually listen to it (Significant noise meas-
urements, therefore, can be achieved only by using a
weighting network with an inverse response to that of
the human ear.)

But these are things we cannot control What
can we do to get the best signal-to-noise ratio?

Qur major limiting factor today is the magnetic
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Typical spectral moise density of the system (dash
line) and Lhe equipment (solid line). Readings taken
on an Ampex full track Model 351 at 15 ips. Noise
spikes occur at 60, 120, 180, and 300 cps wn both
curves (that at 60 cps rises to —S5 db and —57 5 db
respectively). System noise taken with tape in motion,
equipment noise with tape stopped.

tape Our “system nose” (which includes the tape)
is from 8 1o 10 db lagher than our “equipment noise”.
A theoretical study has shown thal an improvement
in the noise characteristic of the tape should be
possible by decreasing the size of the oxide particles,
and tape manufacturers are experimenting with this
theory.

Assuming a given lape noise, we are mainly con-
cerned with irack width, track spacing (in multi-
channel equipment), tape speed, and equalization,

Track Width

Where the maximum signal-to-noise ratio is nec-
essary, wide tracks are desirable, but there are certain
limitations. Economically, the amount of tape used,
and therefore the cost, increases roughly in propor-
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tion to the track width. Technically, beyond a certain
track width it becomes difficult to maintain accurate
azimuth alignment.

If the signal-to-notse ratio is detevmined by the
medium itself, (the tape noise is at least 8 to 10 db
above the equipment noise) then rhe signal-to-noise
of the system is proportional Lo the square voot of the
1rack wadth.

So, just how wide should the (rack be? As the
track width increases, closexr and closer mechanical
tolerances must be held te maintain the same linear
alignment accuracy. which determines the azimuth
aliginoment and therefore the high frequency response
and stability. Experience has shown that, for 15 ips
recording speeds, it is practical to maintain azimuth
alignment for track widths up o 250 mils. (For lower
speeds, say at 7V2 ips, it is difficult to maintain azi-
muth alignment for tracks widcer than 100 mils.)

Remembering our practical economic considera
tions, we can put three 100 mil (racks, separated by
85 mils, on Y-inch tape (ox six tracks on l-inch
tape) The three track, Ye-inch, equipment is widely
used in recording master tapes, and has been ac-
cepted as the best compromise between tape utiliza-
tion and track width. Different configurations of track
width and spacing, with the relative signal-to-noise
ratios of each, are shown in an accompanying illus-
tration.

Track Spacing

Two crosstalk effects are known to occur Al long
wavelengths magnetic coupling occurs in reproduce
between the signal recorded on one track and the
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Typwcal crosstalk vs. frequency curve on adjacent
channels of an Ampex three channel Model 300. Chun-
nel 2 was recording at normaul operating level and the
record head of Channel 1 was connected. Normal bias
and NAB equalization were used.

reproduce head of the other track. At high frequen-
cies, the mutual inductance and capacitance between
the two record heads causes the signal from ane re
cord head to be present in the other record head, and
therefore to get recorded on that other track. There
fore spacing and shielding between cores is impor
tant in both the record and reproduce heads. Obvi-
ausly the closer together the tracks the more coupling
exists (asswming the same shielding). With good
shielding, an 85 mil track-to-track spacing (used for
Ampex Va-inch two track, and Y2-inch three track
recorders) is a good compromise — more spacing to
reduce crosstalk 1s unnecessary and would waste
space, but any less would result in the increased
crosstalk becoming audible above the noise.
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Equalization

Reproduce equalization has been standardized for
some time, with the curve in general use specified
by the NAB (standard equalization in Europe usually
follows the CCIR curve). Any pre-emphasis curve,
therefore, must be tailored to the standard reproduce
curve,

It is the feeling at Amprx that the present NAB
specifications are convenient curves, which give con-
stant overall response through the tape machine
using simple networks in both record and playback.
The design at 15 ips has been very conservative with
respect to overload capabilities, but the signal-to-noise
ratio has been inadequate. Greater attention to the
characteristics of the ear, the tape, and the music



would provide a system with a greater signal-to-noise
ratio.

AMPrEX engineers therefore devised a 15 ips equal-
ization knaown as AmMpEX Master Equalization (AME.)
wherein a post-emphasis is designed to minimize
audible noise, and then the pre-emphasis is employed
to make the overall system flat. AME admittedly
trades overioad margin for a lower noise level, and
must be properly used to obtain the intended results
without distortion. It is intended for professional
use, such as the recording industry, and 1s not to be
considered as supplanting the NAB standard for pub-
licly released tapes
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This graph shows how a flat overall frequency re-
sponse is achieved, Curve A is an “ideal” record-rc-
produce response. Curve B is the resull of adding the
standard NAB post-emphasis to the ideal response.
Curve C indicates the amount of record pre-emphasis
needed to achieve flat response. As the post-emphasis
curve is established as a stundard, any deviation from
the ideul response must be accompanied by a change
in pre-emphasis.

FREQUENCY RESPONSE

Head-To-Tape Contact

A knowledge of the effects of losing good head-to-
tape contact will help us realize the importance of
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maintaining good contact. The predicted loss in sepa-
rating the reproduce head from the surface of the
medium is 54.6 db per wavelength scparation. Thus
at short wavelengthis, say Y2 mil (15,000 cps at 7%
ips), it takes very little space ta result in a 5 db loss
in signal strength, When we remember thal commen-
surate losses also could occur in the record mode,
it becomes evidont why good contact is a major con-
sideration in achieving top performance 1 2 magnetic
tape recorder.

High Frequency Response

In audio applications, and at tape speeds normally
used in professional work, the high frequency re-
sponse is almast entirely limited by the tape and mag-
netic heads, in what are referred to as “wavelength
losses”. Despite numerous tomes atlempting to ex-
plain these losses they are as yet not fully understood,
and we would be presumptuous if we atlempted any

explanation on this plane,

As our high froquency requirement rises — in
video or instrumentation applications — or as our
tape speed is lowered, we enter a region where the
dimensions of the reproduce head gap, and the reso-
nant frequency of the heads become important factors,

Gap Effect

As shown on the accompanying diagrain, when
the recorded frequency rises to a degree where the
reproduce head gap intercepts a complelc wave-
length of the signal on the lape, there can be no
difference in flux magnitude across the gap, and the
head output will be reduced 1o zero. Practically, this
will occur at the “effective” gap length, which 1s
slightly Jonger than the physical length. For all prac-
ticable purposes this effect causes the head output
at this frequency and above to be useless,
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This curve indicates the tesudt of poor head-to-tape
cantact as a function of the amount of separation ard
the signal wavelength.

In this illustration sinusocidal waveforms are used to
denote the average state of tape magnetization and
to indicate how the reproduce head gap derives a large
output from a medium wavelength signal (A), u small
owlput from a long wuvelength signatl (B), or no output
when the wavelength equals the gap length (C).

Two methods may be employed to counteract
this “gap” effect - either the gap can be made
smaller or the record-reproduce tape speed can be
increased. We can reduce the dimension of the gap
only so far and retain adequate signal levels and
realistic manufacturing tolerances, as this point is
reached any further extension of high frequency re-
sponse must be accompaniec by a corresponding in-
crease 1n tape speed
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The gap effect may be negligible when we are
dealing with audio frequencies at 7%z or 15 ips tape
speeds For instance, the Amrrx reproduce heads
have a gap of 0.2 mil, and the gap loss is unimpor-
lant at the wavelengths involved. However, at lower
tape speeds. or for instrumentation or video appli-
cations where the high frequency requirements are
greally exlended, il becomes a serious limitation,
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The loss that occurs when the wavelength of the re-
corded signal approaches the length of the reproduce
head gap is indicated on this graph.

Head Resonance

The coils of the heads are inductances which will
resonate with lumped or distributed capacity in the
circuit. At the resonant frequency of the reproduce
head there is an increased output, but a sharp drop
of approximately 12 db per octave occurs directly
after this point. Thus rhe resonant frequency must
normally be ouiside the pass band of the system,
or placed (in video and data recorders) at the ex-
treme upper limit so that it actually provides a shelf
at the point of resonance (o extcnd the cesponse.

As circuit capacitance is reduced to an absolute
minimum, only one way remains to place the point
of resonance at a higher frequency, and that is to
reduce the induclance of the head coil by employing
a lesser number of turns of wire. A reduction in the
number of turns, however, will reduce head oulput
over the entire frequency range, so a compromise
destgn must be provided.

Low Frequency Response

Low frequency response is almost completely a
function of the effects generally known as “head
bumps”. This effect will occur in the reproduce mode
at the low frequencies, as the rccorded wavelength
of the signal on the tape begins to approach the over-
all dimension of the two pole pieces on eilher side
of the head gap. In effect, the two pole pieces now
begin to act as a second gap, because they can pick
up magnetic flux on the tape quite efficiently,

As our frequency decreases we may start to notice
bumps and dips in the output of the head. The largest
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bump will occur when one-half wavelength of the
recorded signal equals the combincd distance across
the two pole pieces, bul there will be progressively
sraaller bumps at 1% wavelengths, 2% wavelengths,
etc. Similarly the largest dip will occur when one
complete wavclength of the recorded signal equals
the distance across the pole pieces, and again there
will be progressively smaller dips at 2 wavelengths,
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Uncorrected head bump curve produced artificially
by excessive tape wrap around an expervimental re-
produce head.

3 wavelengths. etc. So as our frequency goes lower
and lower the bumps and dips will get bigger and
bigger. Below the largest bump, at 2 wavelength,
the output rapidly fulls to “cro.

It is interesting to note the similauty between
the head bumps at the low frequencies and the gap
effect at the high frequencies. When the head gap
intercepts a complete wavelength we have no output;
when the pole picces intercept a complete wavelength
we have a decline in output. The largest theoretical
output occurs when t(he head gap intercepts one-half
wuvelength, there is an increase in output when the
pole pieces intercept one-half wavelength. Therc 15 of
course one great difference — increasing the (ape
speed diminishes the gap affected by spreading the
signal over a greater length of tape, bul decreasing
the tape speed dimishes the head bumps by shortcn-
ing the wavelength on the tape At 15 ips tape speed
the head bump is a rather serious problem, at 7%
ips the problem is reduced, and at 3% ips il has
practically disappeared.

Good engineering design is the only way to al-
leviate the head bump situation The physical configu-
ration of the pole pieces and shields, and the angle
of wrap of the tape around the head, can be designed
so that the extremities of (he pole pieccs are farther
from the tape and cannol pickup the signa) so readily.
An ideal solution, but rather impractical in today’s
compacl -equipmcnts, would be Lo make the pole
pieces so large that no problem would cxist down to
10 or 15 cps.

In any event, the head assembly must be designed
so that the head bumps occur at the lowest possible
frequency, so that if possible no more than one



smooth bump or dip is 1 the audio spectrum. We can
then compensate for this in the electronic circuits.

Additional Factors For Muiti-Channel Recording

For stereophonic recording we must add two
additional factors — precise phasing between chan-
nels and adequate cross-talk rejection.

Phasing Between Channels

The directional quality of stereophonic sound, or
of any sound we hear, is dependent on the ability of
the brain to distinguish subtle differences in phase
and intensity as sound waves arrive first in one ear
and then the other. If, in storing and reproducing
stereo sound, we destroy the normal phasing between
channels, it will result in a most confusing end
product.

When we are recording Jargely independent
sources on separate tracks of the tape, phasing is
not too much of a problem. When those sources nre
not isolaled -- for example, when we are recording
an instrument on two channels simultaneously to
achieve a center effect —— i1 becomes more important.
And when we are mixing and recombining in the
recording industry to produce two channel tapes
from a three channel master, it becomes quite critical,

Phasing between channcls is a function of the
alignment of head gaps and the wavelengih involved.
Tolerances are most critical ar slower tape speeds.

At the present state of the art, AMEPX multi-
channel heads are manufactured so that all record
or reproduce head gaps will [all within two parallel
lines spaced 0 2 mils apan

Crosstalk Rejection

Crasstalk rejection acts the opposite of phasing,
in that it becomes more critical as sources on scpa-
cate channcls become more independent. When ad-
jacent tracks are cowmpletcly independent, such as 1n
our present 4 track ¥, inch (apes, crosstalk rejection
on the order of 60 db in the midrange is adequate
Regular stereo tapes (2 track on Va-inch iape) re-
quire less rujection

Adequate shielding between heads, and maximum
track spacing in cunjunction with the practical
compromises we have already covered (see Signal-lo-
Noise ) are our major means of combating crosstalk.
This entails a typical spacing between tracks of 70-
100 mils.

Head Assemblies

Finally, we must take a quick look a1 the mag-
netic heads. We have already seen the precise toler-
ances we must secure in aligning the different heads
in a stack. The same carelul precision must be taken
to ensure the straightness of the individual gaps and
theic perpendicularity, if we are to achieve intur-
changeability of tapes.

In older, sandwich-type heads it was practically
impossible to achieve the required (olerances, wilth

1oss—o8 —5 [ 1|

the result that the master tapes could consistently be
repraduced only on the equipment that recorded
them and then not too sucessfully because of differ-
ences in the record and reproduce head stacks. Quoted
specifications were thus at times inaccurale when
tapes from one equipment were played back on an-
other.

The introduction of cast type heads, with toler-
ances held by mechancial considerations, has allevi-
ated this problem -— but only recently. Today we
should be able to play back tape from any recordcr
on any other comparable equipment, and do it with-
in quoted specifications

The sandwich type heads were constructed by
completely assembling each individual head intended
for multi-chanucl use, stacking those heads one on
top of the other, then bolting them together. It was
impossible to produce heads with consistent char-
acteristics; you can see that even a slight difference
in tightening the bolts that held the head logether
could cause gaps to be misplaced with respect to each
other or the azimuth of each head to be misaligned.

Cast heads are constructed by assembling, potting,
and lapping the pole pieccs separately. The two pole
pieces are then placed in a rigid fixture and potted
together. Using this technique, all gaps can be aligned
within 0.2 mils with a2 maximum tilt of less than
three minutes from the perpendicular.

BASIC ADJUSTMENTS ON MAGNETIC TAPE RECORDERS

There are ccrlain basic adjustments usually pro-
vided on professional quality magnetic tape recorders.

—9
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ALIMUTH MISALIGNMENT—MINUTES OF ARC a1zr

This graph shows the effect of head azimuth mis-
alignment. Curves A, B, and C were taken using a 75
mil gap width at wavelengths of 1, .5, and .25 mil
respectively. In Curve D a gap width of 250 mils and
a wavelength of .5 mil were used.
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Underlying each of these adjustments is at least one
of the principles of magnetic recording we have been
discussing,.

Head Azvmuth Adjustment

It is important that the heads be aligned so that
the gaps are exactly perpendicular to the top and
bottom edges of the moving tape, If the gaps are
slanted across the width of the tape we have created
a siluation where the signal reproduced from the
upper part of the tape is out of phase with the signal
from the lower part of the tape. This phasing con-
dition causes a cancellation of signal, accentuated
at the higher [requencies Of course, if the record
and reproduce head gaps on an mdividual single
channel recorder were exactly parallel, it would make
little difference if they were slanted slightly, as long
as the equipment played only those tapes it had re-
corded and as long as those tapes were not to be re-
produced on other equipment. Bul as soon as we want
interchangeability of tapes from machine to machine
we must estabhsh a universal head alignment. Also,
as we have seen, we cannot tolerate phasing prob-
lems in stereophonic equipment.

The hest method in procuring this alignment is
to use a standard alignment tape, produced under
stringent laboratory conditions. T'his (ape will be
recorded with a head alignment signal, and the
reproduce head is adjusted to give a maximum
output of this signal. The standard tape is then re-
moved, and the record head is aligned so the its
recordings result in a maximum output on the pre-
viously aligned reproduce head. Both heads are thus
set to a universal standard.

Level Adjustments

The volume level in reproduction is strictly a
matter of personal preference, but the record level
must be accurately calibrated if optimum noise and
distortion are to be muaintained. This is again most
easily accomplished by using a standard alignment
tape to set the reproduce level to a reference amp-
litude. The record level is then calibrated to produce
this reference playback level.

The record cahibration can be set by using a
distortion meter to measure the third harmonic con-
tent. Normal record level is usually at a 1 % harmanic
distortion level, sa it can be adjusted ta that value.
However, distortion meters are seldom available in
practice, the record level is nominal, and different
tapes may vary by =1 (or even =2) db, Therefore the
standard alignment tape procedure is certainly ade-
guate.

Equalization Adjustment

A series of Lones will be recorded on the standard
alignment tape so that the reproduce amplifier re-
sponse can be set on curve,

The rising characteristic of the reproduce head
is not only the consideration in achieving an overall
flat response, there are certain wavelength losses
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which, as we have already stated, are not fully under-
stood. Therefore, a cerlain variable pre-emphasis is
employed in the recording process, which is adjusted
to achieve a flat response when the reproduce ampli-
{ier is sel on a standard curve,

The easiest way to set the playback response on
curve 1s to play a standard alignment tape, and
adjust the variable equalizing components for a flat
response as the precisely recorded (ones are repro-
duced. Another widely used method is to use an audio
oscillator and a vtvm to actually follow the response
curve provided with the equiprent; this, however,
does not allow for variations in head characteristics.

The record pre-emphasis is then adjusted for a
flat overall frequency response through the previously
standardized reproduce system,

Record Bias Adjusiment

We make the high frequency bias adjustment
using a signal of specific wavclength (normally 15
mils — 1000 cycles at J5 ips, 500 cycles at 7V ips,
etc.) at the normal tape operating level. The bias is
set, while recording this signal, to achieve a maxi-
mum output,

Because the output vs bias current is very broad
near the peak bias current setting, the adjustmoent
is simplified by increasing the bias current unul the
output drops %2 db then decreasing the bias until the
outpul again drops Y2 db; the correct sectting is the
average of the aver- and under-bias.

The maximum amplitude point at the given wave-
length will give low distortion and reasanable short
wavelength losses. It is also comparatively easy Lo
adjust and can be consistently repeated using simple
test equipment.

Because (he magnetization curve varies with
different tapes, the bias voltage ideally should be
adjusted each time the tape is changed - particu-
latly if the change is (0 a tape from a different manu-
facturer. However, this would normally be done only
when extreme fidelity was required, such as when re-
cording a master tape for a commercial recording com-
pany. Usually, a carefully adjusted “average” bias set-
ting will produce excellent results with 2 wide variety
of rapes.

Tape Tenswon

As indicated in our discussion of Tape Transporlt
Design, the tension of the tape as it winds through the
system is very important Proper tape guiding is, (0 a
laxge degree, dependent on correct tensions. A good
tape pack on the takeup reel is also determined by this
function. And very importantly, if tape is stored
under excessive tension, it will tend to stretch; also
the phenomenon known as “print thirough” (where
the magnetic signal on one layer of (ape on the reel is
transfered 1o adjacent Jayers) will be accentuated.

Tape tension control in professional quaitty equip-
ment is normally adjusted by varying the resistance



Duplicating equipment at Magnetic Tape Duplicators,
Hollywood. Ampex duplicating equipment produces
copies of master tapes at high speed with as many as
ten capies produced with each run of the master.

in series with the reel motor (or clutch) and thus the
torque of the turntable, Measurement is made with
a spring-type scale and adjusted to the manufacturer’s
specifications

Braking Adjustment

Qur brakes control our stopping function, and
must be correctly adjusted if we are Lo stop tape
motion without throwing loops (all tape tension
imparted by the turntables is lost the moment we press
the stop button). So we must always have a greater
braking force acting on the turntable which is supply-
ing the tape than on the turntable reeling 1n the tape.

Mechanical adjustments, where we control brak-
ing forces, are provided for each turntable. In some
cases we must adjust for each dicection of rotation of
the veel; in others, we will adjust only for onc direc-
tion of rotation and the other direction will be auto-
matically acceptable.

Demnagnetization

If any of the components in our tape threading
path become purmanently magnetized, we might par-
tially erase any high frequencies recorded on the tape.
If magnetization occurs at our magnetic heads we can
at least expect an increase in noise level. Some means
of demagnetizing these coiiponents must therefore
be available.

Demagnetization is usually achieved through a
small, hand typc, device that is readily available on
the open markel or from tape equupment manufac-
turers. It is easily operated and very effective when
used correctly,

Noise Balance

One of our greatest potential sources of noise is in

our bias and erase oscillator Tf there is any asym-
metry from this circuit it will show up as a d-c com-
ponent — capable of permanently magnetizing our
record and erase heads and causing distortion and
noise in our recorded signal.

When we use a push-pull oscillator we can bal
ance oul any asymmetry by using a variable cathode
resistor common to each (ube in the circuit. This
resistor is adjusted for a minimum noise as read
at the output of the equipment.

Cleaning

It does little good to buy professional guality
equipment if we allow accumulations of matter to
build up on the tape transpoxt. One of the easiest, one
of the most important. and probably one of the most
neglected maintenance procedurcs is the cleaning
of the transport.

The major source of foreign material on the trans-
port is the magnetic tape. Oxide and lubricant from
the tape will gradually accumulate on the compo-
nents in the tape threading path, and if it is not re-
moved our equipment will not operate satisfactorily
-— even though everything else on the recordey is in
perfect condition. For example, 1f the accumulation
is on our precisely machined capstan (or the capstan
idler) we will have excessive llutter. If i is on a tape
guiding component it is apt 10 cause a vibration
in the tapc - symilar Lo the vibration that occurs
when we pluck a violin string -— and again, we will
have excessive {lutter, If it accumulates on the heads,
the tape will not maintain good contact, and our
recorded level and/or frequency response will suffer.

So we must clean the transport on a regularly
scheduled basis, with each component in the tape
threading path receiving attention. But we must be

Magnetic film transports are used extensively in the
motion picture industry for dubbing master sound
tracks Here is the Ampex 35-mil film transport instal-
lation at Glen Glenn Sound Studios, Hollywood.
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careful to use only the cleaning agent recommended
by the manufacturer of the equipment. This is ex-
tremely important in c¢.earing the heads, as some
agents will damage (hose precise assemnblies.

CONCLUSION

In this discussion, we have tried to present the
principles of magnetic recording in a way that will
aid the persons who operate and maintain the equip-
ment. Most aspects of the process have been merely
introduced, but if we have succeeded in imparting
some realization of what is taking place in our align-
ment and maintenance procedures the discussion

will have been worthwhile.

This industry has been just born in the commer-
cial sense, but it is already expanding. Today we are
using magnetic recording not only in audio, but also
in digital and analog instrumentation applications.
And recently we entered the age of magnetic pholog-
raphy when we started putting the television picture
on tape. The principles involved are the same,
whether it is VIDEoTAPE* recorder, a theater sound
system, a computer application, or a home installa-
tion, We hope this discussion has aidad you in under-
standing thase principles.

*T.M. Amr~x Corporation
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TAPE TRANSPORT MECHANISM
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GENERAL

The tape transport mechanism provides tape
motion for all modes of operation. Interaction
of four basic assemblies and their associated
components—the tape supply system, the tape
take-up system, the tape drive system, and the
control circuit—insures smooth, positive move-
ment of the tape across the head assembly, and
proper tape tension. All tape motion controls,
a reel size selector, a safety microswitch and
the head assembly are located on the tape
transport.

TAPE SUPPLY AND TAKE-UP SYSTEMS

From the supply reel, on the left side of the
tape transport as the operator faces the equip-
ment, tape is delivered to the take-up reel when
the PLAY or FAST FORWARD buttons are
pressed, tape is rewound onto the supply reel
when the REWIND button is pressed. Proper
tape tensioning is maintained during all modes
by means of two induction torque motors.

The reel idler assembly on the supply side
of the tape transport is composed of a pulley,
a spring-pivot-mounted arm and a flywheel for
srmoothing out transient speed variations in the
supply turntable assembly.

On the take-up side of the tape transport,
the tension arm assembly with a spring-pivot-
mounted arm performs two main functions.
The first function of this assembly is to provide
a small tape storage loop which prevents tape
breakage during the starting and stopping of
tape motion. Secondly, this arm is used to stop
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Component and assembly callouts

the machine if tension is lost due to tape break-
age at the end of the tape or other failure. Near
the base of the shaft on which the tension arm
is mounted, a drive-lock pin actuates the safety
switch (S501).

Both the tape supply and take-up assemblics
are composed of induction torque motors
(B503 supply-rewind, B502 take-up), a turn-
table mounted directly on each motor shaft, a
brake housing assembly and a flange for
mounting the entire assembly. Because the
brake housings are mirror images of each
other, thesc assemblies are not interchangeable
although the motors are identical. 't he brakes
are solenoid operated, remaining in the braking
position until the brake solenoids K505 and
K506 are cnergized at which time the brakes
are released.

During all operating modes, the two induc-
tion torque motors B502 and BS03 act as ten-
sioning devices and in the last forward and re-
wind modes the motors respond to the com-
mands from either pushbutton by alternately
operating each motor at maximum torque in
the selected function.

The supply (rewind) and take-up induction
torque motors are so connected that when
power is applied with no tape threaded, the
turntables, fixed to their shafts, will rotate in
opposite directions. The tape supply turntable
will rotate clockwise and the tape take-up turn-
table, countcrclockwise.

Motor torque in the reproduce and record

6-2

5307 TAXE.UP MOTOR ASSEMBLY

CASYAN 1DIER RETURN SPRING

modes is adjusted to equality by the tensioning
adjustment resistors (R503 TAKE-UP and
R503 HOLDBACK) in series with each motor.
In the fast forward mode, the torque of the
supply (rewind) motor is reduced considerably
by introduction of a series resistance (R504).
In the rewind mode, R504 is in series with the
takc-up motor. Basic tape tensioning operation
is shown in the illustrations.

In the fast forward mode, the takc-up motor
operates at full torque, the supply motor at
reduced torque, and the tape is pulled from the
tape supply reel. Because the torque of the tape
supply turntable motor (rewind motor) is ap-
plied in the opposite direction to the turntable
rotation, the tape is held under continuous
tension as it is pulled from the reel.

In the rewind mode, the supply motor oper-
ates at full torque and the take-up motor holds
the tape under continuous tension by its oppo-
site and reduced torque.

In the reproduce or record modes, both
torque motors operatc at the same value of
reduced torque. The tape drivc capstan and the
capstan idler, between which the tape is
clamped, then determines the tape speed, and
the tensioning systcm supplies tape or takes it
up as metered by the capstan drive.

From the point of view of the tape supply
turntable, the capstan and idler action exerts,
sufficient pull on the tape to overcome the op-
posing torque of thc supply motor, which con-
stitutes the hold back tension. From the point

B503 REWIND MOTOR ASSEmBLY

CAPSTAN SOLENOID

Component and assembly callouts
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of view of the tape take-up turntable, the cap-
stan and idler action is feeding the tape to it.
The tape is held under tension here, because
the take-up rate exceeds the feed rate (a tape
loop will be thrown on the right side of the
capstan whenever any malfunction causes the
feed rate to exceed the take-up rate).

If a tape loop is thrown, or the tape breaks,
the take-up tension arm will actuate the safety
switch 8501 and stop the equipment. The take-
up tension arm is not a part of the tape tension
system. Its function is to takeup tape slack,
especially when starting, and to operate the
safety switch.

The reel idler assembly smooths out tran-
sients in the supply reel system. For example,
when starting the tape in the reproduce mode,
the momentary strain transmitted through the
tape to the tape supply turntable when the
capstan idler forces the tape against the cap-
stan is considerable. Under some circum-
stances, this impulse tends to stretch or break
the tape. A momentary decrease in holdback
tension might be sufficient to start a transient
oscillation in the tape tension systcm which
would be reflected as a periodic variation in the
distance of the tape from the heads. This varia-
tion might be of sufficient magnitude to appear
as an undesirable fluctuation in the signal level
at the start of recording or reproduction. The
reel idler arm absorbs most of the starting
strain, and prevents or minimizes this type of
oscillation. The reel idler pulley and flywheel
provide additional stability in the tape tension
system, by smoothing out such transients as
motor torque fluctuations and irregularities
due to faulty tape wrap on the supply reel. This
is accomplished because the high incrtia of the
reel idler pulley and fywheel effectively isolate
the reel assembly from the hcads.

TAPE DRIVE SYSTEM

The tape drive system is composcd of the
drive motor, the extended shaft of which forms
the capstan, the capstan idler arm and idler,
and thc tape guides at the tape entrance and
exit within the head assembly.

The purpose of the tape drive system is to
transport the tape across the heads at a uni-
form speed during the record and reproduce
processes. By means of a hysteresis synchron-
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ous capstan drive motor (B501) and a capstan
idler, the magnetic tape is driven at a constant
speed after power has been applied to the
equipment and the PLAY button is presscd.
(The drive motor has two sets of windings to
provide two tape speeds, either of which can
be selected at TAPE SPEED toggle switch
$503).

After the POWER switch at the electronic
assembly has been placed in the ON position
and the tape is threaded actuating the safety
switch, the drive motor operates continuously.
its capstan awaiting the PLAY command (the
RECORD function is selected at the amplifier).
When the PLAY button is pressed, the capstan
solenoid (K501) and the brake solenoids (K505
and K506—releasing brake pressure) are ener-
gized. The capstan solenoid pulls the rubber
tired capstan idler wheel, which is mounted on
a swivel] type arm, against the tape, causing the
tape to make firm positive contact with the
capstan. The tape is then driven at a constant
speed across the head assembly.

BRAKE OPERATION

Smooth brake operation is extremcly im-
portant in maintaining proper tape tension
when stopping the tape. Because the holdback
tension, supplied by the trailing turntable
motor torque, is lost after the STOP button is
pressed, maintenance of tape tensron then be-
comes a function of brake operation. The
braking force acting on the turntable from
which the tape is being pulled (trailing turn-
table) in any of the modes of operation must
exceed the braking force acting on the turn-
table taking up the tape (the lecading turntable)
to prevent tape loops forming.

One end of the brake band is fixed to the
cross head by a roll pin and two socket head
cap $crc¢ws which 1S attached to the anchor
mounted on the brake housing. The other end
is linked to the brake lever by a drivelock pin
and 1s free to move. When the brake solenoid
is de-energized, the bruke tension spring acting
on the brake lever draws the brake band
against the brake drum.

[f the brake drum of the supply motor, as
viewed {rom the brake housing end, is rotating
clockwise when the brake band is applied, the
frictional force will cause the band to wrap
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TAKE-UP MOTOR BS02

BRAKE TENSION
ADJUSTMENT POINT

RO LS SIBEs,, g
[ &

iy
L (1]

CAPACITOR, MOTOR C512
3.75 MFD

BRAKE TENSION
ADJUSTMENT POINTS
FOR HIGH SIDE

CAPACITOR, MOTOR C513

REWIND MOTCR B503

375 MFD

Tahke-up and rewind motor assemblies

itself tightly around the brake drum as the
brake lever end of the band moves to the right,
increasing braking force. When the drum is
rotating counterclockwise, the process is re-
versed, causing the band to tend to pull away
from the drum, decreasing the braking force.

The ratio of the braking force in one direc-
tion to the braking force in the other — the
brake differential — js approximately two to
one on this equipment.

In all modes of operation, the greater brak-
ing force always acts on the trailing turntablc,
maintaining the proper tape tension as the sys-
tem is stopped.

CONTROL CIRCUIT

(Refer to schematic diagram-—Tape Transport
Control Circuits)

Located in the control circuit box under-
neath the tape transport are all relays, the ten-
sion adjustment resistors, and electronic com-
ponents such as the capacitors and resistors
shown in the foldout illustration, Tape Trans-
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port Control Circuirts, with the exception of the
three motor starting capacitors, the capstan
solenoid, the brake solenoids and the safety
microswitch (which are mounted adjacent to
the assemblies they serve).

On the outside of the control circuit box
receptacles are available for cables from the
drive motor, supply motor, take-up motor and
control cluster. Female receptacles and plugs
(cables not supplied) are also available for
interconnecting the tape transport and acces-
sory units such as remote control panels and a
precision frequency source when furnished.

NOTE

The special connector jumper plugs
supplied for receptacles 503§ 60
CYCLE AMPLIFIER and ]502S RE-
MOTE CONTROL must be plugged
into their receptacles when these ac-
cessory units are not used because
jumpers in these plugs complete the
necessary circuits in the system for
proper operation.



Control circuit box

All functional control of the tape transport,
with one exception, takes place at the control
circuit switch assembly comprising four push-
buttons: REWIND, FAST FORWARD, STOP
and PLAY. Two toggle switches REEL SIZE
and TAPE SPEED are mounted at either end of
the control cluster. The cxception is the RE-
CORD function which is controlled at the am-
plifier. The safety switch (not an opcrating
control) is mounted under the tape transport.

Play

When PLAY button S505 is pressed, play
relay K502 js energized. Capstan solenoid K501
is energized through K502-1. Contact sets
K502-1, K503-1, K504-3, and the normally
closed STOP button S502 form a holding cir-
cuit. Power is connected to the turntable recl
motors throough contact K502-2. Through con-
tact K502-3, D.C. voltage is applied to the
brake solenoids K505 and K306. The reel
motors are powered and the brakes are re-
leased simultaneously, causing the equipment
to operate in the reproduce mode at the speed
selceted by TAPE SPEED SWITCH S503.

Rewind

When REWIND button S507 is pressed,
rewind relay K504 is energized and held in this
condijtion by relay contact sets K504-1, K503-3
and the normally closed STOP butiton S502.
Contact set K504-2 connects the full a-c power
directly to the rewind (supply) motor, and
places R504 in the a-c circuit to the take-up
motor. I'he rewind motor thus operates at full
torque and the take-up motor at reduced torque,
and tape is pulled at a maximum speed from
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the take-up to the rewind reel. Contact set
K504-3 completes the d-c circuit to the brake
solenoids at each reel assembly, thus releasing
the brakes.

Fast Forward

When FAST FORWARD button S506 is
pressed, fast forward relay K503 is energized
and held through contacts KS03-1, K504-3 and
the normally closed STOP button S502. Con-
tact set K503-2 connects the full a-c power to
the take-up motor, and places R504 in the cir-
cuit to the rewind motor. The take-up motor
now operates at full torque and the rewind
motor at reduced torque, causing the tape to
be pulled at a maximum speed from the re-
wind to the take-up reel.

Stop

When the tape is moving 1in any mode and
the STOP button (S502) is pressed, the brake
solenoids and all relays are de-energized. The
brakes are applied to both turntable motors.
The capstan drive motor will continue to
operate so long as the tapc remains properly
threaded.

NOTE

The record mode s 1ot a tape motion
control function, but it is interlocked
and dependent on the PLAY button,
which must be pressed before the
record mode can be energized at the
amplifier.

Safety Interlocks

Wheun the tape is moving in either of the
high speed modes (fast forward or rewind)
it is impossible to switch to the play mode
without first pushing the STOP button. In {ast
forward, contact K503-1 interlocks the play
relay and capstan solenoid. In rewind, K504-3
1s the interlock.

CAUTION

If the STOP and PLAY buttons are
pressed in too rapid a sequence when
the tape is in either fast winding
mode, tape will almost invariably be
broken or deformed. Always allow
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time for the tape to stop completely
when switching from either of the
fast modes to play.

Reel Size Swiich

Selection of proper holdback tension, de-
pending on reel hub size, 1s made at the two
position toggle switch labeled LARGE-SMALL.
Holdback tension is not a constant in any mode
of operation, varying directly as a function of
the trailing turntable motor torque, and in-
versely as a function of the effective trailing
reel hub diameter (hub meter includes the
tape wound on the hub). For a given torguc
on the trailing motor, the holdback tension will
increase as the effective hub diamcter of the
trailing reel decreases. Reducing the torque on
the trailing turntable motor will decrease the
holdback tension.

The holdback tension resistors for adjust-
ment of take-up and rewind motor torqucs
are factory-set for NAB 10%% inch reels. If
the smaller (7 or 5 inch) EIA (formerly
RETMA) reels are used, compensation for the
overall increase in holdback tension must be
made by placing the switch in the SMALJ.
position. This places resistor R502 in series
with the take-up and rewind motors, thus re-
ducing the torque of both motors in any mode
of operation when the EIA reels are used. If it
is desired to accelerate faster in the rewind or
fast forward modes, the switch may be placed
in the L ARGE position during these modes.
The REET, SIZE switch is a SPST switch placed
across the resistor R502. It is closed when the
LARGE position for 10¥2 inch diameter NAB
is selected; and open (resistor R502 in the
torgue motor circuits) when the SMALL posi-
tion is selected.

NOTE

In the LARGE reel position both the
rewind and take-up reels must be NAB
type and in the SMALL reel position
both reels must be EJA.

NOTE

The Catalog Number 5700 tape trans-
ports used on earlier models changed
PLAY tension only when in the
SMALL reel position.
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ROUTINE MAINTENANCE

Carefully follow the routine maintenance
program outlined below if proper performance
is to be expected of the equipment at all times.
[t is recommended that an Operation and Main-
tenance Log be kept.

Cleaning

Clean the capstan, the head faces and tape
guides daily. Clean the capstan idler whecel
weekly. Great care must be taken to see that
oil does not reach the rubber tre. Avoid, as
much as possible, touching the tire with the
fingers.

The agent for cleaning AMPEX head assem-
blies is 2 mixture of Xylene and 0.1% Aerosol,
and is available in 4 oz. bottles (AMPEX AUDIO
Part No. 823). Other solvents can have detri-
mental effects on these precision parts.

To clean any head assembly, wind a clean,
lintless cloth on a wooden swab-stick and
moisten with this mixture. Swab the heads
periodically to remove all dirt and accumulated
oxide deposited from some tapes.

CAUTION

Do not use any other solvents as there
are some which may damage the lam-
inations of the head assembly. Do not
use metal swab-sticks.

Cleanliness of all parts of the tape drive
mechanism is required for consistent optimum
performance. Clean all parts except the head
assembly using a lintless cloth moistened with
[so-Propyl alcohol (easily obtained). This clean-
Ing is of particular importance because most
tape manufacturers lubricate their tapes, and
the lubricant will gradually form a coating on
the components in the tape threading path
which will result in a loss of positive drive at
the capstan, flutter and wow, drop-outs or poor
high frequency response.

NOTE

It is imperative that Iso-Propyl alcohol
be used on the cleaning of the cap-
stan idler wheel (rubber) and not
the recommended Xylene cleaner for
heads.
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Lubrication

The following parts of the tape transport
mechanism require lubrication every three
months, or after every thousand hours of oper-
ation, whichevcr occurs {irst.

CAPSTAN DRIVE MOTOR LUBRICATION

Lubricate the upper sleeve bearing of the
capstan drive motor with this oi! or its equiva-
lent:

Caloil OC-11 (AMPEX AupIo Part No, 827),
Standard Oil Company of California, San
Francisco, California. Class “C”

Medium turbine oil, petroleum base with in-
hibitor additives to increase oxidization and
corrosion preventive properties. Essential
characteristics are as follows:
Characteristics Required (Limit)
Viscosity in Centi-
strokes at 130° I
’our Point
Flash Point

40.0-48.0
25° 1" (Max.)
370° F (Min.) = 20° I

There are two ways to lubricate the drive
motor, the first of which requires its removal.
The second, and simpler method, does not
require removal of the motor. See alternate
method. To remove the drive motor proceed as
follows:

Step 1.  Unplug the motor connector P504P
from its receptacle J504S at the con-

trol circuit box.

Step 2: Remove the capstan idler by loosen-
ing the Allen head screw on the idler
arm and gently pulling the idler as-
sembly away (the capstan idler must
be removed because one of the mount-

screws is beneath it).

Step 3: Support the motor in one hand and

remove the four mounting screws that
hold it to the tape transport.

Step 4:
Step 5:

Now pull the motor free.

Locate the oil hole which will be on
the top or the sidc of the motor end
bell.

Place not more than four drops of a
recommended lubricant in the oil
hole (OC-11).

Step 6:
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CAUTION
Do not vuer-lubricate. Wipe off excess
oil.

Step 7:
Step 8.

Replace the motor.
Replace the capstan idler.

CAUTION

The capstan idler must be properly
placed in relation to the tape. Thread
tape on the equipment ulong the pre-
scribed tape thread-path, and set the
idler so that the tape travel is centered
on the tire. Placement is not critical
and visual alignment is adequate.
Step 9: Readjust the capstan idler pressure
if necessary (see Capstan Idler Pres-
sure).

T'he alternate method for drive motor lubri-
cation 1s:

Step 1: Gently pry up and remove the capstan
dust cap.

Before activating the safety switch,
apply not more than four drops of
lubricant (OC-11) to the exposed
bearing surface.

Replace the capstan dust cap.

Start the drive motor by placing the
POWER switch in the ON position,
activate the safety switch and al-
Jow the motor to warm up (requires
about 15 minutes ).

Turn off the equipment when the
warm-up period is complete,

If the bcaring appears dry after the
motor has cooled, repeat the above
procedure.

Wipe the capstan dry of any excess
oil that may have becn applied acci-
dentally.

Step 2:

Step 3:
Step 4:

Step 5.

Step 6:

Step 7:

CAPSTAN IDLER LUBRICATION

Gently pry the dust cap from the wheel hub
(a knife blade can be used) and oil with not
more than 3 drops of OC-11, on the felt washer.
Failure to perform capstan idler lubrication
can result in the felt washer becoming com-
pletely dry, and a dragging idler can contribute
to flutter.
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CAUTION

DO NOT OVER-LUBRICATE or the
wheel will throw oil in operation. If
oil spills on the rubber tire, clean it
immediately with Iso-Propyl. Oil will
deteriorate the rubber wheel.

NOTE

The reel idler assembly, the take-up
tension arm assembly and the take-up
and rewind motors contain perman-
ently lubricated bearings, and require
no lubrication.

Head Demagnetization

Occasionally, the heads may become per-
manently magnetized through electrical faults
in the amplifiers, improper use of the equip-
ment, or by contact with magnetized objects.
Magnetized heads may cause an increase of
5 to 10 db in background noise level, and can
impair good recordings by partially erasing
high frequencies. The full dynamic range of
the equipment cannot be realized if the heads
are magnetized.

Any phenomena that tend to put large un-
balanced puilses through the record head will
magnetize it, Observe these precautions and
no difficulty should be experienced. Do not
remove any tube from the record amplificr
while the equipment is recording. Do not con-
nect or disconnect the input leads or the head
leads while recording.

Demagnetizating the heads
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Do not saturate the record amplifiers with
abnormally high input signals. Such signals
would be 10 db greater than tape saturation
or approximately 30 db greater than normal
operating level.

If it becomes necessary to test the heads
with an ochmmeter, they must be demagnetized
afterwards.

If the heads become magnetized, proceed as
follows using a head demagnetizer (AMPEX
Aupio Part No. 820):

Step 1: Place the cquipment power switch in
the OFF position.
Step 2: Plug the demagnetizer into a 117-volt
a-c source,
NOTE

If the plastic coating wears off, place
one layer of electrical friction tape on
the demagnetizer tips. Scratching the
heads will then be prevented.

Step 3: Bring the tips of the demagnetizer to
within approximately Ys-inch (if the
demagnetizer tips are taped or
covered, contact with the heads can
be made) of the record head core
stack, straddle the head gap and draw
the demagnetizer tips up and down
the length of the core stack three or

four times.

Remove the demagnetizer slowly from
the head stack to a distance of 3 or
4 feet, thus allowing its a-c field to
diminish gradually. This slow re-
moval is extremely important.

Step 4:

CAUTION

Do mnot unplug the demagnetizer
while it is near the heads; the collapse
of its magnetic field may re-magnetize
the head.
Step 5: Repeat Steps 3 and 1 at the reproduce
and erase heads.

If necessary, repeat the process till
complete demagnetization is effected
in each case.

Step 6:
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NOTE

The erase head, under certain condi-
tions, is susceptible to magnetization
by spurious sources and can require
demagnetization.

If the capstan, tape guides or other metal
parts be come magnetized, a few passes of the
demagnetizer along their lengths and the slow
withdrawing technique should be adequate.

ADJUSTMENTS

The mechanical assembly is shipped from
the factory with all adjustments set for correct
performance. It should be unnccessary to
change any adjustment before putting the
equipment into servicce, unless shipping dam-
age has occurred. In the course of wear in
normal service, or in the event of component
failure, and replacement of parts, some read-
justments may be necessary.

Equipment Required:
Spring Scale 0-16 oz.
Spring Scale 0-80 oz.
35-inch Nut Driver
3/16-inch Screwdriver
Nylon Lacing Twine or Strong String
7/16-inch Socket Wrench
5/64-inch Allen Wrench

PLAY RELAY
K302

FAST FORWARD
RELAY X503

QEWIND RELAY X304

RESISTOR, MOTOQ TINSION.
BALANCE  RS502
750 OHMS 50 WATTS

RESISTOR 14O(7 IALK
TENSION  R505
150 OHMS 50 WATIS

RESISTOR, VO.TAGE OROPPING
FOR SMAy 2¢éEL OPERATION
R502 75 OHMS 30 WATIS

RESISTOR TAKE.UP TENSION
U503 150 QA5 50 WATTS

Control circuit box callouts
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Take-up and Supply {Rewind) Tension

Take-up and supply tcnsions are determined
by the positioning of thc sliders on resistors
R503 and 1305 located in the tape transport
control circuit box. The torque of both the re-
wind and take-up motors must be adjusted to
between 5%2 and 6 ounces as read on the 16
oz. spring scale at NAB reel bub diameter.
Checking tcchniques are not difficult and
should be performed carcfully.

Step 1. Place an empty 102 inch NAB reel

on the tape supply turntable.

Place the POWER switch in the ON
position.

Place the REEL SIZE switch in the
LARGE position.

Hold the take-up tension arm so that
the safety switch is activated (a rub-
ber band or piece of masking tape will
hold the arm as though tape were
threaded on the equipment).

Make small loops at both ends of a
thirty inch piece of nylon lacing
twine.

Attach one loop to the tape anchor on
the reel bhub and the other to a O to 16
0z. spring scale.

Press the PLAY button and allow the
clockwise motion of the supply reel
(torque motor tension) to draw a
turn of twine onto the hub.

Make certain that the twine is now
parallel to the plane of the top of the
tape transport and that thc twine is
centered and not touching either
reel flange.

Now, let the torque motor pull the
twine slowly onto the hub by follow-
ing the torque motor force with the
scale.

Step 10: Using this “following” technigue, ob-
serve the readings on the scale until
a constant reading is obtained.

If necessary, adjust the slide on resis-
tor R505 in the control circuit box
until a scale reading between 5% and
6 ounces is achieved.

Step 12: A good check consists in placing the
REEL SIZE switch in the SMALL pos-
ition, then checking the torgue using
the same procedure as above. The

Step 2.
Step 3:

Step 4:

Step 5:

Step 6:

Step 7.

Step 8:

Step 9:

Step 11:

89-0131
89-0144
Issue A



scale should 1ndicate tape tcnsion as
1%2.3 ounces.

Step 13: Use the procedures in the preceding
steps to check and adjust the take-up
tension which is set at R503 (note
that the reel on this side will move
counterclockwise ).

Brake Adjustment

Brake adjustment is made (with no power
applied to the equipment) at the point shown
in the illustration.

Step 1: DPlace an empty 10% NAB reel on the
tape supply turntable.

Make small Joops at both ends of a
thirty inch piece of nylon lacing twine.
Attach one loop to the tape anchor
on the reel hub and the other to a
0-16 oz. spring scale.

Manually rotate the reel clockwise
to wind several turns of twine onto
the hub.

Pull the scale, making certain that
the twine does not touch either flange
of the reel. The turntable will rotate
counterclockwise, Take a reading
only when the turntable is in steady
motion, because the force reguired
to overcome the static friction will
produce a false and excessively high
initial reading.

Adjust the supply and takeup motors’
brakes for scale readings listed below.
Points of adjustment are shown by
illustration.

Step 2:

Step 3:
Step 4:

‘Step 5:

Step 6:

REEL GUARD
IOLER AT INSYANT

IT LEAVES CAPSIAN TURNTABLE

WKNOA

) A idsletng b

4
/

LOOP OF TWINE AROUND $HAFI

\ NYLON 1WINE
SHAFY

Capstan idler pressure measurement

89-0131
89-0144
Issue A

Step 7. Now wind the twine on the hub by
rotating the reel counterclockwise;
pull, and take a rcading. The turn-
table will rotate clockwise,

Step 8: Repeat the entire process on the take-
up turntable.

SPRING SCALE READING
Direction of Most  Direction of Least
Resistance  Supply Resistance—Supply
Tape Counterclochwise  Clockwise—Takeup
Width ~ Toaheup Clockwise  Counterclockwise
14 inch 12 to 17 ounces 2:1 ratio -1 ounce

in accordance with
High Side

Capstan ldler Pressure

The capstan idler is forced against the cap-
stan by the action of capstan solenoid K501.
Idler pressure is supplied by the capstan idler
pressure spring, and is adjusted by a lock nut
on the capstan solenoid spade bolt. See the
llustration. Tightening the lock nut increases
idler pressure until a point is reached where
the solenoid will not bottom. At this point, idler
pressure drops to a value which is inadequate
to permit the capstan to drive the tape, and
slippage will occur unless the nut is backed
off. Excessive pressure also throws an unnec-
essary load on the upper sleeve bearing. of the
drive motor. The recommended procedure for
adjusting idler pressure is as follows.

Step 1: Hold the take-up arm so that the
safety switch 1s activated.
Step 2:  With the POWER switch in the ON

position, press the PLAY button, and
note whether the capstan solenoid is
bottomed. (The capstan idler can be
pushed off the capstan easily by
pushing on the idler arm, if the solen-
oid is not bottomed). If necessary,
back off the lock nut until the solen-
oid does bottom at 90 volts a-c when
cold, or 105 volts when warm (after
Yo hour running). The pressure
("dig”) against the capstan shaft
should be approximately 5 pounds.

NOTE

In the course of normal operation in
the reproduce or record modes, the
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Step 3:

temperature of the capstan solenoid
will rise, and its d-c resistance will in-
crease. Therefore, the minimum line
voltage required to bottom the solen-
oid when it is hot will be greater than
that required when it is cold. If the
equipment is operating on unusually
low line voltage (below 100 to 105v),
sometimes encountered in areas
where regulation is poor, the solenoid
may fail to bottom after it has
reached normal operating tempera-
ture. It is advisable, therefore, to allow
the equipment to operate in the repro-
duce mode for about half an hour be-
fore making any necessary solenoid
adjustments. This will allow the
widest margin of safety with respect
to line voltage variations. The solen-
oid is factory-adjusted to bottom at 90
line volts cold and 105 line volis hot.

If it is desired to measure capstan dig,

CAUTION

Do not attempt complete disassembly
of any of the sub-assemblies. The list
of individually replaceable parts
under each assembly listing in the
parts list should be used as a guide to
disassembly limits. Replacement of
parts other than those listed calls for
precision work which should not be
attempted in the field. Assemblies
with defects in parts other than those
listed as replaceable should be re-
turned to the factory or to an Ampex
Authorized Service Center for repair
or replacement.

Write the Service Department for a proper
authorized equipment return tag. Do NOT ship
unidentified parts to factory; Ampex can as-
sume no responsibility for their proper care
or return under such circumstances.

Step 4.

Step 5:

Step 6:

Step 7:

Step 8:

press the STOP button at this point
and select a piece of nylon lacing
twine about 30 inches long and tie the
ends together.

Slip the twine loop just formed be-
tween the idler and idler arm so that
the nylon rests against the idler shaft.

Attach the other side of the loop to
a 0 to 80 oz. scale, letting the nylon
twine remain slack.

Press the PLAY pushbutton, causing
the capstan idler to clamp against the
capstan.

Pull the scale away so that the nylon
twine is taut and makes a 90 degree
angle with the idler arm.

Now, slowly pull the scale away with
sufficient power to cause the capstan
idler to leave the capstan, reading the
scale at the instant the capstan idler
leaves the capstan. The scale reading
should be 5 lbs +% 1b. If necessary,
adjust the capstan dig at the point
shown in the illustration.

Replacement of Parts

All sub-assemblics of the tape transport me-
chanism can be easily dismounted with the
use of a screwdriver and a few small socket-
head screw keys.
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BRAKE BAND REPLACEMENT

NOTE

Brake Bands may be replaced without
removing motor from tape transport
on rackmount machines and deleting

the first three steps.

The most convenient method for changing
the brake band is first to remove the entire
motor assembly.

Step 1:

Step 2:
Step 3:

Step 4.

With a 7/16-inch socket wrench re-
move the four mounting nuts and
washers at the motor mounting
plate, carefully holding the motor
with one hand to prevent it from fall-
ing. The turntable will remain at-
tached to the motor assembly.

Take the motor to a convenient work
area,

Unhook the brake tension spring from
the brake lever.

Remove the two screws holding the
capacitor. Disconnect the capacitor
wires at the knife disconnects and
free the capacitor from the bracket.
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SOLENOID LINK \h»

STEP 7

BRAKE HOUSING

BRAKE TENSION
SPRING (SHORT)

BRAKE TENSION SPRING

Step 5:

Step 6:

Step 7.

Step 8:
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SOLENOID STOP

SOLENOID PLUNGER\\
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LEVER

(LONG) STEP 3

brake band replacement

Remove the screws that hold the
brake housing to the motor, noting
the positioning of the washers, and
spacers, and remove the cntire hous-
ing.

Remove the two cap screws holding
one end of the brake band between
the brake lever spring and the hous-
ing using a 5/64-inch Allen wrench.
Loosen (do not remove) the two cap
screws at the end of the brake band
next to the solenoid.

The brake band may now be removed
taking caution not to lose the band
leaf on the solenoid side. There is
only one band leaf per assembly.

[TF

S
b

STEP 6

Step 9:

Step 10:

Step 11:

Step 12:

i *

!

ONE OF FOUR STEP 5

BRAKE BAND

SOLENOID BRACKET

Position the new brake band through
the hole in the housing and place
between the clamp and tighten the
two cap screws loosened in Step 8.
Replace the brake housing, making
certain that the spacers, the housing,
the washers and the screws are re-
placed in that order, and tighten the
screws.

Insert the brake band between the
band link and band link clamp. Re-
place the two cap screws but DO NOT
TIGHTEN.

Push the solenoid in until it bottom:s.
Adjust the depth of insertion of the
brake band between the link and
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clamp so that the brake drum rotates
freely with no drag; then tighten the

SCTEwWS.
CAUTION

If the band is set too far forward in
the link, it will buckle slightly when
the solenoid plunger is bottomed by
hand. If this condition exists the
plunger may not bottom when the
solenoid is energized. The purpose of
the band leaf is to keep the band from
splitting when it buckles at the band
clamp.

Step 13: Interconnect the wires at the knife
disconnects and replace the capacitor
to the bracket with the two screws
removed in Step 5.

Step 14: Hook the brake spring to the brake
lever. Step 4.

Step 15: Replace the motor assembly tighten-
ing the four screws that were removed
in Step 1.

PACKING PRECAUTIONS FOR MOTORS

In packing motors for return to the factory,
take particular care to prevent the bending of
their shafts in transit.

6-14
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REF. NO.

B501
B501
B501
B501
G501

P5041

B502

Ps0sP
C512

K305

B503

P506P
C513
Csl13

89-0131
89-0144
Issue A

PART DESCRIPTION

TAPLs TRANSPORT ASSEMBLY, 7-1/2 - 15 ips: GO ¢ps;
Catalog No. 02-30970-01

TAPE TRANSPORT ASSEMBLY | 7-1/2 - 15 ips: 50 cps,
Catalog No. 02-30970-02

TAPE TRANSPOR ASSEMBLY, 3-3/4 - 7-1/2 ips: 60 cps;
Catalog No. 02-30970-03

TAPE TRANSPORT ASSEMBLY, 3-3/4 - 7-1/2 ips: 50 ¢ps,
Catalog No. 02-30970-04
MOTOR ASSEMBLY , Drive: 7-1/2 - 15 ips; 60 cps
MOTOR ASSEMBLY , Drive: 7-1/2 - 15 ips; 50 cps
MOTOR ASSEMBLY, Drive: 3-3/4 - 7-1/2 1ps; 50 cps
MOTOR ASSEMBLY, Drive: 3-3/4 - 7-1/2 ips; 60 cps

CAPACITOR, Motor

FLYWHEEL, Bodin: motar

FLYWHEEL, Ashland motor

CONNECTOR, Plug: male; 6 contacts; Jones
Part No. P-306-CCT-L

FAN, Motor
TAKEUP ASSEMBLY

MOTOR ASSEMBLY, Takeup
TURNTABLYE
PAD, Turntable
CONNECTOR, Plug: 8 contact
CAPACITOR, Motor: 3.75 mid
BRAKEE ASSEMBLY
HOUSING, Brake
BAND, Brake
LEAT, Brake Band; 1-1/8" long
SPRING, Brake Tension: long
SPRING, Brake Tension: shorl
BOLT, Eye
CROSSHEAD
ANCHOR
SPACER
PIN, Roll: 1/8 in. dia. by 3/4 in. lg.
SCREW, Machinue: Cap; sockat hend, 4-40 by
1/4 in. lg.
LINK, Brake Band
CLAMP , Brake Band
LEVER, Brake
PIN, Drivelock: 1/8 in. dia. by 1/2 in. lg.
PIN, Cotter: 1/16 in. dia. by 1/2 in. lg.
PIN, Clevis: 1/8 in. dia. by 3/32 in. lg.
SOLENOID, Bralke
STOP, Solenoid
BRACKET, Solenoid
LINK, Solenoid
CONNECTOR, Solderless: discomnect splice

REWIND ASSEMBLY

MOTOR ASSEMBLY, Rewind

TURNTABLYE

PAD, Turntable

CONNECTOR, Plug: 8 contact
CAPACITOR, Motor: 3.75 mid
CAPACITOR, Motor: 5 mfd
BRAKE ASSEMBLY

HOUSING, Brake

BAND, Brake

AMPEX PART NO.

312)0-01
31210-02
31210-03
31210-04
9487-02
981-11
2212-01

145-012
591-001
2451-04
6768-03
61462-01
958-00
17313-01
035-111
17327-01
1714-01
17612-01
61460-01
322-01
17323-01
Ga547-06
17324-01
17325-01
17322-01
406-005

470-008
69528-01
69528-01
69530-01

403-008

404-005

400-002
68552-01
17326-01
69527-01
69531-01

171-008

9452-04

6768-03
61462-01

958-00
17313-01

035-111

035-117
17327-02
17614-01
17612-01
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K501

PART DESCRIPTION

AMPEX PART NO.

LEAT, Brake Band: 1-1/8 1n. long 61460-01
SPRING, Brake lension: long 322-01
SPRING, Brakc Tension: short 17323-01
BOT.T, Fye 69517-06
CROSSHEAD 17324-01
ANCHOR 17325-01
SPACER 17322-01
PIN, Roll: 1/8 in. dia. by 3/4 in. ig. 406-005
SCREW, Machine: cap; socket head; 4-40
by 1/4 in. lg. 470-008
LINK, Brake Band 69528-01
CLAMP , Brake Band 69529-01
LEVER, Brake 69530-01
PIN, Drivelock: 1/8 in. dia. by 1/2 in. lg. 403-008
PIN, Cotter: 1/16 in. dia, by 1/2 in. lg. 401-005
PIN, Clevis: 1/8 in. dia. by 9/32 in. Ig. 400-002
SOLENOD), Brake ¢9532-01
STOP, Solenoid 17326-01
BRACKET, Solenoid 69527-01
LLINK, Solenoid £9531-01
CONNECTOR, Solderless: disconnect splice 171-008
ARM ASSEMBLY, Takeup tension 425-00
SPRING, Takeup tension arm 309846-01
GUIDE, Tape: 1/4 in. 675-00
HOOK. Tape Guide 69542-01
REEL [DLER ASSEMBLY: 7-1/2 - 15 ips 4469-00
REEL IDLER ASSEMBLY: 3-3/4 - 7-1/2 1ps 4459-03
GUIDE , Tape 257-00
PULLEY ASSEMBLY: 7-1/2 - 1§ ips 5893-00
PULLEY ASSEMBLY: 3-3/4 - 7-1/2 ips 5893-01
BASE, Reel Idler 30840-01
FLYWHEEL, Reel ldler 636-01
WHEEL ASSEMBLY, Capstan Idler: 7-1/2 - 15 ips 30945-01
WHEFE L ASSEMBLY, Capstan Idler: 3-3/4 - 7-1/2 ips 30345-07
CAP 5770-00
RING, Retaining: external; for 0.250 in. dia.
shaft, Truarc Part No. 5100-25-S 430-004
RING, Lock 5772-00
WASHER, Cambric 8482-01
WASHER, Shim: brass; 0.250 in. ID by 0.437 in. OD
by 0.002 in, thk, 501-049
WASHER, Felt 5771-00
ARM, Capstan Idler 372-01
BUSHING, Capstan Idler Arm 5755-00
DUST CAP, Capstan: 7-1/2 - 15 ips 3506-00
DUST CAP, Capstan. 3-3/4 - 7-1/2 ips 3506-01
WASTIER, Telt 3583-02
RING, Retaining: rubber; Plastic and Rubber
Products Co. Part No. PRP6227-14, 209-170 432-007
SOLENOID ASSEMBLY, Capstan ldler 5783-01
SOLENQID, Capstan £670-00
BOLT, Eye: Capsian gsolenoid 396-03
STOP, Capstan Solenoid 388-00
WASHER, Felt; 1/4 in, thk. 503-015
SPRING, Solenoid pressure (G7G-01
SPRING, Solenoid Return 5757-00
GUARD, Pushbutton 361~00
GUARD, Rucl 5708-00

89-0131
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REF. NO.

C502

C505
C506
C507

C508
€508
C510
Co511
J5018

J5028 B
‘o, ‘//\

45038
J5048
J5058
J5065
K502
K503
K504
P501P
P502P
P503P
P504P
P508P
P506P
PS07P
R501
R502
R508
R504

R505

89.0131
89-0144
Issue A

PART DESCRIPTION

HARNESS ASSEMBIT.Y, Switch
CONNECTOR, Plug: nale; 21 contact
SWITCH ASSIE:MBLY, Safety
SHIELD, Microswitch
SWITCH, Normally closed (STOP)
SWITCH, Normally open (PLAY, FAST FORWARD,
REWIND)
SWITCH, DPST (TAPE SPEED)
SWITCH, SPST (REEL SIZL)
CONTROL BOX ASSEMBLY
CAPACITOR, TFixed: electrolytle; 150 mid; 150 vdew;
Cornell-Dubilier Purt No. 15015
CAPACITOR, Fixed: My'sr; 0. 047 mfd; +10%;
400 vdcw; Sprague Type 160P
CAPACITOR, Fixed: paper; 0.25 mfd; +20%;
=00 vdew, Astron Part No. ML-4-25
(Same a8 C503)
(Same as C503)
CAPACITOR, Fixed: paper, 0.01 mfd; 220%;
400 vdcw; Astron Part No. ML-4-01
(Same as €507)
(Same as C503)
{Same as C503)
(Same as C503)
CONNECTOR, Receptacle: female; 21 contacts;
Jones Part No. S-321-AB

Jones Part No, $-310-AB  _ —
WECTOR, Receptacle: female; 8 contacts;

Jones Part No. S-308-AB

CONNECTOR, Receptacle: femnale; 6 conlacts;
Jones Part No. S-306-A1

(Same as J503S)

(Same as J503S)

RELAY, 3PDT: 115 vdc coil; 10 amp contacts;
Philtrol Part No. 33QA (PLAY)

(Same as K502) (FAST FORWARD)

(8ame as K502) (RFWIND)

CONXNECTOR, Plug: male; 21 contiicts;
Jones Part No, 1'-321-CCT-L

CONNECTOR, Plug (REMOTE DUMMY PLUG)

CONNECTOR, Plug (60 CYCTE DUMMY PLUG)

CONNECTOR, P’lug: male; 6 contacts; Jones Part
No. P-306-CCT-L

CONNECTOR, Plug: male; 8 contacts; Joncs Part
No. P-308-CCT-L

(S8ame as P505P)

(Same as P505P)

RLESISTOR, Fixed: wirewound; 10 ek, £10%;
5 watt; Tru-Ohm Type FRL-§

RESISTOR, Fixed: wirewound; 75 ohm; 45%;
50 watt; Tru-Ohm Type FR-50

RIZ8ISTOR, Adjustahle: wirewound; 150 ohin; +5%;
50 watt; Tru-Ohm Tvpe AR-50

RESISTOR, Adjustable: wirewound; 750 ohmi; :5%;
50 watt; Tru-Ohm Type AR-50

(Same as R503)

AMPEX PART NO.

5782-01
145-022
6582-00
§730-00
120-014

120-013
120-004
120-005
5703-03

031-0456

033-234

033-008
033~234
033-234

033-005
033-005
033-234
033-234
033-234

146-057

. es ] No. S AB
CONNECTOR, Receptacle: female; 10 contactsM

146-018_-
146-003
146-004
146-003
146-003
020-006
020-006
020-006
145-022
34G1-00
567-01
145-012
145-013
145-013
145-013
043-156
043-002
040-011

040-007
040-011
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REF. NO.

R306
R507

R508
R508
R510
SR501

PART DESCRIPTION

RESISTOR, Fixed: composition; 22 phm; —10F;
1 watt; MIL-R-J1A . RCIZGEF 20K

RESISTOR, Fixed: composition; 100 ohm; £10%;
1/2 watt, MIL-R~11A:RC20GF 101K

(Same as R507)

(Same as R507)

(Sam~ a8 R507)

RECTIFIER, Seleniwm: single phase; half wave;
General E_cetric Part No. 6R825PHGATDL

AMPEX PART NO.

041-132

041-038
041-038
041-038
041-038

582-016

89-0131
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GENERAL

The head assembly of an Ampex magnetic
tape recorder is the heart of the equipment.
The technical and detailed know-how required
for the fabrication of these head assemblies has
madc Ampex the foremost manufacturer of
magnetic recording equipment in the world
today.

In theory, a tape recorder head assembly is
a simple device. In practice however, building
a head assembly is a complicated task requiring
extremely precise manufacturing techniques.
There are three head stacks in an assembly-
erase, record and playback. In recording, the
erase head eliminates any previous recording
from the tape. The record head puts a new sig-
nal on the tape by magnetizing the iron oxide
particles in the coating on the tape. In play-
back, the magnetic flux in the moving tape in-
duces a voltage in the playback head.

The design and construction of these heads
is extremely critical. Their surfaces are lapped
to finishes so smooth that variations are meas-
ured in wave lengths of light. In typical play-
back heads the gap is .00025 inch, which give
an indication of the precision required in build-
ing the heads.

Each of these heads is designed for a specific
function with .20 compromise in the overall
head assembly. Professional use demands top
performance and there is no room for design
compromise.

Section 7
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The superl design. engineering and manu-
facturing cave built into Ampex head assem-
blies asswres dependable long life and econo-
mical operartion at the lowest cost per operating
hours.

Head Assembly

The head assembly is housed in a die cast
housing and contains three heads used in the
opcrating process. The heads are respectively
erase, record and playback as viewed from lelt
to vight when facing the machinc. The gate on
the assembly holds the playback and record
shield covers and the itape-lifting fingers. The
function of the tape lifting fingers is to remove
the tape from the heads when the gate is open
during the REWIND and FAST FORWARD
operation. The tape may leave a dcposit on the
heads If allowed to contact them at high
speeds. Such a deposit will seriously impair the
prrformance of the machine and should be
guarded against by always opening the zate in
the FAST FORWARD and REWIND modes.

[f a deposit is left, it may be removed by
xylene on a soft cloth ov tissue. Never usc
metal of any kind to touch the head surfaces
The gates should never be allowed (o spring
shut, but should be closed gently.

INDIVIDUAL REPLACEABLE HEAD PARTS

Ampex
Part Description Part Number
Gate spring, two required
Gate pin, two required
Glass rod, tape guide, 1/2-
inch long, four recuired 21-0190-00
Gate assembly (1/4-inch

tape)

27-0166-01
16-0113

-03-0110-00

Housing (1/4-inch tape) 29-0288-01
Screw, cover 40-0373
Screw, alignment 40-0377
Nut 42-0113

Two-track head assembly

7-2
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Section 8

ELECTRONIC ASSEMBLY

GENERAL

The electronic assembly consists of a single
chassis on which is mounted an etched board
subassembly containing two record amplifiers,
twa reproduce amplifiers, a bias and erase oscil-
lator, and the power supply. On the face panel,
[acilities are available for setting record levels,
selecting high or low speed equalization cir-
cuitry, and switching output circuitry, Visual
monitoring of reproduce and record levels is
provided by the two vu meters on the face panel.
Two phone jacks for aural monitoring are pro-
vided on the face panel. Power on-ofl is con-
trolled at the front of the assembly. A control
for the record function, signified by accompany-
ing indicataer lights, and a record channcl sclec-
tor completes the front panel arrangement.

On the back panel of the electronic assembly
chassis are all connecting and inter-connecting
provisions for power input, line input, line out-
put, power to the tape transport, and head con-
nections. Two screw-type fuse posts arc also
provided on the chassis back panel.



HIGH VOLTAGE
FILTER CHOKE

FILAMENT (NOT SHOWN)
FILTER POWER
CHOKE TRANSFORMER

QUTPUT TRANSFORMERS

RECORD RELAY

ETCHED BOARD NOISE BALANCE
SUBASSEMBLY

SELENIUM RECTIFIER
{NOT SHOWN)

YU METERS

PLAYBACK _V / RECORD
EQUALIZERS QUALIZERS

SOCKETS FOR PLUG-IN
ACCESSORY TRANSFORMERS
AND PREAMPLIFIERS

Location of electronic subassemblics

RECORD AMPLIFIER

The two record scetions of the electronic as-
sembly each consist of a two stage, hich gain,
resistance coupled amplifier. Two triode-pen-
trodes, V1 and V2 and their associated circuitry,
form the stages of amplification for both chan-
nels. To simplify the discussion, only channel
“A”, V1 and its related circuitry, will be de-
scribed. Channcl “B” is identical except for ref-
erence symbol numbers,

When using an unbalanced-bridging line in-
put, the signal from J1 appears at the grid of
tube Vla through transformer sacket J15,
dummy plug P15, patentiometer R1, and rcsis-
tor R3. Potentiomcter R1 provides a means of
setting RECORD LEVEL. Bias is attained by un-
bypassed resistor R5. Capacitor Cla and resistor
31 form a plate decoupling network for the
first stage of both channels. Capacitor C2, resis-
tor R11 and potentiometer R13 (RECord CALI-

8-2

Brate) provide record calibration circuitry. Re-
sistors R3 and R7 establish ncgative fecedback
around Vla. Capacitor C2 in conjunction with
resistors R7, R11 and potentiometer K13 pro-
vides low frequency pre-emphasis.

RECORD

VOLIAGE CONSTANT HEAD
AMPLIEIER 2€COR0 CURRENT ﬁ
Vig PRE CMPHASIS [ AmMPLIIER | —
TOAWEA NITWORE vib I
OAWEA
(A
(—
(0 UNE

AMPUIFIER

Block diagram, record circuit

NOTE

When reading vu meter indications
with the OUTPUT SELECTOR «wilch

89-0131
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to the record head that is directly proportional
to the signal voltage at the control grid. A 100
ke bias signal current from the bias and erase
oscillator output is coupled into the record head
through capacitor C14.

In the balanced-bridging line input arrange-
ment, operation is identical to that for unbal-
anced-bridging input except that an accessory
plug-in transformer is used in place of dummy
plug P15 so that one side of the signal input
line will not be connected to chassis ground.
When a microphone is used with the equipment
an accessory plug-in transistorized preamplifier
is used in place of the dummy plug.

REPRODUCE AMPLIFIER

The reproduce section of the elcctronic as-
sembly is a resistance coupled audio amplifier.
Two dual triodes are used to provide two stages
of amplification and a single-ended push-pull
output for each chanmel.

PROM
RECORD CQirdurt

REPEOOVCK
NEAD

— YOLTAGE Ve
L J L2 R-1=1114 §
o runes Y
J._ afa :’ " QUALIZATION o— “"v“"'" — -
ey HUTWOTK PR
T
1

Block diagram, reproduce circuit

Signals on the moving magnetic tape induce
voltages in the reproduce head. This induced
voltage appears across resistor R37 and then
the grid of tube V3a. Bias on this first stage is
derived from the voltage divider network con-
sisting of resistors R49, R47 and R45. The am-
plifier output of this first stage is coupled to the
second slage grid through capacitor C24. Con-
tact bias is used on V3b. Capacitor C23a and
resistor RS2 form a plate decoupling network
for the [irst two stages. Reproduce equalization
is achieved by means of the plug-in equalizer
network.

The signal is now delivered to the push-pull
output amplifier V4, the tube receiving the sig-
nal through coupling capacitor C26, PlayBack
LEVEL potentiometer R34 and OUTPUT SE-
LECTOR switch S2 when the switch is in the
REPRODUCE position,

8-4
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Simplified Schematic, Line Output Amplifier

Operation of the output stage can be shown
in the simplified schematic diagram. Resistors
RK1 and RK2 establish biases for tubes V1 and
V2. With no input signal, the d-c voltage drop
across tube V1 is controlled by thc d-c bias de-
veloped across RK1 and the d-c voltage drop
across tube V2 is controlled by the bias voltage
across RK2.

When a positive going signal is applied to
the grid of tube V1, the tube is driven toward
saturation. This causes the voltage at the plate
of tube V1 to drop, which in turn causes the volt-
age at the grid of tube V2 to drop. Since the load
RL is coupled to the cathode of V2 through coup-
ling capacitor C1 and the grid of V2 is connected
to the plate of V1 a signal voltage drop occurs
across RK2 which causes tube V2 to be driven
toward cutoff. When a negative going signal is
applicd to the grid of tube V1, the converse is
(rue.

In the actual circuit, shown in the foldout
schematic diagram, resistor 1R62 corresponds
to RK1, resistor 1R60 corresponds to RK2, tube
1V4a corresponds to V1, tube 1V4b corresponds
to V2, capacitor 3C30 corresponds to C1, and
transformer 3T2 corresponds to RL.

When the output of transformer 3T2 is term-
inated in its characteristic impedance (i.e. 600
ohms), the output level would drop by 6 db if
the basic circuit were used. To partially compen-
sate for this affect, 7 db of negative voltage feed-
back is applied to the grid circuit from the
primary of transformer 3T2 to obtain a regula-
tion of approximately 2 db. At the same time,
the negative feedback obtains an improvement
in distortion characteristics as well as stability
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of stage gain. Capacitor 1C28 compensates the
output stage for flat high frequency response.

BIAS AND ERASE OSCILLATOR

A dual triode tube V7, connected as a push-
pull oscillator, provides high frequency bias and
erase currents. The output of each plate is
coupled to the grid of the other triode section
through taps on the oscillator transformer pri-
mary. Any signal on the grid of either tube sec-
tion will be amplified in the plate circuit of that
section and coupled to the grid of the other tube
section. The signal then will appear at the sec-
ond plate and be coupled back to the first grid in
phase with the original signal. Frequency of os-
cillation of approximately 100 kc is determined
by the inductance of the primary of transformer
T4 and the effective capacity across the primary.

The oscillator output is fed through RECORD
SELECTOR switch S4 and through capacitors
C21 (for channel A) and C22 (for channel B)
to the two-channe] erase head. The oscillator
ouput 1s also fed to BIAS ADJust variable ca-
pacitors Cl14 (for channel A) and CI15 (for
channel B) where record bias current adjust-
mentls take place. The bias signals are then
mixed with the record signals and delivered to
the two-channel record head. Plate voltage is
supplied to the center tap of oscillator trans-
former T4 through relay contact K1B only when
the equipment is in the record mode.

NOISE BALANCE control, potentiometer
R31, in the oscillator cathode circuits is adjusted
to correct for any asymmetry in the waveform,
which would cause random nojse during repro-
duction and distortion while recording.

POWER SUPPLY

Silicon rectificrs CR1 and CR2 are used in a
conventional full-wave voltage doubler rectifier
circuit to supply plate power for all tubes in the
electronic assembly as well as the RECORD
INDICATOR lights DS1 and DS2. Selenium rec-
tifier CR3 is connected as a conventional full
wave center tap rectifier to provide dc filament
voltage for all tubes except V7.

The center tap of the V5 tube filament pro-
vides a ground for the dc filaments. Even
though this tubc 1s only used for the reproduc-
tion of channecl two, it must be in its sockel {or
propet operation of all functions. Ac power in-
put is connected at jJ20 POWER receptacle and
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1s controlled by POWER switch S6. The power
is fed through fuse F2 and impressed across the
primary of poweyr transformer T1 and also
through fuse F1 to the tape transport.

There are three secondary windings on the
power transformer —two for filament supply
and one for high voltage. One filament winding
serves oscillator tube V7 and the panel lights,
the second filament winding provides 12.6 volts
dc after rectification, and the other winding fur-
nishes high voltages for the plate supply. The
plate supply ripple is filtered by a capacitance-
input choke filter formed by choke L1, capaci-
tors C16b, C16c, and C35; additional filtering is
supplied by the decoupling capacitors.

High voltage is applied to the bias oscillator
through record relay K1b. Whenever the PLAY
button on the tape transport is pressed, approxi-
mately 150 volts dc¢ is available at pin 3 of J19.
When the RECORD SELECTOR switch S4 is
in the "A”, “A&B” or “B” position and when the
RECORD button S5 is pressed, the dc voltage
is applied to the record rclay coil. Aslong as the
dc voltage is available at pin 3 of J19 and as
long as the RECORD SELECTOR switch 1s in
one of the positions mentioned above, contact
K1a holds the record relay energized. When the
STOP button on the tape transport is pressed
or when the RECORD SELECTOR switch is
turned to onc of the SAFE positions, the dc volt-
age no longer reaches the relay coil, the relay
15 de-energized and drops out.

NOTE

The RI=CORD SELECTQR switch can
be turned from one position to another
during the recording process provided
thal it is not turned (o one of the SAFE
positions. Howewver, for click-free per-
formamnce it is preferable to pre-select
the setting of the RECORD SELEC-
TOR forthe mode of operation desired.

ALIGNMENT AND PERFORMANCE CHECKS
General:

In the following alignment and performance
checks, each channel should be treated separate-
ly except where noted. In cases where, in the
middle of a procedure, the second channel must
be checked simultaneously with the first chan-
nel, all steps preceding should be performed on
both channcls.
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Equipment Required:

Ampex Standard Alignment Tape, Catalog No.

01-31323-01. (See “Accessories” section.)
Ac Vacuum Tube Voltmeter capable of indi-
cating rms voltages of 0.004 or lcss.
Audio Oscillator with stable output from 50
cps to 15 ke.
Earphones or Speaker - Amplifier for aurul
monitoring.
Nutdriver, number 8 (% inch).

Reel of unrecorded tape.
Small screwdriver.

13 )4) 7
ELECTRONIC

ASSEMBLY

= Vivea

Block diagram, reproduce alignment
conneclions

Reproduce Alignment:
CAUTION

The standard alignment tape used
in the following procrdures may be
partially erased if the record and re-
produce heads are permanently mag-
neiized. Demagnetize the heads before
proceeding.

Step 1: Take off the head cover.

Step 2:

Step 3:

Step 4:

Step 5:

Step 6:

With the equipment connected as
shown and all power switches in the
ON position, thread the appropriate
AMPEX standard alignment tape along
the prescribed path.

Set the FEQUALIZATION swilch to
the desired specd.

Place the OUTPUT SELLECTOR switch
in the REPRODUCL, position.

Start the standard tape. The first tone
on all standard tapes is a reference
level, 700 cycles for 7% and 15 inches
per second, and 500 cycles for 3%
inches per second. Adjust the PlayBack
LEVEL control to a convenient meter
reading for checking alignment and
response.

The next tone will be 15,000 cycles
at 7% and 15 inches per second, and
7500 cycles at 3% inches per second
for adjusting reproduce head align-
ment. Take the number 8 nut driver
and adjust the left hand stop nut on
the reproduce head for maximum out-
put on VU meter or VIVM. If the
peak is broad adjust for minimum
output variation. Because there are
two heads in the head stack, make
the azimuth adjustment for an avex-
age maximum meter indication, ad-

EQUALIZATION
/ OQUTPUT SELECTQR

CHAMMIL A —

~— CHANNIL

PLAYBACK LEVEL

e ——

Reproduce alignment controls
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justing first one head and then the
other, and finally adjusting for the av-
erage maximum meter indication,

NOTE

Reproduce Amplifier Noise Measurement:

Step 1- After performing the reproduce align-
ment checks, stop the tape motion.
Stcp 2. Read the noise levcl on the VTVM,

Noise should be below the level spoci-

If the head azimuth is far out of align-
ment (possible if inexperienced per-
sonnel without proper equipment have
attempted aligninent procedures) mi-
nor peaks may be observed on both
sides of the maximum. The proper set-
ting is 15 to 20 db hiyher than these
peaks.

fied in the performance characteris-
tics. Inaudible low-frequency hounce
can cause the meter to read higher
than performance characteristics tol-
erances. Disregard these momentary
readings because they are frequencies
far below the operating range.

Record Amplifier Bias Adjustment:

Siep 7:

Depending on tape speed, tones from
15,000 cycles to 30 cycles now will be
reproduced from the standard tape.
High frequency response (above 300
cycles) should not vary more than 2

NOTE

This adjustment should be made using
the brand and type of tape that nor-
mally will be used on the equipment.

db from the standard curve.

NOTE

When reproducing AmeEX standard
alignment tapes on multitrack cquip-
ment, the bass end of the frequency
spectrum will rise in vesponsc. The ac-
tual amount of rise will vary with the
width and location of the track. This
phenomena is present because the re-
produce head “sees” additional flux on
each side of the head at long wave-
lengths since the standard tapcs are
recorded across the complete undth of
the tape. This fringing effcct is not
present when recording a track the
same width as the reproduce head.

Step 1:  Place the OUTPUT SELECTOR switch
in the REPRODUCE position.

Step 2: TPlace the equipment in the record
mode al 7%z ips tape speed.

Step 3:  Set the oscillator frequency at 500

cycles per second (cps) with an output
of approximately 1 volt.

NOTE

Bias is sel at a specific wavelength. If
it is desired to sel bias at 15 inch tape
speed, use a frequency of 1000 cps.

Step 4:

Set the RECORD LEVEL control at a
position that will obtain an on-scale
vu meler reading.

Step 8-

'I'he next tone to be heard on the 3%
and 7% inch per second standard
tapes is a reference tone al operating
level. (For 15 inches per second, re-
wind the standard tape to the first
tone.) Adjust the PlayBack LEVEL
control to obtain a zero reading on the
yu meter or a -4 dbm output on a

Step 5: With a small screwdriver, set the BIAS
ADJust trimmer for a maximum read-
ing on the vu meter. Then adjust the
trimmer clockwise until the vu meter
reading drops Y2 db. Measure the bias
current with a VI'VM connected be-
tween the BIAS METERING test point

VIVM.

NOTE

Do not change this playback level set-
ting for the remainder of the adjust-
ments. Remove the standard tape upon
completion of the reproduce align-
ment.
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for the appropriate channel (test points
arc labeled A and B) and COMmom
(ground ) (current = voltage on meter
- 100). Readjust the trimmer counter-
clockwise until the vu meter reading
again drops Y2 db. Measure the bias cur-
rent, Set the trimmer at the median of
the two bias current readings.



OUTPUT SELECTOR

RECORD CALIBRATION

Record Amplifier bias adjustment controls

BIAS ADJUSTMENT

OUTPUT SELECTOR

RECORD LEVEL

Record level calibration controls

NOTE
Provided that the head assembly and
the type of tape is not changed, the
median bias current reading found in
step 5 may be used to reset Lhe bias
current whenever the units is recali-
brated.

Record Level Calibration:

8-8

NOTE

The reproduce level must be calibrated
using standard tape before calibrating

the record level (see Reproduce Align-
ment).

Step 1.

Step 2;

Step 3:

Sct the gudio oscillator to 500 cps.
[.eave the OUTPUT SELECTOR
switch in the REPRODUCE position.

Place the equipment in the record
mode at 7Y% ips tape speed.

Set the RECORT LEVEIL. control at a
position that will obtain a zero reading
on the vu meter.

89.0131
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Step 4:

Step 5:

Place thc OU'T'PU'I' SELTECTOR switch
in the RECORD position.

Adjust the RECord CAl]Brate poten-
tiometcr for a zero vu reading,.

Record Azimuth Adjustment:

Step 1.
Step 2.

Step 3:

Step 4:

Step 5:

Step 6:

Set the audio oscillator at 500 cps.

Place the OUTPUT SELECTOR switch
in the RECORD position,

Set the RECORD LEVEL control to
obtain a vu meter reading of approxi-
malcly =20 (=16 dbm on VIV\),

Place the OUTPUT SELECTOR switch
in the REPRODUCE position.

Set the audio oscillator ta 7500 cps for
344 ips. 15 ke for 7% or 15 ips.

With the nut driver, rotate the adjust-
ment nut on the left side of the record
head (as the user faces the front of
the equipment) to obtain a maximum
VIVM reading. Several peaks may
appcar, but the maximum peak is
obvious becausc it is much greater
than the minor peaks.

CAUTION

The right hand nuts are factory set.
DO NOT ADJUST THEM.

Record head azionutl adjisiment

QUTPUT SELECTOR

RECORD LEVEL

89-0131
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NOTE Step 5. Make a frequency response check by
using at least ten discrete {requencies
between 50 and 15,000 cycles. The
high frequency response 1ay vary
with tapes of different manufacturers.
This machine was adjustcd at the fac-
lory to give optimum performance
within specifications with un averagc
tape. The RECord EQUALLizer controls
may be re-adjusted to give the flattest
passible response with the Lape you
intend to use. The bias setting will also
change the high frequency response,
especially al the lower tape speeds
(3% and 7Y% ips). Before adjusting
the RECord EQUALizers be certain
that the bias has bcen correctly ad-
justed us previously described.

If it is desired to make this azimuth
adjustment using the VU meter in-
stead of the VIVM, place the PLAY-
BACK LEVEL control in the full
clockwise position and adjust the azi-
muth nut to obtain a maximum VU
meter reading.

Overall Frequency Response:

To avoid tape compression, frequency re-
sponse measurements at 15 ips tape speed
should be made at Jeast 10 db below operating
level (—6 dbm), at 3% and 7Y ips at least 20
db below opcrating level (— 16 dbm). The stand-
ard alignment tapes are recorded at a higher
level to facilitate reproduce measurements only
on the vu meter.

Step 1:  Place the OUTPUT SELECTOR switch

CAUTION

S(.C]J 2:

in the RECORD position.

Sct the audio oscillator at 500 cycles
and adjust the RECORD LEVEL con-

Changing bias may change the RECord
level CALIBration wihich may require
re-adjustmient as described earlier in
this section.

tro) to obtain a VTVM reading of ap-
proximately — 16 dbm.

Step 3:  Place the OUTPUT SELECTOR switch
in the REPRODUCE position.

Step 4: Place the equipment in the record
mode at the dcsired operating speed.

Record Noise Balance Adjustment:

Step 1. Position the RECORD LTVEL control
for channcl one completely counter-
clockwise.

RECORD EQUALIZATION

e @ |

QUTPUT SELECTOR

4o

~

RECORD LEVEL RECORD EQUALIZATION

Frequency response adjustment controls

89-0131
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RECORD LEVEL

Step 2.
Step 3.

Step 4:

Step 5:

Step 6:
Step 7.

Step 8:

RECORD SELECTOR 7

ERANMIL & e CHANNIL B -

PHONES

oUIPUT FILECTOR ‘
"o

Weaswt

MODEL 354

Noise balance adjustment controls

Disconnect all inputs.

Place the RECORD SELECTOR switch
in the “A” position.

Place the equipment in the record
mode.

Plug a set of headphones into the mon-
itor jack for channel one and listen
for the minimum noise location while
adjusting the noise balance control.
Note the position of the slot on the
noise balance control.

Stop the recorder.

Perform steps 1 through 6 for channel
“B”

Set the noise balance control to the
position midway between the positions
found in step 5. The control siot should

be within 45 degrees of a line parallel-
ing the face panel of the chassis.

NOTE

This adjustment is not critical and
noise will normally not be heard. This
adjustment can, however, be used to
balance oul second harmonic distor-
tion in the oscillator using a wave
analyzer. If noise is present and can-

89-0131
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not be nulled in either steps 5 or 8,
it indicates excessive leakage in capac-
itor C12 or C13, trouble in the oscilla-
tor circuilry, or magnetized heads and
troubleshooting is indicated.

Record Noise Measurement:

T'o translate VTVM readings into specific
signal-to-noise ratios when the vu meter is so
calibrated that zero vu corresponds to +4 dbm
output, add 6 db to obtain the output value from
the 3% distortion level, arriving at a total of
10 dbm. Having made this computation, bear in
mind that, although the noise reading taken on
the VIVM is dbm, the measurement is a ratio
which must include the 10 dbm computed to
arrive at the 3% distortion level. Therefore, the
VTVM reading must be converted to the signal-
to-noise ratio.

Example: 10 (dbm, includes 4 dbm normal
level and 6 dbm to the 3% dis-
tortion level)

—50 (dbm, vtym reading)

60 db signal-to-noise ratio

Any reading below —50 dbm meets perform-
ance chacacteristics specificatons of 60 db sig-
nal-to-noise and satisfies the signal-lo-noise ratio
definition.
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VU METER CALI

BRATED SO

THAY ZERO EQUALS

DBM 4 DBM OUTPUT
Ll

+10-  —[—Q(3%0DIST)
+5 ]

+4 —6 (1% DIST)
(¢ e [

-5 —s

-)0 —20

-5 - 25

-20 —=30

S/N RATIO<

—~25 —35

-30 —a0

-35 —45

-40 —50

-45— —|—55
»—46— *56
-50—(—/[—s60
~55—|—|—65
-69—|—|—70

WHEN VTVM YOUR SIGNAL-TO-NQISE
READS THIS RATIO IN DB 1S THIS

Signal-to-noise ratio computations

RECORD LEVEL

8-12

AMPEX signal-to-noise ratjo specifications on
audio instruments define in decibels the ratio
existing between the leve) of a steady 400 cycle
tone, recorded at a level at which distortion
produced by the approach of tape saturation
equals 3% total rms, and that level of total rms
noise, in the band from 30 to 15,000 cycles,
which exists in reproduction under the same
gain conditions.

Ampex audio instruments normally are cali-
brated so that the vu meter reads zero level
when reproducing a steady 400 cycle tone the
level of which produces 1% total rms distortion
due to the approach of tape saturation.

A recorded 400 cycle tone at the 3% distor-
tion level will be 6 db higher in level than the
same tone recorded at the 1% distortion level.

Step 1:  Place the OUTPUT SELECT'OR switch
in the RECORD position,

Step 2:  Set the audio oscillator at 400 cps.

Step 3:  Adjust the RECORD LEVEL control

to obtain a VIVM reading 6 db abovc
operating level (410 dbm).

Step 4: Record the 400 cps on a scction of
tape, noting where the recording be
gins for later reference.

Step 5: Disconnect the oscillator,

QUTPUT SELECTOR

Noise measurement controls
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Step 6: Set the RECORD LEVEL control to
zero (fully counterclockwise).

Step 7:  Rewind the tape to the beginning of
the 400 cps recording.

Step 8: Lrasc the lape by recording with no
input signal.

Step 9: Rewind again to the beginning of the

recording.

Step 10: Place the OUTPUT SELECTOR switch
in the REPRODUCE position.

Step 11. Reproduce the tape, reading the
VTVM, and checking the reading
against the table.

MAINTENANCE AND TROUBLESHOOTING

General Maintenance Informaotion

FFaithful adhcrence to the recommended
ROUTINE MAINTENANCE found in SEC-
TION 6 TAPE TRANSPORT MECHANISM
and careful performance checks will insure
excellent equipment operation. When the
cleaning, lubricating and demagnetizing pro-
cedures are followed as prescribed and the sys-
tem is sel up according to the instructions in
this manual, equipment performance should
meet the high Ampex standards.

Neglect of maintenance procedures, such as
failure to clean the capstan, the head faces
and the tape guides daily can cause deficiencies
that are reflected in the amplifiers. For in-
stance, poor tape-to-head contact, due to tape
oxide accumulations, will diminish high end
frequency response.

Improper head azimuth adjustment will also
affect high frequency response.

When the user suspects faults, the above in-
formation should be considered, and, if satis-
fied that the cause is in the amplifier, he then
can begin troubleshooting.

Progressive Maintenance of the Amplifiers

Check B+ voltage at junction of filter choke
L1 and capacitor C16b; voltages measured will
vary with line voltage, the voltages indicated on
the schematic diagram were measured with a
117 volt line voltage. Check all tubes using a
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tube tester. Make certain that tubes are returned
to same socket from which they were removed.
Check dc filament voltage to note aging of CR3.
Clean the relay contacts by inserting a burnish-
ing tool between contacts and pull it back and
forth several times.

Corrective Maintenance

The first step in any corrective maintenance
procedure is localizing the faulty circuit. If a
tape recorded on the equipment itself does not
reproduce carrectly, the trouble can be in either
the record or the reproduce circuit. In this case,
the faulty circuit can be identified by repro-
ducing a standard alignment tape or a commer-
cially recorded tape; if, while reproducing the
standard tape, trouble still exists the fault is
in the reproduce circuit, if the reproduce func-
tion is normal, the fault is in the record circuil.
A run through of the alignment and perform-
ance checks for the offcnding circuit will
further isolate the trouble or may rectify it,
and the faultly component or mechanical device
then should be identified easily.

Troubleshooting the Reproduce Amplifier

A circuit for troubleshooting the reproduce
amplifier is shown bclow (see also, PARTS
LOCATION PRINTED CIRCUIT BOARD SUB-
ASSEMBLY, and fold out SCHEMATIC DIA-
GRAM —ELECTRONIC ASSEMBLY ).

500

1A
123 {00
; 10K 11% \
AUDIO élﬁ’]‘. QyCTronc
Q3CILAION i Py ASSImRLY

Troubleshooting the reproduce amplifier

Disconnect the head cable at J9 (or J10)
when using this circuit. Using a vtvm probe and
working back from the output toward the input,
check at the grid and plate of cach stage until
the point at which a signal is indicated on the
vtvm. The trouble thcn is probably in the stage
immediately following that point. When the
faulty stage is located, the individual compon-
ents can be isolated by a check of resistances
and voltages. Typical voltage values are shown
on the foldout schcmatic diagram. After the
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completion of any troublcshooting procedures,
using the circuit shown above, check the repro-
duce amplilier responsc against the appropriate
curve to insurc that the equipmoent conforms (o
performance characteristics.

Troubleshooting the Record Amplifier

The circuit for troubleshooting the record
amplifier is shown below (see also, PARTS
LOCATION PRINTED CIRCUIT BOARD SUB-
ASSEMBLY, and foldout SCHEMATIC DIA-
GRAM — ELECTRONIC ASSEMBLY).

100~ )

1
o );v7 1 rRORYL
FEa o\ :
. A 1
AyDiQ T ] | UCIRONIC VIV

——

L S

Troubleshooting the record amplifier

OSCINNATOR ASSEmRLY
S—

—

Procced as in troubleshooting the reproduce
amplifier. Typicul voltage veadings arc shown
on the foldout schematic diagram. Using the
circuit ubove,check the record amplifier agamst
the appropriate responsc curve. Response of the
amplifier should be checked with the bias oscil-
lator tube removed from its socket and the re-
cord rclay encrgized.

Servicing and Repairing Printed Circuits

Because of the uniform wiring layout and
translucent boards, printed circuits can be
traced more casily than conventional circuits,
troubleshooting is less difficult, and any quali-
fied person will be able to service and repair
the cqumpment including replacement of com-
poncnts by following the instructions, sugges-
tions and procedures in this section The trans-
lucency of the board makes locating connec-
tions and test points easier if a light bulb is
placed underneath the circuil to be traced.
Conunuity checks and measurement of resis-
tors, coils and some types of capacitors can be
made at the component side of the etched
board. Very small breaks in wiring can be lo-
cated by rieans of a magnifying glass. The
parts location illustrations and the schematic
diagram in this section can be used (o advan-
tage when tracing circuitry, especially where
tube sockets are concerned. Pin numbers are
plainly marked.

814

Precautions

Be carcful when removing components from
the board to avoid damaging the components
themselves or the copper foil wiring. If dam-
age occurs, small breaks can he joined with
solder, new foil can be cut to simulate the
damaged sectiors, and large breaks can be
repaired with hook-up wire. When applying
new foil, first remove all coatings such as flux,
grease and wax from the damaged portion and
place the adhesive side of the foil toward the
board. With the tip of the smooth wedge-
shaped soldering iron hecat the new foil, sliding
the tip slowly along the copper surface for
about a minute to cure the bond.

Excessive pressure can crack the boards. Ac-
cess to certain components may not be possible
when the boards are in the chassis 1o remove
the board from the chassis, remove the four
mounting nuts carefully. When disconnecting
the edge-on harness connectors, make certain
that the diagonal pliers grasping the individual
connector will not strike and break an adjacent
component. To prevent this type of damage,
insert a screw driver or similar protective de-
vice between the diagonal pliers and the vul-
nerable component. A vise with protected jaws
can be used to hold the boards while servicing.
Avoid excessive pressure against the boards
when using the vise.

Another source of damage can come from
overheating during the soldering process. Ex-
cessive heat can cause breaks in the bond be-
tween the board and foil, necessitating costly
repair of the foil connections. Use 60/40 resin
core solder, the melting point of which is 375
degrees F. Some soldering irons are available
with tip tempcrature of 650 degrees F., but the
more skilled repair man can speed up the sold-
ering process by using an iron with a tip temp-
erature in the neighborhood of 750 degrees F,

Equipment and Tools Required

Diagonal cutters
Long-nosed pliers
Pocket knife

Ya-inch nut driver
Solder pick

Small wire brush
Pencil soldering iron
60/40 resin core solder
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Removing a Resistor

A convenient method of removing resistors
is to clip the leads with cutters, leaving suffi-
cient wire at each point so that wiring termi-
nals remain, New components can be soldered
to these remnant leads.

Replacing the Resistor

Make mechanical joints by wrapping a turn
of cach new resistor wire around the remnant
wires left {from the old component. Perform
the soldering quickly and efficiently.

Solder Method of Removing and
Replacing Components

On the wiring side of the board at the com-
ponent to be replaced, heat the connections
with an iron until the solder melts. Quickly
remove the iron and brush away the solder
using the wire brush. Two or more heating
passes miay be required; but take special care
to avoid excessive heat.

Now the mechanical joint will be revealed.
Insert a knife blade between the board and the
exposed wire, and carefully raise the wire until
it is perpendicular to the board and will come
free in the next step. Again apply the soldering
iron to the connection point while simultan-
eously moving the lead back and forth until
it breaks free of the molten solder.

Take the replacement component, cut the
leads to the desired length, insert them into
the holes, bending Lhe leads against the board
to make mechanical conncctions, and solder
the connections.

Replacing Electrolytic Capacitors,
Relays and Coils

The replacement of these types of com-
ponents can be accomplished as follows:

Step 1. With the soldcring iron, heat each
connection and brush away melted
solder. Somc parts may require pry-
ing the mounting lugs perpendicular
to the board in order to brush away
the melted solder.

Step 2:  Trim the Jugs as close as possible to
the board.

Step 3:  Again apply the soldering iron to the
connections, brush away the melted
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solder.

Insert replacement component and
solder the connections.

Step 4.

Replacing of Tube Sockets

Step 1: With soldering iron, heat each con-
tion and brush away mclted solder. If
the connections do not come free on
the first pass, repeat the heating pro-
cess until connections are broken.
With a pen knife inserted between the
socket lug and wiring foil, bend each
fug upward — except the grounding
lug.

When all sncket Jugs have been freed
from the wiring foil, heat the ground-
ing lug until the solder melts and
slowly pull the socket away from the
board.

Step 2:

Step 3:

ORDERING PARTS

The purpose of the parts list is to aid you
in ordering replacement parts. Ampex can offer
fast and efficient scrvice in providing normally
replaceable parts of the components in the
system when proper information is furnished.
Parts listed according to the schematic refer-
ence symbol, a description of the part and the
Ampex part number. The Ampex Corporation
offers some replacement parts that are not
necessarily exact replicas of thosc used on the
original version of the equipment; but thesc
parts are interchangeable with the original
parts. The description column names the part,
its composition, electrical value and manufac-
turer’'s number (or military specification when
available)—and the AMPEX PART NUMBER.

Ampex part numbers are the exact designa-
tion for all parts used in Ampex equipment,
For example, CAPACITOR, fixed: ceramic, .02
uf + 80%-20%, 500 vdcw; Sprague Part No.
36C205 will always bear the Ampex catalog
number 54-0265. THIS 1S THE NUMBER YOU
SHOULD USE WHEN ORDERING RFEPLACE-
MENT PARTS. The schematic reference num-
ber should NOT be used for ordering purposes
as it will vary with different equipment types.
Include the following information when ordecr-
ing parts: Equipment Type, Equipment Serial
Number, Ampex Part Number, Description of
Part. Example: 4 ea. 54-0265 capacitors for
Series 354.
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REF. NO. PART DESCRIPTION AMPEX

ELESCTRONIC ASSEMBLY, 7-1/2 ips NAB - 15 ips NAB:
Catalog No. 02-96601-01

ELECTRONIC ASSEMBLY, 7-1/2 ips CCIR - 15 ips CCIR:
Catalog No. 02-96601-02

ELECTRONIC ASSEMBLY, 3-3/4 ips 120usec - 7-1/2 ips NAB:
Catalog No. 02-96601-03

ELECTRONIC ASSEMBLY, 7-1/2 ips NAT - 15 ips ANT:
Catalog No. 02-96601-04
ELECTRONIC SUBASSEMBLY

101 CAPACITOR, Fixed: electrolytic, 3 x 15 mid;
450 vdew

1Cc2 CAPACI'I'OR, Fixed: ceramic; 0.905 wfd: - %0 -20%;
500 vdew; Sprague Part No, SLK-4J

1C3 (Same as 1C2)

1C4 CAPACITOR, Fixed: paper; 0.068 mfl; +10%;
400 vcdew; Sprague Part No. 89P 683534

1Ca (Same as 1C4)

aCcs CAPACITOR, Variable: trimmer; 50-240 pfd,
175 vdaew; Arco Part No. 584

3C7 (Same as 3CG6)

3C8 CAPACITOR, Variable: triminer; 19-160 pfc.
175 vdew; Arco Part No. 583

3C9 (Same as 3C8)

1C10 CAPACITOR, TFixed: electrolytic; 2 mfd; +80 -10%;
450 vdew; Sprague Type DEE

1C11 (Same as 1C10)

1C12 CAPACITOR, Fixed: mylar; 0.47 infd; +20%;
400 vlew; Goodall Type GOOUPE

1C13 {Same as 1C12)

3C14 (Same as 3C8)

3C15 (Same as 5038)

1C16 CAPACITOR, Fixed electrolytic; 40 mfd, 450 vdew;
10 mfd; 450 vdew; 40 mifd; 250 vlow

1C17 CAPACITOR, Tixed: ceramic, 2000 pfd; ..20%:;
1000 vdcw; Sprague Part No. 33CL2A2

1C18 (Same as 1C17)

1C19 CAPACITOR, Tixed: mica; 300 pfd; £5%; 2000 vdew,
Cornell Dubtlier Part No. 1AP20T3

3C20 CAPACITOR, Fixed: mica; 1270 pfd; £5%;
2000 vdew; Elmenco Type DM20

3C21 (Same as 3C20)

c22 ~Nol Used

1C23 CAPACITOR, Fuix::I' electrolytic; 60-60 mfd, 300
vdew; 40-40 mfd; 00 vdew

1C24 CAPACITOR, Fixed: ceramic; 0.02 mid; +80 -20%;
80 vaew; Sprague Part No, 36C205

1C25 (Same as 1C24)

3C26 CAPACITOR, Fixed: mylar; 0.1 mfd; £10%; 400
vdew; Cornell-Dubilier Part No. WMEF4P1E

3C27 (Same as 3C26)

1C2x» CAPACITOR, Fl:ed: ceramic; 56 pld; +5%; 500
vdew; Ere Type 831

1C29 (Stne as 1C28)

1C30 CAPACITOR, Fixed: electroiytic; 4 mfd; 150 vdew,
Cornell-Dubilier Part No. NLP361

1€31 (Same as 1C30)

1C32 CAPACITOR, Fixed: electrolytic; 25 mfd; -+100 -10%:;

10 vdew; Cornell-Dubilier Part No. NLP259

05-0131-01

30770-03

030-066
030-066

03:-299
035-299

0:55-998
038-998

038-999
038-999

031-991
031-991

035-997
035-997
038-999
038-999
30769-05

030-995
030-995

034-990
034-964

004-964

30769-07

030-059
030-059

035-999
035-999

54-0294
54-0284

55-0066
55-0066

55-00865

PART NO.

89-0131
'ssue A



REF. NO.

89-0131
[ssue A

1C33
3C34

1C35

C30
thru
C40
041

4C92
2043

2C44
3C45

3C46
3C47
4C48

3C49

3C50Q
4Cs51

4C52
3C63
3C54
1C55
1C56
1Cs7

1C568
1CR1
1CR2
<{'R3
4CR4
3DS1

3Ds2
3DS3

3D
2r1

2r2

2J2
2J3

2]4
2J5

276
PANG

PART DESCRIPTION

(Same as 1C32) 55-0065
CAPACITOR, Fixed: ceramic; 0.01 mfd; GMV; 500

vdew; Tirie Part No. 811-.01 030-002
CAPACITOR, Fixed: ¢lectrolytic; 40 mid, 40 -10%;

250 vdcw, Sprague Type DCEE 031-996
Not Used -——

CAPACITOR, Fixed: clectrolyti¢, 1000 mld; .250
=1U%:.. 15 vdew,; Cornell Dubilier Part No. BRAM-1510 031-034

CAPACITOR, Ylxed: electrolytic; 2000 mfd; 15 vdew 96147-01
CAPACITOR, Yixed: paper; 0.0047 mfd; +20%; 600 vdew;

Sprague Part No. 73P47206 035-028
(Same as 2C43) 035-028
CAPACITOR, Fixed: paper; 0.047 mid; +20%; 400 vdcw;

Cornell-Dubilier Pait No, WMI4S47E 03:-98%5
(Sume as 3C45) 035-985
(Same as 3C49) 035-985
CAPACITOR, Tixed: cerume; 0.02 mfd; GMV; 500 vdew,

Erie Part No. 841-.02 030-001
CAPACITOR, TFixed: electrolytic; 25 mid; 6 vdcw,

Sprague Part No. 30DL31A1 021-140
(Same as 3C49) 031-140
CAPACITOR, I'ixed: electrolyic; 4 mid; +50 -10%;

450 wdew; Sangaino Part No. MT-4504 031-009
(Same as 4C51) 031-009
(Same as 3C34) 030-n02
(Same as 3C24) 030-002
(Same as 3C34) 030-002
(Rame as 3C3) 030-002
CAPACITOR, Tixcd: Mylar, 0.018 mid: :10%, 100

vdcw; Cornell-Dubilier Tyge WME 54-0291
(Bame as 1CL7) 54-0291
DIODE , Silicon: 600 PTV; RCA Typc LN2864 57-0012
(Same as 1CR1) 57-0012
DIODE , Silicen: SQ I'IV; GlZ T'ype 1NGO7 57-0060
(Same as 4CR3) 57-0060
LAMP , Neon: miniature; rce, Eldcinua Part Mo.

1B9-6271 61-0071
(Same as 3DS1) 61-0071
LAMP, Incandescenl' miniature; 6.3 vac; 2 pin;

GE Type 12 060-041
(Same as 3DS3) 060-041
FUSE, Cartridge: 3 ainp; 250 v; fast blow;

Littelfuse Pr.rt No. 312003 070-001
FUSE, Cartridge: 0.75 anp; 125 v; slow blow,

Littelfuse Part No. 313.7G0 070-048
CONNECTOR, Receplacle: frmale; 3 contact;

Cannon Part No. XLR-:; -31 146-998
(Same as 2T1) 146-9298
CONNECTOR, Receptacle: male; 3 contact;

Camnon Part No. XLR-3-32 127-999
(Same as 2J3) 147-999
CONNECTOR, Receplacle: male; 2 contact;

MS3102A-125-3P 143-010
Same as 2I95) 143-010
CONNECTOR, Receptacle: male; 2 contact,

MS31024-10SL-4P 143-009

AMPEX PART NO.
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REF. NO.

218
239

2J10
11

3J12
L3

3J14
S 1S

4J16
AT

3J18
2J19

2]20

4K1
4L1
4L2
3M1
sM2
3R1

3R2
1R3

1R4
1R5

1R6
1R7

1RS
1RS

1R10
3011
3R12
3R13
3R14

R15

R1G
1R17

1R18
1R19

1R20
1R21

PART DESCRIPTION

(Same as 2J7)

CONNECTOR, Recep’:icle: male; 3 contact,
MS3102A-10S-3F

(Same as 2J9)

SOCKET, Tube: miniature; 7 pin; mica filled;
Cinch Part No. 7XM

(Same as 3J11)

SOCKET, Tube: miniature; 9 pin; mica filled;
Cinch Part No. 53112621

(Same as 3J13)

SOCKET, Tubc actal: mica filled; Cinch Part
No. 12272 8 AM

(Same as 4J15)

JACK, Phone: 3 conductor; sikgie closed eircult;
Carter Part No. J4

(Same as 3J17)

CONNECTOR, Receptacle: female; 6 contact;
Jores Part No. 8-306-AB

CONNECTOR, Receptacle: male; 2 cantact; 10 amp;
250 v; Hubbell Pavl No. 7466

RELAY, 3 pole double throw

CHOKE, 5.5 henry

CHOKE, 15 millihenry

METER, VU

(Same as 3M1)

RESISTOR, Vaviable composition; 100K ol 109 :

2w:.'l, Allen Bradley Part No. JA1IN056S104A2Z

(Same as 3R1)

RVSISTOR, Fixed: composition; 47K ohm; £10%;
1/2 watt; MIL-R-11A:RC20G "4 73K

(Same as 1IR3)

RESISTOR, Tixed: composition; 2. 2K ohm; =10%;
1/2 watt; MIL-R-11A:RC20GT 222K

(Same as 1RY)

RESISTOR, Fixed- composilion; 1 megohm; #5%;
1/2 watl; MIL-R-11A RCZ0GF105J

(Same os 1RT)

RESISTOR, Fixed: compasition, 68K ohm; +10%;
1/2 watt; MIL-R-11A:RC20GF 683K

(Same as 1R9)

RESISTOR, Fixerl: 100K (Part of 52-0138-01)

RESISTOR, Fixed: 100K (Part of 52-0138-01)

RESISTOR, Variabl:: 400K (art of 52-01::3-01)

RESISTOR, Variable: 400K (Part of 52-0138-01)

Not Used

Not Used

RESISTOR, Fixed: composition; 1K ohm, =10%;
L/4 watt; Allen Bradley Type C-B

(Same as IR1T)

RESISTOR, I'.xui: composition; 560 ohwn, +10%;
1/2 viall; MIL-R-1LA:RC30GF561KK

(Some as 1R19)

RESISTOR, Fixed: compositon; 22K ohm; :10%;
2 watl; MIL-R-11A:RC42GI' 223K

(Same as 1R21)

RESISTOR, Fixed: compositionl 8.2K ohm; =109,
1 wall; MIL-R-11A:RC32GI822K

(frume as 1R2J)

143-009

143-008
143-008

150-021
130-021

150-020
150-020

150-010
150-010

148-024
148-024

146-004

147-013
961:3-01
96135-01
96126-01
96130-01
96130-01

044-015
041-015

041-0G8
041-068

041-052
041-062

041-031
041-031L

041-070
041-070

041-87%
041-979

041-045
041-045

041-216
041-216

0:1-167
041-157

AMPEX PART NO.

89-0131
Issue A



REF. NO.

3R25

3R26
1R27

1R28
JR29

3R30
1R31

1R32

1R33
1RG4
1R35
116

TR37

1R38
1R39

1R40
1R41

1R42
1R43

1R44
1R45

1R46
1R47

LR48
IR49

1R50
1R51

1R62
1R53
3R564
3R55
1R56

1R57
1R58

1R59
1RG0

1R61
1R62

1RG3
R64

89-0131
Issue A

PART DESCRIPTION

RESISTOR, Fixed: composition; 180K ohm; +10%;
L watt, MIL-R-11A:RC32CGF184K

Ename as 3R2Y)

RESISTOR, Fixed: composition; 150K ohm; +10%;
2 watt; MIL-R-11A RC42GF154K

(Same as 1R27)

RESISTOR, Fixedl: composition; 100 ohm; 25%;
1/2 watt; MIL-R-11A:RC20GF101J

(Same zs 3R29)

RESISTOR, Variable' composition, 1K obm; £20%;
3 watt; Chicago Telephoue Supply Type UPE-200

RESISTOR, Fixal: composition; 22K alin; +5%;
1/2 watt; MIL-R-11A:RC20GF223

(Same as 1R32)

(Same as 1R17)

(Same as 1R17)

RESISTOR, Fixed: composition; 470 olup; .10%;
1 wall; MIL-R-11A:RC32GF471K

RESISTOR, Fixed. composition; 330K ohm; +5%,
1/2 walt; MIL-R-11A:RC20GF334F

(Same as 1R37)

RESISTOR, Fuxed: wirewound; 330K ohm; ' 27;
/2 watt; Cinema Type CE51GE

(Same as 1R39)

RESISTOR, Fixed: composilion, 10 megohin; :10%,
1/2 watt, MIL-R-11A:RC20GF106K

(Same as 1R41)

RESISTOR, Fixed: composilion; 220K otum; - 10.9;
1/2 watt, MIL-R-11A:RC20G F224K

(Same as 1R43)

RESISTOR, Fixed: wirewound; 27 ohm; i+%; 1/2 witt,
International Resistance Corp Type BW-1/2

(Same as 1R<3)

RESISTOR, Tixed: wirewaound; 820 ohm; £56%; 1/2 watt,
Internaiionil Resistance Corp Type BW-1/2

(Same as 1R47)

RESISTOR, Fixwi: composition; 120K ohm; = 10%;
1/2 walt; MIL-R-11A:RC20GF124K

(Sanie as 1RA9)

RESISTOR, Fixexl: composition, 4.7K ohm' 4«10%;
1/2 watt; MIL-R-11A KC20CT"72K

(Same as 1R3)

(Same as 1R3)

RESISTOR, Varlable: 250K (Part of 52~0138-01)

RESISTOR, Variabie: 250K (Part of 52-0138-01)

RESISTOR, Fixed: composition; 270K ohm, +10%;
1/2 watt; MIL-R-11A:RC20GT 274K

(Samne as LR56)

RESISTOR, Fixed: composition; 3.3 mcgolyn, =10%;
1/4 walt; Allen Bradley Type C-B

(Same as 11158)

RESISTOR, Fixed' composilion; 750 ohm; +5%;
1/2 watt; MIL-R-11A:RC20GF751J

RESISTOIL, Tixed: composition; 470 ohm; +10%;
1/2 watt; MIL-R-11A:RC20GT4 71K

(Same as 1RE1)

(Same as 1RG0)

Not Used

AMPEX PART NO.

041-173
041-173

041-226
041-226

041-003
041-003

044-995

041-016
041-016
041-979
041-979

Q041-141

041-028
041-028

043-935
043-995

041-090
041-090

041-076
041-076

044-996
043-996

043-9917
043-9917

041-073
041-073

041-056
041-068
041-068

041-077
041-0717

041-937
041-937

041-007

041-044
041-044
041-0Q7

8-19
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REF. NO.

R65
1R66

1RG7
3RG8

3R09
3R70
3R71
1R72

1RT3
R74
IR75

1R76
AR77
3R78

3RT9
3RS0
2R81
9R82

4R8I
351
352
353

3586

4T1
3T2
3T3
1T4
3TP1
3rp2
3TP3
vl
1ve
1V3
1v4
1V5
1V6
1v7

PART DESCRIPTION

Not Used

RESISTOR, Tixed: composilion; §.8K ohm; £10%;
1 watt; MIL-R-11A:RC32GF682K

(Same as 1R66)

RESISTOR, Llixed: composilion; 12K ohm; 410%;
1/2 watt; MIL-R-11A:RC20GF123K

(Same as 3R68)

(Same as 3R68)

(Same as 3R68)

RESISTOR, Tixed: composition; 2. 2K ohm; +10%;
1 wall; MIL-R-11A:RC32HG222K

(Same as 1R36)

Nol Usea

RESISTOR, Fixed: composition; L megohm; +10%;
/4 watt; Allen Bradley Type C-B

(Same as 1R795)

(Same as 1R61)

RESISTOR, Fixed: composition; 100 ohun; £10%;
1/2 wau; MIL-R-11A:RC20G F101K

(Same as 3R78)

{Sarme as 3R78)

(Same as 3RT)

RESISTOR, Fixed: composition; 100K ohm; +10%;
1 watt; M{L-R-11A:RC32GF10aK

Same as 4R82)

SWITCH, Equaliz:ilion

SWITCH , Output Selector

(Same as 357)

SWITCH , Record Selector

SWITCH , Pushhulton: SPST; normally open;
momentary contact; Arrow H and H Part
No. 3391 EPA

SWITCH , Toggle: SPST, 6 amp; 125 v; Circle ¥
Part No. 1887-L2P

TRANSFORMER, Power

TRANSFORMER., Outpul

(Same as 3T2)

TRANSFORMER, Oscillator

JACK, Tip: red; E, F. Johnson Part No. 105-802

(Same as 3TP1)

JACK, Tip: black; E. F. Johnson Yurl No. 195-803

TUBE , Electron: Type 6AWS8A

(Same as 1VL)

TUBE , Tiectron: Type L2AXT

TUBE, Electron: Type GDJ8

S8ame as 1V3)

(Same as 1V4)

TUBE, Eleclron: Typu: 12BH7

BRACKET ASSEMBLY, Equalizalion (with sockets
J11, J12, 313 and J19)

BRACKET ASSEMBLY, Plug-in input (with sockels
J15 and J16)

NUT, Sleeve

BOARD ASSEMBLY (includes all items with prefix 1)

PLUG ASSEMBLY , Input (Dummy)

FUSEPQST, Cartridge; Littelfuse Part No. 342012

ROLDER, Pilot Light

KNOB, Skirted

041-156
041-156

041-061
041-061
041-061
041-061

04)-150
041-141

041-068
041-968
041-044

041-038
041-038
041-038
041-038

041-170
041-170
96138-01
62-0147-01
62-0147-01
96109-01

120013

62-0142
96144-01
86137-01
96137-01

58-0115-01

118-999

148-999

148-998

012-09¢

012-099

012-024

26G-00T77

012-024

56-0077

012-065

96092-01

96094-01
21078-01
96057-01
17420-01

085-001
96140-01

230-003

AMPEX PART NO.

89-013)
Issue A



REF. NO.

89.0131
Issue A

PART DESCRIPTION

INDICATOR ASSEMBLY , Reset
SOCKET, Tube: 9 pin

SOCKET, Tulw: octal

SHIELD, Tubc: 9 pin; 2-3/8 in. high
SHIELD, Tube: 7 pin; 2-1/2 in. high
SHIELD, Tuke: 9 pin; 1-15/16 in. high
SHIEL.D, Tube: 9 pin; ventilatad

3.75 (120 usec)/7.5 NAB REPRODUCE EQUALIZER, Fixed:

Calalog No. 96110-02

CAPACITOR, Fixed: mica; 750 pfd; £5%; 500 vdew;
Elmenco Part No, CM20C75L1J

PLUG AND SHIET.D: 9 pin: Vector Patrt No. G2.1-8F

RESISTOR, Vixed: composition; 68K ohms; £1%;
1/2 watt: Elecira Type DC-1/2

RESISTOR, Tixed: composition; 160K ohms; 41%;
1/2 watL Tilectra Type DS-1/2

RESISTOR, Fixed: composition; 6,2 megohum; 25%;
1/2 watt: Allen Bradley Type EB

3.75 (120 usec)/7.5 NAB REPRODUCE EQUALIZER, Variable:

Catalog No. 96110-03

CAPACITOR, Fixed: mica; 750 pfd; 15%; 300 vdcw;
C-D type DC-15

RESISTOR, Variable: composition; S0KX ohms; £20%,
1/10 wall: Centrulab Type 1

RESISTOR, Fixed: composilion; 47K ohms; =5%;
1/4 watl: MIL-R-11:RC07GI"173J

RESISTOR, l'ixed: camposiiion; 120K ohins; +5%;
1/4 watt: Allen Bradley Type CB

RESISTOR, TFixed: composition; 6.2 megohm; +5%;
1/2 watt: Allen liradley Type EB

RLBSISTOR, Varlable: composition; 100K oluns; +20%;
1/10 watt: Centralab Type 1

3.75 (200 usec)/7.5 NAB REPRODUCE EQUALIZER, lixad:

Calalog No. 96114-02

CAPACITOR, TFixed: wmica; 750 pid; -L5%; 500 vdew:
Elmenco Part No. CM20C751)

PLUG AND SHIELD: 9 pin. Vector Part No. G2, 1-8F

RESISTOR, Fixed: composition; 68K ohms; =1%;
1/2 watt: Electra Type DC-1/2

RESISTOR, Fixed: composition; 270K okms; £1%;
1/2 watt: Eleclra Type DC-1/2

RESISTOR, Fixed: composilion; 6.2 megohm; +5%:
1L/2 walt: Allen Bradley Type EB

3.75 (200 usec)/7.5 NAB REPRQDUCE EQUALIZER, Variable:

Calalog No. 96114-03

CAPACITOR, Fixed: mica, 750 pid; £5°4; 300 vdew:
C-D Type DC-15

RESISTOR, Variable: composition; 50K ohims; £20%,;
1/10 watt: Centralab Typo 1

RESISTOR, Fixed: composition; 47K ohms; £5%;
1/4 watl; MIL-R-11:RCOTGI473J

RESISTOR, Fixed: composition; 220K ohms; +5%,
1/4 watt: Allen Bradley Type CB

RESISTOR, Varlable: composition; 100K ohuus; +20%;
1/10 watt: Centralab Type 1

RESISTOR, Fixed: composition; 6.2 mcgohm; £5%;
1/2 watt: Allen Bradley Type EB

AMPEX PART NO.

50735-02
30818-01
150-078
160-020
160-999
160-012
160-998

034-144
0939-006

0<2-088

042-993

041-165

034-966

044-989

041-411

041-929

041-965

044-988

034-144
099-006

042-088

042-098

G41-965

034-966

044-989

041-411

041-930

044-988

041-965

8-21
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PART DESCRIPTION

3.75/7.5 NAB RBECORD EQUALIZER- Catalog No. 96120-01

CAPACITOR, Fixed: paper; 0.082 mfd; £10%;
100 vdew: Goodall Type 663UW
PLUG AND SHIELD. 7 pin. Vector Part No. G2.2-8F
RESISTOR, Fixed: composition; 47K ohws; + 57;
1/2 watt: MIL-R-11:RC20GF473J
RESISTOR, Tixed: compasition; L20K ohms; £5%;
1/2 watt: MIL-R-11:RC30GI124J
RESISTOR, Fixed: composition; 500K ohms; +1%;
1/2 wall: Tlectra Type DC -1/2

7.5/15 NAL> REPRODUCE EQUALIZER, Fixed: Cal:log Na.

96111-02

CAPACITOR, Fixed: mica; 750 pfd; “5%; 500 vdow;
Elmenco Parl Ne, (11320C751J

PLUG AND SHIELD: 9 pin, Vector Part No, G2, 1-8F

RESISTOR, Fixed: composition; 63I< ohms, #1%;
1/2 watt: Elcctra Type DC-1/2

RESISTOR, Tixed: composilion; 3.3 megolun; =5%,
1/2 waltt: MIL-R~11:RC20GF3:5J

RESISTOR, Fixed: composition; 6.2 megohm; £5%;
1/2 walt: Allen Bradley Type EB

7.5/15 NAR REPRODUCE EQUALIZER, Variable: Catalog Nv.

96111-03

CAPACITOR, Fixal: wiea; 750 pid; =5%, 300 vdeow:
C-C Type DC-15

RESISTOR, Fixed: composilion; 3.3 megohm; 5%y
1/2 walt; MIL-R-11: RC20GI"335J

RESISTOR, Fixed. composition; 6.2 megohm; +5%;
1/2 walt: Allea Bradley Type EB

RESISTOR, Tixed: composition; 47K ohms; £5%;
1/4 watt: MIL-R-11:RCO7G[F473J

RESISTOR, Varlable: compaesition; 50K ohms; -20%;
1/10 watt: Centriolab Type 1

7.5/15 NAB RECORD EQUALIZER: Catalog No. 96121-01

CAPACITOR, Fixed: paper; 0.12 mfd; 1:10%; 100 vdew;
Gaodall Type 663UW

PLUG AND SHIELD: 7 pin: Vector Part No. G2. 2-8F

RESISTOR, Fixed: composition; 68K ohms; +5%;
L/2 wirtt: MIL-R-11:RC20CI'653]

RESISTOR, Fixed: composition; 30K ohras; +5%;
1/2 watt: Allen Bradley Type EB

RESISTOR, Fixed: composition; 75K chmws; +5%;
1/2 watt, Allen Bradley Typ: EB

RESISTOR, Fixed: composition; 270K ohws; £1%;
1/2 waltt: Electra Type DC-1/2

7.5 NAB/15 AME REPRODUCE EQUALIZER, Fixed:

Catalog No. 96112-02

CARACITQR, lixed: mici, 750 pfd, 5%, 500 vdew.
Elmenco Part No. CM20CT75L]

CAPACITOR , Fixed: paper; 4700 pfd; 22%; 200 vdcw:
Goodall Type 663UW

CAPACITOR, Fixed: pager; 1000 pfd; £2%; 200 vdew:
Coodall Type 663UW

PLUC AND SHIELD: 9 pin: Vector Part No. G2.1-8F

RESISTOR, Fixed: composition; 3.3 megohm; £5%;
1/2 watl: MIL-R-11:RC20GT 255

RESISTOR, Fixed: composition; 47K ohms; £1%;
1/2 watt: Electra Type DC-1/2

035-9177
099-005

041-020

041-318

042-102

034-144
099-006

042-088

041-464

041-965

034-966

041-464

041-565

041-411

041-589

035-978

039-005

041-022

041-951

041-849

045-098

034-144

035-592

035-993
039-006

041-464

042-086

AMPEX PART NO.

89-0131
Issue A



REF. NO. PART DESCRIPTION AMPEX PART NO.

RESISTOR, Fixed: composition; 68K ohms; £1%;

1/2 watl: MIL-R-10509A:RN15X6802F 042-136
RGSISTUR, Fixed: composition; 12K ohms; +1%;;
1/2 watl; Electra Type DC-1/2 042-990

7.5 NAB/15 AME REPRODUCE EQUALIZER, Variable:
Catalog No, 96112-03
CAPACITOR, Fixed: mica; 750 pfd; £5%; 300 vdcw:

C-D Type DC~15 034-966
CAPACITOR, TFixed: paper; 4700 pfd; =2%; 200 vdew:

Goodall Type 663UW 035-992
CAPACITOR, Fixed: paper; 1000 pid; +2%; 200 vdew:

Goodall Type 663UW 035-993
124SISTOR, Fixed: composition; 47K ohms; ©1%;

1/2 watt: Eleelra Type DC-1/2 012-086
RESISTOR, Fixcd: coinposition; 12K ohms,; :1%;

1/2 watt: Electra Type DC-1/2 042-990
RESISTOR, Fixed: composition; 3.3 megohum; =5%;

1/2 watt: MIL-R-11:RC20GF 3504 041-464
RESISTOR, Variable: composition; 50X ohms; +20%;

1/1Q watt; Centralab Type 1 044-989
RESISTOR, Fixed: composition; 47K ohms, £5%,

/4 watt: MIL-R-11:RCO07GF473J 041-411

7.5 NATY/15 AME RECORD EQUALIZER: Catalog No. 96122-01
CAPACITOR, Fixed: mica; 680 pld; £2%; 500 vdew

Elmenco Type CM15 034-125
CAPACITOR, Fixed: paper; 0.12 mfd; +10%; 100 vdew:

Goodall Type 663UW 035-978
PLUG AND SHIELD: 7 pin Vector Part No. G2Z.2-8I 099-005
RESISTOR, Fixed: compasition; 150K ohms; =5%;

1/4 watt: Allen Bradley Type C13 041-934
RESISTOR, Tixed: composition; 100K ohms; +1%;

1/2 walt: Eleclra Type DC-1/2 042-032
RESISTOR, Tixed: composition; 75K chms; +5%;

1/4 watt: Allen Bradley Type CB 041-935
RESISTOR, i:xwidl composition, 30K ohrs; +5%;

1/4 watt: Allen Bradley Type CR 041-933
RESISTOR, Tixecd: composition, 330K oluns; +1%;

1/2 watt:Electra Type DC-1/2 042-100

7.5/15 CCIR REPRODUCE EQUALIZER, Fixed: Catalog No.
96113-02
CAPACITOR, Fixed: mica; 750 pid; 57 500 vdcw:

Clmenco Part No. CM20C751J 034-1-14
PLUG AND SHIELD: 9 pin: Vector Part No, G2.1-8F 099-006
RESISTOR, Fixed: composition; 47K ohms; 1%,

1/2 watt: Electra Type DC-1/2 042-086
RESISTOR, Fixed: compesition; 120K ohms; +1%;

1/2 watt: MIL-R-10509A RN15R1203F 042-117
RESISTOR, Fixed' composition; 8.2 megohmn, £5%,;

1/2 watt: MIL-R-11:RC20GTF825J 041-423

7.5/15 CCIR REPRODUCE EQUALIZER, Variable:
Catalog No. 96113-03
CAPACITOR, Fixed: mica; 750 pfd: .:5%; 300 vdcw:

C-D Type CD-15 034-966
RESISTCR, Fixed: composition; 82K aluns: '35%;

1/4 watt: Allen Bradley Type CB G51-927
RESISTOR, Variable: compositian; 50K ohms; £20%;

1/10 watt: Centralab Type 1 044-989

8§9-0131
Issue A
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REF. NO. PART DESCRIPTION

RESISTOR, Variable: composition; 100K ohms; 420%;
1/10 wali: Centralab Type 1

RESISTOR, I'ixed: composition; 33K ohms; +5%;
1/4 watt: Allen Bradley Type CB

RESISTOR, Fixed: composition; 8.2 megohm; =5%;
1/2 watt: MIL-R-11;:RC20GF825J

7.5/15 CCIR RECORD EQUALIZER: Catalog No, 96123-01

CAPACITOR, Tixed: mica; 50 pfd; +5%; 500 vdcw:
Elmcneo Part Na. CM20C500F

PLUG AND SHIELD: 7 pin: Vector Part No, G2,2-8F

RESISTOR, Fixed: composilion; 16K ohms; +5%;
1/2 watt: Allen Bradley Type ET}

RESISTOR, Fixed: composition; 180K ohums; =1%;
1/2 watt: Electra Type DC-1/2

044-988

041-528

041-423

034-046

099-005

041-950

042-096

AMPEX PART NO.

89-0131
[ssue A



NOTE 1

RECORD CURVES SHOWMN ARE
AFPROXIMATE AND WILL VARY
WITH TAPE TO MAINTAIN FLAT
OVERALL RESPONSE.

NOTE 2

USE THE 7% NAB REPRODUCE
CURVE FOR THE 3% (20 v scc)/7¥
MAB AND THE 7% NAB/IS MaB
EQUALIZERS. FOR THE 7Y% NAB/IS
AME EQUAL ZERS USE THE |15 NAB
REPRODUCE CURVE.
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GENERAL

l'he accessorics described on the following
pages are designed (0 add to the versatility of
the basic unit or to aid in keeping the unit in
the best possible opcrating condition,

Section 9
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REMOTE CONTROL UNIT

The operation of the tape transport mechan-
ism can be remotely controlled by a Remote
Control Unit. The Catalog No. 01-96510-01 unit
is supplied in a metal case, completely wired
(includes a 30 foot interconnecting cable) and
ready to plug into the remote control connector,
J116S, on the transport. The Catalog No. 01-
96520-01 unit is mounted on a flat plate for
installation in studio consoles. The unit is com-
pletely wired but does not include the inter-
connecting cable.

RiAY ey oo
g " R .o . .

Y

Q10

Remote Control Unit
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PLUG-IN MICROPHONE PREAMPLIFIER

General

Two plug-in microphone preamplifiers are
offered for use with the PR-10 recorder/re-
producer. Both preamplifiers are for use with

N,
b —
e o8t
e d wiine
= ) g
| 2 it
A \’.\\:‘lﬁu s

Plug-in Microphone Preamplifiers

low impedance microphones. One preamplifier
(Catalog No. 01-96440-01) provides 40 db of gain
while the other (Catalog No. 01-96440-04) pro-
vides 60 db of gain. (See “Equipment Applica-
tions” in the Description Section.)

40-db Preamplifier

With the 40-db microphone preamplifier
plugged in the system, low impedance micro-
phones with relatively high output levels from
—50 dbm (2.4 millivolts) minimum to —25
dbm (43 millivolts) maximum can be accom-
modated to provide normal record levels. This
preamplifier is designed specifically for extreme-
ly close pickups with high level microphones.

The preamplifier is a conventional single-
stage voltage amplifier with a transformer in-
put. The only unusual portion of the circuit is
the partially by-passed cathode which improves
the overload characteristics of the amplifier.

60-db Preamplifier

With the 60-db microphones preamplifier
plugged in the system, low impedance micro-
phones with relatively low output levels from
—70 dbm (0.23 millivolt) minimum to --35
dbm (13.7 millivolts ) maximum can be accom-
modated to provide normal record levels. This
preamplifier is designed as the general purpose
preamplifier for most of the normal micro-
phones used and for most of the standard pick-

[ssue A

ups. It will overload when used for extremely
close pickups with high level microphones.

The preamplifier is a conventional two-stage
voltage amplifier with a transformer input. The
only unusual portion of the circuit is the use of
negative feedback from the plate of the second
stage to the cathode of the first stage and the
use of the positive feedback from the cathode
of the second stage to the cathode of the first
stage. In addition to improving the overload
characteristics of the amplifier, the negative
feedback is part of a bleeder network that pro-
tects the tubes from accessive voltage surges
when power is first applied to the preamplifier.

A4



HEAD DEMAGNETIZER AND HEAD CLEANER

The AmpPEX head demagnetizer, Model
No. 820, quickly demagnetizes the record, re-
produce and erase heads to achieve reduced
noise and distortion. The demagnetizer neutral-
izes the residual magnetizing induced in the
heads by transients from speech, music and
noise thus preventing partial high frequency
erasure of the tape. The demagnetizer consists
of an a-c magnet with pole pieces shaped to
fit the contour of the heads. Operation of the
demagnetizer is described in the HEAD AS-
SEMBLY section.

The AmpExXx head cleaner, Model No.
823, is specially formulated for use with
AmPEX heads. Do not use any other solvent on
the head assembly as some will damage the
material which binds the head laminations to-
gether. The head cleaner should not be used
on plastic parts such as the head cover. Clean-
ing of the hcads is described in the HEAD AS-
SEMBLY section.
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Head Demagnetizer

TEST TAPES

The AMPEX test tape mentioned in the
“Checkout and Adjustment” section is specifi-
cally designed for use with machines operating
at 7% inches per second using NAB equaliza-
tion. Under certain circumstances, particularly
for “Master Recording”, it may be desirable to
calibrate the machine with the test tape de-
signed for the specific speed and equalization
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concerned. The following table lists the various
Ya-inch test tapes.

Equalization Catalog No.
15 ips NAB 01-31311-01
7Y ips NAB > 01-31321-01
3% ips 120 psec 01-31331-01
3% ips 200 psec 01-31334-01

The 15 ips test tapes contain the following
information in the sequence indicated.

1. A 700 cps tone at operating level for re-
duce gain calibration and reference.

2. A 15,000 cps tone al operating level for
reproduce head alignment.

3. A series of tones (12kc, 10kc, 7.5kc,
5ke, 1kc, 500c, 250¢, 100c, 50c, and 30c¢)
at operating level for reproduce fre-
guency response measurements.

The 742 ips test tapes contain the following
information in the sequence indicated.

1. A 700 cps tone at 10 db below operating
level for reference.

2. A 15,000 cps tone at 10 db below operat-
ing level for reproduce head alignment.

3. A series of tones (12kc, 10kc 7.5kc, 5ke,
2.5ke, lke, 250c, 100c, and 50c) at 10
db below operating level for reproduce
frequency response measurements.

4. A 700 cps tone at operating level for re-
produce gain calibration.

The 3% ips Lest tapes contain the following
information in the sequence indicated.

1. A 500 cps tone at 10 db below operating
level for reference.

2. A 7,500 cps tone at 10 db below operat-
ing level for reproduce head alignment.

3. A series of tones (5ke, 2.5ke, lkc, 500c,
250c, 100c and 50c¢) at 10 db below op-
erating level for reproduce frequency re-
Sponse measurements.

4. A 500 cps tone at operating level for re-
produce gain calibration,
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Ampex Test Tapes

In addition to the alignment tapes, Ampex
also produces level set tapes and {lutter test
tapes. The Hutter test tapes are used for check-
ing equipment flutter in accordance with Ameri-
can Standards Association standard number
7.57.1-1954. These tapes consist of a 3000 cycle
tone (with 0.03% or less flutter) which is re-
produced on the machine being checked and
the flutter of the machine is measured using a
standard {lutter bridge. (The flutter introduced
by the tape is negligible.) Flutter test tapes are
listed in the following table.

Speed Catalog No.
3% ips fluttertest ..... ........ 01-31336-01
7Y% ips flutter test . ... .. ... ... 01-31326-01
15 ips fluttertest .. ............. 01-31316-01

The level set tapes are used to properly set
the reproduce level of a tape machine when
calibrating the record portions of the machine
ot when the machine is Lo be used in conjunc-
tion with other equipment that requires a spe-
cific input. These tapes are recorded at “normal”
operating level and are listed in the following
table.

Speed Catalog No.
3% ips 500 cps Jevel set ... ... ... 01-31335-01
T ips 700 epylevel 58t . o0y wuw s 01-31325-01
181ips 700 cps level S6E « « « ¢ v« - 01-31315-01

The test tapes arc valuable tools for ensur-
ing proper operation of the equipment, but only
if the tapes are cared for properly. Like any pre-
recorded tape, the test tapes are sensitive to
magnetic fields, which if sufficient in intensity,
will erase or partially reduce the carefully ad-
justed magnetic orientation of the tape coating,
those rendering the tape useless.

The area in which the test tape is to be used
or stored should be surveyed for equipment
which might set up fields of a nature which
might affect the accuracy of the tape.

The high frequency signals of the tape can
also be partially erascd by a record, reproduce
or erase head, or a tape guide which is strongly
magnetized. Moreover, accurate reproduction
of the signals on the test tape is not possible
when used with a magnetized head. To pre-
clude any possibility of this type of damage,
the heads and all metallic objects in the tape
path should be demagnetized before using the
test tape.

The tape should be stored away from hot
radiators, amplifier chassis, or electric lamps
which might cause thc tape to deform. Where-
ever possible, the tape should be stored on edge.
In hot weather, a tape laid flat will tend to
“settle” to the lower side of the reel causing an
edge “wrinkle,” which is conducive to flutter.



MIXER ASSEMBLY

The MX-35 mixer assembly (Catalog No. 01-
96910-01) is a compact four position, two chan-
nel mixer with unique switching facilities found
only in expensive custom designed studio con-
soles. Special coupling connectors are provided
to give additional facilities where up to four
MX-35's can be coupled together with overall
master gain controlled by the last unit in the
system. Each mixer position has a reset indica-
tor which permits return to a previous level
and is supplied with a key switch which feeds
channels “A” or “B” or BOTH. In the latter
position, this permits feeding the solo mike
(as in the case of stereo recording) equally to
both Jeft and right channels while other mikes
are feeding either the left or right channels.
Above mixer positions No. 3 and No. 4 are two
additional keys to select mike or line input from
appropriate receptacles located on the hack of
the unit. All switching regardless ol combina-
tion maintains proper balance and isolation
between channels.

The MX-35 operates from four low imped-
ance microphone inputs and two unbalanced
line inputs: (balanced input when using No.
58-0116-01 plug-in transformer ), feeding two in-
dependent program amplifiers controlled by a
two gang master gain control. Advanced de-
sign amplifier circuitry permits very high input
and outpul levcls without distortion. Power
supply is self-contained and all heaters are fed
by a dc supply. Conservalively rated compo-
nents maintain quality and long operating life
without need for service or repair.

Although designcd primarily to feed AMPEX
Professional recorders, this unit can be used
with other audio recorders and sound equip-

MIXER

Rack layout (shown with Ampex 354 tape re-
corder)

ment such as speech input systems, public ad-
dress or sound systems where unique control
facilities of the MX-35 make it a flexible audio
tool.

The operating instructions for the MX-35
Mixer Assembly are contained in Ampex in-
struction manual TM-2010.
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Input

Input Impedance
Qutputs

Gain

Frequency Response
Noise

Distortion

Crosstalk Rejection
Controls

Connectors

Power Input
Tubes
Dimensions
Finish

Accessories

Specifications

Four microphone level inputs and two line high level inputs incorpo-
rating high level mixing.

Microphone; 200 ohm non-lerminating; line: 100 k ohms bridging.
(With optional plug-in balance line transformer 20,000 ohms.)

Two, 1 volt normal; 30 volts maximum unbalanced to feed hridging
input of recorder.

With internal and external control settings at maximum, — 67 dbm
on any mic channecl or - 27 dbm on any line channel will produce 1 volt
output, 1 volt input to thc PR-10 clectronics corresponds to 0 vu,

=1 db 40 to 15,000 cycles

65 db below signal for inputs of —55 dbm. This represents a noise
equivalent to an input signal of — 120 dbm.

At 500 cycles, less than 0.3% with —43 dbm mic input level, 1v output
level; less than 1% with —29 dbm mic input level, 25v output level.

65 db at 500 cycles, 50 db at 10 kc.

Four Allen-Bradley pots (calibrated step type available on special or-
der); master gain (two gang) pot; key switches for selection of mic
or line on two input positions; key switches for channel A, both or
Channel BB on each mixer position; AC line switch; mixer coupling
switch (located on the back of the chassis).

Rugged “XL” type on all inputs and outputs except mixer coupling
strip.

105-125 volts, 50-60 cycles, 30 watts,

Six EF86’s and one 12AU7

5-7/32” H, 19" L, 5-3/16” D (for 5% " rack space or portablc case).
Brushed stainless steel with grey knobs.

Plug-in balanced bridging line input transformer (Cat. No. 58-0116-01),
and plug-in balanced matching line input transformer (Cat. No.
58-0116-02).



CARRYING CASES AND CONSOLES

Tape Transport Carrying Case

The portable tape transport carrying case,
Catalog No. 03-0154-01, is specially designed
to house the 354 tape transport, A special door
on the side of the case is provided for all neces-
sary interconnections between the tape trans-
port and the electronic assembly and allows the
tape transport to be operated in either a horizon-
tal or vertical position. Special ducting in the
case is designed to provide adequate ventilation.
Air circulation within the case is such that the

Carrying Cases

equipment actually runs cooler in the case than
in free air.

Electronic Assembly Carrying Case

The portable electronic assembly carrying
case, Catalog No. 15-0211-00, is specially de-
signed to house the 354 electronic assembly. All
necessary interconnections are provided for by
removing Lhe rear panel from the case.

Comnsole

Console Assembly

The console assembly, Catalog No.
15-0214-00, is designed to house the 354 tape
transport and clectronic assembly as a complete
and easy-to-operate unit. Facilities for easy
maintenance of the equipment are provided.
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