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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 section,

the installation section,

the operating instructions section, and

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

For the operator:
the description 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 section,
the checkout and adjustment section,
the principles of magnetic recording
section, and
the individual component sections
(i.e., tape transport, etc.)
are required reading.

THE DESCRIPTION SECTION

The description section briefly describes the
system, the components, their uses, and their
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INTRODUCTION

performance characteristics. The section also
briefly 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
connecting the equipment. All mounting di-
mensions are given for custom installation.
Testing of the equipment after installation is
not covered in this section, but rather is covered
in the checkout and adjustment section which
follows the operating instructions section.

THE OPERATING INSTRUCTIONS SECTION

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

THE CHECKOUT AND ADJUSTMENT SECTION

The checkout and adjustment section pro-
vides all the necessary information for check-
ing out and adjusting the system. The checkout
procedures are designed to ascertain whether
or not the system is operating properly and to
adjust the system for optimum results. Any
malfunctions found while peforming the
checkout procedures should be corrected using
the maintenance procedures that will be found



in the section of the manual covering the unit
concerned.

THE TAPE TRANSPORT SECTION

The tape transport section describes the tape
transport in detail and provides all necessary
maintenance adjustment procedures. The sec-
tion also covers the replacement of tape trans-
port parts.

THE HEAD ASSEMBLY SECTION

The head assembly section describes the
head assembly in detail provides all necessary
maintenance procedures. This section also
covers the replacement of head assembly parts.
Adjustment procedures, for the most part, are
covered in the checkout and adjustment sec-
tion.

THE ELECTRONIC ASSEMBLY SECTION

The electronic assembly section provides the
detailed theory of the electronics along with
the maintenance procedures and some trouble-

shooting hints. The lists of replacement parts
are, of course, included.

THE ACCESSORIES SECTION

The accessories section describes the access-
ories available for use with the system and
describes their use in the system. The access-
ories are designed to simplify or extend the use
of the system.

THE PRINCIPLES OF MAGNETIC RECORDING SECTION

The principles of magnetic recording section
provides the user and the maintenance man
with a basic knowledge of how a magnetic
recorder works and the principles behind the
major adjustments.

INDEX

In an attempt to give as complete a manual
as possible, the index is included to aid in locat-
ing the required information as quickly as
possible.
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GENERAL

The AMpPEX Models 602 and 602-2 are single
track and dual track magnetic tape recorder/
reproducers, respectively, intended for use in
the professional field. They will record two
track stereophonic (602-2) or singletrack
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Ampex 602 Recorder/Reproducer
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DESCRIPTION

(either half track (602 HT & 602-2) or full
track (602 FT); and will reproduce two track
stereophonic (602-2) and single track tapes
(half track (602 HT & 602-2) or full track (all
three versions).
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Ampex 602-2 Recorder/Reproducer



The 602 and 602-2 recorders are available
to operate with either 60 or 50 cycle power (117
volt, single phase), at tape speeds of either
7-1/2 or 3-3/4 inches per second (ips). The
complete equipment consists of a tape trans-
port and either one (602) or two (602-2) elec-
tronic assemblies and is available either un-
cased or mounted in a durable, luggage-type,
portable carrying case. Mating connectors’ are
provided for all signal input and output recep-
tacles.

The record/reproduce electronic assembly
consists of a microphone preamplifier, a record
amplifier, a reproduce amplifier, a power supply

and (in the single channel electronics and the
two channel master electronics) a bias and
erase oscillator. Standard equipment includes
a dummy plug which—when inserted in the
proper receptacle in the electronic assembly—
provides an input match for a high impedance
unbalanced line. Plug-in transformers and mic-
rophone preamplifiers—available as accessory
equipment—provide a convenient means of
bridging or matching a balanced line or of
providing a second microphone input; all that
is necessary is to replace the dummy plug with
the appropriate plug-in accessory. (See “Ac-
cessories” section for a description of these
plug-in accessories ).

EQUIPMENT AVAILABLE
Unit Tape Speed* Line Frequency Catalog No.
Complete Equipment 7-1/2 HT 60 01-0602-01
(in portable case) 7-1/2 HT 50 01-0602-05
3-3/4 HT 60 01-0602-17
3-3/4HT 50 01-0602-21
7-1/2 FT 60 01-0602-02
7-1/2 FT 50 01-0602-06
3-3/4FT 60 01-0602-18
3-3/4FT 50 01-0602-22
7-1/2 2T 60 01-6022-01
7-1/2 2T 50 01-6022-05
3-3/4 2T 60 01-6022-07
3-3/4 2T 50 01-6022-09
Complete Equipment 7-1/2 HT 60 01-0602-03
(uncased) 7-1/2 HT 50 01-0602-07
3-3/4 HT 60 01-0602-19
3-3/4 HT 50 01-0602-23
7-1/2 FT 60 01-0602-04
7-1/2 FT 50 01-0602-08
3-3/4FT 60 01-0602-20
3-3/4FT 50 01-0602-24
7-1/2 2T 60 01-6022-02
7-1/2 2T 50 01-6022-06
3-3/4 2T 60 01-6022-08
3-3/4 2T 50 01-6022-10
Tape Transport 7-1/2 HT 60 02-0209-01
7-1/2 HT 50 02-0209-02
3-3/4 HT 60 02-0209-09
3-3/4 HT 50 02-0209-04
7-1/2FT 60 02-0209-05
7-1/2 FT 50 02-0209-06
3-3/4 FT 60 02-0209-07
3-3/4FT 50 02-0209-08
7-1/2 2T 60 02-0209-09
7-1/2 2T 50 02-0209-10
3-3/4 2T 60 02-0209-11
3-3/4 2T 50 02-0209-12

*HT = Half Track; FT = Full Track; 2T = Two Track
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Unit Catalog No.
Electronic Assembly —Single Channel 02-0211-01
—Two Channel Master 02-0211-02
—Two Channel Slave 02-0211-03
Carrying Case —Single Channel 15-0102-02
—Two Channel 15-0103-03
Power Cord 73-0004-03
Input Plugs (2 for Single Channel; 4 for Two Channel ) 64-0009
Output Plugs (1 for Single Channel; 2 for Two Channel ) 64-0010

PERFORMANCE CHARACTERISTCS

Tape Width:
Tape Speeds
Reel Sizes

Frequency Response:
(overall)

Signal-To-Noise Ratio:

Flutter and Wow:

Playing Time:
(7 inch diameter EIA
reels, 1200 feet of tape)

Starting Time:
Stopping Time:
Reproduce Timing

Accuracy:

Rewind Time:
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1/4 inch
7-1/2 or 3-3 /4 ips
7 inch, EIA reel (maximum)

Speed (ips) Response (cps)

3-3/4 +=2 db 40 to 6,000
+2--4 db 40 to 8,000
7-1/2 =2 db 40 to 10,000

+2—4 db 40 to 15,000

Speed (ips) Peak Record Level to Unweighted Noise
3-3/4 50 db
7-1/2 55 db

Peak record level is that level at which the overall (input to output)
total rms harmonic distortion does not exceed 3 percent when
measured on a 400 cycle tone. Noise is measured while erasing a
signal of peak record level in the absence of a new signal. Bias,
erase and reproduce amplifier noise are included in the measure-
ment. All frequencies between 30 and 15,000 cycles are measured.

Speed (ips) Flutter and Wow (percentage rms)
3-3/4 25%
7-1/2 17%

Flutter and wow measurements include all components between
0.5 and 250 cycles. The figure quoted is for the reproduction of a
relatively flutter-free tape and is measured in accordance with
American Standards Association standard number Z57.1-1954.

Speed (ips) Half Track Full or Two Track
3-3/4 (hrs) (min) (hrs) (min)
7-1/2 2 8 1 4

1 4 32

The tape is accelerated to full playing speed in less than 1/5 of
a second

Less than one second.

Accuracy Accuracy Length of Tape
(percent) (seconds) (minutes)
+.25% +4.5 30

Approximately 90 seconds for a full 7-inch 1200 foot EIA reel.



Record Inputs:

Input Impedance:
Unbalanced Bridging

Balanced Bridging

Balanced Matching

Microphone

Input Level: (nominal)
Unbalanced Bridging
Balanced Bridging

Balanced Matching

Microphone

Reproduce Output:
Head Housing:

Monitoring:
(aural and visual)

Power Requirements:

Two inputs are provided per electronic assembly; one for micro-
phone and one for line. With accessory plug-in preamplifiers,
accessory plug-in transformers or supplied dummy plugs, the line
input can accommodate a microphone, a balanced line or an un-
balanced line respectively. A RECORD LEVEL control is provided
for each input.

100 ohms.

100K ohms (for use with 600 ohm source impedance and using
optional plug-in balanced bridging input transformer with 0 db
gain (unity ratio) ).

600 ohms (for use with 600 ohm source impedance and using
optional plug-in balanced matching input transformer with 14 db
gain (step up ratio) ).

Unloaded transformer (for use with 30 to 250 ochm source imped-

ance using either the microphone input or the line input with
optional plug-in microphone preamplifier).

—4 to +8 vu lines or cathode follower output of 0.5 volt or more.

—4 to +8 vu using optional plug-in balanced bridging line input
transformer.

—20 to —4 vu lines using optional plug-in balanced matching line
input transformer.

—60 to —35 vu microphones using built-in microphone preamp-
lifier.

—45 to —35 vu microphones using optional plug-in 40 db micro-
phone preamplifier in the line input.

—60 to —50 vu microphones using optional plug-in 60 db micro-
phone preamplifier in the line input.

NOTE

For more detailed information, see “Accessories” section.

+4 vu = .5 db (Zero indication on the vu meter corresponds to
+4 dbm into 600 ohms balanced or unbalanced).

The erase, record and reproduce heads are contained in a single
head housing. (See “Head Assembly” section ).

The signal on the tape can be monitored while the equipment is
recording. A phone jack is available to allow monitoring the record
input signal, or the output from the reproduce head. A switch pro-
vides a means for making direct comparison between the original
program and the recorded program. A vu meter is provided for level
comparison and visual monitoring,.

Single track equipment requires 0.6 amperes at 117 volts a-c.
Two track equipment requires 0.9 amperes at 117 volts a-c.

400257



GENERAL

The Model 602 and 602-2 Magnetic Tape
Recorder /Reproducers are available either in
portable cases or unmounted for custom instal-
lation. In either instance, the machine can be
operated in either the horizontal or vertical
position. When used in portable applications,
the machine is packaged in a durable, luggage-
type carrying case and installation consists
only of making up and connecting the required
cables (see “Connections” in this section.)

In custom installations, the electronic assem-
bly must be mounted as close as practicable to
the tape transport, as any increase in length of
the head cables as provided will seriously affect
the performance of the equipment. Dimensions
and space requirements for the units are shown
in the “Mounting Dimensions” illustrations. It
is important that sufficient space be planned
at the rear of the equipment to allow the inter-
connecting cables to be installed and to provide
proper ventilation for the machine.

For rack-mounted installations, adapter
panels (AmMPEx Aupio Part No. 864 for Model
602 or Part No. 865 for Model 602-2) are avail-
able.

UNPACKING

Unpacking all the equipment carefully and
check, before throwing the packing material
away, to determine if all the units are complete.
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INSTALLATION

Remove all tape and twine that were used to
secure parts during shipment. Check the equip-
ment for any external damage received in
transit. If any exists, report it at once to the
dealer and, if necessary, file a claim. Examine
the springs, contacts, and other moving parts
of switches for foreign matter that may have
become lodged in these spots.

INSTALLATION OF THE EQUIPMENT

For portable versions of the 602 and 602-2,
no installation, as such, is required. However,
see “Connections” in this section.

For custom installations, the electronic
assembly or assembles must be installed first.
After the electronic assemblies have been in-
stalled, connect all interconnecting cables be-
tween the electronic assemblies and the tape
transport (see “Connections” in this section),
then install the tape transport.

When rack mounting is desired, the com-
ponents may be mounted in any rigidly
constructed standard 19-inch cabinet rack or
equivalent. The mounting rails should be
straight and sturdy. Installation consists of
mounting the components in the rack adapter
as outlined for custom installation above, then
mounting the entire assembly in the rack.

INSTALLATION OF PLUG-IN ITEMS

The equipment is normally shipped with a
dummy plug (Part No. 03-0034-01) inserted



Mounting Dimensions

in socket J3. If the equipment is to be used
with a balanced line input, the dummy plug
should be removed and a balanced line input
transformer, Catalog No. 58-0116-01 or
58-0116-02, should be inserted in the socket.
To use one microphone with the equipment,
see “Connections” paragraph.To use two micro-
phones with the equipment (per channel), a
plug-in microphone preamplifier, Catalog No.
01-96440-01 (40 db gain—for high output micro-
phones or close pickup) or Catalog No. 01-
96440-04 (60 db gain—for low output micro-
phones or distant pickup), should be inserted
in place of the dummy plug. Line input trans-
formers and microphone preamplifiers are op-
tional accessories.

CONNECTIONS

Interconnecting the tape transport and the
electronic assemblies consists of connecting
the control cable, which is captive to the elec-
tronic assembly, to receptacle J101 on the tape
transport and connecting the reproduce head

cable, which is also captive to the electronic
assembly, to receptacle J5 on the tape trans-
port.

Connect the power cable from the a-c power
input connector, J8, on the electronic assembly
(master electrohic assembly only in the case
of two channel machines) to a convenient 117
volt a-c power source.

Plus 4 vu, 600 ohm line output, balanced or
unbalanced, is available at line output con-
nector J6. For unbalanced output, standard
phone plug should be used, and the inner con-
ductor of a shielded cable should be connected
to the tip of the plug. The shield of the cable
should be connected to the sleeve of the plug.
For balanced output, a “Stereo” phone plug
should be used, and one of the inner con-
ductors of a two-wire shielded cable should be
connected to the tip of the plug. The other
inner conductor should be connected to the
ring of the plug and the shield should be con-
nected to the sleeve of the plug.
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Any low impedance mircophone having a
nominal impedance between 30 and 250 ohms
can be plugged directly into the MICROPHONE
input of the equipment. Wire the mating con-
nector so that the microphone is connected to
pins 2 and 3 of receptacle J1. The cable shield
must be connected to pin 1. Microphones wired
in this manner can also be connected to LINE
INPUT receptacle J2 provided that an acces-
sory microphone preamplifier is installed in
accessory socket J3. (See “Installation of Plug-
In Items”.)

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

To connect a balanced line to the equipment,
wire the mating connector so that the line is
connected to pins 2 and 3 of LINE INPUT
connector J2. Pin 1 is ground. The accessory
plug-in balanced line input transformer (Cata-
log No. 58-0116-01 or 58-0116-02) must be in-
serted into the accessory socket J3. (See “In-
stallation of Plug-In Items” and next para-
graph.)

To connect an unbalanced line to the equip-
ment, wire the mating connector so that the
line is connected to pins 2 and 3 of the input
connector, with pin 1 being the ground side,
and with pins 1 and 2 jumpered together. The
dummy plug (Part No. 03-0034-01) that is
supplied Wit% the equipment must be inserted
into the accessory socket (J3).
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OPERATING CONTROLS AND INDICATORS

OPERATING INSTRUCTIONS

Function

Control Quantity Location

PLAY-RECORD 1 Transport

REWIND-FAST FWD 1 Transport

Record Safety 1 Transport
Button

LINE REC LEVEL 1or2 Electronics

ON-OFF lor2 Electronics
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Controls tape motion in reproduce
(play) or record mode. Places elec-
tronic assemblies in the play or
record mode. Interlocked with RE-
WIND-FAST FWD control.

Controls tape motion in fast wind-
ing modes in forward or reverse
direction. Inter-locked with PLAY-
RECORD control.

Safety feature to prevent equip-
ment being accidentally placed in
record mode. Must be pressed while
simultaneously turning the PLAY-
RECORD control to its RECORD
position.

Adjusts record level when record-
ing from the line input.

Controls power to tape transport
and electronic assemblies. (In two
channel equipment, the master
power switch overrides the slave
power switch),



B

Tape Transport Controls

Control Quantity Location Function

Vu Meter lor2 Electronics Provides visual monitoring of
record or reproduce level.

MIC REC LEVEL lor2 Electronics Adjusts record level when record-
ing from the microphone input.

MONITOR lor2 Electronics Provides selection of monitoring

SELECTOR actual program (INPUT) or the

recorded program off the tape
(TAPE). Must be in the TAPE posi-
tion during reproduce mode.

RECORD-SAFE None or 2 Electronics Provides bias and erase current to

the heads when in the RECORD
position and when the PLAY-
RECORD control is in the RECORD.
In the SAFE position, bias and erase

current cannot be applied to the
heads even if the PLAY-RECORD
control is in the RECORD position.
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Electronic Assembly Controls

THREADING THE TAPE

The tape threading path described below is
the same for all modes of operation; but special
attention is called to the notes dealing with
half track operation.

Step 1:
Place a reel of tape on the left-hand turn-
table, and an empty reel on the right-hand
turntable, making certain that the pins
around the base of each spindle engage cor-
responding slots on the reel hubs.

Step 2:
Press a reel hold-down knob in place on each
spindle.

Step 3:
Thread the tape as indicated in the illustra-

tion. Make sure that the oxide or dull surface
of the tape is against the heads.

Step 4:
Anchor the tape in the slot on the empty
reel hub if desired, but a full tape turn

counterclockwise around the reel hub is
usually sufficient.
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Threading the Tape

APPLYING POWER

Power to the equipment is supplied through
power switch S3 on each electronic assembly.
These switches must be placed in the ON posi-
tion to operate the electronic and mechanical
assemblies. The equipment is fused by fuse F1
on the electronic assemblies.

RECORDING

To record a new program on previously re-
corded tape, or on blank tape, place the MONI-



TOR SELECTOR switches in the INPUT posi-
tion. Turn the desired record level control or
controls clockwise until the level reads 0 (zero)
on the vu meter on the maximum program
peaks.

NOTE

If the previously recorded tape was
recorded using a full track head, the
two track erase head on half track or
two track equipment will leave a track
of the old recording down the center,
which may be audible as crosstalk.
The tape should be erased by bulk
erasure, or if no bulk eraser is avail-
able, the tape should be erased on a
full track recorder.

The program can be aurally monitored
through the phone jack on the front panel of
the electronics or the line output connector on
the side panel before the tape is in motion.
This direct monitor feature allows the program
to be set up without actually recording during
the set up period. When program level is pro-
perly set, place the equipment in the record
mode by operating the PLAY-RECORD control
and the record safety button on the tape trans-
port.

NOTE

On two channel machines, the
RECORD-SAFE switch for the chan-
nel or channels concerned must also
be turned to the RECORD position
before tape is placed in motion.

Once the equipment is recording, the MONI-

TOR SELECTOR switch may be placed in
either the INPUT position to monitor the in-
coming signal or in the TAPE position to moni-
tor the program material after it has been
recorded. Switching the MONITOR SELECTOR
switch has no effect on the program being re-
corded and may be switched back and forth as
desired.

To stop the recording, merely return the
PLAY-RECORD control on the tape transport
back to its neutral position, the recording pro-
cess and tape motion will both be stopped. The
tape may be rewound, if desired, by operating
the REWIND-FAST FWD control to the RE-
WIND position.

NOTE

It may be desirable not to rewind the
tape after recording, since the tape
tension of a rewound tape is seldom
optimum for prolonged storage of the
tape. In the event tapes are not re-
wound, they should be labelled “Re-
wind Before Playing.”

To reproduce a previously recorded tape,
place the MONITOR SELECTOR switch in the
TAPE position and turn the PLAY-RECORD
control to the PLAY position. The equipment
will now be reproducing the pre-recorded pro-
gram.

NOTE

On two channel machines, the
RECORD-SAFE switch should be in
the SAFE position to make certain
that the recorded program will not be
accidentally erased.
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GENERAL

In the following checkout and adjustment
procedures, each channel of two channel re-
corders should be treated separately but both
channels should be checked and adjusted be-
fore continuing to the next procedure.

Equipment required for the checkout and
adjustment procedures consists of: an AMPEX
reproduce alignment tape (Catalog No. 01-
31321-01 for 7-1/2 ips or 01-31331-01 for 3-3 /4
ips); an a-c vacuum tube voltmeter capable of
indicating rms voltages of 0.004 or less; an
audio oscillator with a stable output from 30
to 15,000 cycles per second; earphones or a
speaker-amplifier for aural monitoring; a small
screwdriver (set screw variety); and a reel of
tape of the type normally used on the machine.

REPRODUCE ALIGNMENT

CAUTION

The test tape used in the following
procedure may be partially erased if
the heads or tape guides are perma-
nently magnetized. Demagnetize the
heads and guides as outlined in the
“Head Assembly” section before pro-
ceeding.
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CHECKOUT AND ADJUSTMENT

Step 1:
With the equipment connected as shown and
all power switches in the ON position, thread
the reproduce alignment tape along the pre-
scribed path (see “Threading the Tape” in
the “Operating Instructions” section.)
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ELECTRONIC ASSEMBLY - VTV

Reproduce Alignment Test Set-Up

Step 2:
On two track machines only, set the RECORD
SELECTOR switch on the electronic assem-
bly to the SAFE position.

Step 3:
Set the MONITOR SELECTOR switch on the
electronic assembly to the TAPE position.

Step 4:
Start the reproduce alignment tape. The first
tone on the tape is a reference tone at 500
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or 700 cps. Adjust the PLAYBACK LEVEL
control on the rear panel of the electronic
assembly to a convenient reading on the
vtvm.

Step 5:

The next tone will be either 7,500 or 15,000
cps for adjusting the reproduce head align-
ment. Using the small screwdriver, adjust
the azimuth adjusting screw on the repro-
duce head for maximum output on the vtvm.

NOTE

If the head azimuth is far out of align-
ment (possible if inexperienced per-
sonnel without proper equipment have
attempted alignment procedures),
minor peaks may be observed on both
sides of the maximum. The proper
setting is 15 to 20 db higher than
these minor peaks.

REPRODUCE AZIMUTH ADJUSTMENT—\

Reproduce Azimuth Adjustment

Step 6:

A series of tones from 5,000 to 50 cps or
12,000 to 50 cps will be reproduced from
the test tape. Frequency response should not
vary more than 2 db from the standard
curve. If a variation of more than 2 db is
found or if it is desired to obtain a closer
tolerance, adjust the PLAYBACK EQUAL-
[ZATION control and repeat the frequency
response check.

NOTE

When a full track test tape is used
on half track or two track machines,
the bass end of the frequency spec-
trum will rise in response. The actual
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amount of rise will vary with the
width and location of the track. This
phenomena is present because the
reproduce head “sees” additional flux
on each side of the head at long wave-
lengths since the test tapes are re-
corded across the complete width of
the tape. This fringing effect is not
present when recording a track the
same width as the reproduce head

Step 7:
The lost tone on the test tape is a reference
tone at operating level. Adjust the PLAY-
BACK LEVEL control to obtain a zero read-
ing on the vu meter of the recorder not the
vtvm.

Step 8:
Stop tape motion and remove the test tape.

Step 9:

Read the noise level on the vtvm. Noise
should be below the level specified in the
“Performance Characteristics” paragraph of
the “Description” section. Inaudible low fre-
quency bounce can cause the meter to read
higher than “Performance Characteristics”
tolerances. Disregard these momentary read-
ings because they are frequencies far below
the operating range of the recorder.

BIAS ADJUSTMENT
NOTE

Serious deficiencies in performance
(both frequency response and signal
to noise ratio) will result if bias is
improperly set. Bias settings may vary
by more than 2 db from one brand
and type of tape to another. It is there-
fore imperative that the brand and
type of tape that will normally be
used on the equipment be used in the
following procedure.

Step 1:
With the equipment connected as shown and
all power switches in the ON position, thread
a reel of blank tape along the prescribed
path (see “Threading the Tape” in the “Oper-
ating Instructions” section ).

Step 2:

Set the MONITOR SELECTOR switch to the
TAPE position.



500 cps
1 vorT 12 I
7 V / BIAS AND NOISE
ELECTRONIC FILTER CAT. NO.
OSCILLATOR ASSEMBLY 01-95108-01 (BAND- Vivm
PASS FILTER OFF)

Bias Adjustment Test Set-Up

Step 3:
Place the equipment in the record mode.

Step 4:
With the oscillator set at 500 cps and con-
nected to the LINE INPUT jack, set the LINE
RECord LEVEL control to a position that
will obtain an on-scale vu meter reading.

Step 5:
With a small screwdriver, set the BIAS
ADJust trimmer for a maximum reading on
the vumeter.

RECORD LEVEL CALIBRATION
NOTE

The reproduce level must be cali-
brated using the reproduce alignment
tape before calibrating the record level
(see “Reproduce Alignment”).

Step 1:
With the equipment connected as shown for
“Bias Adjustment” and all power switches in
the ON position, thread the reel of blank tape
along the prescribed path (see “Threading
the Tape” in the “Operating Instructions”
section ).

Step 2:
Set the MONITOR SELECTOR switch to the
tape position.

Step 3:
Place the equipment in the record mode.

Step 4:
Set the LINE RECord LEVEL control to a
position that will obtain a zero reading on
the vu meter.

Step 5:
Set the MONITOR SELECTOR switch to the
INPUT position.

Step 6:
Adjust the RECord CALibrate control for a
zero reading on the vu meter.

RECORD AZIMUTH ADJUSTMENT

Step 1:
With the equipment connected as shown for
“Bias Adjustment” and all power switches in
the ON position, thread the reel of blank
tape along the prescribed path (see “Thread-
ing the Tape” in the “Operating Instructions”
section ).

Step 2:
Set the MONITOR SELECTOR switch to the
INPUT position.

Step 3:
Set the LINE RECord LEVEL control to ob-
tain a reading of approximately —10 dbm on
the vtvm,

Step 4:
Set the MONITOR SELECTOR switch to the
TAPE position and set the oscillator to 15,000
cps.

Step 5:

Place the equipment in the record mode and
using a small screwdriver, adjust the azi-
muth adjusting screw on the record head for
maximum output on the vtvm. Several peaks
may appear but the maximum peak is ob-
vious because it is much greater than the
minor peaks.

RECORD AZIMUTH ADJUSTMENT —\

Record Azimuth Adjustment

OVERALL FREQUENCY RESPONSE MEASUREMENT

Step 1:
Demagnetize the heads and tape guides as
outlined in the “Head Assembly” section.

Step 2:
Connect the equipment as shown and place
the MONITOR SELECTOR in the INPUT
position.
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Frequency Response Test Set-Up

Step 3:
Adjust the LINE RECord LEVEL control to
obtain a vtvm reading of approximately —10
dbm.

Step 4:
Place the MONITOR SELECTOR switch in
the TAPE position.

Step 5:
Thread a reel of blank tape along the pre-
scribed path and place the equipment in the
record mode.

Step 6:
Make a frequency response check by using
at least ten discrete frequencies between the
limits specified in the “Performance Charac-
teristics” paragraph of the “Description” sec-
tion.

NOTE

Record bias setting, head azimuth ad-
justment and variation in types of
recording tape all affect high frequen-
cy response. If the frequency response
is mot within the limits for the speed
concerned and the bias and azimuth
adjustments have already been made,
adjust the RECord EQUALIZER for
the flattest possible response. If the
bias and azimuth adjustments have
not been made, they should be per-
formed, then frequency response
should again be checked and finally,
if necessary, the RECord EQUALIZER
should be adjusted.

OVERALL SIGNAL-TO-NOISE RATION MEASUREMENT

To translate vtvm readings into specific
signal-to-noise ratios when the vu meter is so
calibrated that zero on the vu meter corre-
sponds to a +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 vtvm is dbm, the
measurement is a ratio which must include the
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10 dbm computed to arrive at the 3% distor-
tion level. Therefore, the vtvm reading must be
converted to the signal-to-noise ratio.

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

-(-45)

55 db signal-to-noise ratio

YU METER CALIBRATED
SO THAT ZERO EQUALS 4DBM

VTVM READING

SIGNAL-TO-NOISE

(DBM) RATIO (DB)

+10 —— 0{3% DIST)
+5 — 5

+4 —— 6(1% DIST)
0 — 10

—5 —15

—10 —_ 20

—15 — 25

—20 — 30

—25 — 35

—30 | — 40

—35 — 45

—40 — 50

—45 — 55

——e —46 —e 56

—50 ———|— [ — 60

—55 —|—— | — 65

—60 —— |[—— | — 70

°® ®
WHEN VTVM YOUR SIGNAL.TO.NOISE
READS THIS RATIO IN DB IS THIS

Signal-to-noise Ratio Computations



Any reading below —45 dbm meets the “Per-
formance Characteristics” specification of 55
db signal-to-noise ratio and satisfies the signal-
to-noise ratio definition.

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

AMPEX professional audio instruments nor-
mally calibrated so that the vu meter reads
zero level when reproducing a steady 400 cycle
tone the level of which produces 1% total rms
distortion caused by 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:
Connect the equipment as shown for the
“Overall Frequency Response Measurement.”

Step 2.
Place the MONITOR SELECTOR switch in
the INPUT position.

Step 3:
Adjust the LINE RECord LEVEL control to
obtain a vtvm reading 6 db above operating
level (+10 dbm).

Step 4:
Thread a reel of blank tape along the pre-
scribed path.

Step 5:
Record the 400 cycle tone on a section of
tape, noting where the recording begins for
later reference. Stop the tape.

Step 6:
Disconnect the audio oscillator and set the
LINE RECord LEVEL control to zero (fully
counterclockwise.

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

Step 8:
Place the MONITOR SELECTOR switch in
the TAPE position.

Step 9:
Erase the tape by recording with no input
signal, at the same time reading the vtvm,
and checking the reading against the table.
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GENERAL

The tape transport mechanism incorporates
a single-speed synchronous motor and a system
of pulleys, belts, and clutches to drive the cap-
stan and the turntables. The three modes of
tape motion (PLAY, REWIND, and FAST
FORWARD) are determined by two controls
located on the top panel of the tape transport.
(The neutral position for each control is
marked by adot.)

The bracketed numbers in this section refer
to parts shown in the “Mechanical Operation
Simplified” illustration and the “Tape Trans-
port Exploded View” and in the parts list at the
end of this section. For greatest facility in fol-
lowing the discussion below, it is suggested that
the “Tape Transport Exploded View” be opened
fully for ready reference.

STANDBY OPERATION

Power is applied to the drive motor (63)
when the POWER switch on the front panel of
the electronic assembly is turned to the ON
position. The capstan (42) begins to rotate im-
mediately, being driven by a nylon belt (68)
which runs between the motor pulley (61) and
the capstan flywheel. A second belt (69) run-
ning in a groove in the capstan flywheel drives
the play take-up pulley(40). The shock relief
brake rollers (2) are engaged against the rub-
ber-tired fast forward and rewind clutches (16
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TAPE TRANSPORT MECHANISM

and 31). Both turntables are motionless, and
the machine is in standby condition.

Since the capstan is in motion when the
machine is in the standby condition, the tape
will accelerate to full play speed almost in-
stantly when the PLAY switch is operated, thus
producing a wow-free start.

PLAY MODE

When the PLAY control is energized, the
following mechanical sequence occurs:

1. The play takeup pulley (40) and belt (69)
are brought to bear on the play takeup
clutch (19).

2. The shock relief brake roller (2) on the
play takeup side is released from the fast
forward clutch tire (16).

3. The capstan idler (79) engages the cap-
stan (42), which drives the tape, pulling
it from the tape supply turntable (i.e., the
rewind turntable) and feeding it to the
takeup turntable, which now begins to
rotate. It is especially important to under-
stand that when the machine is operating
normally in the play mode, in which the
tape is clamped against the capstan by
the capstan idler, the turntables are effec-
tively isolated from each other. The take-
up turntable, as its name implies, does
nothing more than take up the tape fed



Tape Transport Rear View

to it by the capstan. It does not pull the
tape from the tape supply turntable.

4. The shock relief brake roller (2) on the
rewind side remains engaged against the
rewind clutch tire (31), and slippage
occurs between the clutch and disc assem-
bly (30). The friction produced in this
slippage, and the friction produced by the
rewind holdback brake (37) operating on
the bakelite drum (35) provide the re-
quired holdback tension.

REWIND MODE

The REWIND-FAST FORWARD control
cannot be operated unless the PLAY control is
in neutral. When the REWIND-FAST FOR-
WARD control is turned to REWIND:

1. Both shock relief brake rollers (2) are
released.

2.

The rewind idler (7) is clamped between
the motor pulley (61) and the rewind
clutch tire (31) and the rewind turntable
is driven.

Holdback tension is provided by the hold-
back brake (25) on the takeup assembly
as tape is pulled from the takeup turn-
table.

FAST FORWARD MODE

When the REWIND-FAST FORWARD con-
trol is turned to FAST FORWARD:

1.

2.

Both shock relief brake rollers (2) are
released.

The rubber-tired fast forward clutch (16)
is brought to bear on the motor pulley
(61) and drives the takeup turntable.

Holdback tension is produced by the hold-
back brake (37) on the rewind assembly.
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Mechanical Operation Simplified

ROUTINE MAINTENANCE
Lubrication

The recommended standard lubricant for the
four places which require periodic lubrication
(motor and capstan) is AMPEX Aubpio lubricat-
ing oil No. 825.

The upper and lower bearings of the drive
motor should be lubricated after every 500
hours of operation. The upper oil hole of the
motor is accessible through a hole in the tape
transport grille slightly above and to the left of
the takeup turntable. For access to the lower
oil hole, located in the side of the motor end
bell, remove the tape transport from the case
(see “Routine Lubrication” illustration).

Four or five drops of the recommended lubri-
cant is sufficient. Care should be taken to avoid
over-oiling or spills. Any such excess should be
wiped away with solvent.

The capstan may require oiling about once
for every four oilings of the drive motor. For
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access to the upper bearing, the capstan idler
must first be removed (see “Routine Lubrica-
tion” illustration). Remove the rubber cap on
the idler. Remove the hairpin retainer and lift
the idler off its shaft, taking care not to lose
the washers associated with it. The aluminum
plug-button over the capstan shaft may now be
pried off and the felt washer beneath it re-
moved to expose the upper capstan bearing.
Use as much of the recommended lubricant as
the bearing will accept, wiping away any ex-
cess, and re-assemble.

CAUTION

Do not oil the felt washer which
serves only as a dust protector and to
keep oil from working its way up to
the capstan.
For access to the lower bearing, remove the
tape transport from the case. The oil hole is
located in the bearing housing as shown in the
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CAPSTAN (UPPER BEARING) CAPSTAN (LOWER BEARING)

NOTES:
1. RECOMMENDED LUBRICANT: AMPEX NO. 825.
2. FOUR OR FIVE DROPS.

3. AS MUCH OIL AS BEARING WILL TAKE. WIPE AWAY £XCESS. DO NOT SATURATE FELT WASHER TO OIL THIS
BEARING.

4. EXACTLY FOUR DROPS.

Routine Lubrication

“Routine Lubrication” illustration. Use exactly
four drops of oil—no more.

Do not oil any other parts of the tape trans-
port mechanism. All other bearings and mov-
ing parts are lubricated for life.

Mechanical Troubleshooting

It may be said in general, that most of the
difficulties that will normally be encountered
in the tape transport mechanism will be trace-
able to contamination of belts, pulleys, bear-
ings, and other friction surfaces whether due
to carelessness in routine lubrication, or to the
gradual accumulation of dirt and other foreign
material to be expected over a reasonable
length of time. Correction of these difficulties
will usually be a matter of careful disassembly
and cleaning, rather than readjustment of the
mechanism. The normal torques (and hence,
tape tension) in this mechanism are, in fact,

fixed within strict design specifications, and
are not adjustable. The measurement of these
torques will frequently provide a rapid means
for isolating the source of mechanical troubles.

Torques and Tape Tension

The measurement of torques requires the
following equipment:

1. A light-movement spring scale (e.g., Post-
A-Let, O to 8 oz., Exact Weight Scale Co.,
Columbus, Ohio).

2. A measuring hub. A standard EIA plastic
reel may be used. If the hub diameter is
exactly 2 inches, the spring scale will
read directly in ounce-inches. Reels with
smaller hubs can be brought up to 2-inch
diameter by winding on sufficient tape.
If a reel of greater than 2-inch hub diam-
eter is used, multiply the spring scale
reading by the hub radius to obtain the
ounce-inch reading.

3. A piece of string, approximately 30 inches
long, with a small loop tied at one end.

Torques measured on the driven turntable
in any mode, (i.e., the turntable on which the
tape is being wound ), are a measure of takeup
tension. Torques measured on the turntable
from which the tape is pulled in any mode are
a measure of holdback tension. (See “Tape
Tension Measurements” illustration. )

Takeup Tension

Step 1:
Place the measuring hub on the driven turn-
table.

Step 2:
Wind a few turns of string around the hub
in the direction of normal tape wrap, and
attach the spring scale to the loop at the end.

Step 3:
Start the machine in the appropriate mode
and, as the string is wound on the hub, allow
the scale to move in with it, taking the read-

ing while the scale is in motion. Normal
torques are as follows:

Fast Forward 612 — 714 oz-in
Rewind 61 — 714 oz-in
Play 2 —38%% oz-in
Holdback Tension
Step 1:
Place the measuring hub on the turntable
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—>\ 2"}4— SEE NOTE 1

HOLDBACK TAKEUP
5 3/4-8 374 0Z~IN 2-31/2 0Z-IN

PLAY

TAKEUP HOLDBACK
5-7 0Z-IN 3/4-1 1/4 0I-IN

REWIND

HOLDBACK
3/4-11/4 0Z-IN

TAKEUP
5-7 0Z-IN

FAST FORWARD

NOTES:

1. IF REEL HUB DIAMETER IS LARGER OR SMALLER THAN 2 INCHES, MULTIPLY SPRING SCALE READlNGS BY HUB

RADIUS TO OBTAIN OZ.-IN. READING

2. PULL SCALE WITH STEADY MOTION WHEN MEASURING HOLDBACK TENSIONS. ALLOW SCALE TO MOVE IN
TOWARD REEL WHEN MEASURING TAKEUP TENSIONS. TAKE ALL READINGS WHILE SCALE IS IN MOTION.

Tape Tension Measurements

from which the tape is pulled in the mode in
operation.

Step 2:
Wind the string on fully in the direction of

normal tape wrap, and attach the spring
scale.
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Step 8:

Start the machine in the appropriate mode,
and pull the scale slowly in the direction in
which tape is normally pulled from this reel,
taking the reading while the scale is in
steady motion. Normal torques are as fol-
lows:




Fast Forward 1 —1¥% ozin
Rewind 1 —1% ozin
Play Ve — 8V% o0z-in

These values listed above for both takeup and
holdback tensions may be close to the lower
limit when the machine is new, and will usu-
ally move up toward the upper limit after the
first ten or twelve hours of operation.

Malfunctions in Play Mode

Nearly all malfunctions in the play mode
will be reflected as flutter and wow in excess of
specifications. A quick check of takeup and
holdback tensions, discussed in the previous
paragraphs, may lead directly to the source of
trouble. Possible causes of flutter and wow are
suggested in the following check list:

The word “contaminated” as used here, may
indicate either the presence of oil where it is
not wanted, or accumulations of dirt and other
foreign matter on pulleys and belt. In either
case, carbon tetrachloride is recommended as
the cleaning agent. After cleaning a contami-
nated part, clean any other part with which it
normally comes into contact whether or not
that part shows any immediate evidence of con-
tamination. Bracketed numbers refer to parts
shown in the “Tape Transport Exploded View”,
which should serve as a guide for any neces-
sary disassembly and reassembly.

Malfunctions in Rewind
or Fast Forward Mode

Rewind and fast forward malfunctions will
usually be reflected as an apparent loss of
power in those modes, loose tape wind, erratic
tape motion or slippage, and, possibly no re-
wind or fast forward at all. The first step is to
make a quick check of rewind or fast forward
takeup and holdback tensions as described
previously. The malfunctions discussed below
apply to either mode, the turntables, associated
components, and tape directions being opposite
of each other.

Starting, Stopping and
Shuttling Malfunctions

Starting, stopping, and shuttling malfunc-
tions will be evidenced by the throwing of tape
loops and, in extreme cases, by tape breakage.
These troubles are usually associated with low
takeup tension or brake malfunctions produced
primarily by tampering or misassembly, or con-
tamination due to careless oiling or accumula-
tion of dirt.

Assembly and Construction Notes

The following paragraph covers some ad-
justments, critical clearances, and alignment
which must be maintained in reassembling
parts of the tape transport mechanism that
may have been disassembled for servicing. Two
general precautions should be observed in any
required disassembly.

1. Always note the number, type and loca-
tion of washers in an assembly very care-
fully. Should washers, retainers or other
small hardware be lost or damaged in serv-
icing, a kit containing an assortment of
such hardware (AMPEX Catalog No. 897)
is available.

2. To remove the sub-plate (1), a prelimi-
nary to any further disassembly of parts
under the top plate casting, remove only
the three elastic stop-nuts that hold it, and
clevis pin that links the slide lever (13)
to the lower yoke of the rewind /fast for-
ward actuator (48). It is unnecessary to
remove the adjustment screws (70 and
71) for the capstan thrust and the motor
thrust. If the settings for these screws
are changed, they must be carefully re-
adjusted as described in the following
sub-paragraphs. The thrust discs (65) be-
neath these screws, being coated with
grease, will usually stay in place when the
sub-plate is removed. It is advisable, how-
ever, to be sure that they do not fall out.
It will generally be found easiest to re-
install the sub-plate after servicing if the
PLAY control is energized.

The tape transport incorporates rubber shock
mounts on the screws retaining the motor
mounting plate to the top plate casting. These
shock mounts provide automatic centering of
the drivemotor and no adjustments are neces-
sary.

Drivemotor Thrust

The drivemotor thrust is a hardened steel
ball (60) against a nylon disc (65). The cap-
stan thrust is adjusted by a set-screw (70). End
play of 0.010 in. to 0.015 in. is required, and is
obtained as follows:

Step 1:
Coat the nylon thrust disc liberally with
wheel bearing grease and drop it through the
threaded hole in the sub-plate (1) over the
capstan shaft.

400266



Step 2:
Insert the set-screw, and tighten down until
it is felt to bottom on the thrust disc.

Step 3:
Grasp the capstan flywheel (42) between the
thumb and index finger.

Step 4:

While maintaining a slight downward pres-
sure on the head of the set-screw with the
screwdriver (to simulate the pressure that
will later be applied by the locking screw)
start backing the screw off slowly, and work
the capstan flywheel up and down until an
audible click at the ends of its travel indi-
cates the presence of end play. This will usu-
ally occur when the set-screw has been
backed off approximately V4 of a turn. At this
point, end play should be in the required
range.

Step 5:
Tighten the locking nut on the set screw,
then recheck end play.

Turntable Height

Turntable height (the distance measured
from the top surface of the turntable (78) to
the perforated metal grille) should be 0.125 in.
+0.008 in. This height is determined by the
replacement of lamicoid washers between the
bottom of the turntable pivot (24 or 36) and
the hairpin retainer on the shaft through the
pivot. Difficulties in tape tracking traced to
improper turntable height may be corrected by
increasing or decreasing the number or thick-
ness of these washers.

Play Takeup Clutch

The play takeup clutch assembly consists of
a felt-lined aluminum disc (18), and a bakelite
clutch (19) which is spring-loaded to the disc.
When the machine is in the play mode, the
clutch is driven by the rubber belt (69) on the
play takeup pulley (40). Location of the felt-
lined aluminum disc is critical—a clearance of
0.015 in. being required between the end of the
oilite bearing (21) which goes through the
bakelite clutch (19), and the bottom of the alu-
minum disc (18). This clearance, which can-
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not be measured directly with a gauge because
of the physical arrangement, can be set quite
accurately by the following indirect method:

Step 1:
Insert a removeable 0.015 in. shim or feeler
gauge between the thrust washer that rides
on the inner race of the lower ball bearing
(22) of the takeup turntable pivot (24) and
oilite bushing (21).

Step 2:
Assemble the conical spring (20), the bake-
lite clutch (19), and the felt-lined aluminum
disc (18) (in that order) on the turntable
shaft (29).

Step 3:
Guide the end of the oilite bushing through
the hole in the center of the bakelite clutch,
and press the aluminum disc down until it
bottoms firmly on the end of the bushing.

Step 4:
Holding the disc plate in place, tighten the
set screw in its hub.

Step 5:
Remove the shim or gauge. The expansion of
the conical spring will force the oilite bush-
ing back off the aluminum disc, thus creat-
ing the required 0.015 in. clearance.

Rewind and Fast Forward Clutch Alignment

The rubber-tired rewind (31) and fast for-
ward (16) clutches must line up with the shock
relief brake rollers (5) so that the rollers en-
gage the full width of the tires. In addition, the
rewind clutch (31) should be aligned for full-
width contact with the rewind idler (7) and
the fast forward clutch (16) for full-width con-
tact with the motor pulley (61).

Capstan Speed

The capstan speed will not vary, since the
capstan is driven by a non-slipping nylon belt
and synchronous motor. No adjustment of the
capstan speed will be necessary. If it is desired
to check the capstan speed, use a pre-recorded
3000 cycle tape (such as AmMpPEx Flutter Tape,
Catalog No. 01-31326-01 or 01-31336-01) and
an electronic frequency counter.



TROUBLESHOOTING PLAY MODE MALFUNCTIONS

Trouble

Probable Cause

Excessive or Erratic
Holdback Tension

Excessive Takeup
Tension

Drivemotor Out
of Synchronism

Flatted or Dented
Capstan Idler Tire

Defective or
Improperly Installed
Nylon Drive Belt (68)

Rewind Idler (7) Not
Disengaging from
Motor Pulley (61)

Reels Misaligned
with Respect to
Tape Guides

W=

W=

= ® NOUIALNDS W N0

Contaminated rewind clutch felt (30).
Contaminated rewind clutch tire (31).
Rewind clutch spring (32) too stiff. This actually indicates
tampering or carelessness in reassembly. It is advisable to re-
place the spring rather than to attempt makeshift readjustment.

Contaminated play takeup clutch felt (18).

Oilite bearing (21) bottoming on aluminum clutch disc (18).
Minimum clearance should be 0.015 in.

Takeup clutch spring (20) too stiff.

Line voltage below 105 volts.

Excessive play takeup tension. See trouble above.

Nylon drive belt (68) tension excessive.

Belt tensioning idler (55) dragging.

Drivemotor thrust misadjusted.

Defective Drivemotor starting capacitor.

Dry bearing in drivemotor (63), capstan (42), or capstan idler
(79). See Lubrication instructions.

Defective drivemotor (63).

If the capstan idler (79) is left engaged over an extended period
when the machine is not operating, the idler tire may become
dented. If running the machine in the play mode for several
hours does not restore the tire to normal, the idler must be
replaced.

Belt spliced improperly.

Belt installed with splice joint toward pulley.

Belt worn because misaligned motor pulley (61) causes the
belt to track against one of the capstan pulley flanges (42).

. Contaminated rewind idler guide (8).

This will usually cause tape scrape which may or may not be
audible but will generally appear as flutter.
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REF. NO.

79
80

41

39

PART DESCRIP

TION AMPEX PART NO.

TOP PLATE ASSEMBLY, 7-1/2 ips, 60 cps, Single

Channel

TOP PLATE ASSEMBLY, 7-1/2 ips, 50 cps, Single

Channel

TOP PLATE ASSEMBLY, 3-3/4 ips, 60 cps, Single

Channel

TOP PLATE ASSEMBLY, 3-3/4 ips, 50 cps, Single

Channel

TOP PLATE ASSEMBLY, 7-1/2 ips, 60 cps, Two

Channel

TOP PLATE ASSEMBLY, 7-1/2 ips, 50 cps, Two

Channel

TOP PLATE ASSEMBLY, 3-3/4 ips, 60 cps, Two

Channel

TOP PLATE ASSEMBLY, 3-3/4 ips, 50 cps, Two

Channel

CAPSTAN IDLER ASSEMBLY, With Oilite bearing
CAP, Capstan idler

WASHER, Cambric

. 0.24 in. ID by 7/16 in. OD

by 0.010 in. thk.
RETAINER, Hairpin: for 1/4 in. shaft

ARM ASSEMBLY, Play
SPRING

takeup

PULLEY ASSEMBLY, With Oilite bearing

ARM ASSEMBLY
WASHER, Cambric

: 0.24 in, ID by 7/16 in. OD

by 0.010 in, thk.

WASHER, Lamicoid: 1/4 in, ID by 1/32 in. thk.

RETAINER, Hairpin: for 1/4 in. shaft
MOTOR ASSEMBLY, Drive: 7.5 ips, 60 cps
MOTOR ASSEMBLY, Drive: 7.5 ips, 50 cps
MOTOR ASSEMBLY, Drive: 3.75 ips, 60 cps
MOTOR ASSEMBLY, Drive: 3.75 ips, 50 cps

WASHER, Felt: 15/64 in. ID by 3/4 in. OD

by 1/16 in. thk.
MOTOR
PLATE, Mounting

PULLEY, 7-1/2 ips: 60 cps
PULLEY, 7-1/2 ips: 50 cps
PULLEY, 3-3/4 ips: 60 cps
PULLEY, 3-3/4 ips: 50 cps

SCREW, Machine:

steel, 8-32 by 3/8 in. 1g.

SCREW, Sem: 8-32 by 3/8 in. lg.

LUG, Solder

ARM ASSEMBLY, Capstan idler

ANCHOR

ARM SUB-ASSEMBLY

ROLLER
SPRING: 21/64 in.

dia. by 1-27/64 in. lg.

PIN, Clevis: 1/8 in, dia. by 15/32 in. lg.
ARM ASSEMBLY, Takeup

SPRING, Conical:

SPRING, Control:

WASHER, Thrust:
3/8 in, OD by 0.

ARM, Pivot

HUB, With shaft

1in. dia. by 31/32 in. lg.

17/32 in. dia. by 13/16 in. 1g.

spring steel, 1/4 in. ID by
015 in. thk.

SPRING, Clutch "U"

CLUTCH, Play takeup

DISC ASSEMBLY, With small felt
DISC ASSEMBLY, With large felt
CLUTCH ASSEMBLY, Fast forward
LINK, Turntable control

WASHER, Cup: spring retaining

COLLAR, Drum

WASHER, Lamicoid: 1/4 in, ID by 1/32 in. thk.

BEARING, Oilite
BEARING, Ball

PIN, Cotter: 1/16 in, dia. by 1/2 in. lg.
WASHER, Lock: int. tooth, for No. 4 screw

SCREW, Machine:
NUT, Hex: 4-40

binder hd, 4-40 by.1/4 in. 1g.

SCREW, Set: socket hd, 6-32 by 1/8 in. 1g.

02-0210-01
02-0210-02
02-0210-03
02-0210-04
02-0210-05
02-0210-06
02-0210-07

02-0210-08
03-0024-01
29-0098

44-0027-01
32-0031
03-0025-01
27-0070
04-0174
23-0069

44-0027-01
44-0025-01
32-0031

03-0026-05
03-0026-06
03-0026-07
03-0026-08

28-0024-01
59-0004-02
33-0042-01
25-0068-01
25-0068-02
256-0068-03
25-0068-04
40-0088
40-0009
65-0003
03-0027-01
23-0062
04-0158
25-0049
27-0074
16-0025
03-0028-01
27-0069
27-0063

44-0062-02
23-0067
21-0076
27-0068
25-0044
04-0165-01
04-0165-02
04-0166-01
23-0068
44-0072
22-0054
44-0025-01
20-0024
20-0025
32-0040
44-0065
40-0159
42-0026
40-0160
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25

64

58
55

45
47
48
49
50
42
81
43

82

& 37

PART DESCRIPTION

ARM ASSEMBLY, Rewind
WASHER, Thrust: spring steel, 1/4 in. ID by
3/8 in. OD by 0,015 in, thk,
ARM, Pivot
HUB, With shaft
SPRING, Cluatch "U"
DISC ASSEMBLY, With large felt
CLUTCH ASSEMBLY, Rewind
COLLAR, Drum
COLLAR, Spacer
WASHER, Lamicoid: 1/4 in. ID by 1/32 in. thk.
BEARING, Ball
WASHER, Lock: int, tooth, for No. 4 screw
SCREW, Machine: binder hd. 4-40 by 1/4 in. 1g.
NUT, Hex: 4-40
SCREW, Set: socket hd, 6-32 by 1/8 in. 1g.
SCREW, Set: socket hd, 8-32 by 3/16 in. 1g.
BRAKE ASSEMBLY, Holdback: replacement kit
(contains two No. 04-0167-01 Brake Assemblies)
SPRING, Turntable height: 11/32 in, dia. by
9/32 in. 1g.
ARM ASSEMBLY, Belt idler
ARM ASSEMBLY, Capstan belt idler
PULLEY ASSEMBLY
SPRING
RETAINER, Hairpin: for 1/4 in. shaft
WASHER, Lamicoid: 1/4 in. ID by 1/32 in. thk.
WASHER, Lamicoid: 1/4 in. ID by 0.015 in. thk.
WASHER, Thrust
SUB-PLATE ASSEMBLY, Single channel
SUB-PLATE ASSEMBLY, Two channel
SPRING, Rewind idler
SPRING, Release lever
CASTING, Sub-plate
LEVER, Slide: brake actuator
LEVER, Release: play mode brake
SHOCK RELIEF ASSEMBLY, Brake
IDLER ASSEMBLY, Rewind

WHEEL, Idler

GUIDE ASSEMBLY

WASHER, Cambric: 0.24 in. ID by 7/16 in.

OD by 0.010 in. thk,

RETAINER, Hairpin: for 1/4 in. shaft
SPRING, Actuator: 11/64 in, dia. by 1 in. lg.
SPRING, Clevis pin
SWITCH DECK ASSEMBLY, Single channel
SWITCH DECK ASSEMBLY, Two channel
GUARD, Switch top
WASHER, Lamicoid: 1/8 in. ID by 5/8 in. OD

by 1/32 in. thk.

WASHER, Lock: int. tooth, for No., 4 screw

SCREW, Machine: 4-40 by 5/8 in. 1g.

NUT, Hex: 4-40

PIN, Cotter: 1/16 in. dia. by 1/2 in. 1g.

PIN, Clevis: 1/8 in. dia. by 15/32 in, Ig.

PIN, Clevis: 1/8 in. dia. by 27/32 in. lg.

PIN, Clevis: 1/8 in. dia. by 9/16 in. Ig.

WASHER, Flat: for No. 10 screw

RETAINER, Hairpin: for 3/16 in, shaft
ARM ASSEMBLY, Play control

ACTUATOR, Play

SWITCH MECHANISM

PIN, Roll: 3/32 in. dia. by 5/8 in. 1g.
ARM ASSEMBLY, Fast forward-rewind control

ACTUATOR, Fast forward-rewind

SWITCH MECHANISM

PIN, Roll: 3/32 in. dia. by 5/8 in. Ig.
FLYWHEEL ASSEMBLY, Capstan

SEAL, Dust: felt, 15/64 in. ID by 3/4 in. OD

by 1/16 in. thk,
WASHER, Felt: 13/16 in, ID by 1-1/8 in. OD
by 3/32 in. thk.
CAP, Dust shield
DISC, Thrust

AMPEX PART NO.

03-0029-01

44-0062-02
23-0067
21-0076
27-0068
04-0165-02
04-0166-01
22-0054
22-0055
44-0025-01
20-0025
44-0065
40-0159
42-0026
40-0160
40-0158

85-0033-01

27-0062

03-0032-01
04-0168-01
04-0169-01
27-0072-01
32-0031

44-0025-01
44-0025-02
44-0101-01
03-0175-01
03-0175-02
27-0058-01
27-0059-01
04-0163-01
23-0060-01
23-0061-01
04-0160-01
03-0033-01
04-0161-01
04-0162-01

44-0027-01
32-0031

27-0061-01
27-0060-01
05-0245-01
05-0245-02
26~0061-01

44-0064-01
44-0065
40-0151
42-0035
32-0040
16-0025
16-0027
16-0039
44-0066
32-0030
03-0176-01
23-0064-01
62-0035-02
16-0028
03-0177-01
23-0065-01
62-0035-02
16-0028
04-0157-01

28-0024
44-0068

10-0027-03
26-0041

400270



REF. NO.  PART DESCRIPTION AMPEX PART NO.

WASHER, Cambric: 0.24 in. ID by 7/16 in. OD

by 0.010 in. thk, 44-0027-01
70 SCREW, Set 40-0176
NUT, Hex: jam, 3/8-27 42-0034
PLATE ASSEMBLY, Top casting 04-0159-03
87 KNOB 10-0145-01
RESISTOR BARRIER 17-0087-01
SWITCH GUARD, Side 17-0088-01
60 BALL, 1/4 in. dia. 20-0007
77 & 89 BALL, 5/16 in. dia. 20-0020
71 PLUNGER,; Motor thrust 20-0021-01
84 BEARING, Ball 20-0030
GUIDE, Tape 21-0005-01
83 BAR, Tape guide 21-0069-01
85 CAP, Tape guide 29-0099-03
SPACER, Motor mount 22-0058-~01
75 LINK, Turntable pivot 23-0066-01
PIN, Cotter: 1/16 in. dia. by 1/2 in. lg. 32-0040
PIN, Clevis: 1/8 in. dia. by 11/32 in. Ig. 16-0029
78 TURNTABLE, Reel 25-0040-01
SPRING, Leaf: record lock 27-0056-01
SPRING, Jones plug retainer 27-0064-01
66 SPRING, Motor thrust 27-0065-01
76 SPRING, Detent: rewind arm 27-0071-01
68 BELT, Drive: capstan, 60 cps, 7-1/2 ips 31-0007-03
68 BELT, Drive: capstan, 50 cps, 7-1/2 ips 31-0007-06
68 BELT, Drive: capstan, 60 cps, 3-3/4 ips 31-0007-07
68 BELT, Drive: capstan, 50 cps, 3-3/4 ips 31-0007-14
69 BELT, Takeup 31-0008
BULB, Neon 61-0008
59 SPRING 27-0072
20 HEAD ASSEMBLY, Half track 02-0101-20
90 HEAD ASSEMBLY, Full tract 02~0101-10
90 HEAD ASSEMBLY, Two track 02-0102-02
86 COVER, Head 29-0429-03
91 TAPE GUIDE, Head 33-0041-01
SHIELD, Head 29-0092-01

88 KNOB, Reel hold-down 01-0862-01






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
made AMPpEX the foremost manufacturer of
magnetic recording equipment in the world
today.

In theory, the head assembly of a tape re-
corder is a simple device. In practice, however,
building a head assembly is a complicated task
requiring extremely precise manufacturing
techniques. There are normally head stacks in
an assembly—erase, record, and reproduce. In
recording, the erase head eliminates any pre-
vious recording from the tape. The record head
puts a new signal on the tape by magnetizing
the iron oxide particles in the coating on the
tape. In reproduction, the magnetic flux in the
moving tape induces a voltage in the reproduce
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 wavelengths of light. In typical repro-
duce heads the gap is 0.000180 inch, which

400493

HEAD ASSEMBLY

gives an indication of the precision required
in building the heads.

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

The design, engineering and manufacturing
care built into AMPEX head assemblies assures
dependable long life and economical operation
at the lowest cost per operating hours.

MAINTENANCE

Cleaning

Most tape manufacturers lubricate their
tapes, and this lubricant (plus oxide) from the
tape will gradually be deposited on the head
assembly. These deposits cause the loss of high
frequencies, therefore the head assembly must
be cleaned occasionally. To insure proper oper-
ation, the head assembly should be cleaned at
least once during each eight hours of actual
operation. To clean the head assembly, use a
solution of Xylene and 0.1% Aerosal (AMPEX
Aupio Part No. 823). A cotton swab on a stick
can be used to accomplish this cleaning.



CAUTION

Do not use any other solvent on the
head assembly as some will damage
the material which binds the head
laminations together. Also do not use
any metallic device which will scratch
the head.

Demagnetizing

The record and reproduce heads may occa-
sionally acquire a degree of permanent mag-
netization, which will result in an increase of
5 to 10 db in noise level, distortion of any re-
corded signal, and a gradual erasure of high
frequencies on any recorded tape which passes
over them. These heads may be easily demag-
netized through the use of an AmPEX head
demagnetizer, Part No. 820. To demagnetize
the heads, proceed as follows:

Step 1:
Remove the head cover and head shield.
Step 2:
Make certain that power switches are in the
OFF position.
Step 3:
Connect the demagnetizer to a source of 110-
120 volt, a-c power.
Step 4:

Bring the tips of the demagnetizer in close
proximity to, but not in contact with, the

Demagnetizing the Heads

record head so that the tips straddle the gap
in the center of the head. Run the tips of the
demagnetizer up and down the head several
times, and then slowly withdraw the demag-
netizer. The slow withdrawal is essential to
proper demagnetization.

Step 5:
Repeat step 4 at the reproduce head and the
erase head and the tape guides.
Step 6:
Disconnect the demagnetizer.
Step 7:
Reinstall the head shield and head cover.

400492



GENERAL

The single channel electronic assembly con-
sists of a record channel, a reproduce channel,
a bias and erase oscillator, and a power supply,
mounted on a single chassis. The two channel
master electronic assembly is similar to the
single channel, the only difference being that
the master electronics has a RECORD SAFE
switch. The two channel slave electronic as-
sembly is similar to the master, the only differ-
ence being that the bias and erase oscillator has
been eliminated.

On the face panel, facilities are available for
setting microphone and line record levels, and
switching output circuitry. (On the master and
slave there is also a record safe switch avail-
able.) Visual monitoring of reproduce and re-
cord levels is provided by a single vu meter on

ELECTRONIC ASSEMBLY

the face of each panel. A phone jack for aural
monitoring is provided on the face panel. A
Cannon input microphone jack completes the
front panel arrangement.

On the right hand side panel of the electronic
assembly chassis are the connecting provisions
for the line input, line output, and the AC
power. On the back panel of the electronic
chassis are located all the electronic adjust-
ments for playback equalization, playback level,
record equalization, record calibrate, noise bal-
ance, and bias. One screw-type fuse is also pro-
vided on the chassis back panel. The two cables
protruding from the back of the chassis carry
AC power and electronic signals to and from
the tape transport.

Electronic Chassis, Front Panel

400487

Electronic Chassis, Rear View
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Block Diagram, Electronic Assembly

MICROPHONE PREAMPLIFIER

The built-in microphone preamplifier is a
conventional two-stage high-gain voltage am-
plifier with a transformer input. Low imped-
ance microphones with a minimum output
level of —74 dbm (0.155 millivolts) can be
accommodated to provide normal record levels.

The signal from J1 appears at the grid of
tube Vla through transformer T1. Bias and
negative feedback for tube Vla is attained by
unbypassed resistor R2. After amplification by
tube Vla, the signal is coupled to the grid of
tube V1b through capacitor C2 and MIC REC-
ord LEVEL potentiometer R3. Bias and nega-
tive feedback for tube V1b is attained by unby-
passed resistor R5. After amplification by tube
V1b, the signal is coupled to the record ampli-
fier through capacitor C3 and resistor R7.
Capacitor Cla and resistor R6 form a plate
decoupling network for the preamplifier.

The microphone preamplifier and the line
input are connected to the record amplifier in
such a manner that both inputs can be used
simultaneously and can be mixed with any
combination of input levels desired. (A dummy
plug is provided in the line input so that an

RB

VWA —P B+
Ll (
I kg

c3
—v'h"‘i ‘—'b T0 REC AMP

MIC INPUT

30N f—r—. ——— R3
2

Gulal

Simplified Schematic, Microphone Preamplifier

accessory plug-in preamplifier may be used in
place of the dummy plug when two microphone
inputs are desired.)

RECORD AMPLIFIER

The record section of the electronic assembly
consists of a two stage, high gain resistance
coupled amplifier. A triode-pentode, V2 and its
associated circuitry, form the stages of ampli-
fication for the record amplifier.

When using line input, the signal from J2
appears at the grid of tube V2a through acces-
sory socket J3, dummy plug P3, potentiometer
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Simplified Schematic, Record Circuit

R19, and resistor R20. Potentiometer R19 pro-
vides a means of setting LINE RECord LEVEL.
Bias is attained by bypassed resistor R9. Capac-
itor C5 and potentiometer R24 (RECord CAL-
ibrate) provide record calibration circuitry. Re-
sistors R22 and R23 establish negative feed-
back around V2a. Capacitor C5 in conjunction
with resistor R23 and potentiometer R24 pro-
vides low frequency pre-emphasis.

NOTE

When reading vu meter indications
with the MONITOR SELECTOR
switch in the INPUT position, only
the first stage of the record amplifier
and the last two stages of the repro-
duce amplifier are connected in the
circuit. This omits record pre-empha-
sis and reproduce equalization cir-
cuitry so that meter indications will
reflect only the flat response of each
amplifier.

The signal is now coupled to the grid of tube
V2b through capacitor C6, through a pre-
emphasis network, and resistor R13. The pre-
emphasis network consists of resistors R10,
R11, and R12; and capacitors C7 and C8. The
pre-emphasis circuitry provides the necessary
high frequency pre-emphasis to the control grid
of tube V2b. Bias for tube V2b is provided by
the difference in voltages developed across re-
sistor R9 and resistor R15, by returning the
control grid of V2b to the cathode of V2a
through a resistance in the pre-emphasis net-
work. Tube V2b delivers an audio signal cur-
rent to the record head that is directly propor-
tional 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 re-
cord head through capacitor C13.

400481

REPRODUCE AMPLIFIER

The reproduce section of the electronic 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.

Signals on the moving tape induce voltages
in the reproduce head. This induced voltage
appears across resistor R27 and then through
R28 to the grid of tube V3a. Bias on this first
stage is derived from the voltage network con-
sisting of resistors R30 and R31. The amplified
output of this first stage is coupled to the sec-
ond stage grid through capacitor C17. Contact
bias is used on V3b. Capacitor Clc and resistor
R39 form a plate decoupling network for the
first two stages. Reproduce equalization is
achieved by means of a negative feedback from
the plate of V3b through resistors R32 and R33
and capacitor C18 to the cathode of V3a.

nnnnnn

Simplified Schematic, Reproduce Preamplifier

The signal is now delivered to the push-pull
amplifier V4, the tube receiving the signal
through coupling capacitor C19, PLAYBACK
LEVEL potentiometer R36 and MONITOR
SELECTOR switch S2 (when the switch is in
the TAPE position).

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 the d-c bias
developed 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
voltage at the grid of tube V2 to drop. Since
the load RL is coupled to the cathode of V2
through coupling capacitor C1 and the grid of
V2 is connected to the plate of V1, a signal
voltage drop occurs across RK2 which causes
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Simplified Schematic, Line Output Amplifier

tube V2 to be driven toward cutoff. When a
negative going signal is applied to the grid of
tube V1, the converse is true.

In the actual circuit, shown in the schematic
diagram, resistor R41 corresponds to RK1, re-
sistor R40 corresponds to RK2, tube V4b corre-
sponds to V1, tube V4a corresponds to V2,
capacitor C21 corresponds to C1, and trans-
former T2 corresponds to RL.

When the output of transformer T2 is termi-
nated in its characteristic impedance (i.e. 600
ohms), the output level would drop if the basic
circuit were used. To partially compensate for
this effect, a negative voltage feedback is ap-
plied to the grid circuit from the primary of
transformer T2 to obtain a regulation of ap-
proximately 2 db. At the same time, the nega-
tive feedback obtains an improvement in dis-
tortion characteristics as well as stability of
stage gain. Capacitor C20 compensates the out-
put stage for flat high frequency response.

BIAS AND ERASE OSCILLATOR

A dual triode tube V5, 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 a capacitor. Any signal on the grid of
either tube section will be amplified in the plate
circuit of that section and coupled to the grid
of the other section. The signal then will appear
at the second plate and be coupled back to the
first grid in phase with the original signal. Fre-
quency of oscillation of approximately 100 kc is
determined by the inductance of the primary
of transformer T3 and the effective capacity
across the primary.

The oscillator output is fed through capacitor
C14 to the erase head. The oscillator output is
also fed to BIAS ADJUST variable capacitor
C13 where record bias current adjustments
take place. The bias signal is then mixed with
the record signal and delivered to the record
head. Plate voltage is supplied to the center tap
of oscillator transformer T3 through switch
S§101 located on the tape transport. (In two
channel machines, both the oscillator output
signal and the oscillator plate voltage supply
are fed through switch S1, RECORD SAFE, for
the master and slave electronics. The master
electronics contains the oscillator, but can be
controlled by either master or slave electronics
through the RECORD SAFE switch.)

= T F L q

vah R4g

Simplified Schematic, Bias Oscillator

The NOISE BALANCE potentiometer R48
common to both grids of the oscillator, is ad-
justed to eliminate any asymmetry in bias wave
form, which would introduce a d-¢ current in
the record head, causing permanent magnetiza-
tion of the head and a resultant distorted
signal.

POWER SUPPLY

Silicon rectifiers 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. Selenium rectifier CR3
is connected as a conventional full-wave center-
tap rectifier to provide d-c heater voltage for all
tubes except V5.

The center tap of the V3 tube filament pro-
vides a ground for the d-c filaments. Even
though this tube is only used for reproduction,
it must be in its socket for proper operation of
all functions. A-c power input is connected at
receptacle J8 and is controlled by the power
switch, S3, on the electronics. The power is fed
through fuse F1 and impressed across the pri-
mary of power transformer T4.
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There are three secondary windings on the
power transformer—two for filament supply
and one for high voltage. One filament winding
serves oscillator tube V5 and the panel lights,
the second filament winding provides 12.6 volts
d-c after rectification, and the third winding
furnishes high voltages for the plate supply.
The plate supply ripple is filtered by a capaci-
tance-input filter formed by capacitors C26,
C27, and C9d, and resistor R50; additional fil-
tering is supplied by the decoupling capacitors.

ADJUSTMENTS

General

The only adjustment procedure not covered
in the “Checkout and Adjustment” section of
the manual is the “Noise Balance Adjustment.”
This adjustment is not critical and is normally
required only when the bias oscillator tube, V5,
is replaced.

Step 1:
Thread a tape on the machine; and connect
a 0.1 mfd capacitor and a sensitive vtvmn
across the OUTPUT connector.

Step 2:
Disconnect all inputs; and turn the LINE
RECord LEVEL and MlIcrophone RECord
LEVEL controls to zero.

Step 3:
Plug a set of headphones into the PHONES
jack; and start the machine in the record
mode.

Step 4:
Adjust the NOISE BALANCE potentiometer
R48 for a minimum reading on the vtvm or a
minimum popping noise in the headphones.

MAINTENANCE AND TROUBLESHOOTING
General Maintenance Information

Careful performance checks will insure ex-
cellent equipment operation. When the clean-
ing, lubricating and demagnetizating proce-
dures are followed as prescribed and the system
is set 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 instance,
poor tape-to-head contact, due to tape oxide
accumulations, will diminish high end fre-
quency response.
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Improper head azimuth adjustment will also
affect high frequency response.

Preventive Maintenance of the Amplifiers

Check B+ voltage at junction of resistor R50
and capacitor C9d; 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 tube
tester. Make certain that tubes are returned to
same socket from which they were removed.
S}ﬁeck d-c filament voltage to note aging of

3.

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 correctly, the trouble can be in either
the record or the reproduce circuit. In this case,
the faulty circuit can be identified by reproduc-
ing 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 function
is normal, the fault is in the record circuit. A
run through of the alignment and performance
checks for the offending circuit will further iso-
late the trouble or may rectify it, and the faulty
component or mechanical device then should
be identified easily.

Troubleshooting the Reproduce Amplifier

A circuit for troubleshooting the reproduce
amplifier is shown below (see also, “Electronic
Schematic Diagram™).

500 cps
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Block Diagram, Troubleshooting the
Reproduce Amplifier

Disconnect the head cable at J5 when using
this circuit. Using a vtvm probe and working
back from the output toward the input, check
at the grid and plate of each stage until the
point at which a signal is indicated on the
vtvm. The trouble then is probably in the stage
immediately following that point. When the
faulty stage is located, the individual compo-
nents can be isolated by a check of resistances
and voltages. Typical voltage values are shown
on the electronic schematic diagram. After the



completion of any troubleshooting procedures,
using the circuit shown above, check the repro-
duce amplifier response against the appropriate
curve to insure that the equipment conforms to
performance characteristics.

Troubleshooting the Record Amplifier

The circuit for troubleshooting the record
amplifier is shown below (see also, “Electronic
Schematic Diagram”™).

500 cps

L5 v 1
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Block Diagram, Troubleshooting the
Record Amplifier

Proceed as in troubleshooting the reproduce
amplifier. Typical voltage readings are shown
on the electronic schematic diagram. Using the
circuit above, check the record amplifier
against the appropriate response curve, Re-
sponse of the amplifier should be checked with
the bias oscillator tube removed from its socket
and selector switch S101 in record position.
(When troubleshooting two channel master or
slave electronics record amplifiers, make sure
the RECORD SAFE switch is in the RECORD
position. )

ORDERING PARTS

The purpose of the parts list is to aid the
user of AMPEX equipment in obtaining replace-
ment parts. AMPEX franchised dealers can offer
the most convenient service in providing nor-
mally replaceable parts when proper informa-
tion is furnished. Parts are listed according to
the schematic reference symbol, a description
of the part and the AMPEX part number.

On occasion, AMPEX offers certain replace-
ment parts that are not necessarily exact rep-
licas of those on the original version of the
equipment; but these parts are directly inter-
changeable with the original parts or data is
provided to enable the use of the new part. The
description column names the part, its com-
position, electrical value and manufacturer’s
number (or military specification when avail-
able)—and the AMPEXx PART NUMBER.

AMPEX part numbers are the exact designa-
tion for all parts used in AMPEX equipment.
For example, CAPACITOR, fixed: ceramic, .02
vf 80% —20%, 500 vdcw; Sprague Part No.
36C205 will always bear the AMPEX part num-
ber 54-0265. THIS IS THE NUMBER YOU
SHOULD USE WHEN ORDERING REPLACE-
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 order-
ing parts; Equipment Type, Equipment Num-
ber, AMPEX Part Number, Description of Part.
Example: 4 ea. 54-0265 capacitors for Series
602, Serial No. XXX.

400477
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REF. NO.

C1
C2
C3
C4
Cs
Cc7
C8

C9

Cc10
Ci1
Ci2
C13
Cl4

C15

C16
Cc17
C18
C19
C20
C21
C22
C23
Cc24
C25
C26

C27
C28

CR1
CR2
CR3
DS1
DS2

DS3
Fi

PART DESCRIPTION

ELECTRONIC ASSEMBLY, Single channel, Catalog
No. 02-0211-01

AMPEX PART NO.

ELECTRONIC ASSEMBLY, Two channel master, Catalog

No. 02-0211-02

ELECTRONIC ASSEMBLY, Two channel slave, Catalog

No. 02-0211-03

CAPACITOR, Fixed: electrolytic; 20-20~20-20 mfd;

450 vdew; General Instruments Type TM
CAPACITOR, Fixed: mylar; 0,15 mifd; £20%;

400 vdcw; Cornell-Dubilier Type WM
CAPACITOR, Fixed: mylar; 0.047 mfd; +20%;

400 vdew; General Instruments Type IMP

55-0003

54-0162

54-0235

CAPACITOR, Iixed: electrolytic; 25 mfd; 6 vdew;

General Instruments Type MLV
(Same as C3)
(Same as C3)
CAPACITOR, Variable: mica; 100-550 pfd;
250 vdew; Elmenco Type 304
CAPACITOR, Fixed: mylar; 0.12 mfd, £10%;
100 vdew; Cornell-Dubilier Type WMF
CAPACITOR, Fixed: electrolytic; 40-20 mfd,

55-0100
54-0235
54-0235
54-0247

54-0167

450 vdew; 10 mfd, 400 vdew; 4 mfd, 350 vdew;

General Instruments Type TM
CAPACITOR, Fixed: mylar; 0,018 mid; +10%;
100 vdew; Cornell-Dubilier Type WMT

55-0013

54-0291

CAPACITOR, Fixed: electrolytic; 4 mfd; 450 vdew;

General Instruments Type TD
CAPACITOR, Fixed: mylar; 0.47 mfd; £20%;
400 vdcw; Cornell-Dubilier Type WMF
CAPACITOR, Variable: mica; 65-340 pfd;
250 vdew; Elmenco Type 303
CAPACITOR, Fixed: mica; 0,001 mfd, +5%;
500 vdew; Elmenco Type DM-20
CAPACITOR, Fixed: ceramic; 0.01 mfd; GMV;
500 vdew; Erie Part No. 811-,01
(-02 & -03 versions only)
CAPACITOR, Fixed: ceramic; 33 pfd; +5%;
500 vdew; Erie Type 831
CAPACITOR, Fixed: ceramic; 0,0047 mfd; GMV;
500 vdew; Erie Type 811
CAPACITOR, Fixed: mica, 750 pfd; +5%;
500 vdew; Elmenco Type CM-20
CAPACITOR, Fixed: mylar; 0.1 mifd; +20%;
400 vdew; Cornell-Dubilier Part No. WMF4P
CAPACITOR, Fixed: ceramic; 56 pfd; +5%;
500 vdew; Erie Type 831

55-0005
54-0154
54-0272

54-0198

54-0038
54-0293
54-0006
54-0034
1E 54-0156

54-0294

CAPACITOR, Fixed: electrolytic; 4 mfd; 150 vdew;

General Instruments Type TD

(Same as C4)

CAPACITOR, Fixed: mica; 350 pfd; +5%;
500 vdew, Elmenco Type DM-19
(-01 & -02 versions only)

CAPACITOR, Fixed: mica; 0.001 mfd; +5%;
500 vdew; Elmenco Type DM-20
(-01 & 02 versions only)

(Same as C23)

CAPACITOR, Fixed: electrolytic; 40 mfd;

250 vdew; General Ingtruments Type TD

(Same as C26)

CAPACITOR, Fixed: electrolytic; 2000-1000 mifd
15 vdew

DIODE, Crystal: diff used silicon; 600 PIV;
Type 1N2864

(Same as CR1)

RECTIFIER, Selenium: single-phase; full-wave;
center-top; 2.2 amps; 26v input; Radio
Receptor Part No. C1681C1E1G

LAMP, Neon: miniature; red; Eldema Part No.
B9-CC-B-NE2H (-02 & -03 versions only)

LAMP, Incandescent: General Electric No. 51

(Same as DS2)

FUSE, Cartridge: 1 amp; 250v; 1/4 in. dia. by
1-1/4 in. l1g.; Littelfuse Part No. 312001
(-01 & -03 versions only)

55-0038
55-0100

54-0202

54-0198

54-0202

55-0134
55-0134

B

55-0067-01
57-0012
57-0012
57-0056
61-0072

61-0073
61-0073

61-0007



REF. NO.

J3

J4
J4

J5
J6
J7
J8

M1
R1

R2
R3
R4
R5
R6
R7
R8
R9
R10

R11
R12

R13
R14
R15
R16

R17

PART DESCRIPTION

FUSE, Cartridge: 2 amp; 2560v; 1/4 in. dia. by
1-1/4 in. 1g. Littelfuse Part No. 312002
(-02 version only)

CONNECTOR, Receptacle: female; 3 pin;
Cannon Part No. XLR-3-13N

CONNECTOR, Receptacle: female; 3 pin;
Cannon Part No. XLR-3-31

SOCKET, Accessory: octal; Cinch Part

No. 101-12-00-

039

CONNECTOR, Plug: female; 8 pin; Jones
Part No. S-308-CCT
(-01 & -02 versions only)

CONNECTOR, Plug: male; 8 pin; Jones
Part No. P-308-CCT
(03 version only)

CONNECTOR, Plug: male; 2 pin; Jones
Part No. P-302-CCT

JACK, Phone: 3 conductor; closed circuit;

Zoron Part No.

2804

JACK, Phone: 2 conductor; open circuit;
Switcheraft Part No. 11

CONNECTOR, Receptacle: male; 2 pin; Tower
Part No, 10610A

METER, VU
RESISTOR, Fixed:

film; 100K ohms; +10%;

1/2 watt; Resista Type RSX

RESISTOR, Fixed:

film; 1. 5K ohms; +5%;

1/2 watt; Resista Type RSX
RESISTOR, Variable: carbon; 100K ohms; +10%;
2 watt; audio taper; Allen Bradley Type J

RESISTOR, Fixed:
1/2 watt; Allen
RESISTOR, Fixed:
1/2 watt; Allen
RESISTOR, Fixed:
1/2 watt; Allen
RESISTOR, Fixed:
1/2 watt; Allen
RESISTOR, Fixed:
1/2 watt; Allen
RESISTOR, Fixed:
1/2 watt; Allen
RFSISTOR, Fixed:
1/2 watt; Allen
(Same as R4)
RFSISTOR, Fixed:
1/2 watt; Allen
RESISTOR, Fixed:
1/2 watt; Allen
RESISTOR, Fixed:

composition; 100K ohms; +10%;
Bradley Type EB

composition; 1,5K ohms; +10%;
Bradiey Type EB

compogition; 47K ohms ; +10%;
Bradley Type EB

composition; 1 megohm; +10%;
Bradley Type EB

composition; 68K ohms; £10%;
Bradley Type EB

composition; 2, 2K ohms; £10%;
Bradley Type EB

composition; 330K ohms; +5%;
Bradley Type FB

composition; 30K ohms; +5%;
Bradley Type EB
composition; 1K ohm: +10%;
Bradley Type EB
composition; 22K ohms; £10%;

2 watt; Allen Bradley Type HB

RESISTOR, Fixed:
1/2 watt; Allen
RESISTOR, Fixed:

composition; 560 ohms; £10%;
Bradley Type EB
composition; 150K ohms; +10%;

2 watt; Allen Bradley Type HB

RESISTOR, Fixed:

composition; 8.2K ohms; £10%;

1 watt; Allen Bradley Type GB

RESISTOR, Fixed:
1/2 watt; Allen

composition; 220K ohms; +10%;
Bradley Type EB

(=02 & -03 versions only)

(Same as R3)
(Same as R18)
(Same as R6)

RESISTOR, Fixed: composition; 2,7 megohms; +10%

1/2 watt; Allen
RFSISTOR, Fixed:
1/2 watt; Allen

Bradley Type EB
composition; 270K ohms; +10%;
Bradley Type EB

RESISTOR, Variable: dual; carbon; 500K ohms;

linear taper
RESISTOR, Fixed:

composition; 10K ohms; £10%;

1 watt; Allen Bradley Type GB

RESISTOR, Fixed:
1/2 watt; Allen

composition; 100 ohms; +10%;
Bradley Type EB

AMPEX PART NO.

61-0005

63-0033

63-0103

63-0011

63-0034

64-0014

64-0013

63-0041

63-0010

64-0001
14-0003-01

51-0397

51-0396

52-0021

51-0037

51-0018

51-0049

51~0055

51-0056

51-0054

51-0213
51-0037

51-0136
51-0017
51-0093
51-0098
51-0276
51-0266
51-0020
52-0021
51-0020
51-0049
51-0360
51-0040
52-0141
51-0091

51-0077
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REF. NO. PART DESCRIPTION AMPEX PART NO.

R27 RESISTOR, Fixed: composition; 470K ohms; +10%;
1/2 watt; Allen Bradley Type EB 51-0021
R28 RESISTOR, Fixed: composition; 12K ohms; £10%;
1/2 watt; Allen Bradley Type EB 51-0051
R29 RESISTOR, Fixed: film; 330K ohms; +10%;
1/2 watt; Resista Type RSX 51-0029
R30 (Same as R2) 51-0396
R31 (Same as R2T) 51-0021
R32 (Same as R24) 52-0141
R33 RESISTOR, Fixed: composition; 22 megohms; £20%;
1/2 watt; Allen Bradley Type EB 51-0382
R34 RESISTOR, Fixed: composition; 10 megohms; +20%;
1/2 watt; Allen Bradley Type EB 51-0025
R35 (Same as R20) 51-0020
R36 RESISTOR, Variable: carbon; 250K ohms; +20%;
1 watt; audio taper; CTS Type M45 52-0022
R37 (Same as RT7) 51-0055
R38 RESISTOR, Fixed: composition; 470K ohms; +5%;
1/2 watt; Allen Bradley Type EB 51-0414
R39 (Same as R6) 51-0049
R40 RESISTOR, Fixed: composition; 680 ohms; +10%;
1/2 watt; Allen Bradley Type EB 51-0074
R41 RESISTOR, Fixed: composition; 470 chms; £10%;
1/2 watt; Allen Bradley Type EB 51-0047
R42 RESISTOR, TFixed: composition, 6,8 megohms; +5%;
1/2 watt; Allen Bradley Type EB 51-0392
R43 RESISTOR, Fixed: composition; 6,8K ohms; £10%;
1 watt; Allen Bradley Type GB 51-0007
R44 (Same as R28) 51-0051
R45 (Same as R15) 51-0098
R46 (Same as R28) 51-0051
R47 RESISTOR, Fixed: composition; 4. 7K ohms; +10%;
1/2 watt; Allen Bradley Type EB
(-01 & -02 versions only) 51-0001
R48 RESISTOR, Variable: carbon; 10K ochms; +20%;
1/4 watt; linear taper; CTS Type 45
(-01 & -02 versions only) 52-0024
R49 (Same as R47) 51-0001
R50 RESISTOR, Fixed: composition; 1,5K ohms; +5%;
5 watt; Tru-Ohm Type X-60
(-01 & -02 versions only) 51-0398
R50 RESISTOR, Fixed: composition; 3.9K ohms £10%;
2 watt; Alley Bradley Type HB
(~083 version only) 51-0400
R51 RESISTOR, Fixed: composition; 27 ohms; +5%;
5 watt; Tru-Ohm Type X-60 51-0399
RbH2 RESISTOR, Fixed: composition; 2 ohms; £10%;
5 watt; Tru-Ohm Type X-60 51-0210
S1 SWITCH, Record-safe
(-02 & -03 versions only) 62-0149-01
S2 SWITCH, Rotary: SPDT; Oak Part No. 159016-23 62-0038
S3 SWITCH, Toggle: SPST, bat handle; Cutler-Hammer
Part No. 8280 K15 62-0039
T1 TRANSFORMER, Microphone 58-0100-01
T2 TRANSFORMER, Output 58-0118-01
T3 TRANSFORMER, Oscillator (-01 & -02 versions only) 58-0144-01
T4 TRANSFORMER, Power 58-0153-01
Vi TUBE, Electron: type 12AX7 56-0006
V2 TUBE, Electron: type 6AWSA 56-0069
V3 (Same as V1) 56-0006
V4 TUBE, Electron, type 12AU7 56-0077
V5 (-01 & -02 versions only)
56-0002
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ACCESSORIES

GENERAL

The accessories described on the following
pages are designed to add to the versatility of
the basic unit or to aid in keeping the unit in
the best possible operating condition.






SPEAKER-AMPLIFIER ASSEMBLY

The AmpeEx Model 622 speaker-amplifier
(Catalog No. 01-0622-01) is a compact unit
designed as a companion to the Model 602 and
602-2 recorders. The AMpPEX 622 is particularly
useful for demonstrating radio programs and
pre-recorded commercials before prospective
time buyers—for on-location monitoring of
broadcast tapes made away from the main stu-
dio—for monitoring broadcasts within the sta-
tion—and similar uses by the professional
sound recording services and record companies.

The speaker and amplifier in combination
have flat acoustic response from 65 to 10,000
cycles with additional useful range above and
below. The amplifier output is 10 watts with
less than 1% harmonic distortion. The speaker
can use full power if necessary, giving ample
volume even for a medium size auditorium.
The AMPEX 622 can be used with any sound
source. It may be used as a speaker-amplifier or
as an amplifier only, since the external speaker
jack bypasses the internal speaker and its recip-
rocal network.

622 Speaker-Amplifier

GENERAL PERFORMANCE CHARACTERISTICS AND SPECIFICATIONS

OVERALL FREQUENCY
RESPONSE (IN AIR)

65 to better than 10,000 cycles/sec. essentially flat acoustically.

*Response curve established by a test microphone in free field on axis with unit radiating into semi-infinite space of 27 stera-
dians solid angle. Actual use will approximate this condition when the 620 is placed in a good acoustical environment. Tests
were made with 7 component multitones of quarter octave overall width.

AMPLIFIER FREQUENCY

RESPONSE
POWER OUTPUT
SIGNAL-TO-NOISE RATIO

CONTROLS AND
CONNECTIONS

EQUALIZATION

EXTERNAL SPEAKER FEED

INPUT IMPEDANCE
OUTPUT IMPEDANCE
POWER REQUIREMENT
WEIGHT

DIMENSIONS

20 to 20,000 cycles/sec. ==V, db.
10 watts amplifier power with no avdible harmonic distortion. Speaker can use full power.
Amplifier noise {including hum) is 70 db below rated output.

Yolume control, bass-treble control, power switch and on-off indicator light are provided. Cable for A.C. power is furnished
and also an A.C. convenience outlet is built in. Audio input connector is of the concentric pin type. External speaker connec-
tion is a headphone type jock.

Single control on front pane! gives a level tilt to speaker output, boosting the bass and cttenuating the treble or vice versa.
Maximum bass boost is 6 db relative to treble. Maximum treble boost is 6 db relative to bass.

Use of the external speaker jack automatically cuts out the 620's speaker and reciprocal network. Hence, flat amplifier output
is fed to the external speaker.

20,000 ohms.

12 ohms to external speaker.

117 volts, 50 or 60 cycfes, 0.5 amps, 55 watts.
25 pounds.

13 x 16 x 8 inches.






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

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-
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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.






PLUG-IN INPUT TRANSFORMER

Two plug-in input transformers are offered.
Both transformers are for use with balanced
line inputs. One transformer (Catalog No.
58-0116-01) is a balanced bridging, unity ratio
transformer with 0 db gain while the other
(Catalog No. 58-0116-02) is a balanced match-
ing, step-up ratio transformer with 14 db gain.

Input impedance of the system with the bal-
anced bridging transformer installed is 100,000
ohms and is designed for use with a source im-
pedance of 600 ohms. The system can accom-
modate input signals from —10 dbm (0.24
volts) minimum to +18 dbm (6.1 volts) max-
imum to provide normal record levels. The
transformer is designed specifically for use
—4 to +8 vu lines.

Input impedance of the system with the bal-
anced matching transformer installed is 600
ohms and is designed for use with a source
impedance of 600 ohms, The system can ac-
commodate input signals from —24 dbm (48
millivolts) minimum to +18 dbm (6.1 volts)
maximum to provide normal record levels. The
transformer is designed specifically for use
with —20 to —4 vu lines.

CAUTION

These transformers are not designed
for and cannot be used with +18 vu
lines.
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TAPE SPLICER

The AMPEX tape splicer, Model 805, is com-
pact splicer designed for rapid editing and re-
pairing. The splicer employs a replaceable cut-
ter cartridge with two operating positions—
miter cut and trimming cut. The first position
cuts the tape diagonally, the second position
presses the splicing tape over the diagonal cut
and trims a concave indentation on either side
of the splice to prevent binding. The tape
splicer is supplied with a roll of %2 inch wide
splicing tape and complete operating instruc-
tions.

PROFESSIONAL RECORDER ACCESSORY KIT

The AmPEX Professional Recorder Accessory
Kit No. 894, provides the user with the most
needed accessories. The kit contains: an
AMPEX head demagnetizer, Model 820; a 4
ounce can of AMPEX head cleaner, No. 823; a
134 ounce bottle of AMPEX lubricating oil, No.
825; and a package of ‘Q-Tips’ cotton swabs for
applying the head cleaner.

LUBRICATING OIL

The AMPEX lubricating oil, No. 825, is formu-
lated for use in AMPEX tape recorders. The
lubricating should be used sparingly and in ac-
cordance with the instructions in this manual.
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HEAD DEMAGNETIZER AND HEAD CLEANER

The Ampex 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 AMPEX head cleaner, Model No.
823, is specially formulated for use with
AmpPEX 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 heads is described in the HEAD AS-
SEMBLY section.

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
Va-inch test tapes.

Equalization Catalog No.
15 ips NAB 01-31311-01
7Y% ips NAB 01-31321-01
3%4 ips 120 pusec 01-31331-01
3%4 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 at operating level for
reproduce head alignment.

3. A series of tones (12kc, 10kc, 7.5kc,
5ke, 1ke, 500c¢, 250c, 100c, 50c, and 30c)
at operating level for reproduce fre-
quency response measurements.

The 7Y% 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 7.5ke, 5kc,
2.5ke, 1lkec, 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 334 ips test 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 (5kc, 2.5ke, lke, 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.



Ampex Test Tapes

In addition to the alignment tapes, Ampex
also produces level set tapes and flutter test
-tapes. The flutter test tapes are used for check-
ing equipment flutter in accordance with Ameri-
can Standards Association standard number
757.1-1954. 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 flutter bridge. (The flutter introduced
by the tape is negligible.) Flutter test tapes are
listed in the following table.

Speed Catalog No.
334 ips flutter test . ............. 01-31336-01
7Y ips fluttertest .............. 01-31326-01
15ips 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
or when the machine is to 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 level set . ........ 01-31335-01
7Y% ips 700 cps level set . ........ 01-31325-01

15 ips 700 cps level set ... ....... 01-31315-01

The test tapes are 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 erased 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 the 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.
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BASIC CONCEPTS OF
MAGNETIC TAPE RECORDING

Fundamental Theory And Design Considerations For Professional Audio Equipment
Copyright 1960 by AMpPEX CORPORATION

FOREWORD

This discussion is intended only as an introduc-
tion to magnetic tape recording, an attempt to ex-
plain the fundamental theory in the simplest pos-
sible terms. As in any such endeavor there will no
doubt be areas which are over-simplified, and in these
instances it is requested that you remember the basic
objective stated above,

Information presented here was obtained from
various sources by the Technical Publication Section
of AMPEX ProrEssioNaL Propucts Co., Audio Divi-
sion. Included in the Appendix is a bibliography which
lists the published works used. Other sources utilized
were AMPEX Engineering Reports (not available for
general distribution), and personal interviews with
AMPEX engineering personnel.

GENERAL

Let it be understood to start with that you are not
going to be bored by the long, drawn out, discussion
of the history of magnetic recording which is the
seemingly inevitable preface to any attempts to ex-
plain the basic theory of this process. But it seems
pertinent to point out that the first patent on a mag-
netic recording device was issued some 60 years ago,
and it was originally anticipated that its main use
would be in the telephone and telegraph industries.
So magnetic sound is not a recent innovation.

It is also interesting to note that probably the
first magnetic recorder to use tape (steel tape, that is)

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

3

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



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

WHY MAGNETIC TAPE?

There are many advantages to recording on to-
day’s high quality magnetic tape. using professional
grade equipment. No other device can offer com-
parable fidelity of reproduction. Tape provides the
convenience of immediate playback without proces-
sing, and the 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
Magnetic Tape

Modern magnetic tape consists of a plastic back-
ing, on which is deposited a layer of magnectic 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 particles the recording process
must depend on the size, shape. orientation. and uni-
form distribution of these particles on the tape.

Manufacturers have greatly increased the quality
of magnetic tape over the past few vears, but it re-
mains true that variations in magnetization 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 variation of amplitude of a re-
corded signal. which will appear as noise in the repro-
duced output. In high frequency applications, where
only a surface laver of the tape is involved. the signal-
to-noise ratio will be particularly affected.

If the backing which supports the medium is not
uniform in thickness. it will create variations in the
deposit of oxide coating at the base, In low frequency
work the under lavers assume importance and such
variation in coating will. again. be reproduced as
noise.

Any lack of uniformity in the coating implies a
lack of perfect flatness at the tape surface. so separa-
tion of the tape from the heads will vary. This 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 are mnew pre-polishing 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 cause trouble when
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A) and unpolished (curve B) tape is indicated on this
graph. Readings were taken using new tape from the
manufacturer (B) and again after mechanical polish-
ing by running the oxided surfuces against each other

(A).



the clearance on guides is limited to minimum figures
to obtain 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
controlled.

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 usually
employed in audio work.

There are several considerations concerning the
iron oxide 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 to the direction of
recording.

In addition to all the above, tape must be strong
enough to withstand the stresses it will undergo in
normal operation, and pliable enough to follow the
required turns in the tape threading path.

Recognizing that the quality of magnetic 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-
peEx 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 heads, 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 core
of permeable material within a coil of wire, then run
a direct current through that wire, we can set up an
intense magnetic 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 rate controlled by the frequency of our a-c)
until it assumed a position that was neutral in respect
to the alternating 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 field is created across the gap. If we now
pass our magnetic tape across the gap, the iron oxide
particles in the tape will be magnetized in a pattern
which is a function of the instantaneous magnitude
and polarity of the original signal. Understand here
that these particles do not physically move, but are
simply magnetized by the flux at the head gap so that
each individual particle 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 second, each cycle would be recorded on a 0.25
inch segment of the tape; if our frequency were 6000
cycles and our tape speed 7V% 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 (in cycles per second).

This brings up a point that sometimes confuses
individuals 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 to 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-create
our original signal; but if we reproduce the tape at
7V ips the same wavelength on the tape will result
in a signal of only 5,000 cps, if our reproduce speed
is 334 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 334 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 recording such differentiation is im-
portant. Certain losses — such as amplifier response,
self-resonance of head windings, eddy current losses

in head cores, etc. — are frequency-dependent losses.
Others — reproduce gap losses, head-to-tape spacing
losses, tape thickness losses, etc. — are wavelength-

dependent losses,

FErasing

Our major purposes in erasing are to obliterate
any prior recording and to leave the tape quiet, so
that it may be used again and again for different
programs. Permanent magnets will do the erasing
job. but it is difficult to prevent these devices from
magnetizing the tape in one direction — a single pole
on the magnet would 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 magnitude, then gradually de-
creases to zero.

The erase head functions exactly 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
a point on the tape approaches the gap, the alternat-
ing magnetic field gets stronger and stronger until
a maximum magnitude is reached directly at the gap.
Then as the point recedes from the gap, toward the
record head, the field grows weaker and weaker until
it disappears. Remember here that we are talking of
relative distances, and the erasing field will disappear
before our point on the tape approaches the record
head.

Magmnetic reproducing equipment in the motion picture
theater. Ampex installation along the far wall (at War-
ner 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 move a conductor
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
a 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 is 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 in the head coil.
This induced voltage will be proportional 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 magnetic flux.

Assuming a constant tape speed across the head,
the last factor means that the output of a given repro-
duce head will increase directly 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 terminology used in this discussion (A) gap
length (B) gap with (C) gap depth.

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

Actually, the flux must travel to the coil through
each branch of the head core (forced into that path
by the high reluctance of the gap) and must result in
a voltage differential across the coil if a current is to
be created. Therefore, an instantaneous difference
in the magnitude of the moving flux must exist across



the head gap. This means that the gap must always
intercept less than one complete wavelength of the
signal recorded on the tape (see High Frequency 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 from one
reservoir and adds it to the other. Most professional
quality equipment employs three motors (or their
equivalents), one each for the supply system, drive
system, and takeup system; however, if weight or
volume is important (such as in portable machines)
high quality results can be obtained by using one
motor to drive the tape and employing mechanical
coupling to the supply and takeup turntables.

Supply and Takeup Systems

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
motors (or their equivalent) are used to drive the
turntables directly. These motors are connected to
rotate in opposite 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 Model 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 tape travel, the reel
motors do control the tape motion. Here one motor
is operated under full power and the other with re-
duced power; the greater torque of the motor under
full power overcomes the lesser opposing torque 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 velocity determine the speed
of the tape in the record and reproduce modes.

While tape speed is a function only of the cap-
stan, tape motion in record and reproduce is insti-
gated when a capstan idler (sometimes 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 coupled to a solenoid, which in turn is actuated
by the play switch. This arrangement allows a “fast
start” condition in which the capstan motor 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-to-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 reproducing 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 recording 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 correctly across the
heads, frequency response, phasing, and level 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) is the amount of deviation from
a mean frequency, caused by anything in the system
that will affect tape motion,

*From “Multichannel Recording For Mastering Pur-
poses”, Journal of the A.E.S., October 1960.
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For instance, to 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 attained the tone would return to
1,000 cps.

Differentiating between flutter and wow has his-
torically been difficult, but speaking generally we can
consider that flutter consists of components about 6
or 7 cycles per second, with wow components falling
below that figure. (Normal flutter will extend to ap-
proximately 250 cps, but tape scrape flutter is usually
about 3500 cps.) Flutter and wow can result from
anything that affects tape motion; although the drive
system of a transport is most commonly blamed it is
not always at fault.

Drive Requirements

Designing a drive system usually entails a com-
promise between low flutter 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 certain instru-
mentation and data type recorders, with the cost pre-
cluding their use in other than very special appli-
cations.

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 normally necessary between the
diameter and the speed of the shaft. For a given tape
speed an increase in diameter demands a decrease in
rotational speed, which in turn requires more fly-
wheel.

We generally will use as much flywheel as the
drive motor can handle while maintaining sync; this
is simply a matter of filtering any cogging of the
drive motor, or other irregularities. As the mass of the
flywheel increases, its efficiency in damping out high
frequency irregularities improves, but it might start
to accentuate low frequency disturbances. If this
occurs we must provide some damping arrangement
— for example, silicone coupling between the shaft
and flywheel.

DRIVE MOTOR — The drive motor must be of the
synchronous type in order to maintain the necessary
speed accuracy. Hysteresis synchronous motors are
usually employed rather than salient pole (reluc-
tance) types, although the latter 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 flywheel.

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 futter
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. (Many constant tension
devices have been used in the past, but those designed
for audio equipment have not been too 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 commutators or slip rings, therefore no replace-
ment problem, and no rf interference is generated.
Faster start times are realized because of the small
mass, and an associated low inertia, when compared
to the rotor of a conventional torque motor.

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

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

HIGH- SIDE ADJUSTMENT LOW SIDE ADJUSTMENT

Typical 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 process from the normal or
fast winding modes of operation.

Reel Idlers

The main purpose of the reel idler is to isolate the
heads from the disturbances originating in the supply
motor, by tape scraping against the reel flanges, by
splices as they leave the reel, or by tape layers slip-
ping as the reel unwinds. (This 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 minimizes such disturbances.
we must use care or we will create more flutter than
we eliminate. Reel idlers should have minimum run-
out, bearings must be selected for low noise and
smoothness of operation, and flywheels must be
dynamically balanced to close limits., And the diam-
eter 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.

Mounting Plates

Mounting plates should be sufficiently rigid to
maintain a natural resonance above 300 cps — or
notably 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 reel idler, heads and capstan; any
flexure in this area will cause futter.

Of course, another reason for a rigid mounting
plate is to hold alignment between the various com-
ponents that control the tracking of the tape. This
is more important on Y%z-inch tape or 1-inch tape than
it is with Va-inch.

AREA MOST CRITICAL FOR
STIFFNESS AND FLATNESS
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The most critical area of the transport for rigidity and
flatness is shown by the shading,
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Back view of a typical professional tape transport.
Dashed line indicates heavy mounting casting em-
ployed in area where rigid construction is critical.
(Ampex Model 300.)

Tape Guiding

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

The capstan idler must hit the capstan squarely,
or the tape will be diverted up or down. Tape guides,
either rotary or fixed, should not be too small in diam-
eter, and guide widths must be held to close toler-
ances — normally not more than 2 mils over tape
width and preferably less. (Tape itself is slit to a tol-
erance of 0 to 6 mils 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 because we must use lower ten-
sions with this type tape.

Incidently, if we have a well designed tape trans-
port that has received good maintenance and sud-
denly have 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 poorly 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 must provide adequate torque for the fast
forward and rewind modes, with the actual torque
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 the tape.

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

We must also have reasonable start and stop
times.

Therefore, we must provide optimum torque 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 Y4-inch tape equipment would be 35-40 ounce-
inches of torque, with a maximum braking force of
approximately 30 ounces, measured on a 2Va-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 that
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 equipment in the recording industry. Ampex
Model 300-3 installed at United Recording Studios,
Hollywood.

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 a 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 geometry 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 at the gap. A
wrap of 4 to 6 degrees on each side of the head gap
has proved quite satisfactory.

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

Tape wrap around the reel idler must be sufficient
to ensure a good, solid coupling between the tape and
the idler. On AMPEX machines operating at 60 and
120 ips, it has been necessary to groove the tape con-
tacting area of the idler pulley so that the air film is
dispelled and good coupling is ensured. The effect of
insufficient coupling can be seen in the fast forward
or rewind modes of a standard recorder; the air film
picked up by the fast moving tape acts as a cushion
and the idler barely turns. The air film can be advan-
tageous if we wish to operate in a fast winding mode
without mechanically lifting the tape from the heads,
but it proves quite troublesome at times (especially
when we are trying to get a good pack during a fast
winding mode using 1-inch tape).

DRIVE LAYOUT — The heads, capstan and capstan
idler should be arranged so that the 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, there will
be flutter — caused by idler run-out, by variations in
the hardness of the rubber around the periphery, and
by bumps or voids in the tire.

NUMBER OF COMPONENTS — The number of tape
contacting components should be be held to a mini-
mum, because every additional part means more
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 surface
roughness. The geometry of the layout must eliminate
unnecessary guide posts, idlers, etc. Tension build-
up can also be reduced by mounting the necessary
components on ball bearings, or on other types of low
torque bearings.

Electronic Circuits

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



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 essentially an inductance whose impedance will
vary directly with frequency. The magnetizing force
is directly related to the amount of current which
flows 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 current
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 circuit; a virtually constant
current condition is thus maintained regardless of the
frequency involved,

In order to further ensure proper recording of
high frequencies, the record amplifier also contains a
pre-emphasis circuit 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-
taining signal amplitude at a sufficiently low level.
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 approximately 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 using 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 frequency (in
AMPEX audio equipment the bias frequency is nor-
mally 100 ke).

Fundamentally, biasing with an a-c field is similar
to a long-known method of achieving an “ideal” (or
“anhysteretic”) magnetization. In this method, an
alternating field of high amplitude is superimposed on
an unidirectional field, then the amplitude of the
alternating field is gradually reduced to zero. The
result is a remnant magnetization that is a linear
function of the unidirectional 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
strength falls below a certain level.

If we assume that while a point on the moving
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Anhysteretic intensity of magnetization (]) is plotted
against the unidirectional field strength (h) for various
amplitudes of a-c bias in this chart. In (A) the bias
field was reduced while holding the unidirectional field
constant. In (B) both fields were reduced simulta-
neously. 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 it is sub-
jected to a high frequency alternating field that is
maximum at the center of the gap and decreases
smoothly to zero on either side, plus a signal field that
looks like an unidirectional field for that instant, we
can see the degree of similarity that exists between
the ideal magnetization method and an a-c biased
magnetic recording.

As usual, however, there is one major area of dif-
ference. In the ideal method, the unidirectional field
strength is held constant while the alternating field
decreases to zero. In magnetic recording both fields
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 a 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 certain 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 Iow.
(Remember here that the only effective signal field
is that which exists where the critical bias field is
located.)

Using a-c bias, the output of the system can be
peaked at any given frequency by the proper adjust-
ment of the bias current. A complication arises in
that the bias current necessary to achieve maximum
output 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 in the reproduce
(or “playback™) preamplifier. You will recall that the
output of a reproduce head rises directly with fre-
quency. This increasing output is at an approximate
six 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 flat overall frequency response.

An integrating amplifier, which attenuates rising
frequencies at a 6 db per octave rate, is thus necessary
for the reproduce function. The NAB standard curve
incorporates this integrating amplifier modified by a
rising frequency characteristic (or “post emphasis™).
This post emphasis is achieved by an r-¢ circuit with
a time constant dictated by tape spced and set by
standards — for example, NAB standards 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 tape 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 magnetic 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 (see
Electronic Circuits) so in this we will cover only the
effect of the recording level.

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

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

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 Adjustments).

Signal-To-Noise Ratio

Many factors 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
results in the user increasing the high frequency
energy electrically (with an equalizing circuit)
during the recording process. This extra high fre-
quency energy increases the problems that exist in
high frequency overloading. The directional pattern
at high frequencies means that, if the average high
frequency energy throughout the room is to equal the
energy at lower frequencies, the high frequency
energy on the axis of the speaker is higher than that

of the middle frequencies, and the audible noise level
is increased. The noise coming from 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 kc
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 is inaudible; it is for this reason that a
recorder which tests quieter than another on our
normal measuring 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?

Our major limiting factor today is the magnetic
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tape. Our “system noise” (which includes the tape)
is from 8 to 10 db higher than our “equipment noise”.
A theoretical study has shown that 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 tape noise, we are mainly con-
cerned with track 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-noise ratio is determined by the
medium itself, (the tape noise is at least 8 to 10 db
above the equipment noise) then the signal-to-noise
of the system is proportional to the square root of the
track width.

So, just how wide should the track be? As the
track width increases, closer and closer mechanical
tolerances must be held to maintain the same linear
alignment accuracy, which determines the azimuth
alignment 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 to 250 mils. (For lower
speeds, say at 7V2 ips, it is difficult to maintain azi-
muth alignment for tracks wider than 100 mils.)

Remembering our practical economic considera-
tions, we can put three 100 mil tracks, separated by
85 mils, on Va-inch tape (or six tracks on 1l-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: At long
wavelengths magnetic coupling occurs in reproduce
between the signal recorded on one track and the
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Normal record and reproduce head configurations used
by Ampex, with relative signal-to-noise ratios in re-
spect to the 100 mil track width. Dimension of six
and eight track heads on 1-inch tape are the same as
those shown for the three and four tracks on Va-inch
tape. All dimensions are in mils.
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CROSSTALK IN CHANNEL 1 RELATIVE TO
RECORDED LEVEL IN CHANNEL 2, db

P
Y 100 100 10000 20000
FREQUENCY IN CYCLES PER SECOND 0067

Typical crosstalk vs., frequency curve on adjacent
channels of an Ampex three channel Model 300. Chan-
nel 2 was recording at normal 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 one 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-
ously the closer together the tracks the more coupling
exists (assuming the same shielding). With good
shielding, an 85 mil track-to-track spacing (used for
Ampex Va-inch two track, and Ye-inch three track
recorders) is a good compromise — more spacing to
reduce crosstalk is unnecessary and would waste
space, but any less would result in the increased
crosstalk becoming audible above the noise.

+20

10—

DB

0db

—~10
? 3 4 L & 7 4 9 H 3 4 ¢ 7 49 H
1000 10000 20000

FREQUENCY IN CYCLES PER SECOND oug

Standard NAB post-emphasis curve for 15 ips.

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 AMpEX 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.

AMPEX engineers therefore devised a 15 ips equal-
ization known as AMPEX 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 overload 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 is 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-re-
produce response. Curve B is the result 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 standard, any deviation from
the ideal 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

maintaining good contact. The predicted loss in sepa-
rating the reproduce head from the surface of the
medium is 54.6 db per wavelength separation. Thus
at short wavelengths, say ¥ mil (15,000 cps at 7%
ips), it takes very little space to result in a 5 db loss
in signal strength. When we remember that commen-
surate losses also could occur in the record mode,
it becomes evident why good contact is a major con-
sideration in achieving top performance in a magnetic
tape recorder.

High Frequency Response

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

As our high frequency 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 diagram, when
the recorded frequency rises to a degree where the
reproduce head gap intercepts a complete wave-
length of the signal on the tape, there can be no
difference in flux magnitude across the gap, and the
head output will be reduced to zero. Practically, this
will occur at the “effective” gap length, which is
slightly longer 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 result of poor head-to-tape
contact as a function of the amount of separation and
the signal wavelength.

In this illustration sinusoidal 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), a small
output from a long wavelength signal (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 accompanied by a corresponding in-
crease in tape speed.
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The gap effect may be negligible when we are
dealing with audio frequencies at 7%% or 15 ips tape
speeds. For instance, the AMPEX reproduce heads
have a gap of 0.2 mil, and the gap loss is unimpor-
tant at the wavelengths involved. However, at lower
tape speeds, or for instrumentation or video appli-
cations where the high frequency requirements are
greatly extended, it 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 the resonant frequency must
normally be outside 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 to extend the response.

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 inductance of the head coil by employing
a lesser number of turns of wire. A reduction in the
number of turns, however, will reduce head output
over the entire frequency range, so a compromise
design 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 recorded wavelength
of the signal on the tape begins to approach the over-
all dimension of the two pole pieces on either 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 combined distance across
the two pole pieces, but there will be progressively
smaller bumps at 1% wavelengths, 2% wavelengths,
etc. Similarly the largest dip will occur when one
complete wavelength 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 experimental 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 1% wavelength,
the output rapidly falls to zero.

It is interesting to note the similarity 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 pieces intercept a complete wavelength
we have a decline in output. The largest theoretical
output occurs when the head gap intercepts one-half
wavelength, there is an increase in output when the
pole pieces intercept one-half wavelength. There is of
course one great difference — increasing the tape
speed diminishes the gap affected by spreading the
signal over a greater length of tape, but decreasing
the tape speed dimishes the head bumps by shorten-
ing the wavelength on the tape. At 15 ips tape speed
the head bump is a rather serious problem, at 7V
ips the problem is reduced, and at 3% ips it 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 the pole pieces are farther
from the tape and cannot pickup the signal so readily.
An ideal solution, but rather impractical in today’s
compact -equipments, would be to make the pole
pieces so large that no problem would exist 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 in the audio spectrum. We can
then compensate for this in the electronic circuits.

Additional Factors For Multi-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 largely independent
sources on separate tracks of the tape, phasing is
not too much of a problem. When those sources are
not isolated — for example, when we are recording
an instrument on two channels simultaneously to
achieve a center effect — it 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 channels is a function of the
alighment of head gaps and the wavelength involved.
Tolerances are most critical at slower tape speeds.

At the present state of the art, AMeEPx multi-
channel heads are manufactured so that all record
or reproduce head gaps will fall within two parallel
lines spaced 0.2 mils apart.

Crosstalk Rejection

Crosstalk rejection acts the opposite of phasing,
in that it becomes more critical as sources on sepa-
rate channels become more independent. When ad-
jacent tracks are completely independent, such as in
our present 4 track Va-inch tapes, crosstalk rejection
on the order of 60 db in the midrange is adequate.
Regular stereo tapes (2 track on Vi-inch tape) re-
quire less rejection.

Adequate shielding between heads, and maximum
track spacing in conjunction with the practical
compromises we have already covered (see Signal-to-
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 at 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 careful precision must be taken
to ensure the straightness of the individual gaps and
their perpendicularity, if we are to achieve inter-
changeability of tapes.

In older, sandwich-type heads it was practically
impossible to achieve the required tolerances, with

the result that the master tapes could consistently be
reproduced 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 inaccurate 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 recorder
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-channel 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 together
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 pieces 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 a maximum tilt of less than
three minutes from the perpendicular.

BASIC ADJUSTMENTS ON MAGNETIC TAPE RECORDERS

There are certain basic adjustments usually pro-
vided on professional quality magnetic tape recorders.
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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 Azimuth 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 situation 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 frequencies. Of course, if the record
and reproduce head gaps on an individual 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. But as soon as we want
interchangeability of tapes from machine to machine
we must establish a universal head alignment. Also,
as we have seen, we cannot tolerate phasing prob-
lems in stereophonic equipment.

The best method in procuring this alignment is
to use a standard alignment tape, produced under
stringent laboratory conditions. This tape 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 maintained. 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 calibration can be set by using a
distortion meter to measure the third harmonic con-
tent. Normal record level is usually at a 1% harmonic
distortion level, so it can be adjusted to 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-
quate.

Equalization Adjustment

A series of tones 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 certain variable pre-emphasis is
employed in the recording process, which is adjusted
to achieve a flat response when the reproduce ampli-
fier is set on a standard curve.

The easiest way to set the playback response on
curve is to play a standard alignment tape, and
adjust the variable equalizing components for a flat
response as the precisely recorded tones 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 equipment; 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 Adjustment

We make the high frequency bias adjustment
using a signal of specific wavelength (normally 15
mils — 1000 cycles at 15 ips, 500 cycles at 7% 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 adjustment
is simplified by increasing the bias current until the
output drops V2 db then decreasing the bias until the
output again drops Y2 db; the correct setting is the
average of the over- and under-bias.

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

Because the magnetization curve varies with
different tapes, the bias voltage ideally should be
adjusted each time the tape is changed — particu-
larly if the change is to 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 a wide variety
of tapes.

Tape Tension

As indicated in our discussion of Tape Transport
Design, the tension of the tape as it winds through the
system is very important. Proper tape guiding is, to a
large 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 through” (where
the magnetic signal on one layer of tape on the reel is
transfered to adjacent layers) will be accentuated.

Tape tension control in professional quality 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 copies 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

Our brakes control our stopping function, and
must be correctly adjusted if we are to 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 in the tape.

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

Demagnetization

If any of the components in our tape threading
path become permanently 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 components must therefore
be available.

Demagnetization is usually achieved through a
small, hand type, device that is readily available on
the open market or from tape equipment 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. If 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 out any asymmetry by using a variable cathode
resistor common to each tube 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 quality
equipment if we allow accumulations of matter to
build up on the tape transport. One of the easiest, one
of the most important, and probably one of the most
neglected maintenance procedures 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 recorder is in
perfect condition. For example, if the accumulation
is on our precisely machined capstan (or the capstan
idler) we will have excessive flutter. If it is on a tape
guiding component it is apt to cause a vibration
in the tape — similar to the vibration that occurs
when we pluck a violin string — and again, we will
have excessive flutter, 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 cleaning the heads, as some
agents will damage those precise assemblies.

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 photog-
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 aided you in under-
standing those principles.

*T.M. AmPEX Corporation
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