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PREFACE

I.

We at ITC/3M have tried to produce a 
useable manual. But, being human, we are 
subiect to the frailities of behavior. 
Therefore, should you discover any errors 
or emissions, or should you wish to con­
tribute any recommendations, please send 
us your comments. We will be most 
appreciative.

International Tapetronics Corporation/ 
3M Manuals are written with the intent of 
assisting the reader-user toward a better 
understanding of ITC/3M eguipment. Most 
instruction manuals are seldom read ex­
cept at the time of crisis when equipment 
malfunction is suspected. When this hap­
pens, the manual is usually missing, or 
at best, difficult to locate. PLEASE 
FIND A CONVENIENT SPOT TO KEEP THIS 
MANUAL.
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SECTION 1 - INTRODUCTION/SPECIFICATIONS

A. GENERAL DESCRIPTION
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response which 
High frequency

The Delta Series cartridge equipment 
from International Tapetronics Corpora­
tion has been designed and built using 
the technology available today. Micro- 
orocessor control is the key behind the 
innovative standard features of the Delta 
Series. Low-noise and BI-FET op-amp cir­
cuits have provided the basis for an 
audio system which easily accommodates 
the best magnetic tapes of today.

One of the guidelines used during the 
development of the Delta Series was the 
December, 1975, NAB Standards for car­
tridge tape recordings and reproductions. 
Those standards have been met and in many 
cases improved upon.

The Delta Series is built on a modular 
basis in which the playback transport 
electronics and the recording electron­
ics are each housed in separate units. 
Individually, the Delta Series consists 
of four separate units. These may be 
mixed or matched to suit individual 
needs:

These 
suit

the Delta I, a single deck repro­
ducer only, for A and AA size cartridges; 
the Delta II, a single deck reproducer 
only, for AA and B size cartridges; the 
Delta III, a three deck reproducer for A 
and AA size cartridges; and the Delta IV, 
a Record Amplifier that may be added to 
any of the other Delta components. The 
compact 1/3 rack width design allows the 
use of several Delta units side by side. 
This allows great flexibility in mounting 
the Delta Series. It also makes the ad­
dition of a recorder unit to an existing 
reproducer a simple task. All subassem­
blies such as amplifiers, control cir­
cuits, power supplies, front and rear 
panels, and head assemblies either plug 
or bolt in place. This feature makes 
service convenient and efficient. Sockets 
are also used for IC's and transistors to 
ease individual ocmponent replacement.

Mechanically, the Delta Series is 
built with the reliability of standards 
set by ITC. These include solid 1/2 inch 
thick anodized aluminum deck, full swing 
chain driven pressure roller assembly, 
heavy duty air-damped solenoid, and a 
precision micro-adjust head assembly. A

roller material which pulls better with 
less pressure is standard.

The pressure roller solenoid provides 
for stable tape travel path and minimal 
tape overshoot. The solenoid plunger is 
coated with a dry lubricant bonded to the 
metal surface, insuring years of trouble­
free performance.

The entirely new true, center-pivot 
head module is designed with rotational 
axis in the exact vertical and horizon­
tal centerline of the heads. Height, 
zenith and azimuth adjustments are in­
dependent and individually lock. This 
prevents interaction between any of the 
three adjustments. The unique "criss­
cross" azimuth arms internal to the head 
block allow for very precise azimuth ad­
justment. Steel pivots combined with the 
unique "criss-cross" azimuth arms permit 
very fine azimuth adjustments. The entire 
head module can be removed without de­
stroying previous adjustments.

Accurate tape cartridge oositioninq 
allows best performance from mechanical 
design improvements. ITC, therefore, has 
designed a cartridge positioning system 
which assures precise, rigid alignment of 
tape and head, even when cartridge inser­
tion is hurried or somewhat careless.

Electronically, the Delta Series in­
corporates many standard features made 
possible by microprocessor technology. 
The cue tones are generated and detected 
digitally, and crystal referenced for 
long term frequency stability. Cue tones 
include Primary, Secondary, and Tertiary 
as standard. A two speed, standard 7.5 
IPS and 22.5 IPS high speed cue, crystal 
locked DC brushless servo motor provides 
high auality flutter performance and re­
duces heat.

A specially designed reproduce head, 
coupled with a long life recording head, 
contribute to frequency 
equals open reel quality.
bias and a unique bias and program mixing 
amplifier combine to reduce intermodula­
tion distortion. Only the magnetic tape 
and cartridge become the limiting fac­
tors. All Delta units are shipped with



♦Solenoid electronically controlled

♦XLR connectors for inputs/outputs

♦Universal rack mounting
♦On Dill, all 3 decks are removable
♦Extensive use of mumetal shielding

Electrical
♦Toroidal power transformer

Delta Features

Mechanical *Common P.C. cards for D-I, II, & III
*Microprocessor control (8048/8748)

♦Modular construction
*Hi-speed recue standard on D-I, II
♦Full 3 cue tone operation standard

♦Extruded side, front, and rear panel
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♦Either 150 Hz or 8 kHz cue detectors can 
be strapped to initiate hi-speed cue

♦New headblock - stable, coirpact, allows 
precision adjustment

♦Extended life, open face cylindrical 
heads

♦State of the art audio using TLO Series 
and 5500 Series (5532, 34) opanps

♦Vinyl clad and polycarbonate surfaces 
for lasting finish and ease of cleaning

♦Long life, high quality switches - 
bifurcated wiping contacts
♦All front panel switches illuminated 
using 5 volt long life bulbs

♦Improved cart guides

♦Electronically balanced input/output.
Can be used with our without x-formers 
(input can be bridging)

♦Capstan motor - D.C. Servo, brushless 
with ball bearings and ceramic shaft 
(except Dill). Cyrstal referenced - can 
be strapped for 3 3/4, 7 1/2, 15 IPS

input and output transformers as stand­
ard. A unique circuit design allows for 
the removal of all transformers so the 
Delta units may be operated in a true 
differential input and balanced transfor­
merless (active) output configuration.

Programmable logic allows using the 
secondary, tertiary, or both cue tones to 
send the machine into high speed recue. 
A flashing front panel indicator shows 
that a cart has played, whether it stops 
automatically, or is manually stopped by 
the operator. High speed end of message 
recue is standard on Delta I and Delta 
II. All Delta units feature user selec­
table input and output impedances and 
levels, and are easily field convertible. 
Reproducers may be converted to record/ 
reproducers at any time. All units are 
readily convertible from stereo to mono 
and vice-versa.

State of the art components and design 
are used in the recording amplifier to 
improve square wave performance and tran­
sient response. Meters may be used to 
monitor input, output, program, cue bias 
and cue playback. These functions are 
selectable from the front panel. Input 
monitoring (REC) is automatically switch­
ed to output monitoring (PLAY) when the 
machine is not recording. The primary 
cue tone may be recorded at any time from 
the front panel 1 kHz cue control switch.

♦Styling similar to Series 99 - neutral 
colors

♦Compact size - 1/3 rack width, 12" deep
(DI, II, IV)
13" deep (D III)
Height 5 1/2" (DI, II,

IV)
10 1/2" (D III)

*1/2" deck assembly - tool plate aluminum
- anodized



*Audio mutinq
1. Delta I

*Non-repeat indicator w/start lock-out
2. Delta II
3.
4. Delta IV

2. Tape Speed

IPS (57
*ICs and Transistors socketed

3. Capstan Motor
*Soldermask on pcbs
*A11 cower supplies requlated
*Full remote controls including lamps
*Detachable line cord

lubricated ballD.*Strappable level ranqes

Record/Play Flutter4.

Speed Accuracy5.
A. Better than +/~ 0.2%

6.

B. DELTA SPECIFICATIONS

Power Specification1.

1-3

*Cart cueing standard (Cue switch mutes 
unless held depressed)

electronics
- eliminates

A. Transformer coupled
Strappable for 150 ohm or 600 ohm 
(load impedance) operation (source 
impedance is 50 ohms or 275 ohms 
respectively)

B. Transformerless output
(Source impedance is 150 ohms as fac­
tory supplied; only for electronical­
ly balanced output, no transformers)

B.
C.

*Auxiliary start pulse

*On D-IV - front panel access to:
1. Normal record (input)
2. Program play (output)
3. 1 kHz defeat (electronically latched)
4. 1 kHz add (timed tone)
5. Front panel actuation of test meter­

ing node:
a. cue play/cue bias
b. program bias

(servo) 
field

*Flashinq record lamp for rec set w/ 1 
kHz disabled

A. 105 to 132 VAC or 210 to 264 VAC
B. 50/60 Hz

Audio Output Configuration and Audio 
Impedance

A. Direct drive capstan
(10.0 mm diameter capstan shaft)
Brushless DC servo rrotor
Ceramic capstan shaft - D-I and 
D-II electrolyzed stainless steel 
shaft D-III

Permanently
bearings

A. Record/Play maximum
0.15% DIN WTD at 7.5 IPS.

B. Play maximum
0.12% DIN WTD at 7.5 IPS.

Tape cartridge length 2 1/2 minutes

*High frequency crystal referenced bias 
(120 kHz)

*A11 playbacks are field convertible to 
stereo

C. Power Consumption
50 VA Typical 
65 VA Maximum 
50 VA Typical 
65 VA Maximum

Delta III 120 VA Typical 
135 VA Maximum 
5 VA Typical 
10 VA Maximum

*Motor and control 
are one assembly 
matching)

A. 7 1/2 IPS, (19 cm/s);
(3 3/4 IPS, 9.5 cm/s);
(15 IPS, 38 cm/s)

B. High speed recue - 22.5 
cm/s), nominal

*DIV is universal recording amplifier for 
use with DI, DII, and bottom deck of 
Dill



Audio Output Level7.
11. Frequency Response

12. Equalization

Distortion8.

B.
13. Head Configuration - NAB, Mono/Stereo
14. Cue Signals

9. Noise

D.

Mono Stereo
E.

3. Hum & Noise - No tape running

Mono Stereo
ohms100m

C. Squelch Noise - 70 dB or better.

10. Cross Talk

Not to be used with inductive loads
1-4

D. Reference level of measurements
160 nWb/m at 1 kHz recorded signal

52 dB 
(or better)

50 dB 
(or better)

48 dB 
(or better)

50 dB 
(or better)

System 
1.5% 
tortion, 
monic distortion, 
by 1975 NAB standards.

A. +/- 2.0 dB from 50 Hz - 16 kHz
B. R/P 0 dB reference; 160 nWb/m at

1 kHz (ScotchCart Tape)

A. 1975 NAB cartridge machine (stand­
ard - adjustable for CCIR (Pot. 
adjustment)

B. Customer cption/component reload­
ing in field 7.5 IPS only - 1964 
NAB equalization

C. Fixed low frequency equalization; 
adjustable high frequency equali­
zation

A. S/N -Measured with bias/no signal; 
virgin "ScotchCart" tape at 7.5 
IPS.

"useable"

103

A. Amplifier Distortion: Reproducer: 
0.2% or less total harmonic dis­
tortion, at 0 dBm @ 1 kHz; 0.5% or 
less THD at +18 dBm @ 1 kHz.

Distortion: Reproducer: 
or less total harmonic dis- 

0.5% or less third har-
Specification

Secondary and Tertiary cue detect normal­
ly open relay SPDT*

A. +18 dBm (at 1 kHz) for .5% THD or 
less, amp distortion
(W/XFMR); +22 dBm transformerless 
clip level

B. Variable from 0 level to +18 dBm 
(Ref. 1 kHz at 160 nWb/m) (Contin­
uously variable, "useable" range 
-18 dBm to +18 dBm)

A. NAB primary cue 150 Hz
B. NAB secondary cue 150 Hz
C. NAB tertiary cue 8 kHz

Open collector sinking signal 
(Ground switching) available upon 
sensing secondary or tertiary cue 
tones maximum volts 25V, maximum 
current 200 ma, saturation volts 
0.7V at 200 ma
Cue detect open relay contacts 
optionally available upon sensing 
secondary or tertiary cue tones.

Measured at 50 Hz, 1 kHz, 10 kHz 
(1975 NAB Standards)
-50 dB Min. separation between 
program channels

*Contact ratings - 1A at 25V DC, 0.5A at 
100V AC (resistive) 
Initial contact resistance 
maximum at 6 volts, 0.5A
Operate time 5 msec maximum (including 
contact bounce, at rated voltage) 
Release time 10 msec maximum (including 
contact bounce) 
Life expectancy- Mechanical: 5 x 10° 

operations minimum 
Electrical: 300 x 
operations minimum 
At 25V DC, 1A resistive 
200 x 10-} operations 
minimum at 100 V AC, 
0.5A resistive



15. Logging Signals

in.:

Cue Audio Output

16. Audio Input Level

19. Bias Amplifier
17. Audio Input Configuration

A.
20. Tape Capacity

B. 150
I &

18. Metering (D-IV)/Function Switches
21. Start Time

A.
A. Typically 100 milliseconds

22. Stop Time

2. Monitor output

23. Ambient operating temperature range

1-5

A. Not internal to machine
B. Cue audio input and cue audio out­

put available for external use.

A. -18 dBm to +18 dBm
B. 2 range control straps on record 

amp: -6 dBm/+6 dBm center-range
C. Front panel potentiometer range

0 to at least +12 dB - referenced 
to each strap

out:
150

Load impedance: 
4/7K ohms or greater volts 
500mv +/- .25V FMS @ 1 kHz, 
Hz, 3.5 kHz, 8 kHz

A. Audio squelch stop time typically 
2 msec - Tape stop time typically 
less than 100 msec

B. Tape travel varies according to:
1. Type of cartridge
2. Length of tape

Cue Audio Input - Source impedance: 
10K ohms or less volts in.: .5V 
+/- .25V RMS @ 2.5 kHz

Input XFMR is normally supplied 
for 20K ohm balanced bridging
Strappable for 600 ohms or 
ohms terminating

C. Electronically balanced bridging 
2OK ohms

A. 119.3 kHz Bias Frequency, Crystal 
referenced

0.625 seconds when the playback 
is in the run mode. It is not 
necessary to hold the 1 kHz re­
cord button depressed for the 
duration of the tone.

B. Internal Meter Switch - Two posi­
tion slide switch on record amp/ 
meter board - activates only when 
meter rec and meter play buttons 
are in "out" position.
1. Cue play/cue bias - Slide 

switch in the "left" position 
for cue functions and record 
bias;
Cue Play - Left Meter
Cue Bias - Right Meter

2. Record Bias - Slide switch in 
the "right" position for pro­
gram bias functions
Left Program Bias - Left Meter 
Right Program Bias- Right Meter

AA, B and C (Delta
A. NAB sizes A and AA (Delta 

Delta III)
B. NAB sizes A,

II)

Front panel switch selection for 
monitoring (left to right posi­
tions on front panel)
1. Meter Rec - monitor input level 

to recorder - switches automa­
tically to "Meter Play" (moni­
tor output level from playback) 
when machine is not set to re­
cord
Meter Play 
level

3. 1kHz Defeat - prevents the 1kHz 
tone from automatically being 
recorded on the cue track when 
recording. This mode is indi­
cated when the record set lamp 
flashes.

4. 1 kHz Add - Places a 1 kHz tone 
on the tape for a duration of

A. 10 - 50 dearees C (50 degrees to
122 degrees F)



24. Manual and Remote Controls 27. Dimensions
A. HeightWidth DepthA.

B.
C.

addition-
25. External Connectors

B
C.

26. Mounting
28. Weight (typical)

1-6

A. Table top
B. Rack mount

A. Delta I
B. Delta II
C. Delta III
D. Delta IV

Delta I
Delta II
Delta III
Delta IV

12.00"
12.00"
13.00"
12.00"

5.25"*
5.25"*
10.50"*
5.25"*

6.75 kg
9.0 kq
13.95 kg
3.6 kq

5.562"
11.125"
5.562"
5.562"

C. Double height rack assembly (for 
use with all machines) requires 12 
1/4" vertical height.

Single height rack assembly (for 
use with the Delta I, II, and IV) 
requires 7" vertical height.

A. XLR audio connectors
B. Jones remote connectors

Interconnect between play and re­
corder to carry audio and micro­
processor control lines

D. Pluq-in line cord

All front panel indicators and 
controls (except program bias and 
cue track metering)
Play remotes available via play 
remote connector
Record remote functions (except 
metering) available via record re­
mote connector. *Add 0.312" for feet

All machines require 3.5" 
al depth at rear for interconnec­
tion.

15 lbs;
20 lbs;
31 lbs;
8 lbs;

E. Total shipping weight (including 
connectors, instruction book, 
etc.) less than 50 lbs; 22.5 kg.



SECTION II - INSTALLATION AND OPERATION

Xi

□

Figure 2-1

Delta I "AA"

Delta II

B. INSTALLATION
Delta III

Delta IV

2-1

M—i

Record Amplifier, may be used 
with Deltas I, II, or III.

Three Deck Reproducer, 
size cartridge only;

"AA" 
car-

"AA"

X' -

. ©

Single Deck Reproducer, 
size cartridges only;

A. UNPACKING, HANDLING, AND 
PRE-INSTALLATION CHECKOUT

1 IE
□.L< o I r
O O'

Single Deck Reproducer, 
or "BB" or "CC" sized 
fridges;

ITC Delta Series components are de­
signed as a very flexible, high perfor­
mance cartridge system. Reproducers may 
be interconnected to recording ampli­
fiers with a single cable. The four 
components of the Delta system allow 
user flexibility unachievable in a car­
tridge system. They may be mixed or 
matched to perform a variety of tasks. 
The following table lists the four Delta 
system components and their primary 
useage.

Available as an option, the Universal 
Rack Maunt URM-0001 allows the user to 
install Delta system components in any 
configuration for existing 19" racks.

The Delta Series components are de­
signed in incremental sizes for conven­
ient installation into existing spaces. 
Three basic "sizes" are desianed on a 
UNIT size of 5 1/4" high (without feet) 
by 5 1/2" wide. Therefore, three single 
UNIT widths may be installed side by 
side in a standard 19" rack opening. 
Likewise, two single UNIT height compon-

Upon receipt, carefully inspect the 
carton for visible signs of freight 
damage. In the event of external damage 
to the carton, carefully make note of 
its nature, and ask the freight carrier 
to inspect the damage. Unbox the unit, 
noting any obvious or concealed damage. 
In the event that an insurance claim is 
filed, the freight company will want to 
inspect the shipping carton and the 
unit. All packing material should be 
retained until it is verified that no 
damage has occurred.

First, place the unit in an area 
suitable for maintenance. Remove the 
top and bottom covers and make a physi­
cal inspection of your new unit. Repro­
ducers are shipped with a rotor protec­
tion wedge around the motor rotor. Re­
move the packing material from around 
the motor. The main power fuse is at­
tached to this packing. Install the 
fuse into the rear-panel fuse holder.
All units are shipped with a PC card 

retainer sheet. This must also be re­
moved before placing unit into service. 
Unplug and reseat the printed circuit 
boards to insure they have not shaken 
loose in transit. Inspect all internal 
connectors to make sure they are secure­
ly fastened and properly seated. Review 
the final inspection tags to insure this 
unit meets your in-house standards for 
eaualization, levels, and tape type. 
Finally, make a note in your stations' 
permanent records of the date of re­
ceipt, model number, and serial numbers. 
You may need this information in the 
future.

ents may be stacked next to a double 
unit height component. The illustration 
below demonstrates the unit concept:
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-SPECIAL CONSIDERATION FOR COOLING-

Forced Air Cooling - Delta III Units

C. EXTERNAL AUDIO CONNECTIONS

2-2

vide . 
t ions. 
required, 
speed.

All Delta Series units are shipped 
with standard input and output transfor­
mers installed. Inputs and outputs are 
via 3-pin XLR-type connectors, on the 
rear panels of respective Delta compon­
ents. Pin connections are "universal": 
Pin 1 is ground, Pins 2 and 3 are the 
balanced pair.

Should transformerless operation be 
desired, transformer PCB removal is 
accomplished by turning the small screw­
driver slot in the center of each XLR

Variations in the rack mount design are 
discussed in the URM-0001 instruction 
sheet.

Less 
is drawn 

unit. The purpose of the 
gently complement natural 
cooling in the densely packed electron­
ics.

Fan speed is factory adjusted to pro- 
ample coolinq for most applica- 

Should more or less air flow be 
customers may adjust fan 

Units mounted in enclosures, 
such as fabricated housings, may require 
increased fan speed. Units mounted 
above other heat-producing equipment may 
also require increased ventilation.

It should be noted that, should the 
forced air flow be reduced, internal 
ambient heat will rise. The Delta 
Series units are high quality and tem­
perature-rated higher than the expected 
heat rise. Life expectancy of all com­
ponents, such as electrolytic capaci­
tors, may be shortened by reducing the 
forced air flow. This is true if the 
components are operated under higher 
than normal heat for extended periods of 
time. Therefore, if at all possible, 
ITC recommends the use of the Delta III 
internal forced air system for optimum 
performance and maximum longevity of 
components.

Delta Series components are designed 
using state of the art microprocessor 
and analog technology. Due to the com­
pactness of the units, and the high 
density packaging, these units generate 
heat that must not be allowed to accumu­
late. Adequate ambient air circulation 
is required in order to prevent pre­
mature heat related failures. As a 
general rule, no forced air coolinq is 
required unless the units will be in­
stalled in a fully enclosed housing. It 
is normal for these units to radiate 
heat through the tops and this air must 
be allowed to escape. Likewise, venti­
lation holes in the tops and bottoms 
should not be restricted. Vertical 
stacking of Delta components should pose 
no problems so long as the ventilation 
holes are not blocked. Desk-mounted 
units should not have their feet removed 
for this reason. Rack-mounted units may 
be installed without their lids. Hie 
URM-0001 Universal Rack Mount kit pro­
vides for air circulation through the 
units.

cessible through a small 
rear panel of the machine.

The fan type has been carefully 
selected to provide adequate cooling at 
slow rotor speeds, low noise level, and 
long rotor life. Typical fan noise is 
less than the noise produced by tape 
being pulled through a cartridge. The 
slow fan speed also prevents abnormal 
dust or dirt buildup. Less airborne 
particulate ratter is drawn into the 

The purpose of the fan is to 
complement natural convection

Delta III units incorporate very 
densly packed high-speed electronics on 
four major orinted circuit boards. Tb 
provide maximum features, premium per­
formance and compact size, the electron­
ics were designed to be space efficient. 
This required close component to com­
ponent and board to board spacing. This 
compact design required supplemental aid 
to convection cooling.

The Delta III utilizes an internal 
miniature cooling fan to augment natural 
convection cooling. This fan is mounted 
below and to the rear of the center pan­
el. It blows air upward across the four 
printed circuit boards and out through 
the top. The fan motor operates from 
low voltage D.C. and is variable speed. 
Fan speed, and hence, air volume, is 
controllable by a trimpot. It is ac-

in the
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Refer to Figures 
and 2-5 for location of con- 
inputs and outputs are bal­

anced; it is therefore recommended that 
two-conductor shielded cable be used for 
each. Attach the shield only at either 
the machine end or the console to pre­
vent any potential ground loop. Figure 
2-2 shows a proper method of connection 
for the playback output lines.

It is important to note that the + 
(plus) and - (minus) signs are indica­
tions of proper phase relationships only 
and do not reflect DC voltage potential. 
It is necessary to connect the + lines 
of both channels to the corresponding + ,

\ FROM
} AUDIO
/SOURCE

connector 1/2 turn, then removing the 
board from the rear of the connector. 
The audio leads on the PCB may be trans­
ferred directly to the XLR socket pins. 
All Delta Series components provide bal­
anced active, transformerless design and 
may be used in this configuration as de­
sired.An appropriate combination of plugs 
and sockets is provided with each Delta 
Series component for connecting audio 
inputs and outputs.
2-3, 2-4, 
nectors.

T
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Delta IV Remote

Funct ionPin #

Pin # Function

15

10

2-6

D. EXTERNAL REMOTE CONTROL 
CONNECTIONS

1
2
3
4
5
6
7

8
9

11
12

13
14

1
2
3
4
5
6
7
8
9

10
11
12
13
14

Record Amplifier
Connector

Delta I, II, III Reproducer Remote 
Connector

cuit voltage, switches to ground 
upon sensing of secondary cue.
Secondary Cue Relay (Normally Open) 
Ttertiary Cue Relay (Open Collector) 
- switches to ground upon sensing 
of tertiary cue.
Tertiary Cue Relay (Normally Open) 
Cue Audio Output - Nominal voltage 
is .5V r.m.s.
Cue Audio Ground

Primary (1 kHz) Cue Record
N.C.
Record Set Lamp
Record Set Switch
N.C.
N.C.
N.C.
Cue Audio Input Common
Cue Audio Input
Cue Bias (Remote Cue Record Switch) +5 V Requiated
Power Common
Primary (1kHz) Cue Tone Defeat
Tertiary (8 kHz) Cue Tone Record
Switch
Secondary (150 Hz) Cue Tone Record 
Switch

Logic Ground, Switch Common 
Remote Start (Run Ground) 
Remote Cue Switch 
Remote Cue Lamp
Remote Stop (Stop Ground)
Remote Run Lamp (Ground)
Remote Ready Lamp (Ground)-follows 
ready lamp function, when lamp is 
at ground. When lamp is on, signal 
is at ground. Wien lamp is off, 
the open collector transistor is 
off. CAUTION: ready ground 
follows condition of front panel 
ready lamp. If ready lamp is 
strapped to flash ready ground will 
change states synchronous with 
front panel ready lamp. Maximum 
open circuit voltage 25 VDC, 
maximum current at 200 ma.
+5 Volts
Auxiliary Start Pulse - momentary 
(100 msec) pulse to ground upon 
start of cartridge — open collec­
tor. May be used to start an ex­
ternal clock or timer. Maximum 25 
VDC open circuit voltage, at 200 
ma.
Secondary Cue Relay (Open Collec­
tor) - 200 ma. switching current 
(sinking), maximum 25 VDC open cir-

Remote control for the Delta Series 
Components is via rear panel female 
Jones type connectors. The pin-out con­
nections listed below indicate typical 
remote control functions. Figures 2-6 
and 2-7 illustrate many of the common 
remotes used and the proper method for 
making the connections.

In some cases, unshielded lines may 
be tolerated for remote switch func­
tions. However, it is recommended that 
shielded cables be used in all instal­
lations.

All switches shown are momentary 
action, single pole. Typical switching 
current is 15 ma. at a maximum 5 VDC.

It should be noted that, when Delta 
Series components are used to replace 
existing cartridge machines, exchange of 
remote lamps will be required if the 
Delta +5 VDC power supply is used as a 
source for lamp voltage. Stations using 
the popular T-1 3/4 based lamps in re­
mote indicators may replace them with 5 
volt versions, such as the #328, #345, 
#349, or similar versions. Lamps are 
driven in an open collector fashion and 
should not exceed 140 ma. at 5 volts.



Cue Detect or Normally Open Relay SPDT

A. Remote Switch Lines - Active Low

Mechanical: Operations Mini-0.8V 2V 17 ma.
Electrical:

5.0V 140ma
DO KOT USE WITH INDUCTIVE LOADS
Recorder Audio Lines

Volts Out Volts In

Recorder External Power Supply
D. External Power Supply

60ma (1 lamp) +5V + 5%
+5 Volta 540 ma (9 lamps) +5V + 5%
E. Remote Cue Tone Switched Lines E. CONTROLS AND INDICATORS

1.

2.

3.

2-7

Control/Remotes
Specifications

Volts/ 
Regulation

Saturation
Volts

Cue Audio
Input Remote

Operate Time 5 msec Maximum (Including 
contact bounce, at rated voltage)

Volts/ 
Regulation

Cue Detect or Cpen Collector
Max Volts 25 V
Max Current 200 ma
Saturation Volts 0.7V Max @ 300ma

Delta I
Delta II

Delta III 
Reproducers

500m V + .25 
RMS @ 1 kHz, 
150 Hz, 3.5 V 
kHz, 8 kHz

+5 Volts 
(Regulated)

Load
Impedance
10K Ohms
or less

. 5V + .25V
RMS 3 3.5 
kHz

Logic 
'O' Max

Load 
Impedance

Max.
Current

0.7V Max 
l? 240 ma

Max.
Current Draw

Max.
Volts

Max.
Current Draw

Cue Audio Output
4.7k ohms 

or greater

Auxiliary Start Pulse
Time Duration 0.1 sec. 3 + 10%
Max Volts 25V
Max Current 200 ma
Saturation Volts 0.7V Max @ 300ma

Contact Ratings - 1A at 24V DC, 0.5A at 
100V AC (Resistive)

106

103
100V

Life Expectancy - 
5 x 
mum 
300 x 10 
Minimum 
sistive 
100 x 
Minimum 
Resistive

Operations
AC, .05A

Logic Max. Current 
'11 Min Logic 'O'

Release Time 10 msec Maximum (Including 
contact bounce)

sup- 
car- 
For 

operation of the Ready 
see SECTION II F. Opera-

Stop Switch - Active when cartridge 
is loaded properly. Overrides all 
other operations within the machine. 
Ready Lamp - On when cartridge is 
loaded properly. Flashes as 
plied from the factory after 
tridge has played and cued, 
optional operation of 
function, 
tional Options.
Start Switch - Active whenever the

C. Audio Lines

J Operations
@ 24V DC, 1A Re-B. Rsmote Lamps



Jumpers lo­
on

E A DIAO

S L. DIA0

LEVEL

8. E

9.
Figure 2-8

11.

2-8

4.
5.

6.
7.

Jumper 
defeat

cue
REC.
LEVEL

E
L. EO.E

E
R. EO.E

l. nac, 
METER 

SET

t^CUE DIAO

RIGHT 
■MITER 

OBT

LEFT 
■METER 

OBT

R. REC.
METER 

DET

REC. BIAO E
PLATE 

CUE DIA0 C 
REC. DIAO U

PLATE 
CUE PLATE

CUE

METER

REC. DIAO

Automat ic 
con- 
The 
or 

The 1 kHz cue de­

initiate hiqh-speed recue at the end 
of tertiary tone rather than second­
ary tone, if desired.
cated on Reproduce Amplifier/Cue 
Detect Card.

cartridge deck is in Ready or CUE 
mode.
Run Lamp - On when in a RUN mode.
Cue Switch - Used for high speed cue 
and audio mute from STOP, START, or 
RECORD (cancels record set) modes. 
Pressing CUE while in high speed 
mode causes audio to turn on for the 
duration the switch is held.
Cue Lamp - On when in a CUE mode. 
Record Set Switch - Active only in 
the READY mode. When pressed, pro­
gram audio signals are switched into 
the recording amplifier circuit. 
Pressing START causes the recording 
process to begin.
Record Set Lamp - A visual indica­
tion showing that the machine is 
either ready to record or in the 
process of recording. This lamp 
will flash if the 1 kHz cue record 
defeat has been activated.
1 kHz Cue Record - Enables the oper­
ator to record a 1 kHz primary cue 
tone at any desired time as in the 
case of editing a tape 
timing of the tone length is 
trolled by the microprocessor, 
switch is active in a playback 
recording mode.
tector is automatically defeated as 
the 1 kHz tone is being recorded.

10. 1 kHz Cue Defeat - Active only in a 
READY mode (no tape running - READY 
and RECORD lamps on). When pressed, 
this mode is indicated by a flashing 
record set lamp.
Secondary Cue Switch - Active in 

either record or playback modes. 
Used to record a secondary (150 Hz) 
cue tone on the cue track. A remote 
switching signal occurs in the Play­
back unit upon sensing of the cue 
tone. As supplied from the factory, 
high speed recue is initiated at the 
end of secondary cue tone when the 
unit is in playback mode, 
provided on Play Card to 
high-speed cue if desired.

12. Tertiary Cue Switch - Active in 
either record or playback modes. 
Used to record a tertiary (8 kHz) 
cue tone. A remote switching signal 
occurs in the playback unit upon 
sensing of the tone. Reproducer can 
be programmed (jumper optional) to



F. OPERATIONAL OPTIONS

1.

Left Meter

j Flash OptionJumper

Cue BiasCue Play
Repeat Play LockoutJumper

3.

2-9

REC Depressed 
Machine in 
Reproduce 
Mode, play- 
ing tape

PLAY Depres­
sed, Machine 
in either 
Record or 
Reproduce 
Modes

Meter Switch 
Actuated

Left Pro­
gram output 
level

Left Pro­
gram Bias

Left Pro­
gram outpd 
level

Left Pro­
gram input 
level

Right Pro­
gram Bias

Right Pro­
gram output 
level

Right Pro­
gram output 
level

Right Pro­
gram input 
level

"IN"
"OUT"

Not Active
Active

"IN" 
"OUT"

Enabled 
Disabled

Slide switch 
in "REC 
BIAS" posi­
tion

Indicates:
Right Meter

NEITHER PLAY 
or REC De­
pressed ,
Slide switch 
in "CUE" 
position

REC Depressed 
Machine in 
"Record Set" 
Mode, Re­
cording

Delta Series components may be opera­
tionally configured to perform various 
tasks depending on your specific needs. 
Special functions are outlined below:

the 
In 

cartridge has 
it may not be 

restarted until is is removed from 
the deck, and reinserted. This pre­
vents replay of the same program 
material. This jumper is located on 
the Reproduce Logic Board.

E.O.M. HIGH SPEED RECUE - May be 
jumpered so that neither, either, or 
both the secondary (150 Hz) and ter­
tiary (8 kHz) cue tone detectors 
cause the end-of-message high speed 
recue to occur. This jumper is lo­
cated on the Play Amp and Cue Detec­
tor Board.

2. REPEAT PLAY LOCKOUT - This program­
mable option inhibits playing 
same cartridge twice in a row. 
other wards, once a 
played and stopped,

READY LAMP FLASH - The ready lamp 
may be programmed to flash, giving a 
visual indication of a cartridge 
that has been stopped. A fast flash 
indicates a cartridge that has been 
stopped by the operator using the 
Stop switch. A slow flash indicates 
a cartridge has stopped by the 1 kHz 
cue tone. When units are programmed 
to flash, the flashing Ready may be 
"reset" to continuous Ready by mo­
mentarily pressing the Stop switch. 
This jumper is located on the Re­
produce Logic Board.

13. Meter Monitoring - The two front­
panel switches, REC and PLAY, are 
used in conjunction with the inter­
nal two-position slide switch 
(mounted on the ton edge of the Re­
cord and Meter Amp board) in order 
to monitor the various machine func­
tions. Hie following explanation 
describes the metered indication as 
related to switch position and Re­
cord Amplifier mode:

*NOTE: When both REC and PLAY meter 
switches are simultaneously de­
pressed, the metering circuits 
will "default", and indicate the 
same meter function indicated 
when only the REC switch is de­
pressed .



Output RangeJumper

Delta I, II Audio Output Board

Delta III Audio Output Board
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"A"
"B"

831-0254-003
831-0254-013
831-0254-023
831-0254-033

Mono, w/transformer
Stereo, w/transformer 
Mono, w/o transformer 
Stereo, w/o transformer

831-0252-003
831-0252-013
831-0252-023
831-0252-033

Mono, w/transformer
Stereo, w/transformer 
Mono, w/o transformer 
Stereo, w/o transformer

eratina 
mode, users 
insure that
A.C.

transformer, 
have been
W1305,

+ 1 to +18 dBm
-10 to + 7 dBm

4. REPRODUCE AMPLIFIER LEVEL - Provides 
output level range selection for 
preservation of best signal-to- 
noise. For location of these jump­
ers refer to the Reproduce Amplifier 
schematic and parts layout drawings.

7. RECORDER INPUT IMPEDANCE - 20 K ohms 
bridging is standard. The input may 
be terminated by a 150 ohm or 600 
ohm resistor by adding a dumper to

5. REPRODUCE OUTPUT IMPEDANCE - 600 
ohms, balanced transformer is stand­
ard. Refer to mainframe schematics 
for information regarding 150 ohm 
balanced.

6. BALANCED TRANSFORMERLESS (ACTIVE) 
OUTPUT - All Delta Series components 
may be operated in a transformerless 
(active) output stage configuration 
for improved transient response. 
The high slew rate of the output 
stages may be utilized to provide 
the best possible audio response, in 
particular at the extreme ends of 
the audio band.

When output transformers are re­
moved, D.C. isolation between the 
Delta output stage and connected 
equipment should be maintained. 
This is accomplished by inserting a 
220 mfd non-polarized capacitor in 
each output leq, (+) and (-). ITC/ 
3M provides an assembly to readily 
convert any Delta Series output to 
balanced transformerless.

each input channel. This is already 
loaded on the Delta IV mainframe. 
Refer to the Delta IV input trans­
former board drawings for exact 
location.

8. INPUT LEVEL STRAPPING - Input straps 
are provided to adjust the nominal 
input level range, to insure best 
overall signal-to-noise is pre­
served, and to set the nominal posi- 
t ion of the front panel level con­
trols. Jumpers are located in the 
Delta IV mainframe.

9. DIFFERENTIAL (TRANSFORMERLESS, BAL­
ANCED) INPUT - Input transformers 
(standard) may be removed in order 
to operate the Delta IV record am­
plifier in a true differential input 
configuration. High-performance op­
amp record amplifier input sections 
permit this user option. When op­

in the differential input
should be cautious to 
no D.C. potential, or 

ground loops exist before at­
tempting connection. Removal of the 
input transformer eliminates the 
D.C. and A.C. protection character­
istics (isolation) offered by the 

Once the transformers 
removed, wire jumpers 

W1306, W1307, and W1308 are 
installed providing input directly 
to the Record Amplifier differential 
input.

10. SERVO MOTOR SPEED - Delta units are 
shipped to operate at NAB standard 
speed of 7.5 IPS. Units may be 
field modified to run at 3.75 IPS or 
15 IPS by moving the motor speed 
select jumper located on the Repro­
duce Logic PCB. Refer to the Repro­
duce Logic Board schematic and parts 
layout drawings for jumper location 
and use information.



SECTION HI - MECHANICAL ADJUSTMENTS

A. IMPORTANT CONSIDERATIONS

Figure 3-1

Figure 3-2

Procedure for Delta I and II Units

3-1

1. Remove the pressure roller and place 
the special locator gauge (830-0043-

CAPSTAN 
SHAFT

PRESSURE 
ROLLER 
SHAFT

B. PRESSURE ROLLER SHAFT /
CAPSTAN SHAFT ( MOTOR ) POSITION

GAUGE,SOLENOID SET-UP
(830-0032-021)

o. B

Therefore, if a complete check 
mechanical adjustments is re­
start at the beginning of this

The rugged mechanics built into Delta 
Series cartridge machines are designed to 
provide extremely reliable and long-term 
operation with only a minimum of simpli­
fied adjustments. The sequence in which 
mechanical adjustments are completed, 
however, is important due to the fact 
that many of these adjustments are inter­
related, 
of all 
quired, 
section and follow the proper sequence.

The following adjustments are neces­
sary if a motor or solenoid has been re­
moved. The adjustment should be checked 
any time a new pressure roller is instal­
led.
NOTE: The pressure roller capstan shaft 
locator gauge (ITC PART #830-0043-001) 
and the pressure roller pressure gauge 
(ITC part #830-0042-011) are required for 
the following procedure.

The three primary width dimensions are 
shown. Dimension "C" is a low-tolerance 
dimension, and should never be used to 
measure any mechanical parameter in the 
the Delta Series. Its prime function is 
as a handle and may be held at this 
point or at any place along its length.

Dimensions "A" and "B" are used to 
measure the range of pressure roller 
pressure. Dimension "A" measures maximum 
roller pressure. Dimension "B" is used 
to show when pressure roller pressure is 
too low. The pressure of the pressure 
roller is properly adjusted when dimen­
sion "A" slides between the capstan shaft 
and pressure roller shaft and dimension 
"B" does not.

Alignment gauges to which references 
are made are available from ITC.

The pressure roller pressure gauge, 
830-0042-011 has been designed for use in 
the ITC Delta Series. When utilized for 
either checking or adjusting pressure 
roller pressure, a clear understanding of 
its purpose will be most helpful in 
making an accurate and speedy set-up.



"flat"

a

intodeck the bottom

3-2

This procedure should be used when 
motor or new deck has been replaced.

install 
steel 
first, 
ler, i 
clip. 
*NOTE: 
models

C. PROCEDURE FOR DELTA III DECI^ 
ADJUSTMENT

Delta III motors utilize a unitized con­
struction technique 'whereby the windings, 
rotor, shaft, and shaft top bearing are 
all contained in a single-piece precision 
casting. This technique allows for pre­
cision alignment of the shaft to the top 
bearing and motor bearing. The entire as­
sembly is bolted to the machine by screws 
mounting through the rear of the center 
bulkhead. The center bulkhead forms a 
precision mounting plate for the motor 
from the rear, as well as an extremely 
rigid center and side brace for the main- 
frame. Replacement of motors in Delta 
III units, when necessary, will include 
the "top" bearing, and its support block.

1. Remove all decks from the mainframe.
2. Starting with the bottom deck, remove 

pressure roller and place the special 
locator gauge (830-0043-001) over the 
pressure roller shaft as illustrated 
in Figure 3-2.

3. Insert bottom 
slot.

4. Secure the deck by tightening the cap­
ture screw which is accessible through 
the front trim piece center hole. Re­
move right-hand side panel inlay for 
ease of set up.

Motor locating in Delta III 
is always referenced to the 

center bulkhead, and motor location is 
relatively fixed. Therefore, manipula­
tion of the sliding deck adjustment 
screws is required to insure proper 
motor shaft-to-pressure roller shaft 
parallelism. The following proce­
dure applies to Delta III units only:

5. Using the opening in the right side 
panel, manually press in solenoid 
plunger until gauge is placed against 
the capstan shaft. Observe if the 
gauge surface indicates the two shafts 
to be parallel or nonparallel. If 
nonparallel, observe whether the qap 
is at the too or bottom of the gauge. 
A gap at the bottom of the gauge in­
dicates the deck is too far out and 
needs to be moved into the mainframe, 
closer to the motor shaft. Likewise, 
a gap at the top of the gauge indi­
cates the deck should be moved away 
from the motor shaft.

6. Deck penetration into the mainframe is 
determined by a 10-32 set screw, for 
each deck, located in the motor mount­
ing plate. These screws are immedi­
ately adjacent to the tapped holed 
used by the deck capture screws. 
Decks must be removed from the frame 
to adjust the penetration set screws. 
Turning the set screw clockwise allows 
the deck to move closer to the motor 
shaft. Turning the set screw counter­
clockwise moves the deck away from the 
motor shaft. By observing the "gap" 
indicated by the gauge in the previous 
step, an indication of deck penetra­
tion will be given. Adjust the deck 
penetration set screws so that the 
gauge indicates parallelism of the 
caostan shaft and pressure roller 
shaft of each deck. When proper deck 
penetration is established for all 
three decks, pressure rollers may be 
replaced, and the deck capture screws 
secured.

001) over the pressure roller shaft as 
illustrated in Figure 3-2. Manually 
move gauge up to (against) the capstan 
shaft. Check to see that the gauge 
surface lies flat against the capstan 
shaft. If not, loosen the motor
mounting screws, and gently move the 
motor until the gauge surface and the 
motor shaft are "flat" against each 
other.

2. Carefully tighten motor mounting 
screws while making certain that the 
motor locating gauge remains parallel 
to the capstan shaft. Also insure 
that the pressure roller shaft and 
motor shaft are directly in line with 
each other centering on the deck plate 
hole. This is the proper position of 
the pressure roller shaft as related 
to the capstan shaft.

3. Remove the gauge from the machine and 
the pressure roller. The

washer fits over the shaft 
followed by the pressure rol- 

nylon washer, and the retainer



Delta E. SOLENOID DAMPENING ADJUSTMENT

F. CARTRIDGE GUIDANCE SYSTEM ALIGNMENT

CAPSTAN

Figure 3-3
SOLENOID 
AIR DAMP

IS)

Figure 3-4

3-3

D. PRESSURE ROLLER PRESSURE / 
SOLENOID ADJUSTMENT

PRESSURE ROLLER 
SHAFT PRESSURE ROLLER 

PRESSURE GAUGE

This adjustment will normally be re­
quired only after carts replacement; but 
for best results, a check of the pressure 
roller/capstan pressure should be on the 
routine maintenance schedule.

SPECIAL SERVICE NOTE: 
transports utilize

(Dimension B) will not slip through. 
If the 1st step - (Dimension A) end of 
the gauqe will not slip through, the 
plunger is to be rotated counterclock­
wise until it will slip through 
easily.

4. Cnee this setting has been obtained, 
tighten the 10-32 clevis lock nut.

1. With pressure roller installed, apply 
to the machine, 

switch closed,

Fiqure 3-4 illustrates the location of 
the screw used to adjust the air dampen­
ing of the solenoid plunger. The speed 
of the solenoid operation is proportional 
to the speed at which air is allowed to 
move through the small hole in the sole­
noid seat. The noise of the solenoid 
operation shares the same relationship.

Adjustment requires tuminq the screw 
clockwise for more dampening and the 
opposite for less. It is important to 
note that too much dampening will affect 
the start and stop time of the cartridge, 
therefore, the minimum dampening neces­
sary is the most desirable.

Optimum performance from the Delta 
Series machines and the tape cartridges 
can only occur if the cartridge is posi­
tioned accurately and consistently in 
precisely the same location each time it 
is inserted into the machine. Cartridge 
guide alignment can be achieved by usinq 
a specially marked cartridge as illus­
trated in Figure 3-5. Use a point or 
scriber and mark a cartridge as shown.
Refer now to Figure 3-6 in which the 

cartridge is shown in its properly a- 
ligned position. If the alignment car­
tridge does not position as illustrated,

Since the Delta III motor has only two 
bearings, the shaft "top" bearing, its 
block, and the vertical support member 
gallows is considered part of the motor. 
The precision casting and subsequent ma­
chining of the gallows allows the use of 
a high grade motor bearing at the top of 
the capstan shaft.

Holdinq cart 
press start

NOTE: On Delta III units, use the 
access opening in the riqht-hand side 
panel.

3. The 2nd step - (Dimension B) section 
(see Fiqure 3-1) should not slip 
through. If it does, loosen the 
clevis screw lock nut and rotate the 
plunger clockwise until the 2nd step -

power
sensing 
switch.

2. With the solenoid engaged place gauge 
1st step - Dimension A end between the 
pressure roller shaft and capstan 
shaft. (See Figure 3-3.)

Series 
a SPOT deck switch. 

The unused terminal (normally closed) may 
be shorted to chassis ground in order to 
put the deck into a powered READY condi­
tion. This facilitates pressure roller 
pressure adjustments, etc., to be made 
without havinq a cartridqe loaded.
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loosen (do not remove) the mounting 
screws on the right hand cartridge guide. 
Position the cartridge and right-hand 
cartridge quide (by holdinq them tiqhtly 
together) to the right or left until the 
scribed lines are located directly over 
the heads as shown. Be certain that the 
front edge of the cartridge seats firmly 
and squarely aqainst the tape quide 
screws. Tighten down the right hand car­
tridge quide mounting screws, making sure 
it does not move or change positions.

Remove the cartridge and reinsert it 
into the machine forcinq it to slide

important that this 
as accurately as pos- 

consistent with

»

I 3.062 in _________
P”(77.77 mm.)
! L,___ 1938 In _

F (49.23 mm.)

-LL-Xq
+ -b I

1. The head shield must be removed before 
beqinninq guide adiustment. After re­
moving the shield, reinsert the right 
hand flat head screw and spacer, 
retighten to secure the head block to 
the deck.

This set-up procedure provided for a 
very precise adjustment of the distance 
between the "tanqs" of the tape guides. 
It also sets up a three-point contact 
area between the guides and the tape. 
The mechanical stress of tape edges is 
minimized while affordinc a very closely 
controlled tape path across the heads 
(Figure 3-7). ITC advises that all car­
tridge machines within your system would 
benefit from this set-up procedure, due 
to the increased accuracy in setting up 
guidance.

The precision ground set-up qauqe, 
830-0041-022, allows the user to set the 
tape quide tanqs to a typical tape slit 
width.

TO P OF 
TYPICAL NAB 

TYPE AA CAR TRIDGE

2. With the qauqe flat on the deck sur­
face, as for heiqht adjustment, begin 
adjustment of the left (entry) tape 
guide:
a) Loosen quide mounting screws.
b) Insert qauqe straight into the 

guide only as far as the face of 
the head. Insure that the qauqe 
remains flat against the deck.

squarely aqainst the riqht hand quide. 
Check the alignment again, if it is not 
exactly positioned, repeat the alignment 
procedure.
NOTE: It is very
alignment be made 
sible, and that it be 
other cartridge machines in the system. 
Failure to achieve consistent alignment 
from machine to machine will create 
inconsistent tape travel oath and thus 
phase error on stereo machines and 
azimuth level errors on mono machines. 
Check the position of the capstan shaft 
and pressure roller shaft. If they are 
not correctly positioned, repeat steps 
III, B and C before preceding.
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TAPE HEIGHT GAUGE 
630-0041-022 TAPE GUIDE 

MOUNTING 
SCREWS

7^777777777^77777/77
GAUGE MUST POLE PIECES MUST ALIGN WITH
REST FLAT TOP AND BOTTOM EDGES OF GAUGE

AGAINST DECK

3. Upon completion of Step 2 (set-up for 
entry and exit tape guides), you are 
now ready to adjust the center tape 
guide.

set-up. 
penetrate 
if it

-------- [ |(?^----------
“^4^

THIS GUIDE MUST BE MOUNTED AS CLOSELY TO THE 
/ RECORDING HEAD AS POSSIBLE TO AVOID COLLISION C.”....

Move guide upwards so that the 
bottom tang just touches the nauge.
Tighten the mounting screws and 

then recheck adjustment with the 
gauge.

e) Repeat "a" through "d" 
(exit) auide.

a) Loosen the center guide mounting 
screws.

b) Position the gauge into the guides 
with the cut-out areas toward the 
heads. (Figure 3-9.)

c) Adjust the center guide so the top 
tang touches the gauge, then tigh­
ten the mounting screws.

d) Recheck your adjustments by return­
ing the gauge to the position for 
head height set-up. The gauge 
should not penetrate the center 
tape guide if it is adjusted 
properly.
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Figure 3-11

Figure 3-10
Figure 3-12

A = Measures tape width at the head face
B = Measures tape height at the head face
C = Nominal tape slit width

ADJUSTING SCREW DECK

H. HEAD HEIGHT AND ZENITH ADJUSTMENT

Figure 3-13
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©
PLAY AZIMUTH 

ADJUSTMENT ARM

LOCKNUT-INDEPENDENTLY 
SECURES EACH OF THE 
THREE ADJUSTMENTS

PLAY AZIMUTH 
ADJUSTMENT SCREW 

AND LOCKNUT

z RECORD AZIMUTH 
ADJUSTMENT SCREW 

AND LOCKNUT

SPRINGS PULL HEAD 
MOUNTING BLOCK UP AND 

LOCATE THE BLOCK AGAINST 
THE ADJUSTING SCREWS

RECORD AZIMUTH 
ADJUSTMENT ARM

©

i
I

©r ©

i J

Use of the 830-0041-022 Gauge for Tape 
Guide and Head Height Adjustment

h ■
■i i.

■ >

Figure 3-9

recording head except on playback only 
machines. A dummy head is mounted in 
this position on playback machines in 
order to maintain constant tension on the 
tape and thus minimize wow and flutter 
and improve tape guidance.

REC®o uclrUT® PL"
H. nclUnT 

©REC

p-
AmiM. 4 <:-

D = Height from deck plate to bottom tang 
inside surface of entry and exit tape 
guide

HEAD X CENTER-PIVOT
MOUNTING BLOCK ROTATIONAL AXIS

play@a2IMUTH

REC ©F' HEIQHT@PLAY

The magnetic tape head nearest the 
capstan shaft is the reproducing head. 
The head farthest from the capstan is the
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TAPE HEIGHT GAUGE 
630-0041-022

THI8 GUIDE MUST BE MOUNTED AS CLOSELY TO THE 
RECORDING HEAD AS POSSIBLE TO AVOID COLLISION 

WITH THE CARTRIDGE CORNER POST AREA

TAPE GUIDE 
MOUNTING 
SCREWS

the
The

oo° 
j?

V//////,

lock nut by turning it 
approximatley

NO SAP WILL BE VISIBLE BETWEEN THE FACE 
OF THE HEAO ANO THE SQUARE WHEN HEAD 

ZENITH IS PROPERLY ADJUSTED.

This adjust- 
the alignment

A

Position the Tape Height 
any gauge known to be 

move 
as 

3-14. The gauge 
before making 

avoid 
head, 

the

\ __ rfli
■

The adjustment procedure outlined 
below should be followed in positioning 
both the reproducing and recording heads. 
Only height and zenith adjustments are 
required for a "dummy" head. See Figure 
3-12 for the location of the adjustment 
screws.
1. Loosen the

counterclockwi se
complete turns.

2. Coarse Height: Adjust the Front 
Height Set Screw until the top of the 
upper head track (pole piece) is 9/16 
of an inch (14.29 mm) above the deck 
surface.

3. Coarse Zenith: Adjust the Rear Height 
Set Screw until the face of the head 
is perpendicular with the surface of

3S
'/xZ77///////A(////////~/

QAUQE MUST POLE PIECES MUST ALIGN WITH
REST FLAT TOP AND BOTTOM EDGES OF GAUGEAGAINST DECK

TAPE HEAD

the deck.
Gauge, or 
square, on the deck surface and 
it against the face of the head 
shown in Figure 
must be demagnetized 
adjustments. Be careful to 
scratching the face of the 
When the head is perpendicular, 
face of the head and the "square" will 
be flush.

4. Fine Height and Zenith: 
ment is made using 
gauge.
a. Position the gauge in front of the 

face of the head as the tape would 
be positioned if it were being 
played as shown in Figure 3-15.
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Special Note

a.

istics.

b.

Co
Normal

I. MONOPHONIC HEAD AZIMUTH ADJUSTMENT

J. STEREO SYSTEM HEAD AZIMUTH ADJUSTMENT

1.

3-8

Reproduce Head Azimuth Adjustment:
a. Connect a 600 ohm load to the re­

produce amplifier output termin-

It 
for

Two track stereo recording-reproducing 
performance is subject to several contri­
buting mechanical inaccuracies which can 
cause phase shift in simultaneously moni­
tored reproducer outputs. In stereo 
systems these phase shifts are generally 
not perceptable in the final reproduc-

Before attempting these adjustments 
insure the following: the mechanical ad­
justment of the tape guides as outlined 
in Section III G; and the adjustment of 
height and zenith of both the Record and 
Reproduce heads (or Reproduce and "dummy" 
in Reproduce only machines) as outlined 
in Section III H, are correct.

It is important to note that the loca­
tion of the Azimuth adjustment screw is 
offset considerably from the head it ad­
justs. The Record Head azimuth screw is 
physically located in between the two 
zenith screws directly to the rear of the 
Play head. Likewise, the Play head azi­
muth screw is located in between the two 
zenith screws located behind the Record 
head. The compact design of the ITC/3M 
Delta Series allowed the azimuth arms to 
be "crossed" in order to maintain the 
maximum length of the pivoting section to 
be contained in a very small area. When 
adjusting Record or Play head azimuth, 
make certain the appropriate azimuth 
control screw is used.

Alternately adjust the Rear 
Front Height Set screws to position 
the top of the upper head track 
(pole piece) so that it is even 
with the upper edge of the gauge. 
Position the bottom of the lower 
head track (pole piece) so that it 
is even with the lower edge of the 
gauge. The set screw should be ad­
justed by equal amounts in the same 
direction to maintain zenith. 
Recheck the zenith of the head as 
instructed in Step 3. If adjustment 
is necessary, height must also be 
rechecked and adjusted until both 
height and zenith are correct.
Carefully tighten the Front 
Rear Height Lock Nuts. Recheck the 
height and zenith adjustments. If a 
change has resulted, repeat the 
Fine Height and Zenith adjustment.

als. Connect a high impedance 
voltmeter across this load.
Insert a 15 kHz Standard Azimuth 
Alignment Tape and start the 

' machine.
c. Adjust the reproduce head azimuth 

set screw as shown in Figure 3-11 
to produce maximum output level.

d. Carefully tighten the lock nut ob­
serving the voltmeter to insure 
that no change in output level 
occurs.

Record Head Azimuth Adjustment
Be aware that changes in azimuth to 

the "Master" Record head can result in 
azimuth errors in all the Reproduce 
machines within a system unless the re­
sultant azimuth is carefully checked 
against each of these Reproducers. Any 
change in azimuth of the record head 
should be attempted ONLY AFTER all mech­
anical adjustments are carefully checked 
and the "Master" Reproduce head is align­
ed to the 15 kHz Standard Azimuth. 
Alignment Tape as above.

Select an erased 3-1/2 minute car­
tridge which is known to have con­
sistently good operating character- 
istics. It is suggested that this 
cartridge be set aside and used only 
for recording head adjustments, 
thus will become the standard 
your operation.
Connect a 600 ohm load to the Repro­
ducer output terminals. Connect a 
high impedance voltmeter across this 
load.
Use a tone generator to generate 14.5 
kHz and adjust the Normal Record 
Level to - 10 VU.

d. Start the recorder and adjust the azi­
muth set screw on the record head to 
produce maximum output level.

e. Carefully tighten the lock nut observ­
ing the voltmeter to insure that no 
change in output level occurs.
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ITC/3M has provided the best fea­
tures possible to assist in the proper 
guidance of tape outside of the car­
tridge. Three adjustable tape guides, 
heavy-duty microadjustable patented head 
module, and the use of "dummy" heads in 
Reproduce only machines, lend to consis­
tent guidance of the tape through the 
head assembly. Gauges are made available 
for maintaining accurate adjustment and 
maintenance of these assemblies. These 
are measures taken by ITC/3M to aid the 
discriminating in maintaining the best

tion; however, in cases where monophonic 
"dubbing" or channel summing is desired, 
phase shifts can result in serious ampli­
tude variations or dropouts, especially 
at the higher frequencies. Most common 
causes of these problems are:
1. Lateral displacement of 

pieces with respect to 
within the head case.

2. Improper azimuth of the heads with re­
spect to each other (record head to 
play head on any reproducer in a 
system.

3. Inproper tape guidance (skew) either 
within the cartridge or through the 
tape guide system.

DELTA 
REPRODUCER

I I□□□

Flgurs 3-16
possible stereo performance from this 
equipment. The following tests and 
adjustments do not preclude the many pos­
sible techniques for measuring phase 
shift. They do provide the basis for 
satisfactory results using a minimum of 
equipment and skill:
1. Master Reproduce Head Azimuth - See 

"Special Note" in preceding section, 
regarding the unique location of the 
Azimuth adjustment screws.
a. Connect 600 ohm loads to both left 

and right channel outputs. Connect 
a high impedance voltmeter to the 
left channel output. Insert a 
STEREO 1 kHz reference "0" level 
tape and start the machine. Set 
left gain control R109 for 0 dBm 
output. Now connect the voltmeter 
to the right channel output and 
adjust right gain control R110 for 
0 dBm output.

b. Insert a 15 kHz STEREO azimuth 
alignment tape and carefully adjust 
the playhead azimuth screw for a 
maximum reading on the voltmeter. 
Observe the mechanical position of 
the azimuth screw.

c. Move the voltmeter to the left 
channel output. Now, move the azi-
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to the
Adjust

Observe 
no 

16 kHz 
azimuth

At 
the 
provide best 
It is normal 

of several de- 
qree to occur at the highest fre­
quencies, so setting should be 
based on best results. It is de­
sirable to run the tape several 
times, observing that phase rever­
sals do not occur at any frequency. 
Tighten the lock nut and observe 
that no chanae occurs.

2. Master Record Head Azimuth
a. Select a 3 1/2 minute cartridge 

that is known to have consistently 
good operating characteristics.

b. Connect a tone generator to both 
inputs, and inject a 14.5 kHz tone 
and adjust the Normal Record level 
to -10 VU.

c. Start the recorder and adjust the 
recording head azimuth screw for 
maximum amplitude of the display on 
the scope. The scope gains may be 
adjusted in equal amounts to in­
crease amplitude of the display if 
necessary.

d. Set the frequency of the tone gen­
erator to 50 Hz. Slowly increase 
the tone frequency while observing 
the phase rotation on the scope 
display.

If phase error or reversal be- 
qins to occur, slowly adjust the 
azimuth screw of the recording head 
only to retain minimum phase shift

h. Allow the tape to run to the 4 kHz 
section and observe if phase shift 
has occurred. Refer to Figures 
3-17 (a) through (d). If phase 
shift has occurred, adjust the play 
head azimuth screw to correct this 
phase shift in the exact reverse 
rotation to which it has occurred. 
This means that if the pattern was 
increased clockwise from 0 shift as 
frequency increased, the azimuth 
screw should be turned in such a 
way to cause the scope display to 
rotate counterclockwise back to the 
"0" position.

i. Allow the tape to continue through 
the various frequencies.
the scope display to insure that 
180° reversals occur, 
final adjustment of 
screw can be made to 
average phase shift, 
for shift "Titters"

muth screw a small amount in 
either direction and observe the 
voltmeter reading as an increasing 
or decreasing output. Continue 
moving the screw in the direction 
that produces increasing output 
until a maximum reading is obtain­
ed.
Observe direction and amount that 
the screw was turned to obtain 
maximum reading on the left out­
put with respect to the previous 
setting for maximum on the other 
channel. Set the azimuth screw to 
the midpoint between these set­
tings to obtain AVERAGE azimuth for 
the two channels.

e. Connect the horizontal input of a 
scope so equipped to the right 
channel output. Insert a STEREO 
FREQUENCY ALIGNMENT TAPE and start 
the machine. Adjust the horizon­
tal gain, if provided on the scope 
to a suitable amplitude, 
the horizontal input.

f. Connect the vertical input 
same right channel output.
the vertical gain to provide a de­
flection equal to that of the hori­
zontal above.

g. Connect the horizontal input to the 
left channel output. Run the tape 
to the 1 kHz section. A pattern 
such as Figure 3-17 (a) should now 
appear. If not, reverse the two 
leads of the horizontal input. This 
pattern represents the "0" or near 
"0" phase shift pattern of the 
system.
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Figure 3-19

1. in the headscrews

3.

Figure 3-18
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ITC/3M cartridge machine utilize 
strap-mount type heads to provide quick 
and easy installation, Figure 3-18.

It is important to 
reproducers within

Loosen the two 
mounting strap.

2. Remove the old head and insert a new 
one.
Reconnect the head cables. See the 
schematic diagram for the color code 
of the head lead arrangement used. 
CAUTICN: Use care when reconnecting 
the head cables as the head pins can 
be broken off if excessive side pres­
sure is exerted against them.

4. Follow the procedures outlined in this 
SECTION regarding height, zenith, and 
azimuth/phase alignment.

that all 
system must be 

azimuth aliened to the master record­
er. To implement this, it is neces­
sary to prepare a test cartridge re­
corded on the master recorder each 
time any adjustment to this recorder 
is performed. This cartridge is in 
turn used to align EACH reproducer in 
the system, using the technique out­
lined in Section III, J-1, above.

pattern. Because the frequency 
continues to increase, each azimuth 
adjustment with succeeding tones 
tends to "fine-tune" the head as­
sembly for a very accurate align­
ment. Repeat this procedure again 
and observe the results. When the 
14.5 kHz tone occurs, hold the 14.5 
kHz tone continuously. Tighten the 
azimuth lock nut while making cer­
tain that the phase does not 
change.

3. Other Reproduce Head Azimuth 
realize
a
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SECTION V - ELECTRICAL ADJUSTMENTS

A. GENERAL

B. REPRODUCER
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+ 5

0 "T

Figure 5-2

Figure 5-1
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1 LEFT
J PROGRAM

1. Servo Motor Duty Cycle
a. Connect an oscilloscope probe to 

the rrotor duty cycle test point, 
Pin 2 of P301 on the rotor control 
board.

b. Adjust R303 so that an approximate 
75% duty cycle is observed on the 
scope display. This adjustment 
must be rode with a tape cartridqe 
running in the transport. See 
Figure 5-1. Slight variations in 
the duty cycle will be observed as 
the controller compensates for 
rotational nonlinearities of the 
motor.

2. Program Playback Amplifier
a. Program level - The output level is 

factory adjusted to 0 dBm while re­
producing an NAB 1 kHz reference 
tone (160 nW/m). R109 is the mono 
level control and left channel of 
stereo. R110 is used for right 
channel level control. See PC card 
overlay - Section VI. If an output 
level lower than -10 dBm is re­
quired, an external pad should be 
added in order to preserve the op­
timum signal-to-noise performance 
of the system. Whenever an output 
level adjustment is made, a cor­
responding Program Play meter cali­
bration must be made, as outlined 
later in the Record Amplifier Meter 
calibration section.

b. High Frequency Equalization - High 
frequency equalization controls 
R107 (left or mono) and R108 (right 
channel) are used to adjust 10 kHz 
so that it matches the 1 kHz level 
established earlier on the test 
tape.

3. Cue Detect Sensitivity
Cue tone detection in Delta Series 

reproducers is performed by a digital 
detector. Cue tones recorded in 
accordance with N.A.B. standards for 
frequency and level tolerance will 
operate the Delta digital cue detec­
tor. No adjustments are required.

Before making any of the adjustments 
described in this section, make certain 
that all mechanical adjustments outlined 
in Section III have been properly made. 
Errors in mechanical adjustments cause 
errors in electrical adjustments. This 
occures due to the interdependence of the 
two systems. It must also be stressed 
that in order for the electrical adjust­
ments to be rode properly, the sequence 
of adjustments outlined in this section 
must be followed.
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exact procedure should be determined 
by consulting the tape manufacturer.
a. Prior to making any bias adjust­

ments, confirm that the recording 
head azimuth (phase alignment) has 
been correctly adjusted as outlined 
in Section III.
While monitoring the respective 

playback output channel with a high 
impedance voltmeter, begin record­
ing a 10 kHz tone at an indicated 
-10 VU level (front panel meter). 
Be certain the cartridge selected 
is typical of the type to be used 
in the machine; especially the type 
of magnetic taoe.

c. Turn R1107 (mono or left channel) 
until a maximum output level of the 
10 kHz tone is observed. Once this 
"peak" bias setting is found, con­
tinue to turn in a clockwise direc­
tion until the average level of the 
tone decreases 1 dB.

d. Repeat this procedure on the right 
channel, using R1108 to adjust the 
bias.

3. Program Record Equalization
a. Connect the high impedance AC volt­

meter to the respective playback 
program channel output. Be sure to 
properly load the output with 600 
ohms.
Set the test tone generator 
kHz and set the front panel 
cated Record level to -10 VU.

c. Cbserve the playback level on the 
voltmeter and adjust its range 
switch to a convenient reference 
reading.
Set the test tone generator to 10 
kHz and observe the level on the 
external voltmeter. If the 10 kHz 
level differs from the 1 kHz tone, 
level, adjust R1005 on the Record/ 
Meter Amp PC board until the 1 kHz 
and 10 kHz tones are indicated at 
equal levels.

e. Repeat this same procedure for the 
right channel using R1006.

4. Cue Bias
a. Swap the left program playback head 

cable with the cue playback head 
cable.

RIGHT
METER

SET [e

mLEWr E
SET T

This "adjustment" involves only a 
strap position change if required. 
The strap positions accommodate a 
wide range of input reference 
levels to obtain optimum signal-to- 
noise and front panel level control 
positioning.

b. Refer to the Record and Meter Am­
plifier card drawing found in Sec­
ion VI.
As shipped from ITC, the input 
strap is connected for a 0 dBm in­
put level range. The "0" corre­
spondence to a 0 VU meter reading 
when the level control is at its 
approximate mid-range position.

d. TO accomodate lower input reference 
levels, connect wire jumper W1001 
(and W1002 for stereo) as indicated 
on the Record and Meter amplifier 
board drawing.

2. Program Record Bias
NOTE: This procedure adjusts Program 
Recording Bias according to generally 
accepted practice for commonly avail­
able tape formulations. This proce­
dure yields acceptable record perfor­
mance (noise, distortion, and fre­
quency response) on many of the tape 
oxide formulations available. However, 
this adjustment may vary slightly from 
one tape formulation to another, and
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1 kHz 0 -3 + 1
150 Hz +6 +3 +7

d.
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NAB Cue Hone Level Standards (1976) 
Referenced to 160 nWb/m

Return
and cue playback head cables back 
to their original locations.

6. Meter Calibration
The following adjustments are made 
with multi-turn potentiometers located 
on the Record/Meter Amp PC Board. Po­
tentiometers are identified on the 
small sticker applied to the underside 
of the top cover (lid).
a. Program Play

-Select the PLAY meter switch pos­
ition.

-Connect a 600 ohm load across the 
left or mono program playback out­
put terminals.
-Insert and play an NAB standard 
reference level tape (1 kHz at 160 
nWb/m) recorded level - 1975
standard). Adjust R1019 for a 0 
VU indication.
-Repeat this procedure for the 
right channel if the machine is 
stereo. Use R1015 for calibrating 
the right PGM Play meter for 0 VU.

b. Normal Record
-Select the PGM PLAY meter switch 
position.

-Place the machine into the record­
ing mode and select function #1 of 
the test tone generator (1 kHz at 
0 VU).

-Select the REC meter switch posi­
tion and observe the level(s).

-Use R1022 to obtain a 0 VU indica­
tion for the left channel (or 
mono).
-Use R1018 to adjust
meter to read 0 VU.

b. While monitoring the left program 
playback output with a high imped­
ance AC voltmeter, begin recording 
a continuous 8 kHz (tertiary) cue 
tone.
Adjust cue bias potentiometer 

R1131, located on the Bias Amp PC 
board, until a maximum output level 
of the 8 kHz cue tone is observed.
Alternately record a Primary cue 
tone (1 kHz cue record switch be­
hind the front panel door) and a 9 
kHz (tertiary) cue tone. The 8 kHz 
cue tone should be 10 dB lower in 
level than the 1 kHz tone. The 
1975 NAB standards call for -10 dB 
nominal, -9 dB maximum, -13 dB 
minimum.
NOTE: The program playback ampli­
fier must first be properly equal­
ized from a calibration tape 
order to make this adjustment.

5. Cue Master Levels
The cue oscillator tones are generated 
by the microprocessor and are digital­
ly controlled. The microprocessor 
determines the correct frequency and 
level. Therefore, there is only one 
control to adjust the cue oscillator 
circuitry. This control sets the 
levels of all other cue tones in pro­
per relationship to the primary (1 
kHz) tone.
a. With the head cables still connec­

ted as outlined in the previous Cue 
Bias procedure, record a 1 kHz Pri­
mary cue tone and observe the out­
put level.

b. The Primary cue tone must playback 
at the same relative output level 
as the 1 kHz reference tone (160 
nWb/m) used on the 1975 NAB stand­ard alignment tape.

c. If cue level adjustment is requir­
ed, turn trimmer R1228, located on 
the Recorder Logic Control PC 
Board, until the Primary cue tone 
is equal to the NAB standard refer­
ence tone of 1 kHz at 160 nWb/m.
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Refer to the metering 
Section II for details.

c. Program Bias
-Select .the PGM Bias meter switch.
-Insert an erased cartridge, press 
REC and START.

-Adjust the left channel (mono) 
program bias trimmer R1020 for a 0 
VU reading on the left channel 
meter.
-Repeat this same procedure for the 
right channel using trimmer R1016.

d. Cue Bias*
-Select the CUE BIAS meter switch.
-Insert an erased cartridge and 
press START.
-While pressing and holding the TER 
(tertiary) cue switch, adjust po­
tentiometer R1017 for a 0 VU read­
ing on the front panel meter 
(right meter).

e. Cue Play*
-Select the CUE PLAY meter switch.
-Insert an erased cartridge tape 
and press START.

-Press the 1 kHz CUE REC switch. A 
meter deflection for approximately 
3/4 of a second in length will be 
observed. The point at which the 
meter settles in the last 1/4 se­
cond is the point at which 0 VU 
should be calibrated.

-Adjust R1021 to calibrate the Cue 
play metering to read 0 VU.

*Note: Since the Delta IV features 
combination metering of Cue Bias 
and Cue Play, pay particular atten­
tion to Cue Bias indication on one 
meter, simultaneous with Cue Repro­
duce levels indicated on the other.

chart in



SECTION V! - PRBNCSPLES OF OPERATSOM

A. POWER SUPPLY SYSTEMS

Reproducers1.

Record Amplifier2.

TYPICAL VOLTAGE AND CURRENT RETIREMENTS
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Total

the rear panel interconnect for use in 
separate regulators used in the Delta IV 
Record Amplifier.

DC Current
In Milliamperes 

+15V -15 V +5V

Unregulated D.C. from the reproducer 
(+14 volts, and + 30 volts) are brought 
in via the interconnect cable and the 
rear panel connector. Record Amplifier 
power supplies are similar to those used 
in the reproducers. Unregulated DC is 
supplied to three I.C. voltage regula­
tors, a 7805, 7815, and 7915, and con­
nected to their respective loads. The 
+5 volt supply operates the logic and 
lamps, while the _+15 volts supply is 
used in analog circuits.

It is important to remember when ser­
vicing, that failure of one supply may 
affect other supplies even though they 
have separate regulators and filters. 
It should also be noted that a low-volt- 
age/high current condition will be 
created if the toroid transformer "top 
mounting plate" is electrically connec­
ted to ground. Toroid transformers are 
highly efficient devices, and radiate 
little heat or field when in operation. 
Irrespective of this, an appreciation of 
their operating characteristics will 
facilitate servicing.

Delta Series components utilize mul­
tiple voltage power supplies to operate 
the solenoids, amplifiers, logic and 
lamps. Main A.C. power is connected to 
the unit via the power cord and a rear­
panel instrumentation-type connector. 
The power is routed through a fuse hold­
er capable of using either American 3-AG 
sized fuses, or 5 x 20 mm fuses commonly 
used in Europe. A dual primary toroidal 
power transformer is mounted inside the 
mainframe, and may be used on either 120 
volt A.C., or 240 volt A.C. mains. Mains 
voltage selection is accomplished by 
wiring the primaries in parallel 
V.A.C.) or Series (240 V.A.C.).
units may be operated on either 50 Hz or 
60 Hz voltages.

Transformer secondary number 1, 
Orange-Black/Black-Orange, supplies low 
voltage A.C. to the full wave rectifier 
CR705, CR706, and is filtered by the in­
put capacitor, a 15,000 mfd electro­
lytic. DC voltage at this point is ap­
proximately +14 V.D.C. This voltage is 
passed to the rear panel for further use 
in the Record Amplifier and to a 7805 
voltage regulator. Regulator output is 
+5 V.D.C. regulated. It is used for 
operation of the logic circuits, il­
lumination of internal lamps, and is 
available at the rear panel for use with 
external lamps as well.

Secondary number 2, Red-Yellow/ 
Yellow-Red, runs the amplifier power 
supplies. Medium voltage A.C. is sup­
plied to full wave bridge rectifier 
CR715, 716, 717, and 718. The bridge 
outputs both + and - voltages. These 
voltages, approximately +30 volts, are 
fed to two 2200 mfd filter capacitors 
(6800 in Delta III units) and then to 
two 15 volt regulators, one +15 volt 
7815 and one -15 volt 7915. The reg­
ulated +15 volt supply voltages are used 
to run amplifiers in the reproducers.

Unregulated D.C. fran the 5 volt and 
+ 15 volt supplies are routed through
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C. PLAY LOGIC
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540
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The play logic is the heart of the 
machine, in that all activity of the ma­
chine is monitored and controlled by the 
on-board microprocessor. Delta Series 
units utilize an 8048/8748 microproces- 

This is an 8-bit processor with IK 
All machine functions are program- 
into software contained in the 

The Play Logic card contains 
input multi- 
and divider 

The motor

sor. 
ROM. 
med 
memory, 
the microprocessor clock, 
plexers, output buffers, 
chains for motor control, 
circuits will be discussed in a later 
section.

Clock frequency for the play proces­
sor is 5.22350 MHz, and is crystal con­
trolled. The 8048/8748 contains inter­
nal clock driver circuits and will oper-

This stage has high 
a low noise 5534AN 

High frequency gain is con­
trolled by R107 in the feedback loop. 
Changing equalization standards is ac­
complished by changing the value of 
R105. Preamp output is nominally +2 dBm 
at 1 kHz referenced to 160 nW/m flux 
level. Audio output level is set by 
R109, at the output of this stage.

Audio is AC coupled to the analog 
switch, 0107, via Cl 11. 0107, a 4052 BC

Currents indicated are "typical," and 
will vary from machine to machine, de­
pending on model variations, accessory 
loading, and external conditions.

CMOS switch is powered by + 7.5 volts 
which is obtained by dividing down the 
on-board + 15 VDC supplies. Audio 
enters the switch on pin 11, and exits 
on pin 13 (pins 4 and 3 for the right 
channel). R115 and R116 resistors con­
trol the gates of U107. During "mute," 
0107 pin 9 is pulled low, and no audio 
passes. Muting logic "low" is suppliedMuting logic "low" 
by the play microprocessor.

Audio from the analog switch is 
routed to half of U103 as a driver for 
the phase inverter half of U105. It is 
a combination medium-gain 23 dB buffer. 
Audio from U103 is phase inverted in 
U105 and routed to the second half (-) 
input of U105, while being routed dir­
ectly to U103. The audio appearing on 
the inputs of U103 and U105 are 180° out 
of phase. Feedback for the output 
stages is cross coupled via other RP107 
sections. In a transformer-coupled out­
put, the output amplifiers are DC 
coupled to the transformer primary. When 
operating in a balanced-transformerless 
output configuration, output audio is AC 
coupled via a 220 mfd nonpolarized ca­
pacitor in each output leg. Should the 
output become unbalanced with one side 
shorted to ground, the cross-coupled 
feedback scheme compensates for the 
grounded condition. It "adjusts" the 
gain of the remaining functioning output 
section.

Reproduce Amplifier cards loaded for 
stereo use utilize two identical audio 
circuits. Therefore only one audio 
channel will be discussed for simplic­
ity. Connections to the input stage are 
via ferrite beads and terminate into 
the head loading circuit R101, C101, and 
the base of 0101. Q101 is an input buf­
fer stage which electrically isolates 
the reproduce head from U101 during 
power up and power down. The collector 
connects to -15 VDC. The emitter con­
nects to +15 VDC via an RC decoupling 
(filtering) network consisting of RP101 
and C103. The buffer stage prevents any 
DC voltage transients appearing at U101 
pin 3 during power up/down from reaching 
and magnetizing the head.

U101 is the head preamp and high fre­
quency equalizer, 
gain and utilizes 
opamp IC.
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This pin will stay 
up

ate from a crystal attached directly to 
pins 2 and 3. C219 and C220 form a por­
tion of the oscillator circuit.

All Delta Series Play Logic cards 
contain hardware and software to be used 
in ANY Delta reproducer. A single 
deck Delta I play logic board may be 
directly replaced by a three deck Delta 
III board, and vice-versa. Delta I 
units use the input and output circuitry 
designated for the BOTTOM deck of a 
Delta III logic card. Inputs and out­
puts to the logic board are via the PCB 
edge connector. This occurs where it 
Interfaces with the front panel switches 
and lamps, internal control lines to 
other circuits, and to the two rear 
panel connectors for Remote Control and 
interface with the add-on Delta IV Re­
cord amplifier. Due to its utility de­
sign, it is practical for a station to 
have a spare play logic board to be used 
for backing up several Delta model 
playback machines in service.

The Delta system uses active low 
logic. Ground going signals activate 
the various logic functions. Data in­
puts to the processor are via U203, a 16 
bit multiplexing gate, and U204, an 8 
bit multiplexing gate. Logic inputs to 
the multiplexers are held logic "HI" by 
330 ohm pullups in RP201, 202, 203, and 
204. In addition, external input lines 
are debounced with .1 mfd capacitors to 
ground. The combination of the 330 ohm 
"hard" pullup, and the .1 mfd debounce 
capacitors make the Delta logic rela­
tively noise immune.

A "low" input from the cart switch, 
pin 19 of the edge connector, causes the 
processor to execute a software "cart 
loaded" sequence. Among other things, 
the processor outputs a "low" on pin 34, 
READY, which provides a low output at 
pin 5 of U209, a 75451 peripheral dri­
ver. This low causes the ready lamp to 
illuminate, giving the operator a visual 
indication the cart is correctly loaded 
and the processor is prepared for the 
start sequence. Pressing the START 
switch pulls pin 21 of U203 low, which 
outputs a signal to the processor via 
pins 11, 13, 14, and 15. Once the pro­
cessor recognizes this condition, it 
outputs a low on pin 31, U201, to unmute

a low on pin 30 to energize 
the solenoid; and a low on pin 33 to 
turn on the RUN lamp. Likewise, the 
"READY" line goes high to extinguish the 
READY lamp. The processor also outputs 
a 100 millisecond low on pin 29, the AUX 
START pulse line. This line is a user 
line and may be used to remote start or 
reset an auxiliary piece of equipment 
such as a turntable or timer. All other 
circuits in the Delta logic work in a 
similar manner.

IC's on the logic board are bypassed 
with .1 mfd capacitors. Furthermore, an 
on-board 47 mfd electrolytic is used to 
decouple the +5 volt coming in from the 
power supply. At power up, the micro­
processor is reset by a 1 mfd capacitor 
on pin 4 of U201.
"low" for a brief time after power 
until C221 charges up.

During machine operation, 
11, (ALE), outputs a pulse train that is 
1/15th the master clock frequency.
pin is used as the master clock for the 
servo motor circuits and nay be used as 
a convenient frequency test point.

Software contained in the U201 pro­
cessor is unique. It is used in single 
deck reproducers, three deck reproduc­
ers and on the record logic board as 
well! Support hardware for the pro­
cessor on the Record Logic board is sig­
nificantly different than that of the 
Play Logic board, but the software in 
the microprocessor contains both the 
playback and recorder programs. For this 
reason, a single Delta microprocessor 
chip may be used as an emergency spare 
for either record or play logic boards.

Several user selectable jumpers on the 
play logic board enable the selection of 
several operational variations. Jumpers 
A, B, and C select "standard" motor 
speed. Units are shipped with B jumper­
ed, to set normal motor/tape speed at 
7.5 IPS. Jumper A selects 3.75 IPS, and 
Jumper C selects 15 IPS. These will be 
discussed in greater detail in the sec­
tion for Motor and Servo Amplifier. 
All Delta units utilize DC servo motors 
which generate very little heat or 
electrical noise, and are designed for 
continuous duty. Therefore, no clear 
advantages are known to have the motor
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is in­
Record

for 
and

The ALE frequency fed to U1204 pin 1 
(as above) is divided by 16 and output 
at U1204 pin 6 at a frequency of 14,914 
Hz. This is fed to U1205 Pin 4, and 
routed through two sequential divide-by- 
ten circuits. This divide-by-100 outputs 
a square wave on Pin 13, U1205, at a

Play Logic, 
"Active Low." 
software programs

to identify to 
is being used

The ALE frequency is fed into U1204 
pin 1, divided by two, and output via 
pin 3, U1204 to the bias gate U1206A, 
pin 1. When the processor calls 
bias, U1206A pin 2 is pulled low, 
enables the output U1206A pin 3 to pro­
vide 119.3 kHz square waves to U1207A. 
Simultaneously, processor U1201 pin 22 
goes low, enabling the bias ramp circuit 
U1208A. The result is a fast ramp "on" 
of bias occurring at the board edge con­
nector pin 8. This square wave signal 
(119.3 kHz) is routed to the bias card 
for further siqnal conditioning and ul­
timately to the record heads.

run "intermittent" duty, other than a 
very slight improvement of control room 
ambient mechanical noise. Jumper F 

■ selects the flashinq READY lamp provis­
ion, and Jumper G enqaqes the 
play lockout feature.

Since the 8048/8748 software 
terchanqeable between Play and 
logic boards, a system had to be devised 
whereby the processor "knows" which 
software to use. Pin 39, the T1 pin is 
used to electrically siqnal the proces­
sor which software to use. In reproduc­
ers, pin 39 is held "low" by U204 pin 6. 
In recorders, this pin is held "high" by 
a pullup to +5 volts. The processor uses 
this pin to recognize which software 
sections to use.

Power-up reset is performed by C1207. 
Pin 4 of U1201 will be held low for a 
short period of time after power-up un­
til C1207 charges up. The "low" condi­
tion on pin 4 of U1201 causes the pro­
cessor to reset itself to a programmed 
starting point, and causes all outputs 
to be set to a predetermined state. This 
insures the processor and its software 
are prepared to begin operating from a 
known starting point.

Processor clock functions are similar 
to those discussed for the play proces­
sor with the exception that a crystal 
frequency of 3.579 MHz is used.

The processor ALE line, pin 11 of 
U1201, outputs a pulse train that is 
1/15th the master clock frequency. This 
frequency is divided down and used to 
generate bias for the program and cue 
tones. The ALE frequency, 238.6 kHz, is 
variously divided by U1203, U1204, and 
□1205, then gated by U1206A, U1206B, 
U1206C, and U1206D to output a pulse 
train to the bias and cue generator 
circuits.

The record Logic PCB is located in 
the Delta IV Record Amplifier chassis, 
and executes and monitors all recording 
functions. Although it functions sepa­
rately from the play processor and log­
ic circuits, data transfer between it 
and the play processor is required for 
orderly machine functions. Serial data 
is transferred into the Record processor 
via pin 16 from the reproducer, and back 
out on pin 27. This allows a logical 
"handshake" between the two processors 
as they attend to their respective 
duties. The data they exchange is 
serial, digital logic level, and in a 
unique "language." For this reason, 
data exchange is ongoing durinq the var­
ious machine functions. Due to the com­
plexity it will not be discussed in de­
tail.

Logical inputs from the front panel 
and remote connector are inputted on 
pins 12 through 19 of U1201. As in the 

all digital circuits are 
Since the processor uses 

common to the Play 
Logic processor, pin 39 of U1201 is pul­
led up to +VC<-, to identify to the 
processor that it is being used on a 
Record Loqic board. See the discussion 
regarding this in the Play Logic sec­
tion. Other specific functions of the 
Record loqic will be detailed according 
to major circuit function.
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It is routed to
The processor logic line

amplifier circuit, where the head con­
trol transistors are located.

The record processor executes an 
electronic "on" or "off" for the program 
and cue record heads. This is done to 
minimize any bias turn on or turn off 
transients being introduced onto tape. 
The logic lines are pins 23 and 24 of 
U1201 and they go "low" to turn on their 
respective heads. These logic lines are 
connected to the output of the bias

The digital cue tone detector is 
located on the reproduce amplifier 
board. The detector system consists of 
an equalized preamplifier, a fixed gain 
buffer stage, four band-pass filters, a 
microprocessor, logic outputs to the 
relay drivers, and logic outputs to the 
transport control microprocessor.

Audio from the play head cue track is 
fed into a high gain fixed equalization 
preamplifier, U108. It is coupled to 
the second half of U108, which increases 
signal level and drives the four band­
pass filters. Three of these filters 
are center-tuned for the N.A.B. cue tone 
frequencies of 1 kHz, 150 Hz, and 8 kHz. 
A fourth section is band-tuned to 3 kHz 
and is used to detect the 1 kHz cue tone 
when the deck is in "High Speed." Each 
filter outputs one of four sections of 
components U110. These squaring cir­
cuits in turn are routed to separate 
inputs of the microprocesor. Programs 
in the cue detect microprocessor contain 
the necessary memory routines to 
"measure" the frequency of the incoming 
signals from the squaring circuits. 
Depending on the frequency, the cue 
detect microprocessor outputs logic "1" 
or logic "0" to the appropriate support 
devices.

Logic outputs from the cue detect 
microprocessor drive the transport logic 
(1 kHz and 3 kHz tones), and the output 
peripheral drivers (150 Hz and 8 kHz 
tones). U112 provides the drive for 150 
Hz and 8 kHz relays. Logic (for EOM 
signaling) and 1 kHz "STOP" outputs 
directly from microprocessor U111.

A user selectable jumper enables 
either, neither, or both the 150 Hz and 
8 kHz cue tones to engage the End of 
Message (EOM) sequence. This consists 
of: 1) muting the audio; 2) switching 
the motor to high speed; and 3) enabling 
the 3 kHz cue detector via a processor 
input (low) at pin 13 of the card edge 
connector. Jumpers are used to provide 
an open-collector output (to ground) 
upon detection of the 150 Hz or 8 kHz 
cue tones.

frequency of 149.14 Hz.
U1206B pin 4. ' „
(low during 150 Hz tone generation) is 
fed to pin 5 of U1206. When the proces­
sor logic is "low" on pin 5, U1206B pin 
6 outputs the 149.14 Hz square wave into 
U1209A. U1209A and B comprise a 4-pole 
low pass filter with an approximate 24 
db per decade slope. This filter sharp­
ly attenuates the "harmonic" content of 
the square wave so that the output, pin 
9 of U1209B is a virtual sine wave. This 
signal is AC coupled to U1208B which is 
a variable gain buffer/ mixer and pro­
vides "audio" to the cue circuits on the 
bias board.

1 kHz and 8 kHz cue tones are gener­
ated in a similar manner. The ALE sig­
nal 238.6 kHz, is routed to U1203 pin 6, 
a divide by 15. The output, 15,909 Hz, 
is routed to U1204 pin 13, which outputs 
a 7954.5 Hz after a divide by two, and a 
994.3 Hz after a divide by 16. These, 
of course, become the "8 kHz," and "1 
kHz" cue tones after appropriate filter­
ing. The control of these tones is pro­
vided by processor ports on U1201, pins 
36, 37, and 35 and are "gated" on or off 
by the processor. All three cue tones 
are actively mixed at the input of 
U1208D. R1228, located in the U1208D 
feedback circuit, is used to adjust the 
Master cue tone levels. The proper 
level relationship between the three cue 
tones is set by fixed resistors. An 
"extra" input to the cue audio circuit 
is provided via a rear-panel connector 
pin so that external sources, such as 
F.S.K. generators nay be connected to 
the Delta IV Record Amplifier. This 
audio is A.C. coupled through C1223 and 
actively mixed with the other cue 
signals at the input of U1208D.
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- Qb an
an

Qa to Reference 
from U215 pin 5 shifts

to Qb, 
produces

The motor and motor control circuits 
comprise a highly precision crystal re­
ferenced electro-mechanical tape drive 
system consisting of the motor and its 
support circuits, 
are mounted on a

Qd Qc' Qc to Qb ' Qb to Qa. This action produces an output 
from U216 that represents an "error" 
signal representing the difference be­
tween the reference frequency and the 
tachometer frequency. This output, pin 
2 and 12 of U214 is "low" when the re­
ference frequency is greater than the 
tach frequency. It is "high" when the 
tach frequency is greater than the re­
ference frequency. When the motor 
(tachometer) is running at the "correct" 
speed, U214 pins 2 and 12 output a 
square wave pulse train equal in fre­
quency to the reference frequency and at 
an approximate 75% duty cycle. This 
pulse is equal to the phase difference 
between the reference pulses and the 
tachometer pulses. This signal is out­
putted to the microprocessor for moni­
toring the motor "condition" and also 
outputted back to the motor control card 
for further conditioning.

Duty cycle pulses from the Play Logic 
board are routed to U301C on the motor 
control board, which is configured as a 
low pass filter (LPF). The output of 
the LPF is a DC voltage that is propor­
tional to the motor's Duty Cycle.

In a similar manner, tachometer 
square waves from the output of U301A 
are filtered heavily and routed via R303 
to the inverting input of U301D. DC 
from the LPF is routed to the non­
inverting input of U301D where the two 
signals are combined. U301D performs 
multiple functions, but primarily func­
tions as a summing amplifier for DC 
levels from the tachometer and duty 
cycle circuits. The outputs of U301D is 
a DC level that is the "sum" of the in­
put voltages. It is used to set the 
ncminal operating current of the motor 
stator drivers Q302, Q303, and Q304. 
R327 provides motor current sense feed­
back via the emitters of commutation 
transistors Q306, Q308, and Q310. This 
allows U301D to monitor activity in the 
motor windings and limit current, remove 
high frequency switching transients, and 
provide smoother commutation. The emit­
ter of Q306, Q308, and Q310 are located 
.1 ohms above ground by R328. This 
allows accurate current flow monitoring 
via R327 back to U301D, and serves as a

to
This
U216

The motor circuits 
small printed circuit 

board adjacent to the motor.
The motor is D.C. operated. It has 

an integral 120 pole tachometer and 
tachometer ring located inside the bot­
tom of the rotor. There are 3 hall­
effect sensors located mechanically 120 
degrees apart. They are used for sens­
ing the rotating position of the rotor/ 
shaft, and a 3-phase Y connected stator. 
Connection to the control circuit is via 
a multiple conductor mass-termination 
type connector, which provides all 
operatinq D.C. voltages and signals.

Clock reference frequencies are de­
termined by user-programmable dividers 
located on the Play Logic board. The 
output reference square wave frequency 
is divided down from the microprocessor 
master clock via the ALE line from the 
processor (1/15th the clock master fre­
quency), U213 and U216, a pair of divid­
ers. The output of U216, pins 3 and 12, 
is a square wave which serves as the 
motor clock reference, and drives U215, 
a phase comparator.

Simultaneously, the motor-mounted 
tachometer outputs an analog signal to 
U301A, a high gain "squaring circuit" 
and low pass filter. This signal is fed 
to the base of Q301, which forms an open 
collector type driver that outputs a 
square wave pulse train back to pin 1 of 
U215 on the play loqic board.U215 pin 9 receives the clock refer­
ence pulse train, while pin 1 receives 
the pulse train from the motor tachom­
eter circuit. U215 is a dual one-shot 
which outputs an approximate 5 micro­
second pulse on each output (pin 5 for 
the reference oscillator, and pin 13 for 
the motor tachometer). U215 is active
high, and outputs pulses to U214, a bi­
directional 4 bit shift register. Tach 
pulses from U215 pin 13 shifts a "high" 
in U216 from Q. to QB, Qg to Q^, 
Qc to Qd- Reference clock pulses 

a low to Qp,



motor "fault" detector.

Operation

Figure 0-1
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3. Power Up
C303 serves to disable the fault de­

tector during power up by holding the 
comparator, U301B, to a positive output 
state.

A 
A 
B 
B 
C 
C

B
C
C
A
A
B

is 
The 

which

Be- 
the 
for

1. Normal
Tach signal 

CR301 and C302.

Electrical
Degree "Positive" I

2.

" con-
These

the leg to the center of the "Y." 
cause of the three windings, and 
"pair" of commutation transistors 
each leg, and a total of six current 
paths through the windings, a total of 
twelve commutation "strokes" per revolu­
tion is achieved.

60° 
o

- 180°
- 240°
- 300°
- 360°

is filtered by R306, 
This position voltage 

DC level is compared to a fixed voltage 
set by R307 and R308 by U310B. When 
the rrotor is running, the output of 
U301B, is at the positive supply. This 
provides the duty cycle adjust potenti­
ometer R303 with the proper voltage.

"Negative"

Commutation logic is controlled by 
three Hall-effect devices located inter­
nal to the motor, 120 degrees of motor 
rotation apart. As the motor rotor ro­
tates, the Hall-effect devices output a 
"low" to U302 A, B, or C, depending upon 
the degree of rotation. These, in turn, 
sequentially turn on drivers Q302, Q303, 
and Q304 via communtation logic U303 A, 
B, C, and D, and U304 A, B, C, and D.

The motor utilizes a 3 phase "Yr 
nected floating common stator, 
are driven by commutation transistors 
Q305, Q306, Q307, Q308, Q309, and Q310. 
Each winding uses a pair of transistors, 
one for "positive" current flow and one 
for "negative" current flow. "Positive" 
current is defined as from the end of

0°
60° - 120
120°
180°
240°
300°

Fault
When the tach signal is lost, U301B 

will swing to the negative supply rail. 
This action causes a negative voltage 
level to be fed to the negative input of 
U301D via R303. This forces the output 
of U301D to a higher positive voltage 
which prohibits current to the drive 
transistors.

Run voltage for solenoid operation is 
provided by rectification of the mains 
A.C. voltage in a full wave bridge com­
prised of CR701, 702, 703, and 704. 
High level DC is fed via R701 to the 
solenoid, then returns to the collectors 
of Q701 and Q702, configured as a Dar­
lington pair. Solenoid control (a "low"- 
going signal, 5-volt logic level) 
originated by the play logic board, 
processor produces a logic "0" 
turns off U701 through inverter U205B, 
allowing Q701 and Q702 to saturate, pul-

The fault de­
tector shuts off the amplifier circuits 
should the motor stall or fail, and pro­
vides the necessary "feedback" required 
to start the motor at each initial 
power-up. Motor "fault" detector is 
performed by U301B.



J. BIAS AMPLIFIER

H. RECORD AMPLIFIER

R1108,

I. METER AMPLIFIER

6-6

and 
and

are 
R1132.

"low" at the PCB 
initials the se­
is an integrator, 
switch slowly on 

The RC combination C1102 and 
R1102 determine the head on/off tran- 
sistion time, and CR1102 provides the 
necessary steering for the gate of 
Q1103. Another section of U1101 is the 
program head Integrator, and functions 
in a like manner.

Program audio is routed to the head 
driver U1102 from the program recording 
amplifier. Its operation is very sim­
ilar to that of U1104 (cue), except for 
an additional circuit function. C1107 
and R1113 provide phase shift at audio 
frequencies, a form of group delay com­
pensation. U1104 is unity gain at all 
frequencies. However, as input frequen­
cies increase, the output signal leads 
the input signal in phase. This group

1 inq in the solenoid. A logic "1," in­
verted by U205B, saturates the Darling-
• Tn in U701 shunting the base supply
• ■urrent for Q701 and Q702, causing them 
'.o turn off, and the solenoid to drop 
out.

Program and cue record circuits uti­
lize a common source of bias. The bias 
frequency originates as a square wave 
from the Record microprocessor clock and 
is divided down to 119.3 kHz on the Re­
cord Logic PC board. The square waves 
require significant modification before 
they may be used as bias (sine waves) at 
the record heads. Two sections of U1101 
comprise a low pass filter which sharply 
attenuates the "harmonic" content of the 
square wave, so that the output is a low 
distortion sine wave at 119.3 kHz. The 
signal is then AC coupled to the bias 
level potentiometers R1107, 
R1131 for use by the left, right, 
cue head drivers.

Cue tones from the Record Logic card 
fed to U1104 by way of C1125 and 

U1104 is the cue head driver, 
where bias and audio are summed. Summing 
of audio and bias signals at the virtual 
ground (-) input of U1104 eliminates the 
need for an audio bias trap. The output 
of U1104 is bias-plus-audio. Q1103 
which controls head "turn-on." Cue head 
enable logic originates at the Record 
microprocessor, and a 
edge connector pin V 
quence.

One secton of U1101 
which ramps the head 
and off.Metering functions internal to the 

Delta Series are monitored by an elec­
tronically switched amplifier and recti­
fier located on the Record Amplifier PC 
card. Monitored signals from various 
circuits are routed to an analog switch 
U1003 via calibration potentiometers 
R1015 through R1022. U1003 is a dual 4 
input CMOS analog switch that is selec­
tively controlled by the two front panel 
meter switches and the on-board slide 
switch S1001.

The "selected" signal is output to 
the meter amplifier U1004 and then to 
the full wave meter bridge CR1001, 1003, 
1005, and 1007. Hie resulting signal is 
fed to the front panel meter for nechan-

Recording amplifiers for left and 
right channels are identical, and there­
fore only the left (mono) recording am­
plifier will be discussed. Audio from 
the rear panel XLR connector and trans­
former is routed to differential input 
amplifier U1001. Nominal input level is 
set to +6 dBm, but tray be set to -6 dBm 
by installing W1001 wire jumper. Tnis 
jumper changes the stage gain by adding 
a 3.3K resistor, R1001, to the circuit. 
(11001 (third section) is a summing am­
plifier that provides differential input 
summing and acts as a buffer/driver for 
the front panel level control. Audio is 
AC coupled to the front panel level con­
trol, and then to equalization amplifier 
U1001 (fourth section). High frequency 
equalization is done in the feedback 
circuit of this stage, and is controlled 
by R1005. C1009 is factory loaded to 
provide 1964 NAB record equalization, 
but is shorted by wire jumper W1003 for 
1976 NAB equalization. Audio output 
from this amplifier is routed to the 
Bias PC card.

ical display. The "right" channel cir­
cuit is similar and will not be discus­
sed.
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delay is used to compensate for a lag­
ging phase shift which occurs in the 
playback system. It is caused by the 
combined effects of the reproduce head, 
equalizers, and others. The net result 
is that complex high speed signals may

be more accurately recorded and repro­
duced. The right program channel is 
identical, and it will not be discus­
sed.

Record heads are parallel resonated 
via Cl 115, Cl 116, and Cl 130.
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A
LEVEL E.Q.

1AREA NOT USED IN MONO MACHINES

EOM FUNCTION
150 Hz

8 KHz

FIGURE 7-1

831-0286-014
REPRODUCE AMPLIFIER

7-3

AND 
CUE DETECT BOARD LAYOUT

WHEN 1964 N.A.B. EQUALIZATION CURVE IS NEEDED 
CHANGE R105 AND R106 TO 270K OHMS.

RIGHT
PROGRAM

LEFT
PROGRAM

& CUE DETECTOR CARD
831-0286-003 MONO
831-0286-013 STEREO

OPEN COLLECTOR 
REMOVE RELAY K101 
LOAD STRAP W103 

REMOVE RELAY K102 
LOAD STRAP W104

150 Hz 
NO EOM
8 KHz & 150 Hz
8 KHz

STRAP (S) 
W101 
OUT 
IN 

OUT 
IN

W102
OUT
OUT

IN
IN

RELAY
LOAD RELAY K101

REMOVE STRAP W103 
LOAD RELAY K102

REMOVE STRAP W104

A
LEVEL E.Q.



AUDIO MUTE

I 13

- LEFT AUDIO OUT■XH0101
LEFT HEAD IN 2H5087

LEFT HEAD COMMON

-IX-
LEFT CHANNEL

♦ LEFT AUDIO OUT
5

" Rptoa
- RIGHT AUOIO ourHE5532H

right head in

RIGHT HEAD COMMON

Jf-
RIGHT CHANNEL

RIGHT AUOIO OUTn10

VBS

V BS 150 Hz

150 Hz RELAY
CUE HEAD IN

18V ♦ 5V XTAL 1OOmV RMS

voo

vcc

oa, 150 Hl RELAY/OPEN COLLECTOR
P23

1 KHz

£ 6 KHZ RELAY

PIO
U «-

V‘ P15

500<nV RMS
CUE AUDIO OUT a KHz RELAY/OPEN COLLECTOR23

P22

D00
4P14

♦ V2

hjt

♦VI
C138C132

83V ♦ 6V P13
'C

83V
POWER COMMON

RP102 C145 28 R CUE ENABLEPI 1
DB283V ISV 63VC135 C134

R133,83V 83V18V
16V B3V 29 WOE BAND E*-'AB* ’3P12

8 KHz

22 EOM DETECTP21♦ 8V
C161 21 IS 1 KHz DETECT39 18P20

NOTES:

LOGIC COMMON 1 9 FIGURE 7 2
OPEN COLLECTORRELAY

EOM FUNCTION
150 Hz

0286-01483 1
REPRODUCE AMPLIFIER

AND
CUE DETECT SCHEMATIC

7-4

RIOS 
20K

C136

83 V

R101
150K

RPI01 
47K

RP114 
4 JK

•IE5532H

CUE HEAD 
SIGNAL COMMON

RIGHT 
SIGNAL COMMON

Bright signal)
< COMMON,/

LEFT SIGNAl? 
.COMMON/

''LOGIC 
COMMON

U108A
TLO72

470

CUE SIGNAL'
.COMMON/

R125 
16K

150-.
-wv-

RPI01 
47K

RP101 
47K

R’O3. 
SO

''POWER

COMMON

HIGH FREQ, 
x.EQ____ ■

HIGH FREQ.
„ EQ. /

R107
20K

i4'* a

WIDE
BAND

RIGHT
LEVEL

LEFT 
LEVEL

UlOScI
TL084

RP110 
470K ,

CR103 
1N4448

RI14 
47K

RPl 11 
4.7K

RPl 12

«Jaa 8

RP112 
47K .

RP112 
47K 4

MC'4052

UI10A
LM339

Ul IOC 
LM330

U1108 
LM339

U1100 
LM330

RP113 
47K 7

RP113 
47K 5

RP1 14 
4.7K

U111 
8048

RPItS 
e 4 TX

4.7K .

1. ALL RESISTORS ARE 1/4 WATT DESIGNATED IN OHMS 
UNLESS OTHERWISE MARKED.

2. ALL RESISTOR PACKS ARE 1/8 WATT DESIGNATED W OHMS 
UNLESS OTHERWISE MARKED.

3. ALL CAPACITORS ARE DESIGNATED IN MICROFARADS 
UNLESS OTHERWISE MARKED.

4. WHEN 1984 HA.B. EQUALIZATION CURVE IS NEEDED 
CHANGE RIOS AND RIOS TO 270K OHMS.

5. COMPONENTS MARKED GO ARE NOT USED IN MONO MACKNES.
6. WE RESERVE THE RIGHT TO MAKE CHANGES ANO IMPROVEMENTS 

A3 TECHNOLOGY PROGRESSES .

NC5532N

NE5532H

♦ 5V

C115
Sapid

;rpio2

-7 8V

toopid

RI30 
IK

CIOS 
: 220 

0.3V

CIOS 
eooptd 
63V

M
; Rii2

C127 
330ptd 
63V

CR104 
1N4448

RPl 14

HE5532N

SIGNAL COMMON

'RP102

XTAL101
3.579 MHZ 

r-'O'^r

C124
CO33 
100 V

RPl 12
I 47K 2

RPItS
C139

63V

10 
35V 

ylf—

R132 
IK 

AW

C123 
0033 
100 V

RP113 
2 47K 1 

----Wv----

015
03V

C122 
.022 
63V

C125 
.001 
100V

RP1I0 
4 470K 3

FB101 
BEAD 

X

C120 
220pld

CI28 
001 

100V

C121 
022 
03V

RPl 10 
470K ,

roio2 
BEAD

X

27R.

T 
-18V

♦ V2 X 
Pt

Rios 
560K

C107 
.0000

*U102 

r.C5534All|

W102
OUT
OuT

IN
IN

LOAD RELAY K101
REMOVE STRAP W103 

LOAD RELAY K102
REMOVE STRAP W104

REMOVE RELAY K101 
LOAD STRAP W103

REMOVE RELAY K10J
LOAD STRAP W104

ISO Hz
MO EOM
i KHz I ISO Hz

STRAP (8) 
WIQI 
OUT 

IN

J

■e... 7

^1
P 0102

K. 2H5087

BA vas

20K >

P 
L«

$ R129 t

C140
i.i

63V

—I C130
i ispio
I 1000V

C150

psv

5

C103 
10 
35V 

C120 I-------
ISpid 4; 

iooov r

"sjzp
16V

< R123 
S 150K

j;°v°

C148 
.1

—uioi 
NE5534AN I

. 1 C105 

-T ii0
I 0 3V
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10K "Q301 

2N5816

R307
1MEG

>RP301

»1K 
2

RP301
1K

^U302D^

74LS86'

U301A>1 
TL074

R310
47K

R313 
10K 
CW

R314 
2.2K

R311 
1K

DUTY CYCLE 
y^ADJUST___ _

R315 
10K

R316
330K

U301D
TL074

IU303Cy
’74LS02

U304C\8_ 

74LS08

U304B\6

74LS08

<0303

.2N5816

<0304

,2N5816

R317
2.2K

'0302
^N5816

R318
1.5K

R321
1.5K

R319, 
1.5K '

R322 
1.5K:

Q306
TIP 120/

Q305
TIP 125,

Q308
TIP 120/

Q310
TIP 120,

I 
I 
I

+ 14V UNREG.
MOTOR SUPPLY

CR301 
1N4448 

------->t-

RP301 
1K

R309 
47K

R312
4.7K

AW 
R320
100

CR306 
1N4448

CR308 
1N4448

—H------
CR309 
1N4448

R325
1.5K

Q307
TIP 125,

Q309
TIP 125.

P301

* 1

+5V
A

R306 
18K 
AW-

RP302
22K , 
AW—I

R324 

1.5K 
AW-

■AW 
R326 
100

> M *
CR304 
1N4448

—M-----
CR305 
1N4448

-M-----
CR307 
1N4448

R327 
10K 
AW-

CR310
MR502

r*—

63V 63V

Hf-

"r323*

100

-15V

U301B 
TL074'

-15V

-15V

kJjC301

i'

J302

I------ 1, >

-p.22

<R303

£

HEAT 
JINK^.

HEAT 
JINK.

HEAT 
JINK,

I 
^l

I

<
I___ I

jUJUJDyy 

'74LS02

- CR303 
1N4448

Vt

I<-

^C305 

~..01Jr

1. ALL RESISTORS ARE 1/4 WATT DESIGNATED IN OHMS UNLESS OTHERWISE MARKED.
2. ALL CAPACITORS ARE DESIGNATED IN MICROFARADS UNLESS OTHERWISE MARKED.
3. NUMBERS IN ( ) INDICATE PIN NUMBERS ON CONNECTOR AS RECEIVED FROM PAPST.

4. WE RESERVE THE RIGHT TO MAKE CHANGES AND IMPROVEMENTS AS TECHNOLOGY PROGRESSES.

R308
' 330K

P302 
----- 1

I I

< 10)“^

U304a\ 

J.74LS08

. ,CR302
‘ "-1N4448

’8 <—J

I I 
poe-
I . ’

------- < 7

’ 'Ih I-—< .
Il 11

--------- < 2

■\\u302Cv8 
■12]/74LS86

+ 15V

~£ C310

I 9
I
I

I
I

3
I
I

"^RP302 X C30Z
S22K T 22Jr

P302

■"JI

P301 

r;i

~Au303As-J
2jz4LS0i°“

7,

RP302
4 22K

I

I J302 p;

Iri r
6,

’3 <—

1 I
6 <—

I
2 <■

\

I
L_tj

I «-
I

—//74LS06



DELTA 1,11 OUTPUT TRANSFORMER BOARD PARTS LIST 831-0252

INSULATED (QUANTITY IN 1/2

CONNECTOR, NC3ND5

7-11

1
1

Pl
P2

3
3
3
3

2
2

378-0057-000
378-0057-000

428-0015-000
428-0015-000
428-0015-000
428-0015-000

532-0011-000
532-0011-000

427-0002-000
427-0002-000

325-0252-003
376-0058-000

CONNECTOR, XLR 3 PIN (MALE) NC3ND5 
XLR 3 PIN (MALE)

TRANSFORMER, AUDIO OUTPUT
TRANSFORMER, AUDIO OUTPUT

SOLID,
SOLID,

SOLID,
SOLID,

922 AWG
9 22 AWG

(QUANITY IN 1/2 INCH)
(QUANITY TN 1/2 INCH)

AM-9724
AM-9724

TRANSFORMERS
T401 1
T402 1

CONNECTORS
1
1

§22 AWG,
§22 AWG, INSULATED (QUANTITY IN 1/2 

INSULATED (QUANTITY IN 1/2§22 AWG,
922 AWG, INSULATED (QUANTITY IN 1/2

OUTPUT STRAPPING 
W4 01 
W402 
W403 
W404 
W405 
W406 
W401 
W402 
W403 
W404 
W405 
W406

BUS WIRE, 
BUS WIRE, 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
WIRE, 
WIRE, 
WIRE, SOLID, 
WIRE, SOLID,

BOARD, AUDIO OUTPUT TRANSFORMER DI 
WAFER, 6 POS., LOCKING, §22-27-2061
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DELTA III OUTPUT TRANSFORMER BOARD 831-0254 PARTS LIST

CONNECTOR,

922 AWG

922 AWG

MISCELLANEOUS

Dill

7-14

1
1

1
1

(QUANITY IN 1/2 INCH)
(QUANITY IN 1/2 INCH)

T601
T602
T6O3
T604
T605
T606

P1A
P2A
P1B
P2B
PIC
P2C

1
13

427-0002-000
427-0002-000

427-0002-000
427-0002-000

378-0057-000
378-0057-000
378-0057-000
378-0057-000
378-0057-000
378-0057-000

427-0002-000
427-0002-000

532-0011-000
532-0011-000
532-0011-000
532-0011-000
532-0011-000
532-0011-000

BUS WIRE, 
NOT USED 
NOT USED 
NOT USED 
NOT USED

BOARD, AUDIO OUTPUT TRANSFORMER 
PIN, MALE, PCB, IR62-3

TRANSFORMER, AUDIO OUTPUT
TRANSFORMER, AUDIO OUTPUT
TRANSFORMER, AUDIO OUTPUT
TRANSFORMER, AUDIO OUTPUT
TRANSFORMER, AUDIO OUTPUT
TRANSFORMER, AUDIO OUTPUT

J 22 AWG
922 AWG

(MALE)
(MALE)
(MALE)
(MALE)
(MALE)
(MALE)

(QUANITY IN 1/2 INCH)
(QUANITY IN 1/2 INCH)

(QUANITY IN 1/2 INCH)
(QUANITY IN 1/2 INCH)

AM-9724
AM-9724
AM-9724
AM-9724
AM-9724
AM-9724

NC3ND5
NC3ND5
NC3ND5
NC3ND5
NC3ND5
NC3ND5

W601 
W602 
W603 
W604 
W605 
W606 
W607 
W608 
W609 
W610 
W611 
W612 
W613 
W614 
W615 
W616 
W617 
W618

CONNECTORS
I 1
i 1
J 1
J 1
: 1
: 1

TRANSFORMERS
1
1
1
1
1
1

325-0254-003 A 
382-0019-000

CONNECTOR, XLR 3 PIN
CONNECTOR, XLR 3 PIN
CONNECTOR, XLR 3 PIN
CONNECTOR, XLR 3 PIN
CONNECTOR, XLR 3 PIN

XLR 3 PIN
OUTPUT STRAPPING

1
1

BUS WIRE, SOLID, 
BUS WIRE, SOLID, 
NOT USED 
NOT USED 
NOT USED 
NOT USED
BUS WIRE, SOLID, 922 AWG 
BUS WIRE, SOLID, 
NOT USED 
NOT USED 
NOT USED 
NOT USED
BUS WIRE, SOLID,

SOLID, 9 22 AWG



W605

W601

W603
P2AT602BLK

BRN

ORN I
RIGHT

W611

-W608W607

W6O9
P2BT604

-© 0
BRN

5
tORN

W617

W613

T606 P2CW615

MrBRN

ORN r

BLK

BRN YEL

ORN GRN

BRN YEL

ORN GRN

FIGURE 7-9 BRN YEL

ORN GRN

7-15

TIE

mu

mid

1
- W604| 

-W6oa|

I
- W606|

I

831-0254 
DELTA III OUTPUT 

TRANSFORMER BOARD 
LAYOUT
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I 
I 
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I 
I 
I 
I 
I

I 
I 
I 
I 
I 
I 
I 
I 
I

DELTA III OUTPUT TRANSFORMER BOARD 
831-0254-003 MONO WITH TRANSFORMERS 
831-0254-013 STEREO WITH TRANSFORMERS 
831-0254-023 MONO WITHOUT TRANSFORMERS 
831-0254-033 STEREO WITHOUT TRANSFORMERS

P. C. BOARD 
831-0254

600 OHMS LOAD 
IMPEDANCE 

(75 OHMS DRIVING 
POINT IMPEDANCE)

150 OHMS LOAD 
IMPEDANCE

600 OHMS LOAD 
IMPEDANCE

C602 
C604 
C606 
C608
C610 
C612

r I
I
I
I
I
I
I ‘
I s
I
I 
L

GRN |

IMPEDANCE TABLE
IMPEDANCE

’c I
I ”

I
V 3

W602 (BC) 
W608 (BC) 
W614 (BC) 

W604 (BD) 
W606 (AC) 
W610 (BD)
W612 (AC) 
W616 (BD) 
W618 (AC)

_ © ..

I-----------------------------------------------

COMPONENTS WITHIN DASHED LINED AREAS 
NOT USED IN MONO MACHINES

REAR X.L.R. PANEL 
281-0103-012

=3GRN| 

-W610 |

I
-W612 [

I 
=3YEL| 

qrn i
i 

W616| 

—W614|

I 
—Weis'

WITH TRANSFORMER (S) 
STRAP (S) 

W601 (BC) 
W607 (BC) 
W613 (BC) 
W603 (BD) 
W605 (AC) 
W609 (BD) 
W611 (AC) 
W615 (BD) 
W617 (AC)

TRANSFORMERLESS- 

______CAPACITORS 
C601 
C603 
C605 
C607 
C609 
C611

CHANNEL
LEFT | RIGHT
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W501
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120 V 240V

STRAP W501 IN

FIGURE 7-1 1

7-18

J

■ i

a

I SI
C3
536
Ol. '

831-0274-003
DELTA I,II MOTHERBOARD 

LAYOUT

CR5I
CR6(

VOLTAGE REGULATORS 
ARE HEAT SINKED TO 
CENTER SUPPORT PANEL

Si
O El

MOTHER BOARD 
831-0274-003 120V 
831-0274-013 240V

•1 e
3 O

-W502
CUT FOIL BACK SIDE 
FOR NO HIGH SPEED

h ES

ac i
□ c 
OCT, ! 

GZZZ S

-# o ™

w 
1 3 2

BOARD LOADED FOR 120V OPERATION
FOR 240V OPERATION SEE TABLE BELOW: 

designation!
NUMBER

R501
R502

100 6 1/4W
OUT

470 5 1/4W 
13K 5 1/4W 

CUT FOIL 
BACK SIDE

WE 
1 3 2

WE 
1 3 2
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83 1-0273-003PARTS LISTDELTA III INTERCONNECT BOARD

0.156,

diii

ZP
NP

7-21

J801 
J802A 
J802B 
J802C 
P803A,B, 
P804A,B, 
P805A,B, 
P806 
P807 
P8O8 
P809 
P810 
P811-13

CONNECTORS
1
1
1
1
3
3
3
1
1
1
1
1
3

380-0144-000
380-0143-000
380-0143-000
380-0143-000
376-0033-000
376-0033-000
376-0033-000
376-0058-000
376-0057-000
376-0057-000
376-0057-000
376-0057-000
382-0019-000

325-0273-003
300-0030-001
350-0413-000
350-0419-000
370-0403-000
370-0402-000
375-0003-000

WAFER,
WAFER,
WAFER,
WAFER,
WAFER,
WAFER,
WAFER,
WAFER,

BOARD, 
SPACER, 
SCREW, 
SCREW,
NUT,

MISCELLANEOUS
1
2
6
2
6
2
2

0.125 , SOLDER T 
SOLDER T 

0.156, SOLDER T 
0.156, SOLDER T

DUAL 28, 
DUAL 18, 
DUAL 18, 
DUAL 18, 

122-29-2031 
122-29-2031 
#22-29-2031 

#22-27-2061 
§22-27-2161 

LOCKING, §22-27-2161 
§22-27-2161 
§22-27-2161

HD. 
PAN, STEEL, 
STEEL, 
PLTD.

§ 4, BENT, LOCKING

CONNECTOR,
CONNECTOR,
CONNECTOR,
CONNECTOR,

3 POS.,
3 POS . ,

PC CARD EDGE, 
PC CARD EDGE, 
PC CARD EDGE, 
PC CARD EDGE, 

LOCKING, GOLD, 
LOCKING, GOLD,

3 POS., LOCKING, GOLD, 
LOCKING, 
LOCKING,

6 POS.,
16 POS.,
16 POS.,
16 POS., LOCKING,
16 POS., LOCKING, 

PIN, MALE, PCB, ?R62-3

INTERCONNECT
NO. 4 X 3/16
4-40 X 7/16, PHILL., PAN, 
4-40 X 3/4, PHIL, 

4-40X1/4, KEPS HEX, 
NUT, 4-40X1/4, HEX, CAD.
TERMINAL.
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PARTS LISTDELTA III POWER COMPONENTS BOARD 83 1-0250-003

120 VOLT VERSION

SOLID,

U7O1-3
ZP

7-25

1
1
1
1
1

RESISTORS
1
1
1

1
1
1
1
1
1

1
1
1
1

DIODES
CR701
CR702
CR703
CR704
CR705
CR706
CR707
CR708
CR709
CR710
CR711
CR712
CR713
CR714
CR715
CR716
CR717
CR718
CR719
CR720
CR721
CR722

Q701 
Q702 
Q703 
Q704
Q705 
Q706

U701
U702
U703

R701 
R702 
W701 
R703 
R704 
R705 
R706 
R707 
W702 
R708 
R709 
R710 
R711 
R712 
W703 
R713 
R714 
R715 
R716 
R717

1 
1 
1
1 
1 
1
1 
1
1 
1 
1
1 
1
1

1 
1
1 
1
1 
1
1

1
1
1

1
1
1
1
1

575-0007-000
575-0007-000
575-0007-000
575-0007-000
575-0032-000
575-0032-000
575-0007-000
575-0007-000
575-0007-000
575-0007-000
575-0007-000
575-0007-000
575-0007-000
575-0007-000
575-0007-000
575-0007-000
575-0007-000
575-0007-000
575-0007-000
575-0007-000
575-0007-000
575-0007-000

590-0033-000
590-0033-000
590-0033-000
590-0033-000
590-0033-000
590-0033-000

630-0043-000
630-0063-000
630-0047-000
636-0001-000

630-0043-000
630-0063-000
628-0191-000
628-0192-000
427-0002-000

630-0043-000
630-0063-000
628-0191-000
628-0192-000
427-0002-000

628-0191-000
628-0192-000
427-0002-000

DIODE, 
DIODE, 
DIODE, 
DIODE, 
DIODE, 
DIODE, 
DIODE, 
DIODE, 
DIODE, 
DIODE, 
DIODE, 
DIODE, 
DIODE, 
DIODE, 
DIODE, 
DIODE, 
DIODE, 
DIODE, 
DIODE, 
DIODE, 
DIODE, 
DIODE,

TRANSISTOR,
TRANSISTOR,
TRANSISTOR,
TRANSISTOR,
TRANSISTOR,
TRANSISTOR,

100 OHM,
13K OHM,

522 AWG
FILM,
FILM,

200 VOLT
200 VOLT

POWER 
POWER 
POWER 
POWER
POWER 
POWER

MR 502
MR 502

1/4 W, 5% 
1/4 W, 5%

H11B1
H11B1
H11B1

150 OHM, 1/4 W, 5% 
1/4 W, 51 
1/4 W, 5% 
LAYDOWN

OPTO-ISOLATER,
OPTO-ISOLATER,
OPTO-ISOLATER,

NPN,
NPN, 
NPN, 
NPN, 
NPN,
NPN,

IK OHM,
220 OHM, 

1/2 W, CARBON,

.10 UFD., 63V, 5% 
Dili

680-2563-033 A
325-0250-003 B
613-0007-000
350-0604-000
370-0601-000

IN4005 
1N4OO5 
1N4005 
1N4OO5 
POWER 3A, 
POWER 3A, 
1N4005 
1N4005 
1N4005 
1N4005 
1N4005 
1N4005 
1N4005 
1N4005 
1N4005 
1N4005 
1N4005 
1N4005 
1N4005 
1N4005 
1N4005 
1N4005

TIP50,
TIP50,
TIP50,
TIP50,
T1P50,
TIP50,

150 OHM,
IK OHM,
5-1/4 W, 2870
5-1/4 W, 2921

(QUANITY IN 1/2 INCH)

5-1/4 W,
■5 22 AWG

FILM,
FILM, 
FILM, 

IK,

8 PIN, DIP 
, PHILL, PAN, HD., 
1/4, ZP

CAPACITOR, POLYESTER FILM, 
BOARD, POWER COMPONENTS 
SOCKET, IC, 
SCREW, 6-32 X 1/4 
NUT, HEX, 6-32 X

PHOTO DARLINGTON,
PHOTO DARLINGTON,
PHOTO DARLINGTON,

TRANSISTORS
585-0008-000
585-0008-000
585-0008-000

150 OHM,
IK OHM,
5-1/4 W, 2870

2921
(QUANITY IN 1/2 INCH)

MISCELLANEOUS 
C701 1

1 
3 
3 
3

1/4 W, 5% 
1/4 W, 5%

5-1/4 W, 2870
5-1/4 W, 2921

(QUANITY IN 1/2 INCH)
RESISTOR, WW, 
RESISTOR, WW, 
BUS WIRE, 
NOT USED 
RESISTOR, CARBON 
RESISTOR, CARBON 
RESISTOR, WW, 100 OHM, 
RESISTOR, WW, 13K OHM, 
BUS WIRE, SOLID, 
NOT USED 
RESISTOR, CARBON FILM, 
RESISTOR, CARBON FILM, 

100 OHM, 
13K OHM, 

522 AWG
RESISTOR, WW, 
RESISTOR, WW, 
DUS WIRE, SOLID, 
NOT USED 
RESISTOR, CARBON 
RESISTOR, CARBON 
RESISTOR, CARBON 
POTENTIOMETER,



BLK

GRA

BLK

GRA

BLK

GRA

BRN

BLU

WHT 240V120V
BRN

WHT

WHT

GRN U702

WHT
>5WHT

WHT

YEL

SHLD

SHLD CR70!

SHLD !4

BLK !R70<

BLK (FAN-)

RED (FAN+)
W 451

BLK

ORN 

FIGURE 7- 1 7
YEL BLK

YEL BLK RED

7-26

ingn*'

831-0250-003
DELTA III POWER COMPONENTS BOARD

LAYOUT

BOARD LOADED FOR 120V OPERATION
FOR 240V OPERATION SEE TABLE BELOW:

DELTA III POWER COMPONENTS BOARD 
831-0250-003 DOMESTIC 120V 
831-0250-013 EXPORT 240V

DESIGNATION 
NUMBER

U701

R7 17

r V-1

OUT 
OUT 
OUT 
100 
100
100

IN 
IN 
IN

13K 
13K 
13K 
470 
470 
470 
OUT 
OUT 
OUT

R703

R708
R713
R701
R706
R711

STRAP W701
STRAP W702~

STRAP W703

RED L
ORN

ORN
BLU

.A.2.USR0.MT j|

■ » 14S|
hi p >JrrHl

ZZJ&)SU7O3

&-

o



2 GRAY FILTER CAP7 

TOP (DECK A) BLACK
AC LINE

R704
WHITE

8BLUE

9 BROWN SOLENOID COMMON6-

WHITE 16

GRAY FILTER CAP6YELLOW 25

MIDDLE (DECK B) 

]
YELLOW 5 BLACK

1 W702 $BLACK 23,

WHITE

GREEN+ 5V

CR714
1N4005

WHITE 15

GRAY FILTER CAP

WHITE

BOTTOM (DECK C) BLACK3
RED TOROID R713

5 1/4W

10 WHITE-30V BLUE 

5
TOROID RED .30,

ORANGE .33,+ 30V R7 15
1K

BLACK

TOROID

BLACKBLACK

BLACKPOWER COMMON
BLACKJ 8

ORANGE 31

BLACK19120V 240V
ORANGE 32 R703 OUT

NOTES:
R717YELLOW+ 14V
1K

RED
FIGURE 7-18FAN

IN
BLACK

831-0250-003

7-27

TOP DECK 
SOLENOID CONTROL 

(DECK A)

MIDDLE DECK 
SOLENOID CONTROL 

(DECK B)

BOTTOM DECK
SOLENOID CONTROL 

(DECK C)

POWER 
COMMON

CR715 
1N4005

CR716 
1N4005

CR718 
1N4005

CR702 
.1N4005

CR704 
1N4005

R716 
220

FAN 
SPEED

BOARD LOADED FOR 120V OPERATION
FOR 240V OPERATION SEE TABLE BELOW:

DESIGNATION
NUMBER

R709 
150

R706
5 1/4W 

R703
5 1/4W

R708 
5 1/4W

U701
H1 1B1

R7 12 
13K 
5 1/4W

R707 
13K 
5 1/4W

1'CR722 
1N4005

CR7 10 
1N4005

CR708 
1N4005

CR712 
1N4005

DELTA III POWER COMPONENTS BOARD 
SCHEMATIC

SOLENOID
SHIELDED PAIR

SOLENOID
SHIELDED PAIR

SOLENOID
SHIELDED PAIR

CR717
1N4005

CR71 1 
1N4005 - M-

U702
H1 1 B1

R7 10 
1K

R705 
1K

jJ CR721 
1N4005

]’CR720 
1N4005

CR707 
1N4005 
---- H—

CR719 
1N4005 
—M-----

150
AAAr

R7 14 
150

R7 11 
5 1/4W

R701
5 1/4W

CR705
MR502

W -
CR706
MR502 

--- ►*—

r
5

(0>

€>

0.
[ C701

63V

BROWN

OUT
OUT 
100

470 
470 
OUT 
OUT 
OUT

13K 
13K 
13K 
470

R708 
R 7 13 
R701 
R706 
R71 1 

STRAP W701 
STRAP W702 
STRAP W703~

100
100
IN
IN

Y'S0702

K.TIP50

_______ U703 
1 H1 1B1

C<D
______  2 14

1. ALL RESISTORS ARE 1/4 WATT DESIGNATED IN OHMS 
UNLESS OTHERWISE MARKED.

2. ALL CAPACITORS ARE DESIGNATED IN MICROFARADS 
UNLESS OTHERWISE MARKED.

3. WE RESERVE THE RIGHT TO MAKE CHANGES AND
IMPROVEMENTS AS TECHNOLOGY PROGRESSES

- -CR709 
1N4005

I SOLENOIDS SHIELDS 

/ OF SHIELDED PAIRS

TOROID

IV/703

\ Q7°5 iT<TIP50 J
1_____ K 0706

U.TIP50

R702
13K

5 1/4W

I W701 

__ ?'

X CR713 
1N4005

|X"Q701
"L TIP50

TOROID



DELTA III REGULATOR BOARD 831-0283-003 PARTS LIST

MC7815CT,
HC7805CT,

SLOTTED, R. HD.

7-28

CAPACITORS
1
1
1
1
1
1

VR1
VR2
VR3

MISCELLANEOUS
1
2
2

1
1
1
3
3
3

575-0007-000
575-0007-000
575-0007-000

680-3163-033
680-3163-033
680-3163-033
680-3163-033
680-3163-033
680-3163-033

605-0010-000
605-0011-000
605-0012-000
380-0062-000
613-0014-000
352-0004-000

325-0283-003
300-0099-000
350-0604-000

CAPACITOR, 
CAPACITOR, 
CAPACITOR, 
CAPACITOR, 
CAPACITOR, 
CAPACITOR,

BOARD, REGULATOR 
SPACER, 
SCREW,

POLYESTER FILM,
POLYESTER FILM,
POLYESTER FILM,
POLYESTER FILM, 
POLYESTER FILM, 
POLYESTER FILM,

+15V, TO220 PLASTIC
-15V, T0220 PLASTIC
+5V, TO220 PLASTIC

5%
5%
5%
5%
5%
5%

C7
C8
C9
CIO
Cll
C12

.33 

.33 

. 33 

. 33 

.33 

.33

DIODE, 1N4005
DIODE, 1N4005
DIODE, 1N4005

DIODES
CR1 1
CR2 1
CR3 1

UFD., 63V, 
UFD., 63V, 
UFD., 63V, 
UFD., 63V, 
UFD., 63V, 
UFD., 63V,

Dill
6-32 X 1/4 X 1/4 LONG, HEX, MALE/FEMALE, 

6-32 X 1/4, PHILL, PAN, HD., ZP

VOLTAGE REGULATORS @ MOUNTING HARDWARE 
VOLTAGE REGULATOR, 
VOLTAGE REGULATOR, MC7915CT, 
VOLTAGE REGULATOR, 
SOCKET, 3 PIN, 10-18-2031 
INSULATOR, TO-220 
SCREW, 6-32 X 1/4, NYLON,
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831-0283-003
DELTA III REGULATOR BOARD 
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+ 14VYEL

3

3

3

YEL GRN2♦ 14V ♦5V

3

3

BLK
3

ORN

♦33V

A
ORN RED

♦ 33V 6

BLK
2COMMON

-15VJ903BLU VIO34-33V

45 -33VBLU

NOTES.

FIGURE 7-20

831-0283-003
DELTA III REGULATOR BOARD

SCHEMATIC

7-30

J901
-< <r

J902 1

J901
>

1. ALL CAPACITORS ARE DESIGNATED IN MICROFARADS UNLESS OTHERWISE MARKED.
2. WE RESERVE THE RIGHT TO MAKE CHANGES AND IMPROVEMENTS AS TECHNOLOGY PROGRESSES

C901 
.33 
63V

C905 
.33 
63V

VR901 
7805

VR902 
7815

VR903 
7915

C904
~ .33

63V

CR901
IN4005

IN4005
CR903

CR902
1N4005

C903 
.33 
63V

C902 
33 
63V

C906
T .33

63V
2 J903 - > >

J902

J901

J903

COMMON (7)-

? J902 - > >
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831-0251
DELTA IV RECORD AND METER 
AMPLIFIER BOARD LAYOUT
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~Muiooid »?s-v rus typ

LEFT LEVEL CONTROL

SIGNAL COMMON

SKJNAL COMUON

S2*
■AA/v

left PROGRAM OUTPUT

o;a-»v RMS TTP

} right level control

REMOVE jumper FOR
1O>

SASHA L COMMON
K<-

RIGHT PROGRAM OUTPUT

POWER COMMON V«1
^7-

X [ k LETT UTTER

1S>cut PLAY UETEFTHG

X-
V>LEFT PLAY METERLSG >CW

U>CUE BIAS UETCFCHO

^7°cw

i«>

-IX}-35V
RIGHT PLAY METERING

CW

TEST METEFCNQ CONTROL

HOTTS:
NORMAL RECORD SWITCH

53V

V- 22FIGURE 7

831-0251
DELTA IV RECORD AND METER
AMPLIFIER BOARD SCHEMATIC

7-33

REMOVE JUMPER FOR 
1354 HAS EQUALIZATION

R1O27
I OCX

RKJHT KPUT FPOU
TRANSFORMER

POWER 
COMMON

JUMPER FOR 
-«dbr» INPUT

jUuptR for 
■Odbi INPUT

•''BALANCED'^ 
differential’
^AMPLIFIER/

R1031 
47«

'SUMMING' 
AMPLIFIER,

'SUMMING'
AMPLIFIER

METER 
SWITCH,

22OK 
-WU-

''right meter'
.♦DC AMPLIFIER,

1. ALL RESISTORS ARC 1/4 WATT DESOLATED H OHMS UNLESS OTHERWISE MARKED.
3. ALL CAPACITORS ARE OESIONATtO H MICROFARADS UNLESS OTHERWISE MARKED.
X COMPONENTS MARKED HO ARE NOT USED H MONO UAOWHES.
4. WE RESERVE THE RIGHT TO MAKE CHANGES ANO MPROVEMENTS AS TEOWXOOY PROGRESSES.

X right X 
(high frequency

s

LEFT PPVT FROM 
TRAN3F0RHCR

RKXT RECORD
BIAS METERING

LEFT RECORD
DIAS METERIHQ

CR10OT
H444S

R101S
SOK

R101T, 
SO* •

RP1001

'LEFT METER''
^jOC AMPLIFIER,

X LEFT X
I HIGH FREQUENCY
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1 831-0249-013B STEREO

FIGURE 7-25

7-38

831-0249
DELTA IV BIAS AMPLIFIER BOARD

LAYOUT

COMPONENTS WITHIN DASHED LINED AREAS 
NOT USED IN MONO MACHINES.

RIGHT 
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BIAS

CUE
BIAS
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831-0249
DELTA IV BIAS AMPLIFIER BOARD

SCHEMATIC

7-39
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1. ALL RESISTORS ARE 1/4 WATT DESIGNATED IN OHMS UNLESS OTHERWISE MARKED.
2. ALL CAPACITORS ARE DESIGNATED IN MICROFARADS UNLESS OTHERWISE MARKED.
3. COMPONENTS MARKED (X) ARE NOT USED IN MONO MACHINES.
4. WE RESERVE THE RIGHT TO MAKE CHANGES ANO IMPROVEMENTS AS TECHNOLOGY PROGRESSES.
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831-0282-003 PARTS LISTDELTA IV MOTHERBOARD

1 325-0282-002 A BOARD, MOTHER DIV

J4 CONNECTOR,

GOLD,

NYLON, SLOTTED, R. HD.

7-40

1
1
1
1
1
1

1
1
1

.33 UFD., 

.33 UFD., 

.33 UFD., 

.33 UFD., 

.33 UFD., 

.33 UFD.,

507-0006-000
507-0007-000
507-0008-000

CABLE,
CABLE,
CABLE,

DIODES
CR1401
CR1402
CR1403

J1408 
J1409 
J1410 
J1411 
J1412 
J1413 
P1401 
P1402 
P14O3 
P1404 
P1405 
P1406 
P1407

CONNECTORS
1
2
2
1
1
1
1
1
1
1
1
1
1
1
1
1

1
1
1
3
3

680-3163-033
680-3163-033
680-3163-033
680-3163-033
680-3163-033
680-3163-033

605-0012-000
605-0010-000
605-0011-000
613-0014-000
352-0004-000

575-0007-000
575-0007-000
575-0007-000

380-0145-000
350-0415-000
370-0403-000
380-0062-000
380-0062-000
380-0062-000
380-0143-000
380-0143-000
380-0143-000
376-0047-000
376-0047-000
376-0058-000
376-0057-000
376-0033-000
376-0033-000
376-0033-000

CAPACITOR,
CAPACITOR,
CAPACITOR,
CAPACITOR,
CAPACITOR, 
CAPACITOR,

SOCKET,
SOCKET,
SOCKET, 
CONNECTOR,

DIODE, 1N4005
DIODE, 1N4005
DIODE, 1N4005

SHIELDED, RED-ORANGE
SHIELDED, WHITE-BLACK
SHIELDED, YELLOW-BLUE

POLYESTER FILM,
POLYESTER FILM,
POLYESTER FILM,
POLYESTER FILM,
POLYESTER FILM, 
POLYESTER FILM,

>22-29-2031
122-29-2031
522-29-2031

63V, 
63V, 
63V, 
63V,
63V, 
63V,

SOLDER T 
SOLDER T 
SOLDER T

5%
5%
5%
5%
5%
5%

18,
18,
18,

0.156,
0.156,
0.156,CONNECTOR, 

WAFER, 
WAFER, 
WAFER, 
WAFER, 
WAFER, 
WAFER, 
WAFER,

MC7805CT, +5V, TO220 PLASTIC
MC7815CT, +15V,
MC7915CT, -15V,

TO220 PLASTIC
TO220 PLASTIC

CAPACITORS
C1401
C1402
C14O3
C1404
C1405
C1406

VOLTAGE REGULATORS
VR1401
VR1402
VR1403

NUT, 4-40X1/4, 
3 PIN, 
3 PIN, 
3 PIN, 

PC CARD EDGE, 
CONNECTOR, PC CARD EDGE, 

PC CARD EDGE, 
10 POS., LOCKING, 
10 POS., LOCKING, 
6 POS., LOCKING, 
16 POS., LOCKING, 
3 POS.,

WIRING
1
1
1

VOLTAGE REGULATOR, 
VOLTAGE REGULATOR, 
VOLTAGE REGULATOR, 
INSULATOR, TO-220
SCREW, 6-32 X 1/4,

24 PIN, W/LOCKING BAIL 
SCREW, 4-40 X 1/2, PHIL., PAN HD., NP 

” ” '■ KEPS HEX, STEEL, NP 
10-18-2031 
10-18-2031 
10-18-2031 

DUAL 
DUAL 
DUAL 
KK100, 522-27-2101 
KK100, 522-27-2101 
122-27-2061 
822-27-2161 

LOCKING, GOLD, 
3 POS., LOCKING, GOLD, 
3 POS., LOCKING,
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FIGURE 7-27

831-0282-003
DELTA IV MOTHERBOARD

LAYOUT

7-41
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RECORD LOGIC CARD
831-0271
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3LEFT METER REQ

RIGHT METER
2

RIGHT METER QRN

RIGHT LEVEL CONTROL

RIGHT LEVEL CONTROL

LEFT LEVEL CONTROL

ORNLEFT LEVEL CONTROL

OLK

OLK

ORANGEPLAY SERIAL OUT/RECORD SERIAL IN
♦SV

PLAY SERIAL INZHECORD SERIAL OUT
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831-0282-003
DELTA IV MOTHERBOARD

SCHEMATIC

7-42

I 
E

3
5

I

CR1403 
1N4005

CI40B 
33 
CSV

; I CR14O2 
1N4005

5

3
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TO DELTA H HPUT 
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I
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!
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!

5

COMPONENTS WITHIN DASHED AREA (--------— — > ARC ON
RECORD MOTHER BOARD (831-0282)

i
i
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= I
£
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NOTES:
j 1. ALL RESISTORS ARC 1/4 WATT DESIGNATED IN OHMS UNLESS 

OTHERWISE MARKED.
2. ALL CAPACITORS ARE DESIGNATED H MKROF ARAOS UNLESS 

OTHERWISE MARKED.
3. WE RESERVE THE RXWT TO MAKE CHANGES AND IMPROVEMENTS 

AS TECHNOLOGY PROGRESSES.
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DELTA IV INPUT TRANSFORMER BOARD 831-0272 PARTS LIST

RESISTOR,

J1405

CABLE,

J1406

BOARD, AUDIO INPUT TRANSFORMER DIV

7-43

1
1

TRANSFORMER, AUDIO INPUT +28 DBM
TRANSFORMER, AUDIO INPUT + 28 DBM

NC3FD-V
NC3FD-V

J5
J6

1
1
1
1
1
1
1 
1

1 
1

630-0043-000
630-0043-000
630-0058-000
630-0058-000
630-0080-000
630-0080-000
630-0080-000
630-0080-000

380-0140-000
380-0140-000
507-0006-000
382-0045-000
380-0070-000
441-0010-010
441-0002-000
507-0007-000
382-0045-000
380-0070-000
441-0010-010
441-0003-000

427-0002-000
427-0002-000

SOCKET, 
SOCKET, 
CABLE,

HOUSING, 
TUBING, TEFLON,

NOT USED 
NOT USED
BUS WIRE, 
BUS WIRE, 
NOT USED 
NOT USED 
NOT USED 
NOT USED

SOLID,
SOLID,

P.C. MOUNT (FEMALE)
P.C. MOUNT (FEMALE)

§22 AWG
§22 AWG

150 OHM, 
150 OHM, 
620 OHM, 
620 OHM, 
5.IK OHM,
5.IK OHM, 
5. IK OHM, 
5. IK OHM,

(QUANITY IN 1/2 INCH)
(QUANITY IN 1/2 INCH)

AM 10226
AM 10226

5%
5%
5%
53

CONNECTORS
1
1
1
3
1
1
2
1
3
1
1
2

RESISTOR, CARBON FILM, 
RESISTOR, CARBON FILM, 
RESISTOR, CARBON FILM, 
RESISTOR, CARBON FILM, 
RESISTOR, CARBON FILM, 
RESISTOR, CARBON FILM, 
RESISTOR, CARBON FILM, 

CARBON FILM,

RESISTORS
R1301
R1302
R1303
R1304
R1305
R1306
R1307
R1308

STRAPPING
W1301
W1302
W1303
W1304
W1305
W1306
W1307
W1308

1/4 W, 53
1/4 W, 53 
1/4W, 53 
1/4W, 53
1/4 W,
1/4 W, 
1/4 W, 
1/4 W,

TRANSFORMERS
T1301 1 532-0010-000
T1302 1 532-0010-000

XLR,
XLR, 

SHIELDED, RED-ORANGE 
TERMINAL, CRIMP, FOR KK100 W/GOLD 
HOUSING, 3 POS/LOCKING, 22-01-2035 
TUBING, TEFLON, §16, EXTRA THIN

MISCELLANEOUS1 325-0272-003 A

SHIELDED, WHITE-BLACK 
TERMINAL, CRIMP, FOR KK100 W/GOLD 

3 POS/LOCKING, 22-01-2035 
§ 16, EXTRA THIN
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SECTION VII! - MAINTENANCE

A. GENERAL

3. Monthly

head

4. Every Six Months

internal

MACHINES

C. ELECTRICAL

1. Monthly

-Degauss

2. Every Six Months

B. MECHANICAL

1. Daily

high frequency
and biascue

D. RECOMMENDED TOOLS, GAUGES, AND TESTS
2. Weekly

all heads and tape guides 
carefully following instructions in­
cluded in the degausser used.

and 
up.

As 
any 
as- 
and

-Capstan Shaft and pressure roller 
-Clean with a cloth dipped in isopro­
pyl alcohol for maximum pulling 
characteristics, lowest flutter and 
overall best speed accuracy. Remove 
all traces of tape lubricant and 
tape oxide.

-Inspect internal electronics 
mechanics for dirt or dust build
As necessary, use an air gun or dry 
paint brush to clean the units' in­
terior. CLEAN MACHINES LAST 
LONGER.

International Tapetronics Corpora- 
tion/3M has designed the Delta Series 
cartridge machine with high reliability 
and minimum required maintenance as pri­
mary design goals. A minimum amount of 
mechanical and electrical maintenance, 
when performed on a regular basis, will 
allow the user to realize optimum per­
formance and trouble free operation.

Permanently lubricated and sealed 
ball bearings used in the DC servo motor 
require no lubrication. Any attempts to 
oil bearing nay cause premature failure 
due to migration of oil into the copper 
windings and ultimate breakdown of the 
insulation material.

Sintered bronze bearings used in the 
cross shaft assembly, are also perma­
nently lubricated and therefore require 
no maintenance. A specially designed 
TEFLON® coated solenoid plunger elimi­
nates the need for any lubrication, 
in the case of the motor bearings, 
attempt to oil or lubricate this 
sembly will ultimately cause damage 
poor operation.

1. Hand Tools-
An assortment of hand tools common to 
an electrical shop including a tem­
perature-regulated soldering station. 
A 3/8" and 9/16" open-end wrench are 
required for solenoid adjustments. A 
1/16" Allen hex wrench is required for 
head adjustments.

-Pressure roller pressure solenoid 
adjustment, see Section III.

-Check playback and recording 
azimuth as outlined in Section III.

-ITC recommends daily inspection and 
cleaning, if necessary, of the heads 
when the machines are used in heavy 
production. Use a cotton swab dip­
ped in isopropyl alcohol. Weekly 
cleaning will suffice under less 
rigorous use.

-Check and adjust playback high fre­
quency equalization.

-Check and adjust program recording 
bias and program bias meter calibra­
tion.

-Check and adjust 
equalization.

-Cue recording bias 
meter calibration.
-Cue master level control.



from

3.
of Treasuring

4. dry,capstan non­

pressurea

E. TEST TAPES

requirements.
oor-

into

2.

8-2

2. Test Equipment
Oscilloscope, with 10:1 test probes;
High impedance voltmeter;
Audio oscillator;
Flutter meter capable 
DIN WTD flutter;
Frequency meter; and
Logic probe.

5. Discard a test tape when it begins to 
show signs of high frequency deteri­
oration, instability, or non-repeat­
able performance.

Use only ONE test tape throughout 
your cartridge system. This insures 
accurate and repeatable head adjust-

Test tapes 
to suit your 
cautions that the 
test tape may 
slightly different from that of the fac­
tory setup. ITC uses commonly available 
test tapes in an effort to adjust each 
machine to a known in-field standard.

We will be glad to discuss test tape 
Should you have questions 

or need assistance in choosing the 
rect format, call ITC Technical Service.

ments and frequency response 
machine to nachine.

4. Miscellaneous -
Set of test extender PC boards 
831-0276-003 18 pin double-sided 

for Delta IV 
831-0277-003 18 pin double-sided 

for Record Logic Cards 
831-0278-003 18 pin double-sided 

for Record and Meter Amp 
Cards 

831-0279-003 18 pin double-sided 
for Play/Cue cards 

831-0280-003 28 pin double-sided 
for Play Logic cards

Use the same test tape to perform 
head alignment and frequency re­
sponse. If one cartridge is used for 
head phasing (azimuth) and a differ­
ent cartridge is used for frequency 
response adjustments, errors will 
result.

should be carefully chosen 
particular needs. ITC/3M 

use of a particular 
indicate performance

3. Gauges-
These may be ordered from ITC: 
ITC gauge 830-0043-001, a
shaft locator gauge;
ITC gauge 830-0042-011, 
roller pressure gauge; and 
ITC gauge 830-0041-022, a head height 
and tape guide gap adjustment gauge.

1. Purchase tapes loaded into a car­
tridge "shell" of the same type you 
normally use in your machine.

Store tapes in a cool, 
magnetic environment.



SECTION IX - WARRANTY

9-1

International Tapetronics Corpora- 
tion/3M warrants to Purchaser that the 
equipment sold is free of defects of 
workmanship or material and conforms to 
the specifications referred to or set out 
herein. This warranty, applying only to 
the user, extends from date of shipment 
for a period of two years. In the case 
of equipment leased from ITC, this war­
ranty is extended to the full three year 
term of the lease. No claim shall be 
maintained hereunder unless written no­
tice is received by Seller within thirty 
days after the discovery of the facts 
giving rise to the claim. The sole or 
exclusive liability of Seller for breach 
of warranty shall be to refund the pur­
chase price of the item sold, or at its 
option, to replace or repair the item or 
part concerned FOB its factory, or such 
other place as it may designate. ITC's 
liability shall arise only if Purchaser 
causes the defective part or item to be 
delivered to ITC for inspection upon 
ITC's request at Purchaser's expense. 
This warranty shall not be effective if 
the alleged defect is due to maltreat­
ment, exposure, excessive moisture or any 
other use of the equipment other than the 
use for which the manufacturer pre­
scribed.

No warranties expressed or implied 
shall be applicable to any equipment sold 
hereunder, and the foregoing shall con­
stitute the Buyer's sole right and remedy 
under the agreements in this paragraph 
contained. In no event shall Inter­
national Tapetronics Corporation/3M have 
any liability for consequential damages, 
or for loss, damage, or expense directly 
or indirectly arising from the use of the 
products, or any inability to use them 
either separate or in combination with 
other equipment or materials, or from any 
other cause.

ITC's warranty is given solely to 
the original user and only to the extent 
above described. No dealer or agent is 
authorized to make any other or addition­
al guaranty or warranty.



SECTION X - PARTS LISTS

10-1



z

X

Q

3

CM cm cmtn m CM

CO
3

Q

X

in r-t
tn CM m CM CM CM CM

10-2 r—C

0

Q

W 
CD

X

CM

1

X 
< a.

< 
H

0

E

LU
Q

>
m
2
LU
CO 
CO
<
> 
cn
t

< o
z 
< 
X o 
LU 
2

X

0

W

-r

X

S' x

Q

to z

E
ID 
r—I

x 

<

8 
£ 
o

co

z
0

z

0 3 X w w < 
za j 
<£ o z 
th CO m

x o

CO I 
0 CM 
Q r~ o 
m cm m
x
X m m

Z 
0

x

m -r 
m m 
m tn

moo 
m O O 
CD O O 
I I I 

—< at m 
co o m 
o o <■ 
o o o 

Hill 
£X m o o 
q » o in 
£ cm m m 
Z

CO 

g
U

M 
N 
m

O

<
X

U

u
H

0

x
3

i *
8
Q 
0

X

U H\ 
0 3m 
Q --

o -r 
CM \ 
CM m

O X
CM 

- m
X I
O tO 
F 

h' 
co x 
z 0 
m tn

m m o o cm o o 
xomooooo 
MOOOOOOO 
5 i i i i i i i 
a.O'Tr-HiD’rw

~ to m o m cm c* 
„ _ O O O O to O 
tnoommooo 
Z I l I I I I i 
•ctomoor^oo 
ZCMCDtnr-ffiino 
t- in cm m m

X

g
g
Q

w z 
bft N

z o’
< w 

a

So 
W O

0

w a 
w z

H

gu 
1m o z 
0 °*
Z to W 

m a 
ui x m 
0 m 3 
a o
m x 
Z H
H O X 
X T <
< 0

W X Z 
a w m 
m x x 
s 0 z 
13 to to

O O O 
o o o 
o o o
I I I

CO H CO 
0 m o o 
3 0 0 0 
0 m 0 o

I I I 
0 o o in 
Z tn r- r- 
m m m m

Z

g 
0

3

—< o o o o 
o o o o o 
o o o o o

o o

CM CM

T XT
O O 

m-
ID ID

0 0

co 
X 

8 o o
< o o 
0 O O 
3 I I 
0 -r ir 
w 0 o 
ZOO

o o
W I 1 
0 m cm
< 0 in 
H io m 
0

s z
0 w

Q

O 
E-« o 
Z I 

£ 5 
Z io 
O O 
W O 
Z in 
W m 
H 

u r-<
H 

3 

2

ta
X H 
o < 
< z 

»-• u O 
q m cn z

Q a 
w z J 
H O 
to z z
< a
tn £ 0

o u

< - z 
to H
I U M 
a x q

z cn

P -X 
Z M- W 
0 \ J

Z
X

td CM x 
Q m 0 
m | n 
0 to Z

d5S 
Z Z 0 < u z 
z cn t-t

000 
X X X < < <
«4> ID ID 
CM CM CM

m O CM 
moo 
o o o
I I I 
in m in 
oom------- ---- -
m id o O t'C oo m

■Jooo xooo
Will — — — ■
Z m m co 
< co m CM 
z cm m m

Q 

cn

X 
(3

X

W

w 
z
w

Q X §
W W
H Z • 
0 U

m z x 
q 2 -
< ”«■ uj 
tn X rn
I m x
H z
X X

z M- ID 
Z \m 
3 X 
CO to

X
X X
W CM
H m O
Z I
M 'D I 
0 •»

MMX 
HOM
< < X 
J Z 0 
z tn w

I
n 
m CD
> X

O H
M S §
Q X “

- X

X 
m tt m r- 0 
0000 m-Q 
o o o o H x m

• • • • X H
< m

X x x X X in cn 
tn m m

Q Q Q Q X • 
O O O O M X

J X
CM CM CM CM J Q 
XXXXO ’O o m m m m z Q 

to 00
X X X X M CO

- Z'DM-
> • • • . 0 m . 
< Q Q Q Q W X 
■'rmmmmtor--x 
m M
tniDIDIDIDZXO

m m m m z m
- XXXX • O

M m in in in - q • 
X 0 IH
0 * - ' - Z 
cnzzzzm^z 
tno o 00 z too 
WJJMMmXM 
ZCHjHHHcmjH 
ZZZZZf-mz

M- - - - ' X «u X X X X X XX MMMMM -MW WXXXX0XX ►Jtntntntnztncn
XSS3XXS3:

5 CM 0 m 
Q m 0 O 
Q O O O 

I I I
Q •» >O 
J m cm tn 

m o 0 -«r o
O X o o o
~ III

M cm o m 
0 r— in o 
Q cm m m

X

u

£: 
M

ID s 
A 

z tn 
N X X 
uS^ID 

X J 3: m 
M Ex 
Z m in 

CM
* • X

CO - < 
X H m tC 
m M Q m 

X X 
3» X m

cm X cm * 
m Z ■ J 

tn J

X z
X z' 
Z rn 
tn z

moooooom 
oooooomo 
00000000 

X 1 1 1 1 1 1 1 1 
WcoiniDr-CDCMiniD 
kJmCMCMCMCMOOO 
000000000 
Ooooooomo 
X I I 1 I I 1 f I 

mdOIODidOCTl 
MoiinininmcoiDin 
XcMmmmmcMmm 

8 
Vjmmmmmmmm

g

u 
M

0 Q 
M
Q O

O m 

——< u

- O

X X H Q
' - 0 < X

H f- m H .J m 
M M X < tu • m 

H M 0
W - 0

" 0E
X • rn 
m 0 z -

5 "J
CO X Q
X Z 0 Q 
m W rf 

» m M 
m m x Z 

cn
• - • ■ X 

Q W < z 
M Z 
X O

Z

CM 0’ 

CD 0 
m m z

W N

< • w 
0 0

Q m O 
Z 0 

t z 
in 0

m id z 
m x

> in

O X m 

m id §

* I •* 0 Q to (/) 1 m u o o - X tn m___Z s M m Z Z M M X > -mm - 
0XtnMH<XZ O0«I03XZm 
in tn 5 0 z 0 tn -

w
§

m o o m o m m 
tnoooooKzoo 
moooooooo 
>11111111 
Moxrmmmmmm 
0CMCMOOOOOO 
0OIDIDOOOOO 

oooomooo
X I I I I I I I 1 

r-oin-vor^mcM 
Qr-iniDior-r-'OCD 
Q«rmmcMmcMmcM

Z 

3 
8 
g

M 
X p 
0 < 

5§ 
m CD CO 
D X

Q H 
Q X 0 
M O 
H Z X 
cn p

m 3 m 
ffl z 

Q <

cn M M 
I X D 

Q 0 rn 
Z O cn 
< tn 
X H

» tu 
P M 
M X 0 
M m 
0 ij>

X

M CM x 
D m 0 
m | m 
W id X

g 

g" 
to X

O Q 
Z m

in 
X m

M m u: 
0 • 0 
0

M>M „ a m tn m tn m 0 cn s tn z tn o O o cn x 0 x 3 -0 0---X 0 - OCD Z - Q - X - I m H 0 Z H X X W W IT - W 0 < < m Z < M M X X 0 m X q cn tn cn 0 z tn

I 
tj^rmmmcMom 

cm in o o m o o 
vflOOOOOOO 

l l I 1 l 1 t 
EHinmiDcimm^r 
MtNO^rorMMro 
<0000000 
XOOOOOOO 
cn 1 1 1 1 1 1 1 

r- m id r- cm cm id 
tn'Dinciotiococt 
tnt'MCMCMCMCMCMCM

X 
u 
z
X

M

m o cm 
moo 
000 
l I I 

to m m 
o o 
m id _ 

0000 
Mill 
Z m m ® 
< co in CM 
z CM m m

O 

cn 

L 
0

O ID ID 
I I I 

CM CM CM 
■sr id m- 
•«r I mt nr 
o cm o o 
•«r m* -t «r 
IO ID ID 
IOII 

m ir m m 
to

0-0 0 0

to ID ID
CM ID CM CM to CM to 

CM CM CM

O -OO -ID - ID O O 
ooooioiniDiDinoo 
momminmininmmrn 
t m 1 1 m 1 m m 1 1 1 
< 1 < < 1 < 1 1 < < <

tn -tntn-"--«cncn otnootncntntncnoo zozzoooooxz 
CM z z z z z z
00 O ID IO 00
\miDmmmmmin'emm 
CD

.So .£' Smgmgggg 
C, H ?. -W mmmmmrnmmmmmm 

tntntntncntntntncntncn

•00000000000 •xxxxxzxxxxx

X 
M 
0

g
Z Q
CM M

<
• Q 0

Q X 3
X X

0 - z tnz z <
m < Z
HZ X
Z - O 
3 - • C 
O00 I 
X 0 0 m

X X X to M 
0 z Z m 
H XZ 
m » -mQ 
J CD m 
tn XX X E-I 

mm 0
O to < 
X X X m 
0 l Z 
m cm to cm < 
X m m z
Il - tn 

- to cm x
H W- 
M - - X X
X X Z 0
0 M W - H
< X X H m
X 0 0 3 3
cn tn tn z tn

s
o CM m O
O m o O

OOO ____ _____ __
Olli 0 I I I I I
0 m o O zr--rinmcr>
O m in cm m cr> o o o o
sc O O 10 H O to CM DC O

~OO ZOOOOO
II 3 1 I I I 1

• O o 'T o O O CM
in X in m in r- cn
m cm-----------

X

cm H

8
X 
<C

E-fOOOOOOOOOOO 
0OOOOOOOOOOO 
0OOOOOOOOOOO 
Q 1 I I I I I I 1 I I I 

mococDCM'vcMminmm 
. inin-r-rmtnininininm 
.mmmmmmmmmmm 
.00000000000 
• I I I I l I 1 1 l I I 

— — 00000000000
Xltno tn®°2O°0CDCDC0CDCDCDC0
cm m m yjmmmmmmmmmmm

Z ̂mmm^^^^^^ 

X

X 
m < CD
3- mmmcMm-yintoiD 

000000000 
mM'ininininincnin

Z M 

s
CM
in

M «»X E- 0 cn tn cn< m 0000 X-TZ3-m o O Z zQ 0 CD < NZ - X< 0 ® < Ztn z x x f- <1 on co X 0.H 0 m 0X m > m 0O O I X mZ m X Q XZ -r z to X3 • • <cn < x x- m M
X W Q H H 
0 X W Z X Z XX OmxrWWm^inm 
0 X tD 0 0 O 
CD X X Z X X X cm 

m in - - m
O XT [J m o Q co cm cm 1 
<0 -xZxr<xrmmro 
M • 0 < < 1 M ’ 
— 0 H F- ’r X

0X - - - -
MZ MW3Z333 
Z m -QQM<MMW 

cn<XzmrnXXXXX 
WXZm0O0E-i000 
0 ztnx00tntntncnin 
cn < 
us moocMCMomooooooomm 
ujmoommooooooooooo 
Q coooooooooooooooo 
<1111111111111111 
M Otrincoommr-mxrmiDd’?co''T 
m mmxrmmooommooxTxratm 
\OOOOOxromoOOTlDlDlDOO 
QOOOOOOOOOOOOOOOO 
x I I I I I I 1 I I I I I I I I I 

omcMCMCMomoininooooot'- 
>. r-o®r-r—mointninr-ininmocn 
, i CMmcMCMCMmmmmmmmmmmcM

X 
M 
tn 

2
Q 

5 
X

5 
m' 2 
xS

X to M 
tn m x

X3 
m tn 

tn 
- M 

0 x 
0 z

0 z

< < m < z 
W X X 0 m

0 

s 
g 
cn 

> 
o

<

>

X 

z 

z

• Z X

X - 0 
Z X

M -
“ £

- M
D CD

X m 

cm x

2 
E

S’

< 0 7 
0 to

- O - 
M Z 3 
Q m w 
m X X
3 Z 0 
o tn tn

z
• z 

0 bJ

X -
Z X

- X 
CM

m ao

o

I CM 
O m - 
m 1 0 

o <

5" I 
X H X 
0 3 M 
tn z h

tn 

3 
X 
m

8 
E o 
tn

M -

2 D
Q m 0

O m 
Z Q

X < z z 
M tn m M 
3 1 cn 
o 0 
z z - 

m •» __ 
Q H \ X 
m Z m q id ir 
OBI - m \ 
X O -1 ~ ■
? X X m Q ’ X 

Q ; ; ::
- m cm X O n* 

X O m x cm m 
W X ■ ~ — •

§8 4,

0

8 
W 
Cm

8 
g’x 

u
• X 

0

m 0
X z
-0

0 M" 
m -M 

- m z m 
Z - X M Z 
m v M - X

Q to y

cd \m 
X m 
"2x“

I cm o m 1
o m f-« 1 id

—. » m 1 to
O * _ p _-

tn M 3 0 3 W
Z b td - W W 0 
< a X p m X < 
X 0 0 3 X 0 Z f- ft. wz w win

H H z z
o o z z

O M 0 
X z < o > 
-u o

0 H 
m X -- 
x m tn

■ H E-I 
0 w w 
0 X w

_ S88x 
0 z tn tn

- Z M-
id m -u-x- 
m F-i co cm cm m co

X\X \ 
- c m x in

XXX

. CM CM CM 
-v . . . . co m m m 
III III

0 m co co -to to to

- - - - - 3 - - - X O 
- « **3Z333W0___________ 3 W W W Q W ZmrnXXXXXXXXX<m m330E-.000U000ZX -______________________ W yj yj

X 
'' z*



H H H 2

o

10-3

BE 3233 rH CQ m

04

A

3 3

04

?
2

M3 s

ft

i

3 
?
!

5

2 
i
I
2

5S 
-A

SS
O 04

s
r—4

r-
O H H

• ►-< Q

m

x"? 
04 I « M

£

g

CM • K*

!■

rH

!:

ST .6 ;
U <? to

ilhl

§

s
?}(p

bs
v x 

-too 
~ST

O O O O -i o 
• 0000^-10 

2 o o o o o o 
~ ,AAAA 

3 o in r-> oi 
r «<r o o ->t 

_ 3 0 0 0 0

22255° ■> m cn t m

§

<
7Sg 
"Jj 
H m to

252

•■ in
5x5 
“•»> 
tn y g

I 
ft! It

X O ■' —

<-4 ON 

-Ss".

a 2 

i!
ftS °u
'X X .

Is §gx 
wo. .apS 
z' X H X - to 

S .STS . 
*g .X>J 

J Q -NH 

^ggxE 
- o o - 

,'xSSi2 
>=X
X •■ <0- -ox bllh 

ii J'hlil

r>

5g 
o <o

8 = 

h 
b' 
«

„ ggg
04 in rH H

!hli hiii! 
iW

m

.2 
X o

-4 MON 

>32" 
x”Sg 

ssb

•0,On-<O«-4r4OOO 

gggggggggg 
ssississss giiggggggs 
A A A A A A A A A A 
coincocoiONNociai 
NNNNnnNnno)

911> 
o 2 m m 
o cn m •

• -g 
IPh 
= ggg£ 
N 1/1 N N 
N r4NN •.

2 2225 
r”‘

oo x 

1L
2§2X •ggSSS 
V-3 to • ** X f—<•—Ir—I 

“ .a5§£5SSS 
g’S°5HgAAA 
< -4  m z to o o o 
?x2>SSx - - .

§S ,gg
?? §??
SA <25

in 

2 

prfl 
_.- “Sg£! 

q ni a hh cm « a w j “ sssys 
IbiPhoPIHiF

2 g s . 

sd
e io V) O -r 
r-i to «■ X

ill

oogggggggggggggg __;aaaaaaaaaaaaaaa 
HNOVNO-JNO^NOHNV^r' 

ggggggggggggggggg 
NHr^NOr-NAHNONNHHNO 

m’T’7coOTOCD’?’?cocDOco’ri'co(r>

ggggg sigs
AAAAA SAAA to o* m o o r-4 John 

EjgggSS oggg5
o o in o o

ih li hOlihOilhh!!



o0

Q Q 
0 tC

10-4

U

B o
in

s.
1

e u 0 0 
Q Q
O O 
O O

mcMcnoMOMo 
cdooooooo 
00000000 
>1111111 
O n in vn rJHio 
U * hc; oHin 

o o o o o o o
• o o o o o o o
• I I I I I I I
• moiooooo 

ID CO CD CO CD CO
0 CM CM ON CM CM CM a a;

U
Z

mooooooo 
oooooooo 
oooooooo 

H i I I I I l l t 
UMr-oocMocMOirn 
M^NNOrnHHO 
0OM*IDU>OOOO 
\oooooooo 
X I l I I I I I | 

inoooMcococo 
KiDinmNH<r't' 
0cMc*>cnmmomcn

O 
HNH

I 
m

o o o o o 
o o o o o 
o o o o o
i i I i I 

o> m m cm
0 m r-< o m o 
0 o «r o o 
<00000 
3 I I I I t
Q cm o o r» r*>
tx to in m
< m m m t v

Jr^N Ni-<H 

5
g

00000000

MO«C<<<<<
0O.JUaa.JU

5

35
0 0 0 — 

N O 
U U M 
MM Q 

> 0 0 •* W 
M 0 0\£

M ID * 
Q M CO — -»

rn rn 
S? X X . 
O u> « «-Z
pON 0 Z Z M 
H m >• 0 Q m 0 
Ol I 0 0 m 0 Q^iojxofH 1 m 

0 0 o m m 

eiL-isssg 
OUUDMZUU 
U 0 V) Z fc< m 0. 0

Z

SB
z 

a z 
58 
0

a
K 3
W H

M ft M < z r a 

Mggftggg 
Q m O o

R 0 > 

apgSSi 
Op KMft) <g 
A 0 H u w 0 0

>«
M 
Q 

g 
M

M

CM Q > 
0 0 0tn m z n 
cm *■ M 
m z ' 
in < u - 
•. 0 W 0 

. -£5 
0 • 0 
M U m 
MU - t" 
K M X • 
0 0 0 >
0 0 0 ^r- 

0
0 *■ 0 < M 
r m 0 m 
2^0'-'- 
0 X.0 o 
u r- 0 in 

- o <m
« X -r O r- 
O \ m M 
0 o m 0

v x H * 
0 1 o a q 
u «*■ ■< <i 0 

a "i1 ° 8 
u 0 >00 
M 0 E-* 0 Z 
< O 0 D m 
0 0 Z 0 U

u; 00 
u u u 
5 x £ m 0 5i 

i i: 
■

A O

m a 
CO x 0 <m 
X m u 2 < 
“ CM 0 Q p (J 

m © 0 
m 0 ® ^z"

Z 
M

I 
X
z

a 0 H 0 0 < 
0 0 ur r •
--ft

2



(0o

XIX

g g

Q Q

a
E

E
CM

—<

A

3 S
10-5

intfl 
tn

t
M

8 
n IX 
W N

3:

Q

ffl

UJ w 
V)
<
>
CQ
l

f—
OT□
m s— 
E 
< 
Q.

« 
O
Z 
< 
X 
o 
111
S

H

8
S

LU
Q

S

=
2

Q 

<

H 

g 
X

H 

!

JH 
g 
X

S

I

Q 

c5 
tn

E 
ai 
%

E 
S
£
g

8
2 
ot

a
X

8 
ot

28KE5

8 
E

S

ES

Is
Sg

i
II 
“A 
F 
r
O
Q s

J

I

*■ g

X

5

U O U U O U M 

888888* 

IHHIi

co - < 
\ £-. t-4 l£> 
cn to 0 —i

*85- 
CM CC CM - 

7S '3 
= -Jg

ID

\
a 

*i*
- —< — VO

X —I — in

U

g
<

588388

ro
g
“s

s° fs 
do' 
Eg

VO z >-*

Sg>
X t-1 o

o C?OTI w* — 

am;

88 
S< p 

ot 
□‘3 
3CD

o m cm o cm v 2 m tn n 
A01A -A
- H ' M - 

X M X bi X 
W X W U M 
KU g <£« 
u O u a o 
w ot ot cn ot

pF 
h'~ 
ii* 
8 _

gfpfji 
Cl T UWOOCOCMCMICM 
CO -cxtX’rC'rmcncorn 
U * U < < I U I I I I 
X JE-H'TXcncom -to 

g-

g 
885g 

o o o
Q I i I 
-3 m o O
O cn tn cm 
X o o to 

o o o
Will
O cm -4 o 
0 r- o in 
w cm m cn

gggsg
3S2XS

Olffl r r^~
8
Q

hI co 

-Igu 
M > >-< Z 

-0; -ipJh: 
x x a x 

,5___ „..n^ih
aw...........................o----ccc?--a

lllilMmh-

!!!
O O CM

< co in cm 
ex cm m m

2

—< o o o o 
o o o o o 
o o o o o

O I I I I I 
Z c~- tt m —i ct 
>—I Ct O O O O 
H O to CM CM O 
Z o o o o o 
o;L ' ' ' '

gg 

h :ss- 
g -Eg 
ID H <

5A28
J X >< M 

gS5S 
ESSE

&lll>> > > > >
in in f-t o o o
c-> m o o o •

. .a^g

o o o »-< 
o o o o o o w 
CO CO in CM CM CM

*?Bs

- Q co

u:E u c 
835 
o m

a Q x w 
Ez£ 

Ps 
pi
sss

8g
r-

!*

ga <
tn

O 0 w w y w« W »J cn x W 
r,XWOOO - -3 
w w a w as iJ cd 

‘O o o ex

igillhi 
a m w oto ex w

ex

Un inooHO o 
o o o o o o o 

igggggg! 
r- to r- cm cm to 

ot io in at at to co a> 
OTCMCMCMCMCMCMCM

gggggg 
AAAAAA 
in o in o in o 
o cm o cm o cm 
o o o o o o 
AAAAAA b m r in n in 
m co co m cn cn

O cmq h o cn cn
Q-HOO r-tOO-4 

co o o o o o co 
34-Ao ot cn o tn 

p’g g5ig! 
8AAA gAAAA 
Q bino ex co in cm co 
m cm m cn c, , —, r:

i
2

J u «

3E

HI 
O OT OT

i 
o

ex n 
tM w

gg g

ssl

- ex -tx -ex 

g :g :g : 
tn W in j in w 
N H CM H CM H

-E .5 -E 
Q Q Q 

ppp 
►K X Hl X >-< X

Ieesss
§ A § A § A

iiilif gill
U

5 
"ggggggg XOOOOOOO
HHHin'r'j’fM'
X rM I—1 r—I r-4 r—I CM 
--'OOOOOOIO

O O O O O O O 

“»»»»»»£ 
Hiototoiotovocn

SSJ
H \ Z 
2 A 2
gxxS"
(J I ex

. s 

Iftii ph'

u
* H

° m § 0

8
X

E-«

!

Cl? X W X M X 

L-L-L-

g : 
,£g g o3 
g5§ : Eg 
j°-°rgaS 
8 2 2 = 2^0

H H cn -w -J 
W W \ • -hi

- 
AA^«'S»'Sg

XXXCMXXXX

“ — • CM CM CM CM

.A AAA

r-COOOOOO’-l OTOO»-l»-IO'-li—< •—M
OOOOOO^-IO <00000«c?00
oooooooo oooooooo

cd I I I I 1 I | | OT I I I I I I I I 
Wcointoc^cocMinio <-<■wr--io-i.-4-Min.-i
iJ—ICMCMCMCMOOO >CMOCMOOOOO
-300000000 WOTlOOOOOOO
0000000—10 JOOOOrMOOO
a rL Ct ot Ot at Ct o Ot XO in r--y o r-rM CM

WOtinininincovDin Qintor-ior-r'Oco
XcMcncncncncMcnm t-imm-rCMmcMmcM

5 
£ 
ex 
g 
<

H

|s
ix
58 g 8
-3 o Q

£gSS

82gg82g5gggggggg5582g 
rfCDOOOOOOOOOOOOOOOOOOO 
U I I I I I I I I I I I I I I I I I I I I 
Xo^rmcootcn-ir'cn^r—<t£>TrmctcO'rcoot-< 

—linTrmmooo—i—loOwr’CtrotmcDcom 
OOOOOO’trOtncOCOCOOTOTtOOTOOOOO 

____________ \oooooooooooooooooooo 

AAAAA 1 AAAAAAAAAAAAAAAAA AAA 
in in in r- ot ><r-ocor-r--inoinininr-intnintnocytininco 
cMcnmcncn WCMcncMCMCMmcncncncncncncncnmmcMcMCMCM

O O O O I—I C3 O O O O F X hi

SS§§E°x 

sAA»gg° 
1X1 X X X X w 2 

> . . .
< Q a Q Q OT \ 
WTHIHII-IMOTC-X 

intDIOlDlDXXO 
—1 —I —I —< CU

- W W • o W in in in in - q • 

IIIiHIi

5
“ I
i
3 E 

ih 
>-< X

2S2 
5“ A
ggg 
SEE

I
s 
s 

sgih

~ <:?2d
.E
« -g



Q

N (N Ncm CM CM CM 4 CM CM

4

c»
4

NHN-IHNCM

10-6

0

E

0 

E

g 
S

E

5 
CD

W

i

e

3 
tn 

£ 
i

>J J 
14 4 
4 M 
tn e

E

W 
W

U)

W 
0 

I 
? 
Q
§

Cd 
0 z 
2 
o
o 
3

CM

4 

a 
cm

3
£Q

E

X

E

* E 
Q

* W 
Z 4 
< E 
E

W

g
zo
W

o

£
E

W

£
o

W

E

3co

m

5

tn

co

3 
g
3

►4

»£
5»s 
E 
W X

Z O

".I 
tn

55
< E 
E 0 
0 tn

Q Q 
W < 
Q W 
>4 >4 
M 
4 Q 

W S
E

W • 
>4 E 
m 4 
< 14 
U 0

q a w < 
Q W 
►4 4 
W 
4 Q 

53
E

M - 
14 e 
tn 4 
< J u u

3
A
w 
Q 

35
xo 

>< o 
3"1 
e -
O O 
W I 
E m 
M

to a
E 

g!
Q Q 

S3 
E E

W 

Bl 
O O i 
Q 0 
W 4

W O 
5^ 
tn 4 
Q E 
Z O 
< E 
U) E 
I 0 
o w 
4 E

4

Cug 
- Cm 

£ x 
22 
E J 
D Z 
W 4

a o w < 
Q W

W 
4 Q 

53
E

W - 
»4 E 
m 4 
< >4 
0 0

moooo4moo 
400004400 
000000000 
I I I l I t l 1 l 

tn o xr cm tn xr-------
m 4 o o in m 

tn o xr xr o o 
Cd O O O O O O 
Q I I I I I I 
4 CM O O O 4 4 
p r- in id o xr 
0 cm m m m m xr 

!..............
0

Q Q ss
w 
4 o 

56
E

W * 
14 E 
m 4 
< U 
0 0

Q Q 
W < 
Q U

M
m Q 

56
E

3 a 
CO M 
< 14 
U O

q a 
U «£ 
Q U

M
M Q 
E <

E

3 a m •-< 
< >4 u o

CM rd 
r-4 O 
o o
r-< at
CM r4 
o o 
o o
iA
O CM 

M cn <*»

ffl

M
Ch
E
D

CM iM CM O 
<-4 0 0 0 
OOOO 
Illi 

—< CD «T CM 
o rm «c o 
■4000 
OOOO 
Illi 
HOO V 
» CM 00 tX> 

14 cm m cm m 
M

I

« co

\ 
•4 in

X X

CM O 
m xr 

tn 4-

u> in R-t 
moo 
oom 
000 
l l 1 

cm m x? 
r~ to xr 
CM X7 m

cm o 
o o 
o o

co m 
(/) cm m 
4 o x? 
W o o 
(A) 1 l 
<cC <4 o 
tn to tn 
O cm m

E <

CM CM 
O O 
o o 

is 
o o 
o o
■XT XT 
o o 
m <n

W 

■T"1
m
o
<

CM ■* 
3 D 
Ch Ch

OOOOOOOOOOOO 
00-400014000140 

W OOOOOOOOOOOO 
w I I I I I I I I I I I I 
14 tx>coa'CMr'-coatm®coa»o 
CD Oi4CMOOi4CMOOi4CMxt
< OOOOOOOOOOOO 
O OOOOOOOOOOOO 
_ I I I I I I I I I I I I 
Qc*CMR-<i4r-CM>4R4r^CMi4>4
< oco'T'roco'r'voco’r* 
W inmxrxriAm-M'xrmmxrv 
E

X »4 CM CM 

3 
Ch 

a

° z

J 
4 M 
Cm U 

CM H 
tn * cn

X 

14 4 X 
E E 

OChE 

o ' w 
(J to D<

M 
Z

-O -4 
W XT X 
■4 I O (J *T xr 
< I ir 
O E E- 
W U D 
E V) Z

m m o 
4 0 0 
000 

l 1 I 
r~ 4 r- 
m cm m 
000 
0 0 4 

1 1 I 
CM tD O 

Cd r- cm tn 
Q cm m m 
4

U 4 4 4

E i 
§

o o w w 
ffl 

2
E 
OOO 
E-i o 0 
U o o 
W 1 1
Z xr m 
Z o m 
O XT 
(JOO 

caoo 
4 m m 

a” " 
E xr m

E 

g

000 
000 
000 
I I I 

m id co 
0 0 4 
000 

E o o o 
will 
Q CO CO XT 
14 4 4 03 
O XT xy CM

W 4 4 4 
W 
g
Q <
W

E
O

WEE ENN 
8zz tn < < E E
E 14 14CO 4 4 

14 WE 03 4 - E E — 4 XTQ \ XT xr m w
XE XX

I

X o
A

w 
I w 
E • 
O

u
6 5 
Ey

5 J
>4 E to X, E 4 Z \ m Z co 4 \ x

to xr X in CM ItO CM - in
E I ‘ O cm X w (J x X E W Z 

Q Z W x 4 Z E £-« U O U 3 W (J tn Z z
o
w o o o 
U o o o 
<000 
E I I I 
E xr m 4 
W m o o 
4 4 CM CM 
z o o o 
4|ll 

000 
E co in 4 
W m-------

E 

8
E 

g 
<

CM

s 
g <
m 
a

I
' 4 E

4 Q u 
4 Z 
Q 4

E Z 

!!= 
O ’7 
m q \

4 m 
xQ I

2 P X

• Em 
U W I 
eS2 
ag a 

w tn X□ z y 4 2 e 
SEP 
U H W

OOO 
OOO 
OOO 
I I I 

cm m m 
W 4 m o 
14 o XT XT 
(J o o o 
4 111 
4 0 0 0 
E co in 4 
W m m m

W E 4 CM CM
U
g

I
0 XT Z

* 4 4 
Q E O 

= 8A U in
f-X - tn o < " e tn e o zx Ch 4 o E > o U w _ E 4 O I XT 
W x x o 1 tn x J 4 xr 0 < x
X Z Z Q X a 
E 4 4 14 Z S Z p tn z w w w w 
4 O E 4 E E E 
O O W E U U 0 z x 4 tn tn tn tn

E 
N 
.ag

Q 14 id 4 W 4 4 
CM W E Q co 4 tn *
Q xJq 

4 X X 4 w 
4 W E Z 
4 E X E W 
Q E W 

tn *E 
x E to (J 

CD W 4 tn 
XE \E 
m m 14

X VX w
E O 4 o E «£ xr X XT rf W I O I W E xr xr xr E

14 X Z j W W x m « 
Z E 4 E Z < (J O U < 
e tn z tn e

IDo XT ID O O ID m 0 o tn 1 o o I CD OX 
tn ° _ cm in 4 4 cm m ■— * CM 4 u E in ID CM O 0 CM | ID 4 

•- <c 4 tn 1 14 14 cm o tn o - ID O > 
I E

x tn o E m 
W o E O 
-4 E W 
S X 3E x § 

- tn O z 4 
O m 1 O i4 N 4 
E I * E 14 W Z 
E to X, W E 4 

4 X>4 U X
xx tE 

w 2$ 0 4 tn tn e 
tnS^JSrSwS 
i4EWEtni4i4i4 s 
4

0moooooo 
CM o o o o o o 

ECOOOOOOO 
4 I 1 1 1 1 1 I 4Cxmcoma»om 
ZOO4CMtniD4 

4 ID o o o o o 
140000000 
W I I I I I I 1 
Z4mxr4xr«rm 
<coin®a>oo4 
cuNmcMnrrr

4 

2 
E 

g

tn 000000000000

W OOOOOOOOOOOO 
“•>1111111111 
< tDtoctcMrx-cDaicncooocio 
0 O4CMOO4CMOO4CMXT 

OOOOOOOOOOOO
Q OOOOOOOOOOOO

6 AAAAAAAAAAA4
X oa><4*^ocoxrxrocDxrxr 

mmw-«rinmxr«rinmxr-<

I
g

4 ID 
m to 
O ID

P 4 ° 
W m cm 
E O I 

E 
x Q 

W x 
14 X x 
4 W E 
E E 0 

S°3 
e * tn 

0Z < X 
O rn W

E W 
W 4 « 
Q E xr 
>4 E \ 
O < 4 
X 0

W W 0 
tn tn o 
3 3 U 
E E E

xr o o cm o o o 
0000000 
0000000
I I I I I I I 

tn xr xr o co xr xr 
o cm xr m 4 o o 
o 4 o o o xr xr 
0 0 0 0 4 0 0
I I I I I I I 

tn o cm r~ m o o 
tn co co ai in in m 
xr m m cm m m m

E

o

g 
<

cm o o o m 
0 0 0 0 4 
o o o o co 
I I I I I 

14 m 4 m m CM 
W o 4 o m o 
Z 4 xr XT XT 4 
<00000 
E l t 1 it

4 0 0 0 4 
4 co tn r- tn co 
p cm m m m cm

4 g
O 

g

r*
o

Sx
4 tn w 
4 < Q 
4 14 4 
DES

E CD 
0 m

W < • 4 4 J 
4 < m x 
4 z o o -u

CD O Z 

ag§s 
w x o 
4 J Uin 

ffi x a p
14 Q 5 

Q W W 4 

SSS1" tn e 5 r- 
1 4 CD

§ E W x 

E E 4 E
x x5£ 

14 4 E 4 
W < W <

g

sg
N 4 O 
4 p in 

o“7 
Z x Ch 
< 4 Q 

W

0 —
3 tn 
m _

1 x co 
E xr 
0 X « 
W 4 W 
Q 0

X “ 
SCM 
~ m

4 Q
14° S

X^O4X 

Z W 4 z
0 4 4 <
z z tn q e

~ CD

Z x 4 X xQ
< 14 4 CM z
E ■ E m <

n x xw 
xp • r-x 1

. , .4 q.cm- 
tn 4 CM < p

® ^xU ° x 
xQ o ~
< to 4 . .

xE o 
x xz td 4 

-xr • O Cd E
4 \ E 14 U P X 

- < 4 £ U, Q 4
XT 14 X O W Q < E I E o 0 4 4 4 g - xr X z m 

X I - - 4x ' E xr 0 0 - x - 
WWW Z Z W Z QWK — 4 4 p » m 
4Eu)4Ep4ZE 00<pe5p20 0tnzztn40Ew

z 
0

p 
X

4 CM 4
4 - CM 4
4 E E o
Q N 0

w
Q W <M

4 tn o a
tn • • 4 CD cd
5 z x h \ -Q ™
KT < 14 4 CM Z 4 O

“ < 14
u) - tn
9- - E ID 0 
< XT Z 
0 > O

Q
314
. ffi 

< x X X 0 xr w
X ”T tc

0 x

E
o

E

2



fcl
b3

!!

a

a inin a

<

2

3-

I i 10-7

§
3

u<c

LU a

< x 
o 
UJ z o o o o • 

O O O O rd 
rd rd rd rd 0* 

■ ill '-r- m*r
o 
cd

2

=5 
ffi 

 
UJ
(fi 
w

> a
0

C= 
€0
=1

s 
«g a
< 
O

822222
IO ID ID ID O 

ID rd rd rd rd rd 

mm

0 p u u 
Q D

gg 
rd rd

«“E
855
5S8
333

CO

sss g
333 p
rd rd rd t>

isss=
ID ID ID ID 5* 
cd Cd Cd Cd <

« CM 

L 
D

I
►d 
C«4

m

i

m5

I tt «r "»r -<y
Cd O O O O O 

533333 
o I I I I I 
XT rd rd rd rd rd 

mm
ID ID ID <D IO 

ID Cd Cd Cd Cd Cd

- o o o o o 
o o o o o o 
O rd rd rd rd rd 
—« I I I I I 

pm*

ggg

ggg
o m m

s“ m
§e! 
>-d CL 

BA3

ggggg 
sssss

cd m m m m

£228
ID ID ID 
rd rd rd CO % . 

mi^

Igi|gs hu-ho- hpgpsih 
yiiytpiipiPiPiPiP
JEgh.-hjh.-hghghghJs ihhihihiiOhihihihi

TTTT?
Cd Cd Cd Cd Cd

jd
H rl <B X ffl
Q W io

s.".p
ouub 3 O W W Z tu

gggggggggggggggg 
iiiii-mJ-Aiiii-U 
in^T'w«<r<«rinrdrdrdrd-<rv-«rinoo 
rdrdrdrdrdrdOOOOrdrdrdrdOO 
oooooooooooooooo

5 iiiiii.m.UAii.J.A 
t-d QOCOCOOOeOCOCOCOCDCOCDCOOOCDrdm

ill s §§§ 5 
»«r§< 
hi C*C « •-< 

asms 
Q O Q O tn 

a a ►-< h

5 a: a a z Is 
_ z w M M  Ed

in in tn in
Q r> Dm Dm am a

gg gg gg gg g£
’Tp’Tp’YS’TS*..

gS5gS5g"5gS^g
Eo^Bg^gp-ga-

530333 2222 
aomcOCDCOtDrdrdrdrd

pH dHHIIHHIHIHHHHIIH
s!H PHHhH!HHIH!HhhHi 5 
"222 g25S2gS2SS2g52SS2S222g2222gg 3 
irrr r. n _ „ _ „ - .r. r r, r r. r r h r. r r n r g 

! S |
§ I < < * ! ! M | |E pjj

0 .
2 6 5

Hi
§? I „ 

m z * mwm 

ihjbs 
Swint-igjzz 
 uaXog^JtStMtuHIZ 

•DO ZMhMJJJwT 

2ilehI^HS8

1? 0 1? t! 1! 
5 »7 5 * ? B s ? g1 ? g1 ?
< o<*< <C O cd J g> cd >J o cd J o cd 
jocdjocdfflocsnocscnocd 

pmo-poSsU-SEe- 
’pEpepspspep^



5

e
Q Q

VO

10-8

§i
w

95
£

8
9 r»

2

o

g

I

5SJ

III

22
S3

dn
On n m m

2 — w

5

°2 22
5 85

S222 
■—< r-i rM o o o

> 
Q

2

D£

O s

2

CM

2
x

I 
a
9

£S 
>.>*' 
sM 

$ 

ill

o o o 
o o o

g;g 
ODO 

iiA 
co tn t— 
co m m

■ p g 
ssB 
5J>£ 

Hi

lb 
»ig- 
a'r 
l=s 
hi 
U I"

(EX’* 

£oi
•* X 

tt I o r.: 
ih

X
S£. 
w .z 
$ 

25 2

Sx- 
°-o> 
27S
H --i 
£5 . 
O cc H

o§

H N mT 
O O O O 
•» ■* xr 
-4 r-t r-4 ^4

S Q 

gg

CM

VO

S _
i 22 
co _ Q u,

CM

Sh

_ - . . vo o :
l m i ’-<

inmoininalinQ\ 

u%u°2ur 
« -oa - a MX

^2232222

“■SSSSSSS 
2_ w

5
2

2 
Q

h'H
'i'lp
Shi

M

5 E
M J 

S1 
s§ 
s"p

0*0x7 10 

g r~ m 

^ono 

-Z^Z 
hlf 
gy&8

o

2 
o

2 22
in m m

tn -t tn cm tn
CM cm H cm .-< H ™

io m > vo i > to 

■X^g.nJ,

bihihiW

II ft 
ly 
ir.:

?
S

ft E

; 11^ ca -
CM (J 

“85 .<£ (fl 

§fe8&II
Sg2 ds

M F< 
pgg 
ill

ggggg§22 
oooooooo 
I I I I I I I I 

CMCOr-CCNOSi-imrn 
oooooooo 
oooooor-txr 
00r-»00<-<00

inrr'inrr'inr- 
inmminrncntMm

h ■ •

Q m Z VO to vo 
Z < CM CM to CM

< o OT I I ’-< I

S>£S82 
27iSS“- 

"v“-ho 
lliili!

ft 1 
j 2 

e i w. s ss % 
.■g xh 
s. g2* H m o •-< ■ 
“2 
xxg?: .2 £ .g-S . 
-S .x>j

SxSSxE
- O O » 

S-s^.S

*• a 4- u u - 
52SSS5 
W 5 Z V) H U)

!■

3 s 11 
§s l6k 
ij ®

5 X

»? il?? 
cn <n m tn '-< m co 

gsi hS§§ 
S2? §2SS 
m m cn hc m co m 

-h cm cm 2 xr -i

g
Q

9

.... J i«« ffim in

tn m tn 
cn m cn • •

.. .gg
J>U 

11!^!
- * >.q kJ Mtn 

UUUhhP

EsE£Sr. 
ggg»»“5 a 2 a h h o q

Sniji
555 £gu' GuGxjh® 
slilii gil^h=

o o
X X

«!■ >!»!« SB-■I-- 3sznn s"?"°?.............. ; g2gg;;s ss

ooooooooomoggggggggggg
sisissiisiss
SggggggggggS

ChO^ff\Or-!<T>OH(Din 
»jrnxrxfcnxrxrmxrxrcMm ....................

22 2
85 8

w

!??????
sssssss
X o o o o o O

poi^i

o
Q

9

g
-8 <

o

"‘2

£
§"2



Du 
N

10-0
o

£

bi u
q q

o o 
o o

o o o 
o o o 
o o o 
I I I 

rH r—t CO 
* * O 
o o o 
o o o 
I I I 

O O CD 
co co r* 
cn m co

g s

22 
Q Q

2
Q

w
Q

5

NDOr^H 
O O O O O 
o o o o o 
I I I I I 
Nf'N H 
*d * o —i tn 
o o o o o 
o o o o o 
I I t I I 

m o o o o 
ID CD CD CO CO 

V)N<N NNN 

S3 
g ^4^ _( -I

jJ 

Z 

fa

0)
CD CM CM 
poo 
zoo 
X I I

CD CD 
J «-< r-C 
O O O 
a o o 

g A J, 
O -H «-< 
U co m

a 

P 

u 

m 

co 
m

ft.

Mu • 
co co z 
Q Q U

II- 
U til cu

bl bl U 
O O 
Z Z bl 
< < >J 
u j cd 
fa fa <

O

Z Z - 
M t-< z 
o. & m 

m tn 

SB'I 
X X CP 

883 
W W ft.

m o o o o 
o o o o o 
o o o o o
I I I I I

»-< CD CM Cn 
*d cm cm o rn 
O * ID ID O 
O O O o o 

,11111 
H m o o o <-< 
bi to tn in r- 
UNm m mm

X'rH <*) V * *

J J 

§2 
H Eh 
Z Z 
O O 
U U

U> J 
bl bl 

SB
cn m 

gg 
bC bC

- - «
Q Q «t
® X J

CD
H 8-< <
J «J *- 
Cm Lu D. X 

N D 
J J •-• 
M t—< - Q 

> ta ffl * bi 
w ft. c^

>-< ID »
D H O X E 
W ID 
CO CO CM Cm 

CO 
s x x i - 
p ID K

O CM 01 
H * m - fj 
O I l w w 
CD * to CU O 

bl 0£

i> a a h w 
OUubbJ 
U W WZtu

o; oi e; bl bl bl bl> H m co p
m o z z a Q hi m
Z 3 Z W -eq m E cn ft. H a h P p N < CD H ft. w CL m

a J u J j bl bl bl hl bl> CD CD CD CD 
8 J u a j


