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Two audio-tone receivers
 

with power supply
 

SRU-l1 SINGLE RECEIVER UNIT DSU-12 DUPLEX SIGNALING UNIT 
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Figure 1-1. Hammarlund Tone Signalling Equipment 

SECTION I
 

INTRODUCTION
 

I-I. This manual covers' installation, operation, 
and maintenance procedures for Tone Signaling 
Equipment manufactured by the Hammarlund 
Manufacturing Company, Inc. Table I lists the 
equipment covered by this manual. (See figure 
1.1.) 

TABLE I.
 

HAMMARLUND TONE SIGNALING EQUIPMENT
 

Nomenclature 

Transmitters: 
Dual Transmitter Unit 
Dual Transmitter Unit 
Single Transmitter Unit 

Receivers: 
Dual Receiver Unit 
Dual Receiver Unit 
Single Receiver Unit 

Receiver-Transmitter Combinations: 
Duplex Signaling Unit 
Duplex Signaling Unil' 

Type 

DTU-ll 
DTU-12 
STU-II 

DRU-ll 
DRU-12 
SRU-l1 

DSU-llT 
DSU-12 

1·2. Hammarlund tone signaling equipment is used 
for remote control and supervision of widely dis­
persed industrial and utility systems. When used in 
a control system it has the ability to monitor and 
adjust a process in all phases from a single central· 
ized control station. Tone signals are carried over 
regular telephone lines, special wires, radio, 
carrier, or other types of communications links. 
Tone signaling equipment, when operating in con­
junction with a control system, is made up of fixed 
frequency transmitters and r.eceivers operating in 
the audio frequency range. 

1-3. A basic tone signaling channel is composed 
of the power supply, tone generator and ~ fixed 
tuned frequency determining unit which comprises 
the tone transmitter at one station, and a power 
supply, receiver band pass filter and tone receiver, 
comprising a tone receiver at the other station. 
A basic tone signaling channel may operate at 
anyone of 57 separate standard frequencies be-
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tween 425 and 6025 cps. In a control system each 
tone receiver is operated in conjuction with a tone 
transmitter functioning on the same center fre­
quency to provide a complete data transmiSSIOn 
channel. Data transmission channels may be used 
for many functions, some of which are remote 
control, low frequency or pulse duration telemeter­
ing, alarm signaling, and open-close operations. 

1-4. A number of data transmission channels may 
be operated simultaneously over a single com­
munications link without interference. This i~ 

possible provided different center frequencies are 
used for each tone signaling channel and that the 
transmission loss is within specified values. The 
choice of frequencies for the respective channels 
is determined by the transmission characteristics 
of the communications circuit, the presence of 
other frequencies used in companion services, and 
the character of the overall control facility. Care 
in the selection of proper operating frequencies 
must always precede the installation of tone sig­
naling equipme.nt on a communications circuit. 

1-5. Tones may be either continuously on and 
negatively keyed, or normally off and keyed only 
on transmission, depending upon the requirements 
of the specific installation. 

1-6. Several types of standard relays for the tone 
receivers are used and are selected to meet appli. 

cable service requirements. Among these types 
are hermetically sealed relays, relays with dust 
covers and magnetically biased polar relays. Units 
are normally equipped with the type of relay 
specified by the customer. 

1·7. Nomenclature Breakdown. As an aid in iden· 
tifying the components of any tone signaling unit 
the breakdown of the code letters of each of the 
Hammarlund tone signaling units follows: 

NOTE: Last numeral of digit unit designations 
denotes the number of line coupling transformers 
present in the assembly. 

S ... Single 
D Dual or Duplex 
T . Transmitter 
R Receiver 
U . Unit 

Examples:
 

STU.ll DRU·ll
 
~ I '---.1----,1 I ~I I 

Single Transmitter Unit Dual Receiver Unit 

D S U - 12 

I ~ 1'--------'1 
Duplex Signaling Unit 
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SECTION II
 

PHYSICAL CHARACTERISTICS
 

2-1. GENERAL. 

2-2. Hammarlund tone signaling equipment has 
heen designed and packaged to permit complete 
servicing and maintenance in the field by non­
technical personnel. No critical adjustment proce­
dures are required in field maintenance as the tone 
generating (TG) and tone receiving (TR) circuits 
are entirely packaged as plug-in type units. These 
package assemblies plug into the basic "power 
panel" chassis strip. (See figures 2-1 through 2-6.) 

2-3. The components of the tone signaling equip­
ment are mounted on the basic "power panel" 
chassis which in turn is designed to mount on a 
standard 19-inch relay rack or cabinet. Each tone 
signaling unit is complete in itself, requiring only 
connection to the 1l0/120·volt, 50·60 cycle power 
source, and to the communications link and func­
tion device. Tone signaling units are independent 
of each other. A breakdown in one will not affect 
associated units. 

2-4. All Hammarlund tone signaling units are of 
modular design. Three basic modules are arranged 
in various combinations. (See figures 2-1 through 
2-6.) Module types are the power supply unit 
(SU), transmitter unit (TU) and the receiver 
unit (RU). 

2-5. There are three VarIatIOns of power supply 
unit modules (SU) since there are slightly 
different requirements for use with transmitters, 
receivers, or combinations of receivers and trans­
mitters. SU-l modules are used only with dual 
or single receiver units. SU-2 modules are used 
only with dual or single transmitter units and 
SU-3 modules are only used with the duplex sig­
naling units. 

2-6. There are two VarIatIOns of the transmitter 
unit modules (TV). In the TU-2 modules the 
output transformer apparent in the TU·l modules 
is omitted. 

2-7. There are two variations of the receiver unit 
modules (RU). In the RU-3 module the input 
transformer as indicated in the RU·l module is 
also omitted. 

2·8. Modules assigned to specific units are listed 
in Table II. 

TABLE II.
 

MODULE SECTIONS ASSIGNED TO TONE
 
SIGNALING UNITS
 

Unit I Modules 

Transmitter 

STU-11 
DTU-11 
DTU-12 

SU-2, TU-l 
SU-2, TU-1, TU-2 
SU·2, TU-1, TU-l 

Receiver 
SRU-11 
DRU-11 
DRU-12 

'SU-l, RU-1 
SU-1, RU-1, RU-3 
SU-1, RU-1, RU-1 

Duplex Signaling Units 

DSU-1lT 
DSU·12 

SU-3, RU-3, TU-1 
SU-3, RU-1, TU-1 

2-9. PHYSICAL DIMENSIONS. 

2·10. With the components mounted on a 1/16-inch 
thick steel chassis, the tone signaling units nomi­
nally measure 19 inches by 3% inches, with a be­
hind panel depth of 3% inches and a forward-of­
panel projection of 6% inches. 

2·11. Weights. The approximate weights of the 
various units are shown in Table III. 

TABLE III. WEIGHTS OF UNITS 

Approximate 
Unit Weight in Ibs. 

STU 11 
DTU 13 
SRU 13 
DRU 17 
DSU 15 

2-12. TRANSMITTER UNITS. 

2-13. Single Transmitter Unit STU-ll and Dual 
Transmitter Unit DTU-12 are illustrated in figures 
2-1 and 2-2 respectively. These views are applicable 
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FREQUENCY 

TONE GENERATOR TG-2 
FILTER CAPACITOR C201 

POWER TRANSFORMER T201 LEVEL ADJUST I 

FRONT VIEW 

DE TERMINING UNITFUSE ALARM ZO-3 
I--.-----SU MODULE ------I.....I---TU MODULE-I 

RE AR VIEW 

TERMINAL STRIPPOTENTIOMETER 

I I I OUTPUTCHOKE L201 
TRANSFORMER TIOI I- SU MODULE -----\-TU MODULE -l 

FIG.2-1 
SINGLE TRANSMITTER UNIT STU-ll 
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----------~®
 
FRONT VIEW 

~ 
USE ALARM LEVEL ADJUST ~REQUENCY DETERMININ~ I 

UNIT ZO-3 

SU MODULE --__....1"' TU MODULE __.... TU MODULE 

REAR VIEW 

POTENTIOMETERS TERMINAL STRIP 

L OUTPUT TRANSFORMERCHOKE L201 OUTPUT
TRANSFORMER TIOI TIOI OMITTED IN DTU-II 

SU MODULE .. TU MODULE--......._--TU MODULE ----I 

L:
FIG. 2-2 

DUAL TRANSMITTER UNITS DTU-ll AND DTU-12 
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to the type DTU-ll except as noted. Note that and two module sections in an SRU type unit. 
there are three module sections in a DTU type The DRU is made up of two receiver modules 
unit and only two module sections in an STU type (RU) and a power supply module (SU). The 
unit. The DTU is made up of two transmitter SRU is made up of a single receiver module (RU) 
modules (TU) and a power supply module (SU). and a power supply module (SU). Refer to Table 
The STU is made up of a single transmitter II for a list of the module sections for each of 
module (TU) and a power supply module (SU). the three types of receiver units. 
Table II lists the module sections for each of 
the three types of transmitter units. 2-16. DUPLEX SIGNALING UNITS. 

2-17. Duplex Signaling Unit DSU-12 is illustrated
2-14. RECEIVER UNITS. in figure 2-5. This view is applicable to the Type 
2-15. Single Receiver Unit SRU-ll and Dual Re­ DSU-llT except as noted. There are three module 
ceiver Unit DRU-12 are illustrated in figures 2-3 sections in each DSU unit. The DSU is made up 
and 2-4 respectively. Figure 2-4 is also applicable of a receiver module (RU), a transmitter module 
to the type DRU-ll except as noted. It will be (TU) and a power supply module (SU). Refer 
noted, as indicated in the illustrations, that there to Table II for a list of the module sections for 
are three module sections in a DRU type unit each of the three types of duplex signaling units. 

FRONT 

TONE RECEIVER UNIT 
TR-I 

I .1GAIN CONTROLFUSE ALARM
 
I+------SU-MODULE------1-1- RU-MODULE
 

REAR VIEW 

FILTER ASSEMBLY UNIT
 
ZF-IOA
 

CHOKE L201 INPUT ~ 
TRANSFORMER TIOI 

SU-MODULE ---~_---RU-MODULE 

TERMINAL STRIP 

~ 
FIG. 2-3 

SINGLE RECEIVER UNIT SRU-ll 
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FRONT VIEW TONE RECEIVER UNIT TR-I 

CAPACITOR C201 

I 'FUSE ALARM 

J--SU-MODULE-----­

RELAY 

REAR VIEW 

TERMINAL STRIP 

I CHOKE L201 I I
I-SU-MODULE ------t-"-- RU-MODULE ----I- RU-MODULE--j 

FIG.2-4
 

DUAL RECEIVER UNIT DRU-ll AND DRU-12
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FRONT VIEW 

TONE GENERATOR TG-2CAPACITOR C201 TONE RECEIVER TR-I 

RELAY 
'v--_ 

FILTER ASSEMBLY FREQUEN~C 
FUSE ALARM TEST SOCKET ZF-IOA DETERMINING UNIT ZO-3 

~ GAIN CONTROL LEVEL ADJUST 
Su-MoDuLE----------~-----RU-MODULE----~+_----TU-MODULE 

REAR VI EW 

TERMINAL STRIP 

L OUTPu:j
OMITTED IN MODEL DSU·IIT TRANSFORMER TIOI 

I...._---------SU-MODULE --------_-!+---RU-MODULE. TU-MODULE 

INPUT TRANSFORMER TICHOKE L201 

FIG.2-5 
DUPLEX SIGNALING UNITS DSU-ll TAD DSU-12 
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SECTION III 

ELECTRICAL CHARACTERISTICS 

3-1. GEN ERAL. 

3-2. Fifty-seven tone channel frequenei~s, as indi­
cated in Table IV following, are available in the 
Hammarlund tone signaling equipment. 

3-3. Power Requirements: 105 to 125-volts, 50 to 
60-cps, single.phase ac as follows: 

Type Volt·A mperes 

DTU 36 
STU 30 
DRU 59 
SRU 32 
DSU 53 

The power factor of all units is approximately 
95%. 

3·4. Ambient Temperature Range: -30°C to 
+65°C. 

3-5. TRANSMITTERS. 
3-6. Refer to Table V for Transmitter Electrical 
Characteristics. 

3-7. RECEIVERS. 

3·8. Refer to Table VI for Receiver Electrical 
Characteristics. 

TABLE IV. FREQUENCY RANGE CHARACTERISTICS 

HAMMARLUND STANDARD FREQUENCIES A T & T FREQUENCIES 

BAND A 
(cps) 

BAND B 
(cps) 

BAND C 
(cps) 

BAND D 
(cps) 

(cps) 

465 1075 2000 3625 425 
565 1175 2100 3775 595 
665 1275 2200 3925 765 
765 1375 2300 4075 935 
865 1475 2400 4225 1105 
965 1575 2500 4375 1275 

1675 2600 4525 1445 
1775 2700 4675 1615 
1875 2800 4825 1785 

2900 4975 1955 
3000 5125 2125 
3100 5275 
3200 5425 
3300 5575 
3400 5725 
3500 5875 

6025 

1~ p_age_9___ 
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m 
TABLE V. TRANSMITTER ELECTRICAL CHARACTERISTICS 

CHARACURISTIC DESCRIPTION 

Frequency Range 

Supplied in range of 425 to 6025 cps. Adjacent channels can be spaced at 100 cps inter­
vals for center frequencies in the range of 465 to 965 (Band A) and 1075 to 1875 
(Band B) and 2000 to 3500 cps (8and C). Spaced at 150 cps intervals for frequencies 
in the range of 3625 to 6025 cps (Band D). This provides a maximum of 48 channels. 
Eleven channels can be provided at Standard AT & T frequencies in the range 425 to 
2125 cps. 

Frequency changes resulting from line voltage variations of ±20% are less than 
±O.I%. Frequency changes resulting from temperature variations between +60°C. 
and _30°e. will be less than ± 0.6% for 8and A. ±0.5% for Bands Band C, and 
±0.4% for Band D. Tolerances on center frequencies are ±2 cycles or ±0.1%, 

whichever is larger. 

500/600-ohm line bridging (nominal impedance presented to line check is 7.5 K ohms 
at 1000 cps). 

Adjustable from -45 DBM to +4 DBM (0.003 VRMS to 0.87 VRMS acrOss a 300 ohm load). 

Frequency Accuracy 

Output Impedance 

Output Level 

Keying 
Transmitter is energized by keying against ground. This may be a pair of switch contacts 

or an auxiliary relay. Nominal keying current is less than 20 milliamperes and voltage 
at keyer terminals when unkeyed is less than 48 V.D.C. 

Minimum of 42 db down from fundamental for each harmonic component for frequencies 
between 765 cps and 5125 cps inclusive. Minimum of 38 db for frequencies down to 
465 cps and up to 6025 cps. 

Maximum practical keying rate is determined by receiver. 

Oscillator 5965 
Buffer Amplifier 5963 

Harmonic Output 

Operating Speed 

Tube Complement 

TABLE VI. RECEIVER ELECTRICAL CHARACTERISTCS 

CHARACURISTIC DESCRIPTION 

Frequency Range Available for the same frequencies as the Transmitters described above. Each individual 
receiver matches its corresponding transmitter. 

Changes in filter frequency response resulting from temperature variations between 
+6O°C. and -30·C. will be less than ±0.6% for Band A, ±0.5% for Bands Band 
C, and ±0.4% for Band D. 

500/600 ohm line bridgi,ng. (nominal impedance to line is 60 K n at 1000 cps). 

Adjustable; maximum sensitivity -25 DBM (0.031 VRMS from a 300 ohm source). 

SPOT relay contacts rated at 2 amps for resistive loads at 24 V.D.C. or 115 V.A.e. 

32 db down minimum. 
35 db down nominal. 

The maximum keying speed is a function of receiving filter bandwidth. The maxima pos­
sible. based on receiving the fundamental and second harmonic of a 50% duty cycle 
square wave with standard filters are: 

Band A - 25 pps to 26 pps 
Band B - 28 pps to 29 pps 
Band C - 27 pps to 31 pps 
Band 0 - 34 pps to 40 pps 

These keying speeds vary. due to the variation in filter bandwidths with frequency. 
Special wide band filters which allow keying up to 45 pps are also available. 

2-stage Amplifier ECC81 
Amplifier and Keyer 5965 

Filter Frequency 
Stability 

Input Impedance 

Sensitivity 

Output 

Adjacent Channel 
A"enuatlon 

Operating Speed 

Tube Complement 
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SECTION IV
 

INSTALLATION
 

TABLE VII.4-1. SYSTEM CONSIDERATIONS. 
4-2. Hammarlund tone signaling units are designed 
for use on voice-grade circuits, such as is achieved 
on commercial telephone lines, carrier telephone, 
power line carrier, radio and micro-wave. 

4-3. Input and output circuits of the tone signaling 
units present a high impedance to permit bridging 
of many units on a circuit without loading the 
circuit excessively. The impedance of each receiver 
input presented to the line is in the order of 60,000 
ohms. The impedance of each transmitter line 
coupling network presented to the line is in the 
range of 6,000 to 11,000 ohms (varies with fre­
quency and/or level setting). It may be assumed 
to be a nominal 7,500 ohms at 1,000 cps. In many 
applications, such as when used on telephone lines, 
it is important for the tone equipment to present 
the correct impedance to the transmission medium. 
While characteristic impedances of telephone lines 
vary with the frequency and from line to line, 
it is usually desirable to terminate each end of the 
circuit in an effective load impedance of 600 ohms. 
With only receivers at a line terminal a 620 ohm 
(nearest standard value to 600 ohms) resistor 
would be placed across the line terminals. Since 
the input impedance of the receivers is 60,000 
ohms each, the effect of their shunting down the 
600 terminating resistor is negligible. However, the 
shunting effect of transmitter coupling networks 
is not negligible, particularly when many are used. 
Therefore the effective value of the transmitter 
line coupling networks should be taken into account 
by increasing the value of the terminating resistor 
to allow for it. (Adding additional transmitters 
requires increasing the terminating resistance 
value.) A chart showing the effective impedance 
of various numbers of transmitter unit trans­
formers connected in parallel, and the appropriate 
value of resistance that should be connected across 
the line terminals to produce 600 ohms is given 
in Table VII following. If combinations of trans­
mitters and receivers are used at a terminal, the 
shunting effect of receiver line coupling networks 
can be ignored. The number of transmitter trans­
formers, as per Table VII, should be used to de­
termine the correct value of shunting resistance. 

SHUNTING RESISTANCES AT LINE TERMINALS 

No. of 
Transmitter 

Transformers I 
Effective 

Impedance 
Shunting 

Resistance· 

1 7500 680 
2 3750 750 
3 2500 820 
4 1875 910 
5 1500 1000 
6 1250 1200 
7 1071 1500 
8 938 1800 
9 833 2200 

10 750 3300 
11 681 5100 
12 625 15000 

* Nearest standard value; a 0.5 watt power rating 
is sufficient. 

IMPORTANT 
When tone units are connected at some 

intermediate point along the line, no 
termination resistor should he added. The 
loss to the "through transmission", due 
to bridging, is approximately 0.4 dh per 
transmitter tone unit transformer. 

4-4. If the tone units are to he used on a line 
which is also used for DC or very low audio fre­
quencies, it is necessary to use a hlocking capacitor 
in series with the leads to the tone unit line 
transformer. A value of 0.1 microfarads with 
suitahle voltage rating is usually satisfactory. Care 
should be taken that the DC equipment does not 
present a short circuit to the tone signals. 

4-5. Integrating Capacitor. When tone units are 
used on circuits that are subject to considerahle 
amounts of induced noise, cross-talk, or other 
transient voltages it may he desirahle to increase 
the delay of the tone unit response. This is ac­
complished hy the addition of an integrating capac­
itor, as described in Section V. The integr~ting 
capacitor, C7, is used to increase the time constant 
of the keyer tube and relay circuit. Increasing 
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the size of the capacitor increases the time the 
desired signal frequency must he present hefore 
the relay will pull.in, thus making it more immune 
to spurious operations. Screw type terminals for 
mounting C7 are provided on the terminal strip 
01 receiver units. 

4-6. TRANSMlnER UNIT CONNECnONS 
AND OUTPUT LEVEL ADJUSTMENTS. 

4-7. TU·2 module sections are identical to TU·l 
modules (see figure 2·2) except that the line 
coupling network included in the TU·l module is 
omitted in the TU·2 module. The line coupling 
network consists primarily of a transformer and 
resistors. One line coupling network can serve 
more than one TU module of a control system 
provided only one transmitter is keyed at a given 
instant. This variation is provided so that less 
shunt resistance may he presented to the transmis· 
sion circuit terminals than would he the case with 
all TU·l modules. Note that transmitters may 
share output coupling networks only if one trans· 
mitter will he keyed at a time. It can he seen 
from figures 4.1, 4·2 and 4-3, and the corresponding 
schematic diagrams, that each unit, since it con· 
tains at least one output coupling network, has 
terminals provided for connection of TU·2 modules 
to the input of the coupling network. 

4-8. Connection of dual transmitter units or single 
transmitter unit, to a control system, is as follows: 

Make all external connections to the terminal 
strip as indicated in figure 4·1 for Single Trans­
mitter Unit STU·11, figure 4·2 for Dual Transmit· 
ter Unit DTU.11, and figure 4-3 lor Dual 
Transmitter Unit DTU·12. Note that when a 
common transmission line is used for hoth sections 
of	 the DTU·12, jumpers hetween 2 and 9, and 3 
and 10 may he added, and 2 wires carried to the 
transmission circuit instead of 4. The "Keyer" 
shown in these figures may he a simple switch, 
relay contacts, supervisory contacts, telephone dial, 
telemeter transmitter contacts, etc. 

4-9. Proper output level of the transmitter is 
dependent upon such factors as channel attenua· 
tion to the receiver with which the transmitter 
will he used, other communication channel servo 
ices, and local regulations. The output level has 
been arhitraily set at 0.5·volt rms at the factory 
with the unit operating into a 300-ohm dummy 
load. The 300-ohm dummy load is equivalent to 
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H--+-- } FROM KEVER 

H-i--___. } TO TRANSMISSION CIRCUIT 

II	 ----- ..-}*CONNECTION TO OUTPUT TRANSFORMER TIOI. 
_____ ~- AVAILABLE FOR TU-2 MODULES 

H----...} 1051\25V, 50/60"', AC SOURCE 

*ONLY USED WHEN TU-2 OF A DTU-II IS TO BE COUPLED TO 
THE LINE THRU THE OUTPUT TRANSFORMER OF THIS STU 

FIG. 4-1. EXTERNAL CONNECTIONS TO SINGLE
 

TRANSMITTER UNIT STU-II
 

-

-

H---+-_I--} FROM KEVER NO. I
 

H---+-___......} TO TRANSMISSION CIRCUIT
 

H---+--I--} FROM KEYER NO.2
 

----.-l OUTPUT FROM TU-2 MAV BE CONNECTED TO 
-- J TERMINALS II a 12 OF STU-II OR DTU-12 

-- } CONNECTION TO OUTPUT TRANSFORMER TlOI 

__ AVAILABLE FOR OTHER TU-2 MODULES 

H--- } I051125V. 50/60"', AC SOURCE 

FIG. 4-2. EXTERNAL CONNECTIONS TO DUAL 
TRANSMITTER UNIT DTU-II 

hridging across a properly terminated 600-ohm 
line. The output level may he readjusted helow 
the 0.5·volt rms level or up to at least 0.87·volt 
rms by means of the LEVEL ADJUST control 
R114. Be sure to secure the control in the adjusted 
position hy using the lock·nut that is provided. 

4.10. In checking or adjusting the output level, 
measurements should he made directly at the 
transmitter input to the telephone line or other 
communications link with only one transmitter 
keyed at a time. 

4-11. Perform the adjustment as follows: 
a. Connect the equipment to a properly termin­

ated 600-ohm transmission line or a 300·ohm 
dummy load. 

h. Plug the Hammarlund TM·l or TM·IA Test 
Meter into the test socket X202 and set the test 
meter switch to monitor the output level of the 

ManualsPlus.com

https://www.manualsplus.com/


left hand transmitter (TU) module. (Refer to the 
test meter chart for proper switch position applic­
able to the transmitter unit under test.) Key the 
transmitter by means of the test meter and adjust 
the output level by means of R1l4 to the desired 
value. Repeat the adjustment for the right hand 

TABLE VIII. TEST METER CONNECTIONS 

transmitter (TU) module. 
c. If the Hammarlund Test Meter is unavailable 

use a V. T. V. M. or 20,OOO.ohms-per-volt meter 
for monitoring. Make the test meter connections 
as indicated in Table VIII for each TU module. 

FOR OUTPUT LEVEL ADJUSTMENT 

Module I 
Tell Sockel X202 
Pin Connecllons I Meier Range Maximum Adlullmenl 

(Operating Into 300n j 

TU·1 
(left Hand) 

Pin 3 to Pin .4 
(jumper from Pin 1 
to Pin 2 for keying) 

0-3 V. AC 1.0 V. AC +20% 

TU·1 
(Right Hand) 
al)d DSU units 

Pin 5 to Pin 6 
(jumper from Pin 8 
to Pin 1 for keying) 

0-3 V. AC 1.0 V. AC ±20% 

TU·2 
(Right Hand) 

Pin 3 to Pin .4 
(jumper from Pin 8 
to Pin 1 for keying) 

0-3 V. AC 1.0 V. AC ±20% 

>+---Ht-} FROM KEYER NO. I 

kt-+--

H-'--f----<

l4--

r+------ollI.... 

~.} TO TRANSMISSION CIRCUIT 

} FROM KEYER NO.2 

-} TO TRANSMISSION CIRCUIT 

*coNNECTION TO OUTPUT TRANSFORMER TlOI 
} AVAILABLE FOR TU-2 MODULES. 

r+------ollII-} 105/125V, 50/60rv, AC SOURCE 

*"ONLY USED WHEN TU-2 OF A DTU-II IS TO BE COUPLED TO 
THE LINE THRU THE OUTPUT TRANSFORMER OF THIS DTU. 

FIG. 4-3. EXTERNAL CONNECTIONS TO DUAL 
TRANSMITTER UNIT DTU-12 

4-12. RECEIVER UNIT CONNECTIONS 
AND GAIN ADJUSTMENTS. 

4-13. Connection of dual receiver units or single 
receiver units to a control system is as follows: 

Make all external connections to the terminal 
strip as indicated in figure 4·4 for Si~gle Receiver 
Units SRU·ll, figure 4·5 for Dual Receiver Unit 
DRU·ll, and figure 4·6 for DRU·12. Note that 
when a common transmission line is used for both 
sections of the DRU·12, jumpers between 1 and 7, 
and 2 and 9 may be added, and 2 wires carried to 
the transmission circuit instead of 4. These jump. 
ers are shown dotted on figure 4-6. 

H------<...,} FROM TRANSMISSION CI RCUlT 

H---'-'----t~} TO CONTROL CIRCUIT 

CONNECTION TO INPUT TRANSFORMER TI 
}H------.---t~. SECONDARY. AVAILABLE FOR RU-3 MODULES 

H---~.} I05/125V, 50/60rv, AC SOURCE 

t=NORMALLY CLOSED 
tt = ARM 
:t:t=NORMALLY OPEN 

FIG. 4-4. EXTERNAL CONNECTIONS TO SINGLE
 
RECEIVER UNIT SRU-II
 

4-14. RU·3 module sections are identical to the 
RU·l module (see figure 2·4) except that the input 
transformer included in the RU·l module is omit· 
ted in type RU-3 modules. One input transformer 
can generally serve several RU·3 modules. As noted 
in figures 4.4, 4·5, and 4·6, terminals 6 and 8 
(ground) are available for tapping off the secon· 
dary of the input transformer Tl in the' RU·l 
module for other RU·3 modules in the system. 

On the DRU.ll, the jumper between Terminals 
6 and 7 is rwrmally included when the unit is 
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shipped. If the RU·3 module is to be connected to 
an RU·l module other than the one on the same 
chassis, this jumper must be removed. 

4-15. Receiver input level is determined by the 
line loss in any particular installation and the 
output level of the associated transmitter. Re­
ceiver sensitivity should be adjusted for proper 
operation at this input level. 

4-16. Adjust the GAIN control R19 of each RU 
module as follows: 

a. Connect the equipment to the transmission 
line with normal operating signal imposed thereon. 

b. Plug the Hammarlund TM-l or TM-IA Test 
Meter into the test socket X202 and set the test 
meter switch to monitor the output level of the 
left hand R U module. (Refer to the test meter 
chart for proper switch applicable to the receiver 
unit under test.) Adjust the GAIN control R19 for 
a D.C. reading on the test meter of 34 volts de. 
With this adjustment the receiver unit will operate 
properly over an attenuation variation of 6 db. 
Repeat the adjustment for the right hand re­
ceiver (RU) module. 

c. If a Hammllrlund Test Meter is unavailable 
use a V. T. V. M. or 20,OOO.ohms-per-volt meter for 
monitoring. Make the test meter connections as 
indicated in Table IX for each RU module. 

>+-__} FROM TRANSMISSION CIRCUIT 

t 

: } TO CONTROL CIRCUIT NO.1 

CONNECTION TO INPUrt *TO TERMINAL 6 OF SRU-II OR DRU'12TRIlNSI'ORMER TI SEC­
II' THIS RU-3 IS TO OPERATE FROM 

----. AN INPUT TRANSFORMER ON ANOTHER
ONDARY. AVAIUIBlE 
I'OR OTHER RU-3 MOD­
ULES. - ­ CHASSIS. 

}f-....!tt-'---'~} TO CONTROL CIRCUIT NO. 2 

.H---} 1051125V, 50/60N, AC SOURCE 

ItFOR THIS CASE TERMINAL 8 OF EACH CHASSIS 
MUST 8E CONNECTED TOGETHER. 

t: NORMALLY CLOSED
 
tt- ARM
*" -NORMALLY OPEN
 

FIG. 4-5. EXTERNAL CONNECTIONS TO DUAL
 
RECEIVER UNIT DRU-II
 

TABLE IX. TEST METER CONNECnONS FOR INPUT LEVEL ADJUSTMENT 

Modllie 
'elt Socket X202 
Pin Connections Meter Range AdJultment 

RU-l or RU-3 
(Left Hand) Pin 2 to Pin 1 {Grd) 0- 60 V. DC 34 V. DC 
and DSU units 

RU·l or RU-3 
(Right Hand) Pin 8 to Pin 1 IGrd) 0- 60 V. DC 34 V. DC 

4-17. ARC SUPPRESSION 
(RELAY CONTACTS). 

In service applications where the contacts of the 
plug.in relays of the RU mod!lles are used to make 
and break inductive loads, such as relay coils, 
small motors, contactors, transformers, etc., arc 
suppression will most likely be required. An in­
dication of sparking or arcing of the relay contacts 
will be evidenced by random chattering of the 
relay contacts, which if permitted to continue for 
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any length of time may permanently damage the 
relay. 

4-18. The arc suppressor network must be applied 
directly across the external inductance coil ter­
minals (at the coil itself-not across the relay 
contacts). While the values of capacitance and 
resistance of the arc suppressor network (see 
figure 4-7,) will vary for different contact loads, 
a suitable arc suppressor network for most installa­
tions can be made by using a composition resistor 
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of 270 ohms, Y:z.watt, connected in series with a 
tubular paper capacitor of 0.25 microfarads, 400 
W. V. D. C. These networks may be ordered from 
Hammarlund Mfg. Co., Inc. under Part No. 43192. 

4-19. DUPLEX SIGNALING UNIT
 
CONNECTIONS AND ADJUSTMENTS.
 

4-20. Connection of duplex signaling units to a 
control system is as follows: 

Make connections to the proper terminals as 
indicated in figure 4-8 for Duplex Signaling Unit 
DSU·12 and figure 4.9 for Duplex Signaling Unit 

DSU·llT. Note that when a common transmission 
line is used for hoth sections of the DSU-12, jump­
ers between 1 and 9, and 2 and 10 may be added, 
and 2 wires carried to the transmission circuit in­
stead of 4. These jumpers are shown dotted on fig­
ure 4-8. 

4·21. Because RU·3 module of the Duplex Signal­
ing Unit DSU-llT does not have its own input 
transformer (refer to paragraph 4-14) it will be 
noted that receiver input from the transmission 
circuit will be obtained at terminals 6 and 8 
(ground) of an RU-1 module in the control system. 

4-22. For installation adjustments, refer to installa. 
tion adjustments for transmitters as covered in 
paragraph 4.1] and receivers as covered in para. 
graph 4·16. These installation adjustments are also 
applicable to the Duplex Signaling Unit. 

4·23. For arc suppression requirements, refer to 
paragraphs 4·17 and 4-18 as applicable to Duplex 
Si~naling Units. 

1'"Q'...I--=-

l+-----ot--} FROM TRANSMISSION CIRCUIT 

l+--.!..!.'~_~} TO CONTROL CIRCUIT NO. I 

CONNECTION TO INPUT { 
TRANSFORMER Tl SEC­
ONDARY. AVAILABLE 
FOR RU-3 MODULES. } FROM TRANSMISSION CIRCUIT 

l-l-2.L--'-} TO CONTROL CIRCUIT NO.2 

,l+-----Ol-,} \05/125V. SO/60"'. AC SOURCE 

"NORMALLY CLOSED 

It' ARM 
tt 'NORMALLY OPEN 

FIG.4-6. EXTERNAL CONNECTIONS TO DUAL
 
RECEIVER UNIT DRU-12
 

CONNECT ACROSS 
LOAD (MOTOR, COIL, 
CONTACTOR ETC.l 

'------'""'" 11---.......
0.25 u.f
," 

FIG. 4-7. ARC SUPPRESSION NETWORK, 
PART NO.43192 

__} FROM TRANSMISSION CIRCUIT 

l+----"'-+-,
TO CONTROL CIRCUjT"J
" 

CONNECTION TO INPUT{
 
TRANSFORMER TI SEC- }
 

ONDARY AVAILABLE FROM ~EYER CIRCUIT 
FOR RU-3 MODULES. -~+<8}-f----r __ 

~} TO TRANSMISSION CIRCUIT 

CONNECTION TO OUTPUT TRANSFORMER 
}.>f-----4- TIOI. AVAILABLE FOR TU-2 MOIlULES 

50/60'"", AC SOURCE 

"NORMALLY CLOSED 
H=ARM 
"'NORMALLY OPEN 

FIG. 4- 8. EXTERNAL CONNECTIONS TO DUPLEX
 
SIGNALING UNIT DSU-12
 

FROM TERMINALS 6 a 8 1,l+-.......} TO CONTROL CIRCUIT
 (GROUND) OF RU-' r.ODl;LE 

(INPUT TRANSFORMER Til l 
'I-I-- } FROM ~EYER CIRCUIT 

I'I-I---.._} TO TRANSMISSION CIRCUIT 

------} CONNECTlON TO OUTPUT TRANSFORMER 
TIO, AVAILABLE FOR TU-2 MODULES 

I-I--__} 1051125V, 50/60 rv, AC SOURCE 

"NORMALLY CLOSED
 

'''ARM
 
.. 'NORMALLY OPEN
 

FIG.4-9. EXTERNAL CONNECTIONS TO DUPLEX 
SIGNALING UNIT DSU-IIT 
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SECTION V
 

THEORY OF 

5-1. 'GENERAL. 

5-2. A detailed theory of operation for each of the 
three module sections (SU, TU and RU) of the 
Hammarlund tone signaling equipment is covered 
in the following paragraphs. As noted in Section 
II, combinations of these modules form the various 
tone units covered by this manual. Table X in­
dicates the applicable schematic diagram for each 
tone signaling unit covered by this manual. The 
diagrams are located at the tear of this manual. 

TABLE X. APPLICABLE SCHEMATICS 

Unit 

DTU-II 
DTU-Il 
STU-II 
DRU-II 
DRU-12 
SRU-Il 
DSU-IlT 
DSU-12 

I 
Schematic 
Figure No. 

J 
2 
3 .. 
5 
6 
7 
8 

5-3. POWER SUPPLY MODULES. 

5-4. The power supply modules SU-l, SU-2 and 
SU-3 are of the full-wave electron tube rectifier 
type each using a type SY3GT tube for rectifica­
tion. (See figure 5-1.) The power supply provides 
B+ and A-C heater voltage for the equipment 
group of which it is a part. Each Supply Unit 
(SU) contains an overload fuse F201, a fuse alarm 
indicator 1201, full wave rectifier tube V201 and 
a two-part choke input filter network. Filament 
Supply for V201 in each SU is 5 volts AC, 'tapped 
from one of the low-voltage secondary windings 
of power transformer T201. The second low-voltage 
winding of T201 is used to provide the 6.3 volts 
AC heater supply required for the tubes in the 
receiver or transmitter modules. Variations among 
the SU-l, SU-2, and SU-3 are in the filter network 
and voltage divider of the modules. 

5-5. Specific functions of each of the three varia­
tions of Supply Units (SU) are outlined in the 
following paragraphs. 
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OPERATION 

5-6. SU-l Module: This module is used only in 
single receiver units (SRU) and dual receiver units 
(DRU). See figure 4 for a schematic drawing of 
a typical receiver tone signaling unit using the 
SU-l module. The first part of the filter network 
of this module is comprised of choke L201 and 
resistor R203 in series, and shunt capacitor C201A. 
The second part of the filter network consists 
of resistor R205 and the shunt capacitor C201B. 
Resistor R204 functions as a bleeder resistor. 

5-7. SU:2 Module: The SU-2 module is used only 
in single transmitter units (STU) or dual trans­
mitter units (DTU). See figure 1 for a schematic 
drawing of a typical transmitter tone signaling 
unit using the SU-2 module. It will be noted in 
this schematic that the first part of the filter 
network of this unit is comprised of choke L20l 
and shunt capacitor C201A. The second part of 
the filter network consists of resistor R20S and 
shunt capacitor C201B. Resistor R204 is used as 
a bleeder resistor. Resistors R206 and R207 are 
used as a voltage divider network to provide the 
required oscillator plate voltage for TU modules. 
Resistors R20l and R202 in the B+ supply 
serve as voltage-dropping resistors for the buffer 
amplifiers of DTU-12 (Dual Transmiiter Unit) 
TU-l modules. (See figure 2.) Resistor R201 is 
used as the voltage dropping resistor only for the 
buffer amplifier of the TU-l module. See the 
schematic diagram for Dual Transmitter Unit 
DTU-II and Single Transmitter Unit STU-II 
(figures 1 and 3 respectively). 

5-8. SU-3 Module: The SU-3 module is used only 
in duplex signaling units (DSU). Refer to figure 
7 for the schematic diagram of a typical duplex 
signaling unit using the SU-3 module. The filter 
network of the SU-3 module is identical to the 
filter network of the SU-l module. In the SU-3 
module however, as in the SU-2 module previously 
discussed, resistors R206 and R207function as a 
voltage divider network to provide the necessary 
oscillator plate voltage to the TU module; and 
resistor R20l in the B+ supply acts as a voltage­
dropping resistor for the buffer amplifier of the 
TU-l module. 
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r------------------------------------------i
I SU-I,SU-2,OR 5U-3 

105/125V 
50/80'\1 

AC SOURCE 

I 
I 
I 
I 
I 
I 
IL 

14""-....;--....-...., FUSE I-_.........~
 
r F 201 '- ­

FUSE ALARM 
INDICATOR 

1201 

5-9. TRANSMITTER MODULES. 

5-10. Transmitter modules TU·I and TU-2 each 
consist of a Frequency Detennining Unit Z03- , 
and the tone generator TG-2 plug-in package. (See 
figure 5-2.) Module TU-I also includes an output 
coupling network. 

5-11. The Z03-XXXX frequency detennining unit 
detennines the tone frequency of the module sec­
tion of which it is a part. The numbers indicated 
on the nameplate following the "Z03-" indicate 
the frequency in cycles per second. Stock units 
of Z03- are available for any of the 48 standard 
Hammarlund frequencies. In addition, frequency 
determining units are also available for A.T. and 
T. frequencies and other special frequencies within 
the range of 425 to 6025 cps. Available frequency 
ranges are indicated in Section III, Table IV. 

5-12. The TG-2 tone generator is a plug-in type 
package. Its 12-terminal connector plug fits into 
a matching socket. Two captive screws lock the 
package in place. 

5-13. Specific functions of the transmitter module 
(TU) are outlined in the following paragraphs. 
(See figures I, 2 and 3.) 

5-14. The limiter (1;2 of VI) serves to limit the 
A-C voltage input to the tank circuit. Bias of the 
limiter is obtained in part through the voltage 
drop across R8, and in part from the grid leak 
bias developed across R3 and R4. 

5·15. The frequency determining unit Z03- permits 
only the frequency to which it is tuned to pass 
through to the phase-inverter grid (1;2 of VI). 
Capacitor C2 is the coupling capacitor to the 
phase-inverter. 

5·16. The phase inverter provides a double-ended 

POWER
 
TRANSFORMER
 

T201
 
--l 

V201
 
RECTIFIER
 

5Y3GT 

B+ 
FILTER
 

NETWORK
 

~ 

FIG.5-'
 

output to the push.pull amplifier V2. The energy 
required to sustain oscillations is fed back from 
the plate of the phase inverter, through coupling 
capacitor C3, to the grid circuit of the limiter. Bias 
for the phase-inverter is developed across resistor 
R6. Resistors R2 and R7 are the phase-inverter 
load resistors. The audio tones across these two 
resistors are capacitively coupled into the grids 
of the push-pull amplifier V2. 

5-17. Push-pull amplifier V2, when keyed to 
ground (at H-PI terminal 9), functions to provide 
amplified tone output across the secondary of 
output transformer TIOI. Unit output level adjust­
ment is available with the LEVEL ADJUST 
control R1l4. Resistors R1l6 and R1l7 limits the 
minimum bridging impedance to 6K ohms. The 
push-pull amplifier sections are biased by resistors 
Rll and R12. The amplifier is keyed by grounding 
the cathode circuits of the amplifier at the junc­
tion of Rll and R12, through pin 9 of the module 
plug. Voltage between cathode and filament of V2 
is limited to a safe maximum value by having 
the junction of Rll and Rl2 connected to the 
cathode, pin 8 of VI, through resistor R13. 

5-18. RECEIVER MODULES. 

5-19. Receiver modules RU-I and RU-3 each con­
sist of a Filter Assembly ZFIOA, tone receiver 
TR-I plug-in package, a GAIN control R19, and, 
except for certain special applications, integrating 
Capacitor C7. (See figure 5-3.) Module RU-I also 
includes input transformer TI and an input resis­
tor circuit. 

5-20. Input transformer Tl in the RU-l module 
may also serve as input transformer for other RU-3 
modules present in a particular installation. In 
such instances the Tl secondary winding is par-
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II 

ll)--------.,
USE OF Tl0l
 

FOR OTHER TU-2
 
TRAN~MITTERS 12)------.,
 

r------------------------------~
TU-2 I


:ru:l --t~~~~:~-~~----~-:::~~===l----------l: 

I OUTPUT I I V2 Vt I : :
 
TO 6~LOT gl­.....--1 TRANSF. Tl01 : : PUSH-PULL OSCILLATOR I F~~~~XEXNXtV II
 

TRANSMISSION LEVEL ADJUSTI+............ BUFFER AND PHASE DETERMINING I I
 
CONTROL Rtt4 I I AMPLIFIER INVERTER UNIT II
 

LINE 10')--+--1 RESISTOR Rtt5 I I 5963 5965 I I
 
I I 11
 

: LINE BRIDGING I I : I
 

L ~~W~~ __ ~_==-~~~ ~~-=-~~~_=_=:_~~~~:::.~-_-_-_-_- -_-__::!J
 

7 (s)---,
-.LKEVER 

CIRCUIT 

FIG. 5-2 TRANSMITTER MODULE 

USE OF Tt
 
FOR OTHER
 

RU-3 RECEIVERS TO 
CONTROL 

CIRCUIT 

r~~=~,~ 
T1 ASSEMBLY RI9 I ECC81 ('I.) 5965 ('/.)5965

I I II
 
I II
 
I I
 
I I
 

: SRt.SR2 SR3 I
 
VOLTAGE TRIGGER I
 

: OOUBLING CIRCUIT WITH I
 
I RECT. WITH B~ DERIVED I
 
I FILTER NETWORK FIXED BIAS
 

I TR-t II
 
I I II
J 

l.~~-~ .:;~~3======= ======-~~ =~=~-_:::.-~.:_-:._=_=_=_=_..::....::..__:::-=-=~_==-:.:::======~~-=-=---=- -=:::.=-...1-1
 
FIG. 5-3 RECEIVER MODULE 

allel-connected to the ZFlOA input terminals of package. Its 12-terminal connector plug fits into 
each RU-3. a matching socket. Two captive screws lock the 

package in place.5-21. The ZFIOA·XXXX filter assembly determines 
the tone-selective channel of the module section 5-23. Specific functions of the receiver module 
of which it is a part. The numbers indicated on (RU) are outlined in the following paragraphs. 
the nameplate following the "ZFIOA-" symbol (See figures 4, 5 and 6.) 
indicates the frequency in cycles per second. Stock 

5-24. Tone receiver TR-I contains a 3-stage resis­units are available for any of the 48 frequencies 
tance-coupled amplifier~ a voltage-doubling detec­which are standard to Hammarlund. In addition, 
tor, a low·pass filter network, a fixed-bias sourcefilters are also available fpr A.T. and T. frequen­
and an output relay. The filter network, composedcies and other special frequencies within the range, 
of choke LI and capacitors C4, C5 and C6, isof 425 to 6025 cps. The availahle frequency ranges 
designed to permit operating speeds of up to 40are indicated in Section III, Tahle IV. 
pulses per second and functions to attenuate tone 

5·22. The TR-l tone receiver is a plug-in type signal components existing in the receiver dc 
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output. For minimum bias distortion it is desirable 
to limit the keying rate to between 10 and 13 
pulses per second, dependent upon the frequency. 

5·25. The 3-stage, negative-feedback, stabilized 
amplifier is comprised of both sections of VI and 
the first section of V2. The voltage-doubling de­
tector SRI and SR2 develops a DC output propor­
tional to its applied signal input (through C3) 
across its load resistor R15. 

5-26. The voltage divider network, resistors R17 
and RI6, develops +29 volts fixed bias for limiting 
the signal applied to the second section of V2. 
However, this limit voltage cannot be effective at 
the grid of V2 (pin 7) unless the selenium recti ­
fier SR3 conducts. SR3 will conduct only when 
the DC output across RI5 is at least +29.0 volts 
DC. 

5-27. Integrating capacitor C7, when required, is 
used to increase delay of the unit response ;0 that 
extraneous pulse inputs of short duration cannot 
simulate signal input. Time delays of controlled 
length may thus be generated by use of integrating 
capacitor C7. 

5-28. Table XI following, shows the relationship 
between the various values 'of capacitor C7 and the 
actual operate and release, times. Operate delay 
is defined as the time between the application of 
a signal to the receiver input and the closing 
of the normally open relay contact. The release 
delay is defined as the time interval between 
cessation of receiver input and the opening of the 
normally open contact. This relationship indicated 
in this table is valid only when the detector volt ­

age, as measured at the test socket, is approxi­
mately 34.0 volts. In addition, for proper correla­
tion, the pulse-on time must be at least five times 
the delayed-operating time, and the pulse-off time, 

five times the delayed-on time. Note, from figures 
4 thru 8, that capacitor C8 is connected across the 
same electrical points as those intended for C7. 
Thus a small amount of integration is incorporated 
in all standard units. If necessary to eliminate the 
delay caused by this capacitor, C8 may be removed 
provided that precautions are taken to keep other 
services and devices from producing short transi­
ents at the tone receiver input. With C8 removed, 
the "Operate Delay" will be 19 milliseconds, and 
the "Release Delay" will be 24 milliseconds. 

TABLE XI.
 

INTEGRATING CAPACITANCE DELAY CHART
 

Capacitor C7 
(mfd) 

Operate 
(millisec.) * 

Release 
(millisec.) * 

0 22 28 
0.01 23 31 
0.02 24 35 
0.05 30 49 
0.10 37 69 
0.20 62 114 
0.50 115 250 
1.00 200 460 

• The characteristics of units and components 
designed for particular requirements may be at 
variance with the above table. 
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SECTION VI
 

MAINTENANCE AND TROUBLE-SHOOTING
 

6-1. The following steps are suggested in trouble­
shooting tone signaling equipment. 

a. Visual Inspection: Inspect the unit for dis­
coloration, charring, pitting, or other evidence of 
malfunction. In the event that fuse F201 has 
blown, neon lamp 1201 of the fuse alarm will glow. 

b. Check the vacuum tubes using a tube checker, 
or by substitution with a known good tube if no 
tube checker is available. 

NOTE 
As a temporary expedient, tube types 
5965, 12AT7, and ECC81 may be inter­
changed. Also, a type 12AU7 may be sub­
stituted for type 5963 tubes. 

c. Using the test socket X202, monitor the B+ 
power supply voltage, transmitter output, and re­
ceiver input lev~ls as applicable to the specific unit 
under test. Use the Hammarlund TM- Test Meter 
if available. A V. T. V. M. or 20,000 ohms-per-volt 
meter is satisfactory if a Test Meter is not 
available. Refer to Table XII for test meter con­

nections necessary to trouble-shoot the tone signal­
ing units. Proper switch positions of the 
Test Meter for monitoring of the circuits are 
covered in a chart that is supplied with each 
Test Meter. Refer to this chart for the proper 
switch positions applicable to the unit under test. 

d. Substitute suspected faulty plug-in packages 
with "known good" packages to localize the faulty 
component. A plug in package from a channel 
operating properly, may be considered "known 
good". 

e. To pin-point the defective component or part, 
refer to the applicable trouble-shooting procedure 
as covered in the following paragraphs for each 
of the three modules. Use a V. T. V. M. or 20,000­
ohms-per-volt meter for all measurements. 

6-2. POWER SUPPLY MODULES (SU>. 

6-3. Remove the applicable tone generator TG-2 
or tone receiver TR-1 package from the tone signal­
ing unit under test and perform the following volt­
age measurement as indicated in Table XIII. 

TABLE XII.
 

TEST CONNECTIONS AND SPECIFICATIONS
 

Applicable Tone 
Units· 

ALL 

Test 

B+ Power Supply 
Voltage 

Test Socket X202 
Terminals 

Pin 7 to Pin 1 

Meter Range 

0-300 V DC 

Reading 

220 V DC ±20% 

STU, DTU TU-l (Left Hand) 
Output Level 

Pin 3 to Pin 4 
(jumper between 
Pins 2 and 1 for 
keying) 

0-3 V AC 

1.0 V AC ±20% 
(with Gain Control 
Rl14 fully 
clockwise) 

DTU, DSU TU-l (Right Hand) 
Output Level 

Pin 5 to Pin 6 
(jumper between 
Pins 8 and 1 for 
keying) 

0-3 V AC 

1.0 V AC ±20% 
(with Gain Control 
R114 fully 
clockwise) 

DTU TU-2 (Rig:lt Hand) 
Output Level 

Pi n 3 to Pi n 4 of 
coupled TU- 1 
module (jumper 
between Pins 8 
and 1 for keying) 

0-3 VAC 

1.0 V AC ±20% 
(with Gain Control 
RI14 fully 
clockwise) 
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TABLE XII.
 

TEST CONNECTIONS AND SPECIFICATIONS (CON'T1
 

Applicable Tone	 Test Socket X202Test	 Meter Range Reading
Units·	 Terminalsr I	 I I 

SRU, DRU, DSU 
RU-l or RU-3 
(Left Hand) IlJput 
Gain Level 

Pin 2 to Pin 1 0-60 V DC 34 V DC with 
normal input level 

DRU 
RU-l or RU-3 
(Right Hand) 
Input Gain 

Pin 8 to Pin 1 0-60 V DC 34 V DC with 
normal input level 

.. NOTE: 1.	 To make the desired test for TV modules connect the equipment to a 
properly terminated 600-ohm transmission line or a 300-ohm dummy load. 

2.	 To make the desired test for RV modules connect the equipment to the 
transmission line with normal operating signal. 

3.	 After completing transmitter module test, re-adjust the GAIN control R1l4 
of each unit to the desired level. 

4.	 Meter negative lead to Pin 1 (ground). 

TABLE XIII. SUPPLY UNIT VOLTAGES 

Module 

SU-l 

I Units 

SRU, DRU 

Voltmeter 
Connection (to Grd l 

Pin50fJl 
Pin 6 of J1 

Voltage 
(de ±20"/ol 

275 
275 

SU-2 STU, DTU 
Pin 12 of J1 
Pin 6 of Jl 
Center Tap T1 01 

285 
165 
320 

SU-3 DSU 

Pin50fJl (RU­ ) 
Pin 6 of J1 (RU- ) 
Center Tap T1 01 (TU· 
Pin 12 of Jl (TU- ) 
Pin 60fJl (TU- ) 

) 

275 
270 
300 
275 
155 

TABLE XIV. RESISTANCE CHART OF TG-2 PACKAGE 
(Removed from Tone Signaling Unit! 

Location 

VI 

I1 

150K· 

2 

570K 

I 3 

820 

I 
Adaptor Pin or Terminal To Grd (ohms ± 10"/0 l 

4 I 5 I 6 I 7 I 8 I 9 

- - 10K 481K 11.3K -
, 

10 

-
f 11 

-
I 12 

-
V2 00 470K 620· - - 00 470K 620· - - - -
PI - - - - - 0 - - 0 00 00 0 

..	 Provide temporary ground connection at PI terminals 6, 9 and 12 prior to 

measuring resistance. 
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®--------------­
6-4. TRANSMITTER MODULES nUl. 6-7. RECEIVER MODULES (RUl. 
6-5. If a transmitter module is suspected of being 6-8. If the receiver module is suspected of being 
faulty, trouble-shoot the module by performing the faulty, trouble-shoot the module by performing 
resistance and voltage measurements indicated in the resistance and voltage measurements indicated 
Tables XIV and XV. All voltage and resistance in Tables XVI and XVII. All voltage and resistance 
measurements may be taken by interposing a nine­ measurements may be taken by inserting a nine­
pin adapter socket (Hammarlund Part No. 15555, pin adapter socket \Hammarlund Part No. 15555, 
or equivalent) between the tube VI or V2 and its or equivalent) interposed between the tube VI 
mating socket. or V2 and its mating socket. 

6-6. To check potentiometer R1l4, unsolder one 
end of it from transformer TlOl. 

TABLE XV.
 
VOLTAGE CHART OF TRANSMITTER MODULE
 

(With Unit Oscillating and Not Keyed)
 

Location 
Adaptor Pin or Terminal to Grd (dc unless specified, ± 20 % ) 

I1 2 I 3 I I I I 1 1 14 5 6 7 8 9 10 I 111 12 

VI 90 

295 

To pin 
7 

6.3 AC 

1.8 

0 

-

3.7 

47 

-

To pin To pin To pin 
9 9 185 34 47 4&5 

6.3 AC 6.3 AC 6.3 AC 

To pin To pin To pin 
9 9 295 0 48 4 & 5 

6.3 AC 6.3 AC 6.3 AC 

To pin 
48 2950 - 124 I -

6.3 AC 

295 220 

V2 

JI 

TABLE XVI RESISTANCE CHART OF TR-l PACKAGE (Removed from Tone Signaling Unit! 

Location 

VI 

Adaptor Pin or Term!nal to Ground (ohms ± 10%) 

1 

51K 

20K 

-
00 

I I2 

00 

470K 

-
*29K 

3 

lK 

510 

-
24K 

I I 5 I 6 I 7 I 8 I 9 I 104 

- - 51K 470K lK -
- - *29K 470K 3K -
- 0 0 - - 0 00 

00 00 00 00 00 

I 11 1 12 

5.6K 400K 

V2 

P1 

XK1 
* Provide temporary ground conneetion at PI terminals 5, 6, & 9 pm to measure resIstance. Relay (std. relay) should remam 

in socket when making measurements. Reading will be 24.5 for polar-relay. 

TABLE XVII VOLTAGE CHART OF RECEIVER MODULE (With no signal input! 

Adaptor Pin or Terminal to Grd (DC unless specified, ± 20% ) 

Location 
1 2 3 4 5 6 7 9 10 11 12 

1 1 I I I I 1 8 I I I I 
To pin To pin To pin 

+ 115 - + 1.95 9 9 +110 - +2.12 4&5V1 
6.3 AC 6.3 AC 6.3 AC 

+140 - +2.2V 6.3 AC 6.3 AC +21,5 +6.2 + 12.1 6.3 AC 

To pin To pin 

V2 

PI - - - - +225 +210 8 7 0 - 30 6.7 
6.3 AC 6.3 AC 
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------------~~
 
~SECTION VII
 

REPLACEABLE PARTS LIST 
ApplicableRef. Nomenclature Part No.Module/Package
 

POWER SUPPLY MODULES
 

C201
 

Symbol 

Capacitor, Fixed, 60/60 MFD 400VSU-l, SU-2, SU-3
 K15504-54 
SU-l, SU-2, SU-3
 Fuse Holder K35093-1E201 

Fuse 1.0 Amp SU- I, SU-2, SU-3
 K15928-5F201 
Neon Indicating lampSU-I, SU-2, SU·3 (Incl. in E20111201
 
Choke, 15 HY., 85 MA.SU-I, SU-2, SU-3
 K15785-1l201 
Resistor, Fixed, 5K-5W, ± 10%SU-2, SU-3
 K19431-46R201 
Resistor, Fixed, 5K-5W, ± 10%SU-2
 K19431-46R202 

SU-I Resistor, Fixed, 9000-10W, ± 10% K19430-32R203 
Resistor, Fixed, 1.2K-IOW, ± 10%SU-3
 K19430-35R203 
Resistor, Fixed, 16K-lOW, ± 10%SU-I SU-3
 K19430-59R204 
Resistor, Fixed, 22.5K-l0W, ± 10%SU-2
 K19430-63R204 
Resistor, Fixed, I K- Y2 W, ± 10%SU-l SU-3
 K19309-49R205 
Resistor, Fixed, 6K-5W, ± 10%SU-2
 K19431-47R205 
Resistor, Fixed, 39K-1W, ± 10%SU-2
 K19310-87R206 
Resistor, Fixed, 43K-l W, ± 5%SU-3
 K19310-170R206 
Resistor, Fixed, 5IK-1W, ±5%SU-2
 K19310-182R207 

SU-3
 Resistor, Fixed, 56K-IW, ± 10% K19310-91R207 
SU-l, SU-2, SU-3
 Transformer, Power M15786·1T201 
SU-I, SU-2, SU-3
 Vacuum Tube 5Y3GT K16252V201 
SU- I, SU-2, SU-3
 Socket, Octal 8-pin K15944-15X201 
SU- I, SU-2, SU-3
 Socket, Octal 8-pin K15944-15
 

TRANSMlnER MODULES
 

CI
 

X202 

M23034-8Capacitor, Fixed .01 MFD 1000VTG-2
 
M23034-8C2 Capacitor, Fixed .01 MFD 1000VTG-2
 
M23034-8C3 Capacitor, Fixed .01 MFD l000VTG-2
 
M23034-8C4 Capacitor, Fixed .01 MFD l000VTG-2
 
M23034-8C5 Capacitor, Fixed .01 MFD l000VTG-2
 
KI6094-1Jl Jock, 12 Pins, Mates with PITU-l, TU-3
 
K16086-1PI Plug, 12 Terminals; Motes with JITG·2 
K19309-289Rl Resistor, Fixed, 150K- Y2 W, ± 5%TG-2
 
K19309-278R2 Resistor, Fixed, 10K-Y2W, ±5%TG·2 
K19309-288R3 Resistor, Fixed, 1ooK- Y2 W, ± 5%TG-2
 
KI9309-293R4 Resistor, Fixed, 470K- Y2 W, ± 5%TG-2
 
KI9309-293R5 Resistor, Fixed, 470K- Y2 W, ± 5%TG-2
 
KI9309-170R6 TG-2
 Resistor, Fixed, 5100- Y2 W, ± 5% 
KI9309-278R7 Resistor, Fixed, 10K-Y2W, ±5%TG-2
 
KI9309-266R8 TG-2
 Resistor, Fixed, 82OO-Y2W, ±5% 
K19309-293R9 Resistor, Fixed, 470K- Y2 W, ± 5%TG·2 

RIO K19309-293Resistor, Fixed, 470K- Y2 W, ± 5%TG·2 
Rl1 K19309-205TG-2
 Resistor, Fixed, 6200- Y2 W, ± 5% 
RI2 TG-2
 K19309-205Resistor, Fixed, 6200- Y2 W, ± 5% 

KI9309-241R13 TG-2
 Resistor, Fixed, 330K- Y2 W, ± 5% 
K15369-17R114 TU-l Resistor, Variable, 10K 
KI9309-212R116 TU·l Resistor, Fixed, 3.OK- Y2 W, ± 5% 
K19309-212R117 TU-l Resistor, Fixed, 3.OK- Y2 W, ± 5% 
M15769-1TlOI TU·l Transformer 

TU-l, TU-3
 Pl37235-GlTG-2
 Tone Generator 
K16384-1TG-2
VI
 Vacuum Tube 5965
 
K16383-1V2 TG-2
 Vacuum Tube 5963
 
K37307-1TG-2
XI
 Socket, 9-pin miniature 
K37307·2X2 TG-2
 Socket, 9-pin miniature 

TU-I, TU-2
 P37243-Gl
 

RECEIVER MODULES
 

Cl
 

Z03 Frequency Determining Unit 

M23034-8TR-I Capocitor .01 MFD 1000V 
M23034-8iR-l Copacitor .01 MFD 1000VC2 
M23034-24TR-l Copocitor .022 MFD 500VC3 
M23034-7TR-I Copocitor .02 MFD 500'/C4 
M23034-6TR-I Capocitor .0027 MFD 500'1C5 
M23034-7Capocitor .02 MFD 500'1C6 TI-l .Integrating Capacitor (if used) C7 RU-l, RU-3
 
M23034-8Capacitor .01 MFD 1000'1RU-I, RU-3
C8 
K16094-1Jack, 12 pins; mates with PIJ1 RU-l, RU-3
 
K15784-1Choke, 50HY @ 1 Mil 11
 TR-l 

Plug, 12 terminals; motes with JI K16086-1PI TR-l 
K19310-182Resistor, Fixed 51 K-l W, ± 5%Rl TR-l 

Resistar, Fixed 1K- Y2 W, ± 5% K19309-267R2 TI-I 
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REPLACEABLE PARTS LIST
 

Ref. Applicable Nomenclature Par' No.Symbol Module/Package 

RECEIVER MODULES 

KI9310-182Resistor, Fixed 51 K-IW, ±5"1.R3 TR-1 
K19309-267Resistor, Fixed 1K- Y2 W, ± 5"/0R4 TR-I 
K19309-293Resistor, Fixed 470K- Y2 W, ± 5%R5 TR-I 
K19309-294Resistor, Fixed 560K- Y2 W, ± 5"/0R6 TR-I 

Resistor, Fixed 5100-Y2W, ±5% K19309·170R7 TR-1 
Resistor, Fixed 24K-IW, ± 5"/0 K19310·187R8 TR-I 
Resistor, fixea 470K- Y2 W, ± 5% K19309-293R9 TR-I 
Resistor, Fixed 2 7 MEG- Y2 W, ± 5% K19309-301RIO TR·1 
Resistor, Fixed 3.3K- Y2 W, ± 5"/0 K19309-273R11 TR·I 
Resistor, Fixed 56K-2W, ± 5"/0 K19304·128TR-IR12 
Resistor, Fixed 20K-2W, ± 5"/0 K19304-133RI3 TR-I 
Resistor, Fixed 270K- Y2 W, ± 5% K19309-171R14 TR-1 
Resistor, Fixed 75K- Y2 W, ± 5% K19309-223R15 TR-I 
Resistor, Fixed 39K-2W, ± 5% K19304-139RU-I, RU-3RI6 
Resistor, Fixed 5.6K- Y2 W, ±5% KI9309-276RI7 TR·I 
Resistor, Fixed 5IK-IW, ±5"/o K19310-182TR-IRI8 
Resistor, Vor., 1.0 MEG-2W, ::!: 20"/0 K15369-14RU-I, RU-3RI9 

M16356-15Selenium Rectifier SR-1 TR-I 
Selenium Rectifier M16356-15TR·ISR·2 

M16356-15Selenium Rectifier TR-!SR-3 
Transformer K15769-3T1 RU-l 
Vacuum Tube ECC81 K16398-1TR-lVI 
Vacuum Tube 5965 K16384-1V2 TR-1 
Socket,9-pin miniature K37307-2Xl TR-l 
Socket, 9-pin miniature K37307-1TR-1X2 

K15944-15Socket, Relay, 8-pin Octal XK-1 TR-l 
Filter Assem bly T37352-GlRlJ-l, RU-3ZF10A ..RelayTR-lK1 

• Port No. depends on value 
··Relay	 used depends on application: 

Standard, with dust cover K16669-1 
Standard, Hermetically sealed K16670-1 
Polar, Hermetically sealed K16678-1 
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I 

TYPE TU-2 

~,~-'~~~--------~-,- ~A"~r--T"G-~I' 
--,....12", ~963 

r-----~---+<" 2 _ _ _ 7 II 
~___+_-_+____+<IIO ~--"':"'-J8 I 

'----+<9 5~ <'RIORIO I 
k8~ 9 RII» C~ ~ <470KI 

<
< 470Kj 

r-----Io<~7~ I Fl,!2 620< 01 < 
~I A '! I-±-I .----1-----10<6.... v 6 ZO * 

k~~ I~OK C2 11 01- I 

I 
~ RI3 , tt {:;:. I 

rl--l ,.----+--+--ir-+<---+<"i: :: "g~ ,TI>:~ i330K 
< 
~ 

0--:-1'+--+-,-+---+-<t I I ~~ci.< kj],- II 
< R6 

I U' 4 5 RS > > R6 
> ~ ~IO I I I T======t=::t==:j:::::t:=:j~9 470K .> ~IO 
~ , 

L" __J I l" ~ R7 IIR7 « 10K I Z03. I ~4~6K ~ g~ < 10K 

R9 

II INOTE .> 47 0 K'> I 
R8 I UNLESS OTHERWISE SHOWN « RB 

>820 I ALL RESISTORS ARE 1/2 * < 820 
WATT~5'lCo 

I-------<-=­ J ~ JL ------------------=--­~-=---
/t---------+--+-----t----'

I
 
I
 

EXTERNAL CONNECTIONS 

8
 
HOT }KEYER CIRCUIT TU-I

® GROUND 

0 AND G) TRANSt.4ISSION LINE (FOR TU-tl 

@ANDCGJ 115V 60",AC 

G) HOT ) 
K EYER CIRCUIT TU-2 

® GROUND 

(VAND@ OUTPUT FROM TU-2 

READING @AND@ FOR OTHER INPUTS TO Tlor FROM TU-2 SECTIONS 

WITH PIN 2 JUMPERED TO PIN I 

TO KEY TIJ-2 

\ 

figure J. Schematic Diagram of Dual Transmitter Unit DTU-ll 
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.. TYPE TU-I
 

IE'tSION 
• elUDED TO 

FROM ., 

~ 1116 R 117 

~ ~ 
"201 

> lK 3K 

~'~-~~~--------ra:-'- ~A:~r--T~~ 

R20 4 

5K-5W 

R202 J 
VVV" 

5K-5W 

r----,f--.....-+----f----l------l-< 
" 

~m----r---+<=t;-,~~ 
k8~ 

,.........--+<7~ 

BRN BL 
TlOI 

~114. 8l.~GRN 

"OK ~ 

RED 

~IA 

~96 3 
2 7 

ESai-~~ 
~ < 

9 RII? g?::::::
I Rp 620< 

I 
I 

?RIO 
>470KI 

I 
A 

vv 
~K~IOW 6~J±~~v±~~~~=t~~t~~~6~2~oV~~~lJk~~ 150K C2" 01 ~ I 
C~?'A 

60NFD 
R205400Y. ( 6K-5W 

C~~" 

60'MFD 
400Y'( RZO. 

( 39K-IW 

< RZ07 N 
< 5IK-IW 0<; N 

u 

-
'i'>,0 

::i:~ 
'N, ' 

-~.:" 

r-+<:~«+++--t-----:~ ~ 
r-1,---+----1H---+-<2~: -~ g~ ~:c ~t 6 > RI3 I 

0---:---++--+----+4 'I'~ 01 I ~~ 596~m~~: ~ 330K i 
L-?' 4 5 R~ <> R6 I 

't=======t==t===!=:t==:t:9~ 470K < ~ 510 

I II ~ I 
1\ ? R7 I 

I R4 < C4 < 10K 
< 470K 01 ~

INOTE ? 47~9K< I 
I 

UNLESS QT"lERWISE SHOWN, < R8 I
~i~rE~~TORS ARE 1/2 ~ ~ 820 

L -=­ J--­ - - ---­ ._---------- -=-----­

r[--l I 

: 0 I I 

I I
L__J 
Z03· 

\ 

rlI 
I 
I 
L 
zo~ 

/1
I 

I 
'----+-----+---NUMBERS FOLLOWING "Z03" SYMBOL ON NAMEPLATE INDICATE -+.-..J 

I! PRESENT ONLY INJ F~EQUENCY IN CYCLES. 

5 HAVING TWO Z03'S 

ANE FREQUENCY. 

TEST SOCKET 

PIN NOS. READING 

3 .-4 T U -I OUTPUT WITH PIN 2 JUMPERED TO PIN 

JUMPER PIN 8 TO PIN I TO KEY TIJ-2 

7+.1­ B+ VOLTAGE 
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SU-2 1
 
...-- TEST
Ir'\, _ SOCKET 
I\..:.)~ X202 

r----+------......,>"O:4 !5 

t;\~ ('''0 6 

\::./ ,,2 e!701-----------,
1 

G)~+==-::!::.-==~--~l 
_ RESISTOR IS INCLUDED TO
 
r 4' PERMIT CONVERSION FROM ~
 
'-J -II TO -12 MODEL , 

'? 1 
\V .......---+­

ILK T201 REO RECTIFIER 

~ ~~g: ~~~gJT'AMP L201

Q 

lORN

TI.l.. 

I~
I~ 

TEL-" 8 .,r""""""-_...J'V'vfV-+--+----+­
,...!{!L~ 5K-5W 

r-- ­..~ 2 
IR20! •~1201 4 

"201 

vvv 
5K-5W 

~ 
GR" 

v -
22.5K-IOW 

TEL 

60MF[ 
400V· R201 

<;. 39K-1 W 

r>
R20T N ,0 
5IK-IW ~ :i::~ 

u IN 
I--t: 

C202 PRESENT ONLY IN..! 

UNITS HAVING TWO Z03'S 

OF SAME FREQUENCY. 

~Jt-++---------l__-----------+-­
\::./ 

~)I.-++-------------------+-­
~ 

I';()\H-+-+--------------------t--­'-::.J 

/""'\
~\I---+-4--------------------t--­

V;2'll--+--l--------------------....IP 
b 
~I­

Q­v::.J 
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TYPE TU-/ -

~ 

I- >R7 
10K 

. , R6 
510 

I 
I 

tATE - -+-J 

0) 
o 

(DANDG) 

@ AND 9 
0) 
® 

0 AND ® 
READING 

@AND @ 
T WITH PIN 2 JUMPEREO TO PIN I 

T WITH PIN 8 JUIlilPEREO TO PIN I 

NO.2
 

EXTERNAL CONNECTIONS 

HOT } 
KEVER CIRCUIT TU-I (NO.II 

GROUND 

TRANSMISSION LINE FOR TU-I 

/IllV 60", AC 

HOT } KEVER CIRCUIT TU-I h10.21 
GROUND 

TRANSMISSION LINE FOR TU-l (NO.21 

FOR OTHER INPUTS TO TIOI FROII TU·2 SECTIONS 

figure 2. Schematic Diagram of Dual Transmitter Unit DTU-12 
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TYPE TU-I· 
NO. I i r
 

91 

T I 

01 

r 
I' 
I 
I 
L 
zo 

/ 
I 

I'-----+---l---- NUMBERS FOLLOWING "ZOS" SYMBOL ON NAMEPLATE INDICATE 
FREOUENCY IN CYCLES. 

C202 PRESENT ONLY 1N-l 
UNITS HAVING TWO Z03'S 

OF SAME FREQUENCY. 

TEST SOCKET 

PIN NOS READING 

3,4 TU-I NO.1 OUTPUT WITH PIN 2 JUMPERED TO PI 

5,6 TU-I NO.2 OUTPUT WITH PIN 8 JUMPERED TO PI 

7+,1- 8+ VOL TAGE 

....-----------"''--------------------------------------------I 
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SU-2
 

A" ZOZ1l0' 

~ SK-SW 

VV 
22.S~IOW 

C~~,. 

I~ 66~"O >I> 400 V. IIZ05 
YlL 6K-SW 

e,. HO' liED "Ec;,T~~I,E" 

'ZO' ,."'P ~201 

~ 
UO, S'( GT LZO' 

•"Z0' 

• lUI ~ ;;~·1: VK'_;/'IW----+--+-2!.8.-r=V=V=V=~""jsV

N t ~ 
0 0

:> 11107 
>SIK-IW III .~ ' •• 

U ";' N 
I • 

....,:: 

C202 PRESENT ONLY IN-l 
UNITS HAVING TWO Z03'S 

OF SAME FREQUENCY. 

~1I--++------""""-----------+\oJ 

~)J--H-----------------+ 
~ 

~lI-....j..j.-------------------+P 

~lI---+l-------------------+ 
~ 

~\I----i--jl-- --J 

P 
~"--
~~ 
'--­
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TYPE 1 

C5 
01 

01 

12 ~963 

7 

-------------------~ 
R2 AMPL TG-2 I~ IJI PI 10K I 6 ~~ 

RIO I 
470KI 

I
 
I
 
I
 

Rl3 

I3301< 

I 
R6 

I510 

I 
R7 I10K 

INOTE I 
UNLESS OTHERWISE SHOWN R8 I 
alL RUISTORS ARE 112 _ 820I WATT -, ...L ~ __J 

EXTERNAL CONNECTIONS
 

FOLLOWING "Z03" SYMBOL ON NAMPLATE INDICATE
 o HOT ) KEYER CIRCUIT
CY IN CYCLES. ® GROUND 

@ANOG) TRANSMISSION LINE 

@ANO@ 115 V 60N AC 

®AND@ FOR OTHER INPUTS TO TIOI FROM TU-2 SECTIONS 

Figure 3. Schematic Diagram of Single Transmitter Unit STU-ll 
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~E SU-2 TYPl 

TEST 
SOCKET 

I X 202 

---..£:., 4 50 
F------iI-----'..1 - 1"3 Q 60 

L----402 70/----------------------.
.------_'~I 80
 
~
 

RECTIFIER JI I:":--I~-~--BlK nOI R V201 
~, X201 

h 
...,.-<12~ 

5Y~GT L201 .-lr----_----+----+---t<,"E(-tI---- ­R~D 

vvv

4

YlEl

GRN

GAN

YEl" I 8~
 
RED
 BRNT1~§g~B~L~Ut1--1==jl~<)OE(-tI-----

ILK 0( II >--'-'=-I > TIOI;;:; ,9of'(~I-----
2 C> GRN GBLK k8~·? RII7 RII4 7~ 

RED 3K ~ 1 ~ ~\, 
10K 6 <E,+--t-t..J\v/V\vvr..-·L- +-.-_...J k ~ I~OK 

J\Rl' ~ ~: _ 1.-+-1----+ 

v3~Vi..... ~ "": : I 
22.5K-ICM _1- ~,~~I \1r - -l "'-+-+---1--1--+<~'":++---1~111-1---'",,4­

C~?IA 
1 0---:-----+--.+--+---+-..... ~ 

I 160MFD.)
400V.,>R20~ I 

YfL "<:> 6K-5W I 1 
C2011l C 

\1 L J/I __

60MFD Z03- \ 
400V·S RZOI 

<:>39K-IW 
....... +_---~\-----+_+_---J 

>'> RZ07 
'>511<-IW• 

I 
I 
INOTE 

UNLESS OTHER
ALL RESISTORSI WATT - ~'lb

L .
 

\ 

\ 
NUMBERS FOLLOWING" Z03" SYMBOL 
FREQUENCY IN CYCLES. 

TEST SOCKET 

READING 

TU-I NO.1 OUTPUT WITH PIN 2 JUMPER ED TO PIN I 

1­ B+ VOL. TAGE 

CI 
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TYPE SU-2­

TEST SOCKET 

PIN NOS REA 

3,4 TU-I NO.1 OUTPUT WITI 

7-i-,I­ B-i- VOl.TAGE 
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TYPE RU-3
 

CYCLES. 

~----, 

TR-I I 
I ­ I 

I 
I 

5 L_-.J 

C'.01 

+--i\\lf-t...,....(II~r' 
1110 1114 

1116	 r-_--f__IJ+I-<III~II ~E~ < 270k
 
39K-2W<
 

....----1----+---+<-7....51~'_~W SII3 ...... 
v	 v 

H-+-+---+<:~ 

II ---+<4~	 1115 1117
Ii":=: 75 56k~ r+<~~! 
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~::T~_J 

~ 
ECTOR OUTPUT 

~ECTOR OUTPUT 

\
 
ZFIOA'

I-I 
l

I nRI9I I~ 
I I > 

lo----t 
I I 

I---------------------~~ 

I III 113 ::. 118 1113 II 51K'IW 51k-IW .~~ >24k-IW 20K-2W I 

I AMPL.	 AMPL- III ~: 6:	 KEY Ell 

ECC II~Ol .! ~3 (4)-- ~~ ~)~ II ':r;_~ :_~7 lei (D 2 ~ ~~'!I I 
I ~(~~ lClCl <D ~D ,.;:;.; --,;.v-
I 3~i 9'5 8 ..~ (~ 3Er!l~~ I 
I'	 I56K-2WJI PI 

R61l60K, 

~h <~: '::<	 4~k < ~,6 <;~K <:2 2~ I:fOK 

I j 
---:---	 C3 I 

.022::: SII2 _L_'_ ~~~~W ~3 I 
v	 v I 

SRI L~ C4 _ C5 1115 1117 I 
02 0027 g~ 75 Uk i 

1	 -.11 
NOTE	 UNLESS OTH£ftWIS[ SHOWN,litESIITO'" 

ARE 1/2 WATTL ------------------------------ ­

EXTERNAL CONNECTIONS 

TRANSMISSION LINEQ)AICD@ 

o 
o N. C. CONTACT}
 

ARM CIRCUIT TO BE CONTROLLED
 
FROM KI OF RU-I o N.O. CONTACT 

II!1V 60"-' AC@AND@ 

o TONE BUS}
 
AUOIO INPUT TO RU-3


(!) GRO~ND 

®	 N. C. CONTACT}
 
ARM CIRCUIT TO BE CONTROLLED
 

FROM Kl OF RU-3o ,
@	 N. O. CONTACT _ 

@	 TONE BUS) 
AUDIO OUTPUT FOR OTHER RU-3 UNITS

(I) filROUND 
'-' 

figflre 4. Schematic Diagram of Dual Receiving Unit DRU-ll 
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~-I------l ~ TYPE RU-I lr­
• 

~T 

~ 
~ 

NUMBERS FOLLOWING" ZF lOA" SYMBOL ON NA..EPLATE INOICATE FREQUENCY IN CYCLES.

I \ 
ZFIOA­ ZFIOA­
I-I I---------------------~ I-ITR-I 

I I I RI R3 R8 RI3 I ITf1 RI9I I~ 
5iK-IW 5IK-IW C2 24K-IW 20K-2W II .01 

~~ 
I I I 
I I AMPL. AMPL­ I ~I VI KEVER 

e -­ I I XI CI 

~~2 I I
I ..CBOL" .~ ~~ ~-~ . ':"L -.J 2 -._":. :,,_­ 7 KI 

2 J I L_-.J
2 

I lCKI 
I '-­

;J 3F(~r8 
CD '<6 

------­ ~lIE I '~ (~ 3Ed:1~{RI2 
f-­ .203 C8 

100 RED 
.01 JI I PI 

9 ~ 
.204 lOW ~ - i2~ 'l ~ 

R6 ~60K 
16K-lOW 

II~ R2 R4 R5 • R9 R7 RII RIO RI4 .-----­IK IK ~ >470K 470K 510 1I.lIK 2.7 270K 
I--­ C~~" 1116 

> MEG RI6 
1I9K 39K-2W ~ 
2W 

9 
80MI'tl ke 

C3 
r-­ .o2~i=:400V .20S 

k7 SR2 LI RI8 SR3 
>IK ,.-­ -­ 51':,-IW -

K6~ 
... -­ ...... 

CEOI. ItZW v ·v -
\I 

5~ 

80M..D 4 SRI L-;' C4 C5 C6 RI5 RI7 
.0027 75 5.6K400V 3 02 02 

2 
I 

IL NOTE UNLESS OTHER.WISE SHOWN , RESISTORS ~ 
A'1t[ 1/2 WATT 

------------------------­

TEST SOCKET 

PIH HOS. READIHG--­
, 

Z+,l-

B+, 1­

TR-I 

TR-I 

NO.1 DETECTOR OUTPUT 

HO.2 DETECTOR OUTPUT 

7+ , 1­ B+ VOLTAGE 
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rTYPE SU-I------, 

....". ,11-12 (RU-Il 

~ 

~ 
~-_--Jl1'J INT. 

~ I------J
V 

TEST
 

laSOCKET
 
X 5°2
 

Q 6 ~ I ~,....-----­

r..l-, ~r----+-------=U--­

I III 0r---------====tt= 1 

1

l iNT ~
I C7 

~r----------LUCAP I
 
1 I I~
'-:Jr------------ll.L..-J 

7201 IAIlP ILK TZOI1/;' ... ~.ft~RE~T~~IIER 
ZOI X201l\.:.­ 5V GT L201

I,....., YEv' 8 ~ o • ) lED ~~1201 5Ul 4 2 

L!R
AI. ~Z03 

100 
lOW 

__ 204 

16K-lOW 

~N 
C~~,. 

~ -n 
I~ 10"~ 

IZ05- 400V IK.!L 
1/2WC~OIl 

~ 10 ....D 
L......+­

"------+­
400V 

-= 

~4r'l1-------!------L-­
~ V
 
I,.....,
I ~l ~f11-------------------­

I C7 I 
1 I 

~f11-------------------­
CAP I 

I

liNT I
I 
~11t-------------­
lr-­I J ~'­
,...., 
~I--J

- -1fJ INT, 

__ JI-12 (RU-31 
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~ 
TYPE RU-I iNO.2 

CATE 

"­Z"OA'-----::-1 r---l ,---------------------::-1 
TR-' TR-,

I I I III > 113 ? 118 RI3IT'"I l~ I 
51K'IW 5IK-IW C2 >24K-IW 20K'2W.01 

I IAMPL.­ I I AMPL_ AMPL.­

~'" I VI d: K£YEII 
V2 I I XI 

~r X2 

I '~~O' ';t ~<V- -'t/ :- ,~~,
:1965 L -.J7 2 --_":. ~_. 7 

KI ~D 
-1,/ I 

f(~-
XKI CD ~D 

3Ertl~!1112,..... 8 IIt2 8RNT! I 3 4 ~ 58 '~ (~ 
~ ~~~D ' ~CI 

JI I PI 
56K-2W 

.~I, 
I 55K-2W 

"""1 -'K BRN I R6560K> II 

~< 114 : 
>

1111 RIO "'4 II~ 112 115 119 R7 1111 RIO 1114 
'.lJK 2.7 >27011 > Rli 

IK IK < 470K >470K 510 >lJ.llK >~~ < 
27011 

MEG v .....- 39Mo.1 ....., ..... 
C3• 0'22..- ...LI 1111 SII3 7 SII2 LI "" 5113 

~ 
5IK-IW -'f­ 5IK-IW 

c-"-L 
6~ 

.... I ... 
v ... ... 

6~ 1117~ 
5, 

1115 ---+-<4 Sill ~~ C5 ~~5 5.': >_0027 C6 75 C4 .0027 g::::02 
5_61( 

--+<3 02 
~ 

1--<2 
~ i.<:' 

I 
~ SHOWN,"":::T::'_-.J L "OT['U"LESS OTHEIIWIK SHOW" ...ESISTOIII -.J 

A"E 1/2 WATT. -------------------------------­

EXTERNAL CONNECTIONS 

(0 AND 0 TRANSMISSION LINE 

0 N.'. 'ON""}
0 CIRCUIT TO BE CONTROLLED 

ARM FROM K I OF RU·' (NO.ll 

0 No O. CONTACT 

@AND@ 11!5V 60N AC 

(DANDe!) TRANSMISSION LINE 

® N.'.'ONTAOT}
® ARM CIRCUIT TO BE CONTROLLED 

FROM KI OF RU·. (NO.2) 

@ N. O. CONTACT 

SOCKET 0 TONE BUS,}­
AUDIO OUTPUT FOR RU·I UNITS 

READING ~ GROUND 

NO.1 DETECTOR OUTPUT 

NO.2 DETECTOR OUTPUT 

YOLTAGE 

Figure S. Schematic Diagram of Dual Receiving Unit DRU·12 
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----

-------------------------

2 

II 

TYPE RU-I -I-l NO.1r ir-
EST
 
CKET
 

S°
 
Q 6°
 ~
~.,. 

TIFIER 
W201 
~2Q1 

8~~~ 
I----

Rr04 

16K'IOW 

r- C~?IA 

.O~FO 
400V < 

crOll 

60..',10 
400V 

R203 

jilt f!!.l900'low 

i 

eLK 

I 
C8R£ll 

.01 JI I PI 
'eRN \1 12 

II~ 

9 
IK-,/zw 
Rr05 

...---ke 
RIS ....-k7>39K-2W 

> k6<E+ 
5 
4 

3 
2 
I 

IL 

I I 
I II~
I I >nr I 

II I 
III 

L ~ I 
I- ­ I 

~ NUMBERS FOLLOWING "ZFIOA" SYr.lBOL ON NAMEPLATE INDICATE
 
FREQUENCY IN CYCLES.
 

ZFIOA­ ZFIOA­" '-I I---------------------~ ,­
> RS < 

< 24K-IW 

JJ~1CD (6 

~~ (, 

Rl seOK 
R9 

470K <> 510 

1o~322 
SR2 
.... 
v 

SRI ~~ C4 
02 

TR-I 

IRI > R3 RI3 
< 5IK-IW > 5IK-IW CZ < 20K'2W.01 

i r 
AMPL.­

VI 
AMPL 

KEVER ~ Xl CI I~2-{; . ;:" L2-_"=- ~_. 7'~~" !~ 
'-­KI 

XKI 

3 4 gr. 3Sr11~~RI2r(."- BLl
9 ~ RE56K-2W jil' 

Bl 
R2 R5 RIO RI4R7 > RIIR4 <­

470K>IK IK > >I.IK > 2.7 2701\ 
MEG 

Cl < 

RI.L I SR35IK-IW ...... 
v VI 

1\ 
RI5C5 R11~C6.0027 75 5.6K>02 • 

-.JNOTE' UNLESS OTHERWISE SNOWN. RESiSTORS 
ARE lIZ WATT. 

TEST SOCKET 

PIN NOS. READING 
; 

eLK 

,-­

I 
3' 

....-fo­

..... 

2+,1- TR-' NO.1 DETECTOR OUTPUT 

8+.1- TR-I NO.2 DETECTOR OUTPUT 

7-t-. 1- B+ VOLTAGE 
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~T-~:.:~,.~.~-I----1
 
.--~~ 'NT. 1

1 
----------­

TEST 
SOCKET 

-, I®-----.J 
~ I I 

I C7 I 
l iNT I 

CAP 
I I
I JI 

r 

w~~ 

--I 

10rT-----­

__ JI-12 (RU-I,NO.2) 

R203 
900-IOW 

R2041 

~=========I(!)~ 

I€­
G)r---=-=======
!~~~ ~J:~':~W:.~ 1 

~~ 4 2 

~ 

G'"t 

G"N... 
I> 

YfL --' 

.O~FD 
400 V "20~ 

(
• IK-lIzw 

C201' 

60MFD 
400V 

L... 

lI®~-++--~ 

@)r-1i----------------­
'@r1i----­
l@rT------
I@n---...J-...J 

ti4' 
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----- ----------------------------------------

TYPE RU-I 1 

-NUMBERS FOLLOWING ·ZF lOA" SYMBOL ON NAMEPLATE INDICATE FREQUENCY IN CYCLES 

1---------------------,
I TR-I I 

RI9 I > RI ( R3 
<>5IK-IW <>5IK-IW C2 

~ I~: 

1 A~:Lt--c-lIIr-+--..,' I cl ..J.Ji' 
I .~ .~_~" ~~ ~ t:i ~~:.:-\--t5~:_'_726_5_+_-_+ 

C. I ,~(~;::. @.~,,(~ • 'Edl;::k 
0 . 1 I t-IIIr--t,:r:&~A~:;_;--t=:j::4=t:::t=::::t:=l==+_---__+5.6K-2WII JI PI Re "580K
 

( R9 • R7 • RII
 RIO ( RI4:=~II==L~:t-<~~IC~*"",~+-,'~ ~ R, 1K2 :,:. ~:iOK 270K>470K (> 510 >3.3K > 2.7 
'-lEG". " .---t-<"9<E,+J+--..-+--++....--.......------+-+-++-+-+--.....----.J


C3
-t<8~~-t+t-----' 

022::1=: RI8LISR2 SR3r+<7<E+t+----' 51~-IW 
~ ;::::- ..... __+-++<6~ .... v 

__-++-t-<5<E~:+_t--------------_+_+-+-' 

__-++-t-<4~+--------------.l RId~ ~ RI5SRI ~~ 7<:­C4 5.6K(.0027 g~:: 75
02.--++-t-<3<E-t-+-------------------J 

~ 
.--++-t-<2<E-t-+-------------------'
 
.--+--+-.....<,,1 ~+------------------------------l
 

- I- NOTE UNLESS OTHER.WISE SHOWN .RESISTORS --.J 
ARE 1/2 WATTL ----------------------------------- ­

EXTERNAL CONNECTIONS 

AND TRANSIlot'SSION LINE
 

0 N.C. CONTACT}
 
CD ® 

G)
 ARM CIRCUIT TO BE CONTROLLED
 
FROM K I OF RU-I 

0 N. O. CONTACT 

@ AND @ 115 V 60'" AC
 

0 TONE BUS}
 
AUDIO OUTPUT FOR RU-3 UNITS

(!) GROUND 

figure 6. Schematic Diagram of Single Receiving Unit SRU·ll 
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TYPE SU-I
 

......--JI·.2 

DINT. 

'"I------l ~ 

1"1......----. 
~ 

1"1 

TEST
 
SOCKET
 

;620h:2
o~ () 7 

.---_+---""'l?,1 8 0;------------, 

-+-
0 

~hL.__... __I_~ 

Dr----------------------l---L. 

eLK no, RED RE~T~~I,ER 

,----­
I 
I 
I 
I 
I 

ag\ 'AMP ~20'GT5Y L201
 

vEL- 6 ~
 
~
 

• BLKm120t 4 2 I 
'-'!ll.. > ~IIII[ ~_R~I IC8"RN < R203 ~II[ .01 JI I PIgOO-lowVEL­ R2:04 BL K BRN ~11-f_,_<,j2~GRN 

v r+--+_'_"-+-+-</"n.'~"'--'--LLJ' 1>~:16K-lOW 
L l

3~~W~ ~,~GRN 
....94E++..+-.............--I-II--4I
....

I~
 
60hlFO
 ~8~-H----....J 
400 V R20~ r+<7·+-1-+-1-----1 

VEL IK-1/2W 11-+---;hH-+-----H--jI-+-I-+-</6~ 
r __---<t-__++_C-l~~r_'_8....<Io----~jl'-----i--i-++-------4+---+-1-\-+-<5~+-------1 
~ 67/MFD '--H-i-------+--I-+-I-+-</44+--------1 

400 V '-t------t---+-1-++<3~....-t+-------1 
'---+-----+---+--+-H-<2~·++--------1

l.------j---+-++i..<,~+_-----__1 

IL _ 

TEST SOCKET 

0)APIN NOS. ~ 

2+ ,1­ TR-I NO.1 DETECTOR OUTPUT 

7+.1- B+ VOLTAGE 

@A 

INT. 
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II-------T
 
.---~JI-12 

I l 
I I
 
I C7 I
 

liNT I
 
I CAP I
 
I I


L J 

OINT. 
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- ~------TYPE TU-I i 

JI r:--'~;;------~--I-!l ·~r-TG-~ 

v ~3__ I._~~\r63 

II 
9 5 > RIO 

k8~ 9 RII ~ gT;: 470KI 

7~ I R,(2
A 

620 I 
6 ~I 620 ~ 

k5~ 150K C2 L OI I 
I ':~ CI ~~c ~ ~ I 
;:g~ ':.C, ~--£ ?,"~" I 

I J~ 3 1(1\~ ( ~ R6 I
I +J,I 470K (> (> 510 I 
I ~(>R7 II 
I 4~6K g7 >IOK 

INOTE 47'6 
9 
K I 

I 
UNLESS OTHERwiSE SHOWH. 8

R
2
8
0 I 

ALL RESiSTORS ARE 1/2"* > 
WATT-S'll. JL * __ 

NAMEPLATE 
INDICATe: FREQUENCY ,PI CYCLES. 

~ 
!oUTPUT 

" PIN • JUIolPEREO TO PIN I 

EXTERNAL CONNECTIONS 

o RU-I SECTION,TIOI INPUT TRANSF; INPUT TO RU-;' ABOVE. 

00AND 0KI-CONTROLLED CCT. 

@ANOG 115V 60-A.C. o KEYER CCT.(FOR TU-I I. 

e!) AND @ PILOT OR TRANSMISSION LINE. 

o AND @ TU-2(TU-I,LESS TlOI ISECTION,IF ANY ,INPUT TO TIOI ABOVE. 

o GROUND 

RII RIO RI4 
3.3K 2.7 270K 

MEG 

----~-~ 

.MPL­

~ 
KEYER 

V2 
X2 

5965 

7 

,;.) 
a 8 RI2 

~ 
56K-2W 

-

-
LI 

= 

-­

-

...-1f+-B-R-N.....--+R_E_D---:B-L-Ut~~~~~~~~~~~:<:,: 
TIOI ~~~~:Tr-~====-=-~~r; ... 
GRN RIl4 10K ~ 

" y 

RII7 -3K 
....-"""'--+--' 

.....---'\""~RII6 3K ~. 

I

rl--l ,r+-++-+-+-+--+.l<-<:;L 

I i I 
I I 
L__J 
203­

L---1I-+-+-I-I-I-H-NUM8ERS FOLLOWING "ZO;'" SYM80L ON 

Figure 1. Schematic Diagram of Duplex Signaling Unit DSU-IIT 
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--------

__

----------------------------------_..._--­

~~-----TYPE
 i I
 
rNUM8EAS FOLLOWING ·ZFIOA"SYIIIBOl ON NAMEPLATE 

/ INDICATE FltEOUENCY IN CYCLES. 

-I----------------------~~ 

r-I ? III ? R3 118 ? I1113I 5IK-IW 5IK-IW .g~ ~24K-'W 20K-2W I 
I I ,..... f ­L201 

F-< 
5K-5W

IUOS 

11104 
1200 0 ,OW

80MFD
400V 11205 

IK-II2W

• = IUOI BR.. I A~:L Ji 
/I 

:r:ELR I 
TI 

GII E:C ~~~Ol ~~7 t5 $- i 2~~ ~_i5~~1_'_7i-5_+-_.... 
R 

...1---'I h( ~ XK~I Q) r1 ~~) 
8 1112 ...­I 5[ 41.~'58 '~ (~ 3--+J915 

L..--­
C8 9I ~ 
·~I JI PI 

.....,t-.,..,.-<·II:U:-~.-J r 
.-----+--++<III~ I

1116 < 

39K-2W ~-l+I-.......-++_.....- ...-----_+_+++-~+_-~-------I I< +-----,1-<9'"'­

-K.""-'+++-----' I 
C~~" K7~-HI-------1 L1-+t--i,,~+--__+_+_I_+-+-+1--+_-_+__+~64 zo 

60 MFD "'""I-+-+-+-+------1~--+-H_+<5~+_-------------I_.,~.-J
 

400 V >1110. "-iHHI----+---+--+++<4<E-t+-----------'----...J
 
431C0IW '--t--1I-----iI----t-+-H<5<E-t+----------------l 

'-I----+---+--+-+-+<Z<E-t-+_-----------------l 
• 11107 L..---+-----+--+-++L.<I~+_-------------------------'• 581C0IW 

H+----1 I 
NOTE UNLESS OTHE"WISE SHOWN ,IUSISTONS I 

'ftE lIZ WATTL ------------------------------------­

TEST SOCKET 

PIN NOS. READING 

2+.1­ TR-I DETECTOR OUTPUT 

7+. 1­ B+ VOLTAGE 

5 • 6 TU-' OUTPUT WITH PIN' JUNPERED TO PIN I 
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--

--

TEST .----_......1/"'" IH1: SOCKET 
X 20~ 

Vj't-----J 
~ 

f'i\
~7"--------..J,I-, 

~ 

I t...:.I 
I ,-..,
I C7 I ~r-----+--+-------I-~l iNT I 

CAP 

I 8r:-=-------+----~-+-.I 
I I 

L~.J ~rr--------------..LL 
,..... , • TIOI R~ft RECTIFIER 

~ ag: 'AMI> ~~~g:5Y GT LZOI 
/"""\ :.m: I ~8~.rv-"...,..'--_j\RJ!,,0~'V,.....J 
~ 

• lUI ~K-~WlQtlJ
120' 4 Z 

~ 
1'105 
1200-IOWTEL­,"iI" v V 

IlK-lOW 

...." Tn 

.O/~FD 
400V > RZ05 

TIL >IK-II2W 
CZOt' 

II 

60lilFD 
400 V RlOI 

43K-IW L->.­

-
( 11101 

.; 56K-IW 
..--__....__1-+-_........]
 

/"""\~JhH_-----+-----------l 
8Hi------------------l 
~H,----------------l 
8,,-t1-------------------l 
@t1Ir-----------------l 
~-\.;.:./ 

'14'---'Q 

10lNt 
----l 
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-

-------, 
TR-I I 

AMPL­

K~EYER
v2
 
X2
 

5965
~ 7 

~l! 
~ 8 RI2 

A A 
vv 

~6K-2W 

f-

RIO RI4>RII 
• 5.5K > 2.7 >27011 

MEG 

~ 

LI 51~~W SR3
;.' I ... 

v - .... 

I~ 
RI5 R17>

o~h C6 75 5.6K>02 

~ 
OUTPUT 

I~-----TYPE i 

~--R-2----------------~-~G-~ 

RED r- .,..J<'12 PI 10K ~.4.. 5~t I 
BLU II 2 __ ~\7 IBRN 

~~~~~tt~~==t~",O 3 1~8 ITIOI? 
BLK 9 5? • RIO,GRN RII~ 10K K8~ 9 RlI.. C5;:~ >~70KI 

.---f---+<,7~ RI I RI2A 620. 01 >' 
RII7 ?K 6 620 ~ I 

_--J'\,A",....ARllfS 5K 1-<5~ 150K C2 01 I 
vvv r-+<:~ OSC I1\ ~ 

rl--l 1.-+-+-+--+--+-+----l-<2 11 ~~g~ 5~~5~= ~-1 3~6K I 

: : i ~III~ U~ ~~2 . R6 " 

I I +J91 470K'> 510 

L__J I l\ .-- R7 !\' 

203­ I R4 > C4 10K 
.>470K • 01 • I> R9 > 

NOTE 470KI 
UNLESS OTHERWISE SHOWN .> 8~80 I 
ALL RESISTORS ARE 1/2 -E- •I JWATT-,'lI.L __~ 

'---1-+-Hy......,-1H-- NUMBERS FOLLOWING· Z03· SVMBOL ON UMEI"LATf
 
INDICATE FIUQUEIIICV '" CVCLES.
 

EXTERNAL CONNECTIONS 

GANO 0 PILOT OR TRANSMISSION LINE(FOR RU-' I. 

00 AND 0 KI-CONTROLLED CCT. 

@AND e 115V 60""A.C. o KEYER CCT.(GROUND TO KEY TU-II o AND @ PILOT OR TRANSMISSION LINE (FOR TU"I I 

0AND @TU-2(TU-I.LESSTIOIISECTION.IFANV,INPUT TO TIOI ABOVE. 

o TONE' BUS} AUDIO OUTPUT FOR o GROUND RU-3 UNITS 

" PI" 8 JUNPUED TO PI" I 

figure 8. Schematic Diagram of Duplex Signaling Unit DSU-12 
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1
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----------------------------

3~
 

~ "!O\ 
v 

!llt"!l. 

11203 
,200"IOW

1120.4 
v 

.&It"IOW 

C~?'A 
71 

~~MFD 1120' 
IIt-,/ZW 

OOV•• 

C~~" 
11 

1-0lAFD 
112O. 

)431("IW 
l400v 

.
R207 
581t-IW 

TYPE RU-I r 1I
 
jNUM8ERS FOLLOWING "ZFIOA"SYIolSOL ON NAMEPLATE
 

INDICATE F'UOUENCY IN CYCLES.
 

"',./
~---------------------~ 

I 
TR-I

I ?RI R3 R8 
5IK"\W 5IK-IW C2 24K-IW

.01 
\1 

AMPL. 
VI 6:XI 

ECC ".c" •~ ~$- K-~2'~~ 7 
XKI CD2 J ~KI 

S 

3f(~I~ 8 \~ <t) 

PI 
R6560K 

'~ . > • >
)R2 R4 > )R5 > R9 

IK IK c .>470K 470K 

C3 
iD22 

SR2~ .. 
~ 

SRI l~ 
02 

RI3I 
I >20K-2WI I >1 MEG 

1-'

IT ",
I 
I 

.-~f--II AMPL.­ E 

I I KEVER 
1 

I
 ~2 (
 

L · ':~' AI .......
 

....3Ed1~~RI2I 9 A A A 

L-<

I 56K-2W 

ILK 12 r 
RIIR7 RIO RI4 

510
II 

2.7 270K I>UlCRI6 MEG
S9K-2W. I 

I 
9 

RI8LI SR3
51~-~W I .... l

6~ "v z', 
4 R17>C5 ~R15C4 C6 ;:: 75.0027 5.6Kc02 
2­
3 • 
1"­

IL NOH UNLESS OTHEIIWISE SHOWN .II[5ISTOIIS
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