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1. GENERAL 

1.01 This section describes the general fea­
tures of the ON/K carrier telephone sys-

tern. 

1.02 The·ON/K system was designed to add 12 
channels of ON1 or 16 channels of ON2 

carrier above the frequency band of a K carrier 
system, both working on the same cable pair. 

1.03 The multiplex equipment that effects the 
stacking consists mainly of ON type ter­

minal equipment in four-channel blocks. Addi­
tional equipment; line filters and the ON/K 
repeater were provided to complete the equip­
ment needed for this system. The line filter and 
repeater function to separate the high ON/K 
frequencies from the low K frequencies, amplify 
them and recombine them with the amplified K 
signals at each K repeater section. The same 
ON/K repeater design is used at terminal sta­
tions to connect the ON terminals to the cable. 

An adjustable deviation equalizer is provided as 
optional equipment. 

1.04 The circuit description for the ON termi­
nal groups is located in other practices in 

the 362 division of Bell System Practices. 

1.05 Fig. 1 shows in block schematic form a 
typical ON/K carrier telephone system. 

2. OVER-ALL SYSTEM 

A. General 

2.01 The 16 channel ON/K system and the 12 
channel ON1/K system was designed for 

shorthaul use over the same cable pairs used for 
K carrier. The ON2/K occupies a frequency band 
of 68 to 132 kc; the ON1/K system the 80 to 136 
kc band. Line filters are used to separate ON/K 
frequencies from K carrier frequencies at the 
input of each repeater, terminal, and junction 
and to combine these frequencies at the output. 
Repeaters are located at the same locations as 
the K carrier repeaters. Also, junctions must be 
located at K terminal or repeater locations. Only 
ON1/K can be extended over 0 carrier facilities. 
The system is designed to operate on cables ar­
ranged for single section crosstalk cable balanc­
ing. Approximately 100 db gain is provided for 
each cable section at the top of the frequency 
band. Equalization is provided for the 28 db 
slope of the cable characteristic over the 68 to 
136 kc band. Fig. 2 gives a simplified block dia­
gram of one section of ON/K and Fig. 3, the 
frequency arrangement for 16 channels of ON/K 
carrier. 

B. Terminals 

2.02 At the ON /K terminal, three or four ON 
carrier groups are connected on a 4-wire 

basis to a combining network. The combined 
band on the transmitting side is then amplified 
by the ON/K transmitting amplifier and con­
nected, through the line filter, with the K carrier 
frequencies for transmission over the cable. The 
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received band is separated from the K carrier 
band by the line filter, its level and slope ad­
justed when required with span pads or artificial 
lines and then amplified to the proper level by 
the ON/K receiving amplifier. The combining 
network then provides for connection to the car­
rier groups. 

C. ON/K to ON Junction 

2.03 The ON /K system may be connected to an 
ON1 or ON2 system. At the junction loca­

tion, which must also be a K repeater or termi­
nal location, the received ON/K frequencies are 
separated from the K frequencies by line filters, 
amplified by an ON/K receiving amplifier, the 
level adjusted by span pads and/or artifiical 
lines for connection to the ON/K to ON carrier 
connecting circuit. 

2.04 In the connecting circuit, the signal level 
is further reduced by a pad to that re­

quired for the input to an ON repeater. For 
ON1/K to ON1 carrier, a level control oscillator 
with an adjustable output level is connected to 
the circuit to supply an artificial load to replace 
that of ON1 groups 4 and 5. The oscillator is 
not used for ON2/K because its output fre­
quency lies in the ON2 carrier group 4 band. In 
the ON to ON/K direction, the output of the ON 
repeater is reduced in level by a pad in the 
ON/K to ON connecting circuit and then con­
nected to the input of an ON /K transmitting 
amplifier for pre-equalization and level regula­
tion. The output of the transmitting amplifier is 
connected to the output line filter where it is 
combined with the K system output. Fig. 4 
shows in block form a typical ON /K to ON 
junction. 

D. ON/K to 01 Junction 

2.05 The ONl/K system may be connected to 
an 0 system. At the junction location, 

which must also be a K carrier repeater or ter­
minal, the received ON1/K frequencies are sepa­
rated from the K frequencies by a line filter, 
amplified by the ON/K receiving amplifier, ad­
jus ted for proper level and connected to the 
cable side input of an ON1 group 1 junction and 
then to the open wire facilities. In the open wire 
to ON/K direction, the 0 group is connected to 
the ONl junction. The junction output is con­
nected to the ON/K transmitting amplifier for 
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pre-equalization and level regulation and to the 
output line filter where it is combined with the 
K system output. 

E. Channel Order 

2.06 Channel order in the ON/K system is 
similar to that in the ON system and is 

determined in a similar manner. Due to the way 
the channel filters are assembled in pairs in each 
can, if the received channel order is four to one, 
the transmitting channel order must be one to 
four. Therefore, if a group is transmitting chan­
nel order "A" from one ON/K terminal, it must 
be transmitted channel order "B" from the 
other. 

3. ON/K AMPLIFIERS 

A. General 

3.01 The fact that up to 18 miles separate K 
repeaters, extreme signal level differences 

between the two carrier-frequency bands result. 
These level differences occur because the cable 
loss is very high (over 100 db) between K re­
peater stations at the higher frequencies used for 
ON /K. A tenth of a watt of carrier power must 
be delivered to the ·cable at the output of each 
repeater. This power level is rather high for tele­
phone work. But even so, its magnitude is atten­
uated by the cable to one hundred-thousandth 
of a microwatt at the next repeater point. 

3.02 To make up for the 100 decibel cable loss 
between repeater stations, the ON/K re­

peater amplification is also 100 decibels. This is 
a power ratio of ten-billion to one, which re­
quired very careful circuit and equipment design 
to avoid oscillation and crosstalk. For example, 
a stray hundred-thousandth of a microwatt 
picked up at the repeater input would drive the 
output stage to full power. 

3.03 To control crosstalk and prevent self-
oscillation, high-level signals must be 

kept physically remote from low-level ones. In 
the line facilities, the normal K-carrier feature 
of separate cables for the two directions of 
transmission eliminates serious problems of 
crosstalk. In the ON/K repeater, separation is 
achieved by dividing amplification into two 
pieces, a receiving amplifier feeding a transmit­
ting amplifier. In a two-way repeater, two 
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receiving amplifiers (low-level signals) are sepa­
rated from two transmitting amplifiers (high­
level signals) by an interposed fuse-panel. In 
addition, low-level signals are cabled down one 
side of the mounting bay and high-level cabling 
goes up the other so that the bay itself assures 
separation. Also. special shields are used be­
tween adjacent bays. Besides controlling cross­
talk. separation of the amplification function 
into two pieces. permits the use of the same 
amplifier designs at terminals, where the trans­
mitting amplifier alone amplifies the ON termi­
nal levels for transmission to the cable, and the 
receiving amplifier alone, amplifies signals re­
ceived from the cable. 

3.04 The separation of amplifiers also permits 
branching off of the ON/K to type ON or 

0 carrier system for extension ove1· a branch 
cable or open-wire for ultimate termination at a 
point remote from the K cable. 

B. Transmitting Amplifier (See Fig. 5) 

3.05 The transmitting amplifier provides 43 db 
of gain at 132 KC. The amplifier has two 

stages with a 418A power output tube to handle 
the high power output (22 dbm). This output is 
required for adequate signal-to-noise ratio. A 
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thermistor regulator in the feed-back network 
assures an output that is stable within plus or 
minus 0.5 db for variations in input power of up 
to plus or minus 10 db. Because the thermistor 
is sensitive to ambient temperature a compensat­
ing network is furnished. The feed-back circuit 
is connected as series feed-back at the input, and 
high-side hybrid feed-back at the output. Also, 
a network is employed in the feed-back circuit 
to equalize the deviations from the desired char­
acteristics in the basic slope equalizer, and the 
line filters. The basic slope equalizer which is 
mounted on the amplifier chassis, is used to pre­
equalize· for the cable frequency characteristic 
of the following line section. Thus, all channels 
are equal in level at the input to the next re­
peater. 

C. Receiving Amplifier 

3.06 The receiving amplifier which gives ap-
proximately 57 db of gain across the fre­

quency band, is a two stage feed-back amplifier 
(two 408A tubes) with slope adjustment, plus 
a low-pass filter. Operation of the amplifier is 
similar to that of the transmitting amplifier, the 
main difference being in the feed-back network 
and the output tube. The receiving amplifier has 
no basic slope equalizer. The feed-back circuit 

INTERSTAGE 
NITWORK ~-v~--+-~ 

FEED·BACK 
CIRCUIT ____ T ___ _ 

EQUALIZER I THERMISTOR 
NITWORK REGULATOR 

B+ 

Fig. 5 - Block Schematic of Transmitting Amplifier 
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includes the manufacturer's flat gain adjust­
ment and a field slope adjustment. The slope 
steps, which do not affect the total output power, 
have slope variations of 0 db, -1 db and -2.8 
db. Slope adjustment compensates for unit re­
placement, component aging and cable build-out 
deficiencies. The power output level of the receiv­
ing amplifier is about -25 dbm per carrier. 

4. EQUALIZATION 

4.01 When K carrier cable sections are less 
than 18.2 miles in length, artificial lines 

are used to compensate for integral miles and 
span pads for fractional miles. Span pads, how­
ever, compensate only for the flat level differ­
ence leaving a small slope error. 

4.02 The ON and K carrier frequencies are 
combined or separated by a line filter. 

This filter is a balanced network with a low-pass 
section which passes K carrier frequencies (12 
to 60 kc) and a high-pass section which passes 
ON carrier frequencies (68 to 136 kc). The im­
pedance level at the low-pass, high-pass, and 
line sides of the filter is 135 ohms. 

4.03 There are several sources of systematic 
transmission level deviations in the ON/K 

system. The major equalization problem is an 
impedance mismatch caused by inserting the in­
put line filter between complex impedances (the 
cable and the input side of the ON/K receiving 
amplifier). This mismatch is greatly increased 
when artificial lines are inserted between the 
filter and the amplifier. 

4.04 The accumulation of many of those small 
deviations could result in undesired per­

formance of the ON/K system. Therefore, an 
adjustable deviation equalizer is available to 
equalize system deviation to within specified 
limits. The equalizer comprises eight series reso­
nant circuits, four of which are effectively paral­
lel resonant circuits because of their location in 
the feed-back network of the amplifier stage. It 
was found that the use of the amplifier stage is 
the most practical method of obtaining series 
and parallel resonant circuits with minimum 
interaction, and with a 7 db pad it produces 
unity flat gain for the entire network. Because 
a low gain is desired, the feed-back circuit is 
unusual in that only a shunt network is used 
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and the signal is fed back from the top of the 
output transformer to the control grid of the 
tube. 

4.05 The deviation equalizer will equalize 
transmission level deviations up to -+-4 db 

for any high level peaks and any four low level 
peaks within the ON1/K and ON2/K frequency 
bands. A channel frequency characteristic im­
provement is obtained by inserting the equalizer 
after the ON/K receiving amplifier. A noise and 
crosstalk improvement is obtained by inserting 
the equalizer at a repeater location at the input 
to the transmitting amplifier. 

5. ORDER-WIRE AND ALARM FACILITIES 

5.01 The alarm circuit in each ON/K terminal 
group is the same as in a type 01 terminal. 

For detailed information on this circuit, refer to 
the descriptive section in this division on 0 ter­
minals. Alarms in the ON junctions and the 
ON/K-to-ON junction repeaters are the same as 
on a normal ON system. For more detailed in­
formation, refer to the descriptive section in this 
division on ON systems. 

5.02 The ON/K repeaters are equipped with 
power failure alarms which connect to 

the K carrier alarm systems at main or auxiliary 
stations. 

5.03 Order-wire arrangements are available as 
a part of the K carrier system. For a sys­

tem that branches to an 01 or ON system, the 
order-wire arrangements of these systems may 
be used. 

6. POWER SUPPLIES 

6.01 The ON terminals and junctions require 
de power at -48 and + 130 volts. Each 

terminal and junction is equipped with alarm­
type fuses for heater and plate circuits. For a 
complete description of the terminal and junc­
tion power supply, refer to the descriptive prac­
tice in this division on ON terminals. A level 
control oscillator in the ON/K to ON connecting 
unit may be powered from either a + 130 or 
+ 152 volt battery supply and has a 0.055 am­
peres current drain. Table I gives the current 
drains for the terminal and junction. 
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TABLE I 

Current per terminal group ( 4 channels 
equipped, no level control oscillator) 

Current per junction group 
(no level control oscillator) 

Current per level control oscillator 

6.02 Arrangements for powering the ON/K 
transmitting and receiving amplifiers are 

shown in Fig. 6. At K carrier main and terminal 
stations, the ON/K receiving amplifiers use a 
+ 130 volt plate supply whereas the transmitting 
amplifiers employ + 130 volts and -24 volts for 
the plate supply. Both amplifiers use a + 152 volt 
plate supply at K auxiliary stations. Each termi­
nal, repeater, and junction mounting is equipped 
with alarm-type fuses for the heater and plate 
circuits. The deviation equalizer uses + 130 volts 
for both plate and heater supply. A built-in 
resistor reduces the + 130 volts to 19.25 volts 
for the heater supply. At K auxiliary stations 
an ED-92484-30, G7 voltage dropping panel is 
used to drop the + 152 volt supply to + 130 volts. 

864 WATTS FOR 130V BAT 
936 WATTS FOR 152V BAT 

130V OR _j I 860 WATTS I EMGCY 

152V INVERTER 
RECT Jr- KS-15574 

l30V OR 117V 

-48V 

1.75 amp (max) 

0.50 

0.05 

+130V 

0.450 amp (max) 

0.164 

.005 

6.03 The ac heater supply is also shown on 
Fig. 6. A 19.25 volt supply is required for 

the 408A tube (2 per receiving and 1 per trans­
mitting amplifier) and a 6.1 volt supply is re­
quired for the 418A tube (output tube of trans­
mitting amplifier). An ac supply is used in pref­
erence to de to eliminate the power waste caused 
by using de drop~ing resistors. The normal 
heater voltages of 6.3 and 20 volts were lowered 
to the values stated above to provide for longer 
tube life. A ±0.1 volt tolerance is maintained on 
the heater voltages to insure the longer tube 
life. A center tap on the 19.25 volt winding of 
the heater supply transformer provides 9.62 
volts ac for the thermistor heater in the trans­
mitting amplifier. Taps are provided on the 
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Fig 6- Power Arrangements for ON/K Equipment 
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power transformers to set the 6.1 volts and 
potentiometers are used to adjust the 19.25 and 

9.6 volts supplies. Power requirements of the 
ON/K system are shown in Table II. 

TABLE II 

At +152V 
Locations 

At -24V & 
+130V 
Locations 

At +152V 
or at -24V 
and +130V 
Locations 
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-24V 
AVERAGE CURRENT BAT. 

tAMPS! 

Per Terminal 
or ON/K Junctions 

(2 amplifiers) 

Per Repeater 
( 4 amplifiers) 

Per ON/K to ON1 
Conn Equip 

Per Terminal 
or ON/K Junctions 0.059 

(2 amplifiers) 

Per Repeater 
(4 amplifiers) 0.118 

Per ON /K to ON1 
Conn Equip 

Per Equalizer 
(1 tube) 

BAT. FOR AC FIL FIL EMG 152V 
PLATE SUPPLY 230V OR 130V DC 

tAMPS! !WATTS! lAMPS! 

0.080 9.5 0.061 

0.160 19.0 0.121 

0.060 

0.080 9.5 0.061 

0.160 19.0 0.121 

0.060 

0.013 

0.048 (For Fil.) 
(Supplied by 
Plate bat.) 

( 


