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l, GENERAL

1.01 The TD-2 Radio System is a microwave
radio relay system designed for han-
dling television, multichannel telephony,
telegraphy or other wide band communication
signals, The transmission band width of
each repeater at the radiated frequencies
is 20 me, with an effectivé channel band
width of the order of 8 mc, The system
is designed for a maximum of six channels
in each of two directions with the possi-
bility of spurs utilizing frequencies be-
tween the regular channel assignments, In
the latter case, care must be taken in the
location of the antennas to prevent inter-
ference, One transmitting antenna and one
receiving antenna are required for each
direction of transmission, The general re-
lationship between the radio equipments is
shown in Fig, 1.

1,02 The radio equipment operates in the

common-carrier band 3700 to 4200 mc,
At these frequencies, transmission 1s lim-
ited essentially to line-of-sight distances,
that is, up to a maximum of 35-%0 miles,
Repeater spacings average 25 to 30 miles
depending upon terrain, transmission con-
siderations including fading and over-all
system economies,

1,03 Stations are usually located at ele-
vated sites, The basic repeater
station building is a square-base concrete
structure about 60 feet in height., The
first three floors house the power equip-
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ment, The radio equipment is installed
on the fourth floor and the antennas on the
roof.

Other building versions provide for
heilghts up to 190 feet where the addition-
al antenna height is required,

1.04 There are three general types of radio
stations involved in a TD-2 system,
viz: terminal statlons, main repeater sta-
ticns and auxiliary repeater stations. At
a terminal station are found the FM termi-
nal equipment, the radio equipment and the
IF switching equipment, This type of sta-
tion will be either fully or partially at-
tended, At a main station, in addition to
the radio equipment, IF switching equipment
1s provided to enable channels to be
switched from regular to spare for main-
tenance purposes, for dropping or picking
up programs, or for other traffic purposes,
The spacing of main stations along the
radio relay route will depend upon traffic,
maintenance or other considerations but on
an average will occur every fifth or sixth
station, Initially, main repeater stations
will be either fully or partially attended,
Auxiliary repeater stations constitute the
intermediate repéaters, These will normal-
1y be unattended,
1.05 Alarms and order circuits are provided
over wire facilities, As many as 42
alarm indications may be transmitted from
each station to its associated alarm center
and a maximum of ten orders may be trans-
mitted to each repeater station., A local
order circuit serves to connect a group of
unattended auxiliary stations with their
associated main or terminal station and
with their associated alarm and malntenance
centers, An express order circult termi-
nates at the terminal stations and has ap-
pearances at all main repeater stations and
at all alarm and maintenance centers.

2. _SERVICE REQUIREMENTY

(A) Transmission

2,01 Number of Channels - The maximum num-
ber of channels which can be operated
over a given route is a function of the
frequency space available and the selectivi-
ty requirements of the radio equipment., The
particular band for which the TD-2 radio
equipment is designed, extends from 3700 mc
to 4200 me, With channel separations of
40 me, 12 channels are therefore available,
With reference to Fig, 1, these are assigned
in pairs of one transmitting and one re-
ceiving frequency 40 mc apart. The same
frequencies are used at succeeding stations
but the specific functions alternate., The
maximum number of standard channels along
a given route is therefore 12, as follows:
730, 3370, 3810, 3850, 3890, 3930, 3970,
010, %050, %090, %130, and 4170 me. How-
ever, with proper antenna orientation,
limited use may be made of frequencies mid-
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way between the above for bridging spurs.
The staggered frequencies are 3710, 3750,
3790, 3830, 3870, 3910, 3950, 3990, %030,
4070, 4110 and 4150 me, The application of
the standard frequencies to alternate sta-
tions is shown in Fig. 2.

2,02 Radio Transmission:-

(2) Characteristics of radio transmis-
sion at frequencies of the order of
4,000 mc make it desirable to provide
a free optical path, Free-space path
loss for a 40 mile path is about 140 db,
(isotropic antennass. Since signal
field strength varies inversely with
distance, the corresponding figure for
20 miles is 134 db, However, the en-
croachment of the earth's terraln may
affect the resultant signal materially.

(b) Take the case of an intervening

ridge. Referring to the theoretical
"knife-edge" curve of Fig. 3 in which
reflection plays no part, it is seen
that for a path which just grazes the
top of the ridge, the signal field will
be 6 db below the free-space field, Maxi-
mum field (1 db above free-space field)
is not obtained until there is a clear-
ance approximately equivalent to the
first Fresnel zone, A difference in
path length of 1/2 wavelength obtains
between the direct transmission and
transmission along the boundary of such
a zone, This clearance can be computed
by the equation:

¢ =131.5 X ap/(a40) feet

where a and b are the distances from the
ends of the path to the obstruction in
miles and the wavelength is in meters,
For 4,000 mc, this equation reduces to:

c =36 ab/(a+b) feet

Little change in field strength re-
sults from greater than first zone
clearances, However, one cannot rely
on straight-line radio transmission,
Due to refraction in the earth's atmos-
phere, the path is more than likely to
curve convex upward in which case the
clearance is increased, As noted above,
this effect on the received signal is
small, However, the path may also
curve concave upward and unless the
clearance 1s adequate, the signal will
decrease.

(¢) 1In the case of flat terrain, the
"obstruction" is due to the bulge
caused by the eartn's curvature, In
this case the reflected component may
seriously affect the resultant signal,
Again referring to Fig. 3, the signal
field over a path which just grazes the

Page 3
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Fig, 3 = Effect of Clearance on Radio Transmission
earth!s surface is 20 db below the increase and at some point the two waves
free-space field, Clearance of the will be in phase-opposition, Were trans-
first Fresnel zone results in a signal mission stable, it should be possible
field approximately 6 db higher than to select antenna heights so as to work
the free-space field, This is because always on the peak of the characteris-
the reflected wave undergoes a 180- tic, But the effects of atmospheric
degree phase shift on reflection and refraction varies the effec¢tive clear-
travels 1/2 wavelength farther so that ance and results in fading., The higher
it is in phase with the direct wave. the reflection coefficient, the more
With somewhat greater clearance, the serious this is, The widest maximum is
path length of the reflected wave will in the case of first-zone clearance,
Page 5
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Present indications are that statistic-
ally the effect of refraction is such
that the earth radius should be treated
as about 4/3 the actual radius., Great-
est stability will, therefore, most
likely be obtained by employing antenna
heights which will just provide first-
zone clearance on a 4/3 earth's radius
basis.

(&) Fading is generally greater at

night than during the day, greater
under qulet conditions than during peri-
ods of wind, greater during summer than
in winter, greater during rainy seascns
than in dry, and greater over smooth
terrain or water paths than over rough
ground,

(e) The radio equipment will accommo-
date signal fields with a free-

space path loss of 140 db and an addi-

tional allowance of 20 db for fadinz,

2.03 Noise - 1 substantial part of the
noise power that will be present in
the video output at the terminals of the
TD-2 system will be of the fluctuation type.
This noise originates in the receiving con-
verters of the various repeaters in the
over-all system since these are the points
of lowest carrier level, The magnitude
of video noise at a given level point at
the terminal depends on: (1) the carrier
power output at each repeater; (2) the net
path loss between the transmitter output
tube and receiving converter; (3) the in-
herent noise in the receiving converter;
(4) the number of repeater sections in
tandem, and (5) the peak frequency devia-
tion of the FM carrier. The noise power
per cycle of bandwidth in the converter
is substantially flat over the useful band,
Due to the use of frequency modulation,
however, the resulting video noise power
per cycle normally increases 6 db as the
video frequency is doubled, resulting in
what is called a triangular noise spectrume.
Physically this means that the noise per
cycle at some frequency, such as at 1 mec,
is 6 db greater than the noise power per
cycle at one-half this frequency or 500 kc.
Of the various factors affecting noise,
the net path loss is the only one subject
to large changes with time, IFor a large
portion of the time the path loss will not
differ much from its free space value,
but during fading conditions the loss in a
repeater section may, on rare occasions,
increase by 40 db or more for a matter of

a few seconds, The video noise contribution

fron that section will increase correspond-
ingly, db for db, up to the point where the
ratio of carrier to noise at the FM termi-
nal limiter becomes less than about 10 db,
beyond which point the video noise in-
creases rapidly in amplitude and the system
1s seriously degraded. In a 30-mile repeat-
er section this point is reached with a

40 db fade, which should occur less than

Page 6

.01l per cent of the time., When the TD-2
system is used for 480-channel telephony,
it is expected that the average noise power
during fading should be substantially equal
to the average noise on a high-grade toll
circuit of the same length. When used for

television transmission, the noilse impair-
ment during fading conditions should be '
slight,

2.04 lodulation:

(a) The TD-2 system utilizes frequency

modulation for carrier transmis-
sion, It is the property of frequency
modulation that it is sensitive to
envelope delay distortion and relative-
1y insensitive tc compression in repeat- ‘
ers, The effect is cross-modulation
between message channels when the TD-2
system 1s used to transmit multi-
channel telephony. Such delay distor-
tion occurs in this system as in all
others as a result of the cut-off char-
acteristics of the various filters
involved., 7The addition of phase equal-
izers is expected to reduce the cross-
modulation from this source to a value
normally expected on any toll circuit
of the same length.

(v) The reflections due to the small
impedance mismatches at the ends
of each antenna waveguide run result
effectively in envelope delzy distor-
tion which in turn produces cross-
modulation., It is not practical to
equalize this envelope delay distor-
tion because of the large number of
sources present in a long system, Al-
though for any one waveguilde run, the
echoes are down about 55 db, neverthe-
less for long routes with many wave-
guide runs, considerable cross-modula-
tion may result, The results are more
serious the greater the echo delay.
These are reduced to a permissible value
by adequately reducing the impedance
mismatches involved and by keeping the
wavegulde runs as short as possible,

(c¢) Although the mechanism of fading is .
not entirely understood it seems

probable that most fading is due to can-

cellation between signals arriving at

an antenna over different paths. This

also produces cross-modulation but the

duration of such intervals may be ex-

pected to be short.

2,05 Interference

(2) Interference between channels of ’
the TD-2 microwave system results

from unwanted coupling between antennas.

Fige. 4 shows the various types of inter-

fercences of significant magnitude that

cceur, In order to avoid confusion.

this illustration involves one 2-way

backbone system and a converging or
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Fig. 4 - Interchannel Interference

spur route, The various crosstalk
paths may be classified as follows for
convenience in discussion:

(1) Over-reach Interference - As

shown on Fig. %, this involves
like-frequency transmission between
repeaters which are three, five, etc.,
sections apart. A typical case is
repeater 3E (transmitting) cross-
talking into repeater 6W, and it will
be noted that the interference is
intra-system., Another typical possi-
bility, involving five section over-
reach is repeater 1lE crosstalking
into repeater 6W.

(2) Adjacent-Section Interference -

A typical case of this type 1s
antenna 3W transmitting into antenna
2W, where the desired path is 1E
into 2W.

(3) Same-section Interference - A

typical example of this type
involves energy from antenna 1W
being received in antenna 2W together
with the desired signal from 1lE,

(%) Spur Interference - This involves
interference from antenna TN of
the spur into various antennas of the

backbone route of which the interfer-
ence into antenna 3W is the most seri-
ous for the case shown on Fig, 4.

(b) The magnitude of these interfer-
ences depends on the directional
pattern of the antenna which is made
sufficiently great in the reverse direc-
tion as to insure that the lnterference
is normally not excessive., The effect
of these interferences on the recov-
ered video signal depends on the ratio
of the magnltude of the interfering
carrier to that of the desired carrier
in each case, Both of these signals
are subject to independent fading.
Therefore the video interference may
reach a high value momentarily during
a deep fade, This is expected to hap-
pen, however, only a very small per-
centage of the time., In considering
the allocation of a total permissible
rms noise from all sources of 29 dba
at the -9 db transmission level, it
has seemed reasonable to assign 13 dba
er 1000 miles for crosstalk of which
dba will be as the contribution from
the spurs to the backbone route total
and 11 dba to the backbone route itself,
On the basis of 40 repeaters per 1000
miles and spurs at 250 mile intervals,
this amounts to -5 dba per repeater at
the -9 db transmission level, and +2 dba
at the -9 db transmission level for
each spur,

Page 7
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(B) Switching

2,06 Two types of IF switching are neces-
sary: for establishing or rearrang-
ing a television network and for replacing
one channel or equipment unit with another
for maintenance either routine or emergency.
Switching without service reaction is the
objective for maintenance switches made for
releasing working channels from service.
The requirements established for multi-
channel systems state that such a switch
in its effect on the individual working
channels, should limit phase changes to a
maximum of 30 degrees and level changes
to a maximum of *3 db unless the reaction
on service is less than 3 milliseconds
duration, in which case the reaction on
service may be considerably greater than
3 db. The requirement for emergency )
switches is less severe, the phase limits
being 60 degrees and the level limits
+5 db in 10 milliseconds. It should be
noted that the signals at IF switching
points are frequency modulated and the
limits outlined above are not directly
applicable, FM performance may reduce the
magnitude of the amplitude changes material-
ly. Generally speaking, however, the
switching interval will have to be extremely
short to avoid loss of picture framing in
television receivers,

2.07 Because of the hazards to service
introduced by inserting IF switching
equipment in the through circuit, bridging
taps should be resorted to whenever possi-
ble. This is generally feasible at points
where it is not necessary to pick up a
program and where switching is not necessary
for maintenance purposes., Switching of the
bridging circuit from one program circuit
to another will need to be done by remote
control as this type of station will normal-
ly be unattended. At stations which require
program pick-up from a connecting radio cir-
cuit or at which switching arrangements are
required for routine or emergency switching
sections in and out for maintenance, switch-
ing equipment should be provided in the
main program circuit. Such stations are
called "main repeater stations" and are
normally attended, Similar facilities are
also provided at "terminal stations" where,
of course, video switching facilities are
also provided.

2,08 The minimum limit of permissible cross-

talk for 1000-mile circuits is 5% db.
This imposes a rather severe requirement on
the switching amplifiers., There is, how-
ever, an uncertalinty regarding the inter-
ference effects between two FM signals
having low deviation ratios.

{C} Requirements for Connecting Services

2,09 Television service requirements are
as follows:-

(a) Signal received from the television
switching center

Page 8

(b)

Signal Amplitude 0,25 volt
peak-to-peak

Transmission 110 ohms -

Line Impedance balanced

Note - FM transmitter impedance
is 75 ohms unbalanced. Match-
ing transformer is supplied '

in the monitoring bay.
Sync. Pulse Negative

Signal delivered to the television
switching center

Signal Amplitude 2 volts
peak-to-peak
Impedance 110 ohms

balanced .

2,10 L-Carrier telephone requirements are

as follows:

(a)

Signal received from telephone
equipment
Signal Trans- -34,5 db
mission Level

Note - This is 15,5 db higher
than the transmission level
at the output of the L termi-
nal, Additional amplification
is therefore required in the
telephone equipment. The level
at the FM transmitter output
was chosen so ags to require no
adjustment of the FM trans-
mitter in changing from tele-
vision to telephony.

Impedance - Trans- 110 ohms bal-

mission Line anced
(FM Transmitter 75 ohms unbal-
anced)

(b) Signal delivered to the telephone

equipment

Signal Trans- -26 db

mission Level

to feed the L-Carrier equip-
ment., The low level is neces-
sary to meet the multiplex
telephone modulation require-
ments with output tubes facing
low impedances.

Note 16 db gain is required ‘

Impedance 110 ohms
balanced
ROUTES AND SITES ‘
{(4) General

3.01 Four general factors must be con-

sidered in selecting sites, namely:

(1) Transmission over the path,



(2) "overreach" interference with
other sections of the route,

(3) Site accessibility,
(4) Possible hazard to aviation,

A discussion of these factors is given in
Bell System Practice R100,010, Siting of
Fixed Radio Stations. Included in this
Practice are directions for plotting path
profiles., The map on page 115 shows the
route as selected for the New York-Chicago
system.,

(B) Transmission Over The Path

3.02 The prime requirement of a prospec-
tive site is that a free path exist
between it and the other stations with
which it must work, By a free path is
meant one with adequate first Fresnel zone
clearance, For flat terrain it is recom-
mended that clearance be determined using
an effective 4/3 earth radius and that the
heights be so selected that there is little
or no excess clearance, In cases where
the obstruction is of the "knife edge" type
such as a ridge, the effect of excess clear-
ance is not significant and it is rectm-
mended that the clearance be determined
using the true earth!s radius, Paths with
reduced clearance may prcvide satisfactory
transmission under normil conditions but
during certain atmospheric conditions,
fading will be more severe. In general,
the terrain will limit path lengths to
25-30 miles, It is recommended that path
lengths do not exceed 35 miles except in
speclal cases. Path loss measurements
should be made on all questionable paths.,.

(C) Overreach Interferenrces

3.03 Since alternate repeater sections
utilize the same carrier frequency
for a given direction of transmission,
the possibility arises of occasional in-
terference due to direct transmission
between antennas spaced 3, 5, 7, etc.,
sections apart. The amount of interfer-
ence will be determined mainly by the
characteristics of the transmission path
and the directivity of the antennas. With
antenna discrimination 25 db down at the
5-degree points, i1t will generally not be
difficult to obtain a combined discrimina-
tion of 50 db in the two antennas in ques-
tion. °

(D) Site Accessibility

3.04 It is desirable that the site be
accessible to roads, telephone and
power circults, The site itself should
be sultable for the building and parking
space with a minimum area of about 1 acre
for the lower builldings, A condition which
requires considerable grading, including
the possibility of blasting, to obtain a
level area should be avoided if possible.

——
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Also to be avoided are subsoil conditions
with poor bearing values which may involve
costly foundations, Good access close to

2 highway of all-weather road is desirable
not only for service and maintenance reasons,
but also from the standpoint of reducing
costs involved in long entrance road con-
struction and maintenance, Entrance roads
or driveways are required to permit the
building contractor to bring his heavy
equipment and material trucks to the site
during construction and for normal installa-
tion, service and maintenance work. At lo-
cations where the existing soil conditions
are not suitable, a foundation of about

6 inches of gravel should be sufficient.

It may be necessary in the course of the
work to fill in ruts or soft spots with
gravel, crushed stone or cinders. A road
width of about 10 feet is believed to be
adequate during construction period, After
the contractor's work has been completed,
it will probably be found desirable to
regrade the base, provide a top dressing

of graded gravel and roll the surface.
Surfacing by means of oil, black top dres-
sings or the use of concrete is not con-
sidered necessary except in special cases,
Good drainage involving crowning, side
ditches and properly located culverts
should, however, be provided. The finished
road should in general be confined to a
width of 8 feet, A drive 12 feet wide at
the engine room side of the building and

a combined drive and parking area 20 feet
wide at the stairway side should be pro-
vided., Fig. 5 shows a suggested arrange-
ment.

(E) Hazard to Aviation

3405 1In general, the problem of having
a repeater station building consti-
tute a hazard to aviation will not be

ROAD

oom STAIRWAY
EENS';"éENRCEO ENTRANCE
< > PARKING
2 AREA

Fig. 5 = Typical Driveway Arrangement
at a TD-2 Repeater Station
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serious except in the immediate vicinity

of airports and on certain parts of the
airways system., The regulations change
from time to time and latest information
should be obtained from the C.A.A, In
filing construction permits with the F.C.C.
it is necessary to attach a form which is
forwarded to the C.A.A. for their approval.
The matter of obstruction lighting is dis-
cussed in paragraph 4.05.

L4, BUILDINGS AND TOWERS

4,01 Square reinforced concrete buildings
as shown in photographs A and B
(pages 101 and 102? have been found to be
the most econcmical and satisfactory. The
selection of the reinforced concrete type
of construction was largely determined
by wavegulde length and the necessity for
a rigid structure., It is desirable for
transmission reasons to keep waveguide
lengths to a minimum, It was, therefcre,
considered advisable tc locate the room
housing the radio and videc equipment with-
in the tower and at a point as high as
practicable from the standpoint of being
reached without elevators, by the operating
and maintenance personnel, Optimum trans-
mission would be obtained by locating the
radio equipment room at all buildings im-
mediately under the lower antenna platformn.
Such an arrangement might not be practica-
ble without the use of an elevator which is
consildered undesirable from cost and main-

NOTE - UPPER ANTENNA PLATFORM
OMITTED WHERE NOT REQUIRED

1=
o
Y
RADIO
130V,250V
PLANTS
3 12V,
! PLANT
RADIO W <
s
VARIABLE | 2
130,250V
it | VACANT | ©
12v. 9
PLANT
ENGINE ENGINE
~24"—] | 24"
TYPE | TYPE DIM A
2A 741-6.'
2B  89-0

2C 103-8"

tenance standpoints. Consideratiocn given
to the maximum walk-up height indicated
that the top equipment room should not be
located higher than about 100 feet above
ground level, A rigid structure is re-
quired as the novement of the antennas
should not be more than 1 degree in any
azimuth under high wind conditions. This
is necessery for transmission reascns due
to the high directivity of the antennas.

4,02 Steel towers are also being made

available for use where very high
structures are required over flat terrain
in order to mininize building costs. In
these cases the antennas atop the tower are
connectec by waveguide to the radio equip-
nent lccated in a single floor building at
the base of the tower as illustrated by
photograph C (page 103). This type of
construction results in some impairment in
system perforuance, but it is believed to
be warranted by the reduction in building
costs,

L,03 Secticnal views of the four rein-
forced concrete building design

types including the relation of waveguides,

antennas and associated equipment are

shown in Fig. 6. Building type 1 has

been designed to care for locations on

elevated ground and where minimum height

is required to clear the tops of trees or

other nearby obstructions, The height of

that type (F0!) is determined by the height

I

VARIABLE
VACANT
T
FIXED
VACANT
RADIO RADIO
130, 250V 130250V
PLANTS PLANTS
12V. [EX]
PLANT PLANT
<
p 3
VARIABLE| 2 FIXED a
VACANT | © VACANT l 2
i
ENGINE ENGINE 3
26"+ 26’
TYPE DIMA TYPE DIMA
3A g-o", T3A  T141-0,,
3B 132-6 4B lel-6
4Cc  176-0"

4D 190'-6"

Fig. 6 - Standard Square Buildings - Elevation
Plans Radio Repeater Stations
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of the four equipment rooms. The radio
equipment room is located directly under
the antenna platform, Type 2 design is
arranged for heights of T4t-6", 89 and
103t-56" with the radio equipment roon in
2ll cases located immediately below the
antenna platform, Both types 1 and 2
huildinﬁs are 22' square inside dinensions
with 12" walls., The Type 2 building at
maximum height of 103'-6" represents the
highest level considered practicable from
a structurzl standpoint with a floor plan
of 22' square and with 12" thick walls,
Type 3 buildings vary in height from 118!
to 132'-6" in one floor steps of 14'-g"
each and Type 4 buildings vary in height
from 147' to 190'-6", Both buildings
have 24! square inside dimensions., The
Type 3 building has 12" walls throughout
while Type &4 buildings have 12" walls in
the upper section and 16" walls in the
base section varying in height from 30'-6"
in the lowest building to 74':'in the high-
est building., The radio equipment room

is located 103! from the ground for all
heights of Types 3 and ¥ buildings. All
buildings are arranged for a second plat-
form either at the time the buildings are
erected or at a later date if required.

L,04 The assignment of equipment to the

various floors is essentizally the
same for all standard type buildings. On
the ground floor are the emergency engine-
generator set and the comnmercial AC service
entrance equipment, On the second occupied
floor are the 12-volt battery, assoclated
charging rectiflers and control equipment,
and the small 24-volt battery plant. On
the third floor are the 130-volt and
250-volt battery plants and in some cases
the main bay of the alarm and order-wire
equipment, On the fourth floor are the
radio bays, IF patching and monitoring bays,
radio test equipment, and assoclated auxil-
iary equipment such as 2 vacuum tube cool-
ing system.

4,05 Fror delay lens antennas mounted at
roof level, a low steel supported
platform of subway type grating is usually
required to obtain a clear path over para-
pet walls, The method of supporting the
antennas on the structure varies with the
designer but, in generzl, beams are set
in the structure under the front and rear
antenna mountings, The area occupied by
such a structure varies with the number of
antennas and the angles between the anten-
nas and the lines of supporting columns,
which are determined by the building. In
general, a platform about 14! or 18! by 24!
will be required for two antennas, about
26' by 26' for four antennas and 30! by
36t for six., It is important that the
antennas be located accurately with respect
to the transmission path established to the
next station., Since the mounting bolts for
the antennas are usually built into the
platform structure this requires that they
be properly oriented. While most architectls
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plzns for buildings have a north pointing
arrow, its accuracy is cpen to question,

It is usually based on magnetic north rather
than true north and in many cases is a nomi-
nal indication only. In order to obtain the
accuracy desired a true north bearing on the
building should be established by a surveycr
at the time the tower plans are belng de-
veloped.

4,06 Two types of obstruction lighting are
covered for TD-2 buildings to meet CAi
specifications, For the lower type build-
ings away from airfields, a single lanp
(111 watts approximate) provides a warning
light., This lamp is 1it 24 hours a day and
is arranged for automatic transfer to a
standby lamp in case of failure with an
alarm to indicate such failure or loss of '
its 115-volt power supply. This is known as
duplex obstruction lighting, For the higher
buildings and those near airfields, a 300
millimeter flashing beacon of approximately
1240 watts is provided, This beacon is oper-
ated ceontinuously at a flashing rate of 40
tines per minute, Failure of either or
both of the two lamps which provide the
beacon, as well as loss of their 115-volt
a-c power supply will cause an alarm., Both
types of obstruction 1lighting obtain their
115-volt supply from the engine service dis-
tribution cabinet in the engine room, When
the commercial service 1s connected 3-phase
3-wire with building lighting 230/115 volts,
it will be necessary to furnish a 230/115-
volt transformer. If this were not done,
the phase to ground voltage during engine
operation would be éexcessive when the
engine phase voltages are set to match the
230-volt service voltage.

4,07 For steel towers, the same lighting

as described for high buildings is
provided, also side lighting-consisting of
four single obstruction lights., Two are
located at a point 1/3 the way up the tower
on opposite sides and two 2/3 the way up
the tower on opposite sides but 90 degrees
to the lower two.

4 .08 An extensive grounding system to pro-

vide lightning protection and afford
a low resistance power ground return system
involves the use of a No. O bare copper wire
ring ground buried in the earth at the
building footings. This ring serves as
the common station ground with all grounds
coming to earth at this point., Two verti-
cal 1/4" by 2" busbars are tled to this
ring and rise to the top of the bullding.
These busbars are tied to the building iron-
work at all floors and to the exposed iron-
work at the top of the building., Also tied
to the ring ground are such grounds as the
bullding power service entrance neutral,
the gasoline fuel tank pipe and water pipe.
These grounds are furnished as part of the
building. In the case of steel towers a
No. 6 ring ground is used around the single
floor building and a No., 2 around the tower
footings,
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5. ANTENNA AND WAVEGUIDE

(A) KS-5759 Antenna

5.01 Description - The KS-5759 Antenna,
shown in photograph D (page 104) is

a broadband antenna capable of handling the
entire 500 me band assigned in the 4000 mc
region for radio relay service. Only one
transmitting and one receiving antenna is
required for each direction., A repeater
station on a main route with transmission
in two directions and without spurs, will
therefore have four antennas. The antenna
is a pyramidal aluminum horn approximately
10' by 10! square at the mouth, 10! deep
and weighs 2000 1lbs, The triangular roof
space occupled is 10!'-6" across the face
and 11'-6" in depth. There is an aiming
adjustment of #5 degrees in both the hori-
zontal and the vertical planes, The anten-
na is designed for connection to waveguide
of 2.,290" by 1.,145" inside dimensions., A
microwave delay lens is mounted in a rect-
angular housing at the mouth of the horn.
This plano-convex lens is constructed of
spaced aluminum strips held in place by
low-loss styrofoam blocks. The lens is
tilted slightly in the vertical plane so
that reflections are not focused back into
the throat where they would affect the
standing-wave-ratic. The action of the
electric field is to "polarize" the con-
ducting strips which affects the dielectric
constant and the refractive index of the
lens-shaped array resulting in a focusing
of the electromagnetic waves, The spacing
of the elements is small compared to the
wavelength, An iris between the feed horn
and the waveguide reduces reflection caused
by the discontinuity. The antenna is dis-
cussed more fully in BSP R40,160.

502 Transmission Characteristics - The
antenna is set up to produce a field
with the E vector vertical,

Gain (with respect to

isotropic radiator 4200 me 39 db
3900 me 39.7 db
3700 me 38 db
Beam Width (3 db points
at 4000 me)
Horizontal plane 2°
Vertical plane 1.5

Average Ratio of Maine
Lobe to Minor Lobe Peaks

+20° to *60° 40 db
90° to 270° 68 db
Average Return Loss
3780 me 30 db
050 me 40 db
260 mc 32 db

(B) Waveguide

5.03 The connection between the antennas
on the building roof and the radio
equipment below is by means of waveguide
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with inside dimensions of 2,290" and 1.145",
The position of the radio equipment rela-
tive to the passage through the ceilings
and the roof, and the position of orienta-
tion of the antennas necessitate the use of
a variety of waveguide parts., Between the
antenna and the waveguide run feeding it,

a flexible section is used because of the
need to aim the antenna over small vertical
and horizontal angles after the waveguide

is attached and also because of the slight
relative motion resulting from temperature .
changes and the wind, A flexible section !
is also used at the lower end of the wave-

guide run to connect to the radio equipment.

The main vertical part of the waveguide run ;
will be suspended from the weather seal de- .
vice located on the roof top so as to avoid
relative motion at this point due to dif-
ferential thermal changes. Restrainer as-
semblies, primarily for positioning, anchor
the waveguide runs to the walls and ceiling,
IFlanges attached to the waveguide sections
are of stainless steel with a molded rubber
gasket of circular cross-section trapped

in a groove milled in the flange face.

Dents and other deformations of the wave-
guide and flanges, even when relatively
minute, are likely to result in impedance
irregularities and must be guarded against,

(C) Waveguide Pressure System

5,04 At points near the antenna and near
the radio equipment, the antenna
waveguide is equipped with barriers called
pressure windows, so that the greater por-
tion of the run can be filled with dry
nitrogen gas at low pressure to avoid con-
densation of moisture in the guide. The
pressure window at the equipment end is
installed after the remainder of the run
is complete to avoid the possibility of
foreign material falling down the guide
and resting on the mica barrier, It is not
practlcable to repair pressure windows in
the field so that the sloping flange con-
nections should not be disturbed. Holes
in the mica barrier fixture permit the in-
stallation of a pressure gauge and a filter
valve stem. The gauge is fitted with a
contact which closes an alarm circuit when
the pressure drops to 1 lb. per sqe. in, A
nigrogen gas cylinder equipped with a
pressure regulator and a nipple-equipped
hose similar to that used for f£illing auto- )
mobile tires, is mounted on a small hand .
trunk and is used for charging the waveguilde
run to a pressure of 3 1lbs. per square inche.
This equipment is normally disconnected ex-
cept when charging. <

6. RADIO TRANSMITTER-RECEIVER EQUIPMENT
(J683314)

6.01 General - A photograph of the J683314
ansmitter-Receiver Equipment is
shown in photograph E (page 105). A de-
talled discussion of this unit is given in
Bell System Practice R90.310, J68331A Radio
Transmitter-Receiver Bay.




6.02 Equipment Features

(2) The J68331A Radio Transmitter-
Recelver Bay consists of a 9@ foot
duct-type framework, The depth of the
bay is approximately 15 inches and the
width 22-3/8 inches, The bottom half
of the bay is occupied by units arranged
for 19 inch panels which project 9 inches
from the front of the uprights., These
units, starting at the botton of the
bay, are:

Transmitter Microwave Generator
40-megacycle Shifter (or Receiver
Microwave Generator at Terminal

and Main Stations)
Transmitter Control Unit
Receiver Control Unit

The upper half of the bay is occupied

by the receiver IF and transmitter
wavegulde components and is enclosed
with hinged-type casing doors. The
recelver equipment mounted within this
casing consists of the IF main amplifier,
receiver-converter and IF preamplifier
unit, and the image suppression filter,

The transmitting portion includes the
buffer amplifier (at switching point),
modulator, amplifier, and directional
coupler. The channel-dropping filters
for the transmitter and receiver are
mounted at the extreme top of the bay
in a horizontal position and are
arranged for waveguide coupling to the
antenna for the first bay in the lineup,
or to preceding and succeeding filters
in adjacent bays for an intermediate
frame of a lineup. A removable cover,
held in place with quick release fasten-
ers, is provided in front of the channel-
dropping filters, A low-pressure air
supply is required to provide forced
air cooling to the 3-stage transmitter-
amplifier E16A vacuum tubes, to the
416A tube of the modulator, to the

416A tubes in the microwave generator,
to the 2C43 tubes in the microwave gen-
erator, and the U418A tube in the IF
main amplifier,

(b) The local cable wiring between units
on the bay is run in local cable
forms stored in the ducts at the right
and left side of the bay. Separate
cables are provided for the receiver
and the transmitter in order that only
the wiring required need be furnished
where only a receiver or a transmitter
is furnished. The cable connections
to the units are made by means of plugs
and Jacks to facilitate removal of the
units for bench maintenance., Coaxial
cables, with the exception of direct
patches between units, are also stored
in the regular wiring ducts. Applica-
tlon schematics of the interunit con-
nections are shown on SD-59403-011,
-012 and -013, pages 129, 130, and 131.

o n et Sl s emese e a2l L
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(c¢) Power Drain (max.)

250 Volts 0,37 Amps
130 Volts 0.43 Amps
12 Volts 23.5 Amps
(d) Tube, Varistor and Crystal
Complement
Varis- Crys-
Tube Types tors tals
~ o
23
o~~~
e
o A
ANVt t<<N <M~
OO NS PO~ N g
O 0O~ oY o] 0nn
NO O NNIFF-FF> 2T M
Transmitter
Modulator 1
Receiver
Converter 2
IF Preampli-
fier
IF Main Am-
plifier 6 11
Receiver Con-
trol Unit 292
IF Buffer Am-
plifier -
Transmitter
Amplifier 3
Microwave Gen-
erator (REC) 2 2 1 1 1 1
Microwave Gen-
erator (Trans)2 2 1 2 1 1
D me Shifter 1 1 2 1

6.03 Circuit Description - General: A

block diagram of The radio trans-
mitter-receiver bay is shown on page 116.
Application schematics of interunit con-
nections are shown on pages 125, 126, and
127, respectively.

6.04 Circuit Description - Receiver: At

a receiver the incoming microwave
signal from a distant station may contain
any combination of 1 to 6 channel signals.
This complex signal is received by a highly
directive antenna and is carried through
waveguide to the transmitter-receiver bay
in the radio room. Located in the wave-
guide at the top of each frame is a receiv-
ing channel separation filter (network)
which selects the particular signal re-
quired for that receiving channel. Fre-
quencies for other receiving channels pass
through the first filter and are dropped
at successive filters in numerical order
with the lower frequencies first. Six
frames, lined up side by side with the
horizontal filter runs across the top, pro-
vide for the maximum arrangement of six
channels in one direction. The incoming
single-channel signal, after leaving the
channel separation filter, passes through
a waveguide image suppression filter. This
filter prevents IF interference due to the
image frequency which is 140 megacycles
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removed from the incoming carrier. The
local generated frequency, combined with
the carrier to obtain IF, may be either 70
megacycles above or below the incoming
carrier. Likewise, the image frequency,
which produces an unwanted 70 megacycles
IF, is also above or below the carrier in
the same direction as the local generated
signal. The output from the image sup-
pression filter is coupled by waveguide to
the receiver-converter and IF preamplifier
unit. In this unit, the incoming signal

is combined with the locally generated fre-
quency from the receiver microwave genera-
tor or the 40-megacycle shifter which has

a frequency of 70 megacycles removed from
the incoming carrier. One of the products
resulting from this combination is the
desired 7O0-megacycle modulated intermediate-
frequency signal which is amplified in the
preamplifier section of the unit. The out-
put of the preamplifier is patched by means
of coaxial cable to the input of the main
IF amplifier where additional IF gain is
provided. An automatic volume control cir-
cuit is provided on the receiver control
panel to compensate for fading and varia-
tions in transmission. The IF output from
the main IF amplifier may be patched in the
coaxial cable to the transmitter section of
the transmitter-receiver bay when the bay
is used as a repeater, or it may be cabled
to the IF patching bay at terminals and
main stations. By inserting distribution
and switching amplifiers in this IF output
circuit at the patching bay, switching,
monitoring, terminating, and distribution
taps may be provided for flexibility in
establishing and maintaining a network.

6.05 Circuit Description - Transmitter:
In the transmitter, the frequency
modulated, IF signal from the IF main am-
plifier, at an auxiliary station, or from
a buffer amplifier at a switching point,
or from an FM transmitter terminal is
introduced by means of coaxial cable to
the transmitter modulator. In the modula-
tor, the T7O-megacycle IF signal is combined
with the output of the local transmitter
microwave generator to produce a signal of
the frequency to be transmitted. At the
output of the modulator is a wavegulde
bandpass filter which passes the desired
microwave transmitting signal and rejects
all other undesired products of modulation.
This filter is coupled, by means of wave-
guide, direct to the 3-stage microwave
transmitter-amplifier which amplifies the
signal to its final level. The amplified
signal passes through the channel-dropping
filter where it enters the transmitting
system of filters which parallels the re-
celving group at the top of the frame.
This channel may then be combined with a
maximum of five other transmitter channels
and is carried by means of a waveguide to
the transmitting antenna. A directional
coupler is introduced in the waveguide
system after the transmitter-amplifier for
sampling a small amount of power to provide
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a means for power measurement, and to
energize alarms in the event of output
failure.

6.06 Circuit Description - Beating-Fre-

quency Supplies: Two arrangements

are provided for obtaining the local micro-

wave frequencies required for combining .

with the received signal in the receilver
converter to produce the 70 mc IF frequency
and for combining with the 70 mc IF signal
in the transmitter modulator to produce

the signal of the frequency to be trans-
mitted. The arrangement applicable to un-
attended auxiliary repeater stations em-

loys a single microwave generator and a

0 mec shifter. With this arrangement, the
output of the microwave generator is fed

to the 40-megacycle shifter where the sig-
nal is divided, one part being fed through .
an attenuator to the transmitting modulator
and the second part combined with a 40-
megacycle source to produce a supply 4C
megacycles removed from the microwave gener-
ator frequency, for use with the receiver
converter. The primary advantage of the
single generator, with the closely control-
led 40-megacycle shift, is that any varia-
tion in the frequency of the generator from
the nominal desired value does not affect
the transmitted carrier frequency. Thus,

in a long-haul system, the use of such an
arrangement avoids cumulative carrier fre-
quency drift. To illustrate this, assume

an incoming 3730-megacycle signal. The
local microwave generator may have a nominal
frequency of 3840 megacycles. The genera-
tor output is fed to a 40-megacycle shifter
of closely controlled frequency, to produce
a new frequency of 3840 - 40-= 3800
megacycles. This is mixed in the receiver
converter with the received 3730-megacycle
signal to produce a 7O-megacycle inter-
mediate frequency. This 7O-megacycle and
the 3840-megacycle generated frequency are
combined in the transmitter modulator to
produce 3840 - 70 = 3770 megacycles trans-
mitted carrier. It can be seen, therefore,
that drift in the microwave generator fre-
quency results in a corresponding change in
intermediate frequency but not in trans-
mitted carrier. When separate generators
are used, any variation in frequency in the
two separate generators may result in .
carrier frequency variations. At terminals
and main stations involving switching of
circuits, the relationship between the =i
received and transmitted signals may not
be such that a single generator will suf-
fice and, in general, more flexibility is
desired. Two separate microwave generators -4
are therefore provided: one to supply the
converter and one to supply the modulator.
Since less power need be supplied the con-
verter than the modulator, the receiver '
mlcrowave generator does not require the
V6 stage (a 416A tube).

6.07 Transmission Characteristics: The
transmission characferistics of the
transmitter-receiver bay are as follows:




v

Frequency Range 3700-4200 mec

Frequency Transmission

Band (0.1 db down) 20 me
Output Power 0.5 watt
Minimum Signal Input for

Normal Output (Based

on maximum main IF

amplifier gain of 63 db) -57 dbm

7. FM TERMINAL EQUIPMENT

A General

T7.01 The FM terminal equipment consists of
a J68336A FM Terminal Transmitter and
a J68336G FM Terminal Receiver. The trans-
mitter translates an input signal to a 70
mc frequency modulated signal which is fed
to the input to the TD-2 radio transmitter.
The receiver accepts a frequency modulated
70 mec signal, detects and delivers the base
band signal to a balanced 110 ohm line.
The base band may be either a standard RMA
black and white television signal or a fre-
quency division multiplex multi-channel
telephone signal. These equipments are
shown in Photographs F and G (pages 106 and
107). The FM transmitter is discussed in
more detail in BSP R10.300, J68336A FM
Terminal Transmitter and the FM receiver is
discussed in BSP R20.360, J68336G FM Termi-
nal Receiver.
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(B) FM Transmitter

T7.02 Equipment Features:

(a) The J68336A FM Terminal Transmitter

consists of a 31-15/32" high unit,
with removable dust covers, designed
for mounting on 19" wide duct-type
framework. The transmitter incorpo-
rates five fundamental components
namely, a J68336B FM Generator, a
J68336C Video Amplifier, a J68336D
Control Panel, a J68336E Automatic
Frequency Control Unit and a J68336F
Limiter Amplifier. The AFC unit and
the limiter amplifier mount as remov-
able sub-panels on the control panel.
The FM generator and video amplifier
are individual panel type units with
dust covers. Connections to plate and
heater batteries, and individual alarm
circuits are made by means of solder-
type terminal strips mounted on the
control panel. Power and transmission
connections between the various compo-
nents of the transmitter are made by
means of plugs and jacks.

(v) All vacuum tubes required for the

FM Terminal Transmitter are pro-
vided installed in their respective
sockets. A complete tube complement
is shown in the following table:

Vacuum Tubes

Equipment 3004 I03B 404K I12K TIGA 42IA I23K D-173401 DALS
FM Generator 2

Video Amplifier 4 2 4 2
Control Panel 2 1 1 1 3

AFC Unit 1 3 1
Limiter Amplifier 3 3 1

Totals {4 9 T 1 1 1 1 2 3

(¢) The power requirements for the

J68336A FM Terminal Transmitter are
approximately 250V 0.25A; 130V 0.17A,
12V 12A.

7.03 Circuit Description:

(a) The J68336A FM Terminal Transmitter
is designed to accept an input sig-

nal which is normally 0.2 volt peak-to-
peak for television but it may be as
high as 2.0 volts peak-to-peak. For
frequency division multiplex transmis-
sion, the normal operating level is
-34,5 dbm but it may be as high as
-14.5 dbm. The FM terminal transmitter
delivers a frequency modulated signal
centered about 70 mc to the IF patch
bay of the TD-2 Radio System. The out-
put level is +13 dbm at an impedance of
75 ohms unbalanced. For television
transmission the normal deviation is 8
me with the tip of the synchronizing
pulses at T4 mc and picture whites at

6 mc. For frequency division multiplex

teleﬁhone signals the nominal deviation
is 4 mc centered at about 70 me. The
output of the terminal is free from
amplitude modulation. A 70 mc monitor
point is provided.

(b) The general block diagram of the

terminal transmitter is shown on
Fig. 7, with the application schematic
SD-59361 on page 117. The unbalanced
circult carrying the incoming signal is
transmitted through a variable attenu-
ator for gain adjustment to the input
of the video amplifier. Provision is
made for monitoring the output video
signal applied to the FM generator on
a cathode ray oscilloscope by plugging
into a monitor jack which connects to
the video amplifier output. For tele-
vision transmission, the output is auto-
matically clamped to a predetermined
voltage at each synchronizing pulse of
the television signal. A monitor jack
is provided for observing the operation
of the clamping circult on a cathode
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DO 4280:4MC
BO 42I0:AFC

VIDEO INPUT [T :
0.2-2.5Vv ! ! 8-lov
0-8Mc | VIDEO AMP | | 0-gMc | FM GENERATOR
IN V _-(l___ . —_:
MONv——— r-_f__jl_f
| CLAMP!
I ——

Fig. 7 - Simplified Block Diagram of the
FM Terminal Transmitter

ray oscilloscope. The video amplifier
output is applied to the repeller of a
4280 me reflex klystron deviation oscil-
lator in the FM generator unit. Varia-
tion of the repeller voltage modulates
the output frequency of the oscillator.
The output of the deviation oscillator
feeds an unbalanced crystal converter
where it is mixed with the output of a
4210 mec beat oscillator and a 70 me
difference frequency is produced. To
compensate for drifts of the deviation
oscillator a slow operati automatic
frequency control circuit AFC) varies
the frequency of the beating oscillator
from its nominal 4210 mc to maintain a
constant frequency difference. This
circuit compensates for slow drifts in
frequency of both the deviation and the
beat oscillators. The limiter amplifier
amplifies the O dbm output of the crys-
tal converter to +13 dbm. An instan-
taneous amplitude limiting circuit re-
moves whatever amplitude modulation may
accompany frequency modulation of the
deviation oscillator. The limiter amp-
lifier also provides 2 auxiliary out-
puts of lower level. One of these pro-
vides input signal for the AFC circuit;
the other 1s an IF monitor point at the
terminal transmitter output. The AFC
circuit performance is substantially
different for telephone and television
transmission. For telephone transmis-
sion the AFC circuit measures the aver-
age frequency at the output of the
limiter-amplifier and corrects the fre-
quency of the beating oscillator so
that this frequency is maintained at

70 mc, For television transmission,
the AFC circult measures the frequency
at the output of the limiter-amplifier
only during the horizontal synchroniz-
ing pulses of the television signal

and controls the frequency of the beat-
ing oscillator so that the output fre-
quency during this portion of the sig-
nal is maintained at T4 mec.

7.04 Transmission Characteristics:

(a) Video frequency characteristics are
as follows:

Input impedance Unbalanced 75 ohms

Video signal in-

put (synchroniz-
ing pulse nega-

tive

0.2V peak-to-peak
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IF OUTPUT
0 dbm + 13dbm
74-66Mc | LIMITER AMP 74-66 MC
60-80MC "
l_‘_"\/
MON
AFC _IN
AFC
Multiplex tele- -34.5 db
phone input
transmission
level
Video amplifier 42 db

(V1-v6) max. gain

Video attenuation
adjustment

Video amplifier
bandwidth 0.1
db points

Video amplifier
and normal band-
width

Video amplifier
output

Min. video ampli-
fier output (TV)

Video amplifier
load capacity
(Tv)

Video amplifier
modulation (10V
peak-to-peak
output)

250 ke

0-20 db continuous

30 cycles to 8 me

Transmits components

of video signal
down to d.c.

10V peak-to-peak
corresponds to
mc deviation)

3V peak-to-peak

30V peak-to-peak

500 k¢ more than
56 db below 250
750 kc¢ more than
65 db below 250

4 mc more than
52 db below 2 mc
6 mc more than
62 db below 2 me

ke
ke

(b) Transmission clraracteristics of the
FM generator are as follows:

Deviation oscil-

lator frequency
(TV)

Deviation oscil-
lator frequency
(TEL)

Beating oscilla-
tor frequency
(TV or TEL)

4284 me

4280 me

4210 me




Type of modulation

Direction of modu-
lation (TV)

Deviation oscil-
lator modulation
sensitivity

Normal freguency
deviation (TV)

Linearity of
deviation char-
acteristic

Deviation oscil-
lator output

Beating oscilla-
tor output

Directional cou-
pler loss

Crystal converter
output (70 mc)

D-c rectified con-
verter current

Frequency modula-
tion

Sync pulses corre-
spond to max RF
frequency

Approx. 1 mc per
volt (varies with
klystron)

8 me total

+ 1% in slope over
10 mc band

+17 dbm
+17 dbm

11 db

- 0 dbm

15 ma

(c) 70 me characteristics of the FM

Terminal Transmitter are as follows:

Intermediate fre-
quency

Limiter amplifier
input level

Limiter amplifier
output impedance

Limiter amplifier
output level

IF monitor level
AFC input level

Bandwidth (0.1 db
points)

Normal limiter
current

70 me (for TV sync
pulse = T4 mc;
picture white =
66 me)

0 dbm
75 ohms unbalanced
+13 dbm

O dbm
0 dbm
60-80 me

9 ma

(d) AFC characteristics are as follows:

Input level

Controlled
oscillator

Control frequency
(TEL)

Control frequency
(Tv)

0 dbm

Beating oscillator

in FM Generator

Average frequency -
70 mec

Sync pulse tip =
T4 me
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AFC gate pulse 1.5 microseconds

width (synchronized with
sync pulse of TV
signal)

Range of AFC 15 me

control

(C) FM Receiver

T7.05 Equipment Features:

(a) The J68336G FM Terminal Receiver

consists of a unit 13-31/32" high,
with removable dust covers, designed
for mounting on a duct-type framework
19" wide. The receiver incorporates
three components, nameiy, a J68336H
Limiter Detector, a J68336J Video Amp-
lifier and a meter and control panel.
The limiter detector and the video amp-
lifier mount as removable sub-panels on
the major receiver assembly.

(b) Signals impressed upon the receiver
are carried by unbalanced coaxial
cable which is plugged directly into
the limiter detector (see:Fig. 8).
put video signals are derived from a
balanced coaxial jack mounted on the
video amplifier. An auxiliary balanced
Jjack, used for video monitoring pur-
poses, is also mounted on the video amp-
lifier. Three d-c meters are mounted on
the hinged panel of the receiver. Two
of these are permanently connected to
read rectified currents in the two
limiter stages. The third meter, asso-
ciated with a selector switch, can be
used to read supply and bias voltages
at ten points in the receiver circuit,
as well as to indicate the peak-to-peak
video voltage delivered to the outgoing
balanced line. A 3-position key permits
the selection of three degrees of meter
sensitivity. Also included on the con-
trol panel are a key and assoclated
lamp for making in-service tests of
filament activity of the tubes within
the limiter detector.

Out-

(c) The tube complement is as follows:

Equip- Vacuum Tubes
ment 306A L0338 ZLOLZA TIBR 523K OALS
Limiter 4 2 1
Detector
Video 6 1 L
Amplifier
Bias 1
Supply

(d) The power supply requirements are
as follows:

6 amperes
300 milliamperes
100 milliamperes

11 volts d-c or a-c
130 volts d-c or a-c
250 volts d-c or a-c

Page 17
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IF INPUT IV.P-P
3 dbm 0-8MC

VIDEO OUTPUT
L5V.P-P BAL

»| LIMITER DETECTOR

VIDEO AMP

e e e
Lk
—_—
MON

Fig. 8 - Simplified Block Diagram of the
FM Terminal Receiver

7.06 Circuit Description:

(a) The application schematic of the

FM receiver, SD-59365, is shown on
page 118. The limiter detector con-
sists of two stages of broadband amp-
lification, two limiter stages, two
amplifier stages associated with dis-
crimination and a double diode detec-
tor. Associated with the limiter
stages are four silicon varistors. The
output of the second limiter 1s im-
pressed simultaneously upon the grids
of two independent amplifier stages,
the plate load in each case being a
simple antiresonant circuit. For one
stage, the antiresonant circuit is
tuned to a frequency of about 55 mc
and for the other stage the frequency
is about 85 me. In the range from 60
me to 80 mc the transmission character-
istics of these stages have slopes of
about equal magnitude but of opposite
sign. With frequency modulated signals,
the frequency deviations will produce
amplitude variations in the outputs.
Following this frequency-to-amplitude
modulation conversion process, the sig-
nals are impressed upon diode detectors.
The video signals are then delivered to
the video amplifier.

(b) The video amplifier consists of a
three-stage (8 tubes) balanced
feedback amplifier. Capacitors in both
the input and the output remove the d-c

components. Three tubes constitute a

vacuum tube peak-to-peak voltmeter for
indicating the level of television sig-
nals appearing at the main output Jjack.

7.07 Transmission Characteristics:

(a) The transmission characteristic of
the limiter detector are as follows:

75 ohms unbalanced
2000 ohms balanced

Input Impedance:
Output Impedance:
Normal Input

Power Level: +3 dbm
Transmission Band: 60 to 80 me
Maximum Frequency

Deviation of

Input Signal: 4 me

Video Output Volt-
age for %4 me
deviation: 1.1 volts peak-to-

peak
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(b) The transmission characteristics
of the video amplifier are as
follows:

Input Impedance: O0.48 megohm balanced
Output Impedance: 110 ohms balanced
Transmission: Essentially flat
from 5 cycles to
8 megacycles
Maximum voltage
amplification
from input to
terminated
output:
Range of gain
control: 8 db
Normal video
output level:

2.4 times

2 volts peak-to-peak

8. SWITCHING AND MONITORING EQUIPMENT

QA! General

8.01 The switching and monitoring require-
ments vary considerably with stations
and consequently the equipment supplied
will vary accordingly. For instance at
many auxiliary stations with a spur bridged
to the through circuit, a connection from
the monitoring Jjack of the IF main ampli-
fier together with a switching and an
auxiliary amplifier may be adequate. At
main repeater stations where only provision
for switching between regular and spare
channels is required, the equipment assembly
will be simpler than in cases where branch
circuits are also involved. At terminal
stations, video switching will surely be
required. However, there are certain stand-
ard units which comprise these various
assemblies.

(B) Patching Bay

8.02 The patching bay is a 9 foot bay with
twenty sets of distributing (J6§338B)
and switching (J68338A) amplifiers, an IF
auxiliary amplifier (J68338C), fuse panels,
etec. The switching amplifier has two in-
puts and a common output with one tube in
each branch. The application of the proper
bias will enable one or the other of the
inputs and thereby permit a quick switch
from one signal source to another. Remote
control of switching is provided for. The
distributing amplifier has a single input




and three outputs with one tube in each in-
put and output branch. The dimensions of
these amplifiers are 3-1/4" by 5" with a
depth of 9". The amplifiers are easily
removed for servicing. The IF auxiliary
is a U4-stage 70 mc amplifier similar, ex-
cept for the number of stages, to the IF
main amplifier in the radio transmitter
recelver bay. The application schematics
(SD-59389) are shown on pages 120, 121,
122 and 123.

(C) Monitoring Bay

8.03 The monitoring bay is used at points
where it i1s desirable to monitor the

television picture. This is a 9' bay with
a standard FM terminal receiver, a video
monitoring amplifier (J68338D), a KS-5799
picture monitoring scope, a video jack
field and miscellaneous terminating equip-
ment for the alarm and order wire circuits.
Application schematics for the video
éSD-59367; and the monitoring equipment
SD-59391) are shown on pages 119 and 124,
respectively.

(D) Switching Application

8.04 An example of the application of the

switching and distributing amplifiers
for switching from a regular to a spare
channel over a section between two main
repeater stations is shown in Fig. 9. An
example which involves a branch channel is
shown in Fig. 10,

12 Volt Plant J86439
24 Volt Plant J86440
130 Volt Plant J86437
240 Volt Plant J86433
Engine Alternator J86616
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9. POWER SUPPLIES

A General

9.01 PFour different power supply voltages
are required for TD-2 equipment as
follows:

-12 volt d-c Filament Supply

-24 volt d-c Alarms, Order
Wire and
Controls

+130 volt d-c
+250 volt d-c

These voltases are obtained from batteries
which are floated on the line by means of
rectifiers operating from commercial 60-
cycle power. In order to insure reliable
operation and dependability of service, a
standby gas engine alternator is provided
to carry the load in the event of failure
of the commercial power. In the event of
failure of both commercial power and the
engine alternator, the battery reserve will
carry the load for six to eight hours,
dependent upon the capacity of the battery
provided. The plants are designed for un-
attended automatic operation with alarms

to the maintenance center to indicate ab-
normal conditions. Fig. 11 shows the over-
all plan of the power supplies with a
block diagram shown in Fiﬁ' 12. These
power supplies are coded 425A Power Plants
(J86435). References to pertinent informa-
tion relating to these plants are given
below:

Plate Supply
Plate Supply

SD-81086-01 BSP A301.823
SD-81081-01 BSP A301.824
SD-81084-01 BSP A301.821
SD-81085-01 BSP A301.822
SD-81104-01 BSP A301.247
SD-81108-01 BSP AkOl1.247

Photograph H (page 108) shows the 12-Volt
Control and Distribution Bay. The plants
are fully automatic in that when the
commercial power is restored after power
failure, the rectifiers are automatically
controlled to prevent overloading and
operate at full output until the high
float voltage is reached, whereupon normal
float regulation is resumed. The plants
are so arranged that by momentarily oper-
ating a key, an attendant can set up the
circuit to automatically give the battery
a 1 to 6 hour charge at approximately 2.23
volts per cell., At the end of the chosen
period, the timer automatically returns
the battery to normal float condition.

9.02 Alarms are provided to indicate

trouble conditions whether due to
rectifier failure, fuse failure, high- or
low-float voltage and high- or low-load
voltage. A number of the alarms are so
arranged that their signals are delayed
in transmission in order to minimize pre-
mature alarm indications in the distant
attended office.

——

9.03 The charge-dlscharge equipments are
assembled in enclosed-type aluminum
cabinets 8' high, 2'-6" wide, and 1'-8"
deep. The rear of the cabinet is enclosed
with removable covers while the front of
the cabinet generally consists of fixed
panels and equipment units with removable
covers., The basic mounting structure is
a 23" bulb-angle framework which can be
completely divorced from the enclosing
cabinet for shipment. With this arrange-
ment a fully assembled and wired bay equip-
ment 1s shipped to the Jjob less the cabi-
net, which 1s shipped as a separate item.

(B) 12-volt Plant

9.04 The 12-volt plant consists of recti-

fier control apparatus, two or more
200-ampere rectifiers permanently connec-
ted to a positive grounded 1320 or 1680
ampere-hour battery in one or more 6-cell
strings, and the distribution fuse appara-
tus. The initial charge-discharge bay
mounts rectifier and control apparatus and
charge fuses for a maximum of five charg-
ing rectifiers and 16 distributor fuse
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W-E CHANNELS & CONNECTIONS THERETO ARE NOT SHOWN

THROUGH CHANNELS

E-W E-W
TRANS
- —— —p e R —
- ° '
O
'l' E-w r—l l E-wW
Sw
TRANS Dycs B o DISTI |swl :gcz -—
* NO.2 DIST W e 5y "—L_I L_l—" )
Sw T-.—o
o
SRR
BRANCH CHANNELS
TO TO TO TO
W-E W-E W-E & & 6 we
DISTI ImsTl Isw st ‘sw st
K
d & & 3 4

P | !

Fig. 10 Illustrative Switching Arrangements
Involving Branch Circuits

failure of one rectifier would still leave
sufficient capacity to float the load and
charge the battery at a slower rate. The
battery is made up of as many 6-cell
strings (maximum of six) in parallel as are
needed to carry the load for a particular
number of hours. The cells are mounted on
standard open type battery stands.

circuits. The charging rectifiers, photo-
graph I (page 110), are of the 120-volt,
200-ampere metallic type. The plant 1is
designed to furnish a maximum of 800
amperes filament load. For this condition
the arrangements furnished are based on
the expectancy that five 200-ampere recti-
fiers will be sufficient for charging since
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120 V.
RECTIFIERS

COMMERCIAL TRANSFER
POWER CONTROL

ENGINE ALT.

EMERGENCY
POWER PLANT

130V.
RECTIFIERS

+0+250V. PLATE SUPPLY]

||—-4||}—o—ru—4

sl

24 V.
RECTIFIERS

» >——10+130V. PLATE SUPPLY |

EXISTING
_+I30V. PLANT

12V.
RECTIFIERS

-> T0-24V. MISC. SUPPLY |

ZEEXISTING
—_-24V. PLANT

I M/:]—(c—lzv. HEATER SUPPLY |
6 CELLS I-o

Fig. 11 - 425A Power Plant Block Schematic

9.05 Under normal operating conditions,

the battery voltage of 13.0 volts is
reduced through series-dropping resistors,
bridged by a nonoperated contactor, to
give as close to 11.0 volts as possible at
the point of load distribution. Each dis-
charge lead has its own individual adjust-
able series resistor and contactor. Under
emergency conditions, when the battery
voltage drops to approximately 12.5 volts
the plant control equipment operates the
discharge contactors which short out the
series resistors thus raising the filament
voltage at the load distribution points and
permitting a lower battery discharge volt-
age to the 10.8-volt emergency limit.

(c) 24-volt Plant

9.06 The 24-volt plant is used for alarms,
order wires and controls at stations
where no 24-volt supply exists. This
positive grounded plant employs a 9-ampere
metallic-type rectifier for regulating and
charging an 1ll-cell 100-ampere-hour battery
for continuous loads up to six amperes or
intermittent loads up to nine amperes. By
the addition of a second rectifier and
parallel operation, it may be used for
constant loads up to 12 amperes and inter-
mittent loads up to 18 amperes. Increased
battery reserve may be obtained by the ad-
dition of a second 100-ampere-hour battery.
The plant with the full equipment is housed
in a 8'-0" by 2'-6" by 1'-8" cabinet. A
space of approximately 35" at the bottom
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of the bay is available for the initial

and supplementary 100 AH batteries. The
relay-rack type battery shelf supports the
initial three 3-cell and one 2-cell battery
unit. Two battery-rack type shelves on

the cabinet base plate will support the
supplementary 100 AH battery also consist-
ing of three 3-cell and one 2-cell unit.

(D) 130-volt Plant

9.07 The positive 130-volt plant furnishes

a regulated and filtered plate sup-
ply from a 63-cell battery floated and
charged from two or more 8-ampere regulated
tube-type rectifiers. The plant has a
capacity of 0.5 to 20 amperes at normal
voltage limits of 135-136 + 1 volt at the
load fuse panel and at emergency voltage
limits of 116 - 140 at the load fuse panel.
The plant also serves as the lower section
of a 250-volt plate supply and its charg-
ing requirements are of course based on the
combined 130- and 250-volt loads. It is
recommended that at least one rectifier be
furnished in addition to the number re-
quired to Jjust carry the load. Arrange-
ments provide for a maximum of eight recti-
fiers. Two initial equipment bays each
81-0" by 2'-6" by 1'-8" will mount up to
four rectifiers which 1s sufficient for the
majority of installations. Above this
number, supplementary charge bays are re-
quired for each two rectifiers. All dis-
charge distribution is supplied from the
initial discharge bay with a maximum of 88
discharge fuses available.
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L

Fig. 12 - TD-2 Power

(E) 250-volt Plant

9.08 Positive 250-volt plate supply is ob-
tained by adding a 121-volt, 56-cell,
regulated battery section to a positive
130-volt battery. The 250-volt battery
section 1s regulated and charged from
automatically controlled 8-ampere 120-volt
regulated tube rectifiers. The plant is
designed to furnish a maximum of /20 amperes
plate load. For this condition the arrange-
ments furnished are based on the expectancy
that four 8-ampere rectifiers will be suf-

12V, 12v.
RECT. CKT. CHG-DISCHG. CKT.
SD-81088-0I SD-81086-01
24V. 24v.
—  RECT. CKT. CHG=DISCHG. CKT.
SD-81093-01 SD-81091-01
130V. 130V,
PWR. SERV. CKT. RECT. CKT. CHG-DISCHG. CKT.
SD-81095-01 SD-81076-0I SD-81084-0
250V, 250V
L RECT. CKT. GHG=DI SCHG. CKT.
SD-81077-01 SD-81085-01
ENG. ALT. PLANT AC & ENGINE
CKT. ALARM CKT. EROUNDING: CRT.
SD-81018-01 SD-81100-01 SD-81094-01
100 WATT 24 & 130V.
| | AR NAV. LIGHT BAT. DISTB. FROM
CKT. EXISTING PLANTS
SD-81113-01 SD-81111-01
1000 WATT
CKT. REC. DIR. CKT.
SD-81114-01

Supply Circuits

ficient for charging since failure of one
rectifier would still leave sufficient
capacity to float the load and charge the
battery at a slower rate. The rectifiers
are designed for operation on 210-250 volts
+7 per cent, 60 cycles. Where the commer-
cial power varies more than 7 per cent it
is necessary that an auxiliary line regula-
tor be provided. The initial equipment bay
includes two rectifiers and common plate
supply filter with 52 discharge fuses for
load distribution. A second bay for one

or two additional rectifiers, additional
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common plate filter and 44 additional dis-
charge fuses may be added when the capacity
of the first bay is exceeded.

9.09 Duplicate 56-cell sections are pro-
vided for safety in battery mainte-
nance. Each section or string of batteries
is mounted in a separate locked cabinet 8!
high, 3' wide and 1'-8" deep. A key inter-
locking system is employed to prevent ac-
cess to a cabinet without disconnecting its
battery from the circuit. Each section is
equipped with a switch which must be thrown
before a key can be obtained to open either
the front or rear cabinet doors. A key
must be obtained to unlock the switch and
with the switch once thrown to its off
position, this key is seized so that the
switch on the other battery section cannot
be opened. This feature guards against
opening the load, which could happen if
both switches could be operated simultane-
ously. When one of the cabinet doors is
opened, its key is seized until the door
is again closed and locked. This prevents
reclosing the switch with the cabinet doors
open. With the switch off, the battery
section is ungrounded and the maximum volt-
age obtainable is less than 120 volts. The
duplicate strings are normally connected
in the circuit and floated in parallel and
the battery reserve should be calculated
on this basis. The cabinets need be opened
only for such maintenance as adding water
and making pilot cell voltage and gravity
readings usually every three months.

(F) A-C Service Distribution

9.10 A-C service distribution to the power
and radio equipment is supplied norm-
ally from two sets of fuses in the engine
room service cabinet. One set of busses is
connected to commercial power only and the
other arranged for engine alternator stand-
by. From each of these busses feeders run
to fuse distribution cabinets in each power
room. The service cabinet in the 12-volt
power room, in addition to supplying
230/115 volts to the power bays on that
floor, also mounts the alarm equipment
which indicates commercial service failure
and engine operate and failure alarms as
well as the connection to the alarm sending
circuit for remote starting of the engine.
The service cabinet in the 130-volt power
room in addition to 230/115 volts to the
power bays, also supplies 115 volts a-c to
the radio room for testing equipment and
tube cooling motors. The busses in this
cabinet which are connected for engine
standby are regulated by a line-voltage
regulator mounted in the cabinet when the
commercial service voltage varies more than
*T7 per cent. An emergency light control
relay is also mounted in this cabinet to
connect 130 volts d-c to the emergency
lighting circuit during commercial service
failure. Also in this cabinet is mounted
low-voltage lightning protection. This
protection across each phase lead to ground
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1s connected to the fuses feeding the first
rectifier of the 130-volt plant so that a
fuse failure due to breakdown of the thyrite
varistor in the protector circuit will cause
a rectifier failure alarm and obtain main-
tenance.

(G) Engine Alternator

9.11 Automatic gasoline engine alternator

plants from 20- to 60-kw capacity are
available as reserve power plants. The
20-kw size is available in single-phase
230/115-volt output or 208/120 volt, 3-phase
4-wire and this set will usually have suf-
ficient capacity as standby for TD-2 re-
peater stations by limiting the amount of
charging equipment connected to the engine
supply to the rectifiers required to norm-
ally carry the ultimate load and connecting
the remaining rectifiers to the commercial
power only. Larger sets 30-, 40-, 50-, and
60-kw are available in 3-phase 4-wire only.
All sets are capable of delivering rated
load at voltages up to 240 volts a-c so
that their outputs may be adjusted to match
the nominal commercial service voltage.
These plants are completely automatic for
unattended operation with alarms for main-
tenance from a distant point. If "ordered"
to start from the alarm center for a weekly
routine run, it will operate for 30 minutes
after which the circuit will restore itself
and be ready for automatic operation in
case a power failure occurs.

10. Cl1 ALARM AND CONTROL EQUIPMENT

10.01 General - In order to insure reli-

ability of service in a communica-
tion system involving stations which must
be operated on a nonattended or partially
attended basis, various trouble or abnorm-
al conditions which originate in these
stations (alarm sending stations) must be
promptly reported to an associated station
(alarm receiving station or alarm center)
which is continuously attended. It is also
desirable to perform certain functions at
an unattended station on a remote control
basis from the attended station such as
checking the alarm system and starting and
checking the emergency engine-alternator.
The Cl alarm and control system provides
these facilities. The following are perti-
nent Bell System Practices:

A820.011 C1 Alarm, Sequence Signaling and
Order Circuit - Description

A320.571 Cl1 Alarm and Control - Tracing
and Clearing Trouble

10.02 Equipment Features:

(a) The alarm and control receiving

bay required at the alarm center
is shown in the photograph J (page 111).
A standard 11'-6" duct-type rrame is
used with all relays, controls, lamps
and Jjacks mounted on the open duct side




of the frame. On the key, jack and
lamp panel are the keys for controlling
the sequence signaling transmitter
whereby a particular station may be
directed to send in a complete report
of all the circuits which are provided
with alarm features. The results are
indicated on the display shelf. The
shelf is so arranged that an 8-3/8" by
10-7/8" data sheet (Fig. 13) may be
placed over the lamps and crosses
marked wherever lamps are lighted. The
lamp bank incorporates 60 lamps. Six
lamps are used to tell which of the
six stations on the alarm line are re-
porting in. Two lamps are used to tell
if the reports are coming in on the
east or west alarm line. Forty-two
lamps are used for alarm or circult
indications. Ten lamps are used for
synchronizing. At the start of scan-
ning, five synchronizing lamps are
operated two on, one off, and two on.
At the end of scanning the second five
synchronizing lamps are operated two
on, one off, and two on. If these

Cl ALARM RECORD

SERIAL NO.
DATE ACTION TAKEN
TIME A
RECEIVED P | BY
SENDING TROVBLE
OFFICE FQUND
RECEIVING A
OFFICE DATE OK TIME P | BY
STATION IDENTIFICATION
| | 2 3 & 5 5
7 8 9 10 " 2
SYNCHROMIZATION - START
2| own oN OFF ON oN £as)
SYNCHRONIZATION - STOP
WEST

3 OoN o OFF ON ON

LOW MICROWAVE OUTPUT E-W OR N-S CHANNELS

4 1 z 3 4 5 6

LOW MICROWAVE OUTPUT W-E OR S-N CHANNELS
5 1 2 3 4 5 @

LOW MW OUT. BRANCH CHANNELS

6 A B [ -]

Fi DISTRIBUTION FUSE _|OBSTRUCTION LIGHTS
12,24, 12V | 1 24v [S] 24v | BOTH | ONE
7{i1308 130V {2 2
A § ov |2|isov [§| sov | “oFF | oFF
COM'L AC PWR. RIGH-LOW VOLTAGE
8| FaiL. [ntsm 12v 2ev | 130v | zsov
GAS ENGINE ECTF)
12v | Rs24, | OPEN
of . |oper.| EQ% | 130ov |1s0oz | DOOR
2s0v | 250V

HIGH-LOW
[GH-LOW TEMR TuBE

w6
10 [CRYSTAL] COOLING|LOW GAS
ven | ROM | oAt | press.

A B (4 -4 3 ¥

Filg. 13 - Alarm Center Record Sheet
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synchronizing lamps are not so operated
the attendant knows that the sending
and receiving circuits are not func-
tioning in synchronism and that his
report is not correct. The following
indicate the types of alarms provided
for:

Various battery voltage fuse failures

Room temperature

Open Door

Wavegulde gas pressure

Tube cooling ailr pressure

Low transmitter output power

Microwave generator crystal oven
temperature

Air navigation obstruction lighting

Power Failure

Gas Engine fallure

Low Gas

(b) The alarm sending bay required at
the unattended station is a stand-
ard 9' bay and is shown .in the photo-
graph K (page 111). This equipment
provides for sending alarms and indi-
cations and for receiving orders.

10.03 Circuit Description:

(a) Referring to Fig. 14, the Cl system
requires two separate line facili-

ties for its operation. A 2-wire alarm

line is used to transmit alarms and
signals from the sending stations to
the alarm center. This line provides
one way transmission only. Only six
stations may report over one alarm
line. If more than six stations are
involved, two alarm lines are required.
Orders and signals to the sending sta-
tions are carried over a 4-wire local
order circuit which is also used for
general maintenance traffic.

(b) In operation, each unattended sta-

tion transmits a continuous indi-
vidual tone over the alarm line into
the alarm center. A maximum of six
tones (1100 cycle, 1300 cycle, 1500
cycle, 1700 cycle, 1900 cycle, and 2100
cycleS will be present on the alarm
line if the maximum of six stations on
that line is realized. An interruption
or absence of this tone indicates a
trouble in the station or on the alarm
line. In the alarm receiving equipment
a maximum of six filter detector cir-
cuits (station alarm receiving circuits)
are provided for each alarm line to
differentiate between these tones and
to light an associated lamp and bring
in an audible alarm in the event of
interruption or failure of a tone. Thus
the attendant at the alarm center is in-
formed that a trouble or abnormal con-
dition exists at a particular sending
station. The attendant then by means
of sequence signaling over the local
radio order circuit orders that partic-
ular station to send in a complete re-
port on all of the circuits which are
provided with alarm features.
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(c) since as many as 12 stations may

be bridged on one local radio order
circuit, and since each station is
capable of receiving 10 orders, it 1s
required that the alarm center be capa-
ble of sending 120 distinct signals.,
This 1s accomplished through a sequence
signaling system incorporating an os-
cillator which generates a 1600-cycle
carrier. This carrier may be modulated
with any one of 12 different lower fre-
quencies (277.5 cycles to 442.5 cycles
in 15 cycle stepsg under control of a
relay switching circuit. By using any
two of these modulated frequencies in
sequence the 120 required combinations
may be obtained.

(d) Each unattended station has a detec-

tion circuit bridged on the local
order cireuit. This circuit through
use of reed-type selectors is capable
of recognizing only the 10 orders with
which it is concerned. Upon receipt
of an order to report its alarm condi-
tions, all of the alarm circuits (maxi-
mum 42) are scanned in order. For each
circuit scanned, a 900-cycle pulse is
sent out over the alarm line to the
alarm center. If an alarm condition
exists a 700-cycle tone is sent out
simultaneously with the 900-cycle tone.
In addition, pulses are sent telling
which of the possible six stations is
sending in the report and also synchro-
nizing pulses to assure the attendant
at the alarm center that the system 1s
operating correctly. At the alarm
center a detection circuit is provided
to recognize these indications signals
and to light lamps in a display lamp
bank in synchronism with the incoming
indication pulses.

11, LOCAL AND EXPRESS ORDER CIRCUITS

11.01 Local order circuits are required
for local or sectional maintenance.
These circuilts terminate at a main repeater
or terminal station and have appearances at
the assoclated auxiliary repeater stations
and the maintenance and alarm centers. Fig.
15 shows how this applies to the New York-
Chicago circuit. The order circuit is also
used to transmit the two short sequential
tones directing certain operations to be
performed at the auxiliary station as noted
in connection with the Cl1 Alarm in Part 10,
The order circuit is comprised of a 4-wire
backbone c¢ircuit from which branch 4-wire
circuits extend out to the auxiliary re-
peater stations. Signaling the auxiliary
station is accomplished by means of the
sequence signaling equipment of the Cl alarm
system. To call the alarm center from the
auxiliary station, a 900 cycle tone is ap-
plied to the line by means of a key for a
period of time (about five seconds) appre-
ciably longer than the length of the 900
cycle pulses used in sending in the indica-
tion signals. The station alarm receiving

SECTION R90.305

circuit will respond to this longer period
by ringing a service bell and lighting a
service lamp, Since signaling facilities
are provided only between an auxiliary re-
peater station and its associated alarm
center, loudspeakers are provided to en-
able the repeater stations to signal each
other. A circuit description is given in
CD-56227-01, BSP A320.572 covers Tracing
and Clearing Trouble.

11.02 Express order wire circuits are re-
quired for systemwide maintenance
of the radio system and for traffic con-
trol. These circuits terminate at the end
terminal stations and have appearances at
all intermediate main repeater and terminal
stations and at all alarm and maintenance
centers. Sequence signaling transmitting
and receiving equipment is provided at
each appearance of the order circuit. At
alarm centers, the sequence signaling
transmitter is provided as part of the Cl
alarm system so that only the receiving
equipment is additional. A circult de-
scription is given in CD-56228-01.

12. TEST EQUIPMENTS

A General

12,01 Most of the equipment used for

testing the equipment associated
with the TD-2 Radio System is included in
three assemblies, viz., the J68340A Test
Bay (BSP R70,200), the J68333A Test Bench
(BSP R70,210) and the J68337A FM Test
Console (BSP R70.160)., The T72A Frequency
Meter used in testing equipment associated
with the Cl alarm (BSP E40.571) is not in-
cluded in the above.

(B) Test Bay (J683404)

12.02 The test bay consists of several
units of test equipment mounted in
a rack in a movable T7'-6" cabinet, as shown
in photograph L (page 112). The base of
the test bay is 33-7/8" wide and 24" deep.
With all the panels in place, the bay
weighs about 400 1lbs. The power required
is approximately 10 amperes at 110-120
volts, 60 cycles, single phase, 3-wire ac.
There are two versions of this equipment,
one of which is used to test the over-all
radio transmitter-receiver bay at auxiliary
stations and to localize trouble therein.
This equipment does not include an IF sweep
oscillator and leaves out two of the four
IF attenuators which are found in the more
complete equipment. The other type of
test bay, which includes the units men-
tioned above, is used at main stations and
terminals; and, in conjunction with the
J68333A test bench, at repair centers.
The units included in the test bay are
discussed briefly below with a more
complete discussion in BSP R70.200,
J68340A Test Bay.
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12.03 The J68340J Filament and Bias

Supply is a 3-1/2" panel on which
are mounted a single 396A rectifier tube
and associated circuits for providing
filament and bias supply for the oscillo-
scope preamplifier.

12.0% The J68340K Power Supply provides

the 6.3 volts a-c and 180 volts
regulated dc for the J68340E Power Meter.
The tube complement consists of one tube
each of the following types: 6X5GT, 6V6,
423A, and 12AXT.

The J68340H 4000 MC Sweep Oscilla-
tor provides a test signal (max.

1 watt) in the range 3700-4200 mc which
may be either a steady signal or swept
over a band of 80 mec or less. The unit
employs a 402A vacuum tube of the velocity-
variation type.

12.05

12.06 The Dumont 2551 Oscilloscope is a

standard commercial type with pro-
vision for 60-cycle blanking of the return
trace.

12.07 The J68340E Power Meter enables

power measurements of either IF or
microwave signals. When measuring IF
power, the coaxial input jack IF IN is
used. When measuring microwave power, a
J68340F Measuring Head is used which is
separate from the power meter and is con-
nected to the panel jack RF IN through a
flexible cable. This head permits direct
connection to .290" by 1.145" waveguide.
The range is from -10 to +6 dbm.

12.08 The IF attenuator panel includes

four pushbutton attenuator units.
Two of these are omitted in List 2 of the
test bay.

12.09 The J68340D IF Detector Panel in-

cludes two separate IF detectors,
and IF frequency meter and a preamplifier
for the oscilloscope.

12.10 The J68340C IF Sweep Oscillator

provides a test signal which may
be either a single frequency or may be
swept over the range 50-90 mc. This unit
also has incorporated with it a 30-cycle
switch which enables both the reference
trace and the test output signal to be
viewed on the oscilloscope. In List 2,
which omits the IF sweep oscillator, a
J68340M 30-cycle switch must be provided.
12.11 The J68340B Meter and Control Panel,
a J68225A 150-volt rectifier and a
KS-5789 1500-volt rectifier complete the
equipment units. However, a number of
demountable waveguide fittings and cali-
brated waveguide attenuators which are used
in various combinations for various types
of tests are supplied with the test bay.
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(C) Test Bench (J683334)

12.12 The J68333A Test Bench is pictured

in the photograph M (pa%e 113). On
the work bench are mounted a J68330H
Shifter (less the 40 mc generator), a
J68333E Control Panel, a J68330M Trans-
mitter Control Panel, a J68330B Receiver
Control Panel and a J68330G Microwave
Generator. Crystals for all the frequen-
cies in the maintenance area will need to
be provided. In addition, the bench is
equipped with miscellaneous waveguide sec-
tions, attenuators, patch cords, an IF
directional coupler, signal inserter, jacks,
plugs, etcetera. The bench is discussed
in detail in BSP R70.210, J68333A Test
Bench.

(D) FM Test Console (J683374)

12.13 The J68337A FM Test Console, shown

in photograph N (page 114), is used
to maintain and align the FM terminal
transmitter and the FM terminal receiver.
The principal tests are those of linearity,
frequency checking, frequency deviation,
video-frequency wave form and voltage meas-
urements. The console stands approximately
five feet high on four caster wheels and is
about 30" square. Removable doors are pro-
vided on all sides. The top surface is
sloped from front to back at 40 degrees to
provide a convenient control area. Here
are located the KS-5782 Signal Generator,
the J68650A Oscilloscope and the control
panel. Below are located the J68337C
Linearity Test Set and the J68336G FM
Terminal Receiver. The J68337B Electronic
Switch and power supplies are located in-
side the console to the rear. The test
console is discussed in more detail in BSP
R70.160, J68337A Test Console.

12.14% The KS-5782 Signal Generator is used

for testing the intermediate-fre-
quency circuits of the TD-2 Radio System.
The generator is continuously tunable from
50 to 90 mec. The maximum output is O dbm
with a continuously variable attenuator
providing a 120 db range in output power.
The signal generator is mounted on a 19"
panel 10-15/32" high and projects 9-1/2"
behind the panel. The generator operates
from 117 volts, 50/60—cycle power source
and requires about 100 watts. The unit is
discussed in detail in BSP R70.190, KS-5782
Signal Generator.

12.15 The J68650A Oscilloscope is a modi-

fied RCA WO-T79A oscilloscope. This
unit is described in RCA Instruction Manual
1B-4179-1, WO-T9A Oscilloscope.

12.16 The J68337C Linearity Test Set is
designed primarily to measure the
repeller voltage versus frequency charac-
teristic of the FM transmitter, the line-
arity of the frequency versus output volt-
age characteristic of the FM receiver and
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the linearity of the over-all TD-2 system.
The panel is designed for 19" rack mount-
ing and is 8-1/2 inches high. The power
requirements are 117 volts, 60 cps, 150
watts. The unit is discussed in detail in
BSP R70.180, J68337C Linearity Test Set.

12.17 The J68336G FM Terminal Receiver is

a standard FM receiver such as is
used in the FM terminal, and mentioned in
Pars. 7.05, 7.06, and 7.07. The unit is
described in detail in BSP R20.360,
J68336G FM Terminal Receiver.

12.18 The J68337B Electronic Switch is a
broadband IF amplifier which
switches automatically between two input

Egquipment

signals and delivers alternate samples of

these two signals at its output. The unit

is contained in an 8-3/4" by 19" panel and

includes a regulated rectifier for plate

supply. The set operates on 105 to 125

volts, 50-60 cycle a-c and requires an in-

put of approximately 50 watts. This unit

is discussed in detail in BSP R70.170,

J68337B Electronic Switch, .

12,19 The J86225D 130-volt Rectifier

(BSP A301.325) and the J86226D
250-volt Rectifier (BSP A301.326) are
located inside the console.

12.20 The tube complement of the J68337A
FM Test Console is as follows:

Vacuum Tubes .

396A 403B 404A 409A 412A 4184 421A 422A 4234 6AL5 6AQ5 12AX7 OA2 OA3

Electronic Switch 1 2 2 i
Linearity Test Set 4 1
FM Receiver 6 8

130V Rectifier
150V Rectifier

=

Equipment

1 2 2
1 3 3
2 1 2
1 i 1
1 1 1

Vacuum Tubes

2X2A 3KP1 5U4G 5Y3GF 6ACT 6AGT 6AL5 6C4 6H6 6SHT 6SN7TGT OD3 VR105

Oscilloscope 1 | 1
Signal Generator 1

3

4 1 1 3 1

(E) Miscellaneous Test Egquipment

12.21 The J64001AK Tube Test Set provides

means for testing the cathode activ-
ity of 404A tubes used in the buffer, aux-
iliary, switching and distributing ampli-
fiers while those amplifiers are in ser-
vice. Means are provided for changing the
heater voltage of the vacuum tube under
test from normal to 10% below normal and
then measuring the change in the grid-
cathode voltage. The unit is described
in BSP R70.270, J64001AK Tube Test Set.

12.22 The J64072A Frequency Meter is used

in connection with tests of the Cl
Alarm and Control System. The frequency
meter may be used as a source of frequen-
cies in the range 100 to 4000 cps or it
may be used to measure an unknown frequen-
Cy. The accuracy is 1 cps at the lower
frequencies and #1/10 of one per cent at
the higher frequencies. The unit is de-
scribed in BSP E40.571.

12.23 The 61B Signal Generator consists

of two independent signal generators
in one test set, and 1s used for making
point-by-point gain-frequency measurements
over the video band on the FM terminal
equipments and on the over-all system:

(a) A sine-wave generator continuously
variable from 300 kc to 10 mc in
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five bands selected by pusn buttons.

In addition, fixed frequencies of 60
cycles, 5, 10, 25, 50, 75, 100, 150,
200, and 250 ke, and 2 and 4 mc are
available on push-button keys. The
output level of the oscillator is con-
trolled by a precision attenuator from
+10 dbv to -60 dbv in 1-db steps. Out-
put impedances of 75 ohms unbalanced

or 110 ohms balanced are available. A
vacuum tube voltmeter is provided tc
permit accurate adjustment and contin-
uous monitoring of the power delivered
to the attenuator. The frequency
accuracy 1is =3 per cent, harmonic level
-40 db, absolute output level accuracy

+0.25 db, and differential frequency .
distortion #0.1 db. This oscillator
is used to transmit signals of known
levels into the television loop when
making transmission measurements over
the video-frequency band. The fixed
frequencies are those most often re-
quired when adjusting the circuit

equalization.
(b) A 15.75-kec video signal generator
delivers a 2-volt peak-to-peak .

maximum output into a 75-ohm unbalanced
impedance. This signal consists of a
wave which changes polarity abruptly
in two successive steps in each cycle.
The cycle starts at the extreme nega-
tive polarity where it remains for ap-



proximately 5 microseconds, after which
it sharply rises positively about 25%
of 1ts amplitude, where it remains for
an interval variable between 10 and 45
microseconds. It then sharply rises
to the maximum positive value where it
remains until the end of the cycle, at
which time it sharply drops to the
extreme negative value for the start
of the next cycle. The 5-microsecond
portion of the signal simulates a syn-
chronizing pulse and the 10-45-micro-
second portion simulates a picture sig-
nal. Controls are provided for vary-
ing the amplitudes and widths of the
sync and picture signals. The rise
and decay time of the effective portion
of the video signal is less than 0.2
microsecond. A 60-cycle square-wave
modulation of the video signal is pro-
vided under control of a switch, for
the purpose of introducing the frame
frequency present in a television
signal. This is necessary when test-
ing clamper circuits. The 60-cycle
wave alternately removes and restores
the picture signal portion of the
video signal while the sync pulse por-
tion continues without interruption.
The complete test set consists of a
panel and several units, each of which
may readily be disassembled from the
main assembly for maintenance pur-
poses without removing other units.
All interconnections between units are
carried through plugs and Jjacks to
facilitate such disassemblies., The
units contained in the 61B signal
generator are as follows:

Sine-wave generator
Level monitor

Video signal generator
Power supply
Attenuator

The set is portable, and is arranged
to operate from 105- to 125-volt,
60-cycle convenience outlets. The
power input is approximately 125 watts.
The unit is discussed in detail in

BSP Section E47.404.

12.24% The 63A signal generator produces a
composite signal similar to the
standard television video signal except for
the vertical synchronizing group. The neg-
ative synchronizing pulse is nominally five
micro-seconds wide and is produced at a
rate of approximately 15.75 ke but is not
synchronized with the power frequency. It
is adjustable over a considerable range.
The positive "picture" signal follows the
negative synchronizing pulse by about two
micro-seconds, and consists of either a
broad flat pulse having an adjustable dura-
tion of 15 to 50 micro-seconds, or a single,
narrow, triangular spike approximately 0.3
micro-seconds wide at the base. The com-
posite signal is modulated by a 60-cycle
square wave so that the video signals are
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periodically disabled without interruption
of the synchronizing pulses. The signal
proportions are normally adjusted to give
a peak-to-peak amplitude of one volt, with
the synchronizing pulse equal to 30 per
cent of the signal. The maximum peak-to-
peak output is about two volts into a 75-
ohm load. The set is portable, and is ar-
ranged to operate from 105- to 125-volt
60-cycle convenience outlets. The power
input is approximately 125 watts. The unit
is discussed in detail in BSP R70.540.

12.25 Other test equipment required for
testing the C1l Alarm and Control
Circults include:

13A Transmission Measuring Set
5A Attenuator

35F or 35D Test Set

S1 Timer (with 24-volt clutch)

12.26 Other standard test equipment which
will be required in connection with
testing the TD-2 Radio System are

Weston Type 779 Analyzer
KS-5727 Tube Tester

13. TUBE COOLING SYSTEM

13.01 Cooling air for the 416A and the
418A vacuum tubes is provided from
a central blower source and distributed by
meéns of pipe and hose supported by the
auxiliary framing in the radio equipment
room., It is expected that this system will
supply air to a maximum of 24 bays of radio
equipment plus one test bench.
13.02 An alr pressure switch KS-5793 is
provided to actuate an alarm over
the Cl alarm circuit. The switch is ad-
Jjusted by the manufacturer to close con-
tact at one ounce on decreasing air pres-
sure and shall remain closed for any less
pressuré. The supplier includes a kit of
orifices for each switch besides the one
assembled but as either will work it is
not necessary to change the one assembled.
There is an adjusting screw to vary the
contact pressure, but since a supply of
test equipment is not available at the
stations it 1s advisable to return defec-
tive units to the Western Electric Company
for repair and readjustment. The pressure
switch because of its sensitivity must be
mounted on a wall or post that is free of
vibration.

13.03 The blower is a three stage centrif-
ugal device operated by a 1/4 H.P.
AC motor, 115 volts, and 1is equipped with
a fibre glass filter. Its capacity is 60
cu. £t. per minute at 3 ounces pressure
(or 5 inches of water). An alarm is actu-
ated when this pressure is reduced to 1 oz.
The blower blades are mounted directly on
the extension of the motor shaft. The
motor for the blower has grease sealed ball
bearings with an expected 3 to 5 year

Page 31




SECTION R90.305

grease supply, it being necessary to add
only 3 to 5 drops of an oil, supplied with

the motor, once a year to restore the proper

grease consistency. The removal of a small
set screw located at the top of each bear-
ing provides the means to add the special
oil,

13.04% The filter has two fiber glass

filters 20" by 20" by 2" thick as
made by Owens Illinois Glass Co., (or an
approved equivalent) that can be readily
replaced by removing two clips held in
place by bayonet pins and slots. They
should not be used when clogged 50%. They
can be cleaned somewhat by shaking or tap-
ping on some firm object.

13.05 1In case of failure of the AC motor
due to power failure, a DC motor
assembly carries the load operating from
the 130 volt battery, at the same time
bringing in a "motor failure” alarm into
the Cl alarm and control system. If the
failure is simply due to AC failure and AC

power is restored the load is switched back

automatically to the AC motor assembly
assuming the air pressure has not dropped
appreciably. The DC motor can be tested
at the radio station by operating the AC
FAIL TST switch and waiting 8 seconds for
the DC motor to pick up the load. The
PRESS FAIL TST switch should be operated
to simulate a low air pressure alarm, such
as due to failure of the 4C motor or the
relay circuit, and in 27 seconds the DC
blower should pick up the load. The DC
motor will lock in should the air pressure
be allowed to drop. It is then necessary
for a man to go to the radio station and
clear the trouble and when ready, operate
the RLS switch to switch back from DC to
AC operation.
enclosed, their operation must be deter-
mined by the sound of the machine.
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Cl Alarm
A220.961
A220.962

A320.571
A320.572

A820.911

KS-5663 120-volt
Rectifier

KS-5789 1500-volt
Rectifier
J86225D 150-volt
Rectifier
J86226D 200-volt
Rectifier
J66240 130-volt
Rectifier
J86243 2h-volt
Rectifier
J86244 12-volt
Rectifier

KS-5636 Engine Alter-
nator Operating Methods

KS-5636 Engine Alter-
nator Apparatus Require-
ments and Adjustment
Procedures

4254 Power Plant -
J86437-130-volt Plate
Supply

425A Power Plant -
J86438 250-volt Plate
Supply

4257 Power Plant -
J86439 12-volt Filament
Supply

L4L25A Power Plant -
J86440 24-volt Power

Supply

and Order Circuits

Cl Alarm and Control -
Test and Inspection
Sequence Signaling and
Order Circuits - Test

and Inspection

Cl Alarm and Control -
Tracing and Clearing
Trouble
Order Wire Circuits -
Tracing and Clearing
Trouble
Cl Alarm, Sequence
Signaling and Order
Circuit - Description
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Photograph A
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Type 1 Microwave Repeater Bullding
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Photograph B

Type 4 Microwave Repeater Building
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Photograph C

Steel Tower and Single Floor Bullding
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Photograph D

XS-5759 Antenna
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Photograph E

RECEIVER
CHANNEL
NETWORK
. TRANSMITTER
CHANNEL
NETWORK
e i =
OUTPUT
MONITOR
IMAGE
SUPPRESSION
FILTER TRANSMITTER
AMPLIFIER
REC.
CONVERTER _
—— TRANSMITTER
MODULATOR
IF MAIN
AMPLIFIER ; =
—— |F PREAMPLIFIER
R
iigarieniaees
iesess eose ||
siisessas ange g

RECEIVER
CONTROL UNIT

TRANSMITTER
CONTROL UNIT

i
14

Hiii 5 i
::...ﬁ:':' | RECEIVER MICROWAVE

i

GENERATOR (OR
40 MC SHIFTER)

TRANSMITTER
MICROWAVE
GENERATOR

TD-2 Radio Transmitter-Receiver Bay




SECTION R90.305 106
Photograph F

FM Terminal Transmitter
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Photograph I
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12-volt 200 Ampere Rectifier
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Photograph J
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' -———FUSE PANEL

e

INDICATION
~— RECEIVING
UNIT
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SEQUENCE SIGNALING
TRANSMITTER

KEY, JACK &
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SENDING DIRECTOR UNIT
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Photograph K
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Photograph L

Radio Test Bay
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Photograph M
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DRAWERS FOR MISC.
WAVEGUIDE AND TEST
COMPONENTS

Radio Test Bench




SECTION R90.305 114
Photograph N

FM Test Console
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FIG. 10l

CONNECTION OF FM TERMINAL RECEIVER TO TELEVISION OPERATING CENTER

FIG. 102

CONNECTION OF TELEVISION OPERATING CENTER TO FM TERMINAL TRANSMITTER
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#6551 AR IR
CIRCUIT NOTES : (FoR FIES.) &4) e 1| 1 legeslent,
101 PROVIDE FUSES AS FOLLOWS: . comses apn e ’
DESIG. | AMP. | POTENTIAL FUSED | ONE PER O s A LR Fl6. 2
I o ORFIT. 0 s " 4 » i IF SWITCHING AMPLIFIER SD-59393-01 FIGS. 18 2
AT raa of V-2 5
SW AMP z ), TERHM. . ACT
4 3 12V FIL FI6.1 GROTERMON - .1'_5 1 AT rsT PWR KEY CIRCUIT
DT AMP | 0.5 730¥ PLT F1C.3 » arx/u f#s!s {'?’\ : 5 | o ﬁ = I' B S50-59393-01 £16.3
3 = <
oisT AP | 3 12V, FIL FI6.3 70 130V sUPPLY —_/ ! [ 2 r_" i 1 13 N
G | s Sq S
zovak | = ‘ i HhE o8 [ S
BN ot W&y ¥ 0——7-«»_}--.'.
SHOWN ON &l BN Nge - hpag
1M, K7 A 1< NP g Y
y Loy &) A|KS? Q sl =4
70 ompER cuses a. | # L L 228
3
102. PROVIDE SEPARATE FILAMENT AND PLATE BATIERY /T 5 COANECTON %
DISCHARGE LEADS, ONE PER EACH FIE. 106,107 108 70 11v. suPPLY I N Lol L
103, 110, 111 OR /12. WHEN A FI6. 106 AND A FI6. 10} |
ARE ASSOCIATED IN THE SAME F1G./17, THEN A uvAM |
COMMON FILAMENT AND A COMMON PLATE DIS-
CHARGE LEAD SHALL BE USED FOR BOTH AMPLI- 5/;;37;/‘,0,/' Clnle a
FIERS . ' suses ar e o
W3. LENGTHS OF NO. T24 CABLE SHALL NOT EXCEED L2 AN AT N o, CA
THE FOLLOWING : “
6. | From 70 ax. LewsTH 7sT m
1 ! 1 s
101 | Rap1o REC. |(REC OUT) vACK | 30 FT. <ddd244
102 | RADIO TRS. |(TRS /N) JACK | 30 FT.
103 | FMT TRS. |(FMT oUT) JACK | 45 FT TO FIL. ACT. TEST SET
104 | FMT REC. |(FMP IN) JACK | 45FT.
105 \(TRK IN)JACK |(TRK OUT) JACK | 15 FT. Fl6. 3
F1G. 5,
( For r/a'sé 23) Y /6. 6
> IF DISTRIBUTING AMPLIFIER SD-59394-01 FIGS. /& 2
104. WHEN EITHER F16. 7 OR FI6. 8 /S SPECIFIED, FI6.8 7O _CORRES GRD, TERM.
(PATCH PLUG) SHALL BE PROVIDED, UNMLESS THE A S A TR IN G- ?’g; e
g%/f’"/f/” T JERANGEMENT MAKES' A CORD NECES- L 724 CABLE 3584 : €2 r1
Z - 4 4
U £ F16. 7 SHALL BE USED. e Ty 14 - 1 r 7 1 SEE NQTE 103, == g R e
105. IN ,,"[ 0”4),%”7&,:)0,‘;,[ (4 ouT), (8 00T) A7 TOP oF BAY g kA W ﬁrz : 199 = 0}9/7 - 4 :ﬁ— =
TIONS ARE IDENTICAL AND ST 3 Y T
may 55 USED INTERCHANGEABLY . 7R TR “? . yf e 12 i
/ c £l
106. IN FIG. | (SW AMP), THE (A IN) AND ( 8 IN) INPUT: 70 130V.5UPPLY 1% A 1
ARE INTERCHANGEABLE Pkowg:a mfr & ,/m”-’ e | F — 2l 2 f;’ T e /‘-’;'
TROL KEY POSITION 15 PROPERLY CORRELATED WITH sovan | L] N
THE CIRCUIT PATCHED TO THE CORRESPONDING INPUT. oo ”‘; = = CONNECTOR
ALM. KT, F16. 7 » T G, ON AMP. MTG.
70 OTHER FUSES, - /4 SEE NOTE 1 c ¢
AS REG. /
TONY. SUPPLY | P28J CORD —
s Q b
Swolpay LYSES A7 . e e e e e — e
RLM.CKT.  TOP OF MON BAY TST (37323334355637, _g 299 4;1_.3_/:_,_/1_:_/ "—\’——‘
.}11‘/“11142 Jidad
T
T0 FIL. ACT. TEST SET
F16. 8
SEE NOTE 104
FIG. 4
SEE NOTE 20/
3704 PLUG
GRD. LUG 1464 TERM. ON GRD. BAR
oN AMP. MT6. S —Q AT 0P 0F BAY
Fl6. 9
F16. 5
94 ATTENUATOR
NOTE 1
A AAA— LA AL o T
‘TL—U e © al I
0PTIONS USED L
PR OR 3
F165. Ywnkne i
1 |r01
Z |2 Fo-€3528-0/
3 (/05 LQUIPMENT INFO.
4 |704
: had F1G. 10
- /I:; SD-59389 -0/ 4 SHEETS
GRD ON ToLL SYSTE,
AP MTC o ALT + o 9A_ATTENUATOR 70 RA 075 ATATCO
1 1 1 15 {10 APPLICATION SCHEMATIC STARCALD
> T ". 3 rzs-1ssv. " AL u IF PATCHING CIRCUITS
18 = 7z ' S AT MAIN REPEATERS AND TERMINALS
S 713 RZ
- /14 <
" b3
— 7% SD-59389-0/
n"7
\10-eBERT-QR B BELL TELEPHONE LABORATORIES, HC.
—s
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s
LEGEND:
—
eyl FIG. 10/
CONNECTION FROM RADID RECEIVER TO IF PATCHING SAY F1G. /107 ‘ 6. 11/ ==
e BASIC LINE SWITCHING comv:cr/oﬂ BASIC PROGRAM DISTRIBUTION CONNECTION
ey Pt o OUTGOING RADIO CHAN, OUTGOING TO <M TERMINAL RECEIVER
<~ (F‘ JCH CORD AFPl stlllll
7 oR
SEE NOTE 160’4 71’,5-,?55 o4
ouT, 3
WX 9 4T 7ERUATOR e ”‘”’1}—/')\) UG B ooy, Jixoc i 163 rour a) e
_ .5 or ) B G S e X (ran‘our & rec) et ——X 70 F16. 102 REGULAR i34
R AS REQ. roe (m) CHAN. on
- e S B e Siiw P P
¢ - LN U7 8) SPARE CHAN. PATCH TO OTHER eroc\| (9T) o e
( o5 570 Fre. 102 SHELEL ZF CKTS. A4S REQ. | FIG. 7 (5”’ X /FMR)NT
oR
= |0[,qaz| REMOTE CONTRAL CIRCUIT 6.8, 2
CONTROL  PER SD-56253-0/ (our c) T2 MONITOR (St
2 F76G. /102 \IT8) Sei aprL schem.
CONNECTION FROM IF PATCHING BAY TO RADIO TRANSMITTER O e -
OR 70 OTHER IF |
IV 4) rour) CKTS. AS REQ. 1
SEE NOTE ——— vy =l
. « e,y ”mﬁsmm ||
‘ (MON A) o OR TRS. b Ay £MTM )
- L/ iy
Aty 7 IF cxrs. 768 f16.6 o0 [ e sorree)
(s10,)| swrrcnme AS ReQ. A A KA g | 6. /108
wa) AMPLIFIER (S BASIC PROGRAN SWITCHING CONNECTION
) (#/6.1) (7RI ¥ RADIO TRS) INCOMING RADIO CHANNEL WITH LINE SWITCHING
AS REQ.
‘ Mo 8) - 2
70 IF MONITORING CIRCUIT Fle 7
oR Fr6./ F16.3
S A v REGULAR 70 £16. 101 _Fle.8 (MA) or) ) 00T 4)
MONITORING CIRCUITS AN (RADIO REC OUT)IK. ‘ Yk I
FlG. /103 (MON A), 0:
. /6.8
CONNECTION FROM FM TERMINAL TRANSMITTER INE ~ ero6\| fouT8) | 7O IF CATS
FIG.7 i £
TO IF PATCHING BAY oF (SW) o A (REQ:
o) (U7 4) Dl v SPARE CHAN. 70 £16.00/ Fl6.8 (W) |\amP.
4 el A4S REQ.  (RADIO REC 0UT) IK > j
V2 rﬁw 785, (Mo 8) (ov7 €)
cour 8)| 9% Hieram e riﬁﬂ-l (oar) Fl6-6 #/6. 10 L FMTRS) —=
(0/5 DISTRIBUTING | ks X VW
lﬂf? ‘/‘F/ER L _| r0eb " tmr oar} AS REQ.
SEE NOTE 105 6.2
(ourc)
Y70 27 movsrorms
L e
7F aND VIDEO F1G. /104
MONITORING CONVNECT/ON FROM IF PATCHING BAY
CIRCUITS TO FM TERMINAL RECEWVER
CITY A uocﬂ 374) /7Ty c /-76 /03
BASIC PROGRAM SWITCHING CONNECT/ON
APPL. SCHEM, OUTGONG RADIO CHANNEL WITH LINE SWITCHING
BRANCH CKT. Fre;7 5 ,ﬁ% #e
70 IF CKTS.  Fl6.8 Fe6  w T 1
Ty O %03 h0! x R4 IR
(7RI 1N FM.R) - A
- F16.3
M RIN) AS REG. f e wa) L or)  (m) Po——
<A 70 £16. 102
e o CHAN.
PATCH TO OTHER (0 ) A
ZFCATS. AS REQ. LINE
FIG. 7 (’;’i‘;‘) (p/sz ——X 70 F16. 102 SPATE AN
720 (v 8) |\ amP A :
F1G. 105 e
PATCHNG TRK. 70 MONTOR
oxs) | SE£ PR ScHEm.
IF AND VIDEO
= MONITORING CATS.
) | OR 70 OTHER IF CH75.
(TRK IN RAD/O TRS) OR =t ited
70 F6. 106, (TREN LD A4S AEQ. 70 F16. /07, Teewora
/08 OF 1/0 109 oA /17 \Covrrol
(TAX 0UT),
: (TRN OUT_RADIO /ztc) 0‘?
(TRK OUT FM 7) AS Ri X
BASIC PROGRAM DISTRIBUTION CONNECTION
INCOMING FROM) FM TERMINAL TRANSMITTER
FIG.
OAR /6.3
7o F16. 103 168 (%) €3 tours)
F16G. 106 (FM ToUT, ==X
WENINE RADIO Shamner
1/
/0’750,6) ©r8) | 7o 2 cus.
o X AS REQ.
Fl6,
X ;/36”7 6.1 (our ©)
= REGULAR ro F16.10/, .8 _ (mWA)
CHAN. - (FADIO REC OUT) UK :
(mon A
(V7)) 70 IF CKT:
e WNENL—X " 45 REG.
s 7 sw
SPARE CHAN. 70 F6.100 FI.8, (W 8) AN~
4S REQ. R0 REC OUT) IK. =~
(mow 8)
[é] F16.2
TD RADIO
APPLICATION SCHEMATIC 4 SHEETS, SHEET 2,
AoL_ELL-W IF FPATCHING CIRCUITS SD-59389-0/2
. e BELL TELEPHONE (ABORATORIES, INC. R 2 PRINTED IN U A}
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s
one)
/55.
&
FIG. 112
ZF FROGRAM SW/T7CH GROUPS S o \
X/ SW/TCH —
2X/ SWITCH o TX I SWITCH
6.7 F16.7
F16.1 of 6.1
6.1 _ FiG./ F16. 1 e 2L o8 rour) (wa)
w. oU7, F16.8 (IWA) F1G. 8 w A)
/i (v 4) iy (v A) (our) (17 A) 7 2 (e /E ; [ % [
(mow 4) I (mow a) (moN 4) (#ON 4 (mon 4) (mon 4)
PATCH 7O OTHER, (Y7 parcn 70 ornen 1 _ fomoc
IF CKTS. AS REQ: leroG X IF chr' As REQ. ‘ | PROG RECN tour)  F16.7 e sw v || parcn 10 oTnER
B W i s S Lon ol amp el X Zr car as Rea.
2 s AMP l ! (n8) ’gi; — (w8) [\Wo.2 & " ws) |\ wo.s, ,,OG‘_-, n 8) \ v g ng’.: o WO, 4
2 orR ~16.8 F16.8
FI1G. 8 MON
# (mow &) ‘ /MM‘] (Mon 8) (mon A)l mow 8) (moN &)
Fl16.7 X—J
o” | = T T
FI6.8 T ! C__ - ; e L |
I i A ./ v
’ r-loy PATCH TO OTHER | (wa) e (eop) | I . oy lrou) 1 |
=L e | %
() zF cn7s. AS REQ. |3 ‘—1—‘ =S | S | |
<
g (mon A) | | FiG 1 (mow 4) | | |
| | (17 4a) (prOG | | |
| PROG I sw
i el [ 22 ' ! !
P (v 8)|| o3 | i (mon 4) e paren 70 oTwen | o Y (v 8) : | I
——————— ouT, FCATS. .
iy L z s‘,""" X £a7cH 10 oTHER (mow 8) | : |
(moy,8) (] aoe IF CAT AS REG | ' I
‘ S X/ SwiTeH E U [____1 | | |
=]
&, —! 11 (w 8) twa) F1G | : ! E
- F16.7 = i S K | |
\ -/ (N A) Il (mow 8) T ] |
e 7 i) | L) Iy | |
£76.8 _ [PrOG - #2067 FIG. 1
L " e e it = o Vieey 2%, wm L our) !
i ,_LLJ-L‘ e\ vee _'—Wj‘——’ '—%—X‘— |
AMP | REMOTE 6 | | (MON &) |
z (wa) (Ve / 1 covTrRoL | i |
PATCH 7O OTHER | Gaers 6. 1 B (won ) ) frd | I |
ECICATSIAS REQ (0uT) F16.7 (W 4) Pl b |
(MoN 8 ——X— wo.5, | |
s 1 (i 8) | |
(moN A) 2 L4
T BNCYT),, parcn ro oruer % 1 | | |
| amp X7 cnr as REG. 6.7 (] (mon 8) |
wo.2 % Ll |
s | we) | F16.8 1 | |
I |
1 S —— il .
6. 7 | =1 _ L
F16. 8 st s ] | memore
' | conTROL
(g
Ll 6 X | SwiTCH
REMOTE
lcowTRoL| e,
| RS S |
- 6.1 e Flo./
e (W 4) (our) o8 (WA)
T (mow 4) (MON 4) r 161 a7 e F1e.7 .
o™ 4) tovy) , Fr.8_ (W A) 1) rroe (WA (OUT) pren ToioriEn
ROG [PROG | (< ) F16.7 / X zr cn7 As req
£ X/ SWITCH S A |Gl or
ws) ',%_‘; "'6‘,. = o F1G.8 (mon A)| (moN 4) (mon A)
=iy F16.8 o or0G /rro6
i £16. 1 (mow &) wow 8) 7 S p s
(na) L6t (0uT)  F16.8 [inA) - | (w8)\wo.r 6.7 ow 8) || Naz FI6.7 v 8) || vos,
—
T -~ = Eo—’-—o ”2.&8 n%‘s
(mon 4) (mow 4) - _‘ == mow 8) (moN 8) (mow &,
(our) (v 4) - (ouT)
[eroG (pROG PATCH TO OTHER PATCH TO OTHER | T
e (j’;,"p X 2F cxr 45 %EQ T En15 aS REG 43 i = E==e |
(v a8) |\ wo.s Fe T &) \"vaz mon A) | F16.1 o 4) =L | eur) I |
2 Lo :;:Va‘ | | (w &) g | |
(mon 8), (o 8)| ame | ) |
PATCH TO OTHER] o 8) [\ M3 | o o I |
IF CNTS. AS REQ. 4 ks | lprROG | I |
L“—| 1 l | ?&G) PATCH TO OTHER e | | |
A
FIG. 1 (MOoN 3
o 1G lou7) : (moN ) : i ame F—X 77 cx7 4s rEQ ; we) \v03 | I |
3 ¢
T T F16.7 |
F151 3 (mon 8) |
/moN4) | l ! |l (m 4) = o) 0%, (wa) | | |
PROG | | s + X PATCH TO OTHER | |
R ' | IF CATS. AS REQ. L ' I l
ame | | (won 4) | (mow 8) I — 7 e e.s |
. (m 8) |\ Vo3, [ ] ; | lproc || | | (way =L | loor) SBo (ma) i |L(ow |
: o & ! 20 | ! - H X
i (mome, I " E | we) \msl | (mon A) ! | (mow 4) | |
v F16.8 ] ~ H I | | (06 ! I proG | !
- it (mon 8) s | sw
1 I ! I | e I el | [
bl s SX 6 | | | (mw8)|roe | G 7 ow 8) |\ ¥os, | |
Tremore] F16.8 L | (2 | 3
. lconTAOL; ‘L paalinceipnion | | 4 1| o2 | |
T e T T T T oL T os2) | o) | '
~ = | l |
| coNTROL | L | S |
oo ; 6.1 b | ! | |
=y L |
1 | I |
(v 4) : ! | ] |
po I | | 1 |
amp | | I 1 |
owa) \Na7 | | |
s R - |
(mow 5) o ISR E e A
F16.7 |
oR’ 1l | T
5.8 = 1y
_I | ! l 1 |
ol BIETCIL
EMOTE J
L Conrhoe | 7D RADIO
_____ o4 APPLICATION SCHEMATIC — ZSHEETs SWEETS
JF PATCHING CIRCUITS 50-59389-0/3
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DWG,
/S5,
FIG. /13 1
ARAD IO (”4/V~EL WITH NO LINE SWITCHING ORIGINATING .
ON) F TERMINAL TRANSMIT TER F /G / / 3
7'YPICAL CHANNEL ARRANGEMENT WITH LINE AND PROGRAM SW/TCHING FOR
THRU RADIO CHANNELS WITH SPARE RADIO CIRCUITS IF REQ.
4 OUTGOING CIRCUITS THRU FM TERMINAL RECEIVERS
& //Vcr(gglﬂg CIRCUITS ’Z‘(’M Ld 7{;?MIN‘[ TRANSHKITTERS
/O N RADIO BRA M urrT
70 (0UT) JK.  rFic 6 F16. 10 F1c 8 TO(W) 9k m 2 EIRE
FM TERM.TRS. 5 6 8 | 15 sUrreR Ame.
SEE Fm TERM. SEE APPL. SCHEM.
TRS. APPL. SCHEM, /04b FOR TRS.-REC. BAY
7 i~
NC RADIO £ o.f ou7. RADIO
F1G. //4 CHANNELS sl s oCe = it CHANNELS
WITH NO LINE SWITCHING TERMINATING IN R | TRK IN | I raK ou! Al _ - "(M 7 }“I
RAOIO R AN T N A Ae HeCETVER I"W A)J_ G e e e e i 1L a0 J| :_ ”?‘;‘: j’ - _'L
/ e = ~ {eimiasie | &
5 L(ours)p—<-————-] F————————m——————— ——il(/~9)|
70 () JK. e c
. w zr A A 156 XN~ LLE- 8 p1 TERM. pc om /7y A | :
SEE _APPL. SCHE M.
ﬂfGUlAR ﬂND SPARE 70 C
FoR rn 473 Bay éas REC. APPL. SCHEM. REQ. | -p:cuz,ue mvo SPARE
‘ | |
F16 /08 | FIG /05 | /6. 709
E T V(7K W |[rnao7| (R
, FIG 115 ermrt ———— 4 —————L (BB} (T I LS ow |
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FM TERMINAL TRANSMITTER e | I
\our ) + — I t+ (ws) |
—_— | IFMWS' Y
R o 07_ | | rre. 105 P
FM TERM. TRS. Yﬂiroufl Frt+-—————4 W 1 Rocian o Sare I T
TERM. TRS. e T ! - | | \(rex m)) =~
== EEEGTT =1 INC. RADIO
oy7 mabio Fie. 109 | _ e e ’_"_’fi CHANNELS
= 73 l— _L [(nx )y |(rM'oo __"'(a i
M e e o BB e RADIO 4
Lo ey % T s
F1G. 116 7 | | - =l A]'/ﬁ/ﬂ.; | j_ s /
=a | (rrescrs okn o] -L-
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FM TERMINAL. RECEIVER i ___) T— T \7ws/y  \rec/ 4| -; (7w 7as J' | ()
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FIG. 106 FIG. 10 REGULAR AND SPARE I | l - ! -REGU‘AR m«a SPARE
P [P AL | | | :—(YRKIH)| | s
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REGULAR AND SPARE IL (ou7) - M R "")J A TEAMEREC | ‘ —— | | L T Sl I s=—
= =k Lt——— FIG . 109 A 4
S— '- -
=ity ran m r ™
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——— (s [ | —— - @
2 i | I = £/6.105 | I | L),
TRA /¥ ou7 8)
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L I e e s PR | R | | P
2800, [ | — = e
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RADIO CHAN. | four) bt — —— —— RADIO CH. | | ==
REGULAR AND SPARE s REGULAR WD SPARE a l ' I \ l ' I | r_
re T |
; | | | PATH AS. REQ. |
! I
| | | | =~y | | 1 l | |
F1G. 118 4 | ! | I l ; !
TYPICAL c/uawa ARRANCEMENT WITH LINE AND PROGRAM SWITCHING oo L - ik Loy ik 25 ik
IND BRANCH RADIO CIRCUIT OR FM TERMINAL Ty s TM o i N}, ‘aur ‘?w | Toor? 7 7), . 1)' ool {,,,,o our. £aso cHaN.
mrl ) Trma/ 1 ( )l 1("ema /| ane 1 e/ 'L‘_l':. _:LC_} Drieh 7Y
f/ /0‘ ;/G-_I;‘ f;—'/o_d £1G . 110 ST B F16. 110 FIG. /02
£1G. 108 £16. 108, . FIG. 109 P = 3 4 4 =
b (i ——— Sy
r 3 7aN V)| |\ \f7rRK 00T) r b 4 2
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mOM C/. - - - - - 70 < V .
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1 A
CIRCUIT NOTES: BN T A
101 3
DESIG.| AMP. |POTENTIAL FUSED ONE PER FI1G. 10! FIG. I FIG. 5 FIG. 1| 3-A | 3-A [p-2945i5-KT,
CONNECTION OF PICTURE MONITOR PICTURE MONITOR P2BJ PATCH CORD
5(706) +130V. PLT. FIG. 2 TO I.F. SWITCHING AMP
3(70c) -12v. FiL, FIG. 2 /Cu\ 358A U
T o A
CONN. AS REQ. —s) Pra— 2808 38
SEE FIGS. 1018103 EI% i f/—‘ -5799,L.
(rn(mt)q A)OR FIG. | £16. 2 Aok ElG.S SH ‘I_HPU:I'\ gm.:rg’a
MON B) JACK FIG.4 RIS She)=MOnt PROVIDED WITH
ON T.E.SW. AMP. FIG. FIG. FIG.  FIG. FIGI FIG FIG. FIG. FiG. deminee, OVIDED Wi
SEE APPLICATION 0 [INNOUT| 10 Ok 1o u |IN VIDEO| |2 S e . e INPUT f KS-5799,L1 MONITOR
roé?r‘spw‘&m fle1 X | X X — X >4 H v, (MIN. LENGTH 10 FT)
AIN REP FIG. FIG. IF AUX IF_AUX MON FMR R e e —————— o)
AND TERMNALS 25010 10 F1C1S | Kvp (N AMPOUT "IN ot * X TERMINATION . | 45 | 7o usv.
SD-59389-0! MON FMR PICT FIG.12 DA o) G e\l \/;(;; o (e,
TRK TRK ouT RIch : =R R SR
IN oUT FIG. 6 . H D H FIG. 2
T AL -
——
*— 345A i
e J\ /EU\
n1 a1 L
<o . CONN. AS REQ.
* | p—3Hl- SEE FIGS. J68338C
KL\ 1 Iy R |!01102,2 103 LF. AUX. AMPLIFIER CKT.
w C , SD-59395-0I
IN A _S- —-Afjout
FIG.& Bt 2y
FI1G.102 Ry S0 v Yo ok 0
CONNECTION OF PICTURE MONITOR e
OR PICTURE MONITOR AND OSCILLOSCOPE g | [ St SR S J
IN FM TEST CONSOLE TO VIDEO MONITOR JACKS
FIG. I3
FIG. 8 FIG. 465A €
TO(MCK,)NN 19:51') JACKS FIG. FIG.I = /
4y FIG. OR FiG. ¥ _
MONITORING BAY (764 13 ol loady M INPUT N & L ] commi. as rea.
SEE/APFLICATION X X H | e—SHI-_ SEE FIGS.
e — 101,102,2 103
FOR FM TERMINAL |€—> X ! S el
i bt VID MON VID MON 7 -
SD-59367-01
AMP IN ficy. AMP
PICT
T0 MON
FIG.7 FIG. 14
FI1G.9 oR Fici [ T FIG. 7 FIG. 3
465A )
SCOPE)I(N ] —_ N |
—> %
®. FICT 1y 345A
FIG / \_ A 368A
-7 3 168.
SCOPEIN2 A 7 T v 750 FM TERMINAL RECEIVER
1 1
X | i I o:&"i’j (MONITORING FM RECEIVER)
! i -39365-01
4634 i IN VIDEQ
] | A N &
1 G- —==&-AF
= h ! flap o2 foy e - il
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SECTION R90.305

CIRCUIT NOTES:

101, THE 1800 AND 190/ TYPE NETWORKS SHALL BE
CONNECTED TOGETHER IN TANDEM IN NUMERICAL
ORDER (WITH RESPECT TO FREQUENCY) WITH THE
A/!Twom( UF LOWEST FREQUENCY NEAREST
TO THE ANTENNA . NETWORKS OF ANY OF THE
INOICATES FREQUENCIES MAY BE USED FOR
ANY CHANNEL PROVIDED THEY ARE CONNECTED
AS STATED ABove

JOR. TNE TERMINATION PER FD-6390/-01 SHALL EE
COWNNECTED To THE LAST NETWORK IN THE LINE,

EQUIPMENT NOTES:

<01 WIRING AND EGLIPMENT SHALL BE PROVIDED W
ACCGRDANCE WNITH TABLES B AND'C" AS sPEc-
FIED FOR EACH Fi1g. 1,2 OR

2 ‘élﬂﬂi POWER FELDER FOR EACH VOLTAGE if—
ED SHALL BE PROVIDED FOR BOTH THE
A’[:;/yik /t/a/ AND rA’A/V.fﬁl/ffi/? /f/: 3) of
A BAY (JEE33/A) AT AUXILIARY STAT/ONS,
WHICH CASE FURNISH "X AND OMIZ "y*

% J/Vf POWER FELDER FOR EACH VOLTAGE RE-
UIRED J'HAZZ l! PROVIDED FOR ELACH i![f/}’[l
(f/ﬁ /} //Vd R EACH fiﬁ/VJ'/‘//ff!I( 63)
Y A7 YIIM///IL AND MAIN STAT/ONS, //
Wﬂ/{ﬁ/ CASE FURNISH Y "AND OM/IT "X ”)r’/i/ﬂé

&) THE #/30V. POWER FEFDER FOR THE JUIII/P
AMPLIFIER (F1G. 3) /S NOT REQUIRED
AUXILIARY STAT/ONS.

203. FURNISH'Z" OPT:ON ONLY WHEN FIG. | OR 2 IS
FURNISHE D,
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SECTION R90.305

X 5 FlG.2
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