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Part 1

STANDARD BROADCAST TRANSMITTERS *

H. M. ScroLss

Broadcast Transmitter Engineering
Technical Products Department
General Electric Company
Electronics Park
Syracuse, New York

INTRODUCTION

Most standard broadcast transmitters in current production use the familiar design
in which a final Class C RF amplifier is plate-modulated by a push-pull Class B or
Class AB modulator, Of twenty-two modern transmitters described in the following
pages, all but four use this design. Transniitters using other designs are all in the
high-power category. One 5-kw aud one 10-kw transmitter use grid modulation of
the final RF amplifier. One 50-kw transmitter uses a high-efficiency linear-output
amplifier, while one 50-kw transmitter uses the phase-to-unplitude modulation systeni.

Modern standard broadcast transmitters have been simplified to such an extent
that a typical 250-watt unit employs only three tube types with a total tube comple-
ment of 10, One of the 50-kw transmitters uses only five tube types with a total
tube complement of 14.

The use of semicouductors in place of tube rectifiers in the power supplies has
helped to make this possible,  Two of the 50-kw transmitters use scmiconductor recti-
fiers exclusively.

Through circuit simplification and use of smaller components, transmitter dimen-
sions have been reduced to such a degree that a modern 30-kw unit occupies little
more space than that required for a 5-kw unit some years ago. This program of size
reduction has been carried to the point where some manufacturers now make their
high-power transmitters self-contained. Several 5- and 10-kw transmitters and one
in the 50-kw class are in this category. Some manufacturers do not endorse this
development, however, but maintain that operating advantages result from locating
large transformers, reactors, blowers, and contactors outside the main transmitter
enclosure.

The use of air-cooled tubes is found to e universal in standard broadcast trans-
wmitters in current production.  Another feature found in all transmitters is the use of
single-ended circuitry in RF amplifiers.

® The following manufacturers provided information and photographs for this part:
Bauer Eleetronic Manufacturing Co., Collins Radio Company, Continental Electronics
Manufacturing Company, Gates Radio Company, General Electric Company, and Radio Cor-
poration of America.
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Standard Broadcast Transmitters 3-5

According to the manufacturers, all transmitters surpass FCC requirements as re-
gards frequency stability,? audio-frequency response, distortion, carrier shift, and
noise level.

Details of various transmitters arranged by power classes will be found in the
following pages.

Fic. 1-2. Continental electronics type 317B 50-kw transmitter. (Courtesy of Continental
Electronics Manufacturing Company.)

CONTINENTAL ELECTRONICS MANUFACTURING COMPANY
TYPE 317B TRANSMITTER

This 50-kw transmitter uses a high-efficiency linear amplifier driven by a Conti-
nental Electronics type 315B 5-kw transmitter.  Figure 1-1 shows the simplified
schematic diagram of this transmitter, while its physical appearance is seen in Fig. 1-2.

In this circuit, modulated output of the exciter is applied to two separate amplifiers
whose outputs are combined in a common load. Bias and excitation are adjusted,
so that at carrier level, one amplifier (called the carrier amplifier) is operated in a
nearly saturated Class B condition but the other amplifier (called the peak anmiplifier)
is drawing essentially no plate current.

For negative excursions of modulation, the carrier amplifier, operating in a con-
ventional Class B linear fashion, still supplies all the output power. When the posi-
tive-modulation swing starts, however, the peak amplifier begins to draw plate cur-
rent and contributes power to the load. This causes the load on the carrier amplifier
to decrease, thus permitting it to deliver more power. At positive-modulation crest,
cach amplifier develops twice the carrier power, thus supplying the fourfold carrier
power required for 100 per cent modulation.

In the 317B transmitter, the grid of the carrier tube is operated at ground potential
as far as the signal is concerned. The cathode of this tube is operated “above ground”
and is connected to the excitation source through a phase-lag-correction network.
This causcs the output of the tube to have proper phase relation to the load circuit.

Some of the advantages claimed for this circuit are:

1. Neutralization not required for the carrier tube

1 A recent NAB survey indicates that the average frequency deviation for standard broad-
cast stations in the United States is =3 cps.
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Standard Broadcast Transmitters 3-7

2. Reduction of power requirement for the amplifier, since exciter power appears
in the output

3. Reflection of antenna load back to the exciter, thus eliminating the necessity of
“swamping” resistors normally used with exciters driving Class B linear amplifiers

4. Reduction of harmonic content through use of lag networks (low-pass filters)
in both input and output of the carrier amplifier

The 317B transmitter is self-contained within a 12-ft by 72- by 78-in. enclosure.
It uses semiconductor rectifiers in all power supplies. Additional details can be
found in Table 1-1 on page 3-13.

Frc. 1-4. Gates model BC-50B transmitter (50-kw). (Courtesy of Gates Rudio Company.)

GATES MODEL BC-50B TRANSMITTER

The Gates Model BC-50B 50-kw transmitter is shown in simplified schematic form
in Fig. 1-3.

Five stages of RF amplification are used following the crystal oscillator. The final
RF amplifier is operated Class C and plate-modulated with a Class B push-pull modu-
lator. Three stages of push-pull audio amplification precede the modulator. Audio
feedback in this transmitter is obtained through a resistor-capacitor network across
the primary of the modulation transformer and fed back to the grid of the first audio
amplifier. Approximately 15 db of feedback is employed.

According to the manufacturer, this is physically the largest of the 50-kw trans-
mitters. The manufacturer emphasizes its “massive” design, which provides walk-in
accessibility and conservatively rated components.

A spare final RF amplifier tube and a spare modulator tube are mounted in the
transmitter. Provisions are made to switch either of them into active service in case
of tube failure.

Although this transmitter uses tube rectifiers throughout, the number of tube
types employed has been kept to a minimum by using the same tube types in the
RF and audio amplifiers.

One of the features of this transmitter is a filament voltage regulator which auto-
matically holds the voltage on the primary of each filament transformer within 14 of
1 per cent.

An extensive harmonic filter network has been mcorporated in the BC-50B trans-
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Standard Broadcast Transmitters 3-9

mitter which limits its harmonic output to at least 70 db below the fundamental
output.
Detailed information concerning this transmitter can be found in Table 1-1.

Fic. 1-6. General Electric type BT-50-A transmitter (50-kw). (Courtesy of General
Electric Company.)

GENERAL ELECTRIC TYPE BT-50-A TRANSMITTER

The General Electric type BT-30-A transmitter is shown in simplified schematic
form in Fig. 1-5.

Four stages of RF amplification are used following the crystal oscillator. The
final RF amplifier is operated Class C and plate-modulated with a Class B push-pull
modulator. A small amount of modulation is also applied to the intermediate RF
amplifier in this transmitter. Two stages of push-pull audio amplification are used,
together with a cathode-follower stage which drives the modulator.

Two feedback circuits are used in this transmitter. Primary feedback, which oper-
ates at higher audio frequencies, is obtained from the modulation transformer pri-
mary and fed back to the grid of the first audio amplificr. Because of very tight
coupling between the two halves of the modulation-transformer primary, feedback is
taken from only one-half of the primary. Approximately 10 db of feedback is sup-
plied by this circuit above 1,000 ¢ps.

Secondary feedback is derived from the secondary of the modulation transformer
by means of a resistor in the cathode circuit of the final RF amplifier and returned to
the grid of the first audio amplifier. A resistor-capacitor network in this circuit allows
only frequencies below 1,000 cycles to be passed. Approximately 10 db of feedback
is used at 250 cps.

ANl power supplies in the BT-50-A transmitter use three-phase, full-wave, ger-
manium rectifier circuits. Included are bias supplies for the modulator and final RF
amplificr and four plate supplies delivering voltages of 500, 1,500, 3,500, and 9,000
volts.

The main enclosure of this transmitter is the smallest in this power class. Plate,
modulation, and distribution transformers; flter and modulation reactors; the blower;
and the plate-contactor assembly are located outside this enclosure.

A completely shielded harmonic filter network is included in the output circuit of
the BT-50-A transmitter. No harmonic is less than 80 db below the fundamental
output.



3-10 Transmitters

Design of the exhaust-air system in this transmitter is such that hot air from the
tubes is drawn directly out of the transmitter while incoming air is first drawn through
the cubicle. This serves to keep the temperature of the transmitter components at
a lower level.

Solenoid-operated vacuum switches are used for applying primary power to the
high-voltage rectifier in this transmitter. This provides improved overload protection
due to very fast operation of the vacuum switches.

Additional overload protection is provided by a current-limiting reactor in the
primary circuit of the high-voltage rectifier,

Detailed information about this transmitter can be found in Table 1-1.

RCA TYPE BTA-50C TRANSMITTER

This 50-kw transmitter uses the phase-to-amplitude system of modulation, which
RCA has termed “Ampliphase.”

In this system, phase-modulated RF is applied at low levels to two amplifier chains
in such a manner that when the phase is advancing in one chain, it is retarding in

CHANNEL
# 1
CHANNEL
#2
Ve 180 1,
I, — A_—’12
100 % NEGATIVE CARRIER 100% POSITIVE
MCD SWING 0% MOD MOD SWING

Frc. 1-7. Simplified schematic of output stage and vector diagrams illustrating “ampli-
phase” system.

the other. Resultant outputs of the two chains are combined in the load to produce
amplitude modulation.

Referring to vector diagrams of Fig. 1-7, at carrier level (zero modulation), there
is a 135° phasc difference hetween the output currents I3 and Iz of the two amplifier
channels, which combine to produce load current I.. At 100 per cent mnegative
modulation swing I; has advanced 22%° and I. has retarded 2214°, making the phase
difference betwcen them 1807, thus causing thc amplitude of I, to drop to zero.

At 100 per cent positive modulation swing, I1 has retarded 221%° in phase from the
carrier condition and Is lias advanced 2214°, This makes their phase difference only
90°, with a resulting increase in the amplitude of I: to twice the carrier level. Thus,
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3-12 Transmitters

conditions necessary for 100 per cent amplitude modulation are achieved by shifting
the phase angles of I1 and I» plus and minus 2234°.

As shown in the block diagram of Fig. 1-8, the oscillator is followed by a buffer
amplifier, with two outputs to feed the two amplifier chains. This buffer amplifier has
a push-pull output tank circuit, which provides excitation voltages, with a phase
difference of 180° for the two separate RF channels. The first stage in each channel
is an adjustable phase-shift amplifier capable of shifting the phase of its output voltage
plus or minus 25°. These amplifiers are normally adjusted to produce the 135° phase
difference between the two channels required for carrier-level condition.

However, the phase-shift controls on the two amplifiers are mechanically connected
in such a way that they can be varied simultaneously to provide a convenient control
of carrier level.

Following the adjustable phase-shift amplifier in each channel are three modulated
amplifier stages in which the phase is shifted by the audio signal. Each of these
stages is capable of a maximum phase excursion of plus and minus 7%°. When three
stages are used in cascade, the 2214° phase excursion required for 100 per cent modu-
lation is achieved.

Following the modulated amplifiers in each channel is a conventional amplifier which
provides approximately 5 watts of RF power to excite the 4-250 stage which in turn
drives the intermediate amplifier using a type 6076 tetrode. The output amplifier in
each channel uses a type 5671 triode.

Fic. 1-9. RCA type BTA-50G transmitter (50-kw). (Courtesy of Radio Corporation of
America.)

Because of the shifting phase relationship between the two output tubes, the load
impedance into which they work varies widely during the modulation cycle. In
order to maintain reasonably constant efficiency over the modulation cycle, it has
been found desirable to vary the excitation to the output tubes with modunlation. In
the BTA-50G transmitter, this is accomplished by applying a degree of grid modula-
tion to the type 6076 intermediate amplifiers.

The modulator consists of three type 807 tubes in a cathode-follower circuit. A
three-stage audio amplifier precedes the modulator. The modulator and its associated
audio amplifier are called the drive regulator in the BTA-50G transmitter. Approxi-
mately 90 per cent amplitude modulation of the excitation is used for 100 per cent
modulation of the output.
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A small amount of over-all feedback is used in this transmitter by rectifying a
sample of the amplitude-modulated output and applying it in phase opposition to
the incoming audio.

A completely shielded, multielement harmonic filter network has been incorporated
in this transmitter to limit its harmonie output to a value at least 83 db below the
fundamental output.

Additional details concerning this transmitter can be found in Table 1-1.

Table 1-1. Specifications for 50-kw Transmitters *

Gl | quee | el | es
317R BC-50B BT-50-A BTA-50G
Plhysical data:
Wideh. ... . ..., 12 ft 22 1t 6 in. 13 {t 6 in. 15 ft 115 in.
Depth, in... ... 72 64 54 63
Height, in.. ..., .. 78 78 84 84
Approx. wt., 1., ... 12,000 25,070 13,000 12,000
Input supply:
Voltage. . ... .....] 460 460 480, 2,400, 460
4,160
Phase. ............. 3 3 3 3
Frequency, ¢ps.. ... 50 or 60 50 or 60 50 or 6O 50 or 60
Al input level, dbmm . . +10 +10 +10 +10
Alvinput, ohms. .0 L. 150/600 150/600 150/600 150/600
Load impact, ohms. . ..| 50 or as 40-250 50-230 50 (nominal)
specified
Trequency range, ke. . .| 535-1,620 540 -1,600 535-1,620 535-1,620
Max. output, kw. ... .. 53.0 53.0 53.0 53.0
External equipment. . . .| Self-con- Coutactor Plate 2 cirenit
tained cabinet contactor hreakers
Blower 5 trans- AY switch
4 trans- formers 6 trans-
[ormers Blower formers
2 reactors 3 reactors 2 regulators
AY switeh

* The above information was supplied by the manufacturers.

5- AND 10-KW TRANSMITTERS

Most manufacturers produce only one transmitter in this power range with pro-
visions to modify it for either 5- or 10-kw operation.

All but two of the trapsmitters in these power classes use a Class C final RF ampli-
fier, which is plate-nodulated by a Class B or Cluss AB push-pull modulator.  Tetrodes
are used in both the final RF and modulater stages in most units, although one manu-
facturer uses triodes. One manufacturer uses plate modulation of the intermediate
RF amplifier as well as the final RF amplifier.

The Continental Electronics 5- to 10-kw transmitter differs from the others in that
it uses screen-grid modulation of the final RF amiplificr. The modulator in this case
is connected as a cathode follower.

Five of the 11 transmitters in the 3- to 10-kw class are entirvely self-contained.

All the 5-kw transmitters are provided with 1-kw power cutback facilities for
stations using this lower nighttime power.

Tables 1-2, 1-3, 1-4 give detailed specifications of the 5- and 10-kw transmitters.
Simplified schematic diagrams and photographs of typical units are shown in Figs. 1-10
through 1-16.



3-14 Transmitters
Table 1-2. Specifications for 10,000-watt Transmitters *
Colis | Gates Goneral RCA
b t Bl
21M BC-10T BT-73-A BTA-10H
Tubes usec:
Oscillator. . ... ... GAT6 12BY7A 6146 807(2)
1st RF amplifier. . .| 68J7 12BY7TA (146 807(2)
2d RF amplifier . . 807 6146 4-250A(2) 833A
3d RF amplifier. . 4-125A(2) 4-250A
Final RT® amplifier. . 3X250043(2) FX25001F3(2) 3X250073(2) 5762(3)
1st AT amplifier. . 6SJ7(2) 63N7 5814A 807(2)
2d AI" Amplifier. . . 4-125A(2) 6BG6(2) 4-125A(2) 828(2})
3d AF amplifier... | ... ... 6528(4) e 813(4)
Modulator. . ... .. 3X3000A1(2) 3X2500F3(2) 3X3000F1(2) 5762(2)
Bias rectifier 1. ... 504G 6W4(2) 5R4GY Selenium
Bias rectifier 2... ... B6HA(2) SRAGYA(2) 866(2)
Low-voltage rectifier | 866A(2) 5R4GY A 5RAGY(2) 8008(4)
Intermediate
Rectifier. ... .. ... 872A(2) S5R4GYA(2)
High-voltage
Rectifier...... ... 575A(6) 673(6) 673(6) 5563A(4)
TPhysiceal data;
Width, in...........| 1058} 731 66 130
Depth, in........ . 28 39 15 21 15 321
Ileight, in.......... 76 78 83 84
Approx. weight, Ib. .| 3,000 2,650 4,500 5,500
Input supply:
Voltage........... 208/230 230 208/230 208/230
Phase.......... .. 3 3 3 3
Frequency, eps. .. .. 50 or 60 50 or 60 Ga 50 or 60
AT input level, dbm. . +10 0 “+10 +10
Al input, ohms. ... .. 150/600 150/600 150/600 150/600
Load imp., ohms. .. .. 40-600 40-270 50-230 40-250
I'requency range, ke . 540- 1600 535-2000 540-1600 535-1620
Max, output, watts. . 14,6800 10,600 10,600 10,600
Miscellaneous data , . . Plate trans- Self-con- 1 transformer 1 trans-
former tained 2 Reactors former
external . cxternal external
Bi-level
modu-
[ation

* The above information was supplied by the manufacturers.
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Table 1-3. Specifications for Continental Electronics 5- and 10-kw Transmitters *

Type 3158 Type 3168

Tubes usecl:

Oscillator .. ............ .| GAGT(®) 6AGT(2)

1st RF amplifier...... .. . 807 807

2d RIT amplifier. ... ... .. 4-(G54 4-05A

Final R amplifier. ... .. ... 4X5000A(2) 4X 50004 (3)

1st AT amplifier. .. .. ... .. 807 807

2d AF amplifier. ... .. .. .| 365\ 1-65A

Modulator. .. ........ ... 4-65A(2) 4-65A(3)

Bias rectifier, ... oL Selenimin Seleniun

Low-voltage rectifier. ... Selenium Selenium

High-voltage rectifier. ... .. Selenium Sclenium

Two-oscillator regulator. .. .. 0B2(2) 0B2(2)

Modulator regulator., . . .. 807 807

Voltage reference. . ... . ... oB2 0B2

Feedback rectifier. ... ... .. 6X5 6X5
DPhysieal data:

Width, fn.. ..o 72 72

Depth, in.......... .. . 36 36

Ileight, in,......... .. L 78 78

Approx. weight, Ib. .. .. ... 5,000 5,300
Input supply:

Voltage. ... ... ... ..... 208/230 208/230

Phase.. ... ... e 3 (open A) 3

Trequeney, eps. .. ... ....] 60 (50 avail.) G0 (50 avail.)
AT input level, dbm. ... ... | 10 +10
AT input impedance, ohms. . 150/600 1507600
Output impedance, ohms. . . 50 {or a3 50 (or as

specified) specified)

I'requency range, ke. .. 535-1,620 535 1,620
Masx. output, watts. . .. 5,500 10,600
Miscellaneous data . .. Rell-contained Sell-contained

* The above information was supplied by the manufacturer,

Note: These transmitters are not listed with the other 5- and 10-kw transmitters because
of their different tube classifications resulting from the use of screen-grid modulation of the
final RI" amplifier.
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Table 1-4. Specifications for 5,000-watt Transmitters °
Collins it Gates General RCA
21K FB.5000C BC-57 BT.72-A BTA-5H
Tubes used:
Oscillator........... .| 6ATG 6AGT GAGT 6146 807(2)
1st RIF amplifier. ... .. 63J7 BAGT(2) | 6146 6146 807(2)
2d BRI amplifier.. ... 807 813 4-250A 4-250A S33A
3d REF amplifier.. ... | 4-125A(2)
Tinal R amplifier. . .| 3X2500A3 | 3X25001°3 | 3X2500F3 | 3X2500'3 | 5762(2)
1st AF amplifier ... .. 63J7(2) 807(2) 6SN7 5814A 807(2)
9d AF amplifier. .. ... 4-125A(2) | 845(2) 6SN7 4.125A(2) | 828(2)
3d AL amplifier R 6550(4) | ... L. §13(2)
Modulator........... 3X3000A1 | 3X2500F3 | 3X2500F3 | 3X3000F1 | 5762(2)
(2 (2) (2) (2)
Bias rectifier 1..... .. 5U4G 5R4GY(2) | BR4GY 5RAGY Selenium
Bias rectifier 2. . | 866A(2) | .. ... ... G6W4(2) 866(2)
Low-voltage rectifier. .| S866A(2) AR4GY 5R4GY 5R4GY (2) | 800S(4)
Intermed. rectifier... | 872A(2) | ...... ... 5R4GY (2)
High-voltage rectifier.| 5375A(6) 8008(6) S008(6} 8008(6) 5563A(4)
Physical data:
Width, in........ ..., 105 14 90 T34 66 130
Depth, in............ 28 36 391 21 14 3213
Height, in.. . ... ... 76 72 78 83 84
Approx. weight, 1b. .. .| 2,700 3,000 2,186 4,500 5,300
Input supply:
Voltage. ......... ... 208/230 230 230 208/230 208/230
Phase............. .. 3 3 3 3 3
Trequency, eps.......| 50 or 60 60 50 or 60 60 50 or 60
AF input level, dbm....[ +10 +10 -5 + 10 +10
AF input, ohms....... .| 150/600 5007600 150/600 600 150/600
Load impact, ohms. . ., .| 40-600 50-250 40-270 50-230 40-250
TFrequency range, ke. .. .| 540-1,600 | 540-1,620 | 535-2,000 | 540-1,600 | 535-1,620
Max. output, watts. ... .| 5,500 6,000 5,600 5,500 5,500
1,000-watt power cut-
back........ ... ... ... Yes Yes Yes Yes With kit
Miscellaneous data. . ... Plate Self-con- Self-con- 1 trans- Plate trans-
trans- tained tained former former
former 2 reactors external
external external | Bi-level
modula-
tion used

* The above information was supplied by the imanufacturers.
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Fic. 1-11. RCA type BTA-5H/BTA-10H transmitter (5- or 10-kw). (Courtesy of Radio
Corporation of America.)

Fie. 1-12. Collins 21E/21M transmitter (5- to 10-kw). (Courtesy of Collins Radio Com-
pany.)
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Fic. 1-13. Continental Electronics tvpe 315B/316B 5- to 10-kw transmitter. (Courtesy
of Continental Electronics Manufacturing Company.)
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Fic. 1-14. Schematic diagram Fritz Bauer type FB-3000-C transmitter (1- to 5-kw).
(Courtesy of Buuer Electronic Munufacturing Company. )
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Fic. 1-15. Fritz Bauer FB-5000-C transmitter (5-kw). (Courtesy of Bauer Electronic
Manufacturing Company. )

Fic. 1-16. Gates model BC-5P transmitter (5-kw). (Courtesy of Gates Radio Company.)
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250- AND 1,000-WATT TRANSMITTERS

Since there are so many points of similarity in the 230- and 1,000-watt transmitters,
they can be described together. Some manufacturers, in fact, use identical cabinets,
control circuits, and low-level stages for their 250- and 1,000-watt units, Required
changes are made in the final RF and modulator stages and in the capacity of the
high-voltage power supply.

In both power classes, the transmitters have heen designed for simplicity and
economy. Each uses a crystal oscillator, followed by one or two intermediate RF
amplifiers, and a Class C final RF amplifier which is plate-modulated by a push-pull
Class B or Class AB modulator. One or two stages of push-pull audio amplification
precede the modulator. One manufacturcr uses modulation in the intermediate RF
amplifier as well as in the finul RF amplificr.

Three power supplies are used for bias, low-voltage plate, and high-voltage plate,
respectively.  Only one manufacturer has adopted the use of semiconductor rectifiers
in power supplies.

In all cases, these transmitters are sclf-contained, but there is considerable variation
in size.

Several manufacturers produce 500-watt transmitters which are slightly modified
versions of their 1,000-watt units. Changes are so minor that the 500-watt models will
not be described in detail in this report.

Following are detailed specifications of the 250- and 1,000-watt transmitters, to-
gether with simplified schematic diagrains and photographs of typical units.

Table 1-5. Specifications for 1,000-watt Transmitters *

Collins BILSE‘F Gates ROA
oV . )
20V-2 FB-1000J BRC-1T BTA-1R
Tubes used:
QOgeillator. .. .......... ... GAUG GAGT 12BY7A 6AKS5
st BF amplifier.. ... ... . 63J7 807 12BY7A 57063
2d RF amplifier. . .........| 807 | ... ...... 6BGHG(2) 6146
Final RF amplifier.. .. .. 4-400A1(2) 4-400A(2) 833A(2) 4-400A(2)
st AF amplifer. ... ... .. 63J7(2) 807(2) 6BGEG(2) 21626(2)
2d Al amplifier.... ...... .| ... | L. 6BG6G(2)
Modulator., ....... ... .. 4-400A(2) 4-400A(2) 833A(2) 4-400A.(2)
Bias rectifler. .. ........... 504G SR4GY 5R4GY Seleniun
Low-voltage rectifier. .. ... .| 866A(2) 5R4GY 866A(2) Selenium
IHigh-voltage rectifier.... ... 872A(2) 8008(2) 8008(2) 8008(2)
Physical data:
Width, in.. ........... .. 38 34 36 34
Depth, in.. ..., oo 27 23 32 32 14
Height, in............ B £} 78 78 84
Weight, 1b............ ..., 1,150 700 800 1,700
Input supply:
Voltage. ... ........ ... .... 208/230 230 230 208/240
Phase................ .. 1 1 1 1
Trequency, eps. ...........| 80 or G0 60 50 or 60 50 or 60
AF input level, dbm. . .. ... +10 + 10 412 +10
Al input, ohmns..,...........| 150/600 500/600 130/600 150/600
Load impaet, chms. . ... ... 40-600 50-250 50-70 40-250
Frequency range, kc. . . ......| 5840-1,600 540-1,620 540-2,000 535-1,620
Max. output, watts. . . . S 1,100 1,100 1,100 1,100
Miscellaneous data.... .. .....| ........ Dummy Dummy Bi-level
antenna antenna modula-
| supplied supplied tion usel

* The above information was supplied by the manufacturers.
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Table 1-6. Specifications for 250-watt Transmitters ®

Collins Giates ‘ RCA
300J-2 BC-250-GY BTA-250M
Tubes used:
Oscillator. ... ... ... ... | 8AUG 807 807
1st R¥F amplifier. ... . .. 63J7 813 807
2d RE amplifier, . .. . ... 807
Final Rl amplifier.... | 4-125A(2) 810(2) S13(2)
1st AT amplifier. ... ... 637 (2) GLEB(2) S07(2)
Modulator. . .. ... 4-125A(2) S10(2) 813(2)
Bias rectifier. . ... .. L. SU4G 5V4 Selenium
Low-voltage rectifier. . ..l 866GA(2) Hv4 Selenium
Tigh-voltage rectlifier. . . 872A(2) 008(2) RBBHA(2)
Physieal data:
Width, in............ . 38 40 28
Depth,in.. .. ... | 27 33 201
Height, in..............] 76 78 84 7%
Weight, Ib.. ... .. 900 900 600
Input supply:
Voltage................ 208/230 230 110/125
Phase.................| 1 1 1
Frequency, ¢ps. ... ..... 50 or 6O G0 50 or 60
Al input level, dbm . ... . +10 +14 +10
Al” input, ohms., ... oL 600/150 G600 130/600
Output load, oluns. ... .. 40-600 30-300 20--250
Frequeney range, ke, .. 1 540-1,600 H540-1,600 535-1,620
Max. output, watts. ... 275 280 275
Miseellaneous data. .. ... .| 100-watt e Bi-level
power modula-
cutback tion used

* The above information was supplied by the manufacturers.
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Fic. 1-18. Gates BC-1T (1,000-
watt) AM Dbroadcast transmitter,
(Courtesy of Gates Radio Company.)

Fic. 1-20. RCA type BTA-1IR (1,000-
watt) AM broadcast transmitter. (Cour-
tesy of Radio Corporation of America.)

Fic. 1-19. Fritz Bauer FB-1000]
(1,000-watt) AM broadcast trans-
mitter. (Courtesy of Bauer Elec-
tronic Manufacturing Company.)
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Frg. 1-21, Schematic diagram Collins 300]J-2 transmitter {250-watt). (Courtesy of Col-
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Fic. 1-22. Collins 300J-2 (250- Fic. 1-23. Gates BC-250-GY (250-
watt) and 20V-2 (1,000-watt) AM watt) AM  broadecast transmitter.
broadcast transmitters. These trans- (Courtesy of Gates Radio Company. )
mitters have the same external ap-

pearance. (Courtesy of Collins

Radio Company.)

TRANSMITTER MAINTENANCE

A transmitter can give reasonably trouble-free performance year after year only if
it receives regular maintenance. Manufacturers’ instruction books usually contain
maintenance information applicable to each specific transmitter, but the following
general principles may be useful.

At most stations, a routine maintenance system is set up by the station engineer for
guidance of maintenance personnel. Various maintenance operations are usually
listed on cards or sheets, with spaces provided for the maintenance engineer to initial
and date each operation as it is completed. Maintenance operations are classified on
these cards or sheets according to the frequency with which they are repeated, such as
weekly, monthly, or semiannually. Following are some of the most important main-
tenance operations.

Cleaning

All equipment, particularly tubes, insulators, and other high-voltage components,
must be kept free of dust and oily deposits. A source of medium-pressure air is use-
ful for removing dust from hard-to-reach places, such as around terminal boards or
between capacitor plates.

Some stations install small air-compressor units for this purpose, but in most cases,
vacuum cleaners with suitable attachments are used.

It has been argued that blowing the dust from these inaccessible places is ineffective,
since much of it will settle back again. If a vacuum system with adequate suction
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were available, it would doubtless be hetter for removing the dust. Unfortunately, an
ordinary vacuum cleaner does not develop enough suction for this purpose. One
technique that has been used successfully is first to blow dust from hard-to-reach
places. After the dust settles, use a dust cloth on all accessible surfaces. Finally,
use a suction device to remove the loose dust from inaccessible places.

A cloth moistened with carbon tetrachloride is eHective for removing oily deposits,
The use of lintless cloths is rccommended for transmitter cleaning and for removing
the film residue left by carhon tetrachloride.?

The frequency with which the cleaning operation needs to be repeated depends
upon transmitter construction and lecal conditions. Many stations pnt this main-
tenance activity on a monthly schedule.

Air Filters

Nearly all modern standard broadcast transmitters are air cooled; thus proper care
of the air filters is most importanl. They should be inspected at least once eachh month.

When dirty, the filters must be replaced or cleaned and recharged, depending upon
the type used. Specific information on the care of air filters can usually be found
in the individual transmitter instruction book.

Tightening

All connections involving screw-tvpe terminals should be periodically checked for
tightness. This can he done on a scmiannual or anuual basis in most cases.

Breakers, Switches, Contactors, and Relays

At least once vearly or in case af repeated tripping, the contacts of muin circuit
breakers should be inspected. If badly pitted, they should be repaired as recom-
mended by the manafaclurer. In breakers using dashpot timers, the liquid level
should be checked semiannually and filled to the indicated level.

The operation and timing of all time-delay relays should be checked periodically.
Small relay contacts can be cleaned, if needed, with Kraft paper. Badly pitted con-
tacts should be smoothed with a fine file or burmishing tool.

Contactors should be checked for burned or pitted contacts. A flat file and/or
sandpaper should be used for correcting such conditions. Discretion should be used
here, as it is possible to overmaintain these contacts.

It is esscntial that metal filings be kept out of all relays.  Air should be used to
blaw out any filings which may have accumulated on the pole faces.

Contacts of overload relays should be inspected monthly and cleaned if necessary.
Action of the reluys should also be checked.  After work of this kind, always allow
time to test the transmitter before program time.

Door interlocks should be checked frequently for proper aligmment and condition
of contacts. Safety grounding switches, if uscd, should be checked in the same
manner.

Rotating Equipment

Bearings of motors and blowers should be checked regularly for proper lubrication.
It is well to follow the manufacturer’s recommendations very closely in this case, since
it is possible to overlubricate as well as underlubricate many bearings.

Drive belts should be inspected frequently for signs of wear and for proper tension,

Tmpeller blades on blowers should be kept free of dirt and oil. If rust spots
develop, they should be scraped clean and repainted.

2 Observe safety precautions when using carbon tetrachloride.
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High-power Tubes

New tubes should be inspected, when received, for possible damage resulting from
shipment. Each new tube should be used in thc transmitter for at least one day as
soon as possible after it is received, Spare tubes should be given one day of regular
operation every six months. This will clean np any gas that may have been liberated
and assures that spares are in usable condition,

Records should be kept on the life of high-power tubes. This is nsually done by
assigning a card to each tube. The tube hour-meter reading is then recorded on the
card each time the tube is installed and removed from the transinitter.

When a new tube is first placed in service, it should be operated at rated filament
voltage without plate voltage for 15 min. Approximately half of the normal plate
voltage should then be applied for 15 min, followed by full plate voltage for 15 min.
Modulation should then be applied gradually up to 100 per cent. If a gas kick occurs
at any point in the process, plate voltage should be reduced to the previous level
and additional aging time allowed.

Reetifier Tubes

When first placed in service, high-power mercury-vapor rectificr tubes should he
operated for at least 30 min with normal filament voltage but without plate voltage.

Spare rectifier tubes should be given a one-day period of operation in the trans-
mitter every six months,

In addition to keeping life records for thesc tubes, it is desirable to make a monthly
check of the peak breakdown voltage of cach tube in service. One method of making
this check is as follows:

1. Remove the regular plate connection from the tube and apply filament power.

2. Connect the 120-volt secondary winding of a 300-va isolation transformer in
scries with the tube and a 50-ohm 200-watt cwrrent-limiting resistor.

3. Connect the vertical deflection plates of an oscilloscope across the tube.

The pattern of tube voltage will show a sharp peak at start of conduction, and the
amplitude of the voltage at this point indicates the initial breakdown voltage of the
tube. Peak breakdown voltage of a good tube will be between 10 and 20 wvolts.
When this value reaches 30 volts, arc backs may be expected. Whben it reaclies 50
volts, the tube probably should be replaced.

Small Tubes

Small tubes should be tested when received, either in the transmitter or with a
portable tube tester. This process should be repeated at six-month intervals,

PERFORMANCE TESTS

A regular schedule of performance tests should be included in the maintenance
routine. This is done each month at many stations but less freqnently at others. The
following measurcments should be included:

1. Carrier noise level

2. Distortion at 95 per cent modulation from 50 to 7,500 cycles
3. Audio response fromn 30 to 10,000 cycles

4. Carrier shift at 400 cps with 100 per cent modulation

Another item, which might be called a performance test, is to obtain a measure-
ment of the carrier frequency of the station from an outside source.3 This probably
need not be done more often than semiannually with modern transmitters. However,
many broadcasters make such checks on a monthly basis.?

8 Not required by the FCC,
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PERSONNEL TRAINING

Despite the most careful maintenance, every transmitter will occasionally fail
during regular program transmission. Since time off the air means lost revenue to
stations, it is imperalive for transmitter personnel to locate and remedy the source of
trouble quickly, Each individual should study the cquipment, the circuit diagrams,
and the instruction books until he is familiar with every part of the transmitter.

A further step in personnel training is a program of simulated failures. This must
be carried on during off-the-air time. It consists of one member of the staff (usually
the station engincer) deliberately placing a fault in the equipment, after which other
staff members observe the fault symptoms and endeaver to locate and correet the
trouble as uickly as possible.

Such a program is difficult to carry out in a standard broadeast siation where off-
the-air time nsually occurs afler midnight. Tlowever, it has proved to be very effective
in improving personnel cfficiency.



Part 2

FM TRANSMITTERS *

H. S. Warken

Broadcast Transmitter Engineering
Technical Products Department
General Electric Company
Electronics Park
Syracuse, New York

INTRODUCTION

Since the introduction of frequency modulation by Major E. H, Armstrong in 1636,
a large variety of circuits have been developed to produce FM. Only those circuits
used for FM broadcast will be discussed.,

The original Armstrong modulator used a balanced modulator generating sidebands
with a suppressed carrier in one path and a 90° phase-shift circuit in the other path,
The two signals were then added to each other to produce phase modulation {PM )},
with modulation capabilities of £30° and good linearity. A large number of multi-
pliers were required to achieve a total deviation of 75 kc at the lower audio fre-
quencies. In general, the PM signal was multiplied a number of times, then hetero-
dyned down to a lower frequency, and again multiplied to obtain the desired final
operating frequency. The use of a correction network iu the audio input line con-
verts the PM characteristic to that of FM.

MODULATION THEORY

There are basically two modulation methods that have been used in postwar FM
transmitters. The first is divect FM, using a stable oscillator with a reactauce-control
tube or device across the frequency-determining circuit and a servo circuit to stabilize
the mean center frequency by comparing it with a veference crystal oscillator, The
second is indirect FM, using phase modulation of a crystal-controlled crystal carrier
with a large number of multipliers to achieve the desired frequency deviation,

A variety of circuits were developed by a number of manufacturers to control the
mean center frequency accurately. The direct FM method requires the use of a
frequency-comparison circuit. In some cases, the output from these circuits is a
two-phase voltage used to control the mean center frequency through a motor-driven

¢ The author wishes to thank Mr. D. A. McCormick of Standard Electronics Corporation,
Messers A, H. Bott and J. A. Aurand of the Radio Corporation of America, Mr. Bernard
Wise of the Industrial Transmitters and Antenna Company, and the Gates Radio Company
for supplying the material pertaining to their equipment.
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capacitor connected across the oscillator frequency-controlling circuit.  In other cases,
the output is in the form of a d-c voltage applied dircetly to the frequency-controlling
element of the modulation reactance tube. The amplitude and polarity of the d-¢ volt-
age depend on the direction and magnitude of frequency shift of the modulated
oscillator.

An unmodulated carrier wave is a single-frequency, constant-amplitude, sinusoidal
wave, To transmit intelligence, this wave must be varied in some wayv. This process
of superimposing intelligence on a carrier wave by some variation is known as
modulation.

There are two fundamental forms of modulation:

1. Variation of amplitude {AM)

9. Variation of repetition rate { FM of phase modulation)

More complicated systems of modulation are actnally variations or combinations
of these fundamental methods,

Considering a very simple case of a carrier that is amplitnde modulated with a
single-frequency sine wave, we can express the result mathematically in the following
manner:

e = {1 4 meos Q) cos ol (2-1)

where m is the modulation factor,
= F{eos wf + nr cos Qt cos wl)

= Efcos ol + %r cos (e + QM -+ i—l)’ cos (w — Q)] (2-2)

Q

Equation (2-1) is in the form ol a sine wave of carrier frequency with an amplitude
that varies at the modulation rate. This might be shown in pictorial form similar to
that in Fig. 2-1.

£ COSIN wr
COSIN(w-0)t

L %coswmﬂh

—— FREQUENCY

Fig. 2-1. Amplitude-modulation RF Fig. 2-2. AM sidcband representa-
envelope. tion.

On the other hand, Eq. (2-2), which was derived directly from Eq. (2-1), shows
that there are three frequencies present: the carrier frequency, having the same an-
gular velocity o as the original unmodulated carrier and the same amplitude E, and
also two angular velocities w 4+ 2 and o — @ which corre-
spond to frequencies above and below the carrier frequency, lo=0) %7 TN (el

separated by the modnlating frequency, as showu in Fig. o
2-2. This can also he represented in vector form as shown
in Fig. 2-3.

These three ways of representing or picturing an amplitude-
modnlated wave are not different things but are merely sone-
what imperfect ways of trying to visualize a single phenome-  Fic. 2-3.  Simplified
non, as is evident when we realize that they come from the  AM vector representa-
same mathematical formula merely changed in form by tHon
straightforward trigonometry from Eq. {2-1) to Eq. (2-2).

Phase modulation can be expressed mathematically by the expression

e = Fsin (et + ¢) 2-3)
where ¢ varies with modulation, so that

¢ = 1 sin {l — msin Q) (2-4)
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This is in a form similar to that of Eq. (2-1) for amplitude modulation.

In phase modulation, m is a modulation factor similar to the modulation factor used
in AM and represents the maximum angular deviation during modulation.

Iu frequency modulation, where a fixed value of modulation represents a certain
frequency deviation, we make the modulation factor

m = o (2-5)

where Aw is the maximum departure of the angular velocity from the unmodulated
value during modulation and ©Q is the modulating frequency.
Now, cxpanding this expression,

e = E[sin wt cos (m sin Q1) 4+ cos wi sin (m sin Q)]

However,
cos {m sin Q) = Jo{m) -+ 2[J2(m) cos 20 + Ja(m) cos dest 4+ - -]
and
sin {(m sin ) = 2[J1{m) sin & + J3(m) sin 3Q +---]
Therefore,

e = Esin ol {Jo(m) + 2[J20n) sin @ + J2{m) cos 20 +-- -]}
e = ElJo(m) sin ot + Ji{m)[— cos {w + Q) + cos {w — i) + Jao(m)
[sin {w + 20} sin {w — 20)] +-- -} (2-6)

This is similar in form to Eq. (2-2) for AM in that it consists of a carrier-frequency
term and side frequencies. In this case, however, the carrier amplitude varies with
modulation, and there is a series of side frequencics spaced from the carrier by mul-
tiples of the modulatiug frequency.

We can represent a frequency-modulated wave pictorially as shown in Fig. 2-4.

A vector representation is valid only for very small angular deviations, but for this
special case it is that shown in Fig. 2-5.

EJg (m ) SIN wt

I Edimlcos{wt )+

L/ E 4 (m)COS [w-fLl+

Fic. 2-4. Frequency-modulation RF en- Fic. 2-5. Simplified FM
velope. vector represcntation for
small deviation ratios.

The absolute magnitude of sideband-spectrum representation corresponding to Fig.
2-2 for AM is shown in Fig. 2-6 for three different deviation ratios.

The Bessel functions Jo(m), Ji(m), etc., which expressed the magnitudes of the
various frequency components, can be obtained from mathematical tables in exactly
the same way as we find values of the ordinary circular functions sin, cos, ete.

We can make practical use of many of the properties of these Bessel functions.
For instance, we notice that Jo{x) goes to zero for certain values of x: x = 2.4048,
5.5201, 8.6537, . . . . The ], function describes the amplitude of the carrier for any
modulating frequency and deviation.

The following is an example of the application of this method. Using a sclective
AM receiver tuned to the TF of the station modulation monitor or a good FM receiver,
modulate the FM transmitter with an aundio tone of 8,666 cycles. It will be observed
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that as the level of the audio signal is increascd, the carrier will disappear for ¢
levels of audio signal.  If the audio level is gradually increased until the carriea
gone to zero three times, then the transmitter will have a deviation of £75 ke,

8.666 X 86537 = 75 ke
Using this method, any value of deviation can be accurately determined by choos-
ing the proper Bessel function and audio-modulating frequency.
BANDWIDTH
A study of the Bessel functions also shows us the requirements for bandwidth with
frequency modulation. Theoretically, the bandwidth is infinite, but practically we
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Fic. 2-6. 8ideband amplitudes of a frequency-modulated wave.

see from Fig. 2-6 that the amplitudes of the side frequencies hevond the maximum
swing become very small and can be neglected. We should remember, however, that
even for very small swings, we need a bandwidth sufficient to include the first-order
sidebands or no intelligence will be included.

A good “rule of thumb” for bandwidth (BW) requirements is

BW = 2(f,. + Af)

where fn is the modulating frequency and Af is the maximum frequency deviation.
Though this rule is not accurate, it is a good practical methed for ordinary use.

Insufficient bandwidth results in distortion of the modulation. This is different -

from the case of AM, in which restricted bandwidth affects the frequeney response
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of the system but does not affect wave shape. It should also be noted that to have
frequency modulation frec of distortion, the system shiould have all frequency com-
ponents transmitted not only without relative changes in amplitude but also without
relative phase changes. This means that there must be a flat frequency response
within the passband and a linear phase char-
acteristic.

A frequency-modulation system, however, does
not require a lincar amplitude response, and in
fact, its chicf advantage, that of noise reduction,
is obtained by purposely introducing an extremely
nonlinear element, the limiter, in the receiver.

NOISE REDUCTION

The effect of a limiter in reducing noise is
most casily visualized by the method used by
Roder in his article, Noise in Frequency Modu-
lation, Electronics, May, 1937. This explanation
uses a vector representation of the frequency-
modulated wave similar to that of Fig. 2-5, ex-
cept that when we are considering large fre-
E - CARRIER quency swings, we cannot show the various fre-
N - NOISE quency components and the wave is represented
L~ LIMITED CARRIER PLUS NOISE merely as a single vector which must be pictured
« - MAXIMUM VALUE OF 90° as rotating back and forth through the angular
deviation caused by the modulation. The noise
Fre. 2-7. Simplified vector diagram  js represented as a vector having a nagnitude
of noise added to the RF carter.  squal to the peak value of the noise and any

arbitrary phase.

It can be seen from the diagram in Fig. 2-7 that, if the peak noise amp]itgde is less
than the signal, it can produce a phase modulation not greater than &90°, If the
amplitude variations are removed by limiting, the noise econtribution will be reduced
by a factor which varies with the ratio of this angle to the maximum deviation angle
of the frequency-modulated signal.

Mathematically, the reduction of noise can he expressed as a wideband gain

G=\/§.j_‘l

where fu, in this case, is the highest modulating frequency to be transmitted by the
system and Af is the maximum frequency deviation.

It should be noted that this gain holds only for signal levels where the signal is
greater than the noise and that below this value, which is called the threshold, the
signal is rapidly wiped out by the noise.

PREEMPHASIS

Further improvements in the signal-to-noise ratio of a systein transmitting voice or
music can be obtained by the use of preecmphasis and deemphasis. This system takes
advantage of the fact that very little energy is nommnally contained in the higher fre-
quency components of speech or music by distorting the freqnency response of the
transmitter input so that above a frequency of, let us say, 1,500 cycles the amplitude
increases in proportian to the frequency. A compensating network in the receiver
restores the over-all frequency vesponse of the systom.

The gain resulting from the use of preemphasis with FM takes advantage of the
fact that the noise of a flat system is proportional to the modulating frequency. This
effect is shown graphically in Fig. 2-8.
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The improvement is not quite so great as the ratio of areas, since the audio input
level must be reduced slightly to prevent overmodulation by high-frequency com-
ponents, but for an audio spectrum up to 15,000 cycles, a preemphasis of 75 usec
gives a gain of about 10 db.

1/ ~——FLAT
(f

| RESPONSE

NOISE VOLTAGE

<~ PRE-
EMPHASIS

MODULATING FREQUENCY

Frg. 2-8. Gain resulting from the use of
preemphasis with FM.

This same gain for preemphasis cannot be obtained with AM because it does not
have a triangular noise spectrum.

COMMERCIAL FM BROADCAST EQUIPMENT

Direct FM System

The first postwar FM transmitter manufactured by RCA (the type BTF-250A ) used
push-pull reactance tubes connected across the frequency-determining circuit of the
modulated oscillator.  The automatic frequency-control circuit is completely inde-
pendent of the modulator circuit. Center-frequency stability is maintained by cam-
paring a subharmonic of the modulated signal against a standard temperature-con-
trolled oscillator. The error signal resulting from any difference between the mean
frequency of the modulated oscillator and the standard oscillator is used to drive a
two-phase motor that positions a condenser connected across the frequency-determin-
ing circuit of the modulated oseillator. The advantages of this type of modulator are
that small frequency multiplication is required and very low harmonic distortion is
introduced by the reactance modulator tubes.

Phasitron System

The Phasitron * modulator was originally proposed by Dr. Robert Adler of the
Zenith Radio Corporation. It requires the use of a special tube developed for this
tvpe of scrvice by the General Electric Company. This development permitted a
reduction in the number of multipliers required.

A crystal-controlled carrier is first generated by the crestal oscillator. A phase-
splitting network supplies the three-phase voltage for the deflector clements. An
audio air-cored iuductor is placed around the tube so that the axes of the coil and
tube are the same. The coil is designed to appear as nearly as possible like a pure
inductauce over the entire audio-frequeucy range. When a constant voltage is held
across the coil at all audio frequencies, the current through the coil and, cansequently,
the magnetic field in the Phasitron tube will be inverscly proportienal to the modula-
tion frequency. This is cxactly the condition required to convert from phase modula-
tion to frequency modulation. The Phasitron is capable of £3.5 radians as compared

1 Registered U.S. Patent Office.
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REACTANCE MODULATORS 6¥6 0SC
+— 45- 6MC
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Fre. 2-9. Frequency-controlled FM modulator.

with approximately 0.5 radians, using a conventional phase modulator with correc-
tions circuits, Using 3.5 radians as the maximum phase shift obtainable, the re-
quired multiplication rate can theu be calculated as follows:

_f 73000
" fue 50 X 35

A 428

Operating frequency = 88 to 108 Mec
M = multiplication rate
[ = desired frequency deviation, 75 ke
Ja = lowest audio frequency o be used, 50 cycles
¢ = phage shift, radians

I

The lowest multiplication number that can be obtained using only doublers and
triplers is 432 times. This is the multiplication rate used by most manufacturers em-
ploying the Phasitron for standard FM broadcast use. When RF feedback is used,
the distortion at the lower audio frequencies can be made to be less than 1 per cent.
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INDUSTRIAL TRANSMITTERS AND ANTENNA COMPANY

A brief description of the ITA Company FM transmitters follow. The discussion
is divided into the following categories: (1) General Packaging, (2) Meter and Con-
trol Circuitry, (3) Exciter, (4) RF Power Amplifiers.

General Packaging

The modern FM transmitter should be compact and capable of being placed in a
facility having restricted floor space. It should be capable of being operated by re-
mote control and should require only periodic maintenance. In addition, it must

Fic. 2-11. ITA 250-watt Fie. 2-12. ITA 100-
FM transmitter. watt FM transmitter.

conform to the latest FCC specifications, which endeavor to limit spurious emissions
and cabinet radiations.

Bearing these requirements in mind, the ITA transmitter designs utilize only high-
gain stages wherever possible. This reduces the total number of components, thereby
reducing the over-all size of the package. For example, the 5-kw transmitter requires
only 9 sq f{t of floor space. In addition, all the components are mounted in vertical
panels. This permits ease of viewing circuits and trouble-shooting when necessary.
Every wire that enters an RF enclosure in the transmitter passes through a feed-
through capacitor, thus reducing the possibility of cabinet radiation. IEvery effort has
been made to utilize commercially available components. The selection of standard
components assures the broadcaster of proved reliability and ready availability of
replacement parts. Figure 2-11 and 2-12 exemplify the packaging of the transmitter.
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Meter and Control Cireuitry

The function of the meters and the controls in the transmitter is quite apparent.
However, as mentioned above, in the majority of cases the FM transmitter will be
operated unattended and will be controlled from some remote location. Thus, all the
meter circuits, except for AC line voltmeter, are commected to ground. In order to
read their indications remately, a sampling resistor is inserted between the meter and
ground and the voltage developed across it is applied to a remote meter line. For
the same reason, each transmitter has control eircuits which require only the applica-
tion of line voltage before the transmitter will antomatically advance through the
various stages of filament, exciter, and amplifier plate and screen voltages. Provi-
sions have heen made available to control the various supplies in the equipment inde-
pendently. Time-delay units are used thronghout to prevent the application of volt-
age prior to adequate preheating of rectifier and power tubes.

Exciter

The method used for achieving frequency modulation in the ITA exciter is by the
“indirect,” or phase-modulation, method, In this system, the oscillator circuit is not
aflected by the modulation, and thus, carrier-frequency stability is dependent only on
the oscillator circuitry components.

The major limitation of a phase-modulating system is that the maximum frequency
deviation that can be obtained is a very small percentage of the modulating frequency.
Thus, in order to obtain the required 73-ke deviation at low audio frequencies, modu-
lation must vecur at a very low subliarmonic of the carrier. This frequency is then
multiplied manyfold. Multiplication also increases the deviation,

v, v Yy v, Vs Ve
PULSE | SAWTOOTH PULSE FREQ
OSCILLATOR | SHAPER GENERATOR MOD SHAPER MULT
AUDIO ADIO
INPUT AMPLIFIER

Fic. 2-13. Black diagram of basic Serrasoid FM modulator.

A type of phase modulation, develaped by J. R. Day and commonly referred to as
a Serrasoid modulator,? has greatly extended the modulation capability of phase
modulators nsing conventional tubes. Figure 2-13 is a block diagram of the basic
exciter which uses this system. V, is a conventional crystal-controlled oscillator,
Vu modifies the oscillator wavetorm into pulses. These pulses trigger V3, a sawtooth
oscillator. The output of the sawtooth oscillator is fed to the grid of the modulator
tube V3. Owing to the grid conduction of this stage, the sawtooth is truncated.
Figure 2-14a represents the waveform at the grid of Vi Thus, if the grid voltage is
varied at an audio rate, the point of truncation can be changed. Figure 2-14b shows
the waveform at the input to V4 under the condition of audio modulation; Vy differ-
entiates the output of V, so that it produces a pulse at the point at which truncation
occurs. Because of the modulation process, the point of truncation and, thus, the
output pulse from V5 will change in time position. Figure 2-14¢ describes this action.

Vs is a frequency multiplier. The pulses from the proceeding stage drive Vi into
saturation, and its output tank circuit is tuned to a harmonic of the oscillator fre-
guency.  As these pulses change in time position owing to modulation, the ontput
sine wave of Vg changes in phase. The carrier has become frequency-modulated at
the audio rate,

2 Registered U.S. Patent Office,
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Following Vg are a number of Class C frequency multipliers which produce the
output carrier frequency. Interconnecting each of these stages are double-tuned cir-
cuits.

(A) UNMODULATED {B) MODULATED

WAVEFORM WAVE FORM

GRID OF V, GRID OF V,
+-At,

(C) UNMODULATED MCDULATED
PULSES PULSES

Fic. 2-14. Typical RF waveforms of the Serrasoid modulator.

Figure 2-15 is a picture of the ITA exciter. It utilizes 14 tubes and has a multipli-
ation factor of 864. All the stages can be tuned from the front panel by maximizing
the grid drive to the RF multipliers. These transformers arc pretuned at the factory
and rarely require any field adjustment. The output power of the exciter is 10 watts
at the final frequency.

Fie. 2-15. ITA FM exciter.
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RF Power Amplifiers

There are available today a number of power tubes with extremely large trans-
conductances which, when driven by a modest power, can produce substantial power
outputs. Their proper selection will result in transmitter simplicity, ecconomie pack-
aging, minimum operating expense, and trouble-free operation.

The following tubes are used at the various power levels for commercial FM broad-
cast ransmitters manufactured by ITA:

Drive Requirementt, Power Qutput,
Watts Watts Tube Types
5 250 42504
10 500 4-4004
20 1,000 (2) 4-400A
200 3,000 4CX50004A

For ease of explanation, the discussion that follows will be divided into three sec-
tions: input cirenit, neutralization, and output circuits,

Input Circuit of Class C RF Power Amplifier

The grid circuit of an RF amplifier at 100 Mc is determined by the magnitude of
the grid-to-cathode interelectrode capacitance and the inductance within the tube

INTERNAL INDUCT L,
YL o VYV

TUBE L
"‘C‘J“ TERMINALS "‘Cgk 7~ Ci
O

(A} INTERNAL INPUT IMPEDANCE (8) QUARTER WAVE CIRCUIT WITH
OF RF AMPLIFIER TUBE RF AMPLIFIER TUBE
Cgk ~TUBE INPUT CAPACITY €, — GRID TUNING CAPACITOR
L, L, L, L,
L V"o " V. Y i YTYTY L &
,[cgk e, cgkI c‘% J\
{C) HALF WAVE CIRCUIT WITH - RFNPUT
RF AMPLIFIER TUBE (D} QUARTER WAVE INPUT CIRCUIT
WITH TAP INPUT
L L, G
fmvw . /If{/ &) RF INPUT

(E) HALF WAVE INPUT CIRCUIT
WITH VARIABLE CAPACITOR
MATCHING

Frg. 2-16. Ecquivalent circuits.

envelope between the clectrodes and its Terminuls.  Fig. 2-16a represents an equiv-
alent circuit for this capacitance and inductance.  If this combination s resonant at
a frequency higher than the desired frequency, resonance can be obtained by adding
a fixed inductance external to the tube. Tuning can be accomplished by using



3-44 Transmitters

variable air capacitors or changing the amount of external inductance. Figure 2-160
describes this “guarter-wave mode” of operation.

If the combination of the input electrode capacity and lead inductance is resonant
at a frequency lower than the desired operating frequency, the combination pictured
m Figure 2-16¢, commonly referred to as a half-wave made, can be used. Since the
latter arrangement is a longer cireuit electrically, it represents a greater storage of
energy and, thus, will have less bandwidth than the quarter-wave cireuit described
earlier. Nevertheless, both cirenits will normally provide adeqguate bandwidth for
FM transmission.

The question now arises as to how to couple into this type of cirenit. One of the
acceptable methods is to use a fixed tap a short distance away from the short-circuited
end of a quarter-wave input circuit, This point should correspond to approximately
30 ohms in impedance when the input circuit is tuned to resonance. This coupling
arrangement is shown in Fig. 2-16d.

When coupling into a half-wave circuit, the cirenit shown in Fig. 2-16¢ can be
used. Here the series coupling capacitor is approximately 5 uuf when coupling a
50-ohm line into a stage utilizing one of the previously mentioned tctrodes. This is
due to the fact that the scries circuit of coupling capacitor and 50-ohm linc represents
a resistance of approximately X.2/R, which can be adjusted to match the high imped-
ance present at the end of a half-wave circuit.

In the 1-kw transmitter, a push-pull arrangement is used. In order to drive this
stage from an unbalanced line, a coupling loop is used. The use of a push-pull cir-
cuit reduces the input capacity to one-half the intevelectrode capacity of a single tube.
This reduction in capacity permits the use of a quarter-wave mode.

Neutralizing

To avoid introducing distortion and intermodulation, the amplifier must have a
linear phase-vs.-frequency characteristic,  This requires that the amplifier be well
neutralized.

Most power tetrodes that are used in FM transmitter applications are so constructed

A - o
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Fig. 2-17. Equivalent circuit Fic. 2-18. Equivalent circuit of a tetrode
of interelectrode capacities of with neutralizing capacitor in series with

a tetrode. screen.

that their screen grids have considerable inductance between their active area and
terminal connections. Figure 2-17 describes the equivalent circuit of a typical power
tetrode, including the high interelectrode capacities and lead inductance. By re-
ferring to this figuve, it can be seen that the output voltage of the stage is developed
across a budge circuit whose arms consist of the electrode capacitors and the screen
inductance. If this bridge is balanced, the difference of potential across the grid-to-
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cathode electrode capacity approaches zero. Accordingly, in this condition, the
amplifier will be stable. Referring to Fig. 2-17, it is evident, however, that the screen
inductance unbalances the bridge, so that the tetrode amplifier circuit will have feed-
back and oscillations can exist. In order to compensate for this unbalance, a series
screen capacitor can be used to balance the bridge. Figure 2-18 describes the
equivalent circuit of the arrangement.

In practice, the procedure used for neutralizing the stage with screen neutralizing
is relatively simple. The input circuit is tuned for a maximum indication of grid
current. An absorption meter is placed in the output circuit with the plate and screen
voltages removed, and the plate circuit tuned for a maximum indication on the ab-
sorption meter. The screen neutralizing capacitor is then adjusted for a minimum
indication on the absorption meter.

Output Circuits

The output circuits for the ITA, 230-watt and 1-kw transmitters are shown in
Figs. 2-19 and 2-20.

Fre. 2-19. ITA 250-watt RF amplifier. Fic. 2-20. ITA 1,000-watt RF ampli-
fier.

The 250-watt amplifier has a capacity-tuned, quarter-wave plate tank circuit. The
antenna is directly coupled to a low-impedance point through a d-c¢ blocking con-
denser. Proper loading of the stage is achieved by varyving the point at which the
output line is tapped.

The 1-kw transmitter, using two 4-400A tubes operating in push-pull, also uses a
quarter-wave, capacitively tuned plate tauk. The antenna is inductively coupled to
the final tank and is series-tuned for proper loading.
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GATES RADIO COMPANY FM TRANSMITTER

The Gates FM-5B, 5,000-watt M Dbroadcast transmitter (Figs. 2-21 and 2-22)
consists of a MB5534 Serrasoid modulator exciter, a 4X250B intermediate-power am-
plifier, and a pair of 6076 tetrodes oper-
ating push-pull in a grounded-cathode
circuit.

The exciter is constructed on a stand-
ard 19-in. panel for rack mounting. This
unit is complete with its own power
supply and has provisions between the
fitth and sixth multiplier stages to insert
additional multiplex channels from a
separate chassis. The last stage in the
exciter uses a type 6360 tube as an ampli-
fier and can supply up to 10 watts for use
as either a complete transmitter or as a
driver for a higher powered amplifier.
The operation of a Serrasoid modulator
has been previously described.

The output from the exciter drives the
intermediate-power amplifier. This am-
plifier consists of a single 4X250B tube
operating in a grounded-cathode circuit.

The input is a half-wave circuit, with
the output from the exciter inductively
coupled to it. The driving power can be
adjusted by varying the position of the
loop. The plate circuit is a modified ,
being capacity-tuned and capacity-loaded
(see Fig. 2-23).

The final amplifier consists of two
6076 tetrodes operated in a push-pull
grounded-cathode circuit. The input is
again a half-wave capacitively tuned cir-
cuit. Input coupling is accomplished by
connecting the inner conductor of the
transmission line from the driver to one grid line. The plate tank is electrically a
quarter wave long and tuned by use of a vane. The output circuit is inductively
coupled by means of an adjustable loop. For complete stability of the amplifier, cross
neutralization is provided (see Fig. 2-24).

Each stage of the transmitter is metered by a multimeter system, and the power
amplifier with a separate plate ammeter. Power output is monitored with a Micro-
match directional coupler that is calibrated for power output and also standing-wave
ratio. The amplifier tubes are air cooled by pressurizing a plenum chamber in which
the grid circuit is also built. The transmitter is thoroughly protected from overloads
and malfunctioning of other components, such as blowers and so forth.

Fic. 2-21. Gates 5,000-watt FM-5B com-
plete transmitter.

STANDARD ELECTRONICS COMPANY FM TRANSMITTER

In the Standard Electronics FM broadcast 3-kw transmitter will be found the high
degrec of carrier stability inherent in a rigid control device. The generation of the
RF signal from a quartz crystal oscillator with temperature control in an oven ensurcs
a high degree of frequency stability. When this source of RF is used directly in a
Serrasoid modulator, a combination of high-frequency stability, frequency response,
and very low distortion can be achieved.

The frequency response and low distortion are produced by the circuitry of the
Serrasoid modulator. The modulator is designed around four receiver-type tubes,
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Fic. 2-22. Rear view of Gates 5,000-watt transmitter.
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23. Simplified schematic of Gates Radio Company FM-2350B, 250-watt amplifier.
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5 KW AMPLIFIER
F1c. 2-24. Simplified schematic of Gates Radio Company FM-3B, 5,000-watt amplifier.
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Fic. 2-25. Block diagram of Standard Electronics Serrasoid FM modulator.
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Vi and Vi (12AT7’s} (see Fig. 2-25). The quartz crystal in conjunction with the
first 12AT7 generates an RF signal at the crystal Frequency. This frequency may
range anywhere from 102 to 125 ke, depending upon the authorized frequency of the
station.

The second tube, Va, shapes the oscillator buffer output to produce a steeply rising
waveform at the crystal frequency, while the third tube, Vs, is a driven sawtooth
generator with a bootstrap cirenit to cnsure linear rise of the generated waveform.
The fourth tube, Vi, the modulator, clips off the sawtooth wave by an amount varying
with the amplitude of the modulating signal impressed on the cathode of this tube.

Prior to its application on the cathode of the modulator, the audio signal is passed
through a corrector network and a preemphasis network, The corrector network
compensates for the tendency of the high audio frequencies to produce more equival-
ent frequency modulation than the low audio frequencics.

The preemphasis network is nsed in the transmitter with a corresponding de-
emphasis network in the FM receiver. The purpose here is to raise the level of the
high audio frequencies to such a degree that they will override noise.  That is, it
would produce a better signal-to-noise ratio at the receiver.

Referring again to the modulator tube Vi, the output of this tube is a series of
sharp positive pulses at the erystal frequency. The audio information appears in the
form of phasc modulation of the above-mentioned positive pulses. The effect of the
phase-modulated pulses on the grid of the first frequency muldiplier tube Vj is to
produce an equivalent frequency modulation.

The audio-Irequency amplifier, V5 and Vi, used on the modulator panel of this
transmitter incorporates inverse feedback. The frequency response up to the cor-
rector network is flat bLetween 50 and 15,000 c¢ps. The distortion in terms of total
harmonic is less than 1 per cent from 50 to 15,000 cps.

The audio input level is a standard 410 dbm. A potentiometer is provided to
change the over-all gain of the amplifier. The +10-dbm input level will produce
100 per cent modulation, which, in this case, is a deviation of +75 kc at carrier
frequency.

Total frequency multiplication on the modulator panel is 108, The freqnency range
at the output of this panel is 11 to 13.3 Mc. The available power from the final
amplifier stage, Vis (type 5686), is approximately 1 watt into 50 ohms.

A secand input is provided on the modulator panel by means of which a multi-
plexed signal can be introduced. A subcarrier generator outside the transmitter under
discussion generates a carrier in the frequency range of 25 to 75 ke, The modulation
of the subcarrier is FM. The subcarrier is amplified by V17 and applied to the main
carrier channel in the form of phase modulation. The phase modulation of the main
carrier at Vje is accomplished by the combination of two quadrature voltages at the
output of Vi1 and Vy2. The grids of these tubes are driven by RF signals that are
approximnately 90° apart. They combine to form a resulting vector at their common
plate load. When subcarrier modulation is applied to the grid of Vi7, the gain of
this tube varies and its output amplitude changes. This new vector which varies in
amplitude above and below a static level combines with the fixed amplitude and thus
praduces phase modulation. The rate and amount of phase modulation is propor-
tional to the multiplex subcawier frequency and amplitude. When the multiplexing
feature of this modulator panel is used, the modulation level of the main channel
must be reduced so that the combined modulation of the main program input and
the subcarrier input will not produce a total FM deviation greater than 475 ke.

Pin jacks are provided on this pauncl as well as on the frequency-multiplier panel
for checking tube voltages. A combination of selector switches and a meter provide
metering access to every RF stage in the 250-watt driver. In case of signal failure,
the trouble point can be rapidly isolated by means of the selector switch.

As mentioned before, the total frequency multiplication on the modulator panel
is 108. A further multiplication of 8 takes place on a frequency-multiplier panel.
Three doubler stages and an output amplifier stage complete the panel. The input
impedance of the frequency-multiplier panel is 50 ohms. This feature permits in-
serting a power-monitoring device between panels and checking the RF power. In
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addition, the use of a directional coupler for this purpose will give an indication of
VSWR and in turn a relative indication of match between units. The normal use of
the directional coupler and its power-indicating meter is to monitor constantly the
power output of V6011, the 4X250B stage. This equipment as described up to this
point occupies one relay rack and can be used as an individual 250-watt FM trans-
mitter, 1t is completely self-contained. It will
operate from a 208/230-volt single-phase line. A
variable voltage control Transtat?® corrects the
line voltage for the entire relay rack to 230 volts
for line variations from 187 to 250 volts. The
corrected voltage is read on an a-c voltmeter
mounted on the control panel. Sufficient capacity
has been built into the Transtat in the 250-watt
rack to take care of the filament primary require-
ments of the 3-kw amplifier mounted in a com-
panion relay rack. The 3-kw amplifier, V701
(type B5924A), is a self-contained amplifier
mounted in a relay rack 84 by 24 by 22 in;
although it was designed to be a companion unit
to the 250-watt transmitter, it can be operated
with any low-power transmitter with sufficient
drive (see Figs. 2-27 and 2-29b).

The input tuning system, consisting of two
tuning stubs separated by an eighth wave, per-
mits the amplifier to work with any driver. The
input can be tuned to ideal flatness by means of
the directional coupler in the driver or by making
use of the coupler supplied with the amplifier.

The output tuning system of the amplifier is a
quarter-wave line cavity foreshortened by capaci-
tance. The capacitance plates are ganged and
are controlled by a multiturn knob on the front
of the cavity. Variable-loop coupling is provided
to adjust the loading of the amplifier stage to the
. antenna system.

Fig. 2-26.  Standard Electronics A “patch-over” is supplied in this amplifier to
90-watt EM: bansmittsr. facilitate operations in case of amplifier failure.

By means of the patch-over the amplifier can be
removed from the RF signal path and the driver connected directly to the antenna. In
the patched-out condition, the amplifier can be worked on and, when repaired, can be
put back on the air with a minimum of lost air time.

The amplifier is designed for 208/230-volt three-phase a-c operation. The primary
side of the high-voltage transformer is supplied with taps to accommodate the dif-
ferences in line voltage.

Although the input connection is ordinarily made by flexible coaxial line with type
H fittings, the same connection can be made with 1%-in. rigid coaxial line. The out-
put connection is made with 154-in. rigid coaxial line. The patch-over feature pre-
viously mentioned is made by means of a U-shaped 13-in. line located at the rear of
the cavity. The physical arrangement of the patch-over includes a Micro Switch *
which operates in the patch-out condition. Opcration of the Micro Switch permits
the amplifier to be worked on while the driver remains in an operating condition.

Another feature of this transmitter is the use of diffused junction silicon diodes as
rectifiers in both the high- and low-voltage power supplies. The diodes are arranged
on strips of bakelite with banana plugs and jacks to permit rapid replacement of a
leg in any rectifier bridge or full-wave application.

3 Registered U.S. Patent Office.
+ Registered U.S. Patent Office.
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Fic. 2-27. Standard Fig. 2-28. Complete Standard Electronics

Electronics 3-kw am- 3-kw FM transmitter.

plifier with skins re-

moved.

R F OUTPUT
250 W

RE 4%2508
INPUT AMPLIFIER

(A) 250 W AMPLIFIER

5924 A
RF ) RF OUTPUT
INPUT grm P AMPLIFIER P F?m?”
— — —
7T T 7T
L——J»

(B) 3 KW AMPLIFIER

Fic. 2-29. Simplified schematic of Standard Electronics 250-watt and 3-kw amplifier.
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Fic. 2-30. Block diagram of RCA BTE-10B FM exciter.
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RADIO CORPORATION OF AMERICA FM TRANSMITTER

The RCA type BTE-10B exciter is used in conjunction with the 250-watt IPA to
drive a single 4CX5000A tube in the BTF-3B FM transmitter for ordinary FM service
or multiplex operation.

Figure 2-30 is a block diagram of the exciter. A simplificd schematic of the
modulator-master oscillator portion is shown in Fig. 2-31. A Hartley-type oscillator
is used in conjunction with two reactanee tubes for the main channel, and a third
reactance tube for the modulation of the subcarrier on the main (RF) carrier. This
method has several advantages.
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Fic. 2-31. Simplified schematic, oscillator, and modulator.

The highly linear push-pnll modulator results in very low harmonic distortion.  The
coupling cirenit is sich that each tube is almost a pure reactance, one inductive, the
other capacitive. In this way, loading of the oscillator is greatly reduced. The low
AFC contral voltages required assure proper aperation even if the uncontrolled oscil-
lator is off frequency. The subcarrier reactance tube is coupled only to a small part
of the oscillator coil, since the deviation of the RF carrier by the subcamier is small.

Both modulating circuits are very effectively decoupled to minimize the possibility
of cross talk between the two channels.

Automatic Frequency Control

Automatic frequency control is accomplished by the usc of a phase detector to
develop a control voltage that establishes and maintains a phase lock between a refer-
ence crystal oscillator and the derived signal.  Thus, the system is actually an auto-
matic phase-control system which achieves a stability precisely matching that of the
crystal reference source. To confine the phase deviations of the master oscillator
signal to within range of the phase detector and in order not to exceed the possible
speed of the low-pass network in the AFC circuit, the frequency and swing of the
master oscillator must he reduced. This is accomplished in locked-oscillator-type di-
viders with an over-all division of 240. The maximum phasc deviation at the lowest
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audio frequency is thus =28° (at +100-ke deviation of the final frequency) and is
well within the limits of linearity of the phase dctector.

The limited pull-in range normally associated with precise frequency control is
overcome by the use of an off-frequency circuit which extends the pull-in range to
+400 ke (at the final frequency) and simultaneausly provides a safeguard against
uncontrolled and possible off-frequency operation.

Circuits of the AFC system are diagrammed in Fig. 2-30, A small RF voltage is fed
from the master oscillator circuit to the divider chain, where it is divided by 240 to
a range of 20 to 25 ke. At the same time, deviation due to modulation is rednced
from a maximum of +5 ke to 20 ¢ps. From the dividers, this voltage is fed through
a cathode follower to a phase detector employing two 1N34A diodes. A refevence
voltage of the same frequency, fed into the phase detector, is obtained by dividing
by 5 the frequency of the reference crystal oscillator.

Phase Detector

Operation of the phase detector is illustrated in the simplified diagram shown in
Fig. 2-32 and by the vector diagram in Fig. 2-33. Assuming that the master oscil-
lator is exactly on frequency with no correction bias applied to its grid, the two input

IN34 1108 R {68 SONTROL
CONTROLLED OLTAGE
FREQ AAAA 0
188 : REACTANCE
REFERENCF LMJ\F“I e TUBE GRID
TS H ~ - cl87 Lcios
c189
L RITO
THO . K101 198
CONTACTS
IN34A L

Fic. 2-32. Simplified schematic of phase detector.

signals applied to T110 and T111 are therefore of the same frequency but 90° out of
phase. The reference frequency signal is applied to Tq10, and the voltage developed
across the top half of the secondary is represented by vector BA in Fig., 2-33a, while
the voltage across the lower half is represented by vector BC. These two voltages
are equal in magnitude and 180° out of phase. The controlled frequency signal is
applied to T111, and the voltage developed across its secondary is represented by
vector BD, which is 90° out of phase with
each of the other two. The voltage im-
pressed across cach I1N34A crystal recti-
fier and its ussociated load {Rjge and
Ry7g) is then the vector sum of the series
voltages E; and E., respectively. Since
the magnitudes of Ey and Es are equal,
the d-c voltages across Rigo and Ryqo will
be equal and of the polarity shown.
Hence, the voltage as measured from the
top of Rygp ta ground will be zero.

If, however, the frequency of the
master oscillator should decrease, the rela-
tive phase of the two input signals and
their vector relationships will change as shown in Fig. 2-33b. Since the magnitude
of E; is now greater than that of E», the d-¢ voltage across Rigy will be greater than
that across Rizo, and a net positive correction voltage appearing at the top of Rigy
will be applied to the reactance tube grid, correcting the frequency. Accordingly, if

(A) (el

F1c. 2-33. Vector diagram—phase detector.
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the oscillator frequency should increase, the vector relationships change as shown in
Fig. 2-33¢ and a net negative correcting voltage is applied to the reactance tube grid.
Thus, any departure from the 90° phase relationship between the two signals is in-
stantaneously corrected by a proper error voltage. High-frequency components of
the input signals are filtered out of the control voltage by capacitors Ciss and Ciuy
and choke Ligs.

The network cousisting of capacitors Cros, Cis7, and Cios and resistor Rygx extends
the control range of the phase detector bevond the +90° phase-difference limit that
wonld otherwise he inposed by feeding a small amount of the beat frequency back
to the reactance tube grid. This beat frequency then caunses the frequency of the
master oscillator to swing in hoth directions at the difference-frequency rate.  The
amount of frequeucy deviation is proportional to the amplitude of the signal at the

K101

______ TRANS

=Erg
] 498 [ INTEAL

L Ri7a4
B+ - 6.3 VAC

Fic. 2.34. Simplified schematic off-frequency detector.

reactance tube grid, and in order to produce sufficient swing without objectional
audio-frequency feedback, capacitor Cigz is made siall and is paralleled by a large
capacitor Cyug, which is switched in only when the master oscillator is “hunting.”
The switching is done automatically by the off-frequency detector described in a later
paragraph.

If the signal at the reactance tube grid is sinusoidal, there will be no d-¢ component
and the mean frequenev of the master oscillator will remain nnehanged. However,
the beat Irequency at the phase detector output, when it is not locked in, is nonsym-
netrical and has a d-¢ component of the proper polarity to change the mean {reqnency
of the master oscillator toward its corvect frequency.

Protection against loss of control by the automatic-frequency-control svstem and
possible off-frequency operation is provided by the off-frequency detector circuit
shown in Fig. 2-34, Tube Vii; is a BAS6 mixer stage which is fed fram the last
divider in cach chain as shown in Fig. 2-31. The plate load of the stage is bypassed
by capacitor Cias, which is a low impedance ta the beating frequencies and to the
sum ol the heating frequencies, eliminating these signals in the outpat,

When the master oscillator is on frequency, there is no difference frequency pro-
duced in Viis, and therefore, the outpnt of the stage is zero. If for any reason a
difference occurs in the two beating frequencies, however, the difference-frequency
component appears across the plate load and hence across the thyratron grid resistor
Rirs. U the positive lalf of this alternating voltage excecds the fixed cathode bias
applied to the thyratron, Vi1, the tube concuets, energizing relay Ko, One (nor-
mally closed) set of contacts on relay Kypr operates the transmitter interlock cirenit,
preventing plate power from being applied to the PA; anothier set of contacts (nor-
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mally open) switches in the feedback capacitor Cigg, shown in Fig. 2-32, for purposes
previously described.

Fi1c. 2-35. RCA BTF-5B, 5,000-watt transmitter.

The sensitivity of the circuit is adjusted by the thyratron bias resistor Ri74. This
adjustment is set so that the low modulating frequencies will not trigger the thyratron
but so that the beat frequencies will cause it to fire.

RF Section

The RF section of the BTF-5B FM transmitter is composed of two high-gain tetrode,
Class C amplifiers with the necessary cooling system, power supplies, and control

Mﬁ{%{;&&; 10 WATTS l(-lj-;l 250 PA. || HARMONIC |88-10BMC
EXCITER 88-108MC | ;034 | WATTS () FILTER | AT S5KW
J 4CX 5000 A
l’— BTX-1A |
| SUB-CARRIER | VARIABLE HI-VOLTAGE
| GENERATOR SCREEN SUPPLY
[ {OPTIONAL) | SUPPLY 6-8008'S

Fic. 2-36. Block diagram BTF-5B transmitter.

circuits to produce the required 5 kw of output power. The complete transmitter,
including the BTE-10B exciter, is contained in two metal cubicles with operating
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controls and meters on the front vertical panels of the larger cubicle. Space is pro-
vided in the smaller cubicle for mounting a multiplex subcarrier generator, type

F1c. 2-37. RCA 250-watt intermediate-power amplifier.

BTX-1A. Radio-frequency connections between the exciter and the two RF stages
is achieved by using 52-ohm coaxial cable. A variable, common screen supply is
used to control power output of both stages, providing an output-power variation of
1 to 5 kw (see Figs. 2-35 and 2-36).

The tetrode IPA circuit consists of two tetrode stages, the first of which uses a
7034 tube located in its own compartment mounted above the exciter (see Fig. 2-37).
Both the input and output networks of this stage consist of conventional = networks
with variable capacitors as the matching components to match the characteristic im-
pedance of the interconnecting cable (see Fig. 2-38). The frequency variation from
88 to 108 Mc is achieved by varying the inductance. The effective inductance of the
coil is reduced by the insertion of a silver-plated brass slug into the center of the
coil. No neutralization is required for this stage to achieve an output of approxi-
mately 250 watts to drive the PA stage. Both cathode and grid resistance are used
to provide grid bias for this IPA stage in such a mamner as to prevent excess dissipa-
tion when RF drive is removed.

The final stage, the 5-kw PA circuit, uses a 4CX5000A tube located in the larger
rack along with the power supplies and
the control circuit (see Figs. 2-39 and
2-40). The input circuit to this stage is
a modified = network in which the input
capacity of the tube is shunted by an in-
ductive line to reduce the effective input
capacity of the stage. This inductance
also supplies the means for varving the
input circuit loading. The inductive com-
ponent of the circuit is varied by means
of capacity in parallel with the coil.

The output circuit of this stage is also a
7 network with the tube capacity shunted ~ Fie. 2-38.  Simplified schematic interme-
by a variable inductance. Loading and ~ diate-power amplifier.
tuning are achieved by the variation of
the two inductive-line components. For mechanical simplicity, the = network is in-
verted, placing one end of the inductance at ground potential. This removes the

A
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mechanical and electrical problems of insulating the variable component from
ground; however, the output line must be parallel to the inductance to bring it

Fic. 2-39. RCA 5,000-watt power amplifier
using a 4CX5000.

tuning curves.
circuit protection.

4C X 5000A

Fig. 2-40.

L

to ground potential. This is done by
extending the output line down one side
of the inductive line. This stage is neu-
tralized by the variation of the induc-
tance in series with the screen capacity.
The efficiency of the final stage is ap-
proximately 70 per cent.

Tuning to cover the FM range (88 to
108 Mec) requires the changing of only
one frequency-determining part in the
4CX5000A input circuit.

Harmonic Reduction

To reduce the harmonics radiating di-
rectly from the cabinets, the two power
amplifiers are built in shielded compart-
ments. Access doors and panels are
equipped with contact fingers to prevent
radiation, and all meter and power leads
to these compartments enter through
feed-through capacitors. The 4CX5000A
plate voltage lead was at fxst bypassed
only at the point of exit from its com-
partment. In order to reduce radiation
coming from this lead from a maximum
value of 60 db down from carrier to one
of at least 72 db, it was necessary to add
both a feed-through and ceramic bypass
capacitor. Harmonic radiation from the
transmitter output is of the order of 38
to 70 db down from carrier and requires
the use of a harmonic filter in the output
line.

Tor initial tuning, approximate settings
for all variable components are set from

Final adjustment is then begun under reduced screen voltage for

OUTPUT

Simplified schematic 3-kw power amplifier.

Control Circuits

The control circuit provides a starting sequence which prevents the application of
plate voltage before the filaments are warmed up and the cooling system is operating.
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It also provides overload protection and off-frequency shutdown. A time-dclay relay
of 45 sec provides adequate warm-up time for fifaments and exciter. The overload
cirenit returns the transmitter to the air on the first two overloads after a clearing
time of 2 sec. If the overload persists for the third time, manual resetting is reqaired.
Overload relays are located in the high-voltage and screen supplies, as well as in the
cathode circuits of the IPA and PA stages. The control circuit is designed for un-
attended operation. By using latching relays in the control circuit all major operations
can be remotely operated with a remote-control system, giving momentary closing
contacts to the terminals brought out to the transmitter terminal board. In this way
the transmitier can be turned off and on, an overload reset, and power output adjusted.
Metering resistors provide currents proportional to the final plate voltage and current
and power output for remote reading with a 200-ga meter,

Power Supply

The exciter power supply emplovs semiconductor rectificrs, One bridge-type ger-
manjum rectifier is used for the high-voltage supply, and a full-wave silicon rectifier
for the modulator oscillator filament. The exciter can be operated lrom any single-
phase source having a voltage of 197 to 231 volts or 106 to 128 volts a-¢ at 30 to
60 cps.

Omne cirenit breaker is provided in the high-voltage supply, and one in the a-c
input.  Both breakers serve at the sawe time as master and standby switches. There
is a separate connection for the 117-volt crystal oven-heater supply. The oven heater
should be energized comtinuously. Each civcuit (one operational and one spare
crystal ) is protected by ¥5-amp fuses.

The high-voltage supply is a three-phase, fullwave circuit vsing six 8008 mercury-
vapor rectifier tubes. A single-section inductive input filter produces 5,000 volts at
approximately 1.7 amp to supply the plate of the 4CX3000A tube., The center-tap
voltage of the transformer supplies the 7034 plate through a double-section RC filter,
which flters and veduces the voltage to approximately 1,800 volts, The screen voltage
supply uses germanium rectifiers in a bridge circuit to feed both stages. The primary
of this lransformer is supplied from a variable transformer to controel its output voltage.

Three-phase power is applied Lo the transmitter at the line breaker located on the
right-hand front panel of the 3-kw cabinet. Poswer is then fed to three other breakers.
The first supplies power to the filaments, exciter, and control circuit; the second, the
high~voltage supply; and the third, the screeu supply,

The riLaMENT oN switch applies power to the blower, to the filiments, and to the
exciter provided the hlower is operating. The filament line passes through a buck-
hoost circuit so that it can be adjusted to the exact voltage for which the primary
filament Ltransformer taps arc set. The 43-sec time-delay relay is also energized,
preventing the operation of the high-voltage circuit until the time-delay contacts close
and all door interlocks are closed. This condition is indicated by the lighting of the
READY LIGHT.

The TRANSMITTER ON switch applies the plate and screen voltage to the two tetrode
stages. This is indicated by the lighting of the wransyuTTER ON light. A motor-
controlled variable transforiner in the sereen-supply line adjusts the screen voltage by
nieans of the PROPER apJusT switch.

Cooling System

The cooling-system blower is located in the bottom of the 5-kw cabinet, feeding air
directly into the 4CX5000A stage. A constant-speed blower is used which will de-
liver enough air to cool the final tube up to an altitude of 7,500 tt. The air for the
7034 stage is tapped off the side of the 4CX5000A box by means of a flexible tubing
that feeds through the side of the cabinet. Air mterlocks are provided in both stages
to remove plate and screen voltage if the air should stop.
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Performance Data

In conventional FM service (meaning the transmission of only one program on the
RF carrier and no subchannels) there are mainly three transmitter-design considera-
tions which affect performance: (1) frequency response, (2) harmonic distortion,
and (3) the ratio of the wanted signal to the unwanted noise (signal-to-noise ratio,
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Fic. 2-41. Typical frequency response.

or S/N}. Cross talk between channels would have to be added when a multiplex
system is considered.

Typical performance data for frequency response are given in Fig. 2-41. Per-
formance is measured from 50 to 18,000 cps. The frequency response of the trans-
niitter is mainly determined by the quality of the audio-frequency components used
in the modulator section of the exciter. The RF circuits following the teactance tube
modulator and the waster oscillator have no appreciable effect on frequency response.
The exciter needs only three tuned stages to get up to the final output frequency in
the FM broadcast band.

Nonlinearities of the phase-vs.-frequency curve of the tuned circuits create harmonic
distortion. The degree of distortion depends upon the degree of nonlinearity. The
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Fic. 2-42. Typical distortion characteristic.

distortion can differ greatly at different audio frequencies, and it is, of course, de-
pendent on thc percentage of modulation. To a lesser degree, distortion is also
created by improper amplitude response of the tuned circuits, but under practical
conditions this can be disregarded. It should be remembered that in order to get the
ultimate of low-clistortion output from any FM transmitter {or receiver), all tuned
stages should be tuned for minimum distortion, employing a distortion analyzer as an
indicating device.

Figure 2-42 gives typical performance data of a BTF-5B transmitter for harmonic
distortion. The distortion is so low that the limit of accuracy of the measuring device
is of the same order of maguitude.

The AM noise level is —57 db with reference to the carrier voltage, and the FM
noise level is —69 db.

Coupled with RCA’s new broadband FM antennas, the BTF-5B transmitter can
provide effective radiated powers from 4 to 60 kw. The entire chain meets all cur-
rent FCC and industry standards.
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TV BROADCAST TRANSMITTERS

J. T. TiLLMAN

Broadcast Transmitter Engineering
Communications Products Department
General Electric Company
Electronics Park
Syracuse, New York

INTRODUCTION

Once a television scene has been reduced to an electrical signal with the necessary
synchronizing information included for proper reproduction, it becomes necessary to
dcliver the composite signal to the receiver in the home. It is customary to take the
composite signal and send it out as high-frequency electromagnetic information to be
received and decoded by a television receiver.

In order to eliminate the confusion of signals which would occur if there were no
control or regulation of what {requencies to use for television transmission, the gov-
ernment, through the Federal Communication Commission, has set up certain rules
and regulations for governing the service.

From a study of the Federal Communications Commission’s Rules and Regulations,
it is scen that the visual portion of the signal is an amplitnde-modulated RF signal
while the aural signal is a frequency-modulated RF signal. Because of the great
demand {or portions of the frequency spectrum, the FCC has set aside many television
channels of 6-Mc bandwidth. The visual and aural signals must fit into the 6-Mc
bandwidth with theiv carrier frequencies separated by 4.5 Mec. DBecause of the dif-
ferent types of modulation and the slightly different frequencies required, it has
become the practice to use separate transmitters for the aural and visual signals, with
the over-all transmitter power rating being the synchronizing peak power of the visual
transmitter. The aural-transmitter power rating must be from 30 to 70 per cent of
the visual svnchronizing peak power.

For convenience of discussion the composite transmitter will be divided into the
visual transmitter, the aural transmitter, the rectifiers and regulated power supplies,
and the control circuitry.

VISUAL TRANSMITTER—BASIC CIRCUITRY

Tle visual transmitter can be broken down inte the various functional parts shown
in Fig. 3-1.
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VISUAL
MODULATOR MODULATED LINEAR VSB
RF FILTER
AMPLIFIER HARMONIC DiPLEXER
YISUAL STAGE {IF USED) FILTER
EXCITER
AURAL

Fic. 3-1. Block diagram—visual transmitter.

Visnal Modulators

The primc purpose of the visual modulator is to take the composite video signal of
approximately 1 volt peak to peak and amplify it to a level sufficient to modulate the
visual RF carrier and to establish a d-c reference to control the modulation of the RF
in direct relation to the brightness level of the video signal.

The following factors must be considered in any visual modulator:

[. Input signal level. At least 0.8 volt for full modulation, with the modulator
coutinuing to operate on signals as small as 0.5 volt peak to peak.

2. Signal output to modulated stage. Dependent upon tube and method used for
modulation, with grid modulation being the most common and thus requiring syn-
chronizing positive output.

3. Load impedance. Usually highly capacitive.

4. Bandwidth. Usually in excess of 6 Mc to assure minimum time delay of the
high-frequeney picture detail referred to the low-frequency information.

5. Divect current insertion. This is the d-c level of the signal blanking and is a
fnnetion of the modulation method and the tube in which modulation takes place,

6. Additional features. Synchronizing pulse streteh, white clip, and linearity-cor-
rection circuits.

Since the video amplifiers are the most important parts of the visual modulator,
special attention should be given them in the original design to assure optimum per-
formance. With several video amplifiers in series, it is best to assure a uniform
over-all amplitude-vs.-frequency response by designing with excessive bandwidth,
using the equations for maximum flatness, The extra bandwidth eliminates bandpass
limitation from cascading stages and assures a uniform time delay throungh the ampli-
fiers of the critical frequencies. A bandwidth per stage of 7 Mc is a reasonable design
figure for a visual modulator.

Most video amplifiers in present-day modulators employ pentodes and can be
designed using cquations based on a simple nncompensated stage {see Fig. 3-2).
From an inspection of Fig. 3-2b it is seen that the amplitude of the output signal will
fall off at both the high frequencies and the low fregnencies owing to the shunt

{A) ACTUAL CIRCUIT 8) EQUIVALENT CIRCUIT

Fic. 3-2. Typical video amplifier—uncompensated.
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capacities and the coupling capacitor, respectively. Figure 3-3 shows Fig. 3-2b
further simplifiec.

Since there are two distinct vegions of the simple video amplifier passband which
suffer attenuation, two methods of compensation are necessary.

For convenience, consider the cquivalent circuit of a pentode amplifier shown
simplified in Fig. 3-3. Figure 3

3-3a shows that the load impedance is simply Rr and
Ce
e €o & go g +——0%
R % R, % Rq D—% R, l of
G- - O O - T o}

{&) MID FREQUENCY {B) LOW FREQUENCY (C) HIGH FREQUENCY
Fic. 3-3. Equivalent circuits of Fig. 3-2b.

as such is called the mid-frequency case, that case in which both low- and high-
frequencey attenuation effects can be neglected.  Therefore, the gain of this amplifier
is simply

Voltage gain = guRe

As the information frequency passing through the amplifier is decreascd, the
coupling capacilor impedance increases, allowing less and less signal voltage to reach
the grid of the next tube. In practice, R, is made as large as the tube will allow,
genecrally 0.5 megohm, while the coupling capacitor is usually made abont 0.5 uf,
Then, referting to Fig. 3-3b, it is seen that the low-frequency gain is

gt IRy

Voltage gain = —————————
Ry + R, — X,

If it is decided to cxtend the low-frequency response, a form of low-frequency
compensation can be incorporated which tends to counterbalance the term

o Bt

Ce =
fig M £

A t—

Ry
RQ
Ryg 4
. N 1

Fic. 3-4. LF compensated equivalent Fic. 3-5. Practical circuit of Fig. 3-4,
eircuit.

R;/Ri. + Ry — Xo.. The equivalent circuit of Fig. 3-4 appears as a slightly modi-
fied circuit as shown in Fig. 3-35, Optimum results are obtained if
RaRyp

—— (g = R,C,
Ri+ Ry 7%
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As the information frequency passing through the amplifier is increased, the shunt
capacity C: of Fig. 3-3¢ steadily decreases the total load impedance, resulting in the
gain of the amplifier decreasing with increasing frequency. The ohvious approach to
improve the bandwidth is to use low-capacity tubes and to minimize wiring capacities,
but when this approach has been exhausted, the following forms of high-frequency
compensation can be nsed.

B+
Ry
Leh gio 0%
C. f
It -
it =
C
Rg !
o Lsh
o} O
(A} ACTUAL CIRCUIT (B} EQUIVALENT CIRCUIT

Fi1g. 3-6. Shunt compensation,

For a moderate amount of bandwidth extension, shunt compensation is commonly
used as shown in Fig. 3-6.
As a compromise between maximnm flatness and uniform time delay,

0.44Rz
Wy

sh =

where Ly, = shunt peaking inductance
Ry = load resistance
Wi = 3-db point on high-frequency side of uncompensmted amplifier
A second form of high-frequency compensation, called series peaking, is shown in
Fig. 3-7. While a great deal of trial and error is nsed in the selection of the correct
value of L,., the following design equations can be used as an approximation:

Ly = 0.67C.R.?
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(A) ACTUAL CIRCUIT (B} EQUIVALENT CIRCUIT

Frc. 3-7. Series peaking compensation.
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where Cin = 2C,

where €, = plate output capacity of amplifier
Cip = grid input and wiring capacity of next stage
Ct = C’a -+ Cin + Cwirim:
A third method of compensation is a combination of botl shunt and series peaking
and takes the form shown in Fig. 3-8, This form also takes some trial-and-error selec-

(A} ACTUAL CIRCUIT (B) EQUIVALENT CIRCUIT

Fi1c. 3-8. Series shunt compensation.

tion for the proper component values, but the following design equations can be used
for a good approximation:

18

Ry = ——_
LT

Ly, = 012082

Le = 0.520,R;*?

where C; = Cy + Cin + Cwiring
Lgp = shunt peaking inductance
Lge = series peaking inductance
Rp = equivalent load resistance
W, = 3-db point on high-frequency side of uncompensated amplifier

While there are other forms of video compensation nsed either to increase the
amplificr bandwidth or to increase the gain for a given bandwidth, the above forms
of compensation are the most commonly used. At all times, component layout and
lead length of interconnections are important and to a degree determine the final
component values used in the compensated amplifiers.  In practical amplifier circuits
the peaking coils are gencrally made variable to compensate for variations occurring
in circuit capacities between varions units being manufactured.

Once the video amplifiers have been used to obtain the desired voltage gain and
signal polarity, the signal must be sent to the modulated stage.  Since most modulated
stages have high input capacitance, the modulator output stage must be capable of
operating into large values of capacitance while supplying a video signal unhampered
by whatever grid conductian takes place in the modulated stage.

Although an anode follower is sometimes used when no grid conduction of the
modulated stage ocewrs, some form of cathode follower is generally nsed. For rela-
tivelv small signal oulputs a simple cathode follower is used, but with large ontput
signal requirements a more elaborate circuit is required.  The circuit shown in Fig,
3-9a is commonly used. For the lower frequency components of the signal, the circuit
of Fig. 3-9a acts like a simple cathode follower as in Fig. 3-9b. For the high-fre-
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quency components of the signal, when C., has difficulty discharging on the negative
portion of the cycle, the circuit appears as that shown in Fig. 3-8¢.

One way of analyzing the action of the stage is to consider that the circuit is acting
as a cathode follower for low frequencies and as a switching circuit for high frequen-
cies. For positive-going signals, Vi of Fig. 3-9 cliarges Cin at a rapid rate, and for

B+

(A} GENERAL CIRCUIT (8) L F EQUIVALENT CIRCUIT {C) HF EQUIVALENT CIRCUIT
Fic. 3-9. A modulator cutput stage.

negative-going signals, V1 acts as a high impedance. A signal sampled from R to
the grid of Vo, however, is positive and switches V. into heavy conduction to dis-
charge Ciy at a rate rapid enongh to keep puce with the output signal. For purposes
of gain determination, the circuit gain of a simple cathode follower can be used,
meaning that the maximum voltage gain approaches unity.

In addition to the modulator requirement of ammplifying the video signal and send-
ing it to the modulated stage, there is also the reguirement of inserting a d-c com-
ponent into the signal. This d-c insertion is required, since the pedestal level and

O B+
o '-L\/” .
" SO
{
Rg 1 - !
] =

SN

Ece
{A] ACTUAL CIRCUIT {8) GRID VOLTAGE
Fic. 3-10. Diode clamp.

the synchronizing peak level must remain at constant power output levels regardless
of signal content ( whether mostly black or mostly white picture). Since a d-¢ com-
ponent is necessary, there are two commonly used methods of inserting direct current,
The most simple method is that of nsing an ordinary diode clamp as shown in Fig.
3-10. Referring to Fig. 3-10, the grid of V2 is always biased to —E.. through re-
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sistor R;. Each time the signal attempts to go more positive than —E.., the plate
of the diode tends to become more positive than its cathode and conduction occurs;
this causes the diode to appear as a short circuit and causes the synchronizing peak
to always be at —E... The ability of this clamp to hold synchronizing peak at —E..
under all conditions of signal content is limited by the diode impedance under con-
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(A} ACTUAL CIRCUIT (B) GRID VOLTAGE

Fic. 3-11. Keved clamp.

duction. Generally, some degracation occurs in the vertical interval pulses because
the encrgy content is different from the energy of the horizontal synchronizing pulses.

A second type of clamping circnit commonly nsed for establishing a d-¢ reference
on the composite video signal is called a driven or keyed clamp and is shown in
Fig. 3-11.

The circuit shown in Fig. 3-11 consists of a dual diode arranged in a Dbalanced-
bridge circuit. At the instant the two keying pulses occur, the two diodes are forced
into conduction, placing the grid circuit of Vy at — E.. during the clamping interval.
Once the clamping or keving pulses have ceased, the video signal is free to travel in
both a positive and a negative manner about E.. This clamping is usually set to
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{A) ACTUAL CIRCUIT {B) TRANSFER CHARACTERISTIC

Fic. 3-12. Syne separator.

ocenr at Py, which is the hack porch of each horizontal synchronizing pulse, and this
ensures a solid clamping action regavdless of signal content (whether all white or all
black).

In order to use the keyed clamp cirenit of Fig. 3-11, keving pulses must be gen-
erated.  This generation is usually accomplished by using standard synchronizing
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pulses derived from the video signal, using a synchronizing pulse-separator circuit
such as that shown in Fig. 3-12.

Once the synchronizing pulses have been derived from the composite signal, as
shown in Fig. 3-12, the keying pulses are generally derived by either of two methors:
a differentiating circuit or a shorted delay line. Figure 3-13 shows a differentiating
circuit for deriving keying pulses.

Referring to Fig. 3-13, it is seen that both a ncgative and a positive spike are ob-
tained from the differentiating circuit, and either can be used for keying pulses. The

¢ [
[ 7
eg |
|
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{A) DIFFERENTIATOR CIRCUIT {B) CLIPPER CIRCUIT {C} TRANSFER CHARACTERISTIC
Fic. 3-13. Differentiator key derivation.

first spike can be used for clamping on synchronizing peak, while the second can be
used to back porch clamp and is used more commonly in present-day operation. The
simple limiter of Fig. 3-13 is biased so that the first spike is below cutoff and is thus
discarded, while the second pulsc is limited by Ri when grid current tends to flow,
resulting in a keying pulse,

Figure 3-14 illustrates another method of obtaining keying pulses from synchro-
nizing pulses. A shorted delay line acting as a reflecting circuit gives both a positive
and a negative pulse equal in width to twice the electrical length of the delay line.
In practice, the delay line has an electrical length between 0.5 and 1 usec, resulting
in a keying pulse width from 1 to 2 gsec. A limiter similar in nature to that of
Fig. 3-13b is used to select the desired pulse. The advantage of this method is that
it takes less signal voltage to derive the keying pulses than the differentiator circuit
of Fig. 3-13a and is less sensitive to tube-capacity and signal-level changes.

As an added feature, some transmitters
have incorporated in the visual modula-
tors white clippers that limit the depth
of modulation in order to prevent inter-
carrier noise resulting from overmodula-
tion. The circuit of Fig. 3-15 is typical
of white-clipper circuits. Whenever the
plate voltage of Fig. 3-15D goes below
E1, the diode ceases to conduct, prevent-
ing eo from going more white and effec-
tively limiting the depth of visual modu-
lation.

= For purposes of increasing the over-all
Frc. 3-14. Shorted delay line key derivator.  Jinearity of the transmitter, black-and-
white stretchers are sometimes incorpo-
rated in one of the video amplifiers of the wvisual modulator. The circuit shown in
Fig. 3-16q is commonly used.

In general, Rx furnishes degeneration for the stage. When ex goes to a voltage
below E;, CR; conducts, causing the effective cathode resistance to be reduced, re-
sulting in less circuit degeneration and higher voltage gain. Likewise, when ex goes
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[4) ACTUAL CIRCUIT (B) PLATE VOLTAGE
Fic. 3-15, White clipper.

above Ea, CR. conducts again, reducing the degencration. The plate output signal
appears as the eo waveform of Fig. 3-16¢ with the stretching having occurred on the
shaded areas.

B+

Ry

(A} ACTUAL CIRCUT {8} CATHODE VOLTAGE

Fic. 3-1G. Stretcher circuits.

Visual Exciter

The visual exeiter supplics the carrier-frequency signal to the modulated stage at
the proper frequency and at the necessary power level.

Because of the accurate frequency control necessary to meet the I'CC requirements
on the frequency stability, the oscillator generating the frequency will be crvstal-
controlled and it can be similar to the Colpitts oscillator shown in Fig. 3-17.

It is common practice to make the crystal-controlled oscillator funetion at some
submultiple of the final frequency and then to frequency-multiply to arrive at the
final carrier frequency. For Channel 2 operation, where the visual carrier frequency
is 55.25 Mc, a frequency-multiplication factor of 12 has been used, necessitating a
crystal-oscillator operation at precisely 4.60417 Mec.  The indicated precision is
necessary, since the crystal tolerance must be

FCC tolerance

Crystal tolerance = T
multiplication factor

1,000 (FCC tolerance)
12

= 83.3 cps
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This 83.3-cps tolerance must include all sorts of drift such as that which arises from
temperature changes and short-term variations of the crystal.

Once the fundamental frequency has been generated, there remains the problem of
multiplication. If the required multiplication is 12, then two doublers and a tripler
will be necessary,

B+

Fic. 3-17, Visual exciter crystal oscillator.

As seen in Fig. 3-18, multiplication results in the generation of many frequencies.

To prevent the appearance of undesired frequencies, the multiplier stages should
have highly selective tuned-circuit clements. These tuned-circuit elements often
take the form of double-tuned inductively coupled circuits for maximum selcctivity,
and they are generally tuned and coupled for a condition slightly less than critical
coupling.

\
1T 28D

DOUBLER DOUBLER TRIPLER
TN Pala Vi

/ v / \ / 1

] 1 !

. T M t // ? * 1 [ : /’ T \‘ ]

10 MC 20MC ! 6OMC

Fic. 3-18. Frequency-multiplication spectrum.

Once the proper carrier frequency has been obtained, there remains the task of
amplifyving the carrier signal to the level required by the modulated stage. Class C
amplifiers are nsed for the amplification, with the nccessary c-w power being a func-
tion of the type of modulation used and the level of modulation.

Modulated Stage

The modulated stage is one of the most important parts af the visual transmitter,
since it nmst perform the function of converting the video signal to an amplitude-
modulated RF signal with a minimum of amplitude or phase distortion. Although
various methods have been wsed for modulating the visual transmitter, practice has
settled on grid modulation for best performance, with either low-level or high-level
modulation being used.

Law-level modulation deals with low-level signals and takes the form of square-
law-type modulation or power modulation operating at a low power output. When
low-level modulation is used, it is necessary to have several stages of wideband
amplification in order to arrive at an outpat power which is useful in commercial
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operation. This requirement of several stages of power amplification must be bal-
anced against the savings made in lower power visual modulators and exciters.

The sguare-law-type modulator can hest be nnderstood by reference to Fig. 3-19,
which shows both the general cirenit configuration and the transfer characteristic.
From the general circuit configuration it is seen that the grid signal is composed
of both video dircet current coupled from the visual modulator and the carrier signal
alternating current coupled from the visual exciter.  The grid signal is essentially a
low-level RF signal together with a slowly varving bias consisting of the video signal.
The stage then acts as o Class A RF amplifier.  Since the transfer characteristic is
nonlincar, the gain will not be a constant but will be a fanction of the bias or of the

[A) GENERAL CIRCUIT {B) TRANSFER CHARACTLRISTIC.
Fig. 3-19, Square-law-type modulation.

video signul.  For the proper degree of modulation the circuit shown must have a
lincar gm variation of 10 to 1 between synchronizing peak and reference white, since
the RF voltage gain of the stage is

Voltage gain = gimZy,

where g = transeoudnetuance
Z5. = load fmpedanee

A power-modulated stage is similar to the modulated stage shown in Fig. 3-19,
except that it operates on the assumption of a linear transfer characteristicc. The
general circuit is that shown i Fig. 3-20a, with the transfer characteristic shown in
Fig. 3-20b.

Again, the grid signal consists of an RF signal a-¢ coupled from the visual exciter
and a slowly varying bias voltage which is the video signal d-¢ coupled from the
visual modulator. In this case, the video voltage gencrally has a peak-to-peak ampli-
tnde equal in magnitude to the projected cutoff bias voltage, with a d-c reference

F.. = d-cinsertion — £},
= ]'BE’:lllUff - Ef;

where Er. = cathode voltage of pedestal level
d-c = pedestal insertion voltage from visual modulator
The RF level is such that the peak-to-peak RF is at least twice the peak-to-peak
video level, or

RI' voltage > 2855400

2
2E..

Vi
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As seen in Fig. 3-20D, the stage operates as a simple Class B RF amplifier at the
synchronizing peak level and as a Class C RF amplifier at the reference white level,
resulting in an RF signal ontput linearly amplitude-modulated according to the grid
video signal. Since the transfer churacteristic is not linear near the cutoff region, an
improvement in linearity can he had by using some cathode video degeneration.

Bt
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(A) ACTUAL CIRCUIT (B) TRANSFER CHARACTERISTIC

Fic. 3-20. Power modulator.

In general, most tubes used in modulated stages require a grid circuit which has
a frequency response at least twice that of the modulating frequencics. This require-
ment becomes a necessity as grid conduction takes place.

Neutralization is extremely important, since the possible depth of modulation is
affeeted by the feed-through RF, thus influencing the modulation linearity and the
differential phase shift.

Wideband and RF Amplifiers

In order to transmit the required frequency components of a television signal, the
RF circuits through which the modulated RF signal passes must be wideband to
pass the modulating frequencies uniformly out to at least 4.2 Me.

The baudpass of Fig. 3-21 shows the
\ requirement of the FCC and serves as a
| guide for wideband-amplifier design.

! From an observation of Fig. 3-21 it is
Y oo g Seen that the required RF bandpass is
Db approximately 5 Mc¢ wide. This required
I S L |
SL25MC e 358 MC 475 MC bandwidth .and the tube capacities usu-
418 MC ally determine what power output can be
obtained from a given tube. Since the
majority of wideband amplifiers used in
television transmitters employ double-
tuned circuits, the equation of Fig. 3-22 relates the bandwidth and the tube capaci-
ties to the effective load impedance for slightly overcoupled circuits.

Once the effective load impedance that is realizable from the proper consideration
of the tube capacities and the bandwidth nceded is kuown, it is possible to estimate
the tube power capabilities on the basis of a Class B RF tuned amplifier. The con-

|
|
1
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|
|
L

Fie. 3-21. FCC bandpass.
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stant-current curves are generally most useful for determining the tube operation
(Fig. 3-23). .
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Fig. 3-22. Double-tuned circuit.

Based on the assnmption of a Class B linear circuit with the plate current flowing
in half-wavc-rectified sine waves, the following equations hold as a first approxi-
mation:

—~ (Ehh - Em'm)]m;xx

out —
4

assumes negligible idle eurrent.

,(Ebb - jmiuS‘P,)]m:n:«;\“.I’.

Pogp. = 1 point A syne peak power output
Frpy — Fons Trax
Foutp 1. E( Jmf'l“) TP L. pedestal level power output
Ia‘vg = Imnx
Reff ~ 2(Ebb - Emin)

]mn:(

As a general approximation, the rated plate dissipation of a given power tnbe can
be used as an indication of the power-output capability. In wideband operation of
5 Mc, the synchromizing peak output-power capahility is approximately equal to the
rated plate dissipation for most tubes
used in VHF transmitters.

The above method of approximating
the tube operation can be used for both iy LINES
the modulated stage and any subsequent 7
RF linear Class B amplifiers. If a more
accurate and detailed analysis of the tube
operation is desired, resort must be made ¥
to an exact method of graphical calcula-

[ L1

tion, which takes into account tube non- LOADLINE
linearities,
o Circuit L
utput Circuits -
. . . . € min : ey
Once the tube circnitry associated with A
the visual transmitter has been deter- 'b=0

mined, there remains the job of shaping g 554
the bandpass to conform to the FCC re-
quirements of adjacent channel interfer-
cnce. The important items are a vestiginl-sideband flter, an upper sideband filter,
and a harmonic flter, together with a diplexer if separate antennas are not used.

The purpose of the vestigial-sideband flter is that of limiting the lower sideband
of the transmitter in order to ensure 20 db of attenuation at frequencies of f. — 1.25

Typical constant-current curves.
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Me and below. In general, there are two basic types of VSB filters used: constant
impedance and nonconstant impedance.

The most simple VSB Rlter mechanically, and therefore the more economical, is the
nonconstant-impedance type, which is usually a transmission-line trap. The equiv-

T

S
— oo BANDPASS
_L ] TRANSMITTER FILTER — Ry
T ’
BAND
REJECT
| — Lk
—/8 /L 1
Fic. 3-24. Nonconstant-inpedance VSB Fic. 3-25. Constant-impedance VSB filter.

filter.

alent circuit is shown in Fig. 3-24, and the flter must be tuned in conjunction with
the preceding double-tuned circuit of the output tube. Briefly, the trap in the trans-
mission line acts as a sharply tuned trap to form the sharp rate of attenuation shown
in Fig. 3-21. The spacing A of Fig. 3-21 is such as to rotate the reflected impedance
of the trap to match and cancel the double-tuned impedance below f. — 1.25 Mec,
while the spacing B contrals the cutoff sharpness. The over-all result is that of
presenting to the tube a wide bandpass determined by a triple-tuned circuit. The
circuit can be easily tuned or adjusted without special test equipment other than a
RF sweep generator,

A constant-impedance sideband filter is simply what its namc implies. Tt has a
constant input tmpedance across the frequency range concerned and, as such, is not
primarily a part of the tube cutput circuit. Figure 3-25 shows functionally one type
of constant-impedance Glter. Operationally, this type of filter is composed of a
bandpass Alter which has, shunting its input side, a band reject filter so tuned that the
two filters complement cach other, thus presenting to the transmitter a constant-
impedance resistive load. This filter is usually more costly, and it normally vequires
more skilled personnel for its alignment. Constant-impedance filters can take other

o .
SOURCE ~——— 1 %Ro
o—

STUB #1 STUB #2
Fic. 3-26. Subcarrier trap.

forms, such as, for example, the use of two bandpass sections so phased that the filter
presents a constant resistance to transmitter.

The subcarrier trap, fo — 3.58-Mc tvap, used to remove the lower color-subcarrier
sideband is sometimes made a part of the VSB filter and at other times is a separate
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filter in the antenna transmission line. When the trap is in the transmission line, it
can be similar to that shown in Fig. 3-26. Stubs 1 and 2 are such as to be series
resonant at f. — 3.58 Mc and are spaced electrically A/4 apart at fo to have their
reflected reactive components eancel at the actual carrier frequency.

The upper-sideband filter is generally a video-Irequency low-pass filter with 20-db
attenuation starting at 4.75 Mec.

The harmonic filter is of the transmission-line variety which can take the form of
cither a bandpass filter or a low-pass filter. Whencver it is desired to feed a single
anlenna with both aural and visual transmitters, some form of diplexer is necessary.
A Dbridge diplexer is used to feed batwing antennas, while a “slot” diplexer can be
used to feed an antenna such as a helical, which requires 2 single-line feed only.

AURAL TRANSMITTER—BASIC CIRCUITRY

Since the aural transmitter is basically a FM transmitter and is covered in another
chapter, this portion will be tonched upon very Lghtiy.
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MODULATOR
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VISUAL SIGNAL

Fic. 3-27. Block diagram—aural transmitter,

Figure 3-27 is a block diagram of the aural transmitter, basically separate from
the visnal, and shows its functional parts.

Aural Exciter

The awral exciter generates and determines the frequency, which, after suitable
frequency multiplication, serves as the aural carrier or center frequency.

Thosc equipments emplaying phase modulation to achieve the FM signal use a
separate crystal oscillator to derive the basic frequency signal. With a crystal-
controlled oscillator it iy possible to achieve the degree of accuracy necded to place
the final aural carrier or center frequency 4.5 Mc above the visual canier frequency.

In general, when using a phase-shitt type of modulator, the frequency at which
the oscillator operates is selected on the basis of many considerations, The selection
of the [requency is a compromise bused on the optimum frequency for phase-shift
modulation, considering the low-frequency distortion allowable and the amount of
frequency multiplication necessary to achieve the required frequency deviation, The
optimum crystal-oscillator frequency is between 100 and 200 ke for Channels 2
through 83, with the low VHF channels wing a nominal 100-kc frequency and the
other channcls using « norminal 200 ke.

For those aural transmitters that use a reactance-tube modulator, the basic oscilla-
tor is not crystal controlled, since the oscillator frequency must be made to vary in
accordance with the audio modulation to produce the desived FM signal.  Since the
center frequency is not divectly crystal controlled, some means must be provided to
maintain the center frequency at the desired or assigned frequency. This center-
frequency control is generally accomplished by sampling the output signal, fre-
quency-dividing it down, and then comparing the resulting signal with a known
crystal.  The error in frequency or phase is then fed back as a correction signal to
the oscillator.
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Aural Modulator

Two types of frequency modulation are commonly used in aural television trans-
mitters: one is direct frequency modulation using a reactance tube modulator, and
the other is phase-shift modulation which is converted to frequency modulation by
means of filters and limiters,

In the reactance-tube modulator, direct frequency modulation takes place by having
the rcactance of the oscillator vary at an audio rate to cause the oscillator frequency
to deviate the required amount to achieve a maximum frequency deviation when the
audio signal is 2 maximum. Figurc 3-28 shows a simplified reactance-tube modulator,

In the reactance-tube modulutor the basic oscillator is a free-running oscillator
whose center frequency of oscillation is determined by the total tuned-plate imped-
ance of the oseillator. If the frequency of oscillation is to vary, it will be necessary
somehow to change the reactance of the oscillator output circuit. In order to pro-

REACTANCE
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Fic. 3-28. Simplified reactance-tube modulator,

duce an apparent change in the reactance of the oscillator circuit, a sample of the
output can be taken through a RC network to derive a cnrrent 90° out of phase
with the tank voltage. Tlis 90° current can then supply a grid voltage to the re-
actance tube in such a manner as to cause the reactance tube to supply a 90° current
component to the oscillator tank. If the 90° reactance-tube current is then varied
at an audio rate, the result is an oscillator output which varies in frequency at an
audio rate.

While this is a relatively simple method of obtaining FM modulation, the problemn
of maintaining the center frequency within the required hmits is complicated by the
fact that the oscillator is not directly erystal controlled. To achieve the required
center-frequency stability it is, therefore, necessary to sample the modulated output
frequency and to divide down te some low frequency for comparison purposes with
a crystal-controlled reference oscillator. Both the divided fregnency and the crystal
reference frequency are beat together, with their difference frequency or phase error
used as a control signal to be fed back to the main oscillator as a correction factor.

The other commonly used method of obtaining FM is to employ a phase modu-
lator which, by the use of a proper filter in the audio and limiting of the RF, will
result in the desired FM output signal. Of the two familiar types of phase modula-
tors, the type that makes use of the varying-amplitude trapezoid is most often used
in television transmitters.

A crystal-controlled oscillator supplies the center frequency for the clipped saw-
tooth-phase modulator. The crystal frequency is used to drive a sawtooth generator
which is clipped into a trapezoid at different levels, depending upon the level of the
audio signal. Once the clipped trapezoids have been derived, the signal is sent
through a differentiating circuit, wlich results in a position-modulated signal varying
at an audio rate. Once the position-modulated signal is derived, a simple series of
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frequency multipliers and limiters are used until the desired final frequency s
achieved with the proper frequency deviation.

Figure 3-29 shows un idecal sawtooth which is to be clipped. Referring to Figs.
3-29 and 3-30, it is scen that the maximum phase shift possible is 2x radians or 360°.
Practically, something less than 2+ radians can be achieved because the sawtooth does

- £
L

Fic. 3-29. Clipped trapezoid. Fic. 3-30, Position moadulator.

require a definite rise time. Fram the knowledge of the maximum phase shift ob-
tainahle or ta he used, the following relations determine the frequency multiplication
and the crystal frequency at which the phase modulation occurs.

_\_} 1= lfnr,

where m = radians swing at the erystal [requency
Fr = audio-modulating (requency
Afi = maximum frequency swing from center or erystul frequency

Afe

Afi

M =

where M = multiplication factor to achieve required swing at final carcier or center
frequency

Afe = maximum frequency swing around carrvier or center frequency
j‘ _ .f"(l-
Jer — 77
M

where f., = aural center frequency
fer = crystal frequency

In order to process the signal from phase modulation to frequency modulation, it
is necessary for the audio amplitude-vs.-frequency response to have a drooping re-
sponse, so that fi is a constant with change in audio frequency. This attenuation
rate must be m = k/fu, so that Af = mifs — kfu/fu = k.

The FCC specifies that pre- and deemphasis be used in aural transmitters and re-
ceivers, respectively, in order to obtain a more favorable noisc situation, The pre-
emphasis of 75 wsec nses a simple reactance-resistor circuit which is placed in the
audio circuit.

Frequency Multipliers

Once the desired modulation has heen achieved, it is necessary to nse frequency
multipliers to arrive at the final aural center frequency.  This trequency multiplica-
tion can consist of straight multiplication or a combinalion of multiplication and
heterodyning. If other than straight frequency multiplication is used, duc considera-
tion must be given to the proper Af; at the crystal or modulation frequency.
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RF Amplifiers

Since an ideal FM signal is a constant-umplitude signal with the intelligence lo-
cated in the instantaneous frequency, it is possible to use the most efficient type of
power amplifier to achieve the desired RF power output to the antenna—Class C
amplifiers.

The design of Class C amplifiers is reasonably well known; thercfore, this subject
will be touched npon very briefly.

Since the object of using Class C amplifiers is to achieve maximum power output
together with maximum plate efficiency, the preliminary work should be done on a
set of the mannfacturer’s tube curves, preferably the constant-current curves. Using
the constant-current curves, it is possible to determine the tube and circuit perform-
ance by the use of graphical integration. Once the d-c and fundamental voltages
are found, the following relations hold:

Power input (P} = Eulp

where Ey, = supply voltage
Iy = direet plate current

Byl
Power output (P,) = 9 =
where [,,; = RF fundamental current (peak)
I
Ry = =
I

where 7 = impedance presented to tube
FEy = fundamental frequeney-voltage component (peak)

P,
i )-{n

The tuning of the Class C amplifiers is simple and is done with the normal circuit
meters.

1. Tiune the plate circnit for a mimimuom d-c¢ plate meter reading. This minimum
meter Teading indicates a maximum Re for the most practical case where the tank
circuit Q is reasonably high.

2. The grid circuit d-c¢ ammeter will indicate a maximun if the grid circuit is
properly tuned and coupled, provided, of course, that the tube normally druws grid
cnrrent,  { This presupposes that the stage is sufficiently neutralized.)

The FCC specifies that the output power shall be determined by the indirect
method, using the efficiency factor determined by the equipment manufacturer,

Py = Lyl Il

eff =

where Ep, = plate supply voltage

1y = direct plate current

F = cfficienev factor

The direct method of measuring power can be used for checking the power ontput

and the cfficiency factor. The direct method nses some type of dummy load for the
antenna with a calibrated meter indicating wutts output to the load. Since an
antenna and a dummy load may present slightly different load impedances, it is
necessary to have equal I» meter yeadings for both cases. Equal I, readings generally
require a slight final plate cirenit adjustment when moving from the dummy load
to the antenna.

RECTIFIER AND REGULATED POWER SUPPLIES

Along with the consideration given to the proper audio, video, and RF circuits,
equal care must be taken with the all-important power supplies.



TV Broadcast Transmitters 3-79

In the visual and aural circuits the choice must he made as to whether or not to
use regulated power supplies and whether to use multiphase or single-phase sources,
All such decisions, of course, must be made on the basis of an individual design, con-
sidering the power rating of the cquipment, the hum requirements, the regulation
necessary, and so forth.

For television transmitters the cconomical crossover point for the choice between
single-phase and three-phase a-c supplies
seems to be the 1-kw output rating. o—

In general, regulated power supplics are
used for visual modulators and screen sup-
plies of the visual RF stages. Unregulated
but highly filtered supplies furnish the ad-
ditional voltages required by visual excit-
ers, aural exciters, aural modulators, and
the high voltages for the plate circuits of
the RF stages.

In selecting a rectifier circuit, the choice
of whether to use rcctifier tubes or semi- -
conductors is one which must be made on
the basis of economy and performance.

For low-voltage circenits it is economical

to use germanium or silicon semiconduc-

tors, while in high-valtage rectifiers the {A] CURRENT DISTRIBUTION —NOT
low peak inverse rating of semiconductors QUARTERPHASED

may make il more economical to use mer-
cury or ligh-vacuum tubes. Likewise, on
the basis of performance there is room for
making a choice: gas kicks and flash ares
occur in tube rectifiers, while problems
can also oceur in series semiconductors if
they are improperly applied.

If tube rectifiers are used, some form of
current protection should be employed to
limit any instantaneous overload in current
due to arc bhacks and short circuits.  In
addition, quarter-phasing of the filaments
sometimes improves the current rating of
the rectifier tubes in polyphase rectifiers.
Reference to Fig. 3-31a and b will aid in
the explanation for the quarter-phasing of s
voltages in rectifier tubes. When a vecti-
fier tube conduets, the voltage drop aecross
it iy relatively small, so that the fillament
voltage is a significant value in compari-
son. 1f both the plate voltage and the
filaunent voltage are in phase, one side of
the filamenl cathode tends to draw most F16. 3-31.  Quarter-phasing rectifiers.
of the cwrrent, causing excessive localized
heating of one side of the cathode heater.  If the filament cathode presented a nni-
form or coustant voltage for the instant of maximwum &, then the current to the
cathode would be received in a uniform manner across the cathode surface. Quarter
phasing, or causing the filiment voltage to he 90° out of phase from the supply volt-
age e, will allow the filament voltage to be at zero potential when the iy current is
a4 maximum.

The procedure for designing filters to renwove the various ripple voltages is pre-
sented adequately in numerous textbooks. It i enough to say that generally for
unregulated power supplies a filter is required which will result in a hum level attenu-
ation of 65 to 70 db for the ripple frequency out of the power supply. It is obvious

(B} VOLTAGE QUARTERPHASED
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that a single-phase a-c source will require more filtering than a three-phase source
becanse the fundamentzl ripple frequency is lJower and the percentage of ripple is
higher. In addition, it is important that the input inductance of the first filter section
(when LC filters are used) should be such that current flow is always maintained.
In other words, the minimum inductance should be

By R
Ey w

o

where £,/E; = ratio lowest frequency ripple component to d-e voltage output
w = 2r X lowest ripple frequency
Reff = Edc/In‘.c (10\\'9St)

It is important to consider the effective source impedance of the rectifier-filter eom-
bination. The regulation of the supply should be good enough to allow meeting the
signal-regulation requirement from a black to a white picture.

Again, regulated power-supply design is adequately covered in numerous texts
and will not he covered here except to say that the filtering required is generally in
the order of 45 to 50 db, since the process of regulating the voltage from the filter
does add a significant degree of effective filtering. Also, it is important that where
twin triodes are used as the passing tube in series regulators, a small cathode resistor
should be used in each section to balance the current. A small resistor in each plate
also tends to reduce the possibility of oscillations.

Concerning fixed bias supplies, the choice of whether to nse regulated supplics or
not is generally a choice based on economy, The most practical choice, generally,
is to use an unregulated filter supply with a high ratio of shunt bleeder current to
grid current. A bias supply of this nature will commonly have a 5-to-1 ratio of
bleeder current to grid current,

It is important to bear in mind that in all power-supply circuits associated with
video and RF circnits the video impedances must be minimized. If, for instance, the
visual wideband RF stages see a video impedance back through any of the power
leads, the RF circuit will not perform as expected and the picture will in some
manner deteriorate.

CONTROL AND PROTECTIVE CIRCUITRY

In television transmitters as well as in other transmitters the control and protective
circuitry is of extreme importance. This circuitry has many configurations, depending
upon the design and the designer, and consequently, only a general discussion can
be presented here.

For control work, it is important to bear in mind what is to be controlled, what
the sequence of control is to be, and the degree of control desired. In general, the
items to be controlled are the cooling medium, the filaments, the low-voltage power
supplies, the bias voltages, and the high-voltage supplies. In addition, it is common
practice to allow for separate application of the voltage supplying the anral and visual
transmitters if comumon power supplies are used. To the extent possible, the control
circuitry should be such that minimum operator effort is required.

The following sequence of control is usually employed:

1. The transmitter sTarT button or switch is operated in such a way that the air
blower or the water pump operates first,

2. The filament supply is then antamatically activated.

3. When the filament supply is activated, a time-delay cireuit associated with the
filaments automatically places at least a 30-sec time delay in the way of subsequent
circuit activation. The delay is for the filiment warm-up time necessary for some
of the higher power tubes. Were the delay not incorporated, the tubes could be
damaged should plate voltage be applicd before sufficient filament warm-up,

4. Once the filaments have sufficiently heated during the delay time of 30 see, the
low-voltage and bias supplies are activated. Once the low-voltage supplies are acti-
vated, the transmitter is in a position to operate with one additional operation, -
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5. For complete operation of the transmitter, the final operation of the high volt-
age 1s, or should be, an operator function.

Thus, it is seen that the operation of the transmitter can be accomplished with
two manual operations, the first operation automatically handling the seguence of
blower, filament voltage, and low-voltage activation, the high-voltage activation for
output power being the second operation.

Incorporated  throughout the control circuit should be pertinent protective eir-
cuitry to protect both the equipment and the operating personnel.  Interlocks on
access doors should interrupt all power, except to coolants and filaments, when access
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Fic, 3-32. A simplified control circuit.

doors are opened. Overload relays should protect all power tubes by removing

pertinent supply voltages to screems aud plates.

Because relays are commonly used for automalic scquencing and cireuit protection,
much reliability must be placed directly on the relays themselves.  Any failure of the
relays, of course, means service interruption.

Figure 3-32 shows a much sinplified control civcuit which could be used in either
or both of the aural and visual transmitters.  Since this contvol circuit is in its simplest
form, the sequence of operation is casily followed.

S tarting Sequence

When S; is activated, the blower starts operating.  { The blower shauld have an
alr mtulocl\ to prevent flament activation should the air fail or the blower run in
reverse. )

2. After the Blower operates, the Rlawent relay is activated, closing the flament
voltage contacts.

3. As the flameut contactors are activated, a time-delay relay of 30 see commences
operation.

4, Once the 30-scc delay period ends and the door interlocks are closed, the low-
voltage relays are activated, thus closing the contactors supplying the low-voltage
power supplies,
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5. With all the foregoing operations automatically completed, the operation of
applying high voltage is under the control of the operator through operation of Sa.

The control circuit in Fig. 3-32 shows overload protective relays which could be
placed in the cathodes of any given tube. As shown, whenever an overload relay is
activated, C¢ closes, in turn activating a relay to open Ci and to close Cg, thus main-
taining the plate voltage in the oFF position and preveuting the plate voltage from
chattering off and on. Pushing the reset button will place the high voltage on again.

Stopping Sequence

Still referring to Fig. 3-32, the stopping sequence is a two step operation:

1. Open Sg, thus removing the high voltage,

2. Open Si, thus deenergizing all the control relays. The relay that controls the
blower should have an opening time delay in the order of 3 min to allow tubes time
to cool off.

The control circuit shown is, of course, extremely simplified, but should more
sophistication be desired, it could easily be incorporated with a rapid increase in the
number of relays required.

A TYPICAL TRANSMITTER—TYPE TT-36-A HIGH-CHANNEL 50-KW
TELEVISION SYSTEM

The General Electric Type TT-36-A high-channel 50-kw system shown in Fig.
3-33 consists of the following auxiliary equipment: a type TT-32-B 10-kw driver, a
type TF-5-A 50-kw amplifier, a constant-impedance vestigial-sideband filter, two har-
monic filters, and a diplexer if the system requires a scparate diplexer. Some instal-
lations can call for a slot diplexer, which can then be a part of the VSB filter.

ANTENNA
| -32- -5- N
VIDEQ | AUXILIARY TT-32-8| | TF-5-A VSB || HARMONG | | oo
IN | EQUIPMENT VISUAL VISUAL FILTER FILTER
TT-32-8| | TF-5-A HARMONIC
AUDIQ ——m  — — :
fy AURAL AURAL FILTER

Fig. 3-33. Simplified diagram, type TT-36-A transmitter system.

Referring to Fig. 3-33, it can be seen that the video signal passes through some
auxiliary equipment before reaching the transmitter. This auxiliary equipment con-
sists of a video low-pass filter for attenuating 4.75 Mc and above, a variable low-
frequency envelope-delay corrective filter, a receiver corrective filter, and a variable
high-frequency envelope-delay filter. The variable filters compensate for the VSB
filter and the upper-sideband phase error due to the bandpass restrictions of trans-
mitters.  All filters are isolated from one another by isolation amplifiers of 75 ohms
forward and backward to minimize reflections.

The video then passes to the visual modulator, The video passes through two
video amplifiers, a cathode follower, a linearity corrcctive stage, and an output stage
to the modulated stage. The video stages are similar to those described in the theory.
The modulator output stage is similar to the “stacked” amplifier described in the
theory, using two 6146 tubes, thus making the modulatar capable of driving into
180 wuf with a video voltage in excess of 100 volts and with a frequency response flat
beyond 7.5 Mc. Two keyed clamps are used to establish the d-¢ levels, one at the
linearity corrective stage and one at the last amplifier to establish the d-c insertion or
blanking level at the modulated-stage grid. The keying or clamping pulses are
formed as outlined in the theory, using a sherted delay line and clipper tubes.
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The carrier signal is generated in the visual exciter, which uses a crystal frequency
in the range of 5 Mc, and after a multiplication of 24 the exciter delivers the carrier-
frequency signal to the first of two C-W amplifier stages. The two amplificrs operate
as Class C amplifiers to deliver the required power to the grid of the modulated stage.

The modnlated stage can he deseribed as a medinm-level power-modulated stage.
The modulation is the grid modulation discussed in the theory, with the modulated
stage operating between Class B and Class C. The output of the modulated stage is
wideband to accommodate the sidebands of the now modulated carrier.

Following the modulated stage are two Class B lincar wideband amplifiers operating
in a grounded-grid fashion. The circuitry is of the cavity tvpe owing to the freqnency
range involved but is basically slightly overcoupled donble-tuned circuits of the
nature described in the theory. The final amplifier delivers 10 kw when the driver
operates alone, but when driving the 50-kw amplifier, ity output is reduced to the
3 kw nceded to drive this amplificr to its rated output.

Following the lype TT-32-B driver is & wideband Class B linear amplifier, type
TF-3-A, wsing two GLG6251 tetrodes in parallel, which delivers a 30-kw ontput.  This
stage operates as a grounded-grid stage with an input-matching cirenit to transform
the circuit input impedance to the impedance into which the driver is designed to
work, While the amplifier cirenit is cavity-type cirenitry, the output again assnmes
the slightly overconpled double-tuned cirenit described in the theory.

Immediately after the amplifier is a harmonic filter and a vestigial-sideband flter
in that order. The V8B filter is of the constant-impedance tvpe which lends itself
readily to switching varions driver and amplifier combinations. After the harmonie
filter and the VSB filter, the RI¥ signal passes to the diplexer.

The anral transmitter begins at the aural exciter of the driver, which has a separate
oscillator of the Colpitts variety operating at a nowminal 200 ke. Since frequency
modulation is arrived at through the type of phase modulation described in the theory,
it is possﬂ)lc lo crvstal-control the center frequency accurately withont referencing to
the visual exciter. Following the oscillator is a sawtooth generator, which the andio
signal modulates by clipping. Following the sawtooth clipping operation by the andio
there is a differentiating circuit svhich derives the 200-ke pulses that now appear as a
pulse-position-modulated signal.  The resulting signal is limited, filtered, and multi-
plied 972 times lo arrive at the desired final aural carrier center frequency. The
andio signal is processed both for the preemphasis required by the FCC and for the
linear deemphasis dictuted by the phase-modulation process prior to modulation of
the sawtooth.

The FM signal out of the modulator-exciter is amplified by three Class C stages
which deliver a nominal 5 kw of aural power, although when the type TF-5-A aural
amplifier is driven, a nominal 2.5 kw is required.  The circuitry and the constrnction
essentially duplicate the like stages in the visual driver.

The type TF-5-A zural amplifier delivers a 26.6-kw signal, again using the basic
circuit of the visual amplificy with the circuit tuned to a narrower bandwidth, The
cireuit also operates as a Cluss C stage instead of Cluss B as in the visual.

The FAM signal feaves the aural amplifier through a harmonic filter to the diplexer
and finally out to the anlenna aleng with the visual signal.

INSTALLATION CONSIDERATIONS

When installing a transmitter it is wise to make sure that sufficient space is avail-
alile to sitnate the transmitter so that complele access to its various parts is possible.
Space should be available for necessary supporting auxiliary equipment with room
Jeft for expanding the cquipment complement, sneh as, far example, a standby trans-
mitter.

[t is important to have a good grounding systemi for the installation in order to
reduce feedback of spurions signals into low-signal equipments, thus degrading the
output signal.

Iu addition to a good ground, it is usually wise to keep the signal cables separated
{rom the a-¢ power lines, since the transients from rectifiers can mix with the incoming
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signals, again degrading the signal. It is wise to use separate wiring ducts for signal
cables and a-c¢ power lines. Where it is not possible to keep the lines separated, a
good means of shielding must be used.

A disconnect device capable of interrupting the power sourcc on a short circuit
should be connected between the transmitter and the power source. Various power
sources can have different current capabilities which may need to be interrupted. If
the disconnect device is not capable of interrupting the source short-circuit current
capability, equipment damage can result. This disconmect device should be coordi-
nated with the protective circuits of the transmitter so that it operates only in the
event of operating failure of the protective circuit of the transmitter.

Before operation of the transmitter it is important to check the protective circuitry
to prevent damage to equipment and/or personnel should there be short circuits, open
circuits, and so forth. The various manufacturers’ instructions on starting a given
transmitter should be followed, since the procedure has been set up with equipment
protection taken into account.

TEST AND ALIGNMENT

Ornce a visual transmitter is installed for operation, there remains the procedure of
tests and alignment to ensure optimum operation.

If a transmitter has more than one wideband RF stage, it is necessary to align each
stage with an RF sweep generator or some equivalent method. The general procedure
is to start with the highest level stage and to tune successively lower power stages
until all stages are tuned.

Once the RF stages are tuned, the video-frequency stages can be tuned or adjusted.
The video-frequency stages consist of both the visual modulator stages and any
auxiliary equipments, such as low-pass filters, phase-correction filters, and isolation
amplifiers. The object is to have all the video stages as a system present a uniform
amplitude-vs.-frequency response to the modulated stage of the transmitter. Since
the auxiliary filters associated with the transmitter can accumulate an amplitude-
response error, it is common practice to compensate for the response errors with the
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Fra. 3-34, Amplitude vs. frequency sweep detection.

peaking coils of the isolation amplifiers. The general approach is to have all auxiliary
units flat, as a group, and the visnal modulator flat, so that the two can be separated
operationally should the need arise.

Once the video circuits and the BF circuits have been properly adjusted, an over-
all amplitude-vs.-frequency response check should be made to determine the trans-
mitter system response. Figure 3-34 shows what the over-all response should look
like, using the three possible methods of detection. For proof-of-performance tests a
point-by-point amplitude-vs.-frequency response check is generally performed, using
a field-strength meter. It is important that the proper operating conditions prevail
when making the above test.  If u composite test signal is used (with synchronizing
pulses), there is no problem on setup, but if a noncomposite signal is used, the
average power should be approximately one-fourth rated synchronizing peak power,
since this ensures the measurement being made in the black-to-white picture region.

Once the desired amplitade-vs.-frequency response is achieved, the power-output
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capability of the transmitter should be checked, because a bandwidth which is too
wide could limit the power-output capability. The power can be checked with
either black-picture modnlation or with no modulation. The following equations hold
for determining the synchronizing peak power when reading the average power on a
calibrated wattmeter on a dummy load. The P, reading should be that read on the
dummy load for the peak power rating of the transmitter:

peak-power rating

P, 168 (for modulition with rated synehronizing pulses
B
Pedestal
level
eak-power rating
P, = P . i (for no modulation)
1.78
Pedestal
level

With the amplitude response and the power output properly adjusted, the lincarity
should be measured and adjustec if needed.  The most commonly used procedure is
to have a composite video signal with rated synchronizing pulses and a stair-step or
sine-wave signal covering the black-to-white region, having 3.58-Mc sine waves super-
imposed.  Care st be taken ta have the transmitter operating at the desired operating
power with the proper percentage of synchronizing height before attempting to meas-
ure the linearity. The liucarity measurement must be made with a linear detector
so that the depth of modulation can be controlled in order not to exceed 87.3 + 21
per cent.  Figure 3-35 shows the system line-up for lincarity kesting.

TRANSMISSION

INPUT TRANSMITTER LINE

FILTERS DuMMy

LOAD
LINEAR -
DETECTOR
— HIGH PASS
SCOPE

FILTER

Fic. 3-35. Setup for linearity testing.

As seen in Fig. 3-35, the ountput from the lincar detector will show the depth of
modulation, and if the signal is then passed through a high-pass filter, the 3.58-Mc
component can be displaved on an oscilloscope. While this display is viewed from a
high-pass filter, the black-and-white stretch controls arc adjusted so that the scope
presentatian shows a unitorm amplitude (sec Fig. 3-36).

Using suitable phase-measuring equipment, the above linearity-test setup cau be
used for measuring the differential phuse shift between different brightness levels,

Measuring the envelope delay of the system is a difficult procedure hecause of the
unavailability of commercial equipment to measure the entire frequency range under
consideration.  Therefore, it is common praclice to use square-wave-type testing of
the system to arrive at the desired transient response.  The transmitter system, in-
cluding delay-correction filters, is monitored with a vestigial-sideband demodulator
similar to that shown in Fig. 3-37. The ideal demodulator should be envelope-delay-
corrected i order not to introduce errors itself. With the envelope-delay predistor-
tion required by the FCC out of the system, the transmitter dclay-correction filters
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Fic. 3-38. Square-wave response—low frequency.
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should be varied until the best transient response of 100-ke sguare wave is obtained
{ Figs. 3-38 and 3-39).

In addition to square-wave testing, some use is being made of sin® x testing, but this
requires additional test equipment to furnish the test signal.

Once the transient response is optimized, the receiver predistortion is inserted into
the systeni and the system is ready for visual operation. {The receiver predistortion
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Fic. 3-39. High-frequency square-wave response.

will cause high-frequency ring to appear on the leading edges of the square wave.
This ring will minimize in the home receiver.)

The aural tuning can be accomplished by peaking grid current and minimizing plate
currents of the RF stages. Neutralizing cau be checked and adjusted by having the
plate-current minimum occurring as a grid maximum occurs while varying the plate
tuning.

For a complete proof-of-performance test more complete testing is required both
for setup and for obtaining numerical data,

MAINTENANCE CONSIDERATIONS

The maintenance procedure should be designed to offer the most satisfactory equip-
ment performance, and it can be broken down into two classifications: equipment
maintenance aud signal-quality maintenance.

Equipment Maintenance

A periodic procedure should be set up to maintain the equipment operation at top
form. The frequency at which the periodic maintenance is carried on depends to a
great extent nupon the local conditions, together with the desired reliability of operation.

In a dusty loeale it is quite important to lave frequent cleaning of dust from inside
the cubicle, particularly from around high-voltage and high-frequency components.
A vacuum cleaner is useful for gathering loose dust. When cleaning dust from
around bypass “sandwiches,” it is extremely important not to use a cleaning agent
which wonld eause sheet mica to split or separate, since arcing can then result. Split
mica sheets should be replaced as soon as possible.

Screws should be periodically tightened to prevent intermittent operation. Blower
vibrations, particularly, can in time cause screws to loosen. Water-cooling systems
should be inspected and cleaned periodically to reduce scaling, since scaling tends to
restrict water flow in addition to reducing the heat transfer in heat exchangers.

Periodic inspection of contactors, switches, relays, and grounding devices should be
made to assure continued equipment and personnel protection. Relays and contactors
do become “pitted” and corroded with time and repeated operation, thus requiring
maintenance at least on aun annual or semianmual basis.

A sel procedure for monitoring the operation of various tubes can aid tremendously
in redncing off-air time. Once the approximate life and operating habits of a given
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tube in a particular circuit are established, keeping a record of the operating hours
of the tubes will indicate when a tube should be changed. On the subject of tubes,
it is best to follow the manufacturer’s suggestion upon first placing a tube in service,
since proper installation procedure can help assure longer operation.

Signal-quality Maintenance

Maintaining signal quality assures that the picture and sound will consistently be
satisfactory to the viewer while serving to keep the operating personnel informed on
the system operation,

In addition to the proof-of-performance tests conducted each year, it is good prac-
tice to conduct special tests at rather frequent intervals to assure proper system
operation.

In the visual transmitter, it has been found that the lollowing tests help to maintain
signal quality:

1. System amplitude-vs.-frequency response check

2. Linearity or differential gain adjustment

3. Transient-response test

The amplitude-vs.-frequency response check will assure the maintenance of the
necessary bandpass to pass the signal frequency components properly. This test is
easily made with a video sweep generator or a frequency burst generator. To a de-
gree, this test is about the most important because the transient response is affected
by the amplitude-vs.-[requency response, which is related to the phase- or envelope-
delay response. It is desirable to have each portion of the video system flat within
itsell, with the over-all system flat within the limits set by the equipment manufacturer.

The lincarity check and adjustment should be made when the amplitude-vs.-fre-
quency test is made. This test can be made with any adequate stair-step or sawtooth
test signal. In this test the first step is to establish a standard video signal level for
the system. A l-volt synchronizing peak to reference white at the transmitter is
comumonly used.  With 1 volt of video going to the transmitter, the input gain of the
transmitter should be sct to give the rated depth of modulation, and the linearity
shiould then be adjusted to the desired degrec. A linearity of 90 per cent is generally
considered adequate,

A transient-respounse test is made simply by observing the system performance using
& square-wave signal, such as a window generator. This test will indicate tilt, smeur,
spiking, and ringing, and if photographs are used for comparing the system from time
to time, it is possible to maintain the operation consistently.

PERSONNEL TRAINING

Too much personnel training cannot be done.  All the operation and maintenance
of a station is dependent upon the operators, and the quality of operation is directly
related to their skill.  Both equipment maintenance and picture quality are best as-
sured by training each man,

Each operator should be very familiar with the equipment with which he is con-
cerned. The individual instruction books should be read and studied. A planned
system of rotating the operators on the muintenance of the various parts of the system
will make sure that cach person has the opportunity to learn by doing. In addition,
planned trouble shooting on simulated problems ean be conducted during off-air time
to give practice in rapid repair.

In addition to equipment training, the operators can be trained to know what con-
stitutes a quality signal,  Often a trained person can observe the signal waveform and
determine wlhen maintenance is required.  Signal quality can be improved if personnel
are familiar with the FCC specifications and the EIA standard Electrical Performance
Standards on Television Broadeast Transmitter, TR104. The EIA Standard includes
methods of measurement which arc standard for the industry.



