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CHASSIS TS=L

GENERAL INFORMATION

GENERAL IESCRIPTION

Model VT71 is a 14 tubo, dircct viewing, tabdblc model Tolovision Roceiver
with a T" cothode ray picturo tube., It is opcrated by means of 3 front-pancl
controls, Foaturos of this rccciver includo: simplified opcration, stabilizod
performance, full thirtcon channel coverage, high usable scnsitivity, 300 ohn
bolanced or 75 ohn coaxial input, an automatic brightnoss stabilizor and an auto-
retic gein control,

FREQUENCY RANGE IN MEGACYCLES

CHANNEL ~ CHANNEL  PICTURE SOUND  HECHIVER R.T.
NUMBER ~ JFROQUENCY CARRIER CASRIER 0SC, FRoQUENCY

FREQ, FHREQ,
1 uuu:gg 45,25 l+9.'7(5 g:{(
2 5 55.25 59.75 .
ﬁ 60-66 61.25 65.75 87.7
66-72 67.25 T1.75 93.7
5 76-82 77.25  8L.75 103.7
6 82-88 83.25 87.75 109.7
7 174-180 175.25 179.75 152.4
8 180-186 181.25 185.75 158, L4
9 186-192 187.25 191,75 1644
10 192-198 193,25 197.75 170, 4
11 198-204 199.25 203.75 178.4
12 204210 205.25 209.75 182, 4
13 210-216 211,25 215.75 1884

STATION SELECTOR SWITCH

This reccivor is provided with an 8 position STATION SZILECTOR SWITCH,
While therc arc 13 tolevision channcls, the allocation is such that no nore than
8 will bc normally available in any onc locality, This recoiver can be aligned
for rcception of thosc & ste&tions,

ANTENNA INPUT IMPEDANCE

The threo terminals on the back of thc chassis provide for a 300 ohn
balanced or 75 ohm unbalancod input. Sce Figuro 1 for proper connection,

POWER SOURCE

This roceiver is designed for operation on 115 volts, 60 cycle
A.C. only. Power consunption is 110 watts, A safoty interlock disconnccts the
power cerd from chassis whonevor the protectivo back is romoved from the cabinct,

©John F. Rider



TV PAGE 1-2 MOTOROLA
MODEL VIT1 MOTOROLA INC.

1. F. FREQUENCILS

Picture I. F. carrier Frogquency: Channels 1 through 6 - 26.4 me.
Channels 7 through 13 - 22.5 mec,

Sound I. F. carrier Frequency: Channels 1 through 6 - 21,9 me.
Channels 7 through 13 - 27.0 mec,

Audio Discriminator Band Width: 250 kc between peaks

VIDEO RESPONSE (3 db down)

Up to 3.5 mec.

FOCUS, SWEEP DEFLECTION AND SCANNING

Focus and sweep deflection aro both electrostatic, The horizontal
scanning is 15,750 c.p.s. and the vertical scanning frequency is 60 CuePeSa
Since interlaced scanning is used, the frame frequency is 30 c.p.s,

LOW VOLTAGE POWER SUPPLY (Block No. 1 of Figure 2),

The low voltage power supply provides filament and plate voltages for
all of the circuits exccpt thosc few portions supplicd by the high voltage cir-
cuit, The filament string is a scries - parallel circuit arranged to provide
for both .3 amp tubes and the ,6 amp required by the cathode ray tube, The
65S8GT (V-7) filament is placed in serics with the cathode ray tube filament
next to B minus so as to reduce audio hum, Since it is a .3 amp tubo, it is
necessary to put a 22 ohm resistor (R-8CE) in parallel with the 6S8GT filament,
See Figure 3,

The plato supply is a voltage doublor systom using selcenium rectificrs,

NOTS: Since theorc is no power transformor, plugging this unit into a
d-c supply will not damagce it., However, with no doubling action, the set will
not operate. Also, with no transformcr, B- cannot be grounded to chassis bo-
causo of Underwriter's rcquirements,

It is to be noted that two scparate D.C. voltage busscs arc used. One
(B¥) is at approximatcly 125 volts and the other (Bt+) is at approximately 250
volts above?B—). (NOTZ: For convenience, all points on schomatic diagrems
that conncct to B~ arc markcd<r). Thus we have what amounts to a three-wirc
system with the tubes requiring 125 volts being connccted between B- and Bk or Bt
and B+ while thosc roquiring 250 volts are connccted boctweon B- and B++., To
kcep B+ half way betweon B- and B++, the loads aro distributed approximatcly
cqual on cither side of B+, Sce Figure 3,

Tubes V1, V4, V6, V9B and V11lA are conncctod botwcon 3+ and B++, Tubes
v5, V7, V94, V10B, V113 and V13 are conncctod bctwoen B~ and B4+, V2 and V3 areo
cascaded between B- and B++, V10A and V12 are connected betwoen B- and B+
Tubc V8 rcceives its plate voltage from the cathode ray tube high voltage supply.

Total curront drain is approximately 110 ma,
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AlToNNA INPUT

To prqvide for versatility in the use of antennas for this rceciver,
two antenna input impcdances arc provided; onc for 300 ohms and the sccond for
75 ohms, Junctions "A-A", arc uscd for 300 ohms and Junctions "A-G", for 75 ohos,
Sce Figurc 4, I-1, C-2 and I-2 form a high pass filter operating into a soction
of 75 ohm coaxial cable. Tho cut-off frequency of this filter is appreximately
35 nc and is designed to provide high rcjcction for frecquencies closc to that of
the I.F. C-83 is uscd to provide uniform rcsponsc on thc high channcls,

R, F. UNIT (3lock No. 2)

The R.F. unit consists of a 6AGS R.F. Amplificr and a 7¥8 dual triode;
onc section of which is the R.Z. oscillator and thc other the converter, Switch-
ing is accomplishcd by means of a thrce-wafor & position Station Solector Switch,
Those 8 positions will givo complete coverage on any of the 13 channcls, vhich
will be available in a singlc locality, as given in Section on Alignmont Pro-
ccdurc, Sce Circuit Diagram Figurc 4.

Coils I-3 to L-16, inclusively, mountced to Switch wafer S5-1i & B, func-
tion to provide thco corrcct impedancc match of thc antenna input circuit to the
€aG5 R.F. amplificr and to provide channcl sclectivity. Since the input impe-
dancce of the R.,F, amplificr decreascs inversely as the square of the frequency,
this impcdancc becomes comparatively low for channels 7-13. The Q of the cir-
cuit is of the order of 6 and therefore, the bandwidth is of the order of 25 me,
The bandwidth being so great, therc is no tuning nccessary and nonc is provided.
V-1l is an R,F, amplificr with the tuned coils of wafor 5-1C & D providing plate
load. C apacitor (=85 is inscrted in seriecs with coils I-29 to L-=32
so as to permit a large inductance for proper tuning on the higher frequency
channcls, Bach coil of wafcr 5-14 & B is tuncd at the video carricr of its
channcl whilc the corrcesponding coil of wafer 5-1C & D is tuncd at the audio
carricr of thc chunncl for the lower channcls only. This results in a flat
topped input responsc of the proper bandwidth, Coil I-29 is tuncd to center of
channcls 12 or 13. Tho output of V-1 is fcd to the grid of the converter tube
V-9A through capacitor C-b6, Some typical rosponsc curves arc shown in Figure 5,

V-93, in conjunction with the coils of wafer 5-135 & F, provides thc pro-
per oscillator freguencics to give the intcrmedinte frequoncy. Optimum oscillae
tor injcction is provided by means of capacitor C-7.

To prevent undesirable suck-out action, a contact is provided on switch
wafors 5-1A, B, C & D to short circuit all unused coils of lower fregquency than
tho one being used, This is done on coils covcering channels 1 to 6 only. The
oscillator has all unused coils shortced out,

I. 7. AMPLIFIZR (Block No. 3)

' The I. F. Amplifier departs considerably from the conventional coupled
systen, To obtain wide-band with adequatc gain, three stages of I.F, amplifica~
tion arc used, Tho converter plate utilizes a tuncd transformer and each succCse
sive I,F, amplificr utilizes onc tuned circuit cach, Sce Figure 6, Tho trans=

former and following platc coils arc tuned to differont frequoncics to obtain
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adequate goin and bandwidth. ™o I. T. coils are tuncd cs o group for tandpass

curvo, The convertor transfcrier is an over-coupled bandpass transformer nlso
covering the samc tradwidth,

In orier to keep tho I.F. bandwidth constant for all sotting of the
gain (contras/ control, it is necessary to maintain tho input capacity of tho
controlled tubes rclatively constont. This is done by using unbypasscd cathode
resistors in stages V-2 and V-3, Connccting those controlled tubes in scrics
fron B- to B+ provides a simplc ncans to prevent disturbing the load distribu-
tion botween tho two buses., While the D-C paths for current flow are connccted
to the B~-, Bt & Bt¥ buses, it should be noted, howovor, that as far as R,F, and
;ZF' ar; connected, the chassis is ground. A typical rosponse curve is shown in i

igurc 7, -

CONTRAST CONTROL

The contrast control R-15 varics directly the bias of the 1st and 2nd
I.F. amplifiers V-2 and V-3, This is done by connccting the two tubes in scrics
between B++ and B-, providing currcnt flow through both tubes as a group, and
?eturning the grid of V-3 to B+ or a fixed voltage. As tho grid voltage of V-2 ’
is made more ncgative, thc cathode potentinl of V-3 riscs proportionately effoc- |
tively causing the grid of V-3 to bocome norc nogative. Thus R-15 controls
l

?;nually the output of V-2, V-3 and consequently, thc output of the video arpli-
CTa

Reference to Figure & will show the zutomatic gnin control (AGC) uscd
in this recciver, TFor providing autonatic gein contrel in the reecciver, a cir-
cuit is providod for applying a variadle bias to the grid of the first vidoo fre.
quoncy amplificr tube V-2, This circuit comprises rosistor R-84, potentiometer
R-15 and rosistor R-86, all connccted in serics from the high voltagc sidc of
the detector load rceistor R-25 to the grid of the clipper V-10A, The potentio-
meter R-15 has ite movable contact connectoed through resistor R-83 to the grid |
of tubc V-2, A condensor C-13 bypasses radio fresquency currents so that the
eutonatic gain control is not affected thereby.

Considering now the opcration of the automatic gein control circuit,
it is well known that thc voltage appcaring across the detcctor load resistor
R-25 depende upon the light content of the video signal. This voltage is always
negative and varies from maximun wvelue for a solid black picture to 2 ninimum
voltage on a solid white picture, Tho voltage on the grid of thc clippor V-104,
however, varies in the oppositc manner, that is the voltage is a nininun for a
black picturc and maxinum for a white picturc. This is becnuso tho clipper is
connccted through resistor R-39 and bicses itsclf back from tho peaks of the syc-

chronization pulses which arc in thc black rogion and, thercforo, the signal is ||
naxinun for a whitc picture. Rcsistors R-84 and R-86 and potentionmoter R-15
connccted betwecn load resistor R-25 and the grid of the clippor tube forn a
voltage divider with oach of the voltages having some affcct on the voltage at
any point on the dividor, It is obvious that at some point along this voltage
divider thc variations in tho diode load voltage will balance the variations in
the clipper input voltege so that & voltage will be produced which is substan-
tlally independent of tho light content of the picture being reccived, or the
picture characteristic of the vidoo signal. In actual practice the diodc load
voltage will have an average valuc of thc order of 1 to 1-1/2 volts and the clip=
per grid will be held at an average voltage ranging from 10 to 18 volts, In
each caso, tho voltrgo is nogntive and it has been found that by propor choice
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of the decoupling resistors R-84 and R-86 and the potentiometer R-15 the
light characteristic of the vplcture signal will be substantially balsanced
out at 2 point having a potential of about-2 to 3 volts. This AGC poten-
tisl 15 sppnlied throush resistor R-83 to the control grid of V-2 and 1s ade-
ouate for controlling the galn of the video frequency amplifier, It 1s to
be vointed out that for weak radio frequency signals the voltage across
both the lead resistor R-25 and the clipper will be less and the automatic
gain control voltage will be less so that the gain of the video freqguency
emplifier will be incressed. For stronger signals the automatic gain con-
trol voltage willl be increased, thus decreasing the gasin of the video fre-
quency smplifier. Thus the automatic galn control circult overcomes diffic-
ulties csvsed by both slow and fast fading and also facllltstes switching
of the receiver from one station to another, making such switching possible
without changing the volume or contrast control.

SECOND DETECTOR

The detector 1s a highly efficient half-wave rectifier using a ger-
manium rectifier E-1 (1N34) connected to produce a video signal of the
oroner nolarity, See Figure 9. It also acts as a converter providing the
difference frequency between the video I.F. and the audio I.F. Specifically
it produces a 4.5 mec FM audio signsal.

L-38 and L-39 together with C-24 form a low pass filter to filter out
I.F, harmonics. It 1s necessary to shield this entire assembly carefully
to prevent regeneration.

Cavacitor C-35 and resistor R-26 provide a small biasing voltage for
the video amplifier and prevent contsesct potential of the video amplifier
from biasing off the crystal snd causing a loss of sensitivity on weak sig-
nals.

Choke L-50 and capacitor C-89 prevent the nossibility of regeneration.
VIDEOQ AMPLIFIER (Block No. 4)

The function of thls section of the receiver is to amplify the video
outout of the second detector and pass on the audio signal to the audlo sec-
tion of the curcuit. One stasge only, employing V-5, a 6AU6 tube, is used.
See Figure 9. This tube also is connected so that it acts as a noise 1limi-
ter. The output of the 2nd detector 1s in a negative direction and noise
peaks drive V-5 bevond cut-off, thus being clipped. The video outnut is
taken through filter network L-41, R-27 and fed to the cathode of the cath-
ode ray vpicture tube. (Feeding the cathode is equivalent to feeding the
grid due to the high CR tube nlate resistance. The CR tube must be fed this
way because the output of the video amplifier V-5, is positive.) This fil-
ter tends to provide uniform gain of the stage et the higher frequencles.
The video signal 1is also fed through L-41, L-42 and resistor R-39, and
capacitor C-44 to the grid of the 1lst clinper tube V-10A, The audio I.F. is
fed through cspacitor C-29 to the first audlo tuned circuit consisting of
c"':.’)l and L-43,

This voltacge E 1s thus determined by the carrier amplitude. At the
resonant or meen carrier frequency the voltage el or 32 1s then equal to E,.

2
Now if the signal frequency 1s changed as occurs under modulation, the volt-
ages E; and E_ will become unequal and the voltages e, and e, will similarly
bée unequal, bfit they will atill add up to the voltage E. Sifice the rectified

voltage el changes with modulation, this change occurs at the modulation
freauency and thus provides a source of wudio voltage.
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To understand the lack of resvonse to amplitude modulation, consider
the signal to be at a frequency off resonance. Voltages el and e2 will be
uneoual and cepacitor C-34 will be charged to voltage E. Now if amplitude
modulation is apnlied to the signal, the.amplitude of the dlode signal volt
ages E end E, will increase on the positive half of the amplitude modula-
ting cvcle ang will tend to increase the current through the diodes and in-
cresse the charge on capacitor C-34, Since capacitor C-34 is large and is
cherged through the resistance of the dlodes, it cannot charge very rapldly,
so very little change of voltege across G-34 will occur before the negative
half of the amplitude modulating cycle is reached and the amplitude of E
and E, decresse below the unmodulated carrier amplitude. The diodes wili
then ston condvucting because of the negative voltage on thelir plates main-
tained by the voltage E aeross canacitor C-34 and capacitor C-34 will tend
to discharge through resistor R-32.

Thus the slight increase in charge occuring during the positive half
of the amplitude modulating cycle is lost during the negative half of the
same cyvecle producing essentially a constant voltage E aceross the lead,
Since cavacitors C=35 and C-36 are also across capacitor C-34 their individ-
usl charges el and e2 will remain constant and independent of the changes
in smolitude of Ej and Ep due to amnlitude modulation. This, of course, is
Nnot true for changes in gl and E2 due to FM.

The choice of resistor R-32 is a compromise. If it is too small, the
sensitivity of the circult will be low and if it is made too largae, inter-
ference or 1lgnition noise will cause the cspacitor C-34 to charge up to a
voltepge grester than that of the signal and thereby produce dlstortion or
noise.

AUDIO AMPLIFIER & AUDIO QUTPUT

The audio amplifier and audio output stages of this receiver are con-
ventionsl and are shown in Figure 12,

CATHODE RAY PICTURE TUBE (Block No. 7)

The cathode ray picture tube is a 7" tube employing a medium persis-

Itence fluorescent screen material that provides a black and white picture.
It uses electrostatic deflection and focusing. Heater voltage is 6.3 volts

* 10% a-c or d-c and current drain is 0.6 amps. Its overall length is ap-

proximately 14-1/2 inches. It uses a 14 pin medium shell di-heptal bease.

f NOTE: Connections to the cathode ray tube are made through individual

leads. Care should be used to see that the numbered leads are connected to

the corresvondingly numbered plns on the cathode ray tube base. The pins

are numbered in the same manner as standard receiving tubes i.e., number one

pin is fust to the left of the locating key and the numbering continues in

a clockwise manner,

STABILIZED BRIGHTNESS CONTROL

Instead of using the d-c¢ component of the video signal to govern the
aversge 1llumination of any scene, a unique system of a-c brightness stabil-
ization 1s used. See Figure 10, Self bias 1s developed on the plcture
tube by the beam current flowing through R-65. The total pleture tube
cathode current develons a blas voltage across resistor R-65 which automat-
i¢ally sets the correct picture tube bilas for line voltage and HV varia-
tions. The bias 13 also independent of picture contrast. The video signal
13 counled cavacitively to the cathode of the picture tube through C-63.
Thus the instantaneous average potential developed on the tube varies about

the sverage value of the wvideo signal. The contrast control is set for the
most vpleasing pilcture.
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AUDIO LIMITING AMPLIFIER & RATIO DETECTOR (Block No. 5) See Figure 11.

A second audio I.F, frequency (4.5 me) is obtained from the second
detector which aects as a converter for the video (26.4 me) and audio (21.9
me) I,F, freouencies. This signal 1s amplified by the video amplifier V-5
and removed from the video plate through C-29, L-43 and C-31, acting as =&
band-pass filter. L-43 1s used to peak the filter to 4.5 mec. C-30 and R-30
provide grid-leask blas for the limiting amplifier tube V-6, This tube also
provides amplification of the 4.5 mec audio I.F.

THE RATIO DETECTOR

In this receiver the FM sound I.F, signal is converted to audio by
means of a Ratio Detector arrangement.

The ratlo detector circult used is that shown in Figure 11. A dis-
criminator coll is used similar to that in a conventional FM detector; how-
ever, it will be noted that the dlodes are connected in serles rather than
in oprosition. The detector load represented by R-32 has a velue of
33,000 ohms. This load is by-passed by a capacitor C-34 which is quite
large and has a value of 10 mfd. The load is also shunted by two small capa-
citors C-35 and C-36. The audio voltage 1s derived from the voltage varia-
tion across capacitor C-36. The third winding shown is used to introduce a
voltage Into the secondary circuit which is 90° out of phase with the
voltage developed across the secondary winding at the resonant frequency.
This 1s the same reguirement as for the conventional discriminator and as
can be found in any refererce book on FM discrimin-tors. 1t 1s the change
of phase of this voltage with respect to the voltage across the secondary
as the signal freguency changes that produces the unequal signal voltages
on the two dlodes and a resultant audio output voltage. The diode signal
voltages are represented by E; and E,. These are equal at the resonant fre-
quency and uneoual at all other freqfiencies. The voltages el and e2 are the
rectified signal voltages to which C-35 and C-36, respectively, are charged,
and are proportional to the signal voltages E; and E,« The sum of the two
voltages €1 and o 1s the voltage E, the rectified s?gnal voltage across
the load.

The audio voltage produced by the FM is obtalned as follows: When the
carrier freouency 1s at the resonant freoguency of the secondary the diode
signal voltages E1 and E_, are equal; hence the rectifled voltages ey, and en
are equal and add up to %he voltage E, the voltage across the load and the
voltage to which capacitor C-34 1s charged.
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1st & 2nd CLIPPERS (Block No, 8)

The function of this soction is to soparate the horizontal and vertical
synchronizing pulscs from the video signal and apply thom to the horizontal and
vertical swoop oscillators, The purposc of the synchronizing pulscs is to pro-
perly trigger thce oscillators at tho corrocct moment and keop the receiver scann-
ing in synchronism with the transmitter. ©Sece Figure 13. The initial syn¢ sopa-
ration takes place in this clipper section. The video signal is taken from the
output of the vidoo amplifior V-5 and fod through resistor R-39 and capacitor
C-ll4 to thc grid of the 1st clipper V-10A, Herc, a triode V-10A (ono-helf of a
125N7) is uscd. With no signalapplied, thc tube has zero bias, With thc signal
appliod, thc positivo polarity sync pulso voltage causcs the grid to bdbecome posi-
tivo and draw grid currcent, Thie charges the coupling capacitor C-44 negativoly
causing & stoady bias voltage to develop across rosistor R-84, and thc 2 meg
contrast control R-15, Thc biasing voltage devcloped in this manncr provonts
platc currcnt from flowing exccpt on tho positive synchronizing pulses, An
amplified current, controlled by theso pulses, dovelops in turn, sync pulsos
across the load rosistors ReUl and B-42, This output then is appliod to the
grid of tho V-11lA where clipping of the outward poasks is accomplished so that
double clipping rosults for better syncing of the picture undor adverse signal
conditions, The 2nd clipper V-11lA grid rosistor R-42 is mado low so as to maine
tain wide band responsc of tHe sync pulscs at this point. Zoro bias is used so
that the pulses always go negative beyond cutoff for clipping the irrcgular
envelopc and noiso pcaks,

INTEGRATING NETWORK

The function of this nctwork is to soparatc the vertical synchronizing
pulses from the horizontal synchronizing pulsce and to feced them to the voertieal
swocp oscillator, Since scparation of these pulses is bascd on thoir froquency
and not amplitude, thoir soparation is simply a matter of using a filtor network
of proper time constants, Sec Figuro 14,

VERTICAL SWEEP 0SC. & OUTFPUT (Block No. 9)

Tho function of thosc circuits is to providc a sawtooth of voltage of ||
the proper froquoncy to perform the vertical scanning for tho cathode ray pic-
turoc tube, Sceo Figure 15, The circuit usced to produce this sawtooth wave is
known as a blocking oscillator and operatos as followss

Blocking Oscillator Operation

Transformer T-5 is uscd to provide positive focdback of energy
from plate to grid and thus any changce that takos place in the plate circuit wil
induce a2 voltage in the grid circuit which will act to.aid this change., With
the grid becoming morc pesitivo than at initial starting, morc plato curront
flows and rosults in an cvon greator inducod voltage on the grid., As a result,
&rid current flows and rapidly chargos capacitor C-52, Tho plate current builds
up very rapidly until it is limited by saturation, At this point tho voltago
inducod across the grid winding is zero and tho chargo voltage on C-52 is sud~

denly placed on tho grid biasing it beyond cutoff, The condonser now slowly
| dischergos through R-51 and R-52, This nogative biasing action continues until

©John F. Rider
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C-52 is elmost completely discharged after which time the negative bias be-
comes less and tube V-10B begins conducting again. As plate current rises,
the grid is agein driven positive and the process repeats itself.

The frequency of oscillation is controlled primarily by C-52, R-51 and
R-52, The other R's and C's also have some effect. With 2 synec pulse ap-
plied, it is set to place the free-running period of oscillation just slight:
1y longer than the time between the standard sync Pulses. The incoming
pulse reaches the grid just before the tube would "trip" in its free-running
cycle. The magnitude of the pulse 1s sufficient to drive the tube to conduc
tion and thus effectively controls the period of oscillation.

Resistor R-52 1s made variable in order to provide adjustment of the
oscillator frequency. It is commonly known as the "VERTICAL HOLD CONTROL"
since it can be varied until the frequency of the blocking oscillator is
held in synchronism with the incoming pulses.

To obtain clean triggering actlon and a steady picture, the integrated
verticsl sync pulse is passed through a differentiating circuit (C-49 and
R-50). This circuit removes the very low frequencies which cause an un-
steady victure.

The sawtooth voltages appear on the plate of V-10A due to the slow
cherging and rapid discharging of C-56. Throughout the time when no plate
current 1is flowing, C-56 charges, since one side of it 1s connected to B+
‘through R-54 and R-53 and the other side to B-., The charge then is of a
positive polarity on the plateside of the capacitor. When plate current
does flow, it 1s only for a short interval and tube resistance becomes very
lllow., C-56 then discharges through this low tube resistance. At the end of
the nlate current oulse, the grid is very negative and the tube 1s again
non-conducting. Thus B+ again acts to chasrge C-56 and the process repeats
itself.

Resistor R-53 1is made variable in order to permit adjustment of the
height of the pnicture. As 1ts resistance is increased, the amount of charg-
ing current reaching C-56 1s lessened, with a subsequent decrease in the
Avoltage developed across C-56 before 1t 1is discharged. With this means, the
voltage at the deflecting plate is made variable, resulting in control of
the size of the picture on the viewing screen. This control is appropriately
labeled the "VERTICAL SIZE" control.

VERTICAL OUTPUT AMPLIFIER

Since the outout of the blocking osecillator is of insufficient ampli-
tude to sweep the besm over the entire plcture tube screen, it 1s then fed
through C-55 to tube V8, acting as a push-pull amplifier, and coupled throughl
JC-59 and C-60 to the verticsl deflecting plates.

It 1s necessary to use the "hard" (higher sweeping voltage) deflecting
plates for the wvertical deflection because the sides of the picture would be
in the shadow of the "soft" plates if the former were used for horizontal
deflection, The B+ supply is insufficient to orovide the necessary voltage
to glve a linear vertical sweep over the range which it is required to swing
the output tube. V-8 1s, therefore, made part of the high voltage bleeder
string with approximately 900 volts being applied at the positive end of
the plste load resistors.
-
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HORIZONTAL SWEEP OSCILLATOR (Block No, 10)

Tho purposo of this stago is to producc tac sawtooth of voltage of the
propor froquoncy to perform the horizontal scanning for the cathode ray picture
tubc, Thoe proper wavoform is gonerated in Tube V-11B and its associatcd compo-
nonts., Soo Figurc 16, Tubo V-11B operating as a blocking oscillator, similar
to that of tho vertical oscillator describod above, acts liko a low impedance |
switch which 18 oponed and closed at the line rcpotition ratoe of 15,750 lines
per sccond, Tho open timo corrcsponds to the swcop on tho picture tube. Turing
this time capacitor C-53 roccives a constant current and charges in a positive
dircetion, while capacitor C-54 rocoivos this same constant curront and charges
in a nogative diroction. Curront is suppliocd through rosistor R-55 and trans—
formor T-6. T-6 is connccted sorios aiding so that whon tho switch is closed,
each winding prosonts & very high impcdanco and all curront supplied to tubo
V-11B is drawn from charged capacitors C-53 and C-54,

The closing of tho switch, or Gonduction in tube V-11B, occurs whon
thc three oloments of tho tubc, the grid, platc and cathode arrive at suitablo
voltages. Tho horizontal and cloeing linc frequency is controllod by the grid
constants R-48, R~49 & C-51, Rosistor R-49 is variablo. It is capable of
boing varied until the frequoncy of the blocking oscillator is held in syn-
chronism with the incoming pulscs. With an incoming ®ignal applicd to the grid
of V-11B, R-49 is sot to placc thc natural froquency of the oscillator just
slightly longor than tho timo botween tho pulscs so tho pulse will again trip
tho tubc as oxplainod in the vorticel oscillator scction. R-4J then is tho
"HORIZONTAL HOLD CONTROL".

Rosistor R-H5 is mado variable in order to pormit adjustment of the
width of the picturc, A4s its rosistance is reduced, the amount of currcnt
roaching C-53 and C-54 is recduced, with a subscquont docrease in the voltago
devoloped across thosc capacitors boforo they arc discharged., With this moans
the voltago at tho dcflecting platos is mado variable, rcsulting in control of
tho sizc of the picture on the scrocn., This control is appropriatcly labeled
the WHORIZONTAL SIZE" control.

HIGE VOLTAGE POWER SUPPLY (Block No. 11)

Tho high voltage powor supply differs from ordinary powor supplies, in
that instcad of using 4-C linc powor to provide tho initial cnorgy for stcp-up
and rcactification, a soparatc high-voltage oscillator is used, Scc Figurc 17.
Tho oscillator (25L6GT), conncctod es a triode, gonorates & froquency of approxi-
matcly 140 EC. Tho R¥ plato voltage is stcppod up to 2 pcak voltago of slightly
over 6000 volts through an auto transformer, Tho primary is roughly tuned to the
natural froquoncy of the high Q sccondary, Tho 6000 peak volts appearing on tho
sccondary coil is appliod to thc plato of a high voltago roctifior tube 1B3GT/
8016, Curront drain is approximatcly 350 ua., Due to peak rcctification thc DC
output of the reetifior remeins closc to poak plato voltage. Tho .005 mfd con.
denscr maintains tho platc voltage substantially constant for low frequency
load variations., Fecd-back to thc oscillator grid is obtained by a capacitive
coupling dovico consisting of a ccil spring mounted around the rcctifior tube
133GT/8016 cnvolopo, The position of this coil spring is critical and should be
held as per Figurc 18, Tha bias voltage across R-76 rcad with a 20,000 ohm volt
ncter through a 3100 ¥ dccouplihg rcsistor should be about 100-150 velts, If the
spring is too low on the tube, tho H.V. will either not start o¥® build up ovur
approxinately 1000 volts,

In thc voltage divider network, two 2-megohm potcntiometers provide
bean centering adjustnent while an additicnal 2,5 megohm potentiometer is em—
ployced for focusing, Sccond anode voltago for the cathode ray picturc tube is
token fronm tho cormon conter taps of tho contering controls., The blecdor resis-
tors arc of tho small carbon type with a 1 watt dissipation roting, Notc that
tho negntivo ond of the blocder systen is not connected diroctly to 3- but rathor
through tho platos of the vertical swcep output tubes to Bw.
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ALIGIIENT PROCLDURE

SERVICE NOTES

Cutouts in tho botton of thc cabinct arc provided to nake it possible
to do sonc scrvicing of the rcceciver without romoving the chassis, To do so,
renove the botton cover plato by sliding it out through thc bick of the cabinct,
If tho rocoiver is scrviced in the cabinet, a soft pad should be placed under
thc cabinct when it is invorted, in order to aveid scratching the surface,

If nccessary to rcmove the chassis fronm thc cabinot, remove the back
covor, knobs and bottom mounting screws, disconncct thc spcoakor loads and cathode
ray tube sockot conncctions and remove the chassis from the back of the cabinct,

Tho cathodc ray picturc tube and speaker arc nountcd sccurely to the
cabinct. Picturc adjustments may be made with the chassis out of the cabinct
by placing the chassis and cabinct back to back and connccting tho socket tor-
ninals to the cathode ray tubo pin torminnls., Spoaker checks moy be sinilarly
nado by uwsing clip leads for spoakor conncctions, This arrangement clininates
tho nced for removing cither sponkor or cathode ray tube from the cabinet whilo
servicing the rocoigcr,

NOTE: Whenovor tho cabinct back is rcnoved, the power cord circuit is
broken by the interlock so it will bo nccessary to obtain an oxtra power cord
with the femalo interlock receptacle for msking a convenicnt powor connection to
the Receiver, Ordor liotorola Part No, 1X

Should it bc nccessary to do a completo roalignment job duo to roplaco-
nents of parts, it may dbe nost casily carricd out with the chassis out of the
cabinet and thc cathode ray picturo tubc and spoaker disconnccted. This proce-
durc not only providos casy cccoss to the corcs but also nmokos it lcess possible
to damage the cabinet and cathode ray tubc since the eabinet may be carcfully
placed aside while working on the chassis.

SPZCIAL PRECAUTIONS |

In perforning alignment with the chassis out of the cobinet, it will
be necossary to insert a 10 ohm 5 watt recsistor in pin sockets #1 and 14 of
the 7JPY4 cathodo ray tube. Thesc are the hoator torminals of the CR tube. Cone~
tinuity is noccssary to oporate the complote rocoiver,

To elininato high voltage when it is not nceded or used, romove the
25L6GT tube, V-13, high voltage supply oscillator, Whon this is done, it will
be nocessary to insort a 75 ohm 10 wott rosistor in sockot conncctions ;2 and
i1 to operato the rccoivor, It is rccommonded that tho high voltago be cut off
vh ilo aligning to oliminato the shock hazard,

It is highly rccommonded that an isolation transformor dc uscd botwecon
tho roceiver and the A-C lino when alignnont is being porformed or any tosting
whero an oscilloscope is uscd. This procaution is oxtrenmely inmportant if groundod

tost oquipnont is uscd, NEZVER GROUND THE RZCEIVER CHASSIS DURING TSSTING QPERA-
TIONS OR INSTALLATION. HOWEVER, A GROUNDED COAX LINE MAY BZ CONMMECTED T0 THE
NNA TERMIMAL BOARD MARKED "G",
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ORDER OF ALIGM/ENT

A cormplete receiver alignment can be most conveniontly performod in
the following order:

l. Audio Limitcr & Ratio Detector.
2. I. F, Coils (1st, 2nd and 3rd I.F. Platc Coils).
3. Converter Transformer,

4, Osc., Ant., & R.F. Coils,

AUDIO LIMITER & RATIO DETECTOR ALIGIMENT

EGUIPMENT REQUIRED:

Signal Generators Accurately calidbrated at 4,5 me.
400 cyclo AU modulated
Ad justadblc output

Output Mctor: Low rangc A.C.

PROCEDURE s
Refer to Figurc 19 for location of adjustments, I

1. Sct thc signnl gencrator to 4.5 mc, 400 cyclc AM Modulation and
thc output to 1 volt., Conncct thc high side of the signal generator to video
amplificr (V-5) control grid (pin #1) and thc low sidc to B-, Connoct output
neter across output transforner T-3 sccondory,

2, Dectunc T-2 sccondary by screwing the bottom corc out a fow turns,

3. Pook L-43 for moxinum reading on output moter,
4, Peak T-2 primry (top corc) for maximum roading on output meter.

5. Adjust T-2 sccondary (bottom core) for minimum responsc on output
nater, Thc corrcct adjustment is the sharply defincd minimun rosponsc bectweon
the two pcaks,

NOTE: As the adjustmonts arc brought to rcesonance, it is advisable te
reduce signal genmerator output to prevent overloading,

6, Then adjust plate coil, L-3], to provide a flat top to the response
waveform obtained., If thc basc line is not flat, add a ,25 mfd capacitor across
C-25 in the video amplifier V=5 grid circuit,

NOTE: It may be nccessary to ropcat procedurce to obtain proper waveforn,

.
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| 1. F. APLIFIER ALIGIENT
EQUIPMENT REQUIRLD:

R. F., Swcep Generator mceting tho following roquircments:

18 to 30 mc., approximatcly 6 mc sweep width,
Output constant and adjustable to at lecast
onc volt maximum and with adjustablc markers,
Markers should be calidbrated occasionally by
checking against an accurato signal gencrator.

A" Cathodc-Ray Oscilloscope: Preferably, onc with a
calibrated input attenuator,
NOTE: VWhen aligning the I.F. Amplificr Strip, if difficulty is cxpe-
ricnced in observing the narkers when using Dumont Oscilloscope lodel 241,
changc to an ordinary oscilloscope having about 50 kc rcsponsc,

PROCLDURD:
Refer to Figuro 20 for location of alignment adjustmonts,

1. Conncct tho swocp oscillator with the "hot" side of the oscillator
connceted to grid (pin #1) of V-2 and the "grounded" sidec at the junction of
R~13 and C-14, Sct thc center frogquency of thc swecp oscillator to about 25 me
and adjust thc sweep bandwidth to approximately 6 me. Conncct the oscilloscope
hot sidc to thc cathode ray picturc tube cathodc and the low sidc to B-. Con-
nect a 1000 mnf capacitor across thc oscilloscope input torminals, This 1000
maf capacitor is added across the oscilloscope to providc a sharp marker signal,
Contrast control and band switch may be sot in any position.

CAUTION: Do not rcduce the oscilloscopc gain and incrcasc signal input
so that thotop of tho curve is flattcned by limiting tho video or scope ampli-
fiors,

2, Poak the 3rd I.F. platc coil, I-37, initially, for maximum rcsponsc
at about 25 mec,

3. Tunc thc 2nd I.F. platc coil, I-36, initially, for pcak responsc at
about 23 me,

/14. Adjust the 1st I.F, platc coil, I-35, to placc a 26.8 nc marker sig-
nal 507 (1/2) the way up the high side of thc responsc waveforn.

5, Adjust the 2nd I.F. platec coil, I-36, to placc a 22,1 mc marker sig-
n2l 50% (1/2) the way up tho low side of tho responso waveform, Refor to Figurc
24 for marker positions on wavoform obtaincd.

-
- FREQ LOW .
CONVERTER coﬂvurfg

TRANSF e TRANS FORS
rt r‘wftf r:: Low 71 TUNED TOO HIGH
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I. F. SENSITIVITY MEASUREMENT

Comparative measuros of sensitivity for the last threc stages of I.F. aro
as follows:

l. Using an RCA High Frequency Sweep Generator Model No, 7098, connected
as during I.F. Alignmont, sct the two COARSE attcnuators at 16 and 16 and the
FINE attcnuator at 7, '

Using a Dumont Oscilloscope Modcl No, 241, sct the Attcnuator at 10
to 1 and the Y= Gain Control to 6C. With thcsc settings, the output as rcad on
tho oscilloscope should bc at lecast 20 divisions high,

2. Using a signal generator set at 24,5 mc connectcd to the grid of V=2
ahd the Junction of R-13 and C-14, the signal required to producc 1 volt across
the diodc load resistor R-25 should be approximately 800 microvolts,

NOTE: Short out the a-g-c circuit by shorting out C-82, when making this
ChQth

CONVERTER TRANSFORMER ALIGNMENT

Move thc swecp oscillator to the grid of V-9A converter tube, Connect it
across Resistor R-7. Sct contrast control at about 80% rotation toward maxinum
gain., Adjust primary of T-1 until 26,5 mc marker is 507 (1/2) way wp the high
froquency slope. Adjust the sccondary of T-1 so 22,4 mc marker is 50% (1/2) way
up the low frequency slope. Corrcct waveforn is shown in Figure 2U,

CAUTION: In aligning thc throc I.F, coils, ocach coil is adjusted indi-
vidually, but when adjusting thc primary and sccondary of the convortor trans-
former, T-1, the adjustments should be made simultancously, Tho important point
to keep in mind, is to obtain as flat and as wide 2 rcsponse curve as possible
with as much gair as possible., Simultancous adjustmont of the primary and
sccondary is the easicst way to obtain this result, It is suggested that both
cores bo tunod in for moving the transformer curve bodily to a lower frequency
by tuning clockwisc as vicwod fron top and bottom of tho chassis, or vicc versa
for tuning the transformer to a higher frequoncy., The transformer is tuncd for
the same pass band as the 3 staggered circuits; sco Figurc 23, The only diffo-
rence in the waveform should bec that the sides of the sides of the overall curve
(Figuro 2U) should bc steeper, Constant usc of the 50% rcsponsc markor signals
to show the bandwidth of the rcsponsc curve should be rcsorted to, sincoe it is
absolutcly necessary to obtain the propcr curve,

/
/

22amo~ [ -22.aMc. 26.5MC: 26.8MC.
A . ﬁ,r

L /
/
7

— —— — —— RESPONSE OF 3 IF. STAGES
?ESPONSE OF CONVERTER 8 3 LF. STAGES

1 Fi1G. 24. WAVEFORM -
N _{ CONVERTER & 1.F. AT 50% RESPONSE
N
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OVERALL I.F. SsENSITIVITY MEASUREMENTS

i Comvarative measures of sensitivity for the entire I.F. section includ-
ing the converter transformer are as follows:

1. Using an RCA High Frequency Sweep Generator Model 709B, connected
ag during alignment, set the two COARSE asttenuators to 32 and 32 and the FINE
attenuator at 2.

Using a Dumont Oscilloscope Model No. 241, set the attenuator at 10
to 1 and the Y- Gain eontrol to 60.

With these settings the outout as read on oscilloscope should be at
least 20 divisions high.

2. Using any signal generator set at 24,5 mc connected to the grid of
V-94 and B-, with the A-G-C circuit shorted out by shorting out C-82, the
signal required to produce 1 volt across the diode load resistor R-25 should
be avproximately 250 microvolts.

REGENERATION CHECK

After the above I.F. and converter transformer alignment has been made,
a check for regeneration in the I.F., amplifier strip should be made. This
i1s done by observing the output resvonse curve on the oscllloscope, as
taken across the cathode of the CR tube and B-, Set the contrast control
to maximum gain. Decrease the input signal until the output signal shows
a marked decresse. Any regeneration present will be indicsted by sharp
peaks on the overall response curve. Checks to eliminate regeneration
should then be made per Section on Service Hints,

ANTENNA R.F. AND OSCILLATOR ALIGNMENT
EQUIPMENT REQUIRED:
Signal Generatori Frequency range 40-75 mc; 10 'mc sweep.
Output constant and adjustable.
Adjustable markers (markers should be
calibrated occaslonally by checking
against an accurate signal generator.

Oscilloscove? Preferably one with a calibrated input
attenuator.

Sipgnal Generator: Frequency range 70 to 225 me
Accurately calibrated
AM modulated, 400 cycle
TO WHAT CHANNELS RECEIVER SHOULD BE ALIGNED

Ag previously stated, this receiver is capable of reception on all
present thirteen television channels, However, due to geographical fre-
auency allocation, it has been constructed to receive only 8 channels at
any one time.

Therefore, in aligning the Antenna, R.F, and Oscillator coils of this
receiver, you will align for only those channels avallable in your lmmed-
iate locality. In general, for N.,¥, area align for channels 1, 2, 4, 5,
17, 9, 11 and 13§ for Philadelphia area, align for channels 1, 2, 3, 6, 8,

These groups vary throughout the U.S. For specifie information on
channel allocations in your vicinity obtain FCC communication reports from
l,the Suverintendent of Public Documents in ‘iashington, D.C,
©John F, Rider
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ANTENNA & R.F, COIL ALIGNMENT PROCEDURE

1. Connect the sweep generator to upper terminal "A"™ & center "G" of
the antenna input terminal strip.

2. Make the following circuit changes:

a, Return the 33,000 ohm resistor R-7 to the cathode of the con-
verter tube V-9A instead of one end of L-33,

b. Remove the 1000 ohm resistor R-9 from B+ and connect it to B.

c¢. Open the 1000 ohm resistor R-11 at either end to stop the
oscillator.

d. Connect the low side of the oscilloscope to B and probe or
high side to junction C-12 and R-9.

e. Refer to Figure 25 for location of adjustments.

3. Set the station Selector Switch to Channel No. 1. Set the center
freouency of the sweep generator to the center of channel No. 1, sweep width
to 10 me, and adjust coil L-3 and then coil L-25 for correct bandwidth and
uniformity of resvonse. Carefully check the band-pass of this coll against

the curves shown on Figure 5 by observing marker positions on the response
curve.

4. Continue this same procedure for the remaining antenna and R.F.
coils of the first 4 chsannels only, using the following table as a guide:
" Note that thc antenna coils are tuned first to the Picture Carrier Fre-

quency and then the Ry F, is tuned to the Sound carrier frequency.

CAUTION: Be surec to turn station selcctor switch to correct channel
before adjusting coils for that channcl,

SET RECEIVER SET GENERATOR ADJ, MARKER ADJ.

TO CEANNEL  CEJTER FREQUENCY ANT, SET TO Hels

- ' ™ _MC, G0IL ~ HC, ToIL
W7 -3 45,25 I-25  M9.T5
57 I-5  55.25 L-26 59.75

63 -7  6l.25 L-27 65.75

69 -7  67.25 L-27 T71.75

See Figure 5 for typical R,F, response curves for these channels,

5. Channels 5 and 6 are aligned with the &M signal gcnerator in place
of the sweep genecrator, Use U400 cycle 30% modulations peak for maximum ampli-
tude on oscilloscope screen, Circuit changes made when aligning channels 1
through Y4, also apply here. :

SET RECEIVER GENERATOR  ADJ GENERATOR ADJ,
SET IQ ;AN'_TO SET TO E:Fo
MC COIL MC ToIL

77.25 L-9 8l.75 L-28
83.25 1~9 87,75 1-28
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be o adjustuments of the antenna coils for operation on channcls 7
through 13 is required,

7+ The R, F, coile for channels 7 through 13 arc ndjus-ed as follows,
uaing an AM signal gencrator, oscilloscope and circuit revisions outlined ore-

| viously:
a. If channels 1, 2, 3 & 6 had been set up, then coll L-29 is

adjusted for oropcr operation of channels 8, 10 & 12 by peaking it for maxirmn
rosponse at 207 nc,

b, If chonnels 1, 2, 4 & 5 had been set up, then coil L-29 is
adjusted for proper operation of channels 7, 9, 11 & 13 by peaking it for

naximun response at 213 mc,
‘This completes the antenna & R,F, Coil adjustments, MNow proceed with

the oscillator adjustments as outlined below:
0SCILLATOR ALIGNMENT — Proceed as follows:
a., Reconnect the 1000 ohm resistor R-11 to put oscillator back

in eircuit.

b, Conncct tho signal gcnerator to tho low side of coupling
capacitor C~3 and chnssis,

¢, Leave the oscilloscopc connccted as for alignment of the
Antcnna, & R.F. coils, but sct tho gain control at paximum, Do not usc the
6 db pad when using Measurcments Corp. Sig. Gen. Model No, 80, Synchronize tho
oscilloscope to 60 cycles or a harmonic of 60 cycles.

d. Sct the gonorator to the following freguencics, in order, with
no modulntion, and adjust cach coil, following thc table bolow, for zero beat as
viewed on the oscilloscopo.

©. Reofer to Figurc 25 for location of adjustumonts,

CAUTION: 3Bec suro to turn Station Sclector Switch to cach channcl
beforc adjusting the coil for that channcl,

CHANNEL  GEN. FREQ. ADJ. COIL  GEN. INPUT

MC.
1 1.7 L-17 30 millivolts
2 gl.7 L-18 50 nillivolts
3 7.7 L.19 50 millivolts
K or
4 93.7 1-19 50 nillivolts
5 103.7 1-20 50 nillivolts
or
6 109.7 1-20 50 millivolts
7 152.4 24 50 nillivolts
8 1584 1-23 50 millivolts
or
9 1644 1-23 50 millivolts
10 1704 L-22 40 nillivolts
or
11 176, 4 1-22 30 nillivolts
12 182.4 1-21 20 nillivolts
or
13 188.4 1-21 10 nillivolts I

©John F. Rider
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FIG. 25. ANTENNA, R.F. & OSCILLATOR ADJUSTMENTS LOCATIONS

©John F. Rider
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FIG. 26. WAVEFORM = VIDEO SIGNAL INPUT FIG. 27. WAVEFORM — VIDEO SIGNAL UNPUT

TO VIDEO AMPLIFIER (PIN #1 & #2 OF v-5)
VERTICAL.

FIG. 28. WAVEFORM - OUTPUT OF VIDEO

AMPLIFIER (PIN #5 OF V=5 & B=) VERTICAL.

FIG. 30. WAVEFORM - OUTPUT OF 1ST
CLIPPER (PIN #4 & #6 OF V=11A) VERTICAL.

FIG. 32. WAVEFORM — OUTPUT OF 2ND
CLIPPER (PIN #5 OF v=11A & B-) VERTICAL.

©John F. Rider

TO VIDEO AMPLIFIER (PIN #1 &#2 OF V-5)
HOR1ZONTAL

FIG. 29. WAVEFORM = OUTPUT OF VIDEO
AMPLIFIER (PIN #5 OF V=5 & B~) HORIZONTAL.

FIG. 31. WAVEFORM - OUTPUT OF 1ST
CLIPPER (PIN #4 & #6 OF Y—11A) HOR|IZONTAL.

FIG. 33. WAVEFORM — OUTPUT OF 2ND
CLIPPER (PIN #5 OF v=11A & B8-) HORIZONTAL.
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FIG. 3%. WAVEFORM - OUTPUT OF VERTICAL FIG. 35. WAVEFORM = OUTPUT OF VERTICAL
INTEGRATING NETWORK (JUNCTION OF C-50 AND R~ OSCILLATOR TUBE (JUNCTION OF R-54 AND C=55
50 AND B~) AND B-)

FIG. 36. WAVEFORM — OUTPUT OF VERTICAL FIG. 37. WAVEFORM = OUTPUT OF VERTICAL

OSCILLATOR AMPLIFIER TUBE — ONE HALF (PIN #2 OSCILLATOR AMPLIFIER TUBE — ONE HALF (PIN #5 OF
OF v=8 AND B~) OF V-8 AND B-)

FIG. 38. WAVEFORM — INPUT TO HOR|ZONTAL FI1G. 39. WAVEFORM — OUTPUT OF HORIZONTAL

DSCILLATOR (JUNCTION OF C-46 AND R-47 AND B-) OSCILLATO? — UPPER HALF (JUNCTION OF R-46 AND C-
53 AND B-

FIG. ¥0. WAVEFORM — OUTPUT OF HORIZONTAL
OSCILLATOR — LOWER HALF (JUNCTION OF C~53 AND
C-54 AND B-)
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SERVICE HINTS

Though every attemmt has been made to make this receiver as
simple as possible from an overating and servicing standpoint, and to
make it to conform to standard redio practices in manufacture, troubles
peculiar to the circuits used may occur, Indiscriminate revlacement of
component parts is definitely to be discouraged, ZEvery attempt should dbe
made to replace all comvonents with their exact duplicates and to insert
them jJust as they originally were in the receiver,

Whereas, in sound receivers, the soveaker is most generally used
as the guiding factor in analyzing receiver defects, a television receiver
has an additional operational indicator, the cathode ray picture tube,
Since the eye is more critical than the ear, it is easier to reveal de-
fects in a television receiver than comparable defects in a sound receiver,
Tre cathode ray picture tube, then, should be used as the criterion in de-
termining whether or not the receiver is operating correctly, Familiarity
with a good and bad picture and all other visual factors that go to make
a good picture, will tend to simplify the servicing vroblem, An oscillo-
scope and the waveforms provided in this manual are very good means for
analyzing circuit defects,

CAUTION: It is highly recommended that an isolation transformer be
used betveen the receiver and the A-~C line when alignment is being
carried out or any testing done where an oscilloscope is used,

Bome of the pessible troubles that may be enceuntered, with
their effects and causes, are listed below, -

NCTE: The cathode ray tube, which comes with the receiver, should be used
in servicing omerations involving vertical or horizontal size adjustments,
rather than a lab service tube, because of the considerable variation in
deflection sensitivity from one CR tube to ancther,

TROUBLES -~ EFFECTS AND CAUSES

No tubes 1lit

Defective pcwer switch,

Open ballast resistors,

Oven V-15 (7JP4) heater,

Open V-7 (6SQ7) heater,

Heater-cathode shorts in 25L6GT tubes (V-12 or V-13),

Open 22 ohm R-80E resistor (this would cause V-7 heater to burn out),

One Heater String Out .

Opern 105 ohm resistor (R-8CB or R-80D, depending upon which
string is out).

Cpen heater in any tube,

Open heater choke in either string,

Heater-cathode shorts in 25L6GT tubes (V-12 or V-13),

©John F. Rider
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' Mo Bt+ or B¥
Open ballast tube resistor R-8CA (37 ohms) or R-8CC (200 okms’,
Open or shorted rectifiers, E-2 or E-3,
Defective electrolytic cendensers C-74, C-77, C-78,
Intermittent short in wiring,
Low B++ Vcltage (normal value 230-240V)
Low capacity electrolytics, C-74, C-77 (check 14OV, on C-74}, I
Defective rectifiers E-2 or F-3,
Abrormal load in set (check voltage dron across R-80C-Normally 22-24V),
High or Lcw B+ Voltage (ncrmally 12CV),
Defective tube V-12 (25L6GT),
Heater to cathode short in tube V-9 CTFS}.

Defective tube in upner series of tubes
No B- in R.F, L.F. Section

Open L-33% choke coil,

Power Switch Locks On or Off
Replace volume control

Defective Selenium Rectifiers

Set lcad too heavy (measure veltage drop across R-8CC-should be 22-24V),
Defective electrolytic condensers C-74, C-77, C-78.

A defective rectifier may overheat and pop after the set has been
turred on for a few minutes, Repeated pops and a disagreeable
odor from tre rectifier indicates that it should be replaced,

No Raster on Cathode Ray Picture Tube

¥o high voltage - check V-14 (133GT/8016) and V-13 (25L6GT)
tubes and-circults,

Cpen L-L4 choke coil, causing no 3++ on V-13.

Ovpen or shorted turns on high voltage transformer T-7,
Improver setting of feed back soring on V-14 (1B3GT),
Shorted C-65.

Poor V-15 (7JP4) cathode emission, or no heater voltage,
Brightness control set at one end.

Ne Vertical Deflection

Note: Unless there is high voltage on the cathode ray tube, tube V-8
(6SL7GT) will nct have any output, since it received B+ from
the high voltage supply.

Defective V-10B (12SN7GT) - reolace tube,

Defective V-8 (6SL7GT) - replace tube,

Defective blocking osc. transformer T-5,

Defective vertical hold or vertical size controls (R-52, R-5%),
Defective charging cavacitor C-56.

Defective coupling capacitor C-55,

Defective grid coupling capacitor C-52,

©John F. Rider
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TV PAGE 1-36 MOTOROLA

OLA INC.

MODEL VI71

Audio Hum at High Veiume Contrcl Settings

Turr station selector switch to unused channel - if hum
remains, replace V-16 (6AL5),

Pocr ground connections on shielded volume control cable,
If hum on all stations, check -filter condensers C-77, C-78,
If tum on ore station only, may be diathermy (observable in
picture) or may be station hum,

Synckronization Buzz in Audio

(Buzz or hum in the audio system may occur if the video amnlifier

is overloaded, ceusing 60 cycle cross modulation between the vertical

sync. pulses and the 4.5 Mc audio signal. Overloading may be due

to a defective video tube or very high video modulation at the

transmitter),

Video tube V-5 (6AU6) weak - check for minimum of 80V,, across R-28,
(Normal voltage is 100V, or more).

Synchronization Buzz in Audio (continued)

Brightness control too high, so that videc tube limits,

Oscillator tuned tco high on low channels, and too low on high channels,
Limiter grid coil I~U43 off tune,

Ratio detector T-2, secondary off tune,

Ratio detector circuit unbalanced - check R's, C's, T-2, V-16

and tuning of L-U3 and primary of T-2,

Motorbocating at Minimum Contrast

Check R-83, C-13, R-86 connection to R-25,

Speaker Dead

Defective voice coil in speaker,
Cven winding on transformer T-3,
Loose tips on soeaker leads,
Tips loose in speaker clips,

Audio Distortion

Ratic detector coll T-2, secondary off tune,
Oscillator not tuned correctly.
Defective tubes V-7 (65Q7) or V-12 (25L6GT),

Lew Volume

Video I,F, curve too narrow - realign,
Ratio detector off tune,

Oscillator off tune,

Heater open on V=7 (6SQ7).

Open ratio detector transformer T-2,
Defective ratio detector tube V-16 (GALS),

CRITICAL LEAD DRESS & REGENERATION

of all

Dimensions and wire dressing are especially critical in those

portions of the circuit carrying R.F, and I,F, This is particularly true

connections to the station selector switch., In case any coils or

leads are removed, they should be replaced with the exact remlacement coils, in
the same position and with the same wire size,

©John F. Rider
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Improper bypassing, ccennections and/or vire dressings can cause
regeneration which, in extreme cases, may develop into oscillation, Also, if
during aligrment, all I.F, coils were accidentally set near, or at, the same
frequency, the I.F, may break into oscillation.

Regencration may be caused by defective bypass capacitors., Any
bypass capacitors which are replaced, must be replaced with exact duvlicates,
Lead lengths must be kept the same and the capacitor must be grounded to the
same point from which it was removed. Ancther possible cause of regenera-
tion is not grounding the center pin of the I,F, and R,F, tube sockets,
Poorly soldered joints can cause difficulties. When feeding a signal into
the 1st I.F, tube or any prior stages, the shield can on the 2nd detector
assembly should not be removed,

Similar lead dress precautions should be followed when working
with the high voltage R,F. Power Suvply. All leads carrying high voltage
should be kept as short as possible and as far away from all lower voltage
points as possible,

HIGH YOLTAGE MEASUREMENT

High voltage measurements may be made with a 20,000 ohms-per-
volt meter by using an external multiplier, consisting of ten 10 megohm

resistors in series, connected to the 5000 volt terminal on the meter, The
meter sensitivity then becomes 10,000 volts, full scale,

The normal high voltage output from the rectifier tube V-1lL is
5400V, to 6600 V, Always measure the high voltage with the T-7 shield can
ir place, because of its effect on the tuning of T-7,

CRYSTAL, E-1, CHECKING

Forward resistance 100 to 150 ohms, on X1 scale of.Simvson,
lModel 260 meter, Backward resistance 200,C00 ohms minimum, on X10,000

scale of Simpson, Model 260 meter. Resistance readings made on any other
type of ohmmeter will differ from the values given above, When revlacing,
observe polarity marking,

CAUTICHI: Do not annly signal generator or any power leads to grid of
video tube V-5 without first removing green lead from pin #l1, Crystal may
be permanently damaged by avplication of A,C. or condenser surge voltages
to green lead, Do not solder closer than 1/4" to crystal.

MISCELLANEOUS INSTALLATION & SERVICE ADJUSTMENTS

ANTENNAS

The choice of an antenna depends entirely on the location of the
receiver with respect to all television station transmitting antennas in any
locality, Maximum pick-up is obtained when the receiving antenna is directly

in line of sight with the transmitting entenna,

©John F. Rider
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In areas relatively free of obstructions and reflections,
within reasonable proximity to television transmitters, Motorola Antenna
#1 will prove satisfactory, In fringe areas, where signal strength is low,
liotcrola Antenna #2 should be used, The above antennas have a relatively small |
band coverage., If it is desired to receive stations on channels of widely |
separated frequencies, llotorola Antenna #3, which covers all thirteen tele- ‘
vision channels should be used, In using 4Antenna #2, the reflector should be
behind the folded section wnich faces the transmitting antenna., Location of
ahtenna should be decided upon from the standpoint of maximum pick-yip, In
general, the higher the antenna, the better is the pick-up,

In residential sections, it may be possible to mount the antenna
in the attic of homes,

FIG. 41. CRITICAL LEAD LENGTHS (ANTENNA SECTION)

©John F. Rider



The antenna pick-up is maximum when the antenna is broadside to the
transmitting antenna,

Care should be exercised not to have metal beams, conduit, etc., in
the peth close to the receiving antenna when an internal recelving antenna
location is used. This would reduce signal pick-up.

Choice of orilentation and location should be made bearing the above
mentioned fects in mind. Also keep the antenna at least 1/4 wave length
(at least 6 feet) away from other antennas, metal roofs, gutters or other
metal objects.

| LEAD-IN

For connecting the antenna to the receiver either twin lead or co-
axial cable may be used. If the area, in which the installation 1s made,
is close to sources of man-made interference, which may be plecked up on
the lead-in, better results will be obtalned by using coaxial cable such
as RGU, since it 1s shielded and, therefore, immune to noilse pick-up. In
nolse-free areas the twin line lead-in can be used. If coaxldl cable 1is
used, the connection at the recelver should be to the 75 ohm input termin-
als., The 300 ohm input should be used for the twin line. The twin line
lead-in should be supoorted and secured on stand-off insulators allowing
enough glack to prevent breakage. It should be kept away from grounded
metal objects such as gutter, drain pipes, etc. See Figure 1.

REFLECTIONS

Reflections are csused by signals reaching the receiving antenna wvis
two or more different paths. It 1s obwious, therefore, that the direction
of the recelving antenna should be chosen with respect to maximum signal

_—— —______MoroRolATv PAGELY
e g
MOTOROLA INC. MODEL VTT71

|

pick-up and minimum reflection nick-up. Often times movement of the antenna

a few feet, or rotation of a few degrees may affect a considerable dif-
ference in picture recention and eliminate reflections. Reception of a
gignal via a reflected psth is to be avoided, generally, since the nature
of reflecting surfaces may vary wlth weagther conditions and as a result
provide unstsble recevtion. When, however, only reflected signals are
avallable, the signal providing the best plcture should be used.

INTERFERENCE

| Auto ignition, street cars, electrical machinery and diathermy
apparatus may cause interference which spoils the pleture. To avoid such
Interference, locate the antenna and transmission line as far away as pos-
sible from highways, hospitals, doctors! offices and all similar sources
of interference,

LIGHTNING ARRESTOR

When using an external antenna, whenever possible, ground the antenna
mast and use an Underwriters aporoved lightning arrestor.

ANTE NNA
NSV TERMINAL

INPUT STRIP
] n
FI1G. 42. CONTROLS, SERVICE ADJUSTMENT o) 7
FOCUS HOR:CENT, VERT CENT. HOR.SIZE VERT.SIZE VERT.HOLD HOR. HOLD l:?’&{%::}mn
© © ©0 0 © p
(o)
- - 7 - w

'L%_VJ”—';—/ - - lITlZ
REAR OF CHASSIS “
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CONTROLS, SERVICE ADJUSTMENT

Normally, the receiver is adjusted at the factory so that none
other than the front panel operating instructions neced bc followed in putting
the receiver in operation. However, to provide for any misadjustment of the
rear panel controls, due to handling, the following instructions are in order,
See Figure 42 for location of service adjustment controls,

"FOCUS

The focus control R-74 should be adjusted until the fine horizental
structure of the raster is clearly visible over the picture area, The control
should be turned through the correct point several times so that the optimunm
focus is obtained, The balance of the service adjustments should be made with
a test pattern or a televised picture on the picture tube screen. Refer to
Figures 45 to 60 for photo representations of the effects of improper adjust-
ments of operating controls and some conditions of reception,

VERTICAL HOLD

Adjust the Vertical Eold Control E-52 until the nattern stops
vertical movement, The control should be approximately centered in its lock-
in range after the receiver has warmed up.

HORI ZONTAL HOLD

Adjust the Horizontal Hold control R-49 until a single stationary
picture appears on the picture tube screen. The control should be approxi-
mately centered in its lock-in range after the receiver has warmed up,

VERTICAL SIZE

Adjust the vertical sizc control 3-53 until the picture fills the
entire picturc area vertically (4-1/2 inches).

VERTICAL CENTERING

While adjusting the vertical size control should it appear that
the pattern will not fill the picture area, adjust the vertical centering
control R-67 until the center of the vattern is in the center of the picture
area, Then, if nccessary, readjust the vertical size control as given above,

HORIZOMTAL SIZE

Adjust the horizontal size control R-55 until the pattern fills
the entire picture area horizontally (6 inches). In doing so note that you are
including all the pattern and not just the center of it, Some test patterns
include small circles in each of the four corners of the picture area, Famil~
larity with all station test patterns in your area will simplify size adjuste—
ment ge

HORIZONTAL CENTERING

While adjusting the horizontal size control should it appeat that
the picture will not fill the entire ares, adjust the Horizontal Centering Con-
trol R-68 until the center of the pattern is in the center of the picture arca.

©John F. Rider
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NOTE: There is a slight reaction between the Vertical Hold gnd Vertijcal Size
controls and between the Horizontal Hold and Horizontal cize controls,
It, therefore, may be necessary tc readjust the controls slightly to
provide a symmetrical stationary picture,

After all the above controls are adjusted, carefully inspect the
pattern for symmetry and correct aspect ratio. If necessary, carefully re-
adjust the Horizomtal and Vertical size controls to get a correct pattern,

O0SCILLATOR FREQUENCY TOUCH-UP ADJUSTMINT

The oscillator tuning adjustments may require touch-up when the |
receiver is installed in the customer's home or when new stations come on the air,
This adjustment is made directly on a station signal., In weak signal areas,

this adjustment may improve performance considerably.
PROCEDURE:

The following adjustments are described for tuning the oscillatnr
from the bottom of the receiver by removing the plug buttons which conceal the
adjustment holes, See Figure 43 for location of adjustments., Use a 1/L4" dia~
meter non-metallic screwdriver, Pick up a station on the channel that is to be
adjusted and operate the receiver at about 1/2 of normal contrast so variation
can be easily observed,

a. Channels 1 through 6

Turn core corresponding to channel of received station in a
counterclockwise direction (core moves out of coil) till picture contrast rise-
to maximum, You will note that the sound may decrease slightly as picture con-
trast rises to maximum, Then turn the core clockwise until picture contrast de-~
creases about § to 10 and best resolution of the vertical wedge pattern of a
test signal is obtained, (on the first 6 channels the oscillator is adjusted to
set its frequency above that of the incoming signal and to place the video carrie
on the high frequency slope of the I.F. responsc curve) .

b, Channels 7 through 13,

Turn core corresponding to channcl of reccived station in a
clockwise direction (cores move into coil) till picture contrast rises to maximum
You will note that the sound may decrease slightly as picture contrast rises to
me. imum, Then turn the core counterclockwise until picture contrast decreases
about 5 to 10% and best resolution of the vertical wedge pattern of a test signal
is obtained. On channels 7 through 13 the oscillator is adjusted to set its fre-
quency below that of the incoming signal and to place the video carrier on the
lpw ‘requency slope of the I,F, response curve,

NOTE: In general, when the tough-up oscillator adjustment is made, you should
tune for best picture resolution as secn on a transmitted test vattern or pic~
ture, As contrasted with usual receivers, don't tune this receiver for best
sudio, but for good picture resolution. If above steps are followed carefully,
the accompanying sound will be satisfactory. If thc sound is too weak under
this condition, the 4.5 mc system may not be operatirg correctly or the video

I.F, pass band is too narrow so that not enough audio I,F, signal comes through,
Refer to I.F, aAlignment,

©John F. Rider
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HUM BALANCE ADJUSTMENT

The hum balance adjustment is inserted in the new circuit to
eliminate the nccessity of a manual tuning control,

Hum can occur in the audio system if the video amplifier is over-
loaded, causing 60 cycle cross-modulation of the vertical sync pulses and the
4,5 mc audiq signal, Overloading can be caused by improper sctting of thc con-
trast control (contrast sct higher than necessary for a picture of good contrast)
or if thc transmitter runs very high video modulation,

A correct setting of the Hum Balance Adjustment core (sec Figure U3
for its location on bottom of receiver) will reduce hum to a minimum, The Hum
Balance Adjustment is thc secondary of ratio detector transformer T-2 and should
be adjusted for minimum hum when the contrast control is set slightly higher
than normal,

CONTROLS~-OPERATING

See Figure 44 for locations of the following front panel operating
controls:

1l - On-0ff Switch & Sound Volume

2 - Station Sclector - 8 position
7 - Contrast Control

RECEIVER OFERATING IIISTRUCTIQNS

1. Turn the receiver "ON" and rotate the "VOLUME" control clockwise to approxi-
mately one~half total rotation,.

2., Turn the "STATION SELECTOR" to the desired channel,

3, Allow the receiver to warm up and then adjust the "CONTRAST" control for
suitable picture contrast. NOTE: See Page U5 for effects of improper adjust-
ments of controls and some conditions of reception,

4, Adjust the "VOLUME" control for suitable volume.

5« In switching from one station to another, it may be necessary to readjust
the contrast control,

A —————————
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/' CHANNEL

0SC. ADu. FIG. 43. LOCATION OF OSCILLATOR TOUCH-UP ADJUSTMENTS

10 & HUM BALANCE ADJUSTMENTS
0000000
2 35781012 (Bor ToM view
4 6 9 11 13

OF RECEIVER )

HUM BALANCE
ADJUSOTMENT

WARNING:BUTTONS TO BE REMOVED
ONLY FOR ADJUSTMENT BY AN AUTHOR-
IZED TELEVISION SERVICE TECHNICIAN.
DO NOT CONNECT CHASSIS TO WATER
kmm—:, RADIATOR OR OTHER GROUND.

| & S
‘f 12-13 1
i ) 1011 2
j 8-9 3-4
!‘ OFF VOLUME T]%s CONTRAST
' 4
! _

t
STATION
SELECTOR

FRONT OF CABINET

FIG. 44. CONTROLS, FRONT PANEL OPERATING
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BIGH VOLTAGE WARNING

Operation of this receiver outside its cabinet or with covers removed
involves a shock hazard from the power supplies. No work should be attempted
on this receiver by anyons who is not thoroughly femiliar with the precautions

necesssry when working on high-voltsge equipment.

LAAS. AT, 650 978726-C

CATI'ODE RAY PICTURE TUSES HANDLING PRECAUTIONS
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A cathode ray tube encloses a high vacuum and due to its large surface

area is subjected to considerable air pressure.

For these reasons,

handled with more care than ordinary receiving tubes.

Should it be necessary to replece the cathode ray tube in this set be

sure to wear safety goggles and heavy gloves, when doing so. Keep the tube

awey from the body while handling it.

Care should be exercised not to strike or scratch the large end of the

tube against any objeot or 1lift it by the neck.

more than moderate pressure.

Do not subject the

it must be

D

A
the antenn
I

tube to any receiver a

performed.
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CATYODE RAY PICTURE TU3ES HANDLING PRECAUT IONS

A cathode ray tube encloses e high vacuum and due to its large surface

ares is subjected to considerable air pressure. For these reasons, it must be
GROUND COKNECTICN WARNING
handled with more care than ordinary receiving tubes.

Should it be necessary to repleoce the cathode ray tube in this set be Do not connsct the chas to ground at any time.
sure to wear safety goggles and heavy gloves, when doing so. Keep the tube A grounded coaxial lead-in can be connected to terminal marked "G" on
sway from the body whils handling it. the antenna input terminal strip.

Care should be exercised not to strike or soratch the large end of the It is recormended that an isolation transformer be used between this
tube sgainst any object or 1ift it by the neck. Do not subject the tube to any receiver and the A.C. line whe: any testing or alignnent operation are
more than moderate pressure. performed.
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