MODEL 368
TV-FM SWEEP
GENERATOR & MARKER

SPECIFICATIONS

...................... Range A: 3=6.5 mc, output .30 volts rms, flat +1/2 db;
Range B: 6.5=16 mc, autput .40 volts rms, flat £1/2 db;
Range C: 15-36mc, output .35 volt rms, flat £1/2 db;
Range D: 34-90 mc, output .20 valt rms, flat £ 1/2db;
Range E: 80216 mc, autput .10volt rms, flat +1db;

(Note: All frequency ranges are fundamental. Output measured with Boonton Model 80 VTVM
Linearity checked with Techtronix Model 531 ascilloscope, and the maximum deviation in output
level over the frequency limits of each range is noted in db.)

OUTPUT IMPEDANCE .. ..iiiiiiitiritrrnniannnnneranes 50Q, terminated at both ends of output cable
SWEEP WIDTH ...ttt iiiieinnnneennanns Continuausly varicble from 0=3 mc lowest maximum de-

deviation to 0~30 mc highest maximum deviation.

VAR{ABLE FREQUENCY MARKER .......ceiiivivrennnnnnnns Range 1: 2-6 mc;
Range 2: 6-20 mc;
Range 3: 20-75 mc;
Range 3': 60-225 mc;

(Note: All ranges are fundamental, except range 3, which is the third harmonic of range 3.)

FIXED FREQUENCY MARKER .......ccvviiiiiiiiiiininnnnss Crystal oscillator-using accurate 4.5 mc crystal included

with instrument. Panel mount permits ather crystal ta be
substituted if desired.

EXTERNAL MARKER .....civviiiniinnnnnn- Cieees «eevee..or RF signals of any frequency may be mixed with crystal
and variable marker oscillators to provide as many as
three marker pips on one trace. Marker frequencies a-
vailable at external cannector for separate applications

ATTENUATORS ..........c...e e eeeeeese et Continuously variable separate marker size control, 4-
step (decade) "coarse" attenuator and continuously var-
iable "fine" attenuator for bath sweep and marker out-
put together.

BLANKING .ottt ittt ie s eeeanannns Complete 2-way blanking eliminates return trace.
PHASING ottt it it ie ittt ranaanans Narraw range phasing coritrol for accurate alignment,
TUBE COMPLEMENT ...oviiiiiiiiiiiiine i eannannnnns 12AV7 __ sweep oscillator and cathode follower output;

12AT7 — variable and crystal marker oscillator;

12AX7 __blanking and AGC amplifier;

6AU6 — 2nd AGC amplifier;

12B4 — series regulator;

6X4 __ rectifier; plus selenium rectifier for bias voltage.

CABLES .. it i ittt et et ta i Qutput cable, sccpé harizontal cable and compénscted
scope vertical cable.



The EICO Model 368 TV-FM Sweep generator is to our
knowledge the finest and most highly perfected instru-
ment of its type available for factory and service align-
ment of tv and fm receivers. The Model 368 not only in-
corporates new features which are unusual for instruments
in the price range, but provides more ranges and better
performance than any competitive make. The features
are listed below.

* Entirely electronic sweep circuit (no moving parts,
hum, or vibration) using an increductor unit, in which
the oscillator coil inductance depends onthe controllable
excitation current in the primary windings of the unit.
The increductor provides a large and smoothly variable
sweep width and the sweep obtained is extremely linear
and stable. There is also nothing to fatigue or wear out
with use and age. The availability of a large sweep
width renders operation of the instrument non-critical,
since the band-pass region is easily located on the scope
trace even when tv set or generator are considerably off
frequency. Once the band-pass waveform is located, it
is only a matter of adjusting the sweep generator center
frequency, the sweepwidth, and the phasingof the 60 cps
sweep voltage fed to the horizontal amplifier of the 'scope
to cause the pattern to fill the desired section of the
*scope screen,

» Extremely flat RF output provided by newly-designed
AGC circuit which automatically adjusts the oscillator
for maximum output on each band with minimum ampli-
tude variations. Resonance -free RF choke eliminates
“suck-out" points anywhere in the RF spectrum. The
AGC action constitutes an electronic regulation of the
output, not the power supply (which would be undesir-

able).

 Extremely high RF output level on all five bands
permits the cold alignment of all tuned circuits and fil~
ters.

* Phased 60cps sine sweep (fed to horizontal axis of
'scope) is obtained by bleeding and filtering alarge vol-
tage from a secondary winding of the power transformer.

FEATURES

In this way, the 60 cps sweep voltage is both undistorted
and isolated from the line. The undistorted sine sweep
provides excellent linearity of frequency versus horizon-
tal displacement on the 'scope screen.

* Multiple marker system for easier alignment. A var-
iable -frequency marker oscillators covers from 2 mc to
75 mc on fundamentalsin three ranges and from 60 mc to

225 mc on harmonicsof highest fundamental range. (Note
that the marker range includes the color burst frequency
of 3.58 mc.) The fixed marker is a crystal controlled
oscillator employing a 4.5 mc crystal supplied with the
instrument, As the crystal plugsinto a panel mount, other
crystals may easily be substituted when desired. Fixed
and variable oscillators have a common output, controlled
by a fine attenuator, which affects the markers only,
and a coarse step attenuator, which affects both the mar-
kers and the swept RF output. When fixed and variable
markers are mixed, pips appearon the 'scope trace at the
fundamental and harmonic frequencies of both and at the
difference and sum frequencies. |f the pips so obtained
are not close enough for a particular job, a crystal of
lower frequency canbe used. The output to anothermar~
ker generator can be fed into an external marker con-
nector on the panel if the work requires a marker fre-

- quency not covered by the internal variable oscillator.

The external marker can also be used to beat against the
internal fixed and variable markers to provide a third set
of marker pips. The output of the internal marker os~
cillator can also be token out of the external marker
connector for external use, if desired.

* Positive action return trace blanking.

* Double pi line isolation filter.

* Tuning dials protected by plexiglass windows. Edge-
lithairline indicators provide exceptional tuningaccura=
cy because parallax error is eliminated fromsettings. 6 : 1

vernier tuning mechanism for ease of fine adjustment.

* Advanced wiring techniques and heavy filtering e~
liminates hum and leakage.



CIRCUIT DESCRIPTION

The swept oscillator is of the Colpitts type, using half of
a 12AV7 tube (V2). The coils are built into the incre-
ductor unit (L&) and are connected in series. All coils
are used on the lowest band and one more coil is shorted
outon each successively higher band, until only the straps
and switch remain to act as the coil on the highest band.

The coil cores are made of a special ferrous composition
and are located between and make contact with the lam-
inated pole pieces of the inductor core. A control wind-
ing {primary) on the inductor core controls the magnetic
flux density inthe inductor core and the coresof the sig-
nal coils. Thus when current is supplied to the control
winding, the permeability of the special core materials
is reduced.

This in turn causes the inductance of the signal windings
to decrease. Thelow frequency edge of each swept band
occurs atzero control current and the high frequency edge
atmaximum control current. The centerfrequency of each
swept band dependson the setting of the tuning capacitor

(C15).

Theinductor control current and the horizontal sweep vol-
tage fed to the horizontal axis of the scope are both sinu-
soidal variations at 60 cps and are derived from the 117
volt, 60 cps line. Thus the sweep display on the scope
exhibits a linear variation of frequency versus horizontal
displacement from the low edge to the high edge of the
swept band. '

The magnitude of the inductor control current, whichsets
thesweepwidth (overall frequency variation), is controll-
ed by a potentiometer (R28) connected across the 117 volt
line in series with alimiting resistor (R29) which prevents
the overloading of the controllable inductor. The incre-
ductor unit is connected to one end and to the arm of the
potentiometer through a blocking capacitor(C21). Capa-
citor C20, which is inparallel with the inductor primary,
has been chosed to resonate with the inductor at 60 cycles
in order to increase the available range of control current
and therefore the available range of sweep width.

Center frequency sweep is achieved through the use of a
DC bias current through the control winding of the in-
creductor unit. The DC voltage that developes the bias
current is obtained by rectifying (CR1)and filtering (C22)
the 117 volt, 60 cps line voltage. The DC bias current is
controlled by series resistors (R26 and R27), which are
selected on each band so that ot zero sweep width, the
operating frequency is mid-way between the zero current
and saturation current points of the inductor to assure ex-
cellent linearity on all bands. Asthe stated ranges of the
swept oscillator are all fundamental ranges, the user is
- assured of entirely adequate output on all bands.

The 60 cps horizontal sweep voltage fed to the scope
must be controllable as to phase and also be a true sine
wave to ensure alineardisplay. R37 is the variable phase

control and the network composed of C26, C27, R38, R39,

and R40 performs the functions of filtering and attenuating
the 60 cycle voltage obtained from high voltage secondary
of the power transformer T1. This voltage is taken from
the secondary of the transformer to provide isolation from
the line, and filtering is required to eliminate distortion
introduced by the transformer.

The second half of the 12AV7 tube V2 is connected as a
cathode follower. The swept RF voltage is coupled from
the grid circuit of the oscillator section to the grid of the
cothode follower section. As a cathode follower exhibits
a high input impedance, the loading effect on the oscil-
lator is very slight. The cathode follower provides alow
impedance output and is connected to the attenuator net-
work..

If the swept RF output is not blanked during the negative
excursion of the horizontal 60cps sine sweep, the return
troce (mirror image of the forward trace) will be super-
imposed on the forward trace and difficulty in interpreting
the pattern will result. The important blanking function
isachievedin the 368 by driving the oscillator grid highly

negative to cut-off and simultaneously feeding a portion
of the negative grid blanking voltageto the AGC circuit
which results in a reduced B+ voltage to the oscillator
tube. A more detailed description of the blanking pro-

cess follows,

Plate and grid of one-half of the 12AX7 blanking and
AGC amplifier tube (V3) are tied together and connect-
ed to the oscillator grid through isolating resistor R20.
One side of the high voltage secondary winding of the
power transformer is connected to the cathode of the
blanking tube through a voltage dividing network con-
sisting of resistors R23 and R24. Throughout the positive
excursion of the voltage applied to the cathode, the plate
is negative with respect to the cathode and no current
can flow. At this time, the oscillator operates with its

_own grid leck (R19)only. During the negative excursion

of the voltage ot the cathode, the grid and plate become
effectively positive with respect to the cathode and the
tube will conduct. As the plate follows the cathode, a
high negafive voltage is applied to the oscillator grid,
thus cutting the oscillator tube off. Also, the negative
voltage pulse is coupled to the grid of the second half of
the 12AX7 tube (V3), which is the 1st AGC amplifier,
thus causing o positive pulse at the plate of this tube.
The positive pulse is coupled to the grid of the 6AUé 2nd
AGC amplifier (V4), resulting in a large negative pulse
at the plate of this tube. This negative pulse appears
at the grid of the 12B4A series regulator tube V5 to cut
this tube off, and consequently the B+ supply to the os-
cillator sectionof V2 is cut off. Therefore, the oscillator
tube is cut off in two ways during the blanking period.
L5 is a non-resonant choke which prevents the oscillator
RF output from getting back to the regulator circuit,

Automatic gain control of the RF output voltage is achiev-
ed by coupling part of the varying DC voltage developed
at the oscillator grid to the control grid of the 1st AGC
amplifier, one-half of the 12AX7 tube (V3). To under-
stand the operation, we utlize the well known fact that
the negative voltage at the oscillator grid increases wifh’



the amplitude of the RF output. Supposing that instante-
ously the RF output has increased, we can anticipate that
the negative ascillator grid valtage will increase. By
tracing the effectof this increase through the AGC chain,
we can see the regulating action. The negative pulse re~
sults in a positive pulse at the plate of the 1st AGC am=
plifier, which is coupled to the control grid of the 6AU6
2nd AGC omplifier tube (V4) and results in a negative
pulse at the plate of this tube. This negative pulse is fed
to the grid of the 12B4A series regulator tube (V5), which
is in the path of the B+ voltage applied to the plate of
the ascillator. The increase in the effective resistance
of the regulator tube as a result of the negative pulse on
its control grid, provides the reduction in B+ voltage at
the oscillator plate necessary to reduce the RF amplitude
to the predetermined level. Similarly, an instantaneous
drop in RF amplitude will produce effects opposite to those
just described at each point inthe AGC chain to increase
the B+ voltage at the oscillator plate sufficiently to restore
the RF amplitude to a predetermined level. Level contral
R32 (internal adjustment) is used to set the AGC circuit
for maximum output on all bands with minimum omplitude
variatians.

One-half of the 12AT7 dual triade tube V1 is emplayed
asa Calpitts variable frequency marker ascillatar and the
ather half is used as a crystal marker ascillatar. The va-
riable marker ascillatar covers the range fram 2mc ta 75mc
in 3 fundamental bands and the range fram 60mc ta 225 mc
an the third harmonic of the highest fundamental band.
The oscillatar cails are slug~tuned so the ascillatar can
be trimmed and padded far perfect tracking aver the whale
frequency range.

The autput of bath ascillatars is taken fram the same cath=-
ade laad, thraugh marker size cantral R42, The use of o
comman laad results in mixing aof the autputs of the twa
oscillators, sa that the twa ascillatar frequencies, their
harmanics, and the sum and difference af the fundamental
frequencies and their harmanics, will all be present in the
autput. For example, if the 4.5mc crystal supplied is
used and the variable oscillatar is set at 30mc, markers
will be abtained 30mc, 34 1/2mc, 25 1/2mc, 39mc,
21mc, ond at 22 1/2mc, 27mc, 31 1/2mc, and 36mc,
which aredirect harmanics of the crystal ascillator. Crys=
tals of ather frequencies may be used ta give different
marker spacing ar direct frequency checks. The autput of
an external marker generatar can also be mixed with the
internal markers by cannecting it ta the EXT. MARK.
connectar an the panel.

The marker frequencies are taken fram the arm of the
MARKER SIZE cantrol R42; the swept RF autput is taken
fram the arm of the FINE ATTEN. cantral R41. These aut-
puts tagether are fed tathe 5-step COARSE OUTPUT AT-
TENUATOR cantrol $2. As a result the marker autput
energy is attenuated prapartionally ta the swept RF aut=
put signal, thus avaiding marker averlaading while main-
taing a wide range af amplitude cantral.

A 6X4 full-wave rectifier tube (V6) is emplayed in the
pawer supply, and the DC autput is well-filtered by dual-
sectian electrolytic C25 and resistor R34. Plate voltage

for the rectifier and the required filament voltage for all
tubes is supplied by power transformer T1, as well as vol-
tage for the phasing and blanking circuits.

FUNCTIONS OF CONTROLS AND TERMINALS

SWEEP RANGE SELECTOR — Provides coarse adjustment
of sweep oscillator frequency. Selects one of 5 funda-
mental ranges marked on panel alongside the sweep os-
cillator dial.

SWEEP OSCILLATOR tuning control — Provides fine ad-
justment of sweep oscillator frequency. Approximate
sweep center frequencies are all read ondialscale corres=
ponding to the sweep range selected.

MARKER RANGE selector —— Provides coarse adjustment
of variable marker ascillator frequency and on=-off (marker)
cantrol. Selects one of 3 fundamental ranges marked an
panel alongside the marker oscillator dial. The crystal
marker oscillator is aperative at all positians, pravided a
crystal is inserted in the X-TAL panel sacket. At OFF
pasitian, the variable marker ascillatar is disabled and
anly the crystal marker ascillatar functions,

MARKER OSCILLATOR tuning cantrol —_ Pravides fine
adjustment of marker ascillator frequency. Fundamental
marker frequencies are read an dial scale carresponding
ta the sweep range selected. Range 3 (fundamental) and
Range 3' (3rd harmanic) are bath read at pasitian 3af the
MARKER RANGE selector.

SWEEP WIDTH cantral — Pravides adjustment of sweep
width fram zerata a maximum deviation depending an the
selected center frequency (3 mc lawest max. deviatian,
30 mc highest max. deviatian).

MARKER SIZE cantral — Pravides valtage amplitude ad-

* justment af variable ascillatar, crystal ascillatar, and ex-

ternal markers.

FINE OUTPUT ATTENUATOR cantral — Pravides adjust~
ment af swept RF valtage amplitude.

COARSE OQUTPUT ATTENUATORswitch — Pravidesval-
tage amplitude adjustment of combined marker and swept
RF autput in 20db steps.

SCOPE HOR. binding posts—Take=off terminals far phase~
adjustable 60 cps sine sweep fed ta horizontal input ter=
minals of scape.

PHASE CONTROL/AC ON-OFF power switch —_ Permits
phase adjustment af 60 cps sine sweep available at SCOPE
HOR. binding pasts. The AC ON-~OFF pawer switch is

actuated at the extreme caunter-clackwise pasitian.

RF QUTPUT cannectar — Qutput cannectian far cambined
marker and swept RF autput,

EXT. MARK. cannectar — The cambined autput of the
crystal and variable marker ascillatars, ar the autput of



either marker oscillotor alone, is available at this con-
nector for external use (see MARKER RANGE selector).
The MARKER SIZE contro! has no effect on the output at
this connector. Also, the output of an external marker
generator may be mixed with the internally generated
markers by feeding it in through this connector.

X=TAL socket — Insertion of the 4.5mc crystal supplied
with the instrumentin this socketcloses the crystaloscil=
lator circuit and results in 4.5mc marker energy, and
harmonics thereof, to be present at the EXT. MARK con-
nector and at the RF output connector (attenuated by the
MARKER SIZE control.

Output Cable — 50Q coaxial cable properly terminated
for connecting swept RF and marker output energy from
RF output connector to input of circuit under test without
undersirable mismatch effects.

Compensated Scope Vertical Cable —— Coaxial cable and
lowpass RC netwark for connecting outputof circuit under
test to vertical input terminals of wide-band 'scape. Nec-
essary to obtain sharp marker pips when awide-band 'scope
is used.

'Scope Horizontal Leads . For connecting phase-con-
trolled 60 cps sine sweep voltage from SCOPE HOR. bind-
ing posts to horizontal input terminals of scope.

OPERATION

The use of a sweep signal generator economizes on time
and effort and also provides greater refinement of meas-
vrement in o very practical manner. For example, an
adjustable frequency, adjustable output RF signal genera=
tor might be used to obtain output-vs,=input data for an
IF amplifier at several discrete frequency points. This
information can be plotted on a graph showing response=~
vs.-frequency to obtain the pass-band of the circuit. The
procedure would have to be repeated after each circuit
readjustment. While a plot for a narrow=-band circuit
would be laborjous but possible, the time required for a
broad-band circuit would make this procedure highly im-
practical.

Asweepsignal generator in conjunction with a'scope pro-
vides a simultaneous dlsplay of the response of a circuit
at all frequencies within the sweptband on the screen of
the scope, inthe form of a response-vs.-frequency curve.
The immediate indication of changes caused by adjustments
to the circuit under study expedites alignment work or
circuit design enormously. Also, information is instantly
obtained by sweep methods which might easily be missed
using the point=by=-point method. For example, regen=-
eration effects and "suck=-outs" may cause changes in the
response curve over only a narrow range of frequencies.
This effectmight very easily be entirely within two adja=
cent discrete frequencies chosen for the point-by=-point
method. Obviously such effects will be missed, and a
smooth response curve would be drawn which does not
correspond in its entirely to the actual response.

Fig. 1 shows the Model 348, a broad band detector, and
an oscilloscope interconnected. The resultant display on
the 'scope screen is shown in Fig. 2. The pattern is a
graph with abscissa (horizontal axis) proportional to fre-
quency and the ordinate (vertical axis) proportional to
the amplitude response of the detector circuit.
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Fig. 1. Typical interconnections of Model 368 Sweep
Generator & Marker, Test Circuit (Broad-Band Detector)
and Oscilloscope.
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Fig. 2. Drawing of display appearing on scope screen in
Fig. 1.

The interconnections in Fig. 1 required toobtain the dis-
play include the connection of the RF OUTPUT terminal
of the Model 368 to the detector, whose output connects
to the V IN terminalsof the scope, and the connection of

SCOPE HOR. terminals of the Model 368 to the H IN

. terminals of the scope.

Of the two approximately parallel horizontal lines that
appear on the screen, one is the reference line of zero in-
put, signifying the blanking period that occurs during
every other 1/120th of a second, and the other is the
rectified RF output. The rectified RF output will be the
upper trace if the detector provides a positive dc output
(i.e. as shown in Fig. 2)and the scopebeam is deflected
upward by a positive voltage at the vertical input ter-
minal that is not grounded. The left-hand end of the
rectified RF output trace will represent the lower fre-
quency edge of the sweptband if the 60 cyclesine sweepis
phased so that the start of the positive-going excursion
of the 60cps sine sweep applied to the horizontal de-
flection plates of the scope is synchronized with the start
of the increasing-frequency excursion of the rectified
swept RF band applied to the vertical deflection plates
of the scope, and the scope beam isdeflected to theright
by a positive voltage at the horizontal input terminal that
is not grounded. [t is not possible to interpose the low
and high frequency edges of the swept band trace by use
of the phasing control of the Mode! 368, since the latter
provides a narrow range of adjustment for fine compen-
sation for small phase shifts. :



In this connection, note that tv receiver RF curves are
shown deflecting downward because, when RF response
curves are observed, the scope is usually connected
through an isolating resistor to the mixer grid circuit in
the tuner, which goes increasingly negative as signal
strength increases. As a result, these response curves
deflectdownward and are seen below the zero input ref=
erence trace. |F response curves are usually shown de-
flecting upward and are seen above the zero input ref-
erence trace. Of course, these curves may be upward or
downward, depending onthe connections to the rectifier
or second detector.

Similarly, as regards to horizontal deflection, confusion
will be avoided if the low frequency edge of RF response
curves appear on the scope at the left side. With this
connection, picture RFcarriers will be to the left of as-
sociated sound RF carriers, Keep in mind that the low-
frequency being placed on the left-hand side pertains to
RF response curves only. When observing IF response
curves, the opposite condition is obtained and the low
frequency is on the right-hand side because the hetero-
dyning action causes areversal of right and left so far as
frequency direction isconcerned. To avoid confusion on
this subject, it is best to check the direction of frequency
increase with anRF response curve obtained at the mixer
grid, thereby establishing the left~hand side of the curve
as the low-frequency side. The direction of frequency
- Increase on any response display, can always be determin-
ed by noting thedirection of travel of the variable mark=
er as its frequency is increased.

To interpret a respanse curve, facilities must exist for
identifying frequencies along the abscissa. This is the
function of the highly versatile marker circuits found in
the Model 368. Single, dual, or multiple markers may
be obtained as desired. High output levels on harmonics
as well as fundamentals greatly increase the value of the
marker facilities.

The marker appears.on the RF response curve trace at a
point along the frequency axis corresponding to its own
frequency. This occurs because a portion of the marker
oscillator output beats against the sweep oscillator output
within the instrument. Asthe instantaneous frequency of
the swept oscillator approaches the marker oscillator fre-
quency, the difference frequency enters into the pass-
band of the 'scope and becomes visible. As the two fre-
quencies near equivalence, the increasing response of the
scope to the decreasing difference frequency causes the
amplitude to increase correspondingly. The same phe-
nomenon occurs in reverse when the swept oscillator fre-
quency passes the marker oscillator frequency. Immedi-
ately adjacent to zero beat (frequency equivalence) the
marker reaches its greatest amplitude, which serves to
identify the frequency at that point on the RF response
curve. |f o wide=band oscilloscope is used, response to
the difference frequencies will be constant over a wide
bandwidth and the marker will appear as a fuzzy line that
may even extend the full horizontal length of the swept
RF trace in some cases. For this reason, the compensated
scope probe supplied isused to connect the output of the
detector to theV input terminalsof the 'scope. This probe

contains a low=pass filter which attenuates the higher
frequency portions of the beat marker to sharpen the marker
appearing on the trace.

Allof the specfic uses of this instrument, interpretations
of abnormal 'scope traces, and thevariations in procedure
appropriate to different types of receiver circuitry can not
be covered in a brief instruction book. Many excellent
books and magazine articles have appeared on the sub-
ject, some of which are listed in the bibliography. In
any cose, a detailed alignment procedure for each make
andmodel of receiver is available as prepared by the man=
ufacturer or from information supplied by the manufactur=
er. When aligning a receiver, it is imperative that you
have access to the specfic service and alignment notes
for the particular model. The follawing description of
operation, therefore, will be confined to general infor-
mation on setting up the instrument for the specific align=
ment procedures given by set manufacturers.

SWEEP OSCILLATOR

The Model 368 employs a center frequency sweep. This
means that as the SWEEP WIDTH control is advanced clock~-
wise, the sweepincreases evenly on both sides of the cen-
ter frequency read on the sweep oscillatordial. Thesweep
is blanked during half of the line cycle to provide a
straight line zero input reference. The voltage response
of the tuned circuit at any frequency in the sweptband s
proportional to the vertical distance from the correspond-
ing frequency point on the response curve to thezero in-.
put reference line. To observe the response curve of a
tuned circuit to be aligned with the Model 368, set the
SWEEP RANGE and SWEEP OSCILLATOR controls to the
nominal center frequency of the tuned circuit and ad-
vance the SWEEP WIDTH control clockwise until a sat-
isfactory trace is abtained. |f the left-hand edge (low
frequency side) of the trace ends abruptly instead of slop~
ing down to a pointon the zero input reference line, re=

“duce the frequency setting of the SWEEP OSCILLATOR.

cantral until the start of the trace appears on the zero
reference line. If the right-hand edge of the trace ends
abruptly, increase the frequency setting of the SWEEP
OSCILLATOR control. When both edges and abruptly,
advance the SWEEP WIDTH control clockwise until both
edges of the curve are on the zero reference line. See
Fig. 3.
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SWEEP OSC. INSUFFICIENT CORRECT RREQ.
TOO HIGH SWEEP WIDTH & SWEEP WIDTH
Fig. 3

In connection with sweep width, it should be noted that
the uppermost frequency of the sweep oscillotor is not
limited by the highest indicated frequency on the SWEEP
OSCILLATOR dial for the selected band, since the unit
is capable of sweeping across bands. Furthermore, it is
worth knowing that the maximum sweep width available,



on any band is obtained at a frequency setting near the
high frequency end. This means that greater sweep width
is available at the high end of band B than at the same
frequency at the low end of band C.

PHASING

Adjustment for phase shift in the receiver stages under
test is achieved by proper use of the PHASING control.
The PHASING contro! is set to zero on the dial before
setting the SWEEP RANGE, SWEEP OSCILLATOR, ond
SWEEP WIDTH controt to obtain the band-pass waveform.
After the band-pass waveform is obtained, the PHASING
control is adjusteduntil the trace is centered and exhibits
no fold-over at the right or left hand edges. See Fig. 4.
The linearity of the horizontal frequency axis is contin-
gent on correct adjustment of the PHASING control.
Should non-linearity become evident, reset the PHAS-
ING control.
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Fig. 4
MARKER OSCILLATORS

To determine the bandwidth of a tuned circuit, the MARK=
ER RANGE and MARKER OSCILLATOR controls are used
to set the variable frequency marker pip to a point 30%
of the maximum voltage response down the slope of one
side of the waveform and the frequency on the marker dial
noted. Then the pip is set to the 30% down point on the
otherside of the waveform and thefrequency on the mark~
er dial noted again. The difference between the two fre-
quencies is the bandwidth of the tuned circuit under test,

The effect of mixing the outputs of the crystal and variable
marker oscillators has been discussed in the circuit des-

cription section and the selection of either or both oyt~
puts is given in the functions of controls section. Thus,
if thevariable marker is set ot 30mc and the 4.5mc crys-
tal is inserted in the panel socket, the output marker fre-
quencieswillbe30mc, 34.5mc, and 25.5mc. Therefore,
if the variable marker is set to one side of a broad-band
RF or |F response waveform, another marker will appear
4.5mc away on theoppositeside of the waveform. Closer
or further spacing of markers can be obtained by substi-
tuting crystals of lower or higher frequencies respectively.

Note that the markers produced by the higher harmonics
of the 4.5mc crystal oscillator and the variable marker
oscillator will be smaller in omplitude than the funda-
mental marker provided by the variable oscillator and the
markers at the sum and difference frequencies of the fun-
damental variable and crystal marker frequencies (4.5 mc
on eachside of thevariable oscillator fundamental mark=-
er).

The crystal marker oscillator has many other uses. Using
the 4.5mc crystal supplied, this oscillator can be used
for alignment of the 4.5mc sound IF to be found ininter-
carrier sets. A 10.7mc or 5.35mc crystal can be used
for FM alignment purpose with the harmonics useful for
FM RF alignment. In the same way, crystals having use~
ful harmonics in the TV |F or RF regions could be used if
required.

If multiple markers are needed, an external signal gener-
ator can be fed into the EXT. MARK. connector on the
ponel. The MARKER size control will attenuate thelevel
of any signal fed into the EXT. MARK. receptacle. Mul-
tiple markers are obtained by mixing the external gener-
ator output with either the variable or crystal oscillator
outputs to obtain difference frequency markers at any
chosen frequency interval. If, for example, 250kc spac~
edmarkers are required, the external generator should be
set to 4.75mc or 4.25mc if being mixed with the crystal
oscillator or to a frequency 250kc above or below the
variable oscillator if mixed with the variable oscillator.
Of course, multiple markers can obtained without on ex~
ternal generator by similarly mixing the outputs of the
voriable and crystol oscillators in the instrument. Where
multiple markers are desired on a very high frequency
sweep, stronger markers will be obtained by beating an
external generator set to a frequency in the swept range
against the internal variable oscillator set above or be~
low the external generator frequency by the desired dif-
ference frequency.

Response

Curve

Band

Width 4.5mc
MARKERS FOR MARKER TO 4.5 mec SPACED
BAND WIDTH LOCATE FREQ. MARKERS FOR
MEASUREMENT AT WHICH RESP. OVERALL RESP.

IS BEING PEAKED CHECK
DISCRIMINATO!

ADIUSTMENT
4. 5mc

4,5me XTAL MARKER  USING XTAL
FOR INTERCARRIER ~ MARKER
SQUND I.F.
ALIGNMENT

AN

MULTIPLE MARKERS
FOR SPOT
CHECKING

Fig. 5

It is of course essential that markers be easily identified.
To quickly determine which marker is the fundamental or
harmonic of the variable oscillator, remove the crystal
from the panel socket and disconnect or turn off the ex~
ternal generator if used, The signa! marker pip remain-
ing will be the fundamental or harmonic of the variable
oscillator, Restoring the crystal oscillator and external
generator frequencies one at a time will permit identifi-
cation of all the other markers. A fixed marker that re-
mains when all internal and external markers have been’

»



remaved can be assumed ta be generated by the lacal os=
cillatar of the set under test. A pip of this type can be
eliminated by cannecting a sharting jumper between as-
cillatar grid and chassis.

In this instrument, there are twa methads of taking aut
either the variable ar crystal ascillatar outputs far fixed
alignment wark. 1If a verylaw level signal is needed, or
very fine level adjustment at law signal levels, toke the
autput fram the RF OUT cannectar with the FINE OQUT-
PUT ATTENUATOR (affects swept ascillatar autput anly)
turned maximum caunter clackwise (minimum) and the
MARKER SIZE and COARSE OUTPUT ATTENUATOR can-
trals set ta the desired level. When higher autput levels
are required, it is simpler ta toke the marker autput fram
the EXT. MARKER cannectar, where the level is affected
anly by the MARKER SIZE cantral and na ather. Uses of
thevariable arcrystal markerascillatar withaut thesweep
ascillatar include alianment of traps, RF and IF tuned
amplifiers, and discriminatars. The 4.5mc crystal ascil-
latar autput may be used directly far saund IF alignment
aof intercarrier type tv sets. Using a vtvm ar 'scape as a
null indicotar, the variable ascillatar (set to the tropped
frequency) may be used for trap adjustment. |t shauld be
nated that the crystal ascillatar has been designed far
aperatianwith higher frequency crystals and that depend-
able aperatian can nat be assured with crystals of fre-
quency lawer than 1mc. In fact, any crystal near 1 mc
that is purchased shauld be of the high sensitivity type,
as many 1 mc crystalswill nat functian in this type af cir-
cuit,

MARKER SIZE CONTROL

The MARKER SIZE cantral shauld be used ta set the marker
ta an amplitude na greater than that required far easy ab-
servation. Taa great a marker amplitude will ¢ause ab-
jectianable trace distartian.

FINE & COARSE OUTPUT ATTENUATORS

The FINE cantral attenuates the sweep ascillatar autput

anly. The COARSE decade attenuatar attenuates bath
the sweep ascillatar and marker autputs simultaneausly.
Start an alignment job with the COARSE cantral set at

X1000 (least attenuatian)and the FINE cantral set at ap-
praximately 50. When the respanse curve is abtained an
the scape screen, increase ar decrease the attenuatian as
required. It can notbe averlystressed that the generatar
autput (input ta the circuit under test) shauld be kept as
law as passible, na higher than is necessary far a gaad
indicatian of the response an the scape screen. Use fully
the gain pravided by the ascillascape ta assist in this
practice. The reasan far this isthat taa much autput will
result in serious distartion af the respanse curve, result=
inginmisleading infarmatian, and therefare misalignment.
Ta ensure that overlaadinghas nat distarted the respanse
curve, reduce the setting of the FINE cantral while ab-
serving the wavefarm. If at a reduced FINE cantral set-
ting the respanse curve changes shape, yau can be sure

the tuned circuit under test was being averloaded pre-
viausly. Should the ariginal FINE setting be near or be-
law 10 an the dial, the COARSE cantral shauld be turned
caunter-clackwise ane pasitian (greater attenuation)and
then the FINE cantral reset.

GENERAL ALIGNMENT PROCEDURE

Da nat undertake realignment of a tv set unless there is
evidence of misalignment. Many symptams aof incarrect
alignment may alsa arise fram ather causes. Even an ab-
narmal respanse curve is nat certain evidence af misalign-
ment and may sametimes be remedied by tube substitutian.
By cannecting an ascillascape and the Madel 368 ta a tv
set as described belaw, gain checks may be made to la-
cate a dead ar wedk stage. Tubes and ather circuit cam-
panents shauld be checked befare making adjustments an
tuned circuits.

It is unusual far RF realignment ta be required unless the
adjustments have been tampered with. Misalignment of
the frant end (RF, mixer, ascillatar) is usually manifested
by bath picture and saund traubles, either an ane channel,
several channels, ar all channels depending an the set
design. Narmal saund and raster when there are picture
traubles anall channels is assaciated with picture IF mis-
alignment. Hawever, in intercarrier sets the saund will
alsa be affected by this type aof misalignment. Saund
traubles anly an all channels, with picture and raster
narmal, is assaciated with saund sectian misalignment.

For all alignment except RF, it is required ta render the
lacal ascillatar of the tv set inaperative. This may be
dane either by remaving the ascillatar tube or temporarily
discannecting the B+ lead gaing ta its plate circuits. |If
necessary, alsa remave the vertical ascillatar. Far sofety,
disable the harizantal ascillatar ta eliminate the high
valtage ta the picture tube by graunding the cantrol grid

" ta chassis. Alsa, render the AGC circuit inaperative by

remaving the AGC tube, if necessary, and graund the
AGC bus ar apply a fixed dc patential fram a "bjas box"
(battery and patentiameter).

Usually the trap circuits are aligned befare the restaf the
set. These include the sound traps which keep the audia
signal fram madulating the picture and the adjacent chan=-
nel traps which prevent interference between adjacent
channels. The4.5mc trap in mast intercarrier sets should
be aligned after the saund and videa IF strips have been
adjusted. Saund [F sectians are aligned by canventional
FM alignment methads. Aswas stated previausly, the RF,
mixer, and ascillatar sections are aligned only if there
exists indicatians of misalignment.

TRAP ALIGNMENT

A vtym, set far DC valtage measurement, is connected
acrass the secand detectar load resistance far trap align-
ment. An unmadulated CW signal fram the marker gener-
atar is caupled via a .001 mfd capacitar (or larger) to the
gridof an IF stage preceding the trap circuit. The marker



generator is then tuned to the frequency for which the
trap is intended and the generator autput increased until
a usable reading is obtained on the VTVM. The trap is
then adjusted for a minimum reading. Either the variable
or crystal marker oscillator may be used and the marker
output taken from the RF OUTPUT or EXT. MARK con-
nectors depending on what is required or convenient as
described previously. Where the manufacturer specifies
that a modulated signal be used for trap alignment, refer

to the SUPPLEMENTARY PROCEDURES section in this
book .

IF ALIGNMENT - GENERAL

There are two general types of picture |F amplifiers, the
stagger-tuned type and the overcoupled type. The final
response curve is the same in either case, but the align=-
ment procedure is different. Notethat if the trap adjust-
ments are made after the IF alignment, the response curve
will be spoiled. Keep in mind also that the correct bias
must be applied to the IF tubes during the picture iF align-
ment (or on RF tubes during RF alignment) if the alignment
is to be successful. The best procedure is to follow the
manufacturer's instructions in this regard far the partic-
ular set being aligned.

IF ALIGNMENT = STAGGER=-TUNED TYPE

To align stagger-tuned type IF stages, feed the output of
the generator (from the RF OUTPUT connector via the
Output Cable) ta the grid of the mixer tube or the grid of
the individual stage being aligned,through a capacitor.
The stages are taken in sequence, starting at the stage
before the videa detector, or in accordance with the set
manufacturer's instructions. Connect an ascilloscope a=
cross the laad resistance of the video detector, using the
Compensated Scope Vertical Cable. Use the Scope Hori-
zontal Leads to connect the SCOPE HOR. and graund
terminals of the generator to the horizontal input termi-
nals of the oscilloscope. Disable the tv set oscillator
tube as described previously. Select the appropriate
SWEEP RANGE and set the SWEEP OSCILLATOR ta the
desired IF frequency. Adjust the SWEEP WIDTH control
to obtain the entire frequency response curve, reducing
the sweep width if the response curve occupies taa small

a section of the trace and increasing the sweep width if
the respanse curve does not return to the zera input ref-

erence trace at both the left and right. Also readjust the
SWEEP OSCILLATOR setting, if necessary, to properly
center the trace. Adjust the generator PHASE control as
described previously and make sure that the response is
not distorted due to overloading.

Select the appropriate MARKER RANGE position and then
set the MARKER OSCILLATOR to the IF frequency of the
first IF stage as given in the set manufacturer's service
notes. Set the MARKER SIZE control to obtain a clearly
visible pip without essentially distarting the curve. If
recommended, the primary of the IF transformer preceding
the stage being aligned should be shorted. The marker

ascillator is then set at the frequency of the next stage
and this stage is adjusted. It will be necessary ta reduce
the output of the generator as alignment procedes, using
the FINE & COARSE OUTPUT ATTENUATOR controls.
Do not reduce the scope vertical amplifier gain instead,
but ratherkeep itat a maximum while holding the output
from the generator to a minimum. After all the IF stages
havebeen aligned in this manner, feed the generator out-
put to the mixer grid through a suitable capacitor and
compare the overall response abtained with the curve rec-
ommended by the manufacturer in the service notes. The
position onthe curve of the sound and picture carriers can
be checked with the dual markers. Small readjustments
in the individual stages may be required to obtain the
manufacturer's recommended curve.

In some cases, the IF stages will be prealigned using sin=
gle frequencies,with a vtvm as an output indicator con-
nected across the load resistance of the video detector
stage. For this procedure, use the marker generator in
the instrument to provide the required CW frequencies.
The pertinent information for this use of the generatar has
been given previously.

IF ALIGNMENT - OVERCOUPLED TYPE

Cannect the scope as for the stagger tuned type. Operaté
and toke the swept oscillator output from the generator as
was described for alignment of the stagger-tuned type.
Couple the generator output to the grid of the final IF
stage through a .001 mfd capacitor. Then align the last
IF stage as instructed in the set manufacturer's service
notes. If recommended, shunt the primary of the trans=-
former ahead of the control grid to which the signal is
applied with a jumper or a 100-200 mmfd capacitor to pre~
vent it from absorbing energy and causing a dip in the
response curve. When alignment of the particular stage
is campleted, this shunt is removed. The proper trace ta

- be obtained ineach case will usually be found inthe man-

ufacturer's service notes and should be followed. Afign-
ment procedes stage by stage from the stage nearest the
picture detector to the mixer tube. The overall response
curve shauld be similar to the one shown in the manu-
facturer’s instructions. Here too, the dual markers are
used to locate the sound and picture carriers and to pro~
vide check points for determing whether the proper curve
is being obtained.

Fixed frequency pre~alignment procedures may be used
for over=coupled IF types also, When this is the case,
use the same procedure given for the stagger tuned types,
following the manufacturer's instructions.

SOUND IF ALIGNMENT

The common detector types found with tv sound IF systems

are the discriminator, ratio detectar, and gated-beam

circuit. For the discriminator and ratia detector types,

alignment procedures are similar except for the oscillo=

scope connection point. Adjustment of gated-beom de~
t



tectors is usually performed using atransmitted tv signal
according to procedures givenin the manufacturer's ser-
vice notes.

If the circuit uses a discriminator, connect the 'scope to
the grid return of the last limiter tube, and adjust the
alignment generator output for the lowest output that will
give a satisfactory trace. Set the marker oscillator to
the exact intermediate frequency of the sound IF strip,
and perform adjustments maintaining a symmetrical wave-
shape on each side of the marker. Then shift the *scope
connection to the volume control, or to the oppositeside
of the resistor going to the control, and adjust the dis-
criminator transformer for the maximum amplitude and
straightness of the slanted detecting curve. The adjust-
ment is finished when the marker is at the center of the
response curve. In intercarrier type sound systems, use
the 4.5mc crystal oscillator to furnish the marker.

As for the ratio detector, note that in the output circuit
of the two ratio detector diodes there are two capacitors,
one connected to the plate of one diode and the other
connected to the cathode of the other diode. Connect
the 'scope to the junction of these two capacitors and
ground. The i=f amplifiersand the detector transformer
can then be aligned asdescribed above for the case where
a discriminator is employed.

OSCILLATOR AND RF ALIGNMENT

Again it should be cautioned thatoscillator and RF align-
ment should not be performed unless it is necessary. The
general procedure is outlined below.

Restore the oscillator to operation, and feed the output
of the alignment generator (from the RF OUTPUT con-
nector via the Output Cable) through a balun (impedance
matching device) to the antenna input terminals. (For a
300 ohm antenna input, the balun will consist of 120 ohm
resistors in series with both the "hot" and ground leads of
the Output Cable.) Connect the'scope to the video de-
tector as before. Start alignment at the highest frequency
channel (13) and finish ot the lowest frequency channel

(2).

Adjust the oscillator tuning to locate the picture and sound
markers at the specified positions on the response curve
given in the set manufacturer’s notes. No required marker
will be outside the calibration range of the variable marker
oscillator in the alignment generator. The crystal oscil-
lator marker is mixed with the variable marker to provide
beat markers spaced4.5mc above and below the variable
marker for location of the other carrier.

If fixed frequency alignment is recommended by the man-
ufacturer, the output of the varicble marker oscillator
may be used. A VTVM will serve as an output indicator
when this method of alignment is used. The VTVM is con~-
nected, os a rule, to the sound detector laad and the os-
cillator adjusted for a zero reading (a null). Other VIVM
connection points may be recommended by the set manu=-
facturer and his instructions s/ uld be followed when a-
vailable.
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On completion of oscillator alignment, perform the RF
and mixer alignment, keeping the identical sweep genera-
for connections fo the antenna input terminals. The *scope
is normally connected to the grid return of the mixer tube,
using the point provided for this purpose. Again, begin
alignment at the highest frequency channel ond adjust the
response curve to the shape recommended by the manu-
facturer. (Note: If 'scope gainis inadequate fora clearly
visable display, use a single stage pentode preamplifier,
such as a microphone preamplifier, ahead of the scope.
A demodulator probe connected to the recommended test
point may sometimes give more satisfactory results without
a preamplifier. Of course, there will be no problem of
insufficient *scope gain if the manufacturer’s alignment
instruction specify connection to the video detector.)

ALIGNMENT OF INTERCARRIER SETS

Use fixed frequency methods for video IF strip alignment
with a VTVM connected across the video detector. The
output from either the variable or crystal oscillator may
be used. If sweep techniques are prescribed, the pre-
viously described methods can be employed.

On completion of fixed frequency: alignment, check the
overall response with sweep generator and scope. Con-
nect the generator to the mixer stage and the 'scope to
the video detector and touch up the IF adjustment screws
to obtain the recommended response curve.

Alignment of the sound IF strip is performed as described
previously, except that the 4.5mc crystal oscillator is
used as the signal source or marker, depending on which
alignment method is employed. When this is done, ad-
just the 4.5mc trap (if any) using the 4.5mc output of
the crystal marker oscillator and a VTVM with an RF probe
at the cathode or grid of the picture tube. For some sets,

. the DC probe of a VTVM will instead be connected to a

point in the sound detector circuit. Follow the set man-
ufacturer's instructions in all cases.

The tuner in an intercarrier set is aligned acording to the
same general methods described previously.

FM RECEIVER ALIGNMENT

The procedure for aligning an FM receiver is similar to
sound IF alignment in tv receivers. Theusual IF frequency
is 10.7 mc, although higher |F frequencies are used insome
receivers. The variable marker oscillator will supply the
required 10.7 mc signal. If extremely accurate align-
ment is desired, the crystal oscillator may be employed,
using a 10.7 mc or 5.35mc crystal inserted inthe crystal
socket on the panel. In the latter case, the variable
marker oscillator may be set to a frequency 100kc above
or below the crystal oscillator frequency to obtain addi-
tional bandwidth markers. |f the variable marker oscil-
lator is used to provide the 10.7 mc orother |F frequency,
an external signal generatar set to afrequency 100kc g-
bove or below the IF frequency may be used to provide
additional bandwidth markers.



SPECIAL PROCEDURES

if it is essential that a modulated signal be used for ad-
Justment of traps, detectors, etc., a separate signal gen-
erator having modulation facilities may be used. If such
a generator is not available, an unmodulated signal can
often be used together with a VTVM set for DC voltage
measurement connected to the video or audio detector.
When a modulatedsignal is used, a VTVM set for AC vol-
tage measurement or a 'scope is usually connected to the
grid or cathode of the picture tube. |n either case, the
trap will be setfora null indication. If a modulated sig-
nal isrequired far sound IF alignment ina TV or FM set, it
may be possible to substitute the procedure described un~
der SOUND IF ALIGNMENT. Follow the recommended
procedure, however, if there is doubt as to the efficacy
of this method.

ACCESSORY INSTRUMENTS

For routine servicing of both monochrome and color tv

sets without undue difficulty, a stable, sensitive, and

wide-band scope (essentially flat to at least 3.58mc) is
a necessity. For sweep alignment, however, wide~band

response is not required, since all that isrequired is faith-

full reproduction of aé0cycle square wave. For this pur-
pose, the 'scope should be flat from 6 to 600 cycles, or
preferably 3 to 1200 cycles, and introduce very little
phase shift over the range. A scope having DC (direct-

coupled) vertical amplifiersis ideal for this purpose. The
EICO Model 460 Oscilloscope has both 5me bandwidth

and DCvertical amplifiers and is required if color tv ser-

vicing is to be done as well monochrome tv and FM ser~

vicing. For monochrome tv only and FM servicing, the
EICOModel 470scope, with 1 mc bandwidth, is excellent
if a7" diameter 'scope tube is desired aswell as extremely
highssensitivity. To meet minimum requirements for sweep
alignment of monochrome TV and FM receivers, the EICO
Model 425 is recommended.

Three EICO probes are available to increase the useful-
ness of your oscilloscope. These types of probes are a-
vailable: Oscilloscope Demodulator Probe Model PSD for
signal tracing and waveform checks in the RF and IF sect-
ions of tv andradio receivers and olso for stage gain meas-
urements in low impedance RF circuits; Oscilloscope Low
Capacity Probe Model PLC for accurate reproduction of
sync signal waveforms and generally for tracing high fre=
quency, wide~band waveforms in high impedance circuits
since this probe effectively reduces the capacitive load-
ing of the oscilloscope by a factor of ten; Oscilloscope
Direct Probe Model PD for use in low frequency or low=
impedance test circuits and where it is desired to elimi-
nate stray pick-up and signal re-radiation.

Another essential instrument for alignment work and rou-
tine tv servicing is a high input impedance VTIVM, pre-
ferably of the type with true peak-to~peak response such
as the EICOModels232, and 249. Bath these models have
an impedance of 11 megohms. This impedance is suffi-
ciently high to make loading effects negligible and to

n

give true voltage readings in the circuits under investi-
gation. Ahighvoltage probe and an RF probe are avail-
able as accessories for use with the VIVM.

For horizontal and vertical linearity adjustments on a
properlyo, rating or completely serviced tvreceiver, use
the EICOModel 352 Bar Generator. This instrument pro~
duces an adjustable number of evenly spaced vertical or
horizontal barswhen connected to the antennainput ter~

minals of a tv receiver to facilitdte rapid and accurate
linearity adjustments. This service will help gain the
good will of your customers.

MAINTENANCE

GENERAL

Included in this section are instructions for mechanical
adjustments calibration, trouble-shooting, and part re~
placement. All adjustments and calibration procedures
must be performed in the order given on completed kit
instruments before they can be placed in use. The same
procedures will serve for periodic readjustments in both
kit and factory-wired instruments when required by com=
ponent aging or replacement.

REMOVAL FROM CABINET

To remove the instrument from the cabinet, first discon-
nect itfrom the power line and remove the two screws at
the cabinet rear. Then slide the chassis out the front of
the cabinet.

MECHANICAL ADJUSTMENTS
Both the MARKER OSCILLATOR and SWEEP OSCILLATOR

dials must be positioned so that the radial lines marking
the low frequency end of all bands is brought exactly be-
hind the hairline in the plexiglasswindow when the vari-
able capacitor plates are fully meshed. The procedure
to make this adjustment is described below.

1) Loosen the set screw in the brass dial bushing.

2) Turn theknob clockwise until the capacitor plates are
fully meshed without forcing, NOTE: The knob can be

turned slightly beyond this point withalittle forcing, but
doing this Is undersirable because it would throw off the
calibration. A sure way of avoiding this mistake is to
watch the two thin adjacent gears on the capacitor shaft
(both of which mesh with the thick brass gear on the
driving shaft) while turning the knob clockwise. You
are not forcing while the two thin adjacent gears move
together; you are forcing when the thin gear nearest the
capacitor frame is moved while the thin gear in front of
it remains stationary. As forcing is possible only over a
few degrees of rotation, you will have to observe closely.

3) Position the dial so that the radial line marking the
low frequency end of all bands rests directly behind the



hairline in the plexiglass window. While the dial is in
this position, retighten the set screw on the dial bushing.

CALIBRATION OF MARKER GENERATOR

1) Connect the line cord to the AC line (117 volt, 60 cps)
and turn the power on (turn PHASE control clockwise
from zero). NOTE: Be careful to avoid personal con-
tact with the operating voltoges of the instrument.

2) Connect the Output Cabte to the EXT. MARKER con-

nector.

3) Wire the broad-band detector circuit shown below to
the V input terminals of your scope, using the shortest
possible leads between the components and the scope ter-
minals. Connect the other end of the Output cable to the
input terminals of the broad-band detector. The set-up is

shown in Fig. 6.
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4) Set the scope sweep frequency at somewhere between
1000 and 5000 cps and the vertical gain to moximum. Set
the horizontal gain for a horizontal deflection roughly
1/2 to 2/3 the screen diameter.

5) Insert the 4.5mc crystal in the X~TAL socket on the
panel and advonce the MARKER SIZE control to maximum.

6) Set the MARKER RANGEselector at positiond and the
MARKER OSCILLATOR to 22.5mc (5th harmonic of the
crystal). Adjust the marker oscillator coil slug for Band 3
(seeFig. 7 forlocation)for zero beat between the crystal
and variable marker oscillators. The approach of zero
beat will be indicated by an increased trace amplitude,
signifying a high frequency beat signal coming into the
band-pass of the scope; immediately adjacent to zero
beat individual frequencies will be visible and exactly at
zero beat the amplitude of the trace will drop to zero.
These phenomena will be repeated in reverse orderon the
opposite side of zero beat. Asthere are strong crystal har-
monics every 4.5 mc, you can not be sure that the variable
oscillator is zero beating against the selected harmonic
without checking. For this reason, the coil slugs have
been pre-set in production at approximately the correct
position, so that the zero beat that occurs when the coil
slug is adjusted afew turns on one side orthe other of the
pre-set position should be with the desired 5th harmonic.
Hawever, this is not a certainty, and the adjustment of
the coil slug must be checked by setting the MARKER OS-
CILLATOR dial at 27 me (6th harmonic), mc (7th har-
monic), and 36mc (8th harmonic), at all of which fre=-
quencies zero beat should occur again. If these checks
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do not confirm the correctness of the coil slug adjustment,
reset thedial t622.5mc and readjust the coil slug for zero
beat at a different point. Inall these adjustments, it will
be necessary to adjust the 'scope controls for a display of
convenient amplitude.

QO Ok

BANDR2 COIL BAND 3 COIL

BAND | CalL.
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Fig. 7

7) Set the MARKER RANGE selectorat Range 2, Set the
MARKER OSCILLATOR dial at 9mc. Adjust the slug in
the Band 2 coil for zero beat. To confirm the correctness
of the coil adjustment, check for zero beat at dial settings
of 13.5mc, 18mc, and 22mc on the Range 2 scale. Re-
do the coil adjustment if confirmation is not obtained.

8) Set the MARKER RANGEselector at Range_1. Set the
MARKER OSCILLATOR dial ot 4.5mc. Adjust the slug

~ in the Range | coil for zero beat. To confirm the correct-

ness of the coil adjustment, check for zero beat at dial
settings of 9mc, 13.5mc, and 18mc on the Range 1scale.
Redo the coil adjustment if confirmation is not obtained.
This completes the calibration of the marker generator.

9) Remove the crystal ond turn the MARKER RANGE se-
lector to the OFF position. Disconnect the output cable
from the EXT. MARK. connector but leave the opposite
end connected to the broad-band detector ahead of the
scope as it will be required for the adjustment of the
sweep oscillator that follows.

ADJUSTMENT OF SWEEP OSCILLATOR

NOTE: The SWEEP OSCILLATOR dial is not calibrated
accurately because the marker oscillotors serve to provide
accurate identification of frequencies along the response
curve.

1) Connect the Output Cable to the RF OUTPUT con~
nector and retain the connection of the opposite end to
the broad-band detector ahead of the scope. Connect the
'Scope Horizontal Leads from the SCOPE HOR. and GND



terminals of the 368 to the horizontal input terminals of
the 'scope. See Fig. 8.
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Set the scope for exteinal i?\pur to the horizontal ampli-
fier. Set the FINE and COARSE QUTPUT attenuators to
the furthest counter-clockwise position (maximum output).
Set the SWEEP RANGE selector to position E and the SWEEP
WIDTH control at zero, and the PHASE control at zero.
Set the scope controls for a horizontal deflection of 1/2
to2/3 the screen diameter and a convenient pattern height.

2) Arectangular shaped trace should result from the pre-
ceding operations. Refer tothe instructions for corrective
operation of the PHASE control if there is any evidence
of overlappingin the trace, indicating an incorrect phase
adjustment. See Fig. 9.

IMPROPER PROPER

PHASING

Fig. ¢ ‘

Note that the correct display consists of two bright, straight,
and parallel horizontal lines connected by two light ver-
tical lines at the extremities. If the 'scope does not have
good response below 60 cycles, the detected response line
vill be tilted. For this reason, it is preferable to use a
scope with dc (direct-coupled) vertical amplifiers (such
as the EICO Model 460. In the OPERATION section (page
5), information is given as to how to determine which of
the horizontal lines is the detected sweep output and which
the zero input reference; also, how to determine which
is the high-frequency end and which is the low-frequency
end of the sweep.

3) Now set the SWEEP RANGE selector successively to
each of the other ranges. At each position, wait for the
AGC action to complete itself (finding the maximum out-
put level with minimum amplitude variation). On each
range the trace should consist of the same two straight
horizontal parallel lines, although the vertical distance
between the lines need nat be the same on all ranges, and
in fact, will usually not be. On each range position,
turn the SWEEP OSCILLATOR dial through the full fre~
quency range to determine whether there are any "dead"

spots where the sweep oscillator does not function. The
amplitude of the response curve will normally vary over
any one sweep range, particularly on the two highest
ranges. At one point at least, check the operation of
the FINE and COARSE OUTPUT attenuators by turning
them fully counter-clockwise and then returning them to

the furthest clockwise position.

PHASING
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4) Advance the SWEEP WIDTH control to maximum. The
COARSE QUTPUT ATTENUATOR should be set ot X1000
and the FINE OUTPUT ATTENUATOR at 100 (minimum
attenuation). Rotate the AGC level adjust potentiometer
R32 (on the chassis) maximum counter-clockwise. Set the
the SWEEP RANGE selector ot Range E, and turn the
SWEEP OSCILLATOR dial through the entire frequency
range while observing the pattern on the scope. Ifa dip
occurs, as shown in Fig. 10A, turn the AGC level con-
trol R32 clockwise just enough to bring the amplitude
down to where the dip disappears, as shown in Fig. 10B.
(Note thot theultimate effect of adjusting R32 is not evi-
dent instantaneously. Make the adjustment in small in-
crements and allow time for AGC action.) Then set the
SWEEP RANGE selector at Range D, and again turn the
SWEEP OSCILLATORdial through the entire range while
observing the pattern on the 'scope. If a dip occurs on
this range, turn AGC level control R32 further clockwise
until the dip disappears. Procede successivelyto each of
the remaining sweep ranges and turn R32 as far clockwise
as is required to eliminate any dip in the output curve

every band. (Note that adjustment of R32 can only cor-
rect dips in the output of the swept oscillator, not irreg-
ularities due to resonances in the broad-band detector
circuit.) Adjustment of the instrument is now completed.

J U .

Fig. 10
TROUBLE-SHOOTING

The schematic diagram of the Model 368 plus the infor-
mation given in the CIRCUIT DESCRIPTIONsection should

‘aid inisclating the circuit inwhich the trouble is located.

The next step is to localize the trouble in the particular
section to the tube circuit involved and then to try a re-
placement tube. If the trouble is not eliminated, voltage
and resistance checks should be made and compared with
thedata provided in the voltage and resistance chart (Fig.
11). Note that the sweep oscillator section consists of
the oscillator, cathode follower, blanking, and AGC cir-
cuits and that the voltages in these circuits are interde-
pendent. Because of this voltoge interdependance, first
attempt to locate the defect by making wiring and cold
resistance checks on each of these stages individually.

As an aid in localizing trouble, common symptoms togeth-
er with their possible causes and remedies have been list-
ed in groups corresponding to the major sections of the in-
strument (Fig. 12), Of course, all possible troubles could
not be included in the chart and the make-up of the chart
has been based on the assumption that the instrument has
worked properly at some previous time. Keep in mind
that introuble-shooting, the main endeavor is to find and
eliminate the source of the trouble. Recurrence of a trou-
ble usually indicates that the effect, not the cause has
been remedied.



Fig. 11

TROUBLE-SHOOTING CHART

SYMPTOM

DEFECT

REMEDY

Pilot lamp, 11, fails to light

No a=c line voltage

Pilot lamp, 11, defective
Transformer, T1, defective
Defective filament wiring
Short in B+ circuit

Trace line failure

Replace

Replace

Repair

Check for a shorted electrolytic
capacitor, tuning capacitor, or a
short in the B+ wiring paths.

Some or all filaments fail to light

Defective tube or tubes

Check and replace

Defective wiring Repair
T1 defective Replace
No output from the sweep oscillator V2 defective Replace
AGC level control R32 misadjusted Re-adjust
Oscillator coil or coils of L6 open Replace L6
Defective wiring Repair
No regulation (AGC action) R32 misadjusted Re-adjust
V3,V4, or V5 defective Check and replace
R20 open Replace
C24 defective Replace
Poor regulation at full sweep width Defective C17, C18 Replace
R21, R22 open Replace
Defective wiring to S1 Repair

No blanking Defective V3 Check and replace
R20, R23, R24 open Replace
C14 shorted Replace
No sweep Field coil of L6 defective Replace L6
C21 defective Replace
R26, R27, R28 open Replace
Defective CR1 Replace
No variable marker oscillator output Defective V1 Replace

L2, L3, L4 open
Defective R4 (check if no negative
voltage present at pin 2 of V1)

Check for continuity and replace
Replace

No crystal marker oscillator output

Crystal defective
R2 open

C2 shorted

C1 open

Replace
Replace
Replace
Replace
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Fig. 12 RESISTANCE CHART

Vi V2 V3 V4 V5 \Z3
TUBE 12AT7 12AV7 . 12AX7 6AU6 1284 6X4
PINF
1 Above 300K INF. 14.7KQ | Above 1M [NF, 190Q
2 22KQ 100KQ 14.7KQ 0 Above 300K
3 150Q 300Q 15.5KQ NEGL 0 NEGL
4 0 NEGL NEGL 0 NEGL 0
5 0 NEGL NEGL | Above300K | NEGL
6 Above 300KQ | Above 300KQ{Ab. 300KQ 190Q
7 47K 4.7KQ 4.7MQ 150Q Ab. 300K
8 150Q 0 0
9 NEGL 0 0 Above 300K

REFERENCES FOR VOLTAGE & RESISTANCE CHART

* Voltages will change with Marker Range and Tuning positions.
** Voltages will vary with setting of level control R32 and with
Sweep Range and Sweep Tuning positions.
Sweep Circuit Voltages: Across C22-140VDC; Across C20-0 to
65VAC varies with Sweep Width Set-
ting R38. For this measurement use a
blocking capacitor at least .1 UF.
Unless otherwise noted, all voltage and resistance values may
normally vary by £10%.

CONTROL SETTINGS

TUNING KNOBS fully clockwise
SWEEP RANGE at E

SWEEP WIDTH at 0

FINE at 100

COARSE at X1000

MARKER SIZE at 100

MARKER at 1

XTAL in,

Fig. 13 VOLTAGE CHART

V1 V2 V3 V4 V5 )
TUBE | 12AT7 12AV7 12AX7 6AU6 12B4 6X4
PIN#
1 140VDC * 140VDC -47VDC AL 80-160VDC* | 280'VAC
2 -10VDC * 0 -47VDC 0 10-130 VDC ** NC
3 1.2VvDC 3vDC 40 VDC 6.3VAC 0 6.3VAC
4 0 6.3VAC 6.3VAC 0 6.3VAC 0
5 0 6.3VAC 6.3VAC 10-130 VDC* 6.3VAC .| NC
6 90VDC | 80-160VDC** | 10-20VDC** 165VDC NC 280 VAC
7 -20VDC -15VDC ** | =-42VDC 1.5-2.5VDC ** connected 340VDC
int. to #2
8 1.2vDC 0 0 NC
9 6.3VAC 0 0 340VDC
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R13
Sym,  Description
Cct cap., disc, 1000 mmf
Cc2 cap., cer., 25mmf
c3 cap., cer., 25mmf
C4 cap., disc, 1000mmf
c5 cop., disc, 1000 mmf
Ccé cap. , disc, 1000 mmf
c7 cap., disc, 1000mmf
c8 cap., disc., 47 mmf
Cco cap., tuning, marker
cio cap., disc., 15mmf
cn cap., disc., 5000 mmf
ciz2 cap., disc., 15mmf
ci3 cap., disc., 100 mmf
cH cap., disc., 500mmf
s cap., ning, sweep

Sym.

Cis
(e 74
cig
Cci9
C20
2
c22
C23
C24
C25
C26
C27
Cc28
C29
CR}¥

MODEL 368

Description

cap., disc, 1000mmf

cap., disc., 500 mmf

cap., disc., S5000mmf

cap. , poper, 2mf = 150V
cap., paper, .22mf - 200V
cap. , elec., 10mf = 150V
cap., elec., 50mf = 150V
cap., disc., 100mmf

cap., paper, .5mf = 200V
cap., elec., 3X10mf-450V
cap., poper, .05mf ~ 400V
cap., disc., .0t mf = 1000V
cap., disc., 2X.05mf
cap. , disc.,2X.05mf
rectifier

Description

bulb, 147

choke, RF

coll, morker 1

coil, marker 2

coil, er 3
choke, high loss
increductor unit
choke, RF line
choke, RF line
res., 47KQ, 1/2W,
res., 33KQ, 1/2W,
res., 150Q, 1/2W,
res., 22KQ, 1/2W,
res., 56Q, 1/2W,
res., 470Q, 1/2W,

R7
R8

R ™

R10
RIY
R12
R13
R14
R1S
R16
RY7
R18
R19

R2%

Description

res., 56Q,
res., 470Q,

res., 4.7KQ,1/2W,
res., 10KQ, 1/2W,
res., 1.2KQ,1/2W,

10%
10%
10%
10%
10%

10%
10%

, 20%

10%
20%
10%
10%
10%
10%

TV-FM SWEEP GENERATOR

&\

Description

res., 2.2KQ,1/2W,
res., 22KQ, W,
res., 47KQ, W,
res., 4.7MQ ,1/2W,
res., 8.2KQ, 2W,
res., 18KQ, W,
pot., 10KQ (sweep width)
res., 6.8KQ, W, 10%
res., 680KQ,1/2W,
., 100KQ ,1/2W.
. IMQ (level)

., 150Q, 1/2W,
., 2KQ, 2W,
., 10KQ, 10W,
. 220KQ, W,

8

10%
10%

10%
20%
10%
10%

-MARKER

Description

pot., 100KQ, w/spst (phese}
res., IMQ, 1/2W, 10%
res., 100KQ,1/2W, 10%
res., 100KQ,1/2W, 10%
pot., 200Q (fine)

pot., 200Q (marker)

switch, rotary, 5 pos. (Range)
switch, rotary, 4 pos. (ATTEN)
switch, rotary, 4 pos. (Marker)
tube, 12AT7

tube, 12AV7

tube, 12AX7

tube, 6AUG

tube, 12B4A

tube, 6X4

Flartranis Inctramant €a  Inc



