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SECTION 1

GENERAIL INFORMATION

;*_
SCOPE
This manual provides Technical Characteristics, Theory of Opera-
tion, Operating Instructions, Maintenance Instructions and Re ‘r
Procedures for the Nelson~Ross VHF/UHF Plugin Spectrum Analyzer

Model PSA 321.

CHARACTERISTICS

The Nelson—-Ross Spectrum Analyzer, Model PSA-321 is designed so

that it may be conveniently plugged into any Tektronix 561 or

564 oscilloscope. Installation of the plugin, immediately conver*=

the oscilloseope into a complete spectrum analyzer. All voltages
and power are automatically obtained from the oscilloscope when

the analyzer is inserted.

The Model PSA 321 covers the broad frequency range of 1 mc to 300
mc, A wide range of dispersions from 100 ke to 100 mc are pro-
vided as well as a Full Scan of 300 mc, If Bandwidths from 5 kc
to 100 k¢ are readily selectable from a front panel switch. High
sensitivity, flat responses, high stability and high spurious
rejection are inherently characteristic of the PSA 321 which fea-

tures complete solid state construction including the swept
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lodal oscillator., This model also possesses such other features
as: linear, 60 db log and 13 db sguare law displays; 51 db IF
attenuator and 40 db IF gain; video filtering; and both hori-

“ontal and vertical outnuts.
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TECHNICAL SPECIFICATIONS
SPECIFICATIONS PSA 321
CENTER FREQUENCY RANGE 1 mc to 300 me
CALIBRATED TUNING DIAL RANGE | CENTER: O to 300 mc
VERNIER: * 5 mc
TUNING DIAL ACCURACY * 5%
SCAN WIDTH Eight positions selectable with front
panel switch

1. 10 ke/cm 5., 1 mc/cm
2. 50 ke/cm « 5 mc/om
3. 100 kc/cm . 10 mc/cm
A. 500 kc/cm . Full Scan: 30 mc/cm

[ e )

DISPERSION ACCURACY + 10%

RESOLUTION /IF BANDWIDTH Automatically programmed with Scan Width,
in the AUTO position. Uncoupled: 5, 10,
20, and 100 KC, selectable with front
panel switch

SENSITIVITY (5 kc IF Bandwidth) =S50 dbm

VERTICAL DISPLAY¥S Linear: 60 db logavithmic; 13 db Square
Law; Selectable with front panel switch

DISPIAY PFPLATNESS + 2 db
INPUT POWER (Maximum) ~20 dhm
INPUT IMPEDANCE 50 ohms; BNC type connector on front panel
IF ATTENUATOR 51 db range in 1 db steps; + 0,1 db/db
IF GAIN 40 db (Nominal)
Continuously variable with front panel
control
IF FREQUENCY First: 500 mc; Second: 65 mc; Third: 10.7 mc
SWEEP RATES 1 cps to 30 cps




DISTORTION DYNAMIC RANGE

1-4

Harmonics and IM products at least
46 db below two equal full scale signals

DISPILAY DYNAMIC RANGE

50 db (5, 10, 20 ke resolution)

VIDEO FILTER

1 millisecond. Selectable with front
panel switch

HORIZONTAL & VERTICAL OUTPUTS

0 to 1 volt from 1000 ohms maximum
DC coupled at ground; connectors on
front panel

COMPATIBIE OSCILLOSCOPES

Tektronix 560 series or equivalents

POWER REQUIREMENTS

All power and voltages from oscillo-
scope
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SEC TION 2
THEQRY QF OPERATIO N _ e

Before operating a NEISON -ROSS Plugin Spectrum Anaiyzer, it is tmpcstant
to have a clea} understanding of the nature of the spectral display and an
interpretation of the data it will provide. Used conventionally. the Limpnge
| of an oscillo'scope is to present a visﬁal display of an electrical signal,
presenting t}:}e am plitude with respect to time. In such a presentatinn.

the horizonteil axis of the cathode-ray represents time and the vertical

axis represeﬁts instantancous amplitude. An equally meaningful display,
commonly ceﬁied a spectral display, is one in which the horizontal axlg
represents frequency and the vertical axis represents RMS amplitude.

This i5 the type of dlsplay provided by NELSON-RO S5 Plugin Spectrum
Anaiyzers.

SPECTRAL DIS?PLAYS

The nature of the spectral displays can be understood with the aid of the
following tllustrative examples:

Single Frequency, Idealized

An Ideal spectrum analyzer, will display a signal containing energy at
only one frequency as a single vertical line. This is illustrated {n
Figure 2-1A.

Multiple quuencie§ ¢ Idealized

Multiple signals would appear as multiple vertical lines, however close
~in frequency they{may be. A carrier medulated by sidebands at plus and
and minus a small fraquency increment vo-uld.thus appear as'shoivn in

Figure 2-1B, '
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Single and Multiple Freduency Displays

An actual spetbrum hrialyzer, however, cannot present an infinitely
narrow vertical line., Instead the signal is broddened into a
pulse as shown in Figure 2-1C., Similarly, multiple signals,
closer together than the width of the pulse, will tend to blend

as in Figure 2~1D. This illustrates a basic spectrum analyzer
parameter which must be considered, resolution. The smallest
frequency difference, between two egual amplitude signals, which
can be displayed is defined as the resolution of the analyzer.

Two equal amplitude signals are considered resolved when they are
far enough apart to cause a 3 db dip to appear between them.

This is illustrated in Figure 2-~1F,

Continuous Spectrum

Signals coﬂﬁaining frequency components spaced closer than the
resolution of the analyzer generate a continous spectrum, as
illustrated in Figure 2-1F.

Parvameters

There are thrée basic parameters of a spectrun analyzer display.
Resolution -~ Defined in the previous paragraphs as the prox-—
imity of two adjacent frequencies which can be
separated (hby a 3 db dip) in the display
Scan Width - The width of the display (in kc/em or mc/cm) on

the cathode~ray tube
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Scan Time - The amount of time taken to scan the Scan Width

mentioned above

S ince these three parameters are interrelated it is important to
understand the manner in which they effect one another., Scan Time
and Scan Width may be combined to produce a factor called Sweep

Rate (cycles per second per second) which may not be excéeded for

any given resglution. Expressed mdthamatically:

Scan Jidih ::::

acan Time (K) Resolution
If this relationship is violated, either by reducing the Scan
Time (increasing sweep speed) or by increasing the Scan Width,

the signal will smear and lose amplitude.

This is an important point to remember - contrary to conventional
oscilloscope operation with a spectrum analyzer slower sweep
speeds produce better displays, Since NELSON-ROSS Plugin Spectrum
Analyzers fit oscilloscopes with high sweep speed capabilities,
the operator must remember to reduce the sweep speed suficiently
to obtain a good display. As a rule of thumb, the upper limit

for any spectrum analyzer is 10~-30 sweeps/second.

AMPLITUDE MEASUREMENTS

The relationships mentioned above are of particular importance
when making relative amplitude measurements. If the Scan Time,

Scan Width or both are varied during a measurement - e.g. while
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searching for a harmonic oxr spurious signal - the sensitivity

may vary.

It is advisable, therefore, to reduce the Scan Width (or increase
Scan Time) untll the signal amplitude is no longexr attenuated by
these effects before taking readings. As the Scan width is
reduced (or the Scan Time increased ) the amplitude of the compo-
nent under observation will increase until a point id reached
where further changes have no effect. At this point a reading

of amplitude may be taken.

Utilization of Sweep Speeds recommended in the Technical Speci-

ficationg section of the manual will assure optimum perxformance.




SECTION 3

OPERATING INSTRUCTIONS

UNPAGKENG AND $ESPECTION

A careful inspection of the unit should be made immediately after

it is unpacked. ILook for obvlous indications of any physical

damage which may have been sustained during shipping. . All crystal:

should be firmly seated and connectors tightly mated.

INSTALIATION OF THE PLUGIN

Insert the plugin unit into any oscilloscope listed in this manual
Turn the lock knob (at the bottom center of the analyzer panel)
clockwise to secure the unit. Insert a vertical amplifier plugin
in the horizontal compartment of the oscilloscope. Connect a
short shielded cable (BNC to BNC or BNC to UHF, as required from
the H OUT of the analyzer to the vertical amplifier input. Turn
the oscilloscope pawer on and allow both instruments to warm-up
(the complete solid state plugin analyzer requires no warm-up,

but the oscilloscope reqguires about 10 minutes).

INITIAL ADJUSTMENTS

Certain initial adjustments must be performed when installing the
plugin analyzer For the first time. The initial adjustments
must be made so that true representations of control functions

will be possible.




Qét the Plugin Spectrum Analyzer controls as follows:

CENTER FREQUENCY 0 MC

VERNIER TUNING 0 MC

SCAN WIDTH FULL SCAN (30 MC/CM)
RESOLUTION 100 KC

DISPLAY LIN

VIDEC FILTER OFF

IF ATTENUATOR IN (51 DB)

IF GAIN cew

It will now bhe possible to obtain a horizontal trace along the
bottom graticule line on the oscilloscope screen by adjustment

of the V POS control of the analyzer, and the POSITION control

on the amplifier plugin. A vertical pip representing the intern—
ally generated zero fregquency signal will appear at the left of
the trace. Position the trace so that the zero signal coincides .
with the leftmost mark on the CRT graticule and the trace extends
along the base line to the furthest mark on the right, Use the

amplifier plugin gain controls to set the width of the trace.

LF CAL AND DISPERSION BAL ADJUSTMENTS - Since the voltages sup~
plied to the analyzer may vary from oscilloscope to ocscilloscope,
and initial adjustment is required to bring the CENTER FREQUENCY,
VERNIER TUNING and SCAN WIDTH dials to the specified accuracy.

Set the analyzer's controls as follows:
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CENTER FREQUENCY 0 MC
VERNIER TUNING 0 MC

SCAN WIDTH 10 Mc/cn
RESOLUTION 100 xC
DISPLAY LIN

VIDEO FILTER OFF

IF ATTENUATOR IN (51 DB)
IF GAIN CCW

The zero signal will appear on the screen. Using a screwdriver,
adjust the LF CALIBRATE potentiometer (concentric with the

VERNIER TUNING control) to position the signal directly on the
graticule center line. Vary the SCAN WIDTH by switching CCW to

«5 me/cm, waking note of the change in position of the zero
frequency signal on the screen for each position of SCAN WI/ TH.

If the position has changed toward the right or left of the grati-
cule center line, return it to the center using the LF CALIBRATE

control,

FUNCTION AND OPERATION OF PANEL CONTROLS

In order to oﬁtain the most efficient and accurate performance
from any of the NELSON-ROSS Plugin Spectrum Analyzers, it is
essential that the function and marking of each of the controls
ve fully understood. The Model P3A 321 Plugin Spectrum Analyzér-
may be used in any application where the necessity exists to

visually observe sianals whaee mammAnants €217 wishin on
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frequency range of 1 to 300 mec., With this instrument, it is
possible to measure the relative amplitudes as well as the abso-
lute values of each of the various components which make up a

complex signal,

The spectrum analyzer is designed so that its basic operating
characteristics may be adjusted to provide the parameters reguired
for analysis of the desired signals., These parameters are adjusted
through the use of the panel controls, which are displayed in

Figure 3-1.

CENTER FREQUENCY AND VERNIER TULTING
Adjustment of these controls centers the signal being observed on

the oscilloscope screen. Please note that these controls are

operative for all positions of SCAN WIDTH except FULL SCAN (30

ne/cm,  The CENTER FREQUENCY control is calibrated from 0 to
300 mc at 10 mec increments. The VERNIER TUNING control provides

a calibrated vernier from -5 me to + 5 ma.

SCAN WIDTH

The position of this control adjusts the scan width (randwidth)

of the screen display. This eight position switch, located to

the lef: of the CENTER FREQUENCY control, provides SCAN WIDTHS of
.0l mc/em; .05 mc/em; .1 mc/cm; .5 me/cm; lmc/cm; 5 mc/cm; 10 o e

and FULL SCAN (30 mc/cm). In the FULL SCAN position, the
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CENTER FREQUENCY and VERNIER TUNING controls are inoperative and

the entire frequency band of the analyzer, 0 to 300 mc is displayed.

RESOLUTION

This control, centrally located on the panel, provides five selec-—
tions of resolution; namely: 5, 10, 20, 100 KC and AUTO. Resolu-
tion is provided by an adjustable bandwidth RF filter in the last
IF amplifier. Resolution is defined as the ability of the instru-~
ment to distinguish between two adjacent signals. Two such signals
(of equal amplitude) are considered resolved if a 3 db dip appears
between them. In use, the appearance of the display determines
the setting of this switch. Too high a resolution will cause a
great loss in sensitivity, while too low a value will result in a
smeared display with beat-modulation riding on the trace. With
this control set in the "AUTO" position, resolution is automatic-
ally programmed with the SCAN WIDTH control to provide an optimum
display and to avoid the need for constant readjustment of the

resolution control when changing scan widths.

DISPLAY
This switch, located at the lower right-hand corner of the panel,

provides three vertical scale functions:
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60 DB LOG ~ In this display mode the vertical scale of
the instrument is logarithmic. Relative to a full scale
signal (0 DB)., Each 1/6 of the vertical scale is approxi-
mately 10 DB. Thus, a signal 30 DB down from fFull scale
will be % scale. A signal 60 DB down is ﬁuSt viaible as
a samall (/6 om) deflection on the baseline.
LIN ~ In this display mode the vertical deflection produced
by the signal is directly proportional to the input voltage
(the bottom % of this scale will be non-linear due to the
extremely low leﬁels encountered)}.
SQUARE LAW - In this display mode the vertical deflection
produced by the signal is directly proportional to the
input power. Thus, two signals differiﬁg by 3 db will
appear 2:1 in amplitude on the screen,

VIDEO FILTER

This switch permits the operator to insert a low-pass filter ih;o

the vertical deflection amplifier to filter out noise,etc.

IF ATTENUATOR

A six switch step attenuator providing 51 db of attenuation in

1 db steps; this attenuator is useful for making relative ampli-
tude measurements. The use of this attenuator when the instru-
ment is in 30 db LOG will limit the available vertical display,
since the combination of 60 DB of compression and 51 db of attenu-

ation will produce a range between noise and maximum input of
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111 db., This would require a maximum input of about +10dbm,
an uncreasonably high level. This attenuator is primarily for

use in LIN and SQUARE LAW position.

IF GAIN
This variable control provides nominally 40 db of IF gain so that
full screen signals can be set up and relative amplitude measure-

ments carried out,

INPUT JACK

The signal input jack is a BNC type connector.,. Input impedance

is 50 ohms.

H OUT AND V OUT

These front panel output jacks may be used for external monitoring
of the spectral display by meters, X~Y recorders or similar .devices.
Qutput is 0 to 1 volt (neminal) from 1000 ohms DC coupled at

ground,




SECTION 4

EQUIPMENT DESCRIPTION

GENERAL

The solid state Model PSA 321 Plugin Spectrum Analyzer covers the
range from 1 mc to 300 mec., The analyzer contains a broadband
mixer which heterodynes the input signal with the internal local
oscillator, producing an IF signal at 500 mc., A 500 mc IF system
with subsequent amplifiers at 65 mc and 10.7 mc, provides gain,
while a crystal filter acts as the resclution element. Linear,
logarithmic, and square law amplifiers provide vertical deflection
for the oscilloscope while the oscilloscope's sawtooth output to
the internal local oscillator provides the horizontal sweep. As
a result, the oscilloscope displays the spectrum of the 1npqt
signal. The relatively high frequency of the first IF allows

dispersion or scanwidths up to 300 mc.

Figure 4-1 is a block diagram of the Model PSA 321 analyzer,
This unit consists of an instrument frame and ~ix modular
electronic subassemblies, Blocks representing the gix modules
are shaded. All other elements shown are considered part of the

Instrument Frame.
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The Scan Width switch is essentially a calibrated attenuator whic:u
controls the sawtooth level to provide the various specified 5SCAN
WIDTH ox dispersion. In the FULL SCAN position of the SCAN WIDTH
switch the CENTER FREQUENCY control is disconnected and a fixed

voltage corresponding to mid-band is applied, xresulting in a full

scan display.

The sawtooth is generated by a Miller sweep generator-flip-flop

combination located on the frame printed circuit board.

The output of the 500 MC IF MODULE passes through the IF ATTENU-
ATOR, a panel mounted six clement toggle switch attenuator (see
schematic drawing contained within Section 6 of this manual), and
igs fed into the RESOLUTION IF MODULE, Within this module the
signal is converted down to 10.7 mc and filtered to provide the
resolution characteristics of the analyzer., A complete cirxcuit
description of the RESOLUTION IF MODULE is contained within Sec-
tion 5 of this manual. The 10.7 mc output is impressed upon the
input of the LOG-LIN 8Q IAW MODUIE. A complete description of
this module is contained within Section & of this manuval. The
module generates 50 db logarithmic, linear ox square law video,
which are available at the terminals of the DISPIAY switch S3A.
The operator may select the desired video signal by positioning
the DISPIAY switch in the appropriate position. The output of
this swtich is then routed to the Vertical Deflection Amplifier,

whioh ia mamted on +he dnatrument frame nrinted circuit bhoard.
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INSTRUMENT FRAME

Figure 4-2 is a schematic drawing of the instrument frame: Fig=

ures 4-3 and 4-4 display the left side and right side views of

the analyzer respectively,

The following elements are mounted on the instrument frame:

1.

2.,

3.

10,

PANEL, CONTROLS
INPUT CONNECTOR

HORIZONTAL & VERTICAL OUTPUT CONNECTORS

_ CENTER FREQUENCY & VERNIER TUNING CIRCUITRY

DISPERSION CIRCUITRY

VIDEO FILTER CIRCUITRY

IF ATTENUATOR ASSEMBLY

VERTICAL DEFLECTION CIRCUITRY
POWER SUPPLY & OSCILIQSCOPE LOADS

SWEEP CIRCUITRY

Elements 8, 9, 10, are contained on the frame printed circujit

board, Figure 4-5 is the schematic and components location

drawing for this boaxd.

The instrument frame also houses the following modules:

500 MC IF MODULE

RESOLUTION IF MODULE

LOG-LIN S5Q LAW MODULE

TRACKING MCDULE

SWEPT OSCILLATOR MODULE
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CIRCUIT DESCRIPTION

The input signal is impressed at the SIGNAL INPUT jack (J1),
which is a BNC connector on the front panel., This 1is connected,
via coaxial cable, with a broadband mixer. The output of the
mixer drives the 500 MC IF MODULE (the operation of all modules
are described in detail in Section 6 of this manual). The local
oscillator signal for this mixer is derived from the swept oscil-
lator module, which provides a swept signal from 500 to 800 MC.
Since the IF MODULE only responds to 500 MC, which must be the
difference between the local oscillator and input fredquencies,

the result is a tuning range of 0 to 300 MC,.

The SWEPT OSCILIATOR MODULE is voltage tuned, producing a signal
whose frequency is proportional to the voltage impressed on the
tuning control terminal., Since the voltage vs. frequency curve
is non-linear, the TRACKING MODULE is provided to linearize the
oscillator curve. At the inputs to the tracking module the vol-

tage vs, freguency curve is therefore linear.

The instrument is tuned by introducing a DC voltage into the
tracking module by means of the CENTER FREQUENCY potentiometer.
The sawtooth output of the oscilloscope is injected into the
tracking module via the SCAN WIDTH switch to provide the sweep-

ping action.




A2
The Scan Width switch is essentially a calibrated attenuator whicno
controls the sawtooth level to provide the various specified SCAN
WIDTH or dispersion., In the FULL SCAN position of the SCAN WIDTH
switch the CENTER FREQUENCY control is disconnected and a fixed
voltage corresponding to mid-band is applied, vesulting in a full

scan display.

The sawtooth is generated by a Miller sweep generator-flip-ilop

combination located on the frame printed circuit board.

The output of the 500 MC IF MODULE passes through the IF ATTENU-
ATOR, a panel mounted six clement toggle switch attenuator (see
schematic drawing contained within Section 6 of this manual), and
is fed into the RESOLUTION IF MODULE., Within this module the
gignal is converted down to 10.7 mc and filtered to provide the
resolution characteristics of the analyzer., A complete circuit
description of the RESOLUTION IF MODULE is contained within Sec-
tion 6 of this manual. The 10.7 mc output is impressed upon the
input of the LOG~-LIN SO IAW MODUIE. A complete description of
this module is contained within Section 6 of this manual. The
module generates 50 db logarithmic, linear or square law videco,
which are available at the terminals of the DISPLAY switch S53A.
The operator may select the desired video signal hy positioning
the DISPIAY switch in the appropriate position. The output of
this swtich is then routed to the Vertical Deflection Amplifier,

which is mounted on the instrument frame printed circuit board.
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The deflection amplifier consists of a DC coupled difference
amplifier. High voltage transistors are used to provide suf-

ficient voltage to deflect the CRT,




S5ECTION 5

MAINTEMANCE AMD REPAIR

NEISOM-ROSS Plugin Spectrum Analyzers are designed and manufac-
tured to high standards of reliability and quality control. The
use of fully transistorized circuitry has eliminated the need for
periodic maintenance., In noxmal sexrvice, it is unlikely that
your plugin analyzer will require repair. Should a failure occur,
however, this section will provide you with a general sequential

procedure for locating the fault and repairing the unit.

VISUAL INSPECTIONS

———r—

Plugin units are generally subject to considerable handling and
could be accidentally damaged during storage or transfer. Accor-
dingly, you should visually inspect the plugin unit periodically
for obkvious damage. Look for loose or frayed wires, damaged
components, broken component boards, etc. Burn marks on a compo-
nent could disclose an impending circuit failure, a short circuit

or overload conditions, any of which require further investigation,

GENERAL SOLDERING CONSIDERATIONS

Many components in your plugin analyzer are mounted on printed
circuit hoards. The use of a 40 watt soldering iron, equipped
with a chisel point is recommended for unsoldering or soldering

of any components. Only high tin content solder is recommended.
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Excessive pressure on a printed circuit board could cause it to
crack. Diodes should be installed with the normal pigtail looped
leads and any semiconductors should be protected during soldering
by heat sinking their leads with a long nosed pliers or heat-sink

C:Lipo

GENERAL TROUBLE SHOOTIFG

Should you suspect a malfunction in your Plugin Spectrum Analyzerx,
the following six general steps are recommended as a sequential
procedure to correct the problems
1. Confirm that a malifunction actually does exist
2. Tsolate the trouble to either the Plugin Spectrum
Analyzer oxr the oscilloscope
3. Tocalize the problem to the analyzer main frame or a
circuit module
4, Trouble-shoot the faulty element to determine the
exact source of trouble
5. Repair the malfunction

4. Test the repaired analyzer and realign (if necessary)

CONFIRMATION

1+ has heen found thru experience that many indicatiomns which are
presumed to e caused by a malfunction in the equipment actually

result from incorrect settings.
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All controls should be checked for correct settings, You should
also check the input cable connections and accessories. Once a
determination is made thaﬁ an actual equipment malfunction does

exist, it must be ascertained whether it is located in the plug-

in unit or the oscilloscope.,

ISOLATION
Isolation of the trouble to either the oscilloscope or the plug-
in unit may be accomplished by either of two psosible methods.
In the first and simplest method, the plugin unit is removed
and replaced with a sparé plugin. The second method requires
verification of input signals voltages, and analysis of the
screen display.
CAUTION

Before plugging in the spare unit, it is

esgsential that a careful inspection be

made of the sugpected original unit, Fox

evidence of charred components or hurned

wiring, Any.indications of such damage

could be the result of excessive oscillo~

scope supply voltages. In such cases it

is absolutely necessary to make complete

voltage checks prior to installing a

spare. If this precaution is not talen,

the spare unit may become damaged.
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If, after a spare unit (known to be functioning properly) is sub-
stituted and the system does not work properly, the fault exists
in the oscilloscope, Refer to the oscilloscope instruction man-
ual for correct maintenance procedures. If a spare unit is not
available for substitution further testing must be performed. A
plug-in extension cable (available from the oscilloscope manufac-
turer) may be used to facilitate the required testing, or the
top and bottom covers may be removed from the oscilloscope, and
the unit stood on its side. First, check all voltages supplied
by the oscilloscope to the plugin unit. The voltages supplied
by the oscilloscope to the plugin analyzer are identified on the
schematic drawing of the analyzer frame. *This schematic may be
found in Section 4 of this manual. If the voltages measure in-
correctly, remove the plugin Spectrum Analyzer and check cor-
rectly with the Spectrum Analyzer removed, the trouble may be

assumed to be in the plugin unit.

TROUBLE SHOQTING THE SPECTRUM ANALYZER

When it has been definitely established that the malfunction
exists in the Spectrum Analyzer plugin unit, the following

trouble shooting procedures are recommended.
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Much time and effort will be conserved by first performing a very
thorough visual inapection of the plugin unit. Carefully scruti-
nize the unit for evidence of, burned or broken wires, defective
switches, overheated or discolored components, and loose or
improperly seated crystals. In the event that a burned or dis-
colored component is discovered, it is essential that the direct
cause of the trouble be located, and corrected before replacing
the component. If no defects are detected by visual inspection,
then the following sequential procedure should be used to localize

the fault.

Supply power to the Plugin Analyzer through an extension cable
from the oscilloscope (available from the oscilloscope manufac—

turer).

If there is no display on the oscilloscope screen the trouble may
lie within the analyzer instrument frame. The frame electronics
may be checked on a D.C. basis, using any volt~-ohm-~meter (20,000
~ /volt). Voltages to be found at many terminals are indicated
on the frame schematic., This check should include voltages at
the power resistors, the Vertical Amplifier, sawtooth and tuning

voltages (where applicable).

If the instrument frame is operating properly, then the malfunc-

tion must be localized to the faulty modular unit.
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This may be accomplished by applying signals to the modules, one
module at a time, starting with the last module (on the block dia-
gram) and working back toward the analyzer input. Proper input
frequencies for each module are indicated on the block diagram,
and may be supplied by any standard signal generator. A faulty
module is indicated when the test signal will not pass and there
is no deflection on the oscilloscope screen. The faulty module
should then be inspected and tested in accordance with the pro-
cedure specified in the individual module description, contained

in Section 6 of this manual.

The instrument frame of the analyzer has been designed to permit
service of the individual modules without removal from the frame.
Each médule is mounted to the analyzet frame on a flexible har-
ness to permit testing and trouble shooting without the use of

patch cords or jumpers.

ALIGNMENT PROCEDURE

The following procedure should be used to align the CENTER FRE~

QUENCY and SCAN WIDTH controls:
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Equipment Reguired

Oscilloscope: DC~-Ll00KC response (minimum 1V/CM)
Sensitivity (minimum)
Signal Generator: 5 MC to 300 MC range ~30 dbin minirum output
OR
Signal Generator: 30 MC output with strong harmonics to 300 MC
(alignment may e performed without this
generator if necessary)
Muliimeter

1} Preliminary frame alignments

A} plug in analyzer and allow to warm up. Use a test
fixture or extension cord, if necessary, to allow
access to all adjustments,

B) set the CENTER FREQUENCY dial to the exact center
of the frequency range. Connect the multimeter
between the arm of the CENTER FREQUENCY potentio—
meter and ground. Adjust the L.F. CAL (screwdriver
adjust) for zero voltage (*+ % volt).

C) connect the oscilloscope to the output of the
Tracking Module (terminal 4 5). Set the panel SCAN
WIDTH control to FULL SCAN. On the Tracking Module,
turn all CUT controls fully CW. Using the CENTER-
ING and SIOPE ZERO controls, adjust for a sawtootth
of hetween #J3 ard 50 volts peak-toepeak on the

oscilloscope screen.
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D) the extremes of the sawtooth must be adjusted sd that
the sawtooth output of the Tracking Module in FULL
SCAN covers the same range that the D.C., output covers
when the CENTER FREQUENCY is tuned from minimum to
maximum at the lowest setting of the SCAN WIDTH con-
trol. This insures that the FULL SCAN display will
agree with the CENTER FREQUENCY dial range. This is
accomplished by adjusting the SWEEP + LIMIT and SWEEP
- LYMET adjustments on the printed cirxcuit board in
the frame so that in minimum SCAN WIDTH the DC output
of the Tracking Module, at the 0 and 300 mc marks on
the dial agree with the sawtooth extremes in FULL
SCAN. The SWEEP + LIMIT controls the positlive end
of the sawtooth without effecting the negative end
and vice-versa,

2) CENTER FREQUENCY dial adjustment

A} the curve of the tuning dial is set by means of po-
tentiometers located on the Tracking Module, Five
of the potentiometers control the spacing between
points on the dial (slope potentiometers). The
first SLOPE potentiometer {SLOPE 0) operates over
the entire dial while each of the remainihg four
SLOPE notentiometers operates only over the section
of the dial selected by its associated CUT potentio-

meter. A CENTERING control is provided to set the



B)

c)

D}

5-9
over-all position of the curve.
each SIOPE Adjustment effects the rate of change of
frequency with rotation of the CENTER FREQUENCY con-
trol f£rom the point at which its associated CUT po~
tentiometer puts it into the circuit and upwards in
frequency over the rest of the dial. The effects
are additive. It is therefore necessary to start
adjustment of the tuning curve from the hottom of
dial and work toward the upper end. The SLOPE adjus--
tment is permanently in the circuit, effecting the
entire dial., This potentiometer is therefore the
Eirst one to be adjuéted, with all CUT adjustments
turned fully CW (to maximum frequency) so that the
remaining SLOPE adjustments are out of the circuit.
The CUT and SLOPE adjustments are then introduced
progressively, to lineavize the rest of the dial.
The procedure is as follows:
set the CUT controls fully CW and turn the CENTER
FREQUENCY dial to zero., Adjust the CENTERING po-
tentiometer to place the zero signal on the center
graticule line,
Connect a 30mc signal at ~40dbm to the input of the
analyzer and tune the CENTER FREQUENCY dial to 30 mc
(it may be convenient to use a generator which pro~

vides harmonics to 300 mec, so that 10 marks are
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available for dial adjustment, instead of a c¢lean
input signal).

Note the position of the signal. If it is to the
left of the center graticule line, tuxn the 0 SLOPE
control CW to increase the spacing between 0 and

30 me, If it is to the right, turn the 0 SLOPE
control CCW.

Return the CENTER FREQUENCY control to zero and
readjust CENTERING control to place the zero signal
in the proper place. Repeat step "E" and note the
magnitude of the correction that has been achieved.
Readjust, and repeat until zero and 30 mc are cor-
rect on the dial,

Tune to 60 me, insert a 60 mc signal and note the
dial accuracy. If it is within 5%, tune another

30 mc interval (to %90me) and check for accuracy.
When a mark is found out of tolerance rotate the
CUT 1 control CCW until the mark is seen to move,
which means that the associated SIOPE ) control is
operative over that portion of the dial, Adjust
the SLOPE 1 control for the best f£fit of the next
few marks to the dial.

Repeat the above procedure for succeedingly higher
sections of the dial until the entire dial fits

within the specified accuracy.
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J)
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Recheck and readjust the DISPERSION BAL and DISPER-
SION SET controls to provide the cor:ect FULL SCAN
and halance of the S5CAN WIDTH control,
Switch the SCAN WIDTH control to .06 mc/cm, At any
convenient £requency, AM modulate the signal genera-
tor with a 60 kc signal. Tune to the signal and
adjust the SMALL SCAN SET control to provide

1 cm/60 ke sidehands on the display.



FRAME D1000-726

R1

R2

R3

R4

R5

R6

R7

RB

R9

R10

R11

R12

R13

Ccl

c2

WW Resistor 10W 5% 1lOK

Film Resistor
LW 1% 499.

Same as R2

Film Resistor
LW 1% 4020~

WW Resistor 10W 5% 4500

Film Registor
Lw 1% 4990

Film Resistor
YW 1% 20.5K

Resistor %W 5% 22K

Potentiometer
1000-~154-28

Resistor %W 5% 15K

Potentiometer 100K
1000-154-27

Potentiometerxr
1000-154-43

Potentiometer 250K
1000-154-11

Capacitor .1 @ 200V
Amperex C296AB/Al00K

Capacitor Disc .1 @ 200V

CRL DD-103

PARTS LIST

C3 Same as C2
Pl Connector
Amphenol 26-159-24
J1 Connector Gremar 5359
J2  Connector UG625B/U
J3 Same as J2
sl Switch NRE 19997-5
s2 Switch Alcoswitch
MRA-2-5S
S3 Switch C & K Component
7201
s4 Same as S2
PC BOARD C1000-727
Rl Not Used
RrR2 Resistor %W 5% 22K
R3 Resistor %W 5% 1M
R4 Resistor %W 5% 27K
R5 Not Used
R6 Resistor %W 5% B8.2K
R7 Resistor %W 5% 100K
R8 Registor %W 5% 330K

R9

Same as R2



R10
R11
R12
R13
R14
R15
R16
R17
R18
R19
R20
R21
R22

R23

R24
R25
R26
R27
R28

R29

R30
R31

' R32

Not Used
Resistor %W 5% 2.2K

Same as R2

Same as R1l

Resistor %W 5% 2.7K
Not Used

Resistor YW 5% 1K
Resistor %W 5% 150K
Resistor W 5% 91K
Resistor ¥W 5% 51K
Not Used

Same as R18
Resistor %W 5% 10K

Potentiometer 25K
IRC U201R253B

Resistor LW 5% B20K
Not Used

Same as R8

Same as R18

Not Used

Potentiometer 100K
IRC U201R104B

Not Used
Same as R4

Resistor 1W 5% 10K

PARTS LIST

R33°

R34

R35

R36

R37

R38

R39

R40

R4l

R42

R43

R44

R45

R46

R47

R48

R49

R50

R51

R52

R53

R54

R55

R56

Resistor 2w
Same as R33
Not Used
Resistor 2W
Same as R7
Resistor kw
Same as R26
Resistor LW
Same as R38

Same ag Ré&

5%

5%

5%

5%

Potentiometer

IRC U20125B
Same as R7
Not Used
Resistor %W
Resistor kW
Same as R29
Same as R4
Resistor %W
Same as R7
Resistor %W
Same as R47
Resistor LW
Not Used

Same as R29

5%

5%

5%

5%

5%

4700~

3900
39K

3900

25%

Ne3M
4,.7K
4700
35K

39K



PARTS LIST

R57 Same as R29 ° CR1 Diode 1N459
RSB Resistor %W 5% 120K CR2 Same as CR1
‘RS9 Same as R7 CR3 Same as CRI1
R60 lResistor Lw 5% 15K CR4 Diode Solitron 1R32B
R61  Resistor 3W 5% 180K - CR5 Not Used
R62 Potentiometer 500K IRC CR6 Same as CR1
U201504B

CR7 Same as CR1
R63 Film Resistor .
kw 1% 22K CR8 Diode Solitron 1R62B

R64 Same as R22
Q1 Transistor

R65 Resistor LW 5% 10K Industro 30lLC
Cl Mica Capacitor 100pf Q2 Transistor 2N3566
CM15E101J

Q3 Same as Q2
C2 Same as Cl
04 Transistor 2N3638
C3 Capacitor .1 @ 200V
Amperex C296AB/A100K Q5 Same as Q1

cé Disc Capacitor Q6 Same as Q1
: .001 CRL DD-102
Q7 Transistor 2N4360
C5 Not Used
- ' 08 Same as Ql
C6 Electrolytic Capacitor
100uf @ 50V ¢ D BR100-50 Q9 Same as Q1

c7 Disc Capacitor Ql0 Same as Ql
.01 CRL DD6~103

Heat-Sink
Thermolloy 1115C



SECTION 6

MODULE AND SUB~ASSEMBLY DESCRIPTIONS
This section consists of six subsections. It contains detailed
descriptions of the following sub-assemblies and modules:

RESOLUTION IF MODULE (1-980)

LOG=-LIN SQ LAW MODULE (1-740)

SWEPT OSCILLATOR MODULE (1-750)

500 MC IF MODULE (1-901}

TRACKING MODULE (1-904)

MIXER MODULE (1-912)
Circuit descriptions, alignment procedures, maintenance instruc-
tioﬁs, outline drawings and parts list are provided for each

module.

The last sub-section contains a schematic drawing and parts list

of the I.F. attenuator sub-assembly.
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RESOLUTION IF MODULE 1-980

FUNCTION

The function of this module is to accept a low level signal at 65 MC input frequency
and deliver an amplified signal at 10.7 MC. The IF module provides both gain and

e frequency conversion. A two pole crystal filter in the 10.7 MC section provides var-
. ious resolution bandwidths. The overall gain of the amplifier is such that signals

of the order of -80 dbm at the input will produce usable outputs. Input and output

impedances are 50 ohms.

CIRCUIT DESCRIPTION

The input signal is impressed upon the base of the mixer transistor, Ql. A crystal

controlled local oscillator comprised of Q2 and its associated circuitry provides a

54.3 MC signal which is applied to the emitter of Q1. The output of Ql is a 10.7 MC
FV signal which is initially filtered by a tuned circuit consisting of L1 and Cl. The

signal is then fed through the two crystal filters on the crystal filter board.

Bandwidth selection is accomplished remotely by diode switching via diode pairs
which are normally reversed biased. Forward hiasing each pair of diodes provides a
é different bandwidth position. In the first switch position (widest) the filter is

disconnected, providing a wide band position. In the second position the bandwidth

is fixed and is a function of the crystal frequency. This position is obtained by
EV reverse biasing all diode pairs. 1In the thifd and fourth éositions, the crystai
filter is inserted at progressively narrower bandwidths. The resistors and capaci-
E‘ tors are selected at assembly to suit the crystal characteristics and bandwidths for

each analyzer model. Gain and gain control is achieved by a 10.7 MC output amplifier

comprised of Integrated circuit ICl on the input-output hoard.

MAINTENANCE AND REPAIR

b When a malfunction has been localized to this module, the module should be removed
b .

from the instrument frame, and supplied power from the frame by its harness. The

i

R

following seguential procedure should then be used to trouble shoot the module.



perform a D.C. check of voltages on the emitter, base and collector of each transis-—

tor stage. ©Nominal voltages are indicated on the module schematic, If voltage read-

ings are satisfactory, the module must be checked stage by stage. With the module
output connected to the next chassis in the frame, apply a signal input to each stage E?

starting with the last stage in the module and working back to the module input. Any

standard signal generator may be used to supply the stage inputs. Once a particular
stage is found to ke inoperative, individual components may be replaced until satis- El

factory operation is attained.

ALIGNMENT
Test Equipment Required: Signal Generator with output at 10.7 MC to 65 MC over

the range of levels from -100 through ~10 dbm.

There are three basic circuits which require alignment: the Oscillator-Mixer, the Cry-

stal Filter and the Output Amplifier. The module must be removed to gain access to

the alignment controls. During alignment, the module should be connected to the

working Plugin Spectrum Analyzer so that the oscilloscope display may be used to

observe the shape of the bandpass filter

1. Set the DISPLAY switch on the analyzer panel to LIN

2. TFor initial alignment, a -10 dbm signal at 10.7 MC should be applied to the input

connector, JL (1}.

3. The resolution switch on the analyzer should be placed in the minimum resolution

position, (this position removes the crystal band pass filter from the circuit).

4. Transformers Z1 and Z3 on the input-output board should then be tuned for maximum

deflection on the oscilloscope screen, with R12 fully CW

5. The signal generator output level should then be reduced to the order of -50 dbm

and the freguency readjusted to 65 MC

6. The oscillator tuning capacitor, C6 on the input-output board may then be adjusted

local oscillator signal with the 65 MC input will produce a 10.7 MC signal, which

to produce a local oscillator signal. When properly adjusted the mixture of the E;
will cause deflection on the oscilloscope screen. E

7. This capacitor, C6 must be adjusted for reliable operation of the local oscillator,

a setting which may not coincide with the position for maximum de flection on the E,



JE—

CRT screen, It must be adjusted to permit the local oscillator to self-start.

8.

10,

11,

12,

13.

14.

15.

16.

This setting should be checked by applying and removing power to the spectrum
analyzer a few times,.

The crystal filter is aligned with the input connectors, J1 connected ﬁormally

to the 65 MC output of the previous module. Any attenuator should, however, be
switched out of the circuit by the front panel controls,

A signal should be provided to the input of the spectrum analyzer sc that a compo-
nent line is displayed on the CRT screen. The shape of this line is the shape of
the band pass of the crystal filter which is to be aligned.

Place the RESOLUTION switch in the position in which all diode pairs are reverse
biased, which is the position of maximum crystal filter bandwidth and the posi=-
tion in which the tuning of components is most sensitive.

Trimmer capacitors C6 and C21 on the crystal filter board should be tuned alter-
nately, for the broadest, smoothest, response obtainable. Do not tune for maxi-~
mum transmission, but rather for a minimum point at which the transmission, is
broad and the shape of the band pass is smooth and even.

Capacitors, C4 and €19 on the crystal filter board should then be alternately
adjusted to minimize sgkirt leakage of the signal. Since these capacitors affect
the tuning of €6 and €21 (of the previous step) they should be alternately read-
justed until the shape of the bandpass is smooth and leakage around the skirts of
the signal is minimized,

Switch the analyzer DISPIAY switch to LOG and increase the signal level until a
full screen signal is observed, This greatly expands the skirts to facillitate
adjustment of C4 and C19 for the most symmetrical bandpass characteristics.
Return the DISPLAY switch to the LIN position.

Retrim %1 and %3 for maximum transmission. This step assures that the center
frequency of the various tuned circuits is precisely the same as the center

frequency of the filter, in its narrowest position.
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INPUT-OUTPUT CIRCUIT PARTS LIST C2 Same as C1l
C3 Same as Cl

R1 Resistor %W 5% 47 C4 Same as C1

R2 Same as RL C5 ©Not Used

R3 Resistor YW 5% 4700 . C6 Trimmer 2,5-1lmmf

R4 Same as R3 Erie 538-000-90R

RS Selected At Test C7 Same as CL

R6 Resistor YW 5% 2700 .. C8 Same as Cl

R7 Resistor YW 5% 220 .. C2 GSame as Cl

R8 Resistor YW 5% 470K Q1 Transistor 2N3564

R9 Same as R7 Q2 Transistor FET 2N4304

R10Q Selected At Test IC1 Integrated CKT Motorola MC1550
R11 Same as R1 Y1 Crystal Cl000-007-6
R12 Potentiometer 1000 .~ Z1 Transformer IF Al000=345-1

IRC U201IR102B Z2 Transformer B1000-709-9

Cl Dbisc. .001 Centralab DD 102 Z3 Bame as Z1
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NOTES I (UMLESS DIHERWSE ZFEUFIED)
1. ML RESISFORS [n ONMS

2 ALL CAPALITORS N MFD,

B_ALL iROULTORS N MHY.

A% FRCTORY ELELTED VALJE .

5, BLE1 bEHoTES B.C TEST UsLTALE

2 N$309 )
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SiGaAL,
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CRYSTAL FILTER PARTS LIST

R1 Resistor LW
RZ2 Same as R1
R3 Resistor %W
R4 Resistor %W
R5 Resistor %W
Rt Same as R4
R7 Resistor 4W
R8 Selected At
R9 Same as R1
R10 Not Used
R11"~ Same as R7
R12 Selected At
R13 Same as RL
R14 Same as R7
R15 Not Used
R1lo Selected At
R17 Same as R1l
R18 Resistor %W
R19 Not Used
R20 Not Used
R21 Same as R4
R22 Same as R4
R23 Resistor 4w
R24 Same as R1
R25 Not Used
RZ6 Same as R1
R27 Same as R23
R28 Same as R23
R29 Same as R3
R30 Not Used
R31 Same as R4
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ffﬁ
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$3700 T,aol
QB @ {8
WinE pAiZous vARROWEST
R32 Same as R4 Cl4 Same as Cl
R33 Same as R7 Cl5 ©Not Used
5% 47K R34 Selected At Test Cle Same as Cl
R35 Not Used Cl7 Same as C1l
5o, 1200 . R36 Same as R1L Ccl8 Same as Cl
5% 220 .~ R37 Same as R7 Cl9 Same as C4
5% 470 -~ R38 Selected At Test C20 Not Used
R39 Same as R1 C21 game as C6
5% 100K R40 Not Used €22 Same as C7
Test R4l Same as R7 €23 Selected At Test
R42 Selected At Test C24 Same as Cl
R43 Same as Rl C25 Not Used
R44 Same as RI18 C26 Same as C1
Test R45 Not Used ¢27 Same as Cl
R46 Not Used C28 Selected At Test
R47 Same as R23 C29 Same as C1
C30 Not Used
Test cl Disc. .001 @ 600V C31 sSame as Cl
2 Same as C1l CR1 Diode 1N456
5% 33OK C3 Same as Cl CR2 Same as CR]_
C4 Capacitor, 2.5-11 uuf CR3 Same asCR1
Erie 538-000-90R CR4 Same as CR1
C5 Not Used CR5 Same as CR1
C6 Capacitor, 9-35 uuf CR6 Same as CRI1
5% 4700 Erie 538-000-94R L1 Choke 6.8 uhy
C7 Capacitor, .1 @ 200V Miller R1550-23
08 Selected At Test L2 Same as Ll
C9 Same as C1l Yl & Y2 Crystal Pair
Clo Not Used Al000-007-4
Cll Same as Cl Ql Transistor, 2N3564
Cl2 Same as Cl Q2 Transistor, FET 2N4304
Cl3 Selected At Test Q3 Same as Ql

Q4

Same ag Q2
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1-740
1-740A

LOG-LIN SQUARE LAW MODULE

FUNCTION
The function of this module is to provide gain and generate a square law, logarith-

mic or linear detected output for vertical deflection on the oscillescope display.

CIRCUIT DESCRIPTION

Transistors, Ql, 02, ©3, and Q4, comprise four identical resistance coupled ampli-
fication stages. Each stage provides a fixed amount of gain "and is designed to
gaturate at a fixed level. The output of each stage is fed into the next stage and
a detector. A linear output is selected at terminal # 5, the output of the fourth
detector CR&, Square law video 13 obtained at the same terminal by inserting diodes
CR3 and CR4A into the circuit., This is accomplished by ungrounding terminal # 2,
labeled "Ground for Log-Lin". Dicdes CR3 and CR4 then provide a sguare law charac-
teristic by virtue of their sguare law rectification properties and convert the lin-
ear output to a square law output. Grounding terminal # 2 biases dicde CR4 on and
effectively shorits out both diodes, eliminating them from the circuit to provide
linear or logarithmic video.

Logarithmic video 1s obtained by summing the outputs of all four derectors at terminal
# 4, labeled "lLog Video". Each detector then provides an output over a fixed gain

region of the entire amplifier, The sum of the four outputs is a 60 DB log output.

MAINTENANCE AND REPATIR

When a malfunction has been localized to this module, the module should be removed
from the instrument frame without disconnecting the cable. The following sequential
procedure should then be used to trouble shoot the module.

Perform a D.C. check of voltages on the emitter, base and collector of each transis-
tor stage. Nominal voltages are indicated on the module schematic.

If voltage readings are satisfactory, the module must be checked stage by stage.
With the module output connected to the next chassis in the frame, apply a signal
input to each stage, starting with the last stage in the module and working back to
the module input. Any standard signal generator may be used to supply the stage

inputs (indicated on the module schematic).



Once a particular stage is found to ke inoperative, individual components should be

checked and replaced until satisfactory operation is obtained.

ALIGNMENT AND TEST
Equipment Required: Signal Generator capable of supplying a 10.7 mc signal of
at least 100 millivolts RMS.

This module is highly stable and not normally subject to drift. The only adjustment

required ig the amplitude of the logarithmic output. This procedure will only he

required when components {particularly semiconductors) have been replaced.

1, With the module mounted in the plugin spectrum analyzer and the DISPLAY switch
set in the LIN mode disconnect the input connector of the module, J1, and apply
an input siynal of 10.7 mc from a signal generator.

2. Switch the DISPLAY control on the analyzer panel to the LOG position and adjust
to provide a 60 db display dynamic range on the oscilloscope screen. This is
accomplished by first adjusting the output level of the signal generator to pro-
duce a barely visible deflection on the CRT screen and then increasing the output

level by 60 db. Then R32 is adjusted to provide full deflection on the CRT screen

PARTS LIST
R1 Not Used Ri6 Same as R3
R2- Resistor LW 5% iSOK R17 Same as R6
Rj Resistor LW 5% 10K R18 Same as R3
R4 Same as R3 R19 Same as R12
5 Not Used R20 Not Used
R6 Resistor LW 5% 470 . R21l Same as R2
R7 Resistor YW 5% 62K R22 Same as R3
R8 Same as R2 R23 Same as R3
R9 Same as R6 R24 Same as Ré
R10 Not Used R25 Resistor YW 5% 12 ..
R1l Same as R3 R26 Same as R3
R12 Resistor LW 5% 18K R27 Same as R2
R13 Same as R2 R28 Same as R3
R14 Same as R3 R29 Same as R3

R15 Not Used R30 Not Used
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R31
R32
R33
R34
R35
R36
Cl
c2
Cc3
c4
C5
cé
c?
ca
C9
Clo
Ccll
cl2
Ci3
cl4
cl5
clé
Ccl7
cl8
cle
C20
Cc21
c22

Cc23

c24
C25

c26

Resistor %W 5%
Chosen At Test
Same as R3

Mot Used

Not Used
Resistor %W 5%
Capacitor Disc
Not Used
Capacitor Disc
Same as C1
Wot Used
Capacitor Mica
Same as C1
Same as C1
Capacitor Mica
Not Used

Same as C3
Same as CL
Same as Cl
Same as C6
Same as C1l
Same as Cl
Same as C9
Same as C3
Capacitor Mica
Not Used

Same as Cl
Same as Cl

Capacitor Mica
Value per note

Capacitor Mica
Not Used

Same as Cl

56K

82K

.00l @ 600V

.01 @ 200V

330 MMF 5%

27 MME 5%

68 MME 5%

5%
5 of schematic

47 MMF 5%

c27

c2s8

c29

c30

c3l

c32

C33

C34

L1

L2

L3

L4

L5

L6

L7

it}

L9

CR1

CRZ

CR3

CRr4

CR5

CR6

J1

Q1

Q2

Q3

Q4

S5ame

Same

Same

Same

Same

Same

as

as

as

as

as

as

Ccl

Ci

Ccl

Ccl

Ccl

c24

Not Used

Same as C24

Choke 100 UHY Miller 70F104A1

Same as Ll

Same

Same

Same

Same

Same

Same

as .L1

as

as

as

as

as

L1

Ll

Ll

Ll

L1l

Not Used

Diode 1N541

Same

Same

Same

Same

Same

Connector UG693/U

Transistor 2N3564

as

as

as

as

as

CR1

Cr1

CR1

CR1

CR1L

Same as Q1

Same as Q1

Same as Q1
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1-750

SWEPT OSCILLATOR MODULE

FUNCTION
This Oscillator Module is housed in an RF gasketed case and consists of an electron—
ically tunable solid state oscillator which is capable of delivering RF power over

the range of 500 to 800 Miz.

CIRCUIT DESCRIPTION

The oscillator contains its own voltage regulator, and requires a supply of approxi-
mately 20 ma from a stable power source of over 20 volts, through a suitable regis-
tor. Tuning is accomplished by supplying a tuning voltage within the limits of 0O

to 100 volts at the tuning control terminal, which presents a high impedance.

MAINTENANCE AND REPAIR

Since the technigques used in the construction, testing and adjustment of these oscil-
lators are highly sophisticated and require extensive, special test equipment, it is
not recommended that the modules, be repaired in the field., If an oscillator is
faulty, it is suggested that the entire analyzer be returned to the factory for re-

pair. A complete alignment will then be possible.

ALIGNMENT AND TEST
This unit reguires no special alignment. The frequency range and output power are

determined by mechanical factors and are not subject to adjustment in the field.
Power output may be checked on any suitable RF power meter having a 50 ohm input,

and should be between -10 and +10 dbm over the range of 500 to 800 MH=z,
L ]
PARTS LIST

Rl Resistor %W 5% 47. Cb Same as C1l

R2 Resistor %W 5% 560~ C7 Same as C2

R3 Resistor %W 5% 10. LL Choke 4.7uhy

R4 Resistor YW 5% 4,7K belevan 1537-~28

Cl capacitor 1000pf LZ Choke .6&8uhy
Erie 321-000-X5VQ-102p J.W.Miller 9320-08

C2 Capacitor 1000pf Ql Transistor,Fairchild SE3002
Erie 2404-000-X5v-102P J1 Connector UG697/U

C3 Same as C2 CR1 Diode,Solitron LR9B

C4 Same as C2 CR2 Same as CR1

5 Not used CR3 Diode, Varactor Al000-813
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500 MC IF MODULE ] - 9 0]

FUNCTION

The function of this module is to accept a signal at 500 megacycles, provide
filtering tc eliminate spurious responses, which might occur from local oscil-
lator inputs, convert the signal to 65 megacycles and provide a 50 ohm output

to drive the next module within the analyzer.

CIRCUIT DESCRIPTION

Since this module is used in several instruments, 1t is made in several con-
figurations. The pertinent confiqurations are 1-715, 1-715C, 1-901 and 1-5%01¢C.
1-901 versions are identical to 1-715 versions except for right angle connec-
tors. Configurations with no letter suffix are used when mixer current indica-
tion is required, while "C" versions have a ground return built into the input.
In each case the input jack is designed to accept a 500 MC signal, which may
be the output of a mixer in the instrument frame. This signal is coupled into

the first resonant filter by means of a coupling loop. 1In configurations with

.no letter suffix, the coupling loop is returned to ground via capacitor C2 and

returned outside the module housing through capacitor, Cl. This arrangement
provides for the measurement of mixer current (generated by the mixer in the

instrument frame) at terminal # 1.

The Input Circuit in "C" configurations accepts the 500 MC input signal and
couples to the resonant filter by means of a grounded ccoupling loop. In
either case, the coupled input signal, passes through the resonant filters and
is fed to an RF Amplifier comprised of Q1 and associated components. The out-
put of Local Oscillator, Q2 is combkined with the output of QL at Mixer, CRI.
The output of the mixer is a 65 MC signal which is then amplified by a two
stage, resistance coupled amplifier comprised of integrated circuits ICl and
IC2 and associated circuitry. Two 65 MC resonant transformers, Z1, and Z2,
provide bandshaping. Gain control is achieved by varying the bias on IC2,

Resistor R1l is used to set the maximum gain of the amplifier.

MAINTENANCE AND REPAIR

When a malfunciion has been localized to this module, the module should be



unbolted from the instrument frame and supplied power from the frame by its
harness. The following sequential procedure should then be used to trouble -

shoot the module,

Perform a D.C. check of voltages on the emitter, base and collector of each

transistor stage. Nominal voltages are indicated on the module schematic.

If voltage readings are satisfactory, the module must be checked stage by

stage.

With the module output connected to the next chassis in the frame, apply a
signal input to each stage, starting with the last stage in the module and
working back to the module input., Any standard signal generator may be used

to supply the stage inputs (indicated on the module schematic).

Once a particular stage is found to be inoperative, individual components

should ke checked and replaced until satisfactory operation is obtained.

ALIGNMENT AND TEST

Test Equipment Reguired: Signal generator capable of producing a 65 MC
signal and a 500 MC signal accurate to * 10 MC and capable of being

attenuated to levels of the order of —-100 to 10 dbm.

This modulé should be connected to an operating plugin spectrum analyzer
during alignment. Because the level of the 65 MC output signal at J2 is
extremely low (of the order of -70 dbm, at normal input levels) it is neces—
sary to utilize the remaining portions of the plugin spectrum analyzer to
observe it during alignment,

1., Connect the signal generator to connector, J1 and tune it back and forth
about the region of 500 MC while injecting signals into the module of the
order of —10 dbm (this technique may be used when the module is only
glightly misaligned).

2. Determine the Ffrequency at which an output is observed on the CRT screen.

3. Rotate the local osciilator tuning control, Cll, CCW to increase the signal
frequency or CW to decrease it until the signal frequency that passes

through the I.FF, is brought back to 500 MC.



4, Tune trimmer capacitors Cl, €2, €6, C7, C8, C17 and Cl8 for maximum

5. If the module is so badly misaligned that the signal cannot be passed
through it, it will be necessary to first prealign the 65 MC amplifier,

6. Remove the cover on this module by removing the two retaining screws.

7. Inject a 65 MC signal into the oscillator-mixer compartment by means of a
coupling loop on the end of a lead from the signal generator,

8. Tune capacitors, €17 and Cl8 for maximum deflection on the CRT screen.

9. Replace the cover and align the rest of the module as previously described,

PARTS LIST-FRAME PARTS LIST-P.C, ASSEMBLY A1000-739

R1 Resistor YW 5% 27K Rl Not Used

R2 Resistor %W 5% 68K R2 Not Used

R3 Resistor %W 5% 1K R3 Resistor %W 5% 2.2K

R4 Same as R3 R4 Same as R3

R5 Not Used R5 Not Used

R6 Same as R3 R6 Selected at Test

R7 Same as R1 ICLl Motorola MC 1550

R8 Same as RZ ICc2 Same as TICL

R9 Resistor %W 5% 47 ~ Ll Choke 4,7 uhy

R10 Not Used L2 Choke .68 uhy

R11 Potentiometer 500 zZ1 Transformer B1000-709-1
C1l000-154-50 72 Same as Z1

Cl Capacitor, .9 to 9pf cl Not Used
Amperex COO04EA/9E c2 Capacitor .001 CRL DDl02

c2 Same as Cl Cc3 Same as C2

Cc3 Capacitor 1000pf c4 Same as C2
Erie390-000-¥5V0~102P C% Not Used

c4 Same as C3 Co Same as C2

c5 Not Used c7 Same as C2

C6 Capacitor, 1l000pf ce Same as C2
Erie321-000-X5v0-102P C9 Same as C2

c7 Same as Cl Cc1l0 Not Used

c8 Same as Cl Cll Same as C2

co Capacitor 4.,7pf cl2 Same as C2

Stackpole Type GA 5%
Cl0 ©Not Used
Cll Same as Cl
Cl2 Same as €6
C13 Same as C3
Cl4 Same as C3
Cl5 Not Used
Cl6 Same as C6
Cl7 Same as Cl
Ci8 Same as Cl
C19 Same as (6
01 Transistor SE3002 Fairchild
Q2 Same as Q1L
CR1 Diode 1N82A

A1, COAX CONNECTORS
1-715 Module UG697/U
1-901 Module UG694/U
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TRACKING MODULES

FUNCTION
The function of the TRACKING MODULE is to convert the linear tuning and sawtooth

inputs to the non-linear output regquired to drive the OSCILIATOR module.

CIRCUIT DESCRIPTION

Since several inputs (center frequency, dispersion, and in some cases, vernier tuning)
control the oscillator module they are added in a suwmming operational amplifier con-
sisting of integrated circuit 1Cl and transistors Ql and Q2. The shape of the track-
ing curve, which determines the dial accuracy of the instrument is determined by a
diode shaping network in the feedback loop. It consists of four pairs of potentio-
meters, each controlling the operation of one of four diodes. 1In each pair, the CUT
potentiometer determines the point on the tuning curve, at which the diode cuts in,
while the SLOPE potentiometer controls the slope of the curve from that point to the

next.

In addition, a centering adjustment is provided to permit the overall range to be set
as required, and adjustments for initial gain (zero slope) and vernier tuning range

are also available.

MAINTENANCE AND REPAIR
When a malfunction has been localized to this module, this module should not be
removed from the instrument frame. The following procedure should then be used to

trouble shoot the mcdule:

Perform a D.C. check of voltages on the emitter, base and collector of each tran-
gistor stage., Nominal voltages are indicated on the module schematic. These vol-
tages are obtained under the following conditions:

A. Center Frequency at Mid-Band

B. Dispersion dial at minimum
Once a particular section of the module is found to be inoperative, individual compo-

nents may be replaced until satisfactory operation is attained.



ALIGNMENT AND TEST
This module may be
ment of the module

thié module is not

aligned only when it is installed in the analyzer frame.
actually constitutes alignment af the frame,

practical on a modular basis.

tested within the analyzer frame.

Align~—

ILikewise, test of

The tracking module may only be

Instructions foxr alignment and test are therefore

to be found in the main section of the manual of which this module is a part.
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R3 Film Resistor %W 1% 270K R27 Same as R7
R4 #ilm Resistor W 1% 1.8M R28 Resistor LW 5% 1M
RS Resistor 2W 22K 5% R29 Potentiometer 100K Bourns 3068
R6 Resistor BW 1% 680.. R30 Same as R4
R7 Resistor W 5% 10K Ccl Capacitor Paper .22
RS Resistor W 5% 4.7K Amperex C280AE/A220K
R9 Resistor 4W 5% 180K C2 Disc Capacitor .01 @ 200V
R10 Not Used Centralab DD6-103
R11 Resistor L5W 5% 8.2K C3 Electrolytic Capacitor 1lOmf
R12 Film Resistor kW 134 22K 100V Sprague TE1407
R13 TFilm Resistor LW 1% 68K Q1 Transistor 301lLC Industro
R14 Resistor %W 5% 150K Q2 Same as Q1
R15 Not Used ICcl IC Fairchild U703C
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R17 Potentiometer 2K Bourns 3067 CR2 Same as CR1
R18 Same as R17 CR3 Diode 1R32B
R19 Same as R1 CR4 Diode 1R62B
RZ0 Not Used CRS Diode 1N456
R21 Same as RL17 CR6 Same as CRS
R22 Same as R17 CR7 Zame as CRH
R23 Same as Rl CR8 Same as CRS5
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RS Resistor %W 5% 33K
RG Resistor, WW bW 2500 ~
R7 Resistor %W 5% 10K
R8 Resistoxr” 1W 5% 33K
RO Resistor %W 5% 330K
R10 Not Used
R11 Resistor %W 5% 8.2K
R12 Resistor ¥W 1% 22K
R13 Resistor, Film XW 1% 68K
R14 Resistor, %W 5% 100K
R15 Not Used 2ol
R16 Potentiometer MEK Bourns 306y
R17 Potentiometer 2K Bourns 3067
R18 Same as R17
R19 Same as Rl
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R21 Same as R17
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CR2
CR3
CR4
CRS
CR6
CR7
CRB

Same as R1

Same as R1

Not Used

Same as RL

Same as R7

Resistor LW 5% 1M

Capacitor, Disc 0Ll @ 600V
sy S, ity || 6 LV5ED
Capacitor, Electrolytic 10mfu
100WV Sprague TE1407
Transistor 301lLC Industro
Same as Q1

IC Fairchild U703C

Zener Diode 1R12B

Same as CR1

Zener Diode
Zener Diode
Diode 1N456
Same as CRS
Same as CRS5
Same as CR5
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1-912
1-913

Nelson-Ross Electronics Broadband Balanced Mixers 1-912 and 1-913 are doubly balanced

BRROADBAND BAIANCED MIXER

diode guads arranged as ring modulators and designed for a fixed 500 MHz IF output.

This construction offers both L.0. and IF rejection together with low distortion.

1-912 and 1-913 are identical except for input impedance and connector type at the
SIGNAL jack. The 1-912 has a 50 ohm input and utilizes a UG697 type connector while
the 1-913 has a 75 ohm input and is provided with a Jerrold CATV connector. Both are
made in -1 styles (no marker input) jack and -2 styles (marker input). Probe power

is injected intc the SIGNAL IN connector via an internal resistor.

Since these mixers are simple and reliable, they should require very little attention,
If parts should need replacement, however, it is important that exact equivalents bhe

used. In no case should any diode except an original Nelson-Ross part be used.

There are two adjustments - TUNING and BALANCE. These adjustments should be made in
a working spectrum analyzer. The TUNING adjustment is set for maximum sensitivity,
while the BAIANCE is adjusted for minimum zero signal. Since these adjustments

interact, they should be repeated several times to find the optimum points.

PARTS LIST 1-912 PARTS LIST 1-913

Rl Resistor %W 5% 1000 .. Rl Resistor

R2 Resistor %W 5% 56 R2 Resistor W 5% B2 .

R3 Same as R2 R3 Same as R2

¢l Paper Capacitor .1 @ 200V Cl Capacitor .1l Paper @ 200V
Amperex C280AE/ALOQK Amperex C280AE/Al00K

C2 Feed Thru Capacitor 1000PF C2 Feed Thru Capacitor 1000PF
Erie 321-000-X5V0~102M Erie 321-000-X5V0-102M

C¢3 Trimmer Capacitor 2.5-11PF C3 Trimmer Capacitor 2.5-11PF
538-000-90R Erie 538-000-90R

C4 Capacitor 4.7PF C4 Capacitor 4,7
Stackpole Type GA Stackpole Type GA

C5 Same as C3 C5 Same as C3
Connector UG697/U Connector Jerrold F&lA

Connector UGGK97/U
CR1-4 Diocde Quad A1001-105

CRI1-4 Diode Quad Al0O01-108
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50~ 51db ATTENUATOR
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I ALL RESISTORS 1N OWMS,
2. THIS SCHEMATIC VALID FOR ALL DAMH NOP
S
PARTS LIST
S$301 Switch R326 Same as R324
C & K Components 7201

R327 Resistor %W 1% 221 .~
5302 Same as S5301

R328 Resistor kW 1% 24.3 .
$303 Same as S301

R329 Same as R327
5304 Same as 8301

R330 Not Used
5305 Not Used

R331 Resistor %W 1% S51.1 .~
5306 Same as 8301

R332 Resistor %W 1% 121
5307 Same as S301

RrR333 Same as R332
R318 Resistor %W 1% 5.9 .~ R334 Resistor %W 1% 68.1
R319 Not Used R335  Not Used
R320 Not Used R336 Resistor %W 1% 150 -~
R321 Resistor %W 1% 866 ,~ R337 Same as R334
R322 Same as R321 R338 Resistor %W 1% 61.9
R323 Resistor %W 1% 11.8 R339 Resistor %W 1% 249 ..
R324 Resistor %W 1% 432 R340 Not Used

R325 Not Used ‘ R341 Same as R3I38



WARRANTY

NELSON-ROSS ELECTRONICS, INC. WARRANTS
EACH INSTRUMENT MANUFACTURED BY
THEM TO BE FREE FROM DEFECTS IN MATE-
RIAL AND WORKMANSHIP. OUR LIABILITY UN-
DER THIS WARRANTY IS LIMITED TO SERVIC-
ING OR ADJUSTING ANY INSTRUMENT RE-
TURNED FOR THAT PURPOSE AND TO THE
REPLACEMENT OF ANY DEFECTIVE PARTS
THEREQF, THIS WARRANTY DOES NOT COVER
FUSES, BATTERIES AND TUBES. THIS WAR-
RANTY IS EFFECTIVE FOR ONE YEAR AFTER
DELIVERY TO THE ORIGINAL PURCHASER,
WHEN THE INSTRUMENT 1S RETURNED,
TRANSPORTATION PREPAID, AND WHEN OUR
EXAMINATION PROVES TO QUR SATISFACTION
THAT THE INSTRUMENT IS DEFECTIVE. DE-
FECTS DUE TO ABUSE, MISUSE OR ABNORMAL
CONDITIONS OF OPERATIONS WILL BE RE-
PAIRED AT COST, ON APPROVAL OF ESTIMATE.
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