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HARRANTY

HELSJii RO3S ELICTRIICS, INC. warrants

r each instrument manufactured by it to

. be free from defects in material and

- workmanship for & period of one year

‘ after date of delivery to the orizinal

- purchaser, Jur liability under this

— warranty is limited to servicing or

l adjusting any instrument returned for

- that purpose and to the replacement of

- any defective parts thereof. Tals

5 warranty does not cover fuses batcoeries

. and tubes. This warranty will be honored

- when the instrument is returned, trans-
portation prepaid, and when examinat-

- ion proves to our satisfaction that

- the instrument is defective. Defects
due to abuse, misuse or abnormal con-

2 ditions of operation will be repaired

- at cost, upon approval of an estimate,

-

~ I¥ CASZ OF FAILURZ: notify us-be sure to include

' the serial number of the

- instrument.,
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CHARACTERISTICS

SCOPE

This manuval provides Operating Instructions, theory of operation,

Technical Characteristics, i‘aintenance, and Trouble Shooting

Procedures for lielson-loss Plug-In Low Frequency Spectrum

Analyzers riodels 001, Oll, 002, 0l2, 003, 013,

These Analyzers are designed to provide coverase of three
frequency ranges; 10 cps to 20 ke, 35 cps to 100 kc, and 150
cps to 500kc, liodels 011, 012 and 013 are provided with cali-
brated CINTIR FRELULNCY and DISPIRSIGH dials, while models 001,
002 and 003 are uncalibrated,

These units are desisned so that they may be conveniently plugzed
into any Uscilloscope which accepts the TEKTRONIX letter series
plugeins. By simply installing one of these plug-in units, the
Oscilloséope'beCOmes a complete 3pectrum Analyzer. In use, the
sawtooth output of tha Oscilloscope is utilized to provide a

signal for sweeping the Spectrum Analyzer Oscillator. All

‘voltages for Spectrum Apnalyzer operation are obtained automatice-

ally when the Analyzer is pluzzed into the oscilloscope.
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3ENZRAL INFORMATION

Before installing ané 6per§tihg 4 NELSON-ROSS Plug-In Spectrum
Analyzer it is importéﬂﬁ to'héve a diéar ﬁnderstanding of the
nature and interpretatioti gf_ﬁhe.spéctkai display it will provide.
The conventional use of an oééiiiosdéﬁe is to present a display
of the amplitude/time characteridtic of an electrical signal,

In such a presentation the horizontal axis of the cathode-ray
tube represents time and the vertical axis represents in-
stantaneous amplitude, An equally meaningful display - commonly
called a spectral display - is one in which the horizontal

axls represents frequency and the vertical axis represents RS
amplitude. This is the type of display provided by HEILSON-ECSS

Plug-In Spectrum Analyzers.

The nature of the spectral display can be understood with the
aid of the following illustrative examples;

1- on an ideal spectrum analyzer, a signal containing
energy at only one frequency will appear as a single
vertical line on the display. This is illustrated
in figure l:la.

2- multiple signals would then appear as multiple vertical

lines, however close in frequency they may be. A
carrier modulated by sidebands at plus and minus a
small frequency increment would thus appear as in

fisure l-lb,

3~ since in real life nothing is ideal, a spectrum analyzer




Ty "y OTTY Ty UYL OCUTTYS OTTY.DOTTroTTr

-

A
)

Fo

A— Cw SIGNAL AS SEEN ON IDEAL
SPECTRUM ANALYZER

I-2A

ForafF fo Fgaf

B— MODULATED SIGNAL ON IDEAL
ANALYZER

I
|
I
!
|
|
]
}
!
|
|

Fo

C— CWwW SIGNAL AS SEEN ON REAL
ANALYZER

]
|
]
i
|
]
L

Fraf Fo FgAF

D — MODULATED SIGNAL ILLUSTRATING
EFFECT OF RESOLUTION

|
|
|
|
|
‘
!
|
£ F2

E— TWO EQUAL SIGNALS JUST RESOLVED

FIGURE -1

F—CONTINUOUS SPECTRUM

SPECTRAL DISPLAY
CHARACTERISTICS




cannot present an infinitely narrow vertical line.
Instead the signal is broadened into a pulse as in
figure l-lc, Similarly, multiple signals closer to-
gether than the width of the pulse will tend to blend
as in figure 1-1d., This illustrates & basic spectrum
analyzer parameter which must be considered; resolution,
The smallest frequency difference between two equal
éﬁplitude 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 1l-le.

4~ signals containing cowmponents closer tog2zh2r chan
the resolution of the analyzer generate a continuous

spectrum, as illustrated in figure 1-1f,

There are three basic parameters to any spectrum analyzer dis-
play. They are;

Resolution~ as defined in the previous paragraph

Dispersion- the width of the display (in frequency)

on the cathode-ray tube
Scan time- the amount of time taken to scan the dispersion
mentioned above

Since the three parameters are interrelated it is important to
understand the manner in which they effect one another, Scan

time and dispersion may be combined to produce a factor called
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Sweep Rate (cycles per second per second) which may not be

exceeded for any given resolution. Expressed mathamaticelly;

Dispersion = (K) Resolution
Scan Tinme -

If this relationship is violated, either by reducing the scan
time, 'increasing sweep speed or by increasing the dispersion,
the signal will smear and lose amplitude. This is an iumportant
point to remember - contrary to conventional oscllloscope opera-
tion - with a spectrum analyzer slower sweep speeds produce
better displays, Since NELSON-ROSS Plug-In Spectrum analyzers
fit oscllloscopes with high sweep speed capabilities, the opera-
tor must remember to reduce the sweep speed sufficiently to
obtain a good display. As a rule of thumb, the upper limit for
any spectrum analyzZer 1s 3 -5 sweeps/second and many low fre-

quency analyzers will require scan times in excess of 5 seconds.

The relationshlps mentioned above are of particular importance
when making relative amplitude measurements, If the Scan Time,
Dispersion or both are varied during a measurement-e.g. while
searching for a harmonic or spurious signal - the sensitivity
may vary. It is wlse, therefor, to reduce the dispersion (or
increase the scan time) until the signal emplltude 1s no longer
attenuated by these effects before taking readings., As the
dispersion is reduced (or the scan time increased) the amplitude
of the component under observation will increase until a point
is reached where further changes no longer have any effect. At

this point a reading of amplitude may be taken.
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e CHARACTERISTICS
SPECIFICATION PSA-001 PSA-002 PSA-003

PSA-011 PSA-012 PSA-013

_ CENTER FREQUENCY BANGE

10cps_to 20kc 35cps to 100ke 150cps to 500ke

TUNING DIAL RANGE

t Ok
] (g@LIBRATED) 0 to 20ke Olto 100ke 0 to 500ke
TUNING DIAL ACCURACY 10 %
MODES OF OPERATION NORMAL: Tuning dial determines center frequency

FULL SCAN: Entire band displayed on CRT,
Mode selectable with front panel switch

DISPERSION (SWEEP WIDTH) 100cps to €kec 500cps to 30ke 2.5kc to 150ke
Continuously veriable with front panel calibrated control

% DISPERSION ACCURACY . T 10 %
RESOLUTION BANDWITH 10cps to 100cps 35cps to 250cps 150cps to 2ke
Continuously varisble with front panel control
DISPLAY: INPUT VOLTAGE Linear and 40 db Logarithmic
AMPLITUDE SCALES
SENSITIVITY 85 microvolts/cm. deflection (min.)
NOISE LEVEL Less than 10 microvolts referred to the input
| AMPLITUDE SCALE ACCURACY Linsar +10 &
' Log *1 ab
AMPLITUDE RESPONSE T 1 av
SWEEP RATE TTTTTT {0 /second to 50 seconds/scan
Calibrated and varlable
| INPUT ATTENUATOR 80 db range in 20 db steps
| INPUT IMPEDANCE 1 megohm
___ DYNAMIC RANGE Hermonic and IM products down 60 db
INCIDENTAL FM Less than 1% of narrowest Resolution Bandwith
IF ATTENUATOR o Lo db range in 20 db steps
IF GAIN CONTROL . 20 db: Continuously variable
IF FREQUENCY 100ke 262ke 1,.5mc
OSCILLATOR OUTPUT 1 volt pesk-to-peek minimum from 4700 ohms
BNC type connector on front panel
OSCILLATOR EBEQU@NCY 120kc to 100kc 362kc to 262ke 2mc to 1l.5mc
VIDEO FILTER Four positions: i, 3, 9, 66 milliseconds
__ (LOW PASS FILTER) _ __ Selectsble with front penel switch
POWER REQUIR@Eg@E% B All power and voltages from oscllloscope

DIMENSIONS Interchangeable with Tektronix

Letter Series Plug-in Unlts

# Not applicable to PSA-001, PSA-002, PSA-003
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‘ SECTION 2
” OPERATING INSTRUCTIONS
- INSPECTION AND INSTALIATION ) q
It is most important tha;'a careful inspeétion be made of the
7 unit immeéiately after it is unpacked, ©Look for obvious indi-
- cations of any physical damagé which may have been sustained
during shipping. All tubeé‘ahd érystaié éhoﬁld be firmly seated
r in their respective socketsi
-
; Insert the plug~in unit in to any GSciliéscépe which accepts the
5 TEKTRONIX letter series pluglins; f&fﬁ:the_knurled knob (at the
f bottom center of the analyzer) clockwise t6 secure the Plug-In
;_ Unit. Plug the cable emerging from the holz macked H SWEEP into
the SWEEP OUTPUT jack on the scope panel,
_ INITIAL ADJUSTMENTS
Vo Certain initial adjustments must be performed when installing
- ‘the plug~in-unit for the first time, T,ese initial adjustments
- must be made so that a true representation of control functions
i (presented in the next section) will be possible, Turn the
D oscilloscope power on, and allow a 15 minute warm-up period.
- The sweep controls on the TEKTRONIX Oscllloscope must be set to
provide drive to the analyzer local oscillator, which will pro-
= duce a free-running display at the proper sweep speed, To obtain
- a free-running display, set the oscilloscope controls as follows:
TRIGGERING MCDE AUTOMATIC
= TRIGZER SLOPE INT +




STABILITY TURN FULLY CLOCKWISE

f TRIGGERING LEVEL 0 (ZERO)

- SWEEP SPEED CONTROL 50 MILLISECONDS/CM

f Set the NORMAL/FULL SCAN switch on the analyzer in the FULL

- SCAN position! The ATTENUATOR range switch is set to the +£0
position and the VERNIER GAIN Should be set to minimum (fuliy ccw).

r It will then be possible to obtain a horizontal trace along the

- bottom graticule line on the oscilloscope screen by adjustment
of the VVPOS control. Position the trace by means of the os=~

; cilloscope HORIZONTAL position control so that the trace starts

- at the left hand edge of the CRT graticule.

-

1 LF CAL ADJUSTMENT

- Since the voltages supplied to the analyzer may vary from
oécilloécope to oscilloscope, an initial adjustment is required

r ' to bring the CENTER FREQUENCY and DISPERSION dials to the speci-

- fied accuracy. Set the controls as follows:

L— ATTENUATOR to 80 DB

: DISPERSION to (30% of maximum)

r . RESOLUTION Minimum (Fully CCW)

; VIDEO FILTER LIN-1

3 MIXER BAIANCE FINE Céntered

= MIXER BAIANCE COARSE Centered

; NCRMAL-FULL SCAN Normal

CENTER FREGUENCY O CPS

pon
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; _ g NOTE

- ~ Any cohtrol not 1istéd does not

- have an effect on these procedures,

r A signal which miy be anywhere from 10% of full scale amplitudé

~ to several times full écale amplitude; will appeat on the sctreen.
Using & screwdriver adjust the LF CAL potentiométer to position

r the sighdl directly &n the graticule center line.

- :

i MIXER BAIANCE ADJUSTMENT

r Initial adjustment of the MIXER BAIANCE cdontrols is necessary,

- in order to minimize the leakage of any portion of the local

i oscillator signal through the mixer, WHen present, this leakage

r will appear as a signal at zero frequency on the oscilloscope

~ display., 1In order to eliminate any unwanted signal proceed by

' setting the controls as follows:

f' ATTENUATOR to 80 DB

| DISPERSION to (fully CW)
RESOLUTION Minimum (Fully CCW)
z’" VIDEO FILTER LIN-l

MIXER BAIANCE FINE Centered

p_—
‘- MIXER BAIANCE COARSE Centered

- NORMAL~FULL SCAN Normal

- CENTER FREQUENCY O CPS

r The ATTENUATOR RANGE and VERNIER GAIN Controls should then be

adjusted to provide a visible signal amplitude on the oscilloscope,




2.4

écreen; .Rotate the DISPERSION‘éontrol counterclockwise until
a signal width c@vering a minimum of one quértér of the oscillo-
ééopé screen is obtained. This will provide greater adjustment

accuracy.

The instrument is designed so that it will function properly
around zero frequency only when set at maximum resolution.
Decreasing resolution actually 11mits the minimum observable
frequency. S&t the resolution to maximum by rotating fully
clockwise. B%lancing is now accéomplished by alternate adjust-
ment of the MIXER BAIANCE controlsi Start by adjusting the
COARSE control for a minimum signai, then adjust the FINE control.
Alternate between COARSE and FINE until the best minimum 1is |
obtained. As the balance improves gradually incraasz the VERNIER
GAIN and ATTENUATCR RANGE settings. All initial adjustments
having been accomplished the instrument is ready for use.
NOTE R

It is not necessary to achleve a perfect

zero balance in order to use the Instrument.

The instrument will function perfectly with

zero signals as large as 20 db above full

scale present. The only effect of an ex-

cessive zero signal is to obscure low

frequency components near the skirts of

the zero signal. If difficulty 1s experlenced

in operating near zero, increase the Input

glgnal and reduce the vernier galn and range
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attenustor settings, rathef than trying

to lmprove balance; This will increase the
stability of the display. In any case, zero
signals of $ full screen amplltﬁde are normal

with the instrument set at full gain.

CONTROL FUNCTION AND OPERATION

In order to obtain the host efficient and accurate performance
from any of the NELSON-ROSS Plug-In Spectrum Analyzer Units, it
15 essential thet the function and marking of each of the con- .
trols be fully understood. Flgure 2-1 contains a brief explana-
tion of each control. The text portion of this section will
present a further explanation of oéntrols end the operatlonal
settings used during initial operation, The Spectrum Analyzer
may be used ln any application where the necesslity exists to
visually observe the frequency distribution of & signal. It is
of course necessary that the signal or/components of the signals
being observed fall within the frequency range of the plug-in
analyzer. With the instrument, 1t is possible to measure the
relative amplitudes as well as the absolute values of each of the
various components which make up & complex slgnal. When the
spectrum analyzer is used in conjunction with & synchronous
signal generator (NELSON-ROSS models 101, 102 or 103) the fre-

quency response of filters and amplifiers may be accurately deter-

mined.
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VERNIER GAIN

RANGE ATTENUATOR Provides small incre-
Expands vertical display menteal adjustments in
for relative amplitude conjunction wilth
measurenents

attenuator control

'ATTENUATOR

s ATTENUATOR »

@ DB RANGE-DE i

: 20 % e o ¥ 0 :
L] - * -

(4] 80
.

ATTENUATOR -
Xdjusts level of .:
input signal in ¢

20 db steps E RESOLUTION
b . Controls IF bandwidth,
- RESOLUTION Determines minlmum
| — frequency difference
; ) ¢ Visible between signals
:: j on CRT
i g
H FULL SCANR
; B
Xdjusts width of ‘ CENTER FREQUENCY VIDEO FILTER 1 Determines sianal
CRT display. ; (}) un (M, Lo | display width
Inoperative 1in i : 3 /{/ IR R ‘\\ i
Pull Scan é INPUT : 2. :
i 3 i

VIDEO FILTER

f§ ! Permits sSelection of
: o e y - : i elther logarithmic or
i - . % i ! llnear display with
selectable time

constants
CENTER FREQUENCY

Sets frequency of

display. Inoperative g ) ). _‘\' ' : ‘ 1
when NormaloPull Sean | FINE COARSE LF CAL vpos
MODE SWITCE is in Full : ' :

Scan position ¥ k
N NELSON\QO ELECTRONGED

V_POS
§ Adjusts vertical
. position of display

‘(gbx g on CRT
s

MIXER BAL
Permits balance of LI CAL
Calibration
input to eliminate ad justment
oscillator signal
feed thru
FIGURE 2-1
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The spectrum analyzer 1s deslgned so that 1ts basic operating
characteristics may be adjusted to provide the parameters
required for analysis of the desired signal, These parameters
are adjusted thru the use of the following controls:

MODE SWITCH- This switch labelled NORMAL - FULL SCAN on the
panel ~ determines whether the 1nstrumentloperates as a tunable
analyzer with adjustaeble dispersion, or as a fixed enalyzer
scanning the entire band. In FULL SCAN, the analyzer displeys

the entire band, with the zero frequency signal at the extrenme

.right of the display and maximum frequency at the left. In

NORMAL, the DISPERSION and CENTER FREQUENCY controls are opera-
tive. In all cases, the CRT spot travels from left to right,
representing maximum frequency to zero.

CENTER FREQUENCY -~ Adjustment of this control centers the signal
being observed on the oscllloscope screen. The MODE SWITCH
(marked NORMAL and FULL SCAN) must be in the NORMAL position

to permit tuning when using the CENTER FREQUENCY control.
DISPERSION - The position of thls control adjusts the (frequency)
width of the screen display. The MODE SELECTION switch marked
NORMAL and FULL SCAN must be in the NORMAL position to permit
tuning when using the DISPEHRSION control.

RESOLUTION - This control provides for the selectlion of the mini-
mum difference frequency between two signals which may be
observed on the screen, The minimum difference which 1s still
usable on the display is known as the resolutlion. This differ-
ence 1s determined by the IF amplifier bandwidth of the analyzer.
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Adjustment of the RESOLUTION control, varles the bandwidth (of
the crystal filters) to provide the resolution required for the
type of measurement belng made. Two equal signels are consldered
resolved when a 3IB (or greater) dip is vislble at their inter-
section. When making sdjustments with the DISPERSION and RESO-
LUTION controls, it is advisable to keep in mind the fact that

a combination of narrow resolution and wlde dispersion will
result in deterioration of sensitivity. This loss in sensitivity
1s due to the fact that the amplifier cannot respond to a signal
which passes through 1£ too rapidly. With proper use of the
instrument this loss in sensltivity becomes negligible. When
quantitive measurements are being made, 1t i1s necessary to prevent
this type of variation in gain. Do not make changes in reso-
lution or dispersion when measurements are being taken. It

1s to be noted that there 1is an optimum resolutlon setting for

e. particular value of dispersion end sweep rate. Whenever a
resolution setting 1s too narrow in relation to the dispersion
setting and sweep rate, fllter ringing will occur. The ringing
will be visible on the right side or trailing edge of the pulse,
The ringing will proportlonately decrease as the resolution 1is
decreased (widened). A point will be reached where the ringing
will disappear completely. For optimum resolution, the ringing
should just barely be visible. The various resolution conditions
ere 1llustrated in figure 2-2. It will not always be possible

to obtain optimum resolution, due to the fact that the inst-

rument has been designed with a large dispersion range. When
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the FULL SCAN mode is selected the sweep speed reqﬁired 18 im- "
practically slow. However, where very wide frequency scanning
is used, optimum resolution is not required, In cases Wwhere
signais are closely related (spaced at freqﬁencies of the same
order as the feSoiution), 1t will not eiﬁays be possible to
obtain optimum reéolution.
GAIN CONTROLS - ATTENUATOR, ATTENUATOR RANGE end VERNIER GAIN
controls serve very important and specific purposes, Baslcally,
they adjust incoming signals £o visible levels, and provide
renging for amplitude level measurements.
The ATTENUATOR RANGE control may be placed in one of three
positions; ODB, -20DB and -4OIB. Signal ratio amplltudes of
up to 20 IB may be read on the oscllloscope screen, Therefors,
e total range of relative amplitudes of up to 60 DB may be
measured. The amplifiers and assoclated circultry following -.
the attenuator have been deslgned with sufflclent dynamic range
to eliminate the posslbility of seneration of harmonics or
clrcuit saturation providing the following preoautions are ;‘J
observed.w o ‘ . , . AP ”;;_
‘ ;When the A’I‘TENUATOR RANGE control is set at the
:40 B positlon, ATTENUATOB and VERNIER GAIN |
Alshould be set .80 that the lar Eest component .

.of the observed signal has no greater than

‘ full screen amplitude. It 1s then possible.
_to set the ATTENUATOR RANGE control to any

'

,position without the possibility of intro-
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the FULL SCAN mode is selected the sweep speed required is 1im-
practically slow. However, where very wide fredquency scanning
is used, optimum resolution 1s not required. In cases wheTe
signale are closely related (spaoed at frequencies of the same
order as the resolution), it will not always be possible to
obtain optimum resolution,
GAIN CONTROLS =~ ATTENUATOH, AiTENUATOR RANGE and VERNIER GAIN
controls serve very importént and speclfic purposes, Baslceally,
they adjust incoming silgnals to vislble levels, and provide
ranging for amplitude level measiirements°
The ATTENUATOR RANGE control masy be placed in one of three
positions; ODB, -20IB and -40IB. Signel ratlo amplitudes of
up to 20 DB may be read on the oscllloscope screen. Therefore,
e total range of relative amplitudes of up to 60 DB may be
measured. The amplifiers and associated circuitry following
the attenuator have been deslgned with sufficient dynamio range
to eliminate the possibility of generation of harmonics or ,;"
circuit saturation providing the fol‘owing precautions are j
cbserved: | | S
” When the ATTENUATOR RANGE control is set at the
‘40 B position, ATTENUATOR end VERNIER GAIN
should be set 50 that the largest component

of the observed signal has no greater than

full screen amplitude, It is then possible

to set the ATTENUATOR RANGE control to any
position without the possibility of intro-




TTYOTUY OTTY O 7Y Y T

ducing saturation or spurious harmonic

signal errors, It 1s then essential that

only the ATTENUATOR RANGE control be used to

set measurement ranges. Any éttempt to set

range with the ATTENUATOR control increases

the possibility of input amplifier overload,

with resultant generation of harmonlcs pro-

ducts, These prbducts will eppear on the

oscilloscope and lead to erroneous signal

analysis.
The VIDEQO FILTER control may be set in either of 4 linear posi-
tions or 4 logarithmic positions, In eny of the & LIN positions,
deflection on the osoillosobpe sereen will be dlrectly propor-
tional to the input signal amplitude. While in any of the L
LOG positions the oscillloscope deflectlon will be proportional
to the logarithm of the input signal amplitude.
It should be noted that simiiarly numbered positlions are identlical
in both the LOG and the LIN settings. The numbered positlons
represent the selection of Increasing values of integration
time constents in the video output of the instrument. The video
filters provide suppression of bbat notes which occur when signals
with close components are being observed. Since Iincreased set-
tings of the filter control requires slower sweep Speeds, it is
recommended that the control be set at 1its lowest practical
number., When sweep Speeds are excessive the amplitude of the
pulse decreases and the right hand side of the trace will become

distorted. This distortion is caused by Integration of the slgnal.
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CALIBRATION
While a spectrum analyzef is not nbrmally used for amplitude
measurements, NELSON-ROSS PLUG~IN SPECTRUM ANALYZERS may be
calibrated in order to provide accufate absolute, measurements
of the components of any complex waveform. The voltege cali-
bration circultry of the Tekﬁronix oscilloscope 1s quite adequate
for such purposes. The Tektronix celibrator generates a square
wave which 1s calibrated in a peak to peak voitage range of 200
mierovolts to 100 volts. This square wave frequency 1s approxi-
mately 1000 cps.
Celibration is accomplished by visually observing the amplitude
of the fundamental component of the square wave while simultan-
eously noting the deflection produced. The square wave 1s
ideaily sulted for callbratioﬁ techniques since fundamental
component amplitude is independent of rise, fell, and tilt.
The limiting case of a square wave 1s a sine wave of the funda-
mental amplitude resulting from increasing rise and fall times,
The fundamental, being much lower in frequency than all other
signal components, 1s quite easily ldentifled.
Fourier enalysis indicates the BMS amplitude of the fundamental
as:

Erms (1.414/p1) Ep-p sq. wave

end

Esop = (4/pi) Ep-p sq. wave
It is helpful to remember that the RMS sensitivity of the

instrument is 0.45 times the peak-to-peak oscllloscope call-
brating voltage. In addition the peak-to-peak sensitivity 1s
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equal to 1.28 times the peak-to-peak callbrator output.

Whenever performing calibration of the instrument be aware of

the fact that sensitivity varies with different values of resolu-
tion end dispersion as mentioned in section 1. Therefore, call-
bration end measurement must be made while observing the pre-
cautions mentioned in that section, It is possible to calibrate
the instrument within 10% eccuracy. This degree of accuracy
results from the fact that the Tektronix calibrator 1is accurate
to within 3% whlle the conversion figures indicated in the

above paragraphs are within 5%. The other 2% results from

reading error.

APPLICATION

The NELSON-ROSS series of Plug-~In Spectrum Analyzers are capablc
of performing in a multiplicity of applications. The following
paragraphs and 1llustratlons are but a few examples of possible

instrument applicatlons.

DISTORTION ANALYSIS - The percentage of distortion products of
both amplifiers and oscillators may be determined by using an
instrument operating within the deslred range., Examination of
the input signel is first made. Quality and harmonic content

are observed. The output of the unit under test 1s then observed.
Performance is determined by subtracting the input harmonic

content from the output harmonlc content.

INTERMODULATION DISTORTION PERCENTAGE - Measurement 1s made by

using a two~tone oscillator to drive the unit under test., 1In
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eddition 1t's possible to use two osciliators which are fed into
e resistive mixer coupled to the input of the unit, The sum and
difference signals in the output are then measured in relation

to the fundamental outputs,

TRANSDUCER DISTORTION ANALYSIS - The distortion present in sonar
transducer and loudspeakers is measured as follows: The loud-
speaker or sonar transducer under test 1is pleced in a suitable
chamber., 1In the case of the sonar transducer, 1t would be
located in a pond. The output signal is then detected by a
microphone or other type of transducer device. Examination of
the input signal is then made to determine spectral purity. The
output signal is then observed. Comparison of the input and

output signal for harmonic content provides distortion informatlon.

ENVIRONMENTAL NOISE - By observing the output from a microphone
connected to the input of the instrument, the frequency distri-

bution of factory machinery or office noise may be measured.

SONAR ANALYSIS ~ The instrument may be used to determine fre-~
quency distribution, frequency modulation and wasted sideband
energy of sonar transmitters, The driving signal may be observed
directly, or the measurement may be made in a water environ-

ment thru the use of a suitable transducer pick-up. The instru-
ments high input impedance permits use of a wide varlety of

detectors,

MACHINERY VIBRATION ANAIYSIS - By mounting an accelerometer on

the motor or machinery under investigation it 1s possible to
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TYPICAL DISPLAYS (see text)

FIGURES 2-3 to 2-6
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Model 011 - the first, third and fifth harmonics of a 1 KC.

‘square wave SIGNAL are visible in this figure. The MODE

switch is in the NORMAL position and the VIDEO FILTER 1is

in the LIN-1 position. In this display, ZERO signal is at
the extreme right. The large portion of the SIGNAL is the
first (fundamentel) harmonic at 1 KC, The DISPERSION control
is set at 6 KC,

Model 012 - This display demonstrates the response curve

of & double tuned filter. The input to the flilter 1s
provided by & SYNCHRO~-SWEEP generator. The generator suppllies
e swept zero to 100 KC SIGNAL (or ZERO to the maximum range
of the spectrum enalyzer), ¥ 1 IB. in amplitude. Using the
FULL SCAN MODE, and with the VIDEO FILTER 1in the LIN-1
position, complete filter characteristlcs may be demon~
strated.

Illustration of 100 KC, SIGNAL containing 1 percent
sidebands (1 KC). The sidebands are 50 IB down from the
100 KC signal., The MODE switch 1s in the NORMAL position,
end the VIDEO FILTER is in the LIN-1 positlon.

The signel input in this display 1s the same as that of
figure 2-7. However, the VIDEO FILTER 1s in the LOG-1l
position, illustrating compression with the sidebands 30

DB below the MAIN SIGNAL.,

Model 011 - In this display, a 1 KC signal is shown with
the MODE switch in the FULL SCAN position. The ZERO SIGNAL
and the first through the tenth harmonic are visible. All

harmonics are odd.
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TYPICAL DISPLAYS (see text)

FIGURES 2~-7 to 2-10




o

- ' a 2-15

- 2.10 ..Model 011 - This illustration shows the response of a
trensducer which has becn secured to an industrial Shake

| ol

i Teble, The MODE switch is in the NORMAL position. Use

- 15 made of 6 KC. dispersion, centered at 3 KC, Thls figure

i demonstrates the relative amplitude of vibrations at

|

| frequencies from ZERO to 3 KC. Equipment for this demon-

- stration was as follows:

!

‘ A Glennite Accelerometer MODEL A321TMV 8/N 509 was used

: as the transducer., The scale factor shows approximately

- 2.3 G's (at the maximum) occuring at approximately 2,5 KC.

-

-

-

-

-

-

™

]

-
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SECTION 3 CIRCUIT DESCRIPTION
GENERAL
The circuit description presented in this section applies to
NELSON-ROSS Plug-In Spectrum Analyzers Models 001, 002, 003,
011, 012, and 013, with certain monor component reference
exceptions, These exceptlions will be noted whenever they occur

in the detailed circuit descriptlon.

BLOCK DIAGRAM DESCRIPTION
Figure 3-1 1s a block dlagram representation of the clrcuitry
in the NELSON-ROSS Plug-In Spectrum fnalyzer.

The input signal first passes through the input attenuator

where the desired level is adjusted., The attenuated input signal

is then routed through the balanced mixer. The input signal 1s

mixed with en internally generated, swept local oscillator signal

in the balanced mixer., Oscillator spurious products and modula-
tion products are suppressed, while the sum and the difference
frequency slgnals are complemented. This resultant signal then
passes through the range attenuator end the crystal filter., The
frequency response of thls filter may be varled 1in order to
provide the required degree of signal resolution on the screen
of the oscilloscope. The signal output from the filter drives
the IF amplifier. Most of the instrument gain is provided by
the emplifier. The IF amplifler 1s tuned to the sum frequency
of the mixer output. At this point, the output of the IF am-

plifier is directed through two separate and independent
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detectors. One defector ocutput passes through a video filter

to the oscilloscope vertical amplifier. The output of the
second detector provides a feedback signal whlch 1s used to
generate a log function. When the video fillter 1s in any of

the LIN function positions, this feedback slignal 1is not utlilized.

The sawtooth output of the oscilloscope is utllized to drilve
& reactance tube. The reactance tube sweeps the local oscilla-
tor in synchronism with the oscilloscope trace. Reactance tube

drive is furnished through the tuning control circuilts.

DETAILED CIRCUIT DESCRIPTION

INPUT ATTENUATOR

An input signal (within the frequency range of the plug-in unit)
is connected at J1. The signal passes through the input at-
tenuator, providing attenuation of up to 80 Db is 20 Db steps.
In order to insure flat attenuation for the frequency ranges
covered by Models 002, 012, 003 and 013, compensation is

provided by placing trimmer capacitor across certaln resistors.

BALANCED MIXER

The selectively attenuated signal 1s then fed to a balanced
mixer consisting of tubes Vi, V2 and V3, In V1, the signel 1is
converted into a push-pull voltage and the derived voltage 1s
utilized to drive the grids of V2 and V3, Tubes V2 and V3 are
connected in a push-pull confilguration relative to the Input
signal, and they are in a push-push confliguration in relatlon
to the local oscillator.
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The local oscillator 1is connected.to the paralleled cathode$ of
V2 and V3, As a result of the outpﬁts of V2 and V2 being cén—
nected in push-pull, the oscillator signal will cahcel out in
coil Z1, Since the signal frequencies a%é fdf réméved from the
resonant frequency of 21, they will not éppeér in the ouépdt.

The local oscillgﬁbr is large eriough to,cédse tubes V2 and V3

to be driven into the non-l;neaf reglon of their chafactéfistibs,'
causing mixing action betweén signal snd 1oca1’6scillator.

The resultanf sﬁm frequency is sclected by-Zl for emplification
by the IF amplifier system,

RANGE ATTENUATOR

The output of Zi’ié single ended with respect ﬁd ground: The
RANGE ATTENUATOR provides three sebbings: - stralght thru (0 IB),
20 DB and 40 IB, iﬁ some models fhe raﬁgé aftonuator 1s 1isolated
from the secondary by #Vi connectedvaé a cathode follower. In
other models the secondery of Z1 drives the RANGE ATTENUATOR

directly and %2 of V4 is connected as the first IF amplifier,

CRYSTAL FILTER o

The output of # of V4 and the triode secbi§n of V5 are utilized
to drive the two sections of the crystal filter network. BResolu-
tion i1s determined by the combined bandwidth the two crystal
filter sections, Bandwldth of each fllter section 1is determined
by shunting the transformer in each section with a potentiometer.
By changing the value of resistance across each transformer, the
effective Q% of Z2 and Z3 is changed, As a result, the fillter
bandwidth around the I.F. frequency 1is also varled. This band-
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width determines the résolution of the plug-in uhit. Dual
potentiometer R32 (resoiution) simultaeneously veries the "Q"
of 22 and Z3. Capacity across each of the crystal holders is

neutralized by adjustment of trimmer capacltors C12 and Cié6.

IF AMPLIFIER

The IF amplifier is composed of two double tuned stages con-.
sisting of V8 and V9. The majority of plug-in unit gain 1s
provided by this circuit., VERNIER GAIN adjustment is accomplished
by varying the D.C. operating point of V8. This operating point
is determined by chénging the cathode blas, Cathode potentio-
meter R66(VERNIER GAIN) controls the level of catﬁode bias,

With the exception of the log feedback detector, the amplifier
circultry 1is quite conventional. The output of‘V9 is & DC
voltage which appears only when an I,F. signal 1s present. The
output of V9 is detected by diode CR1, The detected signal 1is
then fed to the oscilloscope vertical input through an integra-
ting network consisting of resistors R81 and R82, capacitor C43
the LOG~LIN switch asscmbly.

LOG CIRCUITRY

log sﬁale generation 1s accomplished by utilization of & feedback
signal to control the GAIN of V9, The IF signal 1is detected
from the plate of V9 and the resultant voltage 1s fed back to

the grid of V9 as a bilas voltage. V9 has a remote cut-off
characteristic especially applicable to this circult. 4s the

input increases, the detected bias also increases. The result

is a decrease in the gain of the stage., The pentode-dlode
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characteristics of V9 determine the logarithmic pattern of the
oscilloscope display. The decibel range 1s controlled by varying
the setting of the diode output dividexr R76 (DB RANGE)., The DB
shape potentiometer (R72) varies the screen voltage. Any change
in this screen voltage has a direct effect on the operating
point and the slope characteristics of the tube. Adjustment of
this potentiometer provides the desired log shape.

LOCAL OSCILLATOR AND REACTANCE TUBE

Dual triode V6 serves as both a Hartley osclllator and a reac-
tence tube, Coll Z& provides resonant tenk circult inductance.
The reactance circuit is conventional in design, Capacitor

Cl19 provides only a portion of the resonant capacltance of the
tank circuit (in some units C19 is the stray grid-plate capacity
of V6)., This capacitance is multiplied by the gain of the stage.
The capacity seen by the oscillator tank 1s therefore proport-
ional to the Gm of the tube. When the plate current on the tube
i8 varied (by changes in the sawtooth drive present on the grid)
the Gmn of the tube changes. As & result of this change in Gm,
the local oscillator frequency changes, LAdjustment of inductance
Z4h or RT ADJUST potentiometer R48 will determine the oscillator
sweep frequency range with the full sawtooth input. In the
NORMAL mode, the reactance tube grid voltage, and therefore the
oscillator frequencj, i1s determined by CENTER FREQUENCY and,
DISPERSION potentiomecter settings. The dispersion setting con-
trols the level of the sawtooth slgnal which is superimposed on

the DC level present on the center frequency potentiometer. The
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oécillator sweep frequency is thereby limited by the DC sawtooth
limits. The end result is ¥DISPERSION® or (“frequency-window"%)
which appears across the oscilloscope screen. Potentiometer
R89 acts as a tuning control, This control provides a voltage
which is directly dependent upon‘the froquency setting of the
CENTER FREQUENCY dial, This dial detcrmines the oscillator center
frequency, The sawtooth which 1s provided by the oscilloscope
circultry is selectively attenuated by the DISPERSION control
R103. The signal is now summed by the network consisting of
resistors B43 and R44. The resultant signal is coupled to the
grid of the reactance tube, In the FULL SCAN position, the
tuning control is by-passed and the entire sawtooth signal is
prescnted to the summing network. This results in a sweep over

the entire band.,

POWER AND BIAS CIRCUITRY

All operating voltages required for plug-in unlit operation are

- secured from the oscilloscopes internal power supplies. In order

to insure & high degree of regulation over a wide range of
operating conditions, all unused supplies (within the oscillo-
scope) are loaded to their minimum requirements, Positive bias

for the grids of the oscllloscope amplifier is provided by the

divider network consisting of R84, R86, R87, R?9 and R83.
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MAINTENANCE

r SECTION &4
o -
, INTRODUCTION ‘
- In the design end construction of the NELSON-ROSS Piug;m Spectrum

Analyzers, mich emphasis nas been placed upon high relliebllity
T and minimum down-time, However, any piece of electronic equip-
-~ ment will require a certain amount of maintenance thrﬁ;héfﬁal

usage. With this in mind, the following maintenance information
- 15 provided in this scction, In the event of the occurence of
- a malfunction in the Spectrum-Analyéer system, it is pecommended -
‘ that the trouble be corrected by réllowing four gencrel steps:
r 1., Confirmation that a malfuridtion mctually does exist.
- 2. Isolation of the trouble to cither the plug-in Spectrum
- Analyzer unit or the oscilloscope main frame.
‘ 3. Trouble-shooting the plug-in unit to determine the
. exact source of trouble.
- 4, BRepair the malfunction.
‘_ CONFIRMAT ION
| It has been found thru experience that many indications which are
- presuned to be caused by a malfunction in the equipment actually
; result from incorrect control settings., 4ll controls: should be
‘ checked for correct settings. 4As an example, if the VIDEO FILTER
= is in the circuit, and the SWEEP SPEED 1s set at too high a level
; the tralling edge of the display will distort to the point of
i being un-usable. Excessive sweep speed will also cause the
- displey to shift, thus resulting in erroncous frequency readings,

I |
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A combination of the above errors in control settings will also
result in an incorrect amplitude dispiay. Once deterﬁiﬁationlb
is made that an ectusl equipment malfunction does exist, it must
be ascertailned whether it is located in the plug-in unit or the

oscilloscope main frame,

ISOLATION
Isolation of the trouble to either the oscilloscope or the plug-
in unit may be acéomplished by either of two possible methods.
In the first and simplest method, the plug-in unit is removed and
replaced with & spare plug-in, The second method requires
verification of input signals, supply voltages, and analysis
of the screen display. ‘
CAUTION

Before plugging in the spare unit,

it 1s essential that a careful in-

spection be made of the suspected

original unit, for evidence of

charred components or burned 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 in-

stalling & spare. If this precaution

is not teken, the spare unit may be-

come damaged.
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If, after a spare unit (known to be functioning properly) is
substituted the system does not work properly, the fault exists
in the oscilloscope. Refer to #he oscilloscope instruction
menual for corrcct maintcnance procecdurcs, In a case where a
spare unit is not availeble for substitution further testing
must be performed. It will be necessary to use a plug-in ex-
tension cable (available from the osclilloscope manufacturer) to
facilitate the required testing.

First, check all voltages supplied by the oscllloscope to the
plug-in unit. If the voltages measurec Incorrectly, remove the
plug-in Spectrum fnalyzer and re-check the voltages, At this
point, if the voltages check correctly with the Spectrum Anslyzer
removed, the trouble may be assumed to be in the plug-in unit.
Verification must be made that the sawtooth input from the
oscilloscope is present, and that it meets the oscilloscope
nanufacturers specifications (zero V to 150V)., The horizontal
trace must also appear on the oscllloscope display. If both of
these conditions are met the Spectrum Analyzer may be considered
to be malfunctioning.

The voltazes indicated on the schematic diagram and the tube
chart are nominal, with the exceptlon of the supply voltages
which are of close tolerance. The other, PNominal® voltages

may vary considerably in each instrument.

TROUBLESHOOTING THE SPECTRUM ANALYZER

When it has been definitely established that the malfunction

exists in the Spectrum Analyzer, plug-in unit, the following
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trouble shooting procedures are recommended.

Much time and effort will be concerned by first performing a
very thorough visual inspection of the rlug-in unit. Carefully
scrutinize the unit for evidence of, burned or broken wires,
defective switches, overheated or discolored components, and
loose or improperly seated tubes and crystals. In the event
that a burned or discolored componcnt is discovered, (thru
visual inspection) it is essential that the direct cause of the

trouble be located, and corrected before replacing the component,

One very common source of trouble may be attributed to faulty
vacuum tubeé. If a visual chedk fails to reveal the cause of
the trouble, it 1s recommended that all tubes be checked by the
substitution method. Tube checks made by the tube tester method
are not to be relied upon because of the wide tube operating
parameters, Tubes which arc found to be operating correctly

shquld be returned to their originel sockets., This will eliminate

a great deal of nccessary recalibration, usually resulting from

varlable tube characteristics,

If, after visual examination and tube substitution, the trouble
st11ll is not located, the Spectrum dnalyzer circuitry should be
checked by making careful voltage and resistance measurements at

the points indicated on the schematic diagram and the tube

voltage chart figure.
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SECTION 5 ALIGNMENT PROCEDURE
GENERAL
This sectlon provides the complete procedure for aligning thé
NELSON-ROSS PLUG-IN SPECTRUM ANALYZERS Models 001, 002, 002, O11,
012 end 013, These instructlions, when followed in the proper
Sequence, also furnish a method of separating any troubles which
may occur. Therefore, this procedure can be used when trouble-

shooting the Spectrum Analyzers,

LOCAL OSCILLATOR

The three adjustments which affect the local oscillator are
interacting. Therefore, the procedurec must be repeated until
satisfactory adjustment 1s obtained. Adjustments will be made
as follows:

1) Conneet a calibrated signal gencrator to the front
panel INPUT connector on the Spectrum fAnalyzer. Set
the signal generator to the upper frequency limit of
the unit beinz aligned and adjust for a 5 millivolt
output,

2) Set the Spectrum fAnalyzer in the FULL SCAN mode. Set
both ATTENUATOR controls to 0 db and rotate the VERNIER
GAIN control fully counterclockwise.

3) Position the éIDEO FILTER control to LIN~1, Set the
RESOLUTION control for minimum resolution and rotate
both of the MIXER BAL controls fully counterclockwise.

L) 1In the FULL SCALE mode, the Spectrum Analyzer should
displey 1its full frequency range. The zero frequency

signal (oscillator leakage) should be at the extreme
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6)

7)

8)
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right side of the oscilloscope graticule. The input
from the signal-geherator should appear at the extreme
left side of the oscilloscope graticule. Coil Z4 and RT
ADJ potentiometer R48, shown in figure 4-3, are used to
adjust the two limits. 24 determines the frequency;
potentiometer R48 affects amount of scan and the o
frequency. Z4 and RE8 should be alternately adjusted
until the full scan range is properly set,

Set the Spectrum Analyzer in the NORMAL mode and rotate
the CENTER FREQUENCY control (tuning dial) to the
highest frequency of the Anelyzer. Adjust Z4 until

the high frequency signal is centered on the oscillo-
scope.

Set the /Analyzer back to the FULL SCAN mode of operation,
Adjust FULL SCAN CENTERING control R107 until the
display 1s centered on the oscilloscope screen.

Return the Analyzer to the NORMAL mode of operation,
Check the divisions on the tuning dlal against the
settings on the signal generator to insure correct

dial oallbration.

Repeat, as necessary, steps 1 through 7 so the Spectrum

Analyzer operates according to specifications,

DISPERSION

1)

Rotate the DISPERSION dial to 4 maximum dispersion and
set the CENTER FREQUENCY disl to mid-frequency. Using

e signal generator, vary the lnput to measure the
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actual dispersion across the oscilloscope screen. Aadjust
DISP. SET control R9, shown in figure 4~3, until the
dispersion 1s within the specificatlon limits, Check

end readjust, as nececssary, for maximum and minimum

DISPERSION dial settings.

LOG. SCALE

Connect a signal gencerator with e calibrated attenuator to the
INFUT connector of the Spectrum Analyzer. Tune the signal
generator to the center of the Analyzer tuning range; tune the
lnalyzer to display the output., Alternately adjust IB RANGE

R76 end DB SHAPE R72, shown in figure 4-3, to obtain the correct
40 db scale curbe on the display. The correct 40 db scale is
1/4 display change in amplitude for each 10 db input signal level
change. Thec IB BANGE control sets the curvature of the scale,
while the DB SHAPE control varles the amplitude of the curve.

If difficulty 1is experlienced in obtaining the correct curve,
clectron tube V9, shown in figure 4-3, should be replaced.

Since the controlé interact 1t is necessary to repeat the adjust-

ments until éatisfactory performance 1s obtained.

INPUT ATTENUATOR ADJUSTMENT

NOTE: This procedure applies only to 002, 012, 003 and
013 models,
1) Using the signal generator, insert a signal that is 10%
of the maximum frequency of the analyzer. Check each

attenuator section by adding 20 db attenuation while
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5

inoreasing the inpuﬁ by 20 db. For each position that
has a varigble capacitor on the attenuator, tune the
capacltor until the attenuation in that position is
within speocifications,

Repeat step 1 for an input signal of maximum frequency.
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VOLTAGE CHART

The voltages given in the following chart are given as a guide
to normal perfbrmgnce. These voltages are typical for all
models listed in this manual and may vary slightl& for each -
model. Contrcls should be set as shown below,

MODE SWITCH: Full Scan

MIXER BAL: {(Coarse & Fine) Centered or edjusted fof
: ‘balance,

CENTER FREQUENCY: Center of frequency range;
BRESOLUTION: Tully clockwise

DISPERSION: Fully counterclockwlse

VERNIER GAIN: Fully clockwise

ATTENUATOR (Tnput): Max attenuation
ATTENUATOR (Range): Max, attenuation

VIDEO FILTER: ULin 1

V POS: Center trace on CHT screen

LF CAL: Centered

ALL VOLTAGES ON FOLLOWING CHART WERE
MEASURED USING 20000 OHMS PER VOLT METER
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- VOLTAGE CHART

- PIN NUMBER

. TUBE t 2 3 4 5 6 7 8 9
l Vi 5879 0O NC 7 25 30 NC 170 190 7
- V2 6BHE -.2 1.3 30 36 120 62 1.3

_ V3 6BH6  -.2 1.3 36 42 120 62 1.3

| V4 12AT7 160 O 1.4 Sk 42 155 0 1.3 NC
. V5 19EAB 135 NC NC 74 54 0O NC 1.8 0
- V6 6201 165 4% 8% 0 12 100 -, +.3 NC
| V7 12477 170 -2.0 0 12 24 24 -3 0 NC
- V8 6AU6 o 1.5 83 95 205 115 1.5

- V9 6BYS o o0 .1 95 263 -.2 270 100 1.1
"' #* AC component on DC level

[ ]

p=

-

-




ITEM
Rl
R2
R3
R4
B5
R6
R7
RS
R9
R10
R11
R12
R13
R14
R15
R16
R17
R18
R19
R20
R21
R22
R23
R24

PARTS LIST

MODELS PSA - 001, 011

DESCRIPTION
Resistor &W 10% 22K
Same as Rl
Same as Rl
Resistor 3W10% 100K
Not used ’
Resistor W 10% 1500 ohms
Resistor éQ 10% 2.2M
Resistor W 104 470 ohms
Same as R7
Not used
Resistor &W 10% 39K
Potentiometer 50K Multiturn
Same as R11
Same as R4
Not used
Same as R4
Same as Rl
Potentiometer 25K Multiturn
Not used
Not used
Not used
Not used
Resistor #W 10% 220 ohms
Not used

DRAWING NO.

C1000-154-24

C1000-154-23




ITEM
R25
R26
R27
R28
R29
R30
R31
R32
R33

R34
R35
R36
R37
R38
R39
R&0
RA41
RU2
R43
RU44
R4S
RU6

RY47

PARTS LIST
MODEL PSA-001, 011

Not used

Resistor #W 10% 4700 ohms
Not used

Reaistor 1W 10% 10K

Not used

Not used

Same as R23

Chosen At Test

Duel Potentliometer 100K -
2 Sectlons

Chosen At Test

Not used

Same as R28

Same as R23

Same as R23

Chosen At Test

Not used

Part of R33

Chosen At Test
Resistor #W 10% 330K
Resistor W 10% 4,7M
Not used

Resistor #W 10% 270K
Resistor W 10% 100 ohms

DRAWING NO.

C1000-154<7
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ITEM
R48
R49
R50
R51
R52
B53
R54
R55
R56
R57
R58
R59
R60
R61
R62
R63
RéL
R65
R66
R67
R68
R69
R70
R71

PARTS LIST
MODELS PSA-001, 011
DESCRIPTION
Potentiometer WW 25K

Same as Rl

- Same a3 R26

Resistor 2V 10% 8.2K
Resistor W 10% 2,2K
Same as R47

Resistor 2W 10% 27K

Not used

Same as R1l1

Resistor £W 10% 27K
Resistor W 10% 470K
Resistor W 10% 1M

Not used

Resistor 1W 10% 22K
Same as R58

Same as R52

Resistor %W 10% 47K

Not used

Potentiometer 25K A
Resistor +W 10% 150 ohms
Same as R4

Resistor 1W 10% 47K

Not used

Resistor 1W 10% 15K

DRAVWING NO.
C1000-154-1

C1000-154-14
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:_ PARTS LIST |
: MODELS PSA-001, 011
T ITEM DESCRIPTION DRAWING NO.
;_ R72 Potentiometer Dual 50K C1000-154-15
: R73 Resistor #W 10% 330 ohms
. R7L Resistor #W 10% 68K
- R75 Not used
: R76 Potentiometer 250K C1000-154-11
r R?77 Same as H52
- R78 Same as R4
; R79 Resistor 3W 5% 10K
3 R8O Not used
- R81 Resistor zW 10% 220K
i R82 Same as Rl
3 R83 Resistor W 5% 20K
- R84 Same as R79
R85 Not used
i R86 Same as Ré4
— R87 Same as R1l2
: R88 Resistor #W 5% 27K
— R89 Potentiometer 100K C1000-154-27
- R9O Not used
’ RO1 Resistor iW 5% 680K
:- R92 Potentiometer WW 10K
- R93 Resistor 1W 10% 1CK
‘ R94 Resistor 1W 10% 33K
F R95 Not used
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PARTS LIST
MODELS PSA-001, 011

ITEM DESCRIPTION DRAWING NO.
R96 Potentiometer Dual 10K C1000-154-15
(Part of R72)

R97 Same as R69

R98 Same as R6

R99 Same as Ré

R100 Not used

R101 Same as R4S

R102 Resistor W 1% 39K Dale Electronics
MFF % Tl

R103 Same as RU48

R104 Resistor #W 1% 47K Dale Electronics
MFF ¢ T1

R105 Not used

R106 Same as R48
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_ PARTS LIST

L MODELS PSA-001, 011

. ITEM DESCRIPTION DRAWING NO.

; Cl1 L0-20-10-10 @ 300V-Electrolytic Sprague TVL 4578
i c2 Capacitor .1 MFD 200V Srague TVL 192P10492
r C3 Same as C2

; ch Capacitor 470 MMF CM15E471J

24 C5 Same as C4

B cé Same as C2

; c7 Same as C2

’ c8 Not used

. c9 Not used

;‘ Cl1l0 Not used

: Cli Capacitor .01 MFD @ 600V Erle 81125V103P
C c12 Trimmer 2.5-11 MUF Erie 538-090

- Cl13 Not used

: Clk Same as C2

r Cl5 Not used

- C16 Same as Cl2

i c17? 15-15 @ 350V Electrolytic Sprague TVL 2625
- c18 Same as C2

- C19 Not used

; C20 Not used

3 c21 Same as Cl1

- c22 Same as Cl1l

i Cc23 Not used

r c2h Same as C11
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