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Type 491/R491

SECTION 1
CHARACTERISTICS

The Type 491/R491 Spectrum Analyzer is a wide band,
general purpose portable spectrum analyzer with an RF
center frequency range from 10 MHz to 40 GHz. The ana-
lyzer displays signal amplitude as a function of frequency
for a selected portion of the spectrum. Frequency is dis-
played along the horizontal axis (dispersion) and signal
amplitude on the vertical axis of a self-contained system.

Information given in this manual is also applicable to the

Type R491 unless otherwise noted. The Type R491 is elec-
trically identical to the Type 491 but is adapted for rack-
mounting in a standard 19 inch rack. Rackmounting instruc-
tions, a mechanical parts list and a dimensional drawing for
the Type R491 are provided in Section 10 of this manual.

The following electrical characteristics apply at an ambient
temperature of 25°C (£=5°C) after an initial warmup period
of approximately 20 minutes.

ELECTRICAL CHARACTERISTICS

Characteristic Performance Requirement Supplemental Information

RF Center
Frequency Range

CW Sensitivity

10 MHz to 40 GHz—See Table 1-1
See Table 1-1

(S 4+ N = 2N)
Dial Accuracy

Within == (2MHz +419% of dial reading) |IF CENTER FREQ control at 000, FINE IF
CENTER FREQ control and FINE RF CENTER

FREQ controls centered.

TABLE 1-1
Minimum CW
Sensitivity (S 4+ N = 2N)

Supplemental
Information

100 kHz RESOLUTION
—80 dBm
—90 dBm
—85 dBm
—90 dBm
—80 dBm
—75 dBm
—70dBm
—60 dBm
—50 dBm

RF CENTER FREQUENCY

10-275 MHz

275-900 MHz
800-2000 MHz
1.5-4.0 GHz

3.8-8.2 GHz

8.0-12.4 GHz
12.4-18.0 GHz
18.0-26.5 GHz
26.5-40.0 GHz

1 kHz RESOLUTION
—100 dBm
—110dBm
—105 dBm
—110dBm
—100 dBm

—95 dBm
—90 dBm
—80 dBm
—70 dBm

50 @ source impedance.

All voltages are RMS.

TABLE 1-2

DISPERSION/DIV
Accuracy

+3% (0.3 MHz/Div)
+3% (==0.15 MHz/Div)
+5% (0.1 MHz/Div)
#+7% (=2=70kHz/Div)
+10% (=50 kHz/Div)
=+159% (=30 kHz/Div)

Remarks

Over the =25 MHz of the IF Center FREQ control ex-
cept the 10 MHz/DIV position (= 10 MHz). The DIS-
PERSION CAL adjust can be reset to improve the ac-
curacy at a specific IF CENTER FREQ control setting
by using the front panel 1 MHz CAL MARKERS OUT as
a calibrated signal.

Setting
10 MHz
5 MHz
2 MHz
1 MHz
.5 MHz
.2 MHz
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Measured over the center 8 divisions of the graticule.




Characteristics—Type 491/R491

Characteristic

ELECTRICAL CHARACTERISTICS (cont)

Performance Requirement

Supplemental Information

Dispersion
MHz/DIV RANGE
Range

.2 MHz/Div to 10 MHz/Div

In a 1-2-5 sequence

Accuracy

See Table 1-2

Linearity

+3% (over an 8 division display)

kHz/DIV RANGE
Range

1 kHz/Div to 500 kHz/Div in a 1-2-5 se-
quence and zero dispersion.

Accuracy

=+3% of each setting

Over the =+25MHz range of the IF
CENTER FREQ control. Measured over the
center 8 divisions of the graticule.

Linearity

=+3% (over an 8 divisions display)

Resolution

<1kHz to >100kHz; in 11 uncalibrated
steps.

May be coupled with the DISPERSION con-
trol or switched separately.

IF Center Frequency
Control Range

IF_ CENTER FREQ FINE

1 kHz/DIV to 500 kHz/DIV
Dispersion

>(+ and — 2.5 MHz) | >(+ and — 50 kHz)

0.2 MHz/DIV to 5MHz/DIV

>(+ and — 25 MHz) | >(+ and — 1 MHz)

10 MHz/DIV

>(+ and — 10MHz) | >(+ and — 1 MHz)

IF Attenuation
Range

0 to 51dB

In combinations of 1, 2, 4, 8, 16 and 20 dB.

Accuracy

+0.1 dB/dB

IF GAIN Control
Range

>50 dB

Display Flatness with IF CENTER
FREQ at 000

3dB maximum amplitude variations from
10 MHz to 12.4 GHz.
6 dB maximum amplitude variations from
12.4 GHz to 40 GHz

Band 1 (10 MHz to 275 MHz) 50 MHz dis-
persion. .

Bands 2 through 8 (275MHz to 40 GHz)
100 MHz dispersion.

Incidental FM
IF

<200 Hz

Typically 100Hz. Up to 400 Hz if power
line frequency drops to 48 Hz.

IF + LO

<300Hz (at LO fundamental and with
phase lock operation)

Phase Lock
Internal Markers

1 MHz +0.1% (Control next to OFF posi-
tion.)

INT REF FREQ Range

At least 1 kHz but not more than 1.3 kHz
above measured frequency with the INT
REF FREQ control counterclockwise (next to
OFF position.)

Instrument must be inside the dust cover.

Stability; Ref. Osc.
(Short term FM)

<1 part in 107

External Phase Lock
Reference Input
Frequency

1 MHz to 5MHz

Voltage

1 to 5 volts peak to peak.

Display Functions
Dynamic Range

LOG

>40 dB with 8 division display

LIN

>26 dB with 8 division display

SQ LAW

>13db with 8 division display

Maximum Input Power

—30dBm for linear operation
+15dBm diode mixer, power limit

See Fig. 2-15.
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TIME BASE

Characteristic

Performance Requirement

Supplemental Information

RECORDER Output
signal in LIN mode.

>4 mV per displayed division amplitude of

Sweep Range 10 ps/div to 0.5s/div

In a1, 2, 5 sequence

Sweep Accuracy +3%

Measured within the center 8 divisions

VARIABLE Time/Div >2.5:1

An uncalibrated control provides continu-
ously variable sweep rates from 10 us/div
to approximately 1.25s/div.

Sweep Length

10.5 divisions 0.2 div.

Sawtooth Output

70mVY to 90 mV (P-P)

TRIGGERING

Trigger Sensitivity
Internal

<0.2 division, 20 Hz to 100 kHz

External

<0.2 volt, 20Hz to 100 kHz

Maximum Input Voltage

100 volts (DC + peak AC)

POWER REQUIREMENTS

Input Voltage
115-volt range

LOW- 90 to 110 VAC
MED- 104 to 126 VAC
HIGH- 112 to 136 VAC

230-volt range

LOW- 180 to 220 VAC
MED- 208 to 252 VAC
HIGH- 224 to 272 VAC

Line Frequency

48 to 440 Hz

Input Power

Characteristic
Tube Type
Phosphor
Accelerating Potential
Graticule Type
Area

Illumination
Unblanking

Construction

Finish

Overall Dimensions measured at

maximum points)

55 watts maximum

CATHODE RAY TUBE

Information
T4910-7-1
P7
Approximately 3.75kV
Internal

8 divisions vertical by 10 divisions horizontal
Each division equals 0.8 cm.

Variable edge lighting
Deflection type, DC coupled

MECHANICAL CHARACTERISTICS

Alluminum-alloy chassis, panel and cabinet
Glass laminate etched-circuit boards

Anodized panel, blue vinyl-coated cabinet

74" high, 12Y," wide, 23Y," long (includes panel cover and carry handle)

ENVIRONMENTAL CHARACTERISTICS

Line voltage ranges provide regulated DC
voltages, when line contains less than 2%
total harmonic distortion.

The following environmental test limits apply when tested
in accordance with the recommended test procedure. This
instrument will meet the electrical performance requirements
given in this section, following an environmental test. Com-

®

plete details on environmental test procedures, including
failure criteria, etc., may be obtained from Tektronix, Inc.
Contact your local Tektronix Field Office or representative.
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Characteristic

Temperature
Operating

Performance Requirement

—15°C to +55°C

Supplemental Information

Automatic resetting thermal cutout protects
instrument from overheating.

Non-operating

—55°C to +75°C

Altitude
Operating

15,000 feet maximum

Altitude referred to sea level. Operating
temperature capabilities decline 1° C per
1000 feet altitude above sea level.

Non-operating

50,000 feet maximum

May be tested during non-operating tem-
perature test.

Humidity
Non-operating

Five cycles (120 hours) of Mil-Std-202C,
Method 106B

Exclude freezing and vibration.

Electromagnetic Interference (EMI)
Radiated Interference

150 kHz to 1000 MHz

Tested within an electrically shielded enclo-
sure with the CRT mesh filter installed.
Within the limits described in MIL-1-6181D,
Figs. 7, 8, 14 and 16.

Conducted Interference

150 kHz to 25 MHz

Conducted interference through the power
cord.

Vibration
Operating

Resonant searches along all 3 axes at 0.025
inches, frequency varied from 10-55 c/s. All
major resonances must be above 55 c/s.

Instrument secured to vibration platform
during test. Total vibration time, about 55
minutes.

Shock
Operating and non-operating

One shock of 30 G, one-half sine, 11 milli-
second duration each direction along each
major axis.

Guillotine-type shocks. Total of 12 shocks.

Transportation
Package vibration

Meets National Safe Transient type of test
when correctly packaged. One hour vibra-
tion slightly in excess of 1G.

Package should just leave vibration surface

Package drop

30 inch (18-inches for R491) drop on any
corner, edge or flat surface.
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SECTION 2
OPERATING INSTRUCTIONS

Introduction

A Spectrum Analyzer is an instrument that graphically
presents a plot of signal amplitude as a function of frequency
for a seclected portion of the spectrum. The Type 491 is
designed to provide a spectral display of the frequency
distribution of electromagnetic energy within the frequency
range of 10 MHz to 40 GHz. Signals are displayed as a
spectrum on a CRT screen with signal energy plotted on the
vertical axis against frequency on the horizontal axis.

This type of display provides the following information;
The presenceor absence of signals, their frequencies, fre-
quency drift, relative amplitude of the signals and the nature
of modulation if any, plus many other characteristics.

This section of the manual describes the funclion of the
front and rear panel controls and connectors, power supply
connection, and a procedure for first time operation, to intro-
duce the operator to the operational functions of the controls.
The remainder of the section then describes operation tech-
nique with some measurement applications and signal
interpretations.

Front Cover and Handle

The front cover furnished with the Type 491 provides «
dust tight seal around the front panel. Use the cover to
protect the front panel when storing or transporting the
instrument. The cover also provides storage for the external
waveguide mixers and other accessories. See Fig. 2-1.

CAUTION

Removing or replacing the dust cover on the instru-
ment may be hazardous, if the instrument is lifted
out of, or slid into, the dust cover. To remove or
replace the dust cover, set the instrument on «
bench or table, then slide the cover off or on the
instrument. The instrument may also be set on the
front panel cover and the dust cover slipped on or
off the instrument. Do not set the instrument on
the front panel controls.

The handle of the Type 491 can be positioned to carry
the instrument or it can be positioned at several angles to
serve as a tilt-stand. To position the handle, press in at both
pivot points (see Fig. 2-2) and adjust the handle to the
desired position. The instrument may also be set upright
on the rear panel feet for operation or storage.

Voltage Considerations

The Type 491 can be operated from either 115 or 230-volt
nominal line voltage with a range from 90 to 136 VAC or
180 to 272 VAC. Two selector-type connectors on the power
input panel may be positioned to accommodate these volt-
age ranges. The selection assembly also includes two line

®

fuses which are positioned correctly when the correct selec-
tion is made for cither 115 or 230-volt nominal operation.
Fig. 2-3 shows the power input panel on the rear of the
instrument and the voltage range and nominal line voltage
selectors,

Fig. 2-1. Accessory storage provided in the front cover of the Type
491 or accessories hox in the R491.

2-1
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Pross in he?e on
both sides to
position handle

Fig. 2-2. Handle positioned to provide a stand for the instrument.

CAUTION

The Type 491 should not be operated with these
voltage selector switches in improper positions.
Operation of the instrument with incorrect voltages
will either blow the protective fuses or the instru-
ment will not operate properly.

The Voltage Range Selector located on the rear panel
permils the instrument to operate on line voltages above and
below the nominal 115 or 230 volts. Each selection provides
correct regulation through an overlap voltage range into the
next higher or lower range. It is best to select a range with
its center voltage near your nominal line voltage, thus pro-
viding adequate regulation over a plus and minus devia-
tion of the input line voltage.

The following procedure will prepare the instrument for
operation at your average input line vollage:

1. Remove the cover assembly over the selectors by
unscrewing the two cap screws, then pull the cover with the
attached fuses away from the panel.

2. Pull the Line Voltage Selector out and turn the connector
around to plug it back into the correct position,

3. To change the regulating range, pull out the Range
Selector bar, slide it to the desired range and plug it into
the correct position. Select a range which is centered about
the average line voltauge to be applied to the instrument.
See Fig. 2-3.

4. Re-install the cover. Make certain the cover fits firmly
against the rear panel, so the line fuses are seated in their
sockets, and tighten the two cap screws.

5. Before applying power to the instrument, check that the
indicating tabs on the switch bars are protruding through
the correct holes for the desired voltage setup.

2-2

A. Rear panel with power selector cover installed.

Line voltage
range selector

LOW  MED HI

Nominal line
voltuge selector |

B. Rear punel with coversremoved.

Fig. 2-3. Power panel and selectors.

Spectrum Analyzer Terms

The following glossary of spectrum analyzer terms is pre-
sented as an aid to understanding the terms as they are vsed
in this manual.

Spectrum Analyzer-A device that displays o graph of the
relative power distribution as a function of frequency; typi-
cally on a cathode-ray tube or chart recorder.

Types: Real-time and non real-time.

A real-time spectrum  analyzer performs « continuous
analysis of the incoming signal, with the time sequence of
events preserved between input and output.

A non-real-time spectrum analyzer performs an analysis
of repetitive events by a sampling process.

Methods: Swept front end and swept intermediate fre-
quency.

A swept front end spectrum analyzer is a superheterodyne
spectrum analyzer in which the first local oscillator is swept.

A swept IF spectrum analyzer is a superheterodyne spec-
trum analyzer in which a local oscillator other than the first
is swept.



Center frequency (radio frequency or intermediate fre-
quency)—That frequency which corresponds to the center
of the reference coordinate.

Center frequency range (radio frequency)—That range of
frequencies which can be displayed at the center of the
reference coordinate. When referred to a control (e.g., Inter-
mediate Frequency Center Frequency Range) the term indi-
cates the amount of frequency change available with the
control.

Dispersion (sweep width)—The frequency sweep excursion
over the frequency axis of the display can be expressed as
frequency/full frequency axis, or frequency (Hz)/division in
a linear display.

Display flatness—Uniformity of amplitude over a rated
dispersion. The maximum variation in amplitude response
over the maximum dispersion is a measure of display flatness
(usually in units of dB).

Drift (frequency driff)—Long term frequency changes or
or instabilities caused by a frequency change in the spectrum
analyzer local oscillators. Drift limits the time interval that a
spectrum analyzer can be used without retuning or reset-
ting the front panel controls (units may be Hz/s, Hz/°C, etc).

Dynamic range (on screen)}—The maximum ratio of signal
amplitudes that can be simultaneously observed within the
graticule (usually in units of dB).

Dynamic range (maximum useful)—The ratio between the
maximum input powef and the spectrum analyzer sensitivity
(usually in units of dB).

Frequency band—A range of frequencies that can be cov-
ered without switching.

Frequency scale—The range of frequencies that can be
read on one line of the frequency indicating dial.

Incidental frequency modulation (residual frequency modu-
lation)}—Short term frequency jitter or undesired frequency
deviation caused by instabilities in the spectrum analyzer
local oscillators. Incidental frequency modulation limits the
usable resolution and dispersion (in units of Hz).

Incremental linearity—A term used to describe local
aberrations seen as non-linearities for narrow dispersions.

Linear display—A display in which the vertical deflection
is a linear function of the input signal voltage.

Linearity (dispersion linearity)}—Measure of the comparison
of frequency across the dispersion to a straight line frequency
change. Measured by displaying a quantity of equally spaced
(in frequency) frequency markers across the dispersion and
observing the positional deviation of the markers from an
idealized sweep as measured against a linear graticule.

Linearity accuracy, expressed as a percentage, is within

AW . . . -
—— X 1009% where AW is maximum positional deviation

%%
and W is the full graticule width.

Maximum input power—The upper level of input power
that the spectrum analyzer can accommodate without de-
gradation in performance (spurious responses and signal
compression). (Usually in units of dBm).

Minimum usable dispersion—The narrowest dispersion ob-
tainable for meaningful analysis. Defined as ten times the

®
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incidental frequency modulation when limited by “incidental
frequency modulation” (in units of Hz).

Phase Lock—The frequency synchronization of the local
oscillator with a stable reference frequency.

Resolution—The ability of the spectrum analyzer to re-
solve and display adjacent signal frequencies. The measure
of resolution is the frequency separation (in Hz) of two equal
amplitude signals, the displays of which merge at the 3dB
down point. The resolution of a given display depends on
three factors; sweep speed, dispersion and the bandwidth of
the most selective (usually last IF) amplifier.

Resolution bandwidth—The —é dB bandwidth (with Gaus-
sian response) of the analyzer, with the dispersion and sweep
time adjusted for the minimum displayed bandwidth of a CW
signal. Resolution and resolution bandwidth become syno-
nymous at very long sweep times.

Optimum resolution—The best resolution obtainable for a
given dispersion and a given sweep time. Theoretically or
mathematically:

dispersion (in Hz)

Optimum resolution = - -
sweep time (in seconds)
Optimum resolution bandwidth—The bandwidth at which
best resolution is obtained for a given dispersion and sweep
time. Theoretically and mathematically:

Opfimim _\/dispersion lin Hz)
bandwidth ' sweep time (in seconds)

Safe power level—The upper level of input power that
the spectrum analyzer can acommodate without physical
damage (usually in units of dBm).

Scanning velocity—Product of dispersion and sweep re-
petition rate (units of Hz/unit time).

Sensitivity—Rating factor of spectrum analyzer's ability to
display signals.

1. Signal equals noise: That input signal level (usually
in dBm) required to produce a display in which the signal
level above the residual noise is equal to the residual noise
level above the baseline. Expressed as: Signal 4 noise =
twice noise.

2. Minimum discernible signal: That input signal level (usu-
ally in dBm) required to produce a display in which the sig-
nal is just visible within the noise.

Skirt selectivity—A measure of the resolution capability of
the spectrum analyzer when displaying signals of unequal
amplitude. A unit of measure (usually in Hz) is the band-
width at some level below the 6 dB down points. For ex-
ample: 10dB, 20 dB or 40 dB down.

Spurious response (spurii, spur)/—An erroneous display or
signal which does not conform to the indicated frequency or
dial reading. Spurii and spur are the colloquialisms used to
mean spurious response (plural) or spurious response (singu-
lar) respectively. Spurious responses are of the following
types:

1. IF feedthrough—Signal frequencies within the IF pass-
band of the spectrum analyzer that are not converted in the
first mixer but pass through the IF amplifier and produce dis-
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plays on the CRT that are not tunable with the RF center fre-
quency controls.

2. Image response—The superheterodyne process results
in two major IF responses, separated from each other by
twice the IF. The spectrum analyzer is usually calibrated to
only one of these two responses. The other is called the
image.

3. Harmonic conversion—The spectrum analyzer will re-
spond to signals that mix with harmonics of the local oscil-
lator and produce the intermediate frequency. Most spect-
rum analyzers have dials calibrated for some of these higher
order conversions. The uncalibrated conversions are spurious
responses.

4. Intermodulation—In the case of more than one input
signal, the myriad of combinations of the sums and differ-
ences of these signals between themselves and their multiples
creates extraneous response known as intermodulation. The
most harmful intermodulation is third order, caused by the
second harmonic of one signal combining with the funda-
mental of another.

5. Video detection—The first mixer will act as a video de-
tector if sufficient input signal is applied. A narrow pulse
may have sufficient energy at the intermediate frequency
to show up as an intermediate frequency feedthrough.

6. Internal—A spurious response on the display caused
by a signal generated within the spectrum analyzer that is
in no way connected with an external signal.

7. Anomalous IF responses—The filter characteristic of the
resolution-determining amplifier may exhibit extraneous pass-
bands. This results in extraneous spectrum analyzer responses
when a signal is being analyzed.

8. Zero frequency feedthrough—(zero pip)}—The response
produced when the first local oscillator frequency is within
the IF passband. This corresponds to zero input frequency
and is sometimes not suppressed so as to act as a zero fre-
quency marker.

Sweep repetition rate—The number of sweep excursions
per unit of time. Approximately the inverse of sweep time
for a free-running sweep.

Sweep time—The time required for the spot on the refer-
ence coordinate (frequency in spectrum analyzer) to move
across the graticule. (In a linear spectrum system, sweep
time is Time/Division multiplied by total divisions.)

CONTROLS AND CONNECTORS

The following is a brief description of the operation or
function of the controls and connectors on the front (see Fig.
2-4) and rear panel. A more detailed description is given
later in this section under operating information.

CRT Controls
INTENSITY—Controls brightness of the CRT trace.
SCALE ILLUM—Controls graticule light level.
FOCUS—Adjusts spot size for optimum display definition.

ASTIGMATISM—Used in conjunction with the FOCUS con-
trol to adjust spot shape and obtain optimum display de-
finition.

2-4

INTENSIFIER—Controls the relative brightness between the
displayed signal and the trace baseline.

POSITION—Two (2} controls that position the CRT beam
in the vertical and horizontal plane.

Time Base Controls

TIME/DIV—Selects calibrated sweep rates from 0.5 s/div to
10 ps/div in a 1-2-5 sequence.

VARIABLE—Permits an uncalibrated overlapping adjust-
ment of the sweep rate so the sweep rate may be varied
continuously from 10 us/div to approximately 1.25s/div.

Trigger Controls

SLOPE—Selects the positive or negative portion of the
input signal to trigger the time base.

LEVEL—Selects the amplitude point on the triggering sig-
nal where sweep triggering occurs. In the fully clockwise
position, the sweep circuit free runs.

SOURCE—Selects signal source for triggering the time
base. Selections are: INT (from vertical amplifier); LINE
(line voltage frequency); EXT (external signal applied to the
rear panel BNC connector labeled TRIG IN).

Spectrum Analyzer Section (IF)

DISPERSION RANGE—Selects the range of the DISPER-
SION selector.

DISPERSION—Selects the dispersion (frequency width) of
the display in conjunction with the- DISPERSION RANGE
switch. Dispersion selections are 10 MHz/div to 1 kHz/div
in a 1-2-5 sequence plus O dispersion position.

When the DISPERSION selector is in the O position, the
analyzer functions as a fixed tunéd receiver, permitting
displays of the time domain characteristics of modulation
within the resolution bandwidth capabilities of the analy-
zer.

COUPLED RESOLUTION—Selects the analyzer resolution
bandwidth. Eleven selectable ranges from approximately
100 kHz to less than 1 kHz are provided. Optimum resolu-
tion for a given dispersion is generally obtained with the
RESOLUTION control coupled to the DISPERSION selector.
DISPERSION CAL—A screwdriver adjustment to calibrate
the MHz/div dispersion.

DISPERSION BAL—Adjusted to balance the dispersion cen-
ter (center freqeuncy point) of the MHz/DIV and kHz/
DIV positions of the DISPERSION RANGE switch.

IF ATTENUATOR dB—Series of six toggle switches to pro-
vide a range of IF attenuation from 1dB to 51 dB.

GAIN—A variable control of the analyzer IF gain.

IF CENTER FREQ—A 10 turn control that adjusts the IF
center frequency of the display. Provides a + and — 10
MHz adjustment in 10 MHz/DIV dispersion position, a +
and — 25 MHz adjustment of the center frequency through
the 5 MHz/div to 0.2 MHz/div positions and a + and —
2.5 MHz adjustments through the 500 kHz/div to 1 kHz/div
DISPERSION positions.



@

.
_ CRY Section e

RUATOR dn

Loa 2 2
9990
D

B

IF and Vertical st s |

Amplifier Section

.
@l ‘“%

Operating Instructions—Type 491/R491

Band Selector

RF CENTER FREQUENCY
tuning control

s st huind

Phase lock
controls

M«WM RF INPUT

]

Connectors

Fig. 2-4. Front puanel controls and connectors.

FINE-A one turn control that operates in conjunction with
the IF control to provide « fine adjustment of the IF center
frequency.

CAL-—With the IF CENTER FREQ control centered, it cali-
brates the IF center frequency to 200 MHz,

VIDEO FILTER-—With the switch in the up position, the
video bandwidth is restricted, to reduce high frequency
video componenis such as noise, and reduce zero beats
when viewing signals near minimum resolution,

VERTICAL DISPLAY--Selects logarithmic, linear or square-
law display. In the LOG position, signal display amplitude
is a logarithmic function with a >40-dB dynamic range.
In the LIN position, signal display amplitude is a linear
function with @ >26-dB range. In the SQ LAW position
signal display amplitude is « square law function and the
display is a function of signal power. The SQ LAW posi-
tion has « >13dB dynamic range.

POWER-—Turns power off and on to the Type 491.

INDICATOR LIGHT-Indicates when POWER is applied to
the Type 491.

RF CENTER FREQUENCY---Tunes RF center frequency from
10 MHz to 40 GHz. With the IF CENTER FREQ control in
the 0 position, the RF CENTER FREQUENCY didl indicates
the center frequency of the display.

BAND SELECTOR--Switch selects RF Inputs and bands;
A (10-275 MHz), B {270-2000 MHz) and C {1.5-40 GHz).

FINE RF CENTER FREQ-—A 10 turn control to provide «
fine adjustment of the RF local oscillator frequency.
Especially useful in tuning the oscillator to o phase lock
condition with the reference frequency.

MIXER PEAKING-~A two position control that oplimizes
the conversion of the first local oscillator for bands B and
C. Does not affect band A. In the SEARCH position the
mixer current is swept through a range by the sweep volt-
age. This insures an optimum mixer conversion or sensi-
tivity point within the dispersion range of the analyzer, so
all signals within a given dispersion pass through this opti-
mum sensitivity point as the signals are tuned across the
screen. The manual {0 to 10) position of the control pro-
vides an adjustment to optimize mixer conversion for any
fixed center frequency sefting.

LOCK CHECK--A push button switch that applies the
phase lock output beat signal {between the local oscillator
and reference frequency) to the vertical display system.
Provides a visual indication to the operator of phase lock
operation.

INT REF FREQ--A swilch and control. The control varies
the internal 1 MHz Reference Frequency over a range of
approximately 1kHz. With the control in the OFF posi-
tion, the Internal Reference Frequency is turned off, and
an externally applied signal to the EXT REF FREQ IN
(1 MHz MARKERS OUT) connector becomes the reference
frequency.
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1 MHz MARKERS OUT—EXT REF FREQ IN—A BNC con-
nector that provides 1 MHz marker output signals to cali-
brate the dispersion. With the INT REF FREQ control in
the OFF position, an external signal between 1 MHz and
5MHz (1 to 5V peak to peak) applied to the connector
becomes the reference frequency for phase lock operation.

RF INPUTS—Coaxial connectors which connect through
either a coaxial cable, or (if above 12.4 GHz) a wave-
guide mixer, to the signal source. Band A frequency range
is 10 to 275 MHz. Band B frequency range is 275 MHz to
2 GHz. Band C consists of a coaxial mixer (green label) for
the frequency range 1.5GHz to 12.4 GHz; or a Wave-
guide Mixer Adapter (black label) which connects through
a two foot cable to one of three external Waveguide
Mixers for the frequency range 12.4 GHz to 40 GHz.

Rear Panel

TRIG IN—A BNC connector to apply external triggering
signals. Frequency range: 20 Hz to 100 kHz, signal ampli-
tude equal to or greater than 0.2V.

SAW OUT—A 70 to 90 mV sawtooth signal output that
is coincident with the analyzer sweep.

RECORDER—Signals on the display may be recorded by
connecting to the RECORDER output. A linear output, equal
to or greater than 4 mV per displayed division amplitude
of signal, in the LIN mode, into a load impedance of
600 ohms.

FIRST TIME OPERATION

The following procedure demonstrates the basic functions
of the controls and connectors for the Type 491. We recom-
mend this procedure for first time familiarization. Careless
or incorrect operation may damage the instrument.

1. Check input power selector positions at the rear panel.
Correct selector positions for the different input line voltages
are given under Voltage Considerations in this section.

2. Preset the front panel controls as follows:

POWER OFF

CRT Controls

INTENSITY ccwW
SCALE ILLUM Midrange
FOCUS Midrange
ASTIGMATISM Midrange
INTENSIFIER CcCW
POSITION Midrange

(Both controls)

Time Base Controls

TIME/DIV 10 ms
VARIABLE CAL
SLOPE +

LEVEL FREE RUN
SOURCE INT

2-6

Analyzer Controls

DISPERSION RANGE

DISPERSION—COUPLED
RESOLUTION

IF ATTENUATOR dB
IF CENTER FREQ

MHz/DIV

Controls coupled together
and in the 10MHz/div
position

All switches OFF position
Centered (000)

FINE Midrange
VIDEO FILTER OFF
VERTICAL DISPLAY LIN
GAIN ccw

RF CENTER FREQUENCY Band B

FINE RF CENTER FREQ Centered (approximately
5 full turns from either

extreme position)

Out of the OFF switch
detent in the VARIABLE
position

Fully CCW in the
switched SEARCH position

INT REF FREQ

MIXER PEAKING

3. Connect the Type 491 to a suitable power source and
turn the POWER switch to ON. Allow a few minutes for
the instrument to stabilize.

4. Adjust the INTENSITY control clockwise until a trace

is visible, then adjust the FOCUS and ASTIGMATISM controls
for optimum trace definition.

5. Position the trace to the horizontal center and to the
bottom graticule line of the graticule with the POSITION
controls.

6. Adjust SCALE ILLUM control for the desired graticule
illumination.

7. Apply a signal with an amplitude between —60 and
—30dBm, from a Signal Generator or other source that is,
within the frequency range of band B, through a coaxial
cable to band B, RF INPUT connector.

NOTE

If a signal source within the frequency-range of
band B is not available, apply the signal to band
A or C and set the band selector to the appropri-
ate band.

8. Adjust the GAIN control for a moderate noise level
(1 division) on the display, then tune the RF CENTER FRE-
QUENCY control through the frequency range. Note that
some of the signals move across the screen at different rates,
and the direction of movement (left to right or right to left)
of the signals is not the same. (See Spurious and Image
Frequency displays later in this section.)

9. Tune the dial with the RF CENTER FREQUENCY control
to the frequency of the applied input RF signal.

10. Switch the MIXER PEAKING control from SEARCH
position to manual, then adjust for optimum signal ampli-
tudes.

11. Adjust the GAIN and/or the IF ATTENUATOR dB
switches for a signal amplitude of approximately 6 divisions.
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12. Tune the signal to the exireme left graticule line with
the RF CENTER FREQUENCY control. Note the dial reading.
Tune the signal to the exireme right graticule line and note
the dial reading. The difference between dial readings is
the total dispersion window for this 10 division display. Tune
the signal to the center of the screen and switch the DIS-
PERSION---COUPLED RESOLUTION selector to the 5 MHz/
div position. Tune the signal across the screen and note
the total dispersion. It should decrease to approximately
Y, the dispersion noted with the DISPERSION selector in
the 10 MHz/div position. Tune the signal to the center of
the screen.

13. Tune the IF CENTER FREQ course control through its
range. Note that all signals move across the screen in the
same direction and the same amount. This control shifts
the IF center frequency approximately - and — 25 MHz
with the DISPERSION controls in this position. Tune the {F
CENTER FREQ control to center the signal on the screen.

14. Change the DISPERSION selector to .5 MHz/div.
Adjust the FINE (1 turn} IF CENTER FREQ conirol. Note the
frequency range of this control. This control shifts the IF
center frequency approximately - and — 1 MHz with the
DISPERSION RANGE in this position.

15. Change the TIME/DIV switch between .1s and .1 ms
positions. Note the change in signal amplitude and the
resolution. Return the TIME/DIV selector to the 10 ms posi-
tion.

16. Push the LOCK CHECK button and tune the RF CENTER
FREQUENCY control very carefully through the signal fre-
quency. Note the phase lock beat signals between the tun-
able local oscillator and the Internal Reference Frequency
oscillator as the display blooms, then snaps into phase lock
operation {Fig. 2-13}.

17. With the LOCK CHECK button depressed, adjust the
FINE RF CENTER FREQ control. Note the beat frequency dis-
plays as the control is varied, and note also the vertical shift
of the baseline. This baseline shift is the change in the out-
put DC level of the phase amplifier. Note the zero beat sig-
nal compression at the extreme positions of this control com-
pared to their amplitude near the center. Phase lock should
be set with the output DC level within the center 4 divisions
of the graticule. Adjust for phase lock operation and re-
lease the LOCK CHECK button,

18. Switch the DISPERSION RANGE switch to kHz/DIV,
then decrease the DISPERSION TO 20 kHz/div, keeping the
signal centered on screen with the IF CENTER FREQ con-
trol. Slowly rotate the FINE RF CENTER FREQ control. Note
the positive action of the phase lock circuit before lock is
Jost. Return the signal fo its locked mode by adjusting the
FINE RF CENTER FREQ control.

19. Uncouple the RESOLUTION and turn the control
clockwise. Note that the signal broadens as the resolu-
tion bandwidih is increased. The resolution may be varied
from approximately 1 kHz to 100 kHz. Return the RESOLU-
TION control to the coupled position.

20. Adijust the INTERSIFIER control through its range. This
control suppresses the base of the display, and can be
utiized when photographing displays at slow sweep rates.
See Operation of the INTERSIFIER control. It should bhe left
in the OFF position for most operating situations.

®
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GENERAL OPERATING INFORMATION
Light Filters

The instrument is shipped with a mesh filter installed.
Two (2) colored filters, plus a clear CRT faceplate protector
and an ornamental ring are provided with the accessories.
The mesh filter improves the contrast when viewing the
display under high ambient light conditions. The blue and
yellow filters can be used to take advantage of the dual
phosphor characteristics of the P7 CRT.

The mesh filter is removed by pressing down at the bot-
tom of the frame and pulling the top of the holder away
from the CRT faceplate. See Fig. 2-5. To install the colored
filters, press them into the ornamental mounting ring until
they snap behind the retainer lips. To remove the filters
from their holder, press them out to the rear.

Pull out

\\\{fresg down here

Fig. 2-5. Removing the light filter or faceplate.

One of the filters or protector should be used at all times
to protect the faceplate of the CRT from scratches,

Intensity Level, Astigmatism and Focus

Operate the instrument with the intensity level no higher
than the level required to clearly observe the display.
Changing the INTENSITY setting may require refocusing the
display.

The ASTIGMATISM and FOCUS controls both affect dis-
play definition and are normally adjusted together. If the
ASTIGMATISM control is correctly set, the vertical and hori-
zontal segments of the display will focus at the same posi-
tion of the FOCUS conirol. The controls are adjusted as
follows:

1. Obtain a display on the analyzer with both horizontal
and vertical information.

2. Adjust the ASTIGMATISM control for equally focused
vertical and horizontal portions in the display.
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3. Adjust the FOCUS control for optimum focus of the
vertical sections of the display.

4. Repeat the two adjustments for best overall focus and
display definition,

Trace Alignment

If a free running trace is not parallel to the horizontal
graticule lines, the trace may be aligned by means of an
internal Trace Rotation adjustment. Refer to the Calibration
section.

A. Photograph of a display with no baseline supprossion on
signal intensification,

B, Same signal with the baseline suppressed.

Fig. 2-6. INTENSIFIER operalion.
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Operation of the INTENSIFIER and CONTRAST
Controls

These controls are used to suppress the brightness of the
display baseline when large variations in display brightness
are not desirable; for example, when photographing or view-
ing displays at very slow sweep rates. The INTENSIFIER
adjusts the height of the suppressed baseline. The CON-
TRAST adjusts the degree of contrast between the suppressed
portion and the intensified portion of the display.

The adjustment of the CONTRAST is optional; however,
it is normally set to produce a suppressed portion that is
still visible, so the intensity level of the vertical and hori-
zontal portions of the display are equalized at slow sweep
rates.

The INTENSIFIER control is normally operated in the OFF
position, so the display and baseline are intensified. It is
turned on to suppress the baseline at slow sweep rates, in
preparation for display photography. See Fig. 2-6.

Signal Application

The application of any RF signal to the Type 491 is deter-
mined by its frequency and level. Signals between 10 MHz
and 275 MHz are applied to the Band A, BNC connector.
Frequencies from 275 MHz to 2 GHz are applied to the band
B, N-type connector, and band C covers the remaining fre-
quency range from 1.5GHz to 40 GHz. Signals should be
applied through the standard cables supplied with the ac-
cessories. Cables such as RG 9B/U will give satisfactory per-
formance to approximately 12.4 GHz! Signals in the 12.4
GHz to 40 GHz range are applied to external Waveguide
Mixers which connect through a two-foot coaxial cable and
a Waveguide Mixer Adapter to the input receptacle. The
Waveguide Mixer Adapter replaces the Coaxial Mixer As-
sembly in the input receptacle.

The selection of mixers and adapters for the frequency
coverage is as follows:

1.5GHz to 124 GHz—Plug-In Coaxial Mixer, Tektronix
Part No. 119-0096-00.

124 GHz to 40 GHz-—Waveguide Mixer Adapter, Tek-
tronix Part No. 119-0104-00; Coaxial Cable, Tektronix Part
No. 012-0115.00 and one of the following Waveguide Mixers.

Waveguide | Frequency Flunge | Tektronix

{EIA Range Type Part
Band designation}

Number

12.4 GHz to | UG-419/U [119-0097-00
18.0 GHz

1180GHz 1o | UG-595/U [119-0098-00
26.5 GHz

18.0 GHz to | UG-592/U |119-0099-00
40,0 GHz

Ku WR62

K WRA2

Ka WR28

®



Twist 1o
 release

Fig. 2-7. Chounging band, C Coauxial Mixer to Wave Guide Adapter,

The Mixer Adapter or Coaxial Mixer may be removed from
the input receptacle by turning the retainer ring in either
direction. See Fig. 2-7, To replace either assembly, push the
adapter or coaxial mixer against the spring until the flange
bottoms, then turn until the latch snaps to hold the unit in
place.

NORMAL OPERATING
RANGE
Al
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Signal input power fo the analyzer should not exceed —30
dBm. Signal above this level will overload the 1st mixer and/
or the Ist IF stage and generate spurious signals on the dis-
play. Add at least 10 dB of attenuation to the input when
the signal begins to compress (no increase of signal amplitude
with an increase of signal level]l. A conversion chart {Fig.
2-8) may be used fo calculate input signal level.

CAUTION

Signals stronger than 15 dBm applied to the
input or mixer will damage or burn out the mixer
diodes,

Mismatches between the signal source and the RF INPUT
connectors may be caused by signal source output imped-
ance, long coaxial cables, etc. These mismatches will ad-
versely affect display flatness. When optimum flatness is
desired and signal strength is adequate, a 50 Q attenuator
pad of approximately 6 to 10 dB should be added between
the signal source and the input to the mixer. The addition
of the attenuator will minimize reflections and optimize dis-
play Hatness.

Three attenuator pads, 10dB, 20dB and 40dB are sup-
plied with the accessories kit. These three attenuators may
be stacked on the N type connector to provide up to 70 dB
attenuation. A support should be provided however, if
more than 2 attenuators and an N to BNC adapter are
stacked on the band A connector. The altenuators are rated
at 2 watts {average).

MAXIMUM SIGNAL
WITHOUT DAMAGE

10, 100,V

-100dBm  -90dBm -80dBm -70dBm -60dBm -50dBm

0.1p¥ 1.0p¥ 10p¥ 100pW 1.0n¥W 10n¥

NOTE: Volts RMS.-multiply by
2.8 for peak to peok.
0 dBm = 1 millivet

TO THE UNIT

100mY 1y

-40dBm <304Bm -20dBm  -10dBm 0dBm +10dBm  ;20dBm

i O(RW 1 OHW l OD;LW 1.0m¥ 10m¥Y 100mW

Fig. 2-8. Volts-dBm-Wails conversion chart for 50 £ impedance.
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Mixer Peaking

The MIXER PEAKING control has a switch and variable
control position and is used to optimize mixer conversion in
the harmonic bands of B and C. The switched position (fully
cew) is referred to as the SEARCH mode. In this position, an
optimum mixer conversion or sensitivity point is provided
within the dispersion window so signals that are tuned across
the screen will pass through this optimum sensitivity point.
This insures that most signals within a given dispersion win-
dow will be observed as the RF CENTER FREQUENCY con-
trol is tuned.

Mixer conversion becomes a manual adjustment with the
control in the VARIABLE position and should be optimized at
each RF CENTER FREQUENCY setting. It has no affect on
band A and is usually broad through the B and C band fre-
quency range.

Relative amplitude and sensitivity measurements must be
made after the MIXER PEAKING is adjusted because the dis-
play response is not flat when the control is in the SEACH
position.

Dispersion

Dispersion is the swept frequency range, or screen window.
The dispersion is adjustable from 10 MHz/div to 1 kHz/div in
a 1, 2, 5 sequence with an added zero dispersion position
for fixed frequency operation. Band A is limited to a maxi-
mum usable dispersion of 5MHz/div (#25MHz), because
of the added 235 MHz low pass filter.

Dispersion accuracy is a function of the IF CENTER FREQ
control position and the DISPERSION RANGE switch set-
ting. See Characteristics section. The dispersion accuracy
for the kHz/div selections is greater than the MHz/div
selections, because the range of the IF CENTER FREQ is ten
times greater for the MHz/div ranges (=25 MHz in the MHz/
DIV range).

The front panel DISPERSION-CAL adjustment may be used
to recalibrate dispersion for specific IF CENTER FREQ con-
trol settings if a high degree of accuracy is desired. The pro-
cedure is described in step 4 for front panel calibration.

Resolution

Resolution is the ability of the spectrum analyzer to dis-
play adjacent signal frequencies discretely. The measure of
resolution is the frequency separation (in Hz) of two equal
amplitude signals when the notch or dip between these sig-
nals is 3dB down. The resolution for a given display is a
function of sweep speed, dispersion and bandwidth of the
most selective (usually the last IF) amplifier in the signal path.

Resolution bandwidth is approximately the —édB band-
width (with Gaussian response) of the analyzer, with the dis-
persion and sweep time adjusted for the minimum displayed
bandwidth to a CW signal. Resolution and resolution band-
width become synonymous at very long sweep times.

As the analyzer sweep rate is increased, the amplitude of
the CW signal will decrease and the bandwidth becomes
wider; which signifies that both the.sensitivity and resolution
have been degraded by the analyzer sweep rate.
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As the analyzer sweep rate is increased, the amplitude
of the CW signal will decrease and the bandwidth becomes
wider; which signifies that both the sensitivity and resolution
have been degraded by the analyzer sweep rate.

The loss of the analyzer sensitivity due to sweep rate
and dispersion can be expressed mathematically as:
2 o %

> =[1+o.195 D

So TB®

where S/S, is the ratio of the effective sensitivity to the
analyzer measured sensitivity, at very slow sweep rates or
zero dispersion.

D is the dispersion in hertz
B is the —3 dB bandwidth of the analyzer in hertz

T is the sweep time in seconds, or is the sweep rate.

T
D

These same variables also determine the resolution of
the analyzer. The loss in resolution can be expressed as

follows:
R D ]

Where R/R, is the ratio of the effective resolution of the
analyzer to the analyzer measured resolution bandwidth
at very slow sweep speeds. R, is somewhat arbitrary and
is taken as the displayed width of the CW signal at the
—é dB point.

The resolution of the Type 491 Spectrum Analyzer is
optimized for most settings of the DISPERSION selector
when the RESOLUTION control is in the coupled position.
Resolution however, can be varied frém approximately 100
kHz to less than 1kHz by uncoupling the RESOLUTION
control and changing it as an independent function of the
DISPERSION selector.

The sweep rate, as previously mentioned, should be set
below the sweep rate at which there is no noticeable ampli-
tude loss in the signal.

As previously shown in the above formula the effective
resolution of the analyzer is a function of the IF bandwidth.
To adequately resolve pulsed spectrum information, the reso-
lution bandwidth of the analyzer should be on the order of
1/10 of the sidelobe frequency width or the reciprocal of
the pulse width. The RESOLUTION control is usually set,
after the sweep rate has been adjusted, for optimum main
lobe detail. See Fig. 2-9.

Front Panel Calibration Adjustments

Three front panel screwdriver adjustments are provided,
to enable the operator to calibrate the dispersion and IF CEN-
TER FREQ controls, and balance the MHz and kHz positions
of the DISPERSION RANGE selector.

1. Balance and Calibration Check

a. Turn the INT REF FREQ control to OFF position, then
tune a signal on screen with the RF CENTER FREQUENCY

control.
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Resolution 221710 fw for
adequate side lobe resolution,

Fig. 2-9. Frequency spectrum of o pulsed cw signal,

b. Tune for minimum signal shift as the DISPERSION
RANGE is switched from MHz/DIV to kHz/DIV positions.

¢. With the DISPERSION RANGE selector at MHz/DIV
position, adjust the IF CENTER FREQ control for minimum
signal shift as the DISPERSION control is switched through
the 10 to .2 MHz positions.

d. Center the signal with the Horizontal POSITION con-
trol and check the position of the signal on the sweep. The
signal should locate near the center of the sweep with the
sweep exiending over the 10 division width of the graticule.

If calibration is required, proceed with the following
adjustments,

NOTE

These adjustments interact, and must be performed
in sequence.

2. IF CENTER FREQ-CAL Adjustment

a. Center the IF CENTER FREQ controls, the DISPERSION
BAL and the IF CENTER FREQ-CAL adjustments. Set the
DISPERSION RANGE to MHz/DIV and the DISPERSION
selector to 5 MHz/div position,

b. Apply «a stable RF signal to the appropriate RF INPUT
connector; then fune to the signal frequency with the RF
CENTER FREQUENCY control. Adjust the GAIN control for
a signal amplitude of approximately 6 divisions.

¢. Adjust the RF CENTER FREQUENCY and the FINE RF
CENTER FREQ controls for minimum signal shift as the DIS-
PERSION RANGE is switched between the MHz/DIV and the
kHz DIV position.

®
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d. With the DISPERSION RANGE in the MHz/DIV posi-
tion, adjust the IF CENTER FREQ-CAL for minimum signal
shift as the DISPERSION is switched through the MHz (10
MHz -~ .2 MHz) positions.

e. Return the DISPERSION to the 5MHz/div position.
Position the signal to the graticule center with the Horizontal
POSITION control. If the signal is more than 1 division
from the sweep center, it will be necessary to adjust the
internal Sweep Center adjustment R203, See Calibration
section,

3. DISPERSION-BAL Adjustment

a. Preset the front panel controls as follows:

IF CENTER FREQ and 000 {centered)

FINE
DISPERSION RANGE MHz/DIV
DISPERSION 5 MHz/div

b. Tune the RF signal to the screen center.

c. Adijust the DISPERSION BAL for minimum signal shift
as the DISPERSION RANGE switch is switched between the
MHz/DIV and kHz/DIV positions. (Start the balance adjust-
ment with the DISPERSION selector in the 5MHz position,
then decrease the dispersion to the .2 MHz-20 kHz position
for the final adjustment.)

NOTE

if the dispersion balance can not be achieved
with the above procedure, the instrument requires
internal adjustment, Refer to the Calibration sec-
tion of the manual.

4. DISPERSION-CAL Adjustment
a. Preset the front panel controls as follows:

IF CENTER FREQ 000 {centered)

DISPERSION RANGE MHz/DIV

DISPERSION 1 MHz/div

VERTICAL DISPLAY SQ LAW

RF Input Selector Band B

INT REF FREQ Just out of the OFF
detent

b. Connect the 1 MHz MARKERS OUT signal through «
coaxial cable to the band B RF INPUT connector.

c. Tune the RF CENTER FREQUENCY control to align the
tunable markers to the fixed marker signals.

2-11



Calibration—Type 491/R491

]
Calibrate dispersion i

s Within the Tst and Gth ceegnd
graticule linos.

Fig. 2-10. 1 MHz MARKERS QUT {Phase lock reference} connector.
DISPERSION 1 MHx/div.

d. Adjust the DISPERSION-CAL for 1 marker/division.
Use the Horizontal POSITION control or the IF CENTER FREQ
control to align the markers to the graticule lines. Dispersion
is calibrated over the center 8 divisions of the display. See
Fig. 2-10.

Video Filter Operation

The video filter restricts the video bandwidth so that noise
or beat signals are reduced. This application is very useful
when analyzing signals close to minimum resolution band-
width. Fig. 2-11 shows the apparent increased resolution
when the VIDEO FILTER is turned on. It does restrict the use-
able sweep rate, because of the filter time constant, to about
50 ms/div or slower.

Vertical Display Modes

The appearance of the displayed signal depends to a
great extent on the sefting of the VERTICAL DISPLAY switch.
For example; to accentuate the side lobes of a signal, the
LOG {40 dB full screen) position should be used, as com-
pared to the SQ LAW {13 dB full screen) position. Fig. 2-12
illustrates the effect of each display mode or each position
of the VERTICAL DISPLAY switch.

The LOG position increases the dynamic range of the dis-
play by attenuating large amplitude signals more than small
amplitude signals. This produces a display which approxi-
mates a logarithmic response curve. The circuit is basically
a compression circuil, and is most effective when there are
large signal amplitude differences.
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A. Signal modulated by « 1 kHz signal VIDEO FILTER OFF.
LIN mode.

B. Same signal as A. VIDEO FILTER ON.

Fig. 2-11. Integrating the display with the video filter.

The SQ LAW (power} position provides a display that is
approximately proportional to the square of the input sig-
nal amplitude. The display, therefore, approximates the input
signal power. This is basically an expansion circuit to ac-
centuate small amplitude differences.

Selecting the Sweep Rate

The sweep rate for wide dispersion coupled resolution set-
tings is usually set just above the visual flicker setting; how-
cver, as the DISPERSION is decreased the sweep rate will
begin to affect the resolution and sensitivity of the analyzer,
as described under Obtaining Optimum Resolution. There-
fore, as the DISPERSION settings are reduced the sweep
rate should also be reduced to maintain sensitivity and resoly-
tion.



Fig. 2-12. VERTICAL DISPLAY Modes showing o« 100 MHx carrier
signal modulated by 20 kHz,
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8 div, 7 pulses.

TIME/DIV == Y ms/DIV,

Number of div, measured

X Yime/Div.
Number of pulses

Pulse repetition time =

or 878 Hx

- ‘ -
1.14

8/7 X Ims =2 1.14ms, PRF ==

Fig. 2-13. Measuring timing between pulses,

With the DISPERSION control set to 0, the analyzer func-
tions as a fixed tuned receiver. The analyzer therefore dis-
plays time domain characteristics of the signal modulation
within the bandwidth capabilities of the analyzer.

Timing information such as pulse repetition rate may be
obtained by triggering the sweep on the INT signal source
and switching the TIME/DIV control to a calibrated sweep
rate that will permit measurement in time between the modu-
lation pulses. See Fig. 2-13.

Triggering the Sweep

For most applications the trigger LEVEL control is switched
to the FREE RUN position and the sweep repetition rate is
a function of the TIME/DIV selector settings.

In some applications, particularly at 0 dispersion, or when
slaving the Type 491 to a recorder, it may be desirable or
necessary to trigger the display. The Type 491 may be trig-
gered from the following three sources: INT, LINE and EXT.

When the SOURCE switch is in the INT position, the dis-
play is triggered on the video display. The Type 491 re-
quires approximately 0.2 division of signal amplitude for
internal triggering. If the sweep will not trigger on INT when
the LEVEL control is adjusted, it may be necessary to tune
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Fig. 2-14. Yo trigger the analyxer from the display requires 0.2
divisions of signal. TYune the spectrum null point away from the
sweep starting point, with the RF CENTER FREQUENCY control.

the FINE RF or IF CENTER FREQ control to move the sweep
start off a spectrum null point. See Fig. 2-14.

When the SOURCE switch is in the LINE position, the dis-
play is triggered from o sample of the power input line
frequency. This feature provides a stable display when the
signal is time-related to the line frequency.

External triggering requires a signal equal to or greater
than 0.2V, within the frequency range of 20 Hz to 100 kHz,
to trigger the sweep. The signal is applied to the TRIG IN
connector on the rear panel. External triggering will pro-
vide a stable display when the internal signal triggering is
unstable. It may also be used to slave the analyzer to «
recording device.

The SLOPE switch selects the positive or negative-going
portion of the triggering signal. The LEVEL control selects
the required signal amplitude to trigger the sweep for single
sweep operation.

RF Center Frequency Tuning

The dial and the analyzer are tuned through the fre-
quency range of each band by the RF CENTER FREQUENCY
control. The dial frequency calibration is accurate to within
o4 (2 MHz -+ 1% of the dial reading) when the FINE RF CEN-
TER FREQ and the IF CENTER FREQ controls are centered.

The RF CENTER FREQUENCY control is supplemented by
a FINE RF CENTER FREQ, ten turn control, that provides a
fine tuning adjustment through a limited frequency range
on either side of the dial frequency, or the RF center fre-
quency. This allows fine tuning when operating on the high
frequency scales with narrow dispersion, or fine adjustment
to establish a phase lock condition.
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Fig. 2-15. Adjusting FINE RF CENTER FREQ control for phase lock
operation.

When searching a frequency band, set the MIXER PEAK-
ING control to SEARCH position and tune slowly through
the band with the RF CENTER FREQUENCY control. This
ensures that signals of sufficient power within a tunable range
will be observed. See Mixer Peaking. After the signal has
been located adjust the MIXER PEAKING to optimize signal
amplitude.

NOTE

MIXER PEAKING control must not be in the SEARCH
position when making relative amplitude measure-
ments and should be adjusted for maximum signal
amplitude.

Phase Lock Operation

The st local oscillator can be phase locked to either an
internal 1 MHz reference oscillator or an external freguency
source when it is applied to the EXT REF FREQ IN connector.
Locking the local oscillator to a stable frequency, such as the
internal 1 MHz crystal controlled oscillator, reduces the local
oscillator incidental frequency modulation and frequency
drift. This allows narrow dispersion and high resolution set-
tings for signal analysis.

The frequency range of an external reference frequency
is 1 MHz to 5MHz, and amplitude limitations are 1 to 5
volts peak to peak. The external signal for phase lock
operation is applied to the phase lock circuit when the INT
REF FREQ control is turned ccw to the OFF OR EXT REF FREQ
IN position.

The LOCK CHECK pushbution applies the output of the
phase lock amplifier to the vertical display system. The out-
put of the phase lock amplifier contains the following: {1}
Beat frequency signals between the local oscillator and the
reference frequency when the oscillator frequency is very
close to a lock with the reference frequency. {2) A DC ref-

®
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Open section
is beat null

A. Large hd small beat signal displays. LOCK CHECK but-
ton is depressed while the RF CENYER FREQUENCY control is

slowly tuned.

B. LOCK CHECK button depressed, while RF FINE FREQ control
is adjusted. Display DC level will shift as the control is
adjusted.

€. Oscillator is very near a beat mode and ready to lock on
the reference frequenty. Select a beat mode near the screen
center for best operation.

Fig, 2-16. Typical LOCK CHECK displays.

Calibration—Type 491/R491

erence level of the output amplifier. This DC level changes
as the FINE RF CENTER FREQ control is rotated and shifts
the local oscillator frequency a slight amount, It also affects
the vertical position of the display baseline. Thus, by de-
pressing the LOCK CHECK bulton and slowly turning the
FINE RF CENTER FREQ control {Fig. 2-15}, the operator will
observe the baseline of the display shift until a lock mode is
reached. The baseline will then remain stationary over «
portion of the control range as the circuit holds the local
oscillator locked to the reference frequency. Turning the con-
trol further causes the circuit to lose its lock and the baseline
jumps from the locked position.

Beat frequency signals are usvally displayed just before a
lock point is reached. See Fig. 2-16. However, through part
of the frequency range, the phase lock operation may be
very positive and the local oscillator will jump from one lock
mode to another without displaying the beat signals or the
smooth shift of the display baseline between lock points.

When the DC operating level of the phase lock amplifier
reaches either extreme {top or bottom of the graticule area)
the operation of the amplifier becomes non-linear and com-
pression of the beat signals will be noted. Phase lock opera-
tion becomes difficult to achieve. The displayed DC level
thus aids in setting a phase lock condition within the linear
operating range of the phase lock amplifier.

Part of the input signal is coupled through and displayed
when the LOCK CHECK button is pushed. This permits the
operator to re-establish a particolar lock point that may
be lost because of oscillator drift or other reasons. The opera-
tor adjusts the FINE RF CENTER FREQ control while observ-
ing the display until the signal is again ot a particular lock
point {the point where the baseline or the signal position
locks).

The local oscillator fundamental frequency locks in 1 MHz
steps, {from one lock mode to the next] then the internal
1 MHz reference frequency is used for phase lock operation,
This produces gaps of as much as 5 MHz in the upper fre-
quency scale, where the upper harmonic of the local oscilla-
tor is used. Continuous tuning through these gaps is provided
by the INT REF FREQ control. Rotating the control through
its range pulls the crystal controlled reference frequency ap-
proximately 1 kHz. This is sufficient to shift the local oscil-
lator frequency through these gaps and maintain phase lock
operation.

Phase lock operation is established as follows:

1. Tune the desired signal to the center of the display with
the RF CENTER FREQUENCY control.

2. Depress the LOCK CHECK button and adjust the FINE RF
CENTER FREQ control for a lock indication within the center
{4 div} of the graticule. If the lock indication or beat signal
is outside the linear operating range of the amplifier {base-
line of display at the top or bottom of the graticule), center
the display with the FINE RF CENTER FREQ control, then
adjust the RF CENTER FREQUENCY control to shift the signal
towards a beat mode. Adjust the FINE RF CENTER FREQ con-
trol while observing the desired signal for phase lock opera-
tion, then release the LOCK CHECK button,

2-15
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Fig. 2-18. Spectrum of an amplitude modulated signal.  Sideband
amplitude is ¥, the percentage of modulation, This spectrum shows
100% modulation,

3. Decrease the dispersion to open the screen. Keep the
signal centered on screen with the IF CENTER FREQ controls.
If the local oscillator should lose its lock condition when the
dispersion seftings are 100 kHz or less, the signal will dis-
appear from the screen. A slight adjusiment of the FINE RF
CENTER FREQ control will usually return the signal to the
display.

4. If two or more high frequency {upper scale) signals are
to be resolved, they can be moved on the display without
losing phase fock by adjusting the INT REF FREQ control.

Recorder Out Connector

Signals on the display may be recorded by connecting to
the RECORDER output connector on the rear panel. A linear
output is provided when the VERTICAL DISPLAY switch is in
the LOG and LIN positions. With the DISPLAY switch in
the SQ LAW position, the output to the RECORDER con-
nector is square law.

Control Setup Chart

Fig. 2-17 is a control setup chart for the front panel of the
Type 491. This figure may be reproduced and used as a test
setup record for special applications or procedures. It may
also serve us a training aid o facilitate control operation.

SPECTRUM ANALYZER DISPLAYS

The Spectrum Analyzer displays a plot of signal amplitude
as o function of frequency. With this type of display, in
the frequency domain, individual frequency components in
the signal can be displayed and readily analyzed. This
section describes some basic spectrum analyzer displays.

®
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AMPLITUDE e

oo FREQUENCY

Fig. 2-19. Foermation of o spectrum. F is the fundamental or carrier
frequency, Fi and F; are the modulating frequencies.

Spectrum of Amplitude Modulation

When a single frequency [CW) signal is amplitude-modu-
lated by « single frequency, two additional frequencies will
be generated; the carrier plus the two side bands. See Fig.
2-18. The amplitude of either sideband with respect to the
carrier voltage is 4, the percentage of modulation. The
frequency difference between the carrier and either sideband
equals the modulating frequency.

Figure 2-19 illustrates how a spectrum is generated when
a fundamental carrier frequency F is modulated by two
frequencies Fy and F..

The sideband spectrum of multiple frequency amplitude-
modulated signal spectrum is determined by the modulating
frequencies. To resolve this complex spectrum, the analyzer
resolution bandwidth must be less than the lowest modulating
frequency, or the bandwidth must be less than the difference
between any two modulating frequencies, whichever is the
smaller.

In wideband amplitude-modulation such as television pic-
ture information, the spectrum analyzer may be used to
measure the sideband energy distribution and modulation
bandwidth.

The amplitude modulated signal spectrum will therefore
furnish the following information: 1) Fundamental or carrier
frequency, 2} modulation frequency or frequencies, 3) modu-
lation percentage, 4) sideband energy distribution and 5)
modulation  bandwidth.  Other characteristics which may
be evaluated are; degree of incidental FM (evidenced by
signal jitter], nonlinear modulation, and over-modulation.
These characteristics will be described in more detail with
other types of spectrum display patterns.

2-17
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Oscillator or Carrier
frequency

Pulse repetition
frequency

Phase
Minor

or
Side Lobe
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|
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l 4 4 4

d
A. Resultant spectrum of a carrier that is amplitude modulated
with a rectangular pulse. d — pulse width

Al 1..{..l||

B. Effective voltages as they would be displayed on a spec-
trum analyzer.

, ||.|.;l|l|.'..mh

1

Pulse width =~ side lobe

Fig. 2-20. Formation of a pulse modulated signal spectrum.

Frequency Modulated Signal Spectrum

When a CW signal F. is frequency modulated at a rate
(Fa), it will theoretically produce an infinite number of side-
band frequencies. These frequencies are equal to (F. =+
nF,) wheren = 1,2, 3, ... etc.

Frequency modulated signal bandwidth is usually deter-
mined by the width of the sidebands containing sufficient
energy to dominate the display. Signal bandwidth is approx-
imately equal to 2(AF. + F,) where AF. is the frequency
deviation of the carrier and F, is the frequency of the mod-
vlating signal. Frequency deviation of the carrier is pri-
marily dependent on the modulating signal amplitude.

This ratio of frequency deviation to modulating frequency
is known as modulation index. Bessel function and frequency
spectrum for different modulation indices may be found in
the 4th edition of Reference Data for Radio Engineers, Chap-
ter 19.

To resolve adjacent sideband components in a frequency
modulated display, the spectrum analyzer resolution band-
width should be less than the lowest modulating frequency
in the spectrum which is the same as the requirements for an
amplitude modulated spectrum.

2-18

Pulse Modulated Signal Spectrum

When a CW signal is pulse modulated, the carrier is per-
iodically turned on and off. The on period is determined by
the modulating pulse width, the off periods is related to the
pulse repetition rate or frequency. The carrier is usually
modulated with rectangular shaped pulses.

A square wave is composed of its fundamental frequency
plus the odd harmonics. If the relative amplitudes and phase
of the harmonics are changed, a number of waveshapes are
produced; rectangular, trapezoidal, sawtooth, etc. The spec-
trum of the square wave or any pulse shape is displayed
according to its frequency components and their amplitudes.
Common pulse forms and their spectrum are described in
Reference Data for Radio Engineers, 4th edition, Chapter 35,
ITT 1956.

Fig. 2-20A illustrates a theoretical voltage spectrum of a
square-pulse, pulse-modulated oscillator. The main lobe and
the side lobes are shown as groups of spectral lines extend-
ing above and below the baseline. The number of these side
lobes for a truly rectangular pulse, approaches infinity, since
the number of harmonics in a square pulse approaches an
infinite quantity. Any two adjacent side lobes are separated
on the frequency scale by a distance equal to the inverse of
the modulating pulse width. See Fig. 2-20A.

Fourier theory shows that adjacent lobes are 180° out of
phase; however, since the spectrum analyzer is insensitive
to phase, only the absolute value of the spectrum is displayed
and appears as illustrated in Fig. 2-20B.

Fig. 2-21 illustrates the relative effects the pulse width
and pulse repetition frequency have on a pulsed RF spectrum.

Since the spacing between the spectral lines of the pulsed
RF spectrum is a function of the PRF, the spectrum analyzer
resolution bandwidth should be less than the PRF to respond
to one frequency component at a time. In most instances this
is impractical; for example, a short pulse at a PRF of 100 hertz,
would require an effective resolution of 100 hertz. This
would produce an extremely fine grain display, and would
be impractical for analysis.

The spectrum envelope, however, is plotted with pulses
instead of lines. If the analyzer is swept slowly, it will plot
a series of pips or lines, the focus of which repre-
sents the relative energy distribution of the swept spec-
trum. The number or density of these pips for a given PRF
will depend on the sweep speed, or TIME/DIV selection, on
the analyzer. It is possible, by sweeping very slowly, to obtain
the spectrum of a very low PRF signal. This display closely
simulates a pulsed spectrum and contains the same informa-
tion for analysis. This spectrum may now be resolved, since
the resolution bandwidth of the analyzer need only be less
than the side lobe frequency width, or the reciprocal of the
modulating pulse width. Fig. 2-22 illustrates the effects the
pulse shape will have on the RF spectrum. Notice the reduc-
tion of side lobes when the pulse is no longer rectangular;
Fig. 2-22C.
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A. Narrow pulse width produces wide spectrum lobes. Low pulse repetition frequency produces low repetition rate line density.

B. Wide pulse width produces narrow spectrum lobes.

C. High pulse repetition frequency produces high line density.
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Fig. 2-21. Pulse width and PRF effects on pulse modulated spectrum.

Identification and Frequency Measurement of
Displayed Signals

Bandpass and dispersion characteristics of spectrum an-
alyzers require very limited preselection ahead of the first
mixer. Signals with frequencies different than that indicated
by the dial will therefore appear on the display. These
signals are called spurious responses. See spurious responses
under Spectrum Analyzer Terms at the beginning of this sec-
tion.

The dial scales for the Type 491 indicate frequencies that
are below the local oscillator frequency by the IF (200 MHz).
For example: a dial reading of 700 MHz means the local
oscillator frequency of 900 MHz (700 MHz + 200 MHz). This
local oscillator frequency will mix with 700 MHz and 1100
MHz to produce the IF of 200 MHz. The 1100 MHz response
is called the image. Note that the image response is twice
the IF away from the true, or dial calibrated response. Har-
monics of the local oscillator fundamental frequency also
convert incoming signals to the IF response. For example,

®

the second harmonic of 900 MHz (1800 MHz) will mix with
1600 MHz and 2000 MHz.

These response are identified and read as follows:

1. Tune the RF Center Frequency across a dispersion win-
dow and observe the signal movement.

2. True responses move across the dispersion window from
left to right, on the Type 491, as the RF CENTER FREQUENCY
is increased, or in the same direction as the tuning knob
is turned.

3. Images move across the dispersion window opposite to
the direction of the true response.

4. IF feedthrough signals are not tunable and remain fixed
in position as the RF CENTER FREQUENCY is tuned.

5. Signal frequency shifts across the dispersion window that
are not coincident with the RF CENTER FREQUENCY change
are spurious. Some of these spurii are mixing with higher
harmonics of the local oscillator. The upper dial scales of
the Type 491 are calibrated to harmonics of the local os-
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CW feed through

t

B. Pulsed RF, with inherent carrier frequency modulation. CW
signal is carrier feedthrough. Note the frequency shift of the
carrier when it is pulsed,

bbb

C. Spectrum produced by o tiongular shaped modulating
pulse.

Fig. 2-22. Pulse shaping effects on the pulse spectrum,
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DISPERSION RANGE sefting > MHz/DIV
DISPERSION setting =2 2
Frequency difference = {8 div) (2 MHz/div) = 16 MHz,

Fig. 2-23. Frequency difference measurement bhetween two signals,

cillator fundamental. If an incorrect dial scale is used to
measure the frequency movement of the signal, as the RF
CENTER FREQUENCY is tuned, an erroneous reading will
be obtained. This erroneous reading however can be used
to identify which scale to use to obtain the corect frequency
reading. For example: With a dispersion of 5MHz/div
{50 MHz total} a given signal moves 50 MHz for a RF CEN-
TER FREQUENCY change of 25MHz. This indicates the
signal is mixing with the next higher harmonic of the os-
cillator, and the next higher scale should be used to reud
the signal frequency. If the signal only moves 25 MHz for
an RF CENTER FREQUENCY change of 50 MHz, the next
lower scale should be used.

6. The rate at which the signal moves across the disper-
sion window as the RF CENTER FREQUENCY “is tuned also
aids in identifying which scale to use, and with practice,
the correlation of the signal rate of movement and the dial
scale becomes fairly easy.

Spurious responses due to intermodulation are the most
difficult to identify. Signal characteristics, such as type and
amount of modulation, irregular spacing between signals,
etc., are the main character identities.

APPLICATIONS

The spectrum analyzer is a very versatile device in the field
of radiation measurements. It can be used for example, as
an aid in the design and adjustment of transmitters, to check
and calibrate oscillators, check and calibrate attenuators, or
as a sensitive detector device to study all types of modu-
lated signals, plus many more special applications.

®



The following are basic applications for the Type 491
and are presented to illustrate some of these uses in the
electronics field.

Relative Amplitude Measurements
The relative amplitudes of signals are measured as follows:

1. Center the IF CENTER FREQ controls. Switch out any
IF ATEN. Tune the signal with the lowest amplitude to the
center of the screen.

2. Adjust the GAIN control so the low amplitude signals
establish a reference amplitude.

3. Tune the stronger signal to the center of the display.
Add IF attenuation by switching combinations of IF AT-
TENUATION until the stronger signal amplitude decreases
to the same ‘reference amplitude established in step 2.

4. Add the total attenuation that was switched in. This
is the relative amplitude difference, in dB, between the two
compared signals.

NOTE

For maximum accuracy, the signals should be ref-
erenced and compared near the same location on
the display. Tune each signal to the reference
location with the RF CENTER FREQUENCY control.
The IF CENTER FREQ, the DISPERSION-COUPLED
RESOLUTION, the FINE RF CENTER FREQ, and the
TIME/DIV controls should not be changed when
measuring relative signal amplitude.

The peak amplitude of the main lobe of a pulse modulated
RF spectrum represents only a portion of the total energy
contained in the lobe. The main lobe is less than the ampli-
tude of an equal peak value CW signal, by an amount
which is approximately 3/2tB; where t is the measured
pulse width in seconds, and B is the selected resolution
bandwidth of the analyzer in hertz. Spectrum Analyzer
sensitivity measurements should therefore be made with a
CW signal.

Frequency Measurements

Frequency measurements taken from the RF CENTER FRE-
QUENCY dial are accurate to within == (2 MHz +19% of the
dial reading). The frequency of an applied signal is measured
as follows:

1. Check the calibration of the IF CENTER FREQ CAL
adjustment as described under Front Panel adjustments.

2. Set both IF CENTER FREQ controls and the FINE RF
CENTER FREQ control to their midrange (000) position.

3. Set the DISPERSION RANGE switch to kHz/DIV and the
DISPERSION selector to 500 kHz/div.

4. Tune the RF CENTER FREQUENCY so the signal to be
measured is in the graticule center.

(©)
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5. Read the frequency indicated on the RF CENTER FRE-
QUENCY dial. The signal frequency is the dial reading
+ (2MHz +19% of the dial reading). For example: A dial
reading of 1000 MHz indicates the signal is 1000 MHz
=+ (2 MHz + 10 MHz) or, between 988 MHz and 1012 MHz.

Accurate frequency measurements can be performed by
applying a calibrated or crystal-controlled frequency to the
RF INPUT and calibrating the dial near the frequency range
of the input signal; then tune the input signal to the same
screen position and note the dial reading plus or minus the
measured dial accuracy.

Frequency Difference Measurements

Frequency separation measurements to 100 MHz can be
made between signals as follows:

1. Switch the DISPERSION RANGE switch and the DIS-
PERSION selector so the signals to be measured are the maxi-
mum number of graticule divisions apart on the display.

2. Set the TIME/DIV selector and the RESOLUTION control
for optimum signal definition. (Sharp and clean signal dis-

play.)

3. Measure the distance, in graticule divisions, between
the two signals (see Fig. 2-23.)

4. Multiply the measured distance in step 3 by the Disper-
sion/Div setting. This is the frequency separation or frequency
difference between the two signals.

NOTE

Accuracy of this measurement depends on the DIS-
PERSION RANGE settings. See Characteristics
Section.

E

i

i

1

1

¥

¥

¥

13

¥

: '
¥ ;

eemmeermum e ————————————————J——————T—————

Fig. 2-24. Short term stability measurement. Random FM charac-
teristic of a klystrom. DISPERSION is 2 kHz/Div and RESOLUTION
is 1 kHz. Oscillator FM is about 6 kHz.
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A. Frequency modulated corrier, individual sidebands not re-
solved, Dispersion 100 kHz/div,

carrier null

B. Frequency modulated carrier almost at a null. Individual
sidebands are resolved. Dispersion 200 kHz/div.

Fig. 2-25. Amplitude modulated displays.

Frequency Stability

The Type 491 can be used to measure long and short
term frequency stability, when the local oscillator is phase
locked to a stable crystal-controlled reference frequency.
See Stability in Characteristics Section.

Short term stability measurements apply to fast frequency
changes such as those caused by power supply noise and
ripple, vibration or other random factors. Fig. 2-24 shows
the random frequency modulation characteristics of a klystron.

2-22

A. Over-modulated AM signal. Over-modulation produu:-s
additional unwoanted sidebands, Dispersion is 100 kHz/div
and indicates a modulating frequency (Fm) of 100 kHx,
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B. The sume signal with the percentage of modulation re-
duced. 100% modulation produces sidebands which are 12
the carrier amplitude. Dispersion is 50 kHz/div. Dispersion
between carrier and sideband is 2 div which indicates modula-
tion frequency of 100 kHz.

Fig. 2-26. Frequency modulated displays.

Long term stability measurements require a recorder or
series of photographs to show the frequency drift as «
function of time. Temperature compensation can be computed
by this process, since the amount and direction of the drift
may be graphically indicated by photographs,

Amplitude Modulation

Modulating frequency or frequencies and modulation per-
centage are the figures most often required from an AM
signal measurement.  Fig. 2-25 shows two illustrations of
amplitude modulated signals, the methods to measure the
modulating frequency and modulation percentage.



Over modulation will produce extra sideband frequencies.
The specirum is very similar to multi-frequency modulation.
Over modulation, however, is vsually distinguished from the
multi-frequency modulation by: 1) The spacing between over-
modulated sidebands is equal, while multi-frequency side-
bands may be arbitrarily spaced, unless the modulating fre-
quencies are harmonically related; 2} The amplitude of the
sidebands decreases progressively out from the carrier, but
the amplitude multifrequency modulated signals is determined
by the modulation percentage of each frequency and can be
arbitrary.

Frequency Modulated Spectrum

FM measurements are generally measurements that deter-
mine; the modulating frequency, amplitude of the modulating
signal or frequency deviation, and index of modulation.
A typical FM spectrum is shown in Fig. 2-26. The exterior
modulation envelope resembles a cos® curve, and identifies
the signal as frequency modulation.

Frequency Deviation Measurement

There is no clear relationship between spectral width and
deviation, because in theory the FM spectrum approaches
infinity. In practice however the spectral level falls quite
rapidly as shown in Fig. 2-26B.

Accurate deviation measurements can be made if the
modulating frequency and the modulation index (where the
carrier goes to zero} are known.

Carrier deviation
Modulating frequency

Modulation Index ==

Values of modulation index corresponding to zero carrier
amplitude are listed in Table 2-1.

TABLE 2-1

Yaives of modulation index for carrier
null points

Order of Carrier Null

Modulation Index

Y
| 5.52
|
J

8.65
11.79
11.79 -4

Accurate carrier null is essential for accurate measurement.

Pulse Modulated RF Spectral Measurements

A visual examination of the pulse modulated spectrum can
check a number of the characteristics about a transmitting
and modulating device. Some of these characteristics are:

1. The transmitting oscillator stability can be checked by
noting the degree of frequency shift as described previously.

®
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C. PRF measurement; Zero dispersion, 100 kHz/div resolution,
Time/Dive-1 ms/div.

8 pulses | - for 1000 Hz.

F
PR 8§ divisions X 1 ms

Fig. 2-27. Pulse modulation display, illustrating pulse width and
PRF measurements.
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2. A visual means is provided to tune the transmitting
system and obtain most of the output power within the fre-
quency range of the receiver bandwidth.

3. The frequency difference between the first two minima
of any spectrum is a measure of the modulating pulse width.
See Fig. 2-27.

4. A spectrum without deep minima points adjacent to
the main lobe indicates the presence of frequency modula-
tion. See Fig. 2-22.

5. If the spectrum has two peaks, the oscillator is operating
in two modes or it is pulled in frequency by some external
factor, such as mismatched transmission lines or fluctuating
voltages {providing the resolution of the analyzer is sufficient).

Measurements of Pulse Modulated RF Signals

Pulse Width: Since the theoretical pulse width for a square
pulse is the reciprocal of the spectral side lobe frequency
width, the main frequency lobe or its side lobes can be used
to measure the pulse width of the pulse modulated spectrum.
This is accomplished with the Type 491 as follows:

1. Adiust the DISPERSION control and tune the RF CENTER
FREQUENCY control so the main lobe of the spectrum is
displayed in the center of the graticule, and the side lobes
are visible on each side.

2. Adjust the GAIN control and switch in the necessary
IF ATTENUATION dB switches, so the main lobe and its side
lobes are within the graticule height.

3. Adjust the TIME/DIV selector for optimum spectrum
definition.

4. Adjust the RESOLUTION control so the nulls are easily
discernible without excessive loss of sensitivity. Change the
mode selection of the VERTICAL DISPLAY switch to accen-
tuate these minima points. (Usually LOG position.)

5. Calculate the dispersion of either the main lobe or a
side lobe as directed under measuring frequency difference.

2-24

The pulse width is equal to the reciprocal of '/, the main lobe
frequency width, or the reciprocal of the side lobe frequency
width. See Fig. 2-27.

Repetition Rate: The pulse repetition rate is measured
when the spectrum analyzer is switched to zero dispersion
and the analyzer becomes a fixed tuned receiver. The sweep
is then triggered on the signal and becomes a time domain
display. The procedure is as follows:

1. Tune the signal to the display center with the RF CEN-
TER FREQUENCY and the IF CENTER FREQ controls.

2. Change the DISPERSION RANGE switch to kHz, then
decrease the DISPERSION to 0. Uncouple the RESOLUTION
control and turn to the fully clockwise position. The analyzer
is now a fixed frequency device with no dispersion.

3. Set the Trigger SOURCE switch to INT, the SLOPE switch
to 4 position, then adjust the LEVEL control for a stable
display. The IF CENTER FREQ—FINE control may -require
slight adjustment to displace the spectrum null point from the
sweep start. See Fig. 2-14. The Type 491 requires a 0.2
divisions of signal to trigger internally.

4. Set the VARIABLE control to the CAL detent then adjust
the TIME/DIV selector so several pulses of the received signal
are displayed. See Fig. 2-27C. The number of pulses dis-
played is now a function of the sweep rate and the signal
PRF.

5. Measure the number of divisions between 2 or more
pulses on the graticule.

6. The pulse repetition frequency is the reciprocal of the
period between pulses.

In the example of Fig. 2-27C, the repetition time is

(8 div) (1 ms/div) __ .
(8 pulses) - m

1
The pulse repetition frequency (PRF) = T 1000 Hz.
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SECTION 3
CIRCUIT DESCRIPTION

Introduction

The Type 491 Spectrum Analyzer is a swept IF type ana-
lyzer covering the frequency range from 10 MHz to 40 GHz.
This section first presents a block diagram analysis, then a
more detailed circuit description of each major section.

Basic Description

A block diagram of the Type 491 is shown in Fig. 3-1 and
the Diagrams section.

Signals within the frequency range of the Type 491 that
are applied to the RF INPUT are converted by the heterodyne
process to the first intermediate frequency. This is a wide
band IF of 150 MHz to 250 MHz. Three selectable local
oscillators, in combination with selected mixers, provide the
10 MHz to 40 GHz frequency coverage for the instrument. A
phase lock circuit locks the local oscillator to a stable (internal
or external) reference frequency. This provides the required
stability necessary for narrow dispersion displays.

One or two (depending on the selected band) low pass
filters (265 MHz and 235 MHz) plus the 150 MHz to 250 MHz
bandpass filter between the first mixer and the wide band
IF amplifier, attenuate and isolate local oscillator frequencies
which would generate spurious signals when mixed with the
second local oscillator frequency.

The wide band (150 MHz to 250 MHz) IF response is then
swept, in the second mixer, by a swept frequency to generate
a second IF of 75 MHz. The swept frequency rate of the osci-
llator is synchronized to the sweep rate so the CRT display
becomes frequency based with a dispersion window that
depends on how much the oscillator is swept.

Center frequency of the swept oscillator is 275 MHz. The
amount the oscillator sweeps depends on the selected dis-
persion. At maximum dispersion the oscillator sweeps 225
MHz to 325 MHz, which converts all signals within the wide
band IF to the second 75 MHz IF.

Calibrated attenuation is steps of 1 to 51 dB is provided
by the IF attenuator. The signal is then amplified and applied
to the 3rd mixer stage, where it is mixed with 70 MHz to
produce a 3rd IF frequency of 5 MHz. The bandwidth of this
5MHz IF is varied by means of the variable resolution circuit
which provides resolution control from approximately 100
kHz to less than 1 kHz.

Video signals from the detector are amplified by the
vertical amplifier, then applied to the CRT vertical deflection
plates and to the trigger circuit for the sweep generator,
provided the Trigger SOURCE selector is in the INT position.
The sweep generator will free run, or it can be triggered
from any one of three selectable sources; line, external and
internal.

The signal from the sweep generator is applied to both
the sweeper oscillator through the variable dispersion circuit

®

and to the horizontal amplifier circuit for the horizontal
sweep on the CRT. The horizontal CRT beam movement and
the frequency scan in the 2nd mixer are therefore synchro-
nized. This provides the calibrated dispersion and a linear
display of the frequency spectrum on either side of the dial
center frequency.

The 1st or tunable local oscillator is phase-locked to a
stable crystal-controlled reference frequency by the phase
locking circuit. This stabilizes the local oscillator frequency
and permits narrow 1 kHz/div dispersion settings.

RF Section

The RF section contains three local oscillator assemblies,
for each band, and their respective mixers. Two low-pass
filters (235 and 265 MHz) are switched in series with the
signal path between the band A mixer and the IF band-pass
filter. Only the 265 MHz low-pass filter is used for bands B
and C. The band selector switch SW70 selects the filters and
connects only one oscillator circuit to the 4150 volt supply.
Only one oscillator is operating for a given band switch
position. The 235MHz low pass filter attenuates the low
frequency end of the band A oscillator.

Heater voltage for the oscillators is supplied by the 410
volt regulated supply. Thus, oscillator frequency drift due
to heater voltage variation is minimized. The heater supply
line to V40 and V41 includes a series dropping resistor, R45
and R44, to reduce the voltage for these tubes to é volts.

Lossy cables {such as W10-W34, etc.) are used to reduce
SWR caused by slight impedance mismatch between circuits.
Impedance mismatches may be due to coaxial connectors or
other discontinuities.

NOTE

Lossy cables use steel wire for the center con-
ductor. These cables are factory-installed and used
to optimize response flatness and sensitivity. The
lossy cable is identified by the white insulation
coating; the standard 50 Q coaxial cable has the
clear insulation. Do not interchange these cables.

Band A: The oscillator frequency for band A is 200 MHz
above the RF input dial reading and has a tunable range of
210 to 475 MHz. The oscillator uses a ceramic planer triode.
The tuned circuits are ganged together and tuned by the
RF CENTER FREQUENCY control. Frequency tracking of the
RF dial is adjusted by variable L and C trimmers, if required.

The band A local oscillator output is applied through a
transmission line transformer T14, to the diodes or balanced
section of the mixer. Adjustment of R13, C14 and C16 for bal-
ance greatly reduces local oscillator feed-through. The desired
difference frequency is coupled to the IF amplifier through
the 235 MHz filter.
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Function block diagram of the Type 491.

Fig. 3-1.
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Band B: The oscillator for band B is similar to band A
oscillator. The fundamental frequency range 470 MHz to 1100
MHz and the 2nd harmonic of the oscillator is used for the
frequency range 270 MHz to 2000 MHz for scales 2 and 3.

The mixer for this band is a crystal diode. Input RF is
applied through a 1 dB isolation pad to the diode. C68, in
series with Ré8, is tuned for response flatness. An RF choke
Lé7, isolates the IF and provides a DC path for the MIXER
PEAKING circuit.

Band C: The oscillator for band C is a triode oscillator
connected to tunable transmission lines which are tuned by
the RF CENTER FREQUENCY control. The oscillator funda-
mental frequency range is 1.7 GHz to 4.2 GHz. Harmonics
through the 10th and the fundamental are used to heterodyne
with the input RF to provide the input frequency range from
1.5 to 40 GHz.

===
|

External |
| Mixer :
| R |

Mixer Action:

LO coupled to Lo
externally connected

mixer but not to

the IF line.

Fig. 3-2. Simplified equivalent of the hybrid directional coupler.

The oscillator output is applied to a hyrid directional
coupler or diplexer; see Fig. 3-2. The diplexer couples the
LO signal to the mixer port (OUT) and the mixer output to
the IF port. The mixer action is therefore in an externally
connected mixer, which may be either coaxial or waveguide,
and the 200 MHz IF is then coupled through the diplexer to
the IF connector.

The C band frequency range requires the following four
mixers: One coaxial mixer for the frequency range 1.5 to
12.4 GHz, and three wave guide mixers with frequency ranges
of 12.4 to 18 GHz, 18.0 to 26.5GHz and 26.5 to 40 GHz.

The IF output is applied through a 1dB attenuator pad
and the 265 MHz low-pass filter. DC return for the mixer is
through the 1dB attenuator to the mixer peaking circuit.
The mixer peaking circuit has two modes of operation, a
search mode and a manual mode. In the search mode, the
sweep voltage from the sweep generator circuit is applied
to the base of Qé6 and Q51. This varies the collector-to-
emitter resistance and establishes a variable mixer diode
current so that optimum mixer peaking is provided at some
point through the sweep scan.

®
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If the local oscillator is slowly tuned through a frequency
range, signals above the specified sensitivity level will appear
above the noise when they reach this optimum point. This
ensures optimum search capability, and when a signal is
intercepted, the operator then switches to manual tuning
and optimizes the mixer for the given RF center frequency.

Phase Lock Circuit

The phase lock circuit synchronizes the local oscillator
frequency with a stable reference frequency. This reduces
oscillator drift and incidental frequency modulation, permit-
ting narrow dispersion settings for signal analysis.

The phase detector samples the instantaneous RF voltage
generated by the tunable local oscillator at a rate determined
by the reference frequency. The sample voltages are then
intergrated and applied to a comparator which generates a
corrective voltage to feed back to the local oscillator.

When the local oscillator frequency is an exact multiple
of the reference frequency, the phase detector output is a DC
voltage that is proportional to the instantaneous potential
of the sampled oscillator voltage. If the local oscillator
phase drifts, the phase detector output changes. This change
is amplified through Q1170-Q1180 and applied as a cor-
rective voltage to a voltage-controlled capacitance diode in
the oscillator tuned circuit. This shifts the phase of the oscil-
lator so it remains locked with the reference frequency.
See Fig. 3-3.

The corrective signal from the comparator and amplifier
is also applied to the vertical circuit when the LOCK CHECK
button SW889 is depressed. This provides a beat frequency
signal indication on the CRT so the operator can locate a
lock point. Beat frequency displays appear on the CRT screen
as the local oscillator is tuned (see Operating section). A
reference voltage related to the position of the FINE RF
CENTER FREQ control is also applied to the vertical de-
flection circuit and is used to center the error signal within
the dynamic operating range of the comparator amplifier
Q1170-Q1180. Phase lock operation should be set within
the dynamic range of the amplifier, preferably in the center
of the dynamic range. This dynamic range is visually dis-
played on the CRT as a vertical displacement of the display.

Circuit Analysis

Turning the INT REF FREQ control clockwise closes SW1106
so collector voltage is applied to Q1100. The crystal con-
trolled 1 MHz oscillator will now operate. The output 1 MHz
signal from the emitter of Q1110 is applied to the trigger
generator circuit. Diodes D1122 and D1123 set the quiescent
current through the tunnel diode D1124 and couple the
signal to the 1 MHz MARKER OUT connector J1120; or, if an
external reference signal is applied, they couple the signal
to the trigger generator circuit.

Frequency of the reference oscillator Q1100 is primarily
controlled by the crystal Y1104, inductor L1104, and the
capacitance of diodes D1116 and D1117. Diode D1116 is back
biased to act as a voltage-controlled capacitance diode;
however, when signal amplitude across crystal Y1104 be-
comes excessive, D1116 will conduct on the peak signal
swing. D1117 then becomes back biased and acts as the
capacitance diode.
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The back bias across D1116 is controlled by INT REF FREQ
control R1106. This change in back bias increases or de-
creases the diode capacity and shifts the resonant frequency
of crystal Y1104. The pulling range on the crystal frequency
by the INT REF FREQ control is about 1 kHz. This is sufficient
to maintain phase lock condition through frequency gaps
that occur above 1 GHz when the oscillator shifts phase lock
mode.

When the local oscillator shifts to a different lock mode,
the fundamental frequency of the oscillator shifts 1 MHz.
This produces frequency gaps in the upper scales which will
shift the signal off screen with dispersions of 100 kHz/div
or less. The INT REF FREQ control shifts the reference
oscillator frequency about 0.1% (1 kHz). This shifts the local
oscillator by the same percentage, so the frequency gaps
between lock modes are filled. If the observed signal should
shift off screen, it can be returned on screen or slid along
the display by the INT REF FREQ control.

The pulse generator consists of tunnel diode D1124, driving
amplifier Q1120. The quiescent current of tunnel diode
D1124 is approximately 2.5mA. The positive-going portion
of the input reference signal switches the tunnel diode to its
high state and a fast rise positive pulse is generated. The
pulse is amplified and differentiated by Q1120 and the short
RC time constant in the emitter circuit.

The output pulse of Q1120 is transformer coupled through
T1128 to Q1121. The positive portion of the coupled pulse
is of sufficient amplitude to trigger Q1121 into avalanche,
and the resulting collector current sweeps out the stored

charge of diodes D1134 and D1139. When the charge has
dissipated, the diodes generate a fast recovery step. This
recovery step is differentiated and coupled through trans-
mission line transformer T1140, T1150 and T1160 to the phase
detector as a series of equal amplitude positive and negative
strobe pulses.

The phase detector (Fig. 3-4) consists of a two diode
gate and a low pass filter network. The diode gate is turned
on by the combined application of the local oscillator signal
and the very narrow strobe pulses. During the on time, the
phase detector samples the amplitude and phase of the local
oscillator signal and develops a voltage at the output of
the filter (C; and the junction of R,, R;) that approximately
equals the instantaneous value of the local oscillator signal.

The sample of the local oscillator signal has a finite width
determined by the duration of the strobe pulse. The phase
detector operates on either the positive or negative slope
of the local oscillator signal, depending on the total dif-
ference between the detector output voltage and the phase
of the local oscillator signal. The strobe pulse width, there-
fore, must not exceed one half period of the highest local
oscillator input frequency, which is 4.2 GHz. This period is
0.21 ns.

If the input local oscillator frequency is not a harmonic
of the reference frequency, the output of the phase detector
is approximately zero. However, as the local oscillator
frequency approaches a harmonic of the reference frequency,
an AC or beat frequency signal is developed at the detector
output. This is amplified and applied through the LOCK

+10V

Balance
Adjust.

signal

€ 0oscC

A

Pulse Strobe
Generator Pulse
Generator
1 MHz
or
Ref. Freq.

} >'._4 Voltage
Control

—10V

Fig. 3-3. Phase lock block diagram.



CHECK switch to the vertical deflection system. At zero beat,
the output signal amplitude snaps to a minimum and the cir-
cuit locks the local oscillator to the reference frequency by
feeding a corrective voltage to a Varactor diode in the
oscillator circuit.

FINE RF CENTER FREQ control R1182 tunes the local oscil-
lator over a limited range by changing the DC output level
of Q1180. When the circuit is in a lock condition, any small
shift of the FINE RF CENTER FREQ control is counteracted
by the phase lock circuit. If the control is further moved
the circuit will lose the lock and the oscillator will jump
to a different frequency lock point. This jump in frequency
is easily seen as a shift in signal position at dispersion set-
tings of 500 kHz/div or less.

An isolation switch is used to minimize the loading affect
of the lower band (A & B) phase detectors on the band C
phase detector. The junction at diodes D1170 and D1174
is returned, through a filter network and the Band selector
switch SW70, to 4+150V. The diodes are forward biased
when the Band selector switch is in the A or B position. When
the switch is changed to the C position, the diode switch is
open.

Band C Bal and Bands A & B Bal adjustments correct any
imbalance between the phase detectors so the DC output
level of the amplifier remains balanced as the Band selector
is switched between bands. The FINE RF CENTER FREQ
control must be centered for this adjustment.

Circuit Description—Type 491/R491

Sweeper Circuit

This circuit (see Fig. 3-5) provides a swept frequency,
centered at 275 MHz, to the wide band mixer amplifier. The
swept frequency amplitude is constant and the dispersion
can be varied from about 0 Hz to 100 MHz.

A positive-going sawtooth voltage from the sweep genera-
tor circuit is applied through pin AE to the emitter of Q200.
Q200 is configured as a long-tail amplifier. It converts the
sawtooth voltage input signal to a linear current ramp, which
is applied through the DISPERSION attenuator to one side
of comparator amplifier Q220-Q230.

The output DC level of the current ramp from Q200 is
set by Sweep Center adjustment R203. Dispersion CAL adijust-
ment R208, shunts the dispersion attenuator. It calibrates
the dispersion for the 10 MHz/div position of the DISPERSION
selector by adjusting the output amplitude of the current
ramp from Q200. The remaining positions the selector are
then within instrument specifications.

Two dispersion ranges (MHz/DIV and kHz/DIV) are pro-
vided by the DISPERSION RANGE selector R210, which
selects a different range of resistance values for each position
of the DISPERSOIN selector.

Sweep Comparator. The sweep comparator containing
Q220 and Q230 compares the current ramp from the dis-
persion attenuator against a current ramp applied to the
base of Q230. The signal applied to the base of Q230 is the
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Fig. 3-4. Simplified phase detector circuit.
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resultant feedback signal from a frequency to voltage con-
verter and ramp generator. Any differential between the
two signals is a voltage output that controls the bias on
frequency-determining capacitance diode D314. D314 is part
of the swept oscillator circuit which shifts the swept oscil-
lator frequency by an amount proportional to the signal
output from the comparator.

Q240 is the constant current source for the sweep com-
parator. About 3.4 mA of current through the comparator
is set by the bias of Q240. Output DC level at the collector
of Q230 is set by the IF Center Freq Range adjustments in
the collector circuit of Q260.

Sweep Oscillator. The oscillator frequency is primarily
a function of the L (L314) and C (diode D314 in series with
blocking capacitor C314) in the collector circuit of Q310.
Capacitance of diode D314 is varied by the signal from
comparator Q230-Q220. An increase in back bias decreases
the capacitance of the diode and increases the frequency of
the swept oscillator. Capacitance change of the diode is
not proportional to the voltage ramp, but high gain in the
discriminator feedback loop to the comparator reduce this
non-linearity. At maximum dispersion, the oscillator sweeps
from 225 MHz to 325 MHz.

Output signal from the oscillator is tapped .across the
partial winding of L314 and capacitively coupled to trans-
formers 7330 and T331. The transformers step the voltage
up about 2:1 and converts the single-ended signal to a bal-
anced push-pull drive signal for the output amplifier Q340
and Q350.

Fig. 3-6 is a simplified drawing of the transformer circuit.
The oscillator is the signal source or generator which supplies
the signal voltage (e). The input windings of T330 and T331
are connected in series; therefore, the voltage across each
winding equals e/2 (assuming an ideal transformer). The
polarity of the signal at a particular instant of time is shown
in Fig. 3-6. This voltage, across the input windings, produces
an equal voltage (e/2) across the output windings with the
polarity as indicated in Fig. 3-6.

The generator, or source, is in series with the output wind-
ing for T331, therefore, the voltage at the output with refer-
ence to point A equals 3e/2. This voltage adds to the volt-
age output of T330 to provide a total output signal of 4e/2
or 2e.

If the reference point is changed to the common side of
the input windings of T330 and T331 (shown as a phantom
ground on the simplified drawing) the impedance looking
into the output terminals of the transformers is balanced,

Amplitude -
Control
Q280-Q290

DISPERSION Sweep
F
Sawtooth Comparator Oscillator Amp. requency
Input Q220-Q230 Q310-Q320 Q340-Q350 out
Q240
Frequency
Discriminator
Q260-Q270

Fig. 3-5.
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Fig. 3-6. Simplified diagram of the transformer (T330-T331) cir-
cuit from the swept oscillator to the push-pull amplifier Q340-Q350.

so the dirve signal to the amplifiers is a balanced push-
pull signal.

Transformers T343 and T354 in the collector circuit of
Q340 and Q350 provide a 4:1 impedance transformation
from the collectors of the transistors to the output transformer
T347.

Transformer T347 converts the push-pull signal to a single-
ended output signal. Push-pull amplification, plus filtering
through the low pass filter circuit of L358-C358 and L348-
C348 reduces the harmonic content in the swept frequency
output signal.

Diode D334 in the base voltage divider circuit provides
the temperature compensation for transistors Q340-Q350.

The single-ended output signal is coupled through a 2:1
impedance transformer T363, to the mixer in the Wide Band
IF. The output signal is also applied, through two feedback
loops, to frequency and amplitude control circuits.

Frequency Discriminator. Two frequency discriminators
for each position of the DISPERSION RANGE selector SW365
provide an output voltage signal to the frequency discrimi-
nator comparator Q260. The output voltage from the com-
parator is a ramp voltage that is proportional to the sweep
oscillator frequency. It is applied to one side of the com-
parator Q230-Q220.

The MHz/Div discriminator consists of two matched diodes,
D373 and D376, at the input ends of two transmission lines.
The transmission lines are 3 wavelength long at the center
frequency (275MHz). One line is open ended and appears
capacitive, the other line is shorted and appears inductive,
at the center frequency. As the input frequency to the dis-
criminator increases, the transmission line input impedance
nears the characteristics of a /4 wavelength line. The shorted

®
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transmission line input impedance increases, the open ended
line input impedance decreases. This praduces proportionate
changes to the output signal from the diodes. Signal output
from diode D376 becomes more negative, and signal output
from D373 becomes less negative. This push-pull drive is
applied to the comparator Q260 and converted to a single
ended output signal for the sweep comparator.

Thermal balance is achieved by balancing the current
differential through both sections of the transistor. The com-
mon emitters are connected to a constant current source
Q270. Current (approximately 3 mA) is established by the
voltage drop across the emitter resistance R274.

The IF CENTER FREQ (R256) and the FINE (R259) controls
sum in a DC voltage with the differential signal from the
comparator to allow positioning of the IF center frequency
(200 MHz or a frequency close to 200 MHz) to the center of
the horizontal sweep.

The amplitude of the ramp signal to the sweep comparator
is a function of the DISPERSION RANGE switch SW210 and
the DISPERSION selector SW365 setting. This amplitude
determines the frequency deviation swing of the sweep
oscillator band.

A
~ - —
~N ’,—’F
\\ ,
N /7
\ /
\ 4
N 7/
~le
B =T
N P
N\ 7
AY /7
\ /7
\ /
~ /
\__/
C

Frequency ———p

Fig. 3-7. Frequency vs Voltage curves for kHz/DIV discriminator cir-
cvit.
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The discriminator for the kHz/DIV position of the DISPER-
SION RANGE switch consists of tuned circuits which operate
much like the tuned transmission lines for the MHz/div dis-
criminator. The parallel circuit L384-C384 is tuned slightly
below the center frequency, and the circuit L385-C385 is
tuned above the center of the sweep oscillator frequency.
The output of the detectors is shown in Fig. 3-7. When the
detector output is applied to the comparator, a voltage versus
frequency curve similar to Fig. 3-7C is the resultant output.
The circuit operates over the linear portion of the curve.
The kHz/div Cal adjustment R368 calibrates this range.

Diodes D277 and D279 isolate the narrow band discrimi-
nator tuned circuit when the Type 491 is operating in the
MHz/DIV dispersion range. They prevent parasitic oscillation
due to circuit coupling between the wide band and narrow
band discriminators. The diodes are forward biased when
the DISPERSION RANGE switch is in the MHz/DIV position
and the current through the diodes lowers or spoils the Q
of the tuned discriminator circuit. When the DISPERSION
RANGE switch is in the kHz/DIV position, the diodes are
backbiased and disconnected from the low dispersion dis-
criminator circuit.

Ampliude Comparator. Uniform sensitivity and linearity
over the dispersion range is maintained by controlling or
regulating the oscillator output amplitude. This is accom-
plished by the RF amplitude comparator circuit, Q290 and
Q280. The RF output signal is detected by diode D361 and
applied through diode D362 to the base of Q280. This
rectified RF signal on the base of Q280 is compared against
a reference voltage set by the RF Ampl adjustment R290.
The differential output signal is fed back as a voltage to
control the forward bias of Q320. Q320 is the current source
for the oscillator circuit. Amplitude changes in the oscillator
output are fed back as correction signals to the current
regulator to regulate oscillator current or output power.

To summarize the sequence of operation for the sweeper
circuit, assume the output from the sweep comparator Q220-
Q230 is a positive-going ramp. This voltage ramp increases
the bias on the capacitance diode and decreases the circuit
capacitance so the socillator output frequency will increase.
This increase in output frequency is fed back to the discrimi-
nator, and detected as an increasing negative voltage output
from D376 (assuming the DISPERSION RANGE switch is in
the position shown in the schematic diagram) and a decreasing
negative voltage from D373. The differential output from
comparator Q260 is a positive-going ramp to the base of
Q230, where it is compared against the input ramp on the
base of Q220. The differential signal output from the sweep
comparator, synchronizes the sweep oscillator with the
horizontal sweep generator sawtooth signal and the dis-
persion is a function of the DISPERSION RANGE and DIS-
PERSION selector positions.

DISPERSION RANGE BAL adjustment R234 provides IF
center frequency balance adjustment between the MHz/Div
and kHz/Div dispersion positions. Center Freq Range adjust-
ment (R251) and CAL (R250) calibrate the frequency range
of the IF CENTER FREQ control over the IF center frequency.

Wide Band (150-250 MHz) Amplifier and Second
Mixer

The wide band amplifier contains an input 150-250 MHz
band-pass filter, two amplification stages and a mixer
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ampilifer with its output tuned to 75 MHz. Gain through the
amplifier is approximately 20 dB.

The wide band response from the RF section is applied
through a 150-250 MHz band-pass filter to the input amplifier
Q120. The band-pass filter is a combination constant-k
type filter, modified with m-derived input and output sections
to provide a constant 50 Q input and output impedance
through the pass band. Series-tuned circuits L101-C101 and
L107-C107, are tuned to the low end of the band; L102-C102
and L108-C108 primarily control the high frequency response
characteristic of the filter. All of the adjustments interact and
are adjusted for optimum response flatness over the pass
band.

Toroid transformers T120, T125 and T134 provide the
wide band characteristics for the input and output coupling.
L124-C124 form a 75MHz trap to provide additional at-
tenuation (approximately 60dB) to any 75MHz signal that
may push through the filters.

C137 in the emitter and L134 in the collector of Q130
are peaking adjustments and adjusted for optimum flatness
of the IF response. C137 compensates for the transistor
rolloff toward the high end of the band; however, because
of the low Q i<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>