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SECTION 11l PART |
MANUAL OPERATION

3-1. INTRODUCTION.

3-2. This section contains the complete operating instructions as they relate to manual
operation. Remole operating instructions, such as those from the HP-1B, are contained in
Section 111, Part 11. Included in this section are the turn-on procedure, a description of the
3582A, a familiarization exercise, and specific operating data.

3-3. CONTROLS, CONNECTORS, AND INDICATORS.

3-4. On the foldout at the end of Section I11 is an illustration of all front and rear panel con-
trols, connectors and indicators. The description of cach item is keyed to the drawing within
the figure.

NOTE

To permit maximum CRT life, always turn the instrument power
LINE switch or the intensity control to OFF when the instrument is
not in use for extended periods.

3-5. TURN-ON PROCEDURE.

3-6. If you have never used the 3582A, you are probably anxious to get started. Notice that
the 3582A front panel switches are arranged in functional groups. The pushbuttons in each
group are either momentary contact or push to turn on and push to turn off, Framed func-
tions in some groups may be placed in the ON position to establish a basic turn-on mode of
operation. I an apparent operating difficulty arises due to the inadvertant setting of
switches or power line fluctuations, resetting the instrument to the basic turn-on mode and
pressing the RESET button (colored orange) will often solve the problem (see the instrument
pullout card). Preset the front panel swiiches {or turn-on as follows:

Button Positions: _sssx  ON _._ OFF

Set‘both framed btittons. .. o..ouoy oo = 0 e ON
St AMELIELHREA . . ON
Sel SCAlFAOIdBAREN. 0 e s el R Sh R e ON
Sel AVERAGENUMBER 4. .. . o0 0 s Dinl o i ON
Set PASSBAND SHAPE .. . FLAT TOP
Set dll other BUHONS. [oe .o i s evn i s e e s OFF
AMPLITUDE REFERENCE LEVEL.......... . ..... NORM
FREQUENCY MODE .. fool i s i ol 0-25 kHz
TRIGGEREBVEL . i e, s o amsla s IFREE RUN
INPUT CHANNEL A SENSITIVITY oo, 30dBY

S IGIN FECReyada SUSR AR e r i s e I B el Srt SieaTers CAL
INPUT CHANNEL BSENSITIVITY. .................30dBV

VERINIER S i i i o i S S CAL
il 12 L 000 S m el e ORI AR e ey (AT e b A
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3-7. Connect the 3582A to a suitable power source (see Section 11, Installation). Set the
LINE switch to the ON position. While the instrument is warming up (allow 1 or 2
minutes),read the following information about spectrum analyzers and the description of
the 3582A.

3-8. ABOUT SPECTRUM ANALYZERS.

3-9. The first spectrum analyzers were introduced during World War Il for use in the
development of pulse radar systems. Early spectrum analyzers were difficult to operate and
interpret since they lacked such refinements as calibrated controls. They were, however, ade-
quate tools which enabled scientists to observe the spectra of radar pulses and subsequently
optimize the gain and bandwidth of radar receivers, Since that time, spectrum analyrers
have evolved into general purpose instruments with unlimited applications. The 3582A is a
low Irequency spectrum analyzer designed for use below 25 kHz.

3-10. A COMPARISON.

3-11. Most low frequency spectrum analyzers use analog circuits to sweep the frequency
band of interest and display the spectral components. This may require complex analog cir-
cuits with many associated adjustments to assure good signal analysis. Also, High Q circuits
required for narrow bandwidths have long settling times resulting in slow operation.

3-12. In contrast, the 3582A converts the analog input signal into discrete digital data
through a sampling process. This data is then processed by a unique *‘digital filter” to
obtain the frequency band of interest before it is stored in memory for analysis. A
“‘computer-like’” processor performs a Discrete Fast Fourier Transform and other
mathematical operations on the stored data allowing the 3582A to display a great variety of
information in a timely manner. For example, the 3582A will provide spectral data at greater
than 100 times the speed of the -hp- 3580A Spectrum Analyzer (using conventional swept
L.0O. techniques) for narrow bandwidths.

3-13. FEATURES.

3-14. The 3582A, because of its digital design, offers many operating features not found in
“conventional’ spectrum analyzers. Some of the more prominent features are listed in
Operating Features on the following page.

3-15. THE DISPLAY.

3-16. The display on the 3582A contains both alphanumeric and graphical data. The
graphical display of spectra is discrete in nature and is presented as a series of line seements
connecting discrete data points.

3-17. There are many problems associated with changing continuous waveforms into
discrete data. Sampling processes and finite measurement times generate some extrancous
information which effect frequency analysis operations and may appear as undesirable
display data. These display aberrations become more pronounced when a narrow passband
is used and the frequency is shifted slightly. The effects of discrete measurements are
explained in more detail in Simplification of Discrete Data Analysis.
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Frequency Range:
.02 Hz to 25 khz
Amplitude Range:
3 mV to 30 V maximum input
Display Range:
80 dB {dynamic range > 70 dB)
Display:
Two channel input and capability of dis

lowing information.

Phase: either or both channels

Amplitude: either or both channels

Phase Transfer Function

Amplitude Transfer Function

Coherence

Time Function: either channel can

he displayed but not stored

Zoom:

-Zoom can expand any portion of the dis-
play to a maximum of .5 Hz/em

Marker;
Manually moveable marker can be used
for determining frequency, amplitude,
and phase on any point of the selected
spectrum. The marker is not usable on
stored traces,

Averaging:

RMS and Time averaging functions and
selectable averaging cycles. Also there
is a Peak hold mode.

Noise Source:

Amplitude adjustable (periodic or
random)

PmswN =

OPERATING TEATURLES

playing or storing two traces simultane-
ously. The traces may contain the fol-

Muntsal Operation

NOTE

Handom noise source s not avarllable
art imstrumernts with senal numbers
prefixed 1747A

Noise Measurement:
Volts.f\/;l_z can be measured directly
Filter Shapes:

Three selectable filter (PASSBAND)

shapes:

1. Flat Topped: Best for measuring ac-
curate amplitude of discrete spectra.

2. Hanning: More selective than Flat
Topped filter (narrower 3 dB pass-
band) but less accurate. Better for
frequency measurements where
spectral amplitudes are relatively
equal {within 50 dB).

3. Uniform: Uselul for analyzing trans
ients. Also the 3582A's Periodic
Noise Source is aptimized for this fil-
ter to improve analysis.

Filter Bandwidth:

Automatically selected

HP--1B;

The Hewlett Packard Interface Bus per-

mits interconnection to a controller

{such as the -hp- 9825A Calculator) and

affords programmability plus data trans-

ter capabilities.

3-18. The discrete display may appear somewhat different from conventional spectrum
analyzers, however, the locus of all points represented by the graphical display will be
accurate within the specifications for the mode of operation selected.

3-19. FAMILIARIZATION EXERCISE.

3-20. Introduction.

3-21. The familiarization exercise is intended to give the user a general introduction 1o the
instrument controls and their functions. The exercise will begin with simplified displays of
data and proceed to the more complex modes of operation and data display. To help
facilitate making sample measurements, a 10 kQ resistor, a 3000 pF capacitor, and a func-
tion generator will be required (suggestion: a Hewlett-Packard 3312A Function Generator
will provide all the necessary output signals). To avoid confusion, follow the procedures and

switch settings in the order given.




Munual Operation Maodel 3552A

e

3-22. Adjusting the Display.

3-23. The 3582A should already be ¢t up in the basic turn-on mode as indicated in the
Turn-On Procedure. Press the SCALE 2 dB/DIV button and set CHANNEL A and B SEN-
SITIVITY to C.ui. Adjust the INTENSITY and FOCUS 10 obtain a well defined trace. An
ASTIG (astigmatism) control is provided, but adjustment is only necessary if the FOCUS
control cannot produce a clear display. The trace being displayed is the channel A calibra-
tion signal.

3-24. The CAL Signal.

3-25. An internal calibration signal is provided to check instrument operation and is
switched into the input circuits whenever the CHANNEL A or CHANNEL B SENSI-
TIVITY control is placed in the CAL position. A display of spectral lines, which have an
amplitude of 22 dBm (or 20 V in LINEAR mode) and are 1 kHz apart, serve as a quick
reference for verifying the amplitude and frequency calibration of the instrument (see Figure
3-1). These non-equivalent levels result in displays of exactly half full scale for LINEAR and
2 dB/DIV display settings. To display the channel B CAL signal, make the following switch
changes:

BISPLAY AMPLIFUDE A, ... ... .. ..o 0000 LOFE
DISPLAY AMPLITUDE B..... sl il o ON

Figure 3-1. The Channel A CAL Signal.

3-26. Notice that the display message indicates that an invalid condition exists. This is one
of several messages that help to insure proper instrument operation. To continue though,
place the INPLIT MODE switch to the B position to obtain the correct display.

3-27. The Input Mode Switch.

3-28. The INPUT MODE switch position establishes one or two channel operation. Because
the display and analysis techniques are discrete and the amount of memory space limited, the
number of displayed data points are divided in half for two channel operation. As a result of
this division, the instrument doubles the bandwidth even though the SPAN setting remains
the same. To observe this condition on the display, slowly alternate the INPUT MODE
switch between B and BOTH. Reset the following switches:

PISPEAYAMPLITUDER. - o s s b s OFF
DASEIAY AMEPLITUDE A voin il s ot i iaieinaint ON
L EOHOE, i s e e s e T e e o A
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3-29. Input Considerations.

3-30. Voltage Limitations. Belore connecting any device Lo the inpult terminals, be aware of
the maximum voltages which are marked on the Front Panel and listed as follows:

MAXIMUM INPUT VOLTAGE. ........ 10OV rmsor £ 100 Vde
MAXIMUNM ISOLATION VOLTAGE. .. ...........] 30 V MAX

3-31. AC-DC Coupling. A front panel slide switch selects ac or de coupling. AC coupling is
useful for analyzing signals which have a high dc offset. Note that the absolute value of the
de offset plus the absolute value of the peak voltage of the signal must be less than 100 V dc.
This capacitive type of coupling acts like a high pass filter which hasa - 3 dB point at .5 Hz.
DC coupling has the widest arca of applications and the 0 Hz frequency spectral component
is presented on the display when the range of frequencies selected include 0 Hz but do not
use the de component o measure de as some inaccuracies may result. Set the following
switches:

ACGOUBLING, .o 0. o 00 o L e )
B COUBPLING. * L0 e

3-32. Input Isolation. The input section of the 3582A can be isolated to permit
measurements where ground foops may be present. When the 1ISOL-CHAS switch is in the
CHAS position, the lower (black)-input terminal is connected to the chassis which in turn is
connected to the power system ground through the offset pin on the power plug. It is not
advisable to isolate the chassis through a power plug adapter which would, in effect, render
the instrument in an unsafe condition. When the 1SOL-CHAS switch is set to ISOL, it
disconnects the input low from chassis grovnd; the maximum isolation voltage must not be
greater than 30 V max above the chassis potential (0 V). Set the following switch:

ISOLCHAS . .0 o - ool oo e e o CHIAS

3-33. Balance Adjustments. Balance adjustments (BAL) are provided for each channel and
may be used to change the de offset voltage output of the input amplifiers. Under normal
operating conditions, no change in the BAL setting is required. However, the BAL adjust-
ment may be made for cach setting of the INPUT SENSITIVITY switches. Specific instruc-
tions lor setting the BAL adjustment are given under Front Panel Screwdriver Adjustment,

NOTE

The dc balance, if it is fur out of adjustment, mav cause
a premature overload condition.

3-34. Analyzing an Input Signal.

3-35. Connecting the Input. Set the controls on the function generator for a 1 KHz square
wave output. Connect this output to the channel A input of the 3582A (a shielded cable with
suitable connectors is recommended, but not mandatory). Make the following switch
changes:
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CHANNEL A SENSITIVITY .2 o visinmnvssa e s s S UBY
RDISREAYSOAER. il S e e e s e Hy dB/DIV

3-36. Setting the Input Sensitivity., Adjust CHANNEL A SENSITIVITY 1o achieve an
approximately full scale display without overloading the input. The input amplitude will be
referenced 1o a calibrated full scale amplitude on the display (see Figure 3-2), Each INPUT
SENSITIVITY switch has a concentric control which is an 11 dB attenuator. This may be
used to decrease the signal amplitude between INPUT SENSITIVITY ranges, however, the
displayed amplitude will not be referenced to a calibrated full scale amplitude. It is always a
good operating procedure to set the INPUT SENSITIVITY switch to its least sensitive posi-
tion and then increase the sensitivity to obtain an adequate display amplitude. The
OVERLOAD light will indicate if the input magnitude is too large. An indication on the
alphanumeric portion of the display will appear if an overload condition occurs during the
period when data is being taken. (There could be a possible overload in the data.)

CH A1 + 2848V Fs 1048-DIV

Figure 3-2. Spectrum of a 1 kHz Square Wave.

3-37. The Triggering Controls. The triggering controls determine when the input signal will
start to be sampled for analysis. The input trigger is derived from one of the following
sources:

a. A signal level on channel A input.
b. An external TTL level input on the rear panel.

3-38. When datais being taken, the DATA LQADING annunciator will be on. The LEVEL
control in combination with the SLOPE switch determine the portion of the wave shape
which will initiate a trigger. When the LEVEL control is in the FREE RUN position, data
will be taken as fast as it can be processed. The REPETITIVE switch, when placed in the oft
position, places the instrument in a single scan mode of operation. In this mode a trigger can
be generated as described above, but only after the trigger circuits arc enabled by an arm
command generated by pressing the ARM button. An annunciator light, located adjacent to
the ARM button, indicates when an arm command has been initiated. Try the following pro-
cedure:

a. Move the LEVEL control out of FREE RUN to the approximate center position. A
trigger initiated by the input signal will continue the scan operation.

b. Set REPETITIVE to OFF for single scan operation.

3-0
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¢. To mnitiate a scan, press the ARM button. A single scan will take place almost
mmediately,

d. Muake the tollowing switch changes:

EEVBL o0 e i

NOTE
The FREE RUN position is framed to draw attention to it, If the
TRIGGER LEVEL is tnadvertantly left on and an appropriate
input signal is not available, the instrument will stop aking data
and appear to he "hung up"’,

3-39. Marker Controls. The 3582A has a unique movable marker which is set by the POSI-
TION control. The marker frequency is displayed in addition to three amplitude funciions:

a. Normal marker amplitude.
b. Amplitude of noise in the equivalent noise bandwidth ( = /BW).
¢. Relative amplitude (the frequency is also relative (REL),
3-40. Normal Marker Amplitude. Set the MARKER ON switch to ON. A bright dot will

appear on the trace, Rotate the POSITION control to place the marker at a point ol interest.
in Figure 3-3 the marker has been set on the | kHz spectral line.

Figure 3-3. Setting the Marker Position.

3-41, Equivalent Noise Bandwidth. The yBW button is used for making measurements of
random noise. Normally the noise level measured at any point with the analyzer is a function
of the filter bandwidth and the actual noise density. Since different filter bandwidths will
give different answers, the comparison of results is difficult. In order to eliminate this prob-
lem, it is customary to normalize out the bandwidth factor by dividing the reading by the
square root of the **equivalent noise bandwidth®. This is the width of an ideal rectangular
filter with the same power response as the actual filter used. The \/B\u\”_ function performs this
normalization automatically and presents the results directly in tiii\"f‘/"l Iz or voltage A He.
To observe this function set zhcv’(ﬂw button to ON; when finished, set the button 1o OFF,
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3-42. Relative Amplitude. The SET REF button enters a reference amplitude and frequency

into memory of comparison to the present marker reading (see Note). This reference .
remains in memory until the SET REF button is pressed again establishing a new reference.
Press the SET REF button.

NOTE

The relutive marker reading is the ratio of the present amplitude
reading 1o the previous amplitude reading. Units for the various
marker functions will be displayed accordingly. In the relative
maode, an error will result if the SCALE s changed between
LINEAR and LOG,

3-43. To read a relative amplitude and frequency, set the REL button to the ON position.
The display will now present the relative frequency and amplitude of the present marker
position. Move the MARKER POSITION to observe a new relative reading, Set the REL
button to OFF.

3-44. Switching the Marker to a Different Trace. When two traces are being displayed, the
TRACE button causes the marker to be moved from one trace (o another. Note that if the
REL button is on, relative comparisons between the two traces can be made. Dual trace
operation and examples of marker functions will be given later.

3-45. Setting a Frequency Reference for Band Analysis Modes. Move the marker 1o the
1 kHz spectral line as in Figure 3-3. Press SET FREQ to load the marker frequency, as a
reference, into memory fora new start or center frequency in the band analysis modes,

3-46. The Frequency Span Controls.

3-47. 'FThe Mode Switch, The Mode switch can select one of four different types of fre-
quency displays. Two ol the types of displays will be referred (o as the base band mode
because the frequencies displayed begin at 0 Hz and end at some upper frequency. The 0-25
kHz position permits an overall view of the frequency spectrum and provides a quick
reference 1o return to if a spectral line is lost while searching at narrow bandwidths in other
modes. The 0 START position provides for high resolution near the 0 Hz frequency point
using the span selector to set the upper frequency limit.

3-48. The other two types of displays will be referred to as the band analysis modes because
a segment or band of frequencies within the 0-25 kHz range may be observed. Switching to
cither SET START or SET CENTER, allows for the use ol a variable requency control
which tunes the digital local oscillator. Rotating the control changes the starting frequency
or the center frequency so that spectral lines may be placed at any horizontal position on the
display. START or CENTER frequency may also be selected using the MARKER SET
FREQ button. Set the following switch:

N O e e SET CENTER
3-49. The | kHz spectral line should now be in the center of the display. Rotate the AD-

JUST control 1o see how the center frequency is changed. For more detailed analysis, the
SPAN may be i educed thereby expanding (or zooming in) on the frequencies of interest,

3-8
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3-50. The SPAN Control. The SPAN switch controls the displayved span. The bandwidth s

. adjusted automatically and bs also dependent upon the position of the DISPLAY MODE
switch. The narrowest bandwidths are available in the 0 STAKRT mode and single channel
mode for any PASSBAND SHAPE selected. When using SET START or SET CENTER,
all span scettings are available For use except the two narrowest spans (1 Hz and 2.5 Hz). Sa
the following switch:

BSEAN S e sl Dt et e e S b o D

3-51. In the example presented by Figure 3-4, reducing the span permitted two sidebands to
be resolved which were formerly included in the wider 25 kHz span. The use of the
MARKER controls showed that the sidebands were 40 Hz away from the center frequency
with a relative amplitude of — 20.0dB.

. Figure 3-4. Using the SPAN Control to Resolve Sidebands.

3-52, It the function generator has modulating capabilities, pause to experinent with dif-
ferent modulating frequencies and amplitudes using the 3582A and the control information
thus far presented to derive spectral data. When linished, reset the following switches {ex-
cept the LINE switch):

SeEbBothtramed NGNS b st i sl L ON
SepSCALEMEBAGING 0 - e o e ON
St AVERAGENUMBERS, ., .. ... ... e ... ON
SetRASSBAMNEESH AR R onle Hc s, e s sl il i, FLATTOP
SEEAMBEIEUE A - 0 e e e e ON
SRl OtherBUIONE . . i e Ok
AMPLITUDE REF LEVEL . ... ..., O NORMAL
EREOSEANMGID R e s ool o i b 0-25kH
TRIGGER LEVEL (framed). .. ......... o L FREE RUN
INBUECHANNELA & Lol i e L o W0dBV

VERNEER St i s e St s s CAL
TN PR RN N T Bt la e 2 Tt 2 i) Cliadh S8 sl il g JABY

VISR ERR G ol e i S ellete Balitl i ool CAL
INPUEMODE. . o i i A

3-53. Scales.

3-54. One of three scales may be selected to represent display spectral amplitudes. Fach
scale may be used in combination with the channel SENSITIVITY switches and the

.;_!i
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AMPLITUDE REFERENCE LEVEL switch to offset log modes) or expand (lincar mode)
the display relative to full scale, There are three basic scale settings:

4. 10dB/DLY, The 10 dB/ZDIV seale is a lozarithmic type of display which has a range of
80O dB.

b. 2 dB/DIV. The 2 dB/DIV scale is a logarithmic type of display which has a range of
16 dB.

¢. LINEAR. The LINEAR scale has a range from the Full scale indicated voltage to zero
volts. Therefore, the volts per division decreases as the full scale amplitude is reduced. The
SENSITIVITY switch indicates the maximum rms voltage level which does not exceed
overioad. The voltage level displayed is a calibrated voltage which can be easily divided
among the eight graticule divisions. Because of this, some SENSITIVITY switch positions
will give a displayed full scale voliage which will require the use of the AMPLITUDE
REFERENCE LEVEL switchto give a [l scale display.

3.55. Amplitude Reference Level.

3-56, The AMPLITUDE REFERENCE LEVEL switch has nine positions. In the NORM
position, the amplitude reference level function is off. If the switch is turned clockwise, the
following changes will take place on the display (NORM is position 1)

a. Log Modes: The display is offset by an additional 10 dB/D1V for each position which
can accumulate {o a total of 80 dB.

b. Linear Mode; Since the zero volts line is always at the botiom of the display, the full
scale reference level will decrease thereby expanding or amplifying lower signal levels.

3-57. To observe the different SCALES and effects of the AMPLITUDE REFERENCL
LEVEL switch, try the following exercise:

a. Set the function generator for a 1 kHz square wave output. Adjust the amplitude to
3 V rms or less.

b. Set the CHANNEL A SENSITIVITY for 10 dB.

¢. Readjust the amplitude of the function generator to achier. a full scale display without
an overload indication.

d. Rotate the AMPLITUDE REFERENCE LEVEL switch and observe how the display
is shifted up in 10 dB increments.

e. To expand a portion of the display, use the AMPLITUDE REFERENCE LEVEL
switch to place that part of the display at or near the full scale graticule.

f. Placing the 2 dB/DIV button to the ON position will expaad the spectra within - 16 dB
from the reference setting to a full scale display (see Figure 3-3).

g. Return the AMPLITUDE REFERENCE LEVEL switch to NORM.

3-10
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Figure 3-5. Expanding a Portion of the Display.

h. Press the LINEAR scale button and observe that the maximum allowable input signal
on the 3 V range does not produce a full scale display. Notice that the calibrated reference
level is 4 V (see Figure 3-6).

To observe the associated lower amplitude spectra, rotate the AMPLITUDE
REFERENCE LEVEL switch. Notice that the volis/div decreases at each new reference
level, thus expanding the amplitude of the spectra on the display.

i. Set the following switches:

Figure 3-6. Full Scale Reference in the LINEAR Mode.

3-58. The Passhand Shape Controls.

3-59. One of three passband shapes may be selected to characterize the signal data. Carelul
consideration should be given 1o the choice of PASSBAND SHAPE in order to m: Iimice

the spectral information displayed Tor a particular type ol measuring apphlication. The
PASSBAND SHAPEs are unique and are explained as follows:

a. FLAT TOP. The FIAT TOP passband is similar 1o those found in wave analyzers

such as the -hp- 312D and the -hp- 310A. Its high shape factor and broad response make it

31
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ideal tor measuring the amplitude of individual spectra, such as that found in the output
from an oscillator. Therefore it is the most accurate passband for measuring amplitude,

b. HANNING. The HANNING passband is similar to those found in swept frequency
spectrum analyzers such as the -hp- 3580A. The HANNING passband is derived from a
raised cosine shape which helps to give better resolution for isolating one spectral line in a
closely spaced group of spectral lines, particularly when the amplitudes of the spectra are
within 50 dB of each other. A good example of the use of this passband would be in deriving
the spectrum for a notch filter. The HANNING passband should be selected when using the
RANDOM NOISE SOURCE and when measuring discrete spectrum components, It is
slightly less accurate (approximately — 1 dB) than the FLAT TOP passband.

¢. UNIFORM., The UNIFORM passband has a very narrow 3 dB bandwidth and should
be used for measuring transient signals. The 3582A%s PERIODIC NOISE SOURCE is
optimized for this passhand which aids in analyzing transfer characteristics of networks. The
display aberrations are greatest when using this passband so caution should be used when
measuring the amplitudes of individual spectra. :

3-60. To observe the effects of using the different passband shapes on a spectral display, try
the following exercise:

a. The 3582A should have the switches already set up from the last exercise. But if you are
beginning here, set the switches to the basic turn-on mode as indicated in the Turn-On Pro-
cedure.

b. Set CHANNEL A SENSITIVITY to + 10 dB.

¢. Adjust the function generator for a 10 kHz sine wave and a full scale display on the
3582A (approximately 3 V). " he spectrum should appear as in Figure 3-7.

Figure 3-7. A Sine Wave Spect 'm using the FLAT TOP Passband.

d. Change the frequency of the oscillator very slowly and notice that the spectral display
retains its shape as it shifts across the screen.,

¢. Now set the HANNING passband button 1o ON, The spectrum should appear as in
Figure 3-8.

f. Slowly change the frequency of the oscillator and observe how the spectral shape
slightly changes proportions. Also notice that the bandwidth has decreased to less than one

3-12
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Figure 3-8. Sine Wave Spectrum using the HANNING Passband.

half its previous value. The smaller bandwidth allows for greater selectivity, while the
slightly changing shape is due to the discrete sampling and display technique.

g. Set the UNIFORM passband button to ON, The spectrum may appear as in Figure 3-9,

Figure 3-9. Sine Wave Spectrum Using the UNIFORM Passband.

h. Slowly change the frequency of the oscillator. The radically changing shape is due 10 4
bandwidth which is now less than a third that of the FE AT TOP passband. This reveals that
the UNIFORM passband should generally not be used except for measuring transter fune-
tions using the PERIODIC NOISE OUTPUT as a source,

3-61. The NOISE SOURCE.

3-62. The NOISE SOURCE is a broadband periodic pseudo random signal. When
“PERIODIC™ is selected, the period is automatically adjusted so that one pertod covers one
SPAN setting and, therefore, the periodicity does not effect the spectrum analysis, When
“RANDOM™ is selected, the periodicity ol the noise source signal is extended to as muich as
14 minutes. In this mode, the 3582A interprets the pseado random signal as a band limited
white noise source. The NOISE SOURCE output may be adjusted through the use of the
LEVEL control located adjacent 1o it. The low impedance output (< 1 ohm) mav be used s
a source signal for analyzing two port networks.

3-63. To sce the spectral output of the NOISE SOURCE, connect the NOISE SOURCE
output to the channel A input connector via a shielded cable with suitable adapters, Set the

343
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CHANNEL A COUPLING and the CHANNEL B COUPLING 10 AC. Adjust the CHAN-
NEL A SENSITIVITY control for an on-scale display. The displayed spectrum is nearly a
uniform amplitude across the frequeney axis (see Figure 3-10{a]). It is important to note that
there is energy at cach spectral point, but none in between. If a phase spectrum is observed,
the phase will be consistent for corresponding frequencies for each time record taken. Do
not use SET START or SET CENTER for making measurement using the Periodic Noise
Source within one SPAN width of 0 Hz. Instead, use the 0-START mode as this does not use
the Digital Local Oscillator and will avoid L.O. translated noise aliasing around 0 Hez.

{a) PERIODIC NOISE SOURCE (b} RANDOM NOISE SOURCE

Figure 3-1U. Noise Source Spectrums.

3-64. To see the spectral output of the RANDOM noise source, set the PASSBAND
SHAPE to HANNING and turn the concentric control of the level switch 1o RANDOM,
The spectrum will appear similar to that in Figure 3-10(b). A smoother display may be
obtained by RMS averaging.

3-65. IMPULSE QUTPUT.
3-66. The IMPULSE output signal is a pulse which has an amplitude of +5 V., The period
of the pulse is determined by the SPAN control settings (see Table 3-1). The repetition

period is the same as the length of the time record. The UNIFORM wirdow should be used

Table 3-1. Impulse Output Pulse Period.

0-25 kH: SET START
SPAN D-Start SET CENTER
25 kHz 1.211 psec 2.441 usec
10 kHz 2.441 psec 6.104 usec
5 kHz 6.104 usec 12.207 gsec
2.5kHz 12.207 usec 24.414 usec
1 kHz 30.518 pusec 61.035 usec
500 Hz 61.035 usec 12207 msec
250 Hz 12207 msec .24414 msec
100 Hz 24414 msec .6105 msec
50 Hz 6105 msec 1.221 msec
25 Hz 1.221 msec 2.441 msec
10 Hz 2.441 msec 6.101 msec
5 Hz 6.101 msec
1 Hz 30.667 msec
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when making measurements using the IMPULSE output as a source. The resulting spectrum
has a constant amplitude and phase-freguency relationship,

3-67. To observe the IMPULSE spectrum, remove the NOISE SOURCE output from
CHANNEL A and connect the IMPULSE output to CHANNEL A. Adjust the SEN-
SITIVITY for an on-scale display. The spectrum will appear similar o that in Figure
3-10¢a).

3-68. Dual Channel Measurements.

3-69. The dual channel capability makes the 3582A » vory versatile instrument. With two
channels, many measuring applications aic possible including the measurement of the
transfer characteristics of two port networks. One type of two port network is a single pole
low pass filter, consisting of a series resistor and a parallel capacitor (see Figure 3-11).

oy AN 0
H l

Figure 3-11. A Two Port Network.

3-70. A two port network such as this will be used 1o illustrate the amplitude and phase
transfer measuring functions ol the 3582A. To connect the filter:

a. Remove the IMPULSE source from channel A,

b. Conneet a 10 kQ resistor and a 3000 pl¥ capacitor between the inputs of channels A and
Basshown in Figure 3412,

Figure 3-12. Connecting a Single Pole Low Pass Filter.
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3-71. Toabserve both input A and input B, 1ry the following exereise:
a. Reconnect the NOISE SOURCE OUTPUT tochannel A INPUT,

b. Verify that CHANNEL A ana CHANNEL B COUPLING switches are set to AC and
that the INPUT MODE switch is set to BOTH.

¢. Set CHANNEL A and CHANNEL BSENSITIVITY switches for + 10dB.

d. Verily that the UNIFORM PASSBAND button is set (o on and “PERIODIC™ is
selected.

¢. Presschannel A and channel BAMPLITUDE buttonsto ON.
f. Adjustthe AMPLITUDE REFERENCE LEVEL for a centered display.

g. The input and output of the low pass filter is described by the two traces and should
appear similar to Figure 3-13.

Figure 3-13. Input and Butput Spectrum of a Low Pass Filter.
h. Comparisons between the two traces can be made with the use of the MARKER func-
tions.
i. Set the MARKER ON button to ON,

j. Set the MARKER 1o a desired reference point on the tap trace using the POSITION
control.

k. Pressthe MARKER REL button to ON.
I. Press the MARKER SET REF to load a relative reference into memory.

m. Pressing the MARKER TRACE button will now give relative amplitude information
between the two traces.

3-72. Amplitude Transfer (XFR) Function. As already  illustrated,  comparative
measurements can be used to determine the differences between channel A and channel B, It
enough of these measurements are made, a graph may be constructed which would indicate
the amplitude transfer characteristics of the network under analysis. The AMPLITUDE

3-16
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XER FCTN is a graphical display which is the result of dividing the specteum of channel B
by the spectrum of channel A, It s a continuous function which describes the gain or
attenuation, as referenced 1o frequency, of a two port network, To observe the
AMPLITUDE XFR FCTN, 1ry the following exercise:

d. Set MARKER REL OFF,

b. Sct AMPLITUDE Aand AMPLITUDE BOFF,

¢. Sct AMPLITUDE XFR FCTNto ON.

d. Set AMPLITUDE REFERENCE LEVEL for a centered display.

¢. The MARKER functions may be used to provide amplitnde and frequency information
at a point of interest.

f. For example, turn the MARKER POSITION control so that the marker is in the vicin-
ity of 5300 Hz. This is the approximate - 3 dB point of the transfer tunction (see Figure
3-14).

Figure 3-14. Transfer Function for a Two Port Network.

3-73. Phase Measurements. Complete analysis of a waveform requires that phase as well as
amplitude be known. Phase data must be relative to a fixed point in time. s best to use i
trigger signal when single channel measurements are made to establish relative phase data. A
trigger signal is not required for some dual channel displays since phase data is simply
refative between the two channels.

3-74. The phase display uses the central horizontal graticule to indicate zero degrees cach
division vertically represents 5O degrees. The phase display is dependent on the (riggering ol
the time record, but the phase reference is at the middle of the sereen so there is no simple
relationship between the phase spectrum and the trigger point. However, the phase reference
isat the beginning of the time record if the UNIFORM window is used.

3-75. Since the instrument is already set up 1o display a transter function, the phase transfer
function of the low pass filter may be observed by setting the following switches:

AMPEIIUDEXER FOTN, . ovivmivoiints oo e s Ol
FHBSEXNER BOTN. s s ON
AMPLITUDE REFERENCELEVEL ... ... ... ... . NORM
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3-76. The MARKER controls may be used to indicate the phase reading at a particular fre-
guency of interest. Notice that at low frequencies the relative phase 15 approximately
U degrees and at 5300 Hz the phase is approximately 45 degrees (see Figure 3-15).

Figure 3-15. Phase Transfer Function of a Low Pass Filter.

3-77. Single channel phase measurements will be illustrated with the use of a function
generator. To observe a single channel measurement, try the following exercise:

a. Set the following switches:

PHASEXFRFCTN. ... .. o ARG RS L OFF
AMEBLIEUDE AL L - ON
PASSBANDSHAPEELATTOP. ................0cciviii, ON
INPUT CHANNELASENSITIVITY. .....................30V
IBEUEMODE, .. e . A

b. Set the function generator for a 1 kHz triangle wave output, Disconnect the NOISE
SOURCE OUTPUT and connect the output of the function generator to the input of the
3582A via suitable cables. Adjust the output of the function generator and/or the INPUT
SENSITIVITY of the 3582A 1o achieve a full scale display without overloading the 3582A.
Now set the 3582A switches as follows:

SMELTICUDE Al e o b - =i OFF
BHABRA S0 O oe sl B U T ON

3-78. Notice that the phase readings change randomly. This is caused by the TRIGGER
LEVEL control being in the FREE RUN position. To stabilize the readings and establish a
phase reference, turn the TRIGGER LEVEL control until the desired display is shown. An
example display is shown in Figure 3-16.

3-79. Therearetwoimportant criteria about the phase display that should be noted.

a. Threshold: Except for the phase transfer function, the phase is displayed if the signal is
above a certain threshold. If it is below the threshold, 0 degree is displayed and the marker
will indicate that it is undefined. This eliminates phase readings resulting from Jow signal
levels (i.e., noise).

b. Slope: There is a phase slope which corresponds 1o a phase shift across the passhand
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Figure 3-16. Phase Spectrum of a Triangle Wave.

filters. The correct reading is obrained at the center of the sloping segment which is the peak
of the amplitude response at that Frequency,

3-80. If desired, the MARKER functions and/or the amphitude spectrum may be shown for
reference purposes by pressing the appropriate buttons.

3-81. External Trigger Input. Another method of establishing a phase reference is through
the use of the rear panel TRIGGER INPUT. Thisis TTL compatible input which is enabled
when the TRIGGER switch is set to EXT. Another condition is that the front panel TRIG-
GER LEVEL control must not be in the FREE RUN position. 1l your function generator
has a TTL pulse output (0 V to 5 V), connect this osttput to the rear panel TRIGGER
INPUT and set the adjacent TRIGGER switch to EXT. Notice that the TRIGGER LEVED
control is now non-functional except in the FREE RUN position. When finished, disconnect
the external TRIGGER INPUT and return the TRIGGER switeh to INT. It is good to men-
tion at this point that some apparent trigger problems may be due to the inadvertant selling
of the rear panel TRIGGER switch. Always verify that this switch is in the proper position
for the desired mode of operation of the instrument.

3-82. The Averaging Functions. The AVERAGE controls are used Lo average the spectra
displayed on the CRT. Operationally, it replaces the video filtering or display smoothing
usually found on spectrum analyzers. The TIME average does offer a unique capability of
actually enhancing the signal to-noise ratio.

3-83. RMS Average. The RMS average mode combines a new spectrum with a partial result
on a point-by-point basis using an RMS calculation. At any point (m) in the cyele, the
amplitude and phase at some frequency (f) are given as:

m 2
Amplitude: = Z A
1=
P
Phase: = 3 & :
{34t |

This averaging results in smoothing of the noise variations but does not reduce the level of
the noise. RMS averaging must be used when making coherence measurements,

3-84. TIME Avergge. The TIME Average mode involves time domain a craging., When a
synchronizing trigger is available, successive time records are averaged point-by-point. Time

14
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variations that are coherent with the trigger will average 10 some value while those that are
not coherent will average to zero. This reduces the noise prior 1o the transformation to the
frequency domain, Time averaging is unigue 11 that it does result in an enhancement of the
signal-to-noise ratio. It is also by far the fastest averaging mode for wide frequency spans
and should be used any time a synchronizing trigeer is available,

3-85. PEAK Mode. The PEAK mode is not truly an averaging mode, but rather is the result
of keeping the maximum input at each frequency point. The phase point retained is the
phase of the retained point at each frequency. PEAK averaging is useful for measurements
such as monitoring signal drilt, ete.

3-86. Selecting the Number of Averages. The NUMBER of averages is selectable between 4
and 256 in a binary sequence. The SHIFT key selects whether the lower case black numbers
or the upper case blue numbers are active.

3-87. EXP Mode. The EXP mode is a continuous averaging process where the new spec-
trum is weighted ¥4 and the previous average is weighted %. This causes the most recent
data to be most important while the older data dies out in importance at a decaying exponen-
tial rate. The exponential accumulation mode works with the RMS average but in the PEAK
mode provides unlimited peak hold. It is most useful when the process under consideration
exhibits relatively slow term variations and yet some averaging is still desired. The time con-
stant of the exponential weighting is such that it averages out short term variations, yel
follows longer term variations.

3-88. Running an Averaging Sequence. In all of the averaging modes exeept exponential,
the instrument stops taking new data when the selected number of averages are completed.
When this occurs, the 3582A may appear to be “*hung up’’ when actually it is waiting for
further instructions. This is the reason the AVERAGE OFF button is framed. Any time the
3582A appears to be stopped, this button and other framed functions should be checked.
When the instrument has taken the selected number of averages, the RESTART button is
used to start the next averaging sequence. When the averaging mode is changed, a restart is
automatically execuied. When the number of averages is changed from one number {o a
larger number, a restart is also not required; the instrument continues from where it stopped
to the new number of averages.

3-89. The following exercise will illustrate the use of the RMS and TIME averaging con-
trols. It requires that the function generator have external modulating capability.

a. Set the controls of the function generator so that a 5 kHz sine ‘ave can be AM
modulated by an external source.

b. Connect the output of the function generator to the CHANNEL A input of the 3582A.,

¢. Using the control information thus far presented, adjust the function generator output
and the 3582A controls for a full scale amplitude display using the trigger mode and FLAT
TOP PASSBAND.

d. Select a harmonic of low amplitude and place it in the center of the screen using cither
SETSTART or SET CENTER frequency mode (sce Figure 3-17).

¢. Connect the NOISE SOURCE OUTPUT of the 3582A (o the external modulation
input of the function generator.

320
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SELECTED HARMONIL FLACED IN CEMTEROF SOHEEN
Figure 3-17. Selecting the Correct Harmonic.
. Adjust the modolion and NOISE SOURCE LEVEL such that the harmonic spectral

line is indistinguishable from the noise spectrum (see Figure 3-18). The noise level peaks
should be alittle lower than the harmonic.

Figure 3-18. Modulating a Spectral Line with Noise.

g. Set the AVERAGE controls for a 256 RMS average function. When the averape is
completed, the spectrum may appear as in Figure 3-19. Notice that the value of the noise has
averaged out to an RMS amplitude which is less than its peak value and that the spectra of
the harmonic retains the same RMS amplitude throughout the averaging process.

Figure 3-19. RMS Averaged Signals.

ho Set the TIME average button to ON and trigger properly. When the average is com-
pleted, notice that a signal-to-noise ratio enhancement has tdiu.n place (sce Figure 3-20),

R |
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Figure 3-20. TIME Averaged Signals.

This is duc to the principle that random noise averages in time to a lower value than a
periodic waveform averages in time. Thus, if successive time records (relative to a lixed
point in time) were superimposed upon one another, the signal wavetform components
would coincide while the noise waveform components would not.

i. Disconnect the NOISE SOURCE from the function generator and set the AVERAGE
OFF button to OFF.

3-90. The following exercise illustrates the PEAK average mode and requires the function
generator to have FM modulating capabilities.

a. Adjust the function generator for a 10 kHz sine wave modulated by a | Hz sine wave.

b. Adjust the controls of the 3582A for a center frequency of 10 kHz and a SPAN of
2.5 kHz.

¢. The sine wave spectral line should be oscillating in frequency as indicated in Figure
3-21.

Figure 3-21. Oscillating Frequency Spectrum.

d. Press the PEAK average button to ON. At the end of 256 averages, the FM passband
should appear as in Figure 3-22. This shape describes the maximum amplitude of the spectral
line as it sweeps between maximum and minimum frequency.

3-91. Time Functions. The TIME display buttons supersede the other display controls. Only
one time display can be selected at a time and all other displays are suspended. The TIME
display is active only as long as the pushbutton is held in. It is important to note that the

1.1
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Figure 3-22. Spectrum of an FM Passhand.

TIME display is used mainly for setting input sensitivities and for determining when a time
record is complete; it does not replace an oscilloscope. The information displayed consists of
alternate samples of the input time record in the baseband modes. In the band analysis
modes, the time record may not be representative of the input signal since it s mixed with
the Digital Local Oscillator before being stored.,

3-92. Coherence. The coherence display is activated when the instrument is in the two chan-
nel RMS average mode and the COHER button is set 10 the ON position. The most commion
use of this display is as a check on the validity of a transfer function measurement, The
coherence function is also a measure of the proportion of power in an output signal caused
by an input signal. A coherence value of 1.0 would indicate that the cause/elfect relation-
ship is ideal and the transfer function ratio at that frequency is valid. Figure 3-23 shows two
signals derived from the same source and their coherence relat ionship.

AVERAGED INPUT SIGNALS COHERENCE RELATIONSHIP

Figure 3-23. The Coherence Relationship Between Two Signals.

Notice that the coherence function shows unreliable data in the higher frequencies. This is
largely due to the signal-to-noise ratio of the smaller signal which becomes less as the fre-
quency increases. Also note that when the signal-to-noise ratio of either signal is low, the
coherence is also low,

3-93. Toobserve the TIME and COHER functions. try the tollowing exercise,

a. Coniect the function generator output to the 3582A°s channels A

and B input via
suitable cables and connectors,
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b. Set the function geperator for a 2 kHz triangle wave oulput.

¢. Set the 3582A for normal dual channel amphitude measurement Gin case of difhiculty,
see Turn-On Procedure).

d. Set SCALEto 10dB/DIV and the INPUT MODE to BOTH.

e. With CHANNEL A and CHANNEL B INPUT SENSITIVITY controls set to + 30
dBY, adjust the function generator for a half scale (approximately - 10dBV) display.

f. To observe the channel A TIME function, depress the TIME A button and hold it in
while varying the channel A INPUT SENSITIVITY. This will show the effect of the INPUT
SENSITIVITY switch on the TIME amplitude. Set the AMPLITUDE A and B buttons to
OFF.

g. To observe the coherence function, set the COHER button to ON, RMS AVERAGE
button to ON, and AVERAGE NUMBER 64 to ON. The RMS averaging sequence should
begin immediately with the coherence display becoming valid at the end of the sequence,

h. Experiment with the coherence function by varying the INPUT SENSITIVITY con-
trols, pressing RESTART, and noting the result on the display when the averaging sequence

iscompleted.

i. When finished, press the AVERAGE OFF button and set the COHER button to OFF.

3.94. Storing Traces.

3-95. The graphics portion of a single trace being displayed may be stored in TRACE |
and/or TRACE 2, but either or both may be recalled using the dual channel mode of opera-
tion. The MARKER functions do not work on the recalled traces and the stored traces are
not affected by any front pancl operations except POWER OFF.

3-96. The following exercise illustrates the use of the trace STORE and RECALL functions.

a. Connect the NOISE SOURCEOUTPUT to thechannel A INPUT.

b. Set the controls of the 3582A for a dual channel amplitude measurement. (In case of
difficulty, see the Turn-On Procedure.)

¢. Set the SCALE 10 dB/DIV to ON, the INPUT MODE switch to BOTH, and
AMPLITUDE A to ON.

d. Setthe INPUT SENSITIVITY switches as follows:

CEIANNBL A s er b s e i + 20 dBYV
CHANNEL: B s o e e e e s g st o N CAL
e. With channel A only being displayed, press the TRACE 1 STORE button. .

f. Change the AMPLITUDE buttons to display channel B only and press the TRACE 2
STORE button.

3.24
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g. Keeping in mind that only two traces may be displayved at one time, experiment with
the TRACE RECALL buttons, INPUT MODE switch, and the DISPLAY AMPLITUDE
buttons to get different combinations of recalied traces and amphitude funcitons,

3-37. Conclusion.

3-98. Storing Traces marks the end of the Familiarization Exercise. It must be reiterated
that only the most fundamental concepts were covered and that expertise acquired thiough
continued use of the instrument will lead 1o discoveries of many applications for measuring
spectra using the variety of unique capabilities of the 3582A.

NOTE
See Application Notes in Appendix D for additional informuation.

3-99. OPERATING ON SIGNAL DATA.
3-100. Introduction,

3-101. The tollowing information is presented in order 1o maximize the user’s efficiency in
the operation of the 3582A. The two main functions involving the use of the instrument con-
trols are;

4. Acquiring a time record,
b. Operating on stored time data.

3-102. Acquiring a Time Record.

3-103. Because the time record is stored in digital form, the 3582A is a versatile instrument
for doing transient analysis, The irregular nature of transient signals, however, dictate that
the time record of the captured event must remain unaltered until alt applicable analysis is
completed. The 3582A has many functions, therefore, great care must be exercised to avoid
destroying a time record through the inadvertent sctting of a control, To acquire a time
record, the following conditions should prevail:

a. INPUT, TRIGGER, and FREQUENCY controls should be set prior to the initiation
of atrigger.

b. If more than one time record is needed and the AVERAGE functions are used, the
PASSBAND SHAPE must be established prior to the initiation of the trigger signals.

Once a time record is established, several operations may be carried out on the data.
3-104. Operating on Stored Time Data.

3-105. Data may be displaved without destroying the time record under the following condi-
tions:

4. The display of transformed time data may be made in any of the formats indicated by
the switches in the DISPLAY group, Note, however, that some DISPLAY functions may
require certain setupsin the INPUT and TRIGGER switch groups.
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b. Once a trace is displayed, the MARKER functions may be used 1o obtain information
at a particular point of interest.,

¢. Traces may also be stored, recalled. or plotted by an external plotting instrument.

d. The PASSBAND SHAPE may be changed but only il the AVERAGE functions are
not used.

NOTE

Pressing the RESET button will clear the tine record, but it will not
clear traces which are stored using the TRACE I and/or TRACE 2
storage functions.

3-106. Using the Recorder Dutput.

3-107. An X-Y analog recorder (such as the -hp- Model 7004B) may be used to plot the
graphics portion of the display. Three controls on the 3582A front panel allow the processor
to operate the X-Y analog outputs and the PEN LIFT control output located on the rear
panel.

3-108. Toinitiate a plot, the following steps should be taken:

a. All 3582A and recorder interface lines should be connected and both instruments
turned on.

b. Next press the LLI— (RESET) button in order to set the lower left-hand corner
minimum scale pen position using the recorder offsets.

¢. The UR —1 button on the 3582A may be pressed in order to sef the upper right-hand
corner full scale pen position using the recorder gain,

d. When the desired spectrum is present on the display and you are ready to plot, press
the PLOT button. The 3582A will automatically control the pen lift line throughout the
entire plot and return the recorder pen to its initial position when the plot is finished or ter-
minated. If desired, choose another trace and plot again (see Figure 3-24),

¢. To terminate a plot, press the LL!— (RESET) button to cause the recorder pen (o
return toits initial position.

NOTE
No other operations on the 315824 may be initiated during a plot-

ting sequence except RESET or HP-1R npurs.

3-109. USING PROBES.

3-110. The -hp- Model 10001A Voltage Divider Probe is recommended for use with the
3582A. The probe has a tip impedance of 10 megohms shunted by 10 pF and a 10:1 division
ratio. The probe is especially valuable for use in analyzing high impedance circuits. Nate,
however, that most high impedance probes such as the -hp- 10001 A have capacitive compen-
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Figure 3-24. A Two Trace Plot.

sating adjustments which effect their frequency response. Before using the -hp- H0GOTA
probe in a measuring application, the probe should be compensated 1o match the ifpul
impedance of the 3582A. Once the probe is properly adjusted, it should not reguire further
attention. It is a good practice, however, to pertorm periodic verification tests (o assure that
optimum adjustment is maintained.

3-111. Prohes Are Delicate.

3-112. I you have ever tried to use a probe that does not work because it has been abused,
you will appreciate the exerpt from -hp- Beneh Briefs given in Figure 3-25,

3-113. Probe Compensation Procedure.

3-114. The Probe Compensation Procedure uses the Amplitude Transfer Function measus-
ing mode and the PERIODIC NOISE SOURCE OUTPUT of the 3582A.

a. Turnonthe 3582A and/or set the switches as indicated in the Turn-On Procedure,
b. Setthe CHANNEL ASENSITIVITY for3 V.

¢. Setthe INPUT MODE switch to BOTH.

d. Seithe CHANNEL BSENSITIVITY for .3 Vv,

¢. Connect the NOISE SOURCE OUTPUT to channet A INPLIT via suitable cable and

connectors,

. Connect the cable from rhe probe to chainel B using 4 BNC adapter (-hp- Part No,
1251-2277).
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Although oscilloscope probes are as common as pocket screwdrivers, they need to be
handled with much more care than the normal screwdnver. Probes are oiien dropped on
the floor, stepped on, rolled over with carts or even used as tow rones to pull systems
around on carts.

Probes are designed to be as rugged as possible, but many times they are abused. It turns
out that a high-frequency passive probe is a fairly sophisticated piece of electronic equip-
ment, even if it doesn’t sound or look exciting. Electrically, there is a complax tarminaticn
and compensation network at the base of the probe. The probe tip has the divider resistor
(usually about 9 megohms) and another compensating capacitor. One of the toughest
things to design and build well is the probe cable. To keep the input capacitance at the
probe tip as low as possible, the cable must be very low capacitance. To accomplish this,
a very small center conductor must be used. The smaller the center conductor, the lower
the capacitance, but also, the easier it is to break the center conductor. The typical
diameter of a probe cable center conductor is 4 mils {about the size of a hairl). The point is
that a probe should be handled with care, just as any precision measuring tool should be.

Figure 3-25. About Scope Probes.

g. Attach the probe tip to the signal input on channel A and the ground lead to channel A
ground.

h. Place the DISPLAY AMPLITUDE XFR FCTN to the ON position. Adjust the
AMPLITUDE REFERENCE LEVEL for a centered display.

1. Adjust the probe so the response is flat over the entire frequency range (see Figure
3-26).

UNCOMPENSATED PROPERLY COMPENSATED

Figure 3-26. Probe Compensation,

3-115. FRONT PANEL SCREWDRIVER ADJUSTMENTS.

3-116. Front panei screwdriver adjustments are provided for periodic fine tuning of the
instrument. Under most normal operating conditions, there is no need (o change the setting
3.28




Muodel 3582A Muanual Operation

of these adjustments, however, it is a good practice to verily that the instrument is tuned for
. optimuim accuracy belore a critical measurement is made.

3-117. ASTIG (Astigmatism) Adjustment.

3-118. The ASTIG adjustment 15 an analog control which works in combination with the
FOCUS control to provide well defined traces and characters on the display. The adjustment
of this control may be made anytime the instrument is turned on and there is a display on the
CRT. Itis often necessary to alternate adjusting the ASTIG control and the FOCUS control
to provide a sharp, clear display.

3-119. BAL (Balance) Adjustments.
3-120. The BAL adjustment effects the de offset of the Input Amplifiers and balances off-
sets even though ac COUPLING is selected. The BAL adjustment is usually made on the
most sensitive input range of the instrument, however, when making a critical measurement,
the adjustment should be made on the particular range in use.
3-121. The following procedure is given for adjusting the BAL control on the most sensitive
input range, but the same principal procedure applies for adjusting the BAL control on any
of the INPUT SENSITIVITY ranges in channel A or channel B,

a. Sct the switches onthe 3582A as indicated in the Turn-On Procedure,

b. Setthe DISPLAY AMPLITUDE 10 A.

c. Set the SCALEto LINEAR.

d. Connect a short across the input terminals of channel A.

¢. Setthechannel A COUPLING o DC(Z—2).

. Setthe CHANNEL ASENSITIVITY 03 mV.

g. Adjust the BAL control for a minimum amplitude at the 0 Hz frequency point (see
Figure 3-27),

h. Rotate the AMPLITUDE REFERENCE LEVEL control Tully ¢lockwise and repeiat
Step g. Thiscompictes the BAL adijustment.

i. A quicker but less accurate method is to press the TIME function button for the

appropriate channel and adjust the time trace for zero volts by centering it on the middle
horizontal graticule.

3-122. INCASE OF TROUBLE.
3-123. Introduction.
. 3-124. The 3582A, because of its high degree of flexibility, has many operating modes

requiring some  fundamental knowledge of the operating controls. Under some cir-
cumstances, the instrument may appear (o be aperating incorrectly, when all that is really
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INCORRECT ADJUSTMENT PROPER ADJUSTMENT

Figure 3.27. Adjusting the BAL Control.

needed is correct operator interpretation and input. The following information will aid the
operator in interpreting situations which may arise during measurement sequences. It is in-
tended only as a supplement to the information presented in the Familiarization Exercise.
The Familiarization Exercise should be read (and performed) before any (other) operation
of theinstrument is attempted.

3-125. "Hung Up” (Instrument does not appear to respond).

3-126. If the instrument does not appear to respond to front panel controls, cheek the
following list of possibilities:

a. Instrument under REMOTE Local Lockout.
b. Notrigger signal available:

I. Trigger REPETITIVE is OFF,

2. No INPUT on channel A.

3. Incorrect TRIGGER LEVEL setting.

4. Rear panel switch set to EXT without an input connected.
5. lmproper EXT input level.

¢. An average has been completed and the instrument is awaiting further averaging
instructions. (Suggestion: turn AVERAGE (o OFF.)

d. A Plotting operation has been initiated and the instrument is awaiting completion of
the plot. Note that the display will remain active during this time.

3-127. Overload.

3-128. Data displayed under OVERLOAD conditions may involve the following
peculiarities:

a. Overload occurs at 100% of full scale input and may produce spurious responses in
spectral display data.

b. The TIME display is shown as alternate time record points; therefore it is possible to
have an overload indication which does not appear in the TIME record display,

3-30




Model 35524 Mol Eiperation

¢. Signals are clipped at fall scale and as & resali, displayed spectra may be misrepresented
in amplitude,

d. To avoid a possible overload when using TIME AVERAGE, be sure that input signals
are at least 2 dB below full scale,

3-129. Unrelated Spectral Displays.

3-130. The 3582A may display spectra which are unrelated to the input signal under the
following circumstances:

a. I using cither SET START or SET CENTER, several spectral lines may appear above
26 kHz. These spectra are derived from the switching power supplies and from an analog to
digital exercising signal.

b. If the PERIODIC NOISE SOURCE is used in combination with either the SET
START or SET CENTER frequency modes, the spectral data within one SPAN width of
0 Hz may be inaccurate due to local oscillator translated noise aliasing around 0 Hz and
adding to the desired spectral data. To avoid this problem, use the 0 START frequency
mode.

¢. Unrclated spectral displays may be caused by data analyzed under OVERIOAD condi-
tions.

d. Stray signals present in both input channels may result in an abnormally high
COHERENCE level even though there is no cause and effect relationship, merely the
presence of a common signal. (Suggestion: use well shielded input cables.)

3-131. Noise Source Output.

3-132. The 3582A has two types ol noise sources available. There are measurenient situa-
tions where the use and choice of a noise source may be critical in achieving correct results,
The Noise Source Output has the following peculiarities:

a. The PERIODIC noise source will cause uneven or noisy transfer function
measurements on non-linear systems. (Suggestion: Use the RANDOM source and
AVERAGING.)

b. Use an external source resistor when driving low impedance filters, For example, use a
S0 ohm external series resistor when driving a 50 ohm filter. This is necessary because of the
low output impedance (< 2 ohms) of the Noise Source Output,

3-133. SIMPLIFICATION OF DISCRETE DATA ANALYSIS.
3-134. introduction.

3-135. The following description is presented in order to provide the user with a feel tor
what is taking place in the 3582A as data is converted from the time domain to the frequency
domain. While this is entirely a mathematical process, the main vehicle for explanation will
be graphical with many math operations assumed for simplification.
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3-136. Time Demain Considerations.

3-137. The sampling function is carned out by hardware while the conversion to the fre-
quency domain is handled by firmware, Sampling is accomplished in the Analog-to-Digital
Converter at a 102.4 kHz rate and involves the multiplication of the normalized input
waveform by an impulse train of unity amplitude. This results in the waveform being broken
down into a series ol amplitude pulses separated by the period of the sampling impulses (see
Figure 3-28).

..

e AL EFE 1) PNIEE YA § A AL iy ERAN

Figure 3-28. Sampling an Input Waveform.

3-138. Because of limited memory and other processing requirements, sampled data cannot
be taken indefinitely and therefore must be restricted to a period of time called a window. A
window in this particular sensc is defined as a square pulse of unity amplitude which, when
the sampled data is multiplied by the window, confines it to a particular time interval (sce
Figure 3-29).

A A

SAMPLED WAVES (FHM WIALIOW sy AN LED RN TR WA

e T

Figure 3-28, Windowinga Saiﬁplat! Waveform.
3-139. Frequency Domain Considerations.

3-140. So far, three waveforms and two processes have been given in the time domain. Each
waveform and process has an equivalent representation in the frequency domain which is
carried through by Fourier Analysis. For example, assume the input is a cosine wavelorm
which has a discrete line spectrum in the frequency domain. Its representation in the fre-
quency domain is indicated in Figure 3-30.

3-141. Notice that as a result of the transform, half of the energy is represented in the
negative frequency region of the spectrum. This situation is eliminated by scaling the
amplitude data by a factor of two before it is displayed.

3-142. The sampling train is composed of impulses of theoretically zero width. An impulse
train transforms into a discrete line spectrum with lines spaced at 1/Tyintervals, 1ts represen-
tation in the frequency domain isindicated in Figure 3-31.
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Figure 3-30. Frequency Representation of a Cosine Wave.
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Figure 3-31. Frequency Representation of an Impuise Train.

3-143. The square pulse has a unique frequency domain representation which is not discrete
but a continuous function and is composed of all frequencies, This function is represented
by the formula Y = SIN X/X (sce Figure 3-32).
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Figure 3-32. Frequency Representation of a Square Pulse.

3-144. In the time domain, different waveforms were multiplied resulting in a new modified
waveform, i.e., the sampled windowed cosine wave, This multiplication process is
represented in the frequency domain by another process called convolution. In a
mathematical context, the operation involves the use of the Convolution Integral,
sometimes known by its other name, the Superposition Integral, The convolution of the
cosine spectrum with a sampling spectrum is shown in Figure 3-33.

3-145. Notice that the impulse spectrum has been combined into the new cosine and impulse
spectrum. Another convolution operation is necessary involving the sampled cosine spec-
trum and the window spectrum (see Figure 3-34),
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Figure 3-33. Convolving the Cosine Spectrum with the Sampling Puise Spectrum.

3-146. Although there appear to be three sets of SIN X/X shapes, cach se1 iy replicated at
intervals of 1/Ts (sampling frequency) out to infinity in both positive and negative frequency
domains. A seeming paradox is that all the information needed by the 3582A 1s contained in
one-hall of any one set or one SIN X/7X shape and its relationship to the origin or zero Hz
mark. The other sets cannot be forgotien and may impair desirable data due to a
characteristic of sampling systems called aliasing.

&
o :
[
|
: | 1 v i
o
| . 1 ER
| v i £
: 3 i R Vi =]
' Wy f; Tt a2 i1y st __\ ! I ke ey
5
GARAFY BES ¢ iamE L e el e e
a
§ A
a i
b L b LR g i gD
¢ H . ¥ . ¥
¥ & £ L] - {4 o -k f
e vt e ity
SANSEG | LE A L 0 G e b

Figure 3-34. Convolving a Sampled Cosine Spectrum with a Window Speciram.

3-147. Aliasing.

3-148. Consider what would happen if the frequency of the cosine wave were Lo inerease.
Each SIN X/X shape in a pair would separate (see Figure 3-35).
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Figure 3-35. Increasing the Frequency of a Cosine Wave,

Remembering that the sampling requency (1/Ts) is constant, it can be visualized that as the
cosine wave continues 1o increase in frequency, the SIN X/X shapes will meet at a point
half-way between the sampling frequency and the origin. This point is called the Nyquist
Frequency and defines the maximum frequency of a sampled waveform. Any fturther
increase in the waveform frequency above the Nyquist point will result in an overlapping of
spectrums and contamination of data in the desirable region of the spectrum under analysis,
This is called aliasing (see Figure 3-36).
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Figure 3-36. Aliasing.

3-149. Aliasing may be minimized by increasing the sampling frequency or filtering the
input waveform so that frequency components above the Nyquist point are reduced 1o
acceptable levels. The 3582A does the latter of the two and has an antialiasing filter in the
input section which is flat to 25 kHz and then rolls off to approximately - 80 dB at 70 k2.
Since the sampling frequency is 102.4 kHz and the Nyquist Frequency is at 50 kHz, data
within the dynamic range of the instrument should be free from alias contamination (see
Figure 3-37).
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Figure 3-37. 3582A Antialiasing Filter.
3-150. Data in Memory.

3-151. Refer again to the SIN X/X shape (sce Figure 3-38).
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. Figure 3-38. The Continuous Function.

3-152. What has been presented to this point is a graphical analogy of the continuous func-
tion resulting from the Fourier Transform of a cosine wave. But the 3582A uses an

3-35

[ o = T IEGEE AR S S e —



Mamiat Upbrateon Macde! ¥3K2A

implementation of the Diserete Fourier Transform called the Fast Fourier Transform. The
key here is the word discrete. Instead of the transform being evaluated for all frequencies,
the discrete transform is evaluated at selected freguency intervals. Therefore, the discrete
transform is an approximation of the continuous transform and the resemblance 1o the latter
depends upon the number of frequency evaluation points. How many points are needed?
Naturally, the more points evaluated, the more defined the function becomes. The 3582A
has 256 display points on single trace and 128 display points on double trace stored in
memory. These points are derived from a 1024 point or 512 point time record (the result of
sampling) which also resides in memory. These combination of points are a compromise
among filter design, memory allocation, and display information. A way of visualizing the
spectrum points in memory is to think of the continuous function masked by a slotted
overlay (see Figure 3-39).

(i \

CONTINUOUS FUNCTION

EVALUATED AT THESE POINTS
{LOCATION IN MEMORY)

Figure 3-39. Spectrum Points in Memory.
3-153. Interpreting the Display.

3-154. It is now easy to understand that each location in memory is a frequency point (com-
monly referred to as a frequency bin) and that the digital word in that location (bin)
represents the amplitude and phase at that point. The Display Scction contains the hardware
and firmware which allows the display to be shown as the data points connected by straight
line segments (see Figure 3-40).

1 STRAIGHT LINES

CONNECT DATA POINTS

Figure 3-40. Memory Data Points Displayed on CRT.
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3-155. Notice that many of the spectrum points occur in the valleys {nulls) of the SIN X/X

. shape. Remembering that the frequency bins are xed relative (o the frequency scale, what
would happen if the cosine wave input were to change slightly in frequency? Spectrum
points will now be determined @t other parts of the SIN X/X shape (see Figure 3-41). This
distorted spectrum is the result of leakage.

A £

FREQUENCY OF COSINE
INPUT DECREASED

b

P ey

B I e oy
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Figure 3-41. Leakage of Energy.
3-156. Leakage. :

3-157. A property of the SIN X/X shape is that the nulls (valleys) line up with the bin fre-

quencies whenever the center frequency of the waveshape under examination occurs at a bin

frequency. Thus, changes result only when the frequency of the input is varied and the worst

case occurs when the center frequency of the signal being analyzed is shifted between two

adjacent bin frequencies, Because energy is related to amplitude, the undesirable changes in

_ amplitude between adjacent bins is called leakage. The energy is said to have leaked from

. one bin to another. One method for reducing leakage is to modify the window function
which operates on the time record.

3.158. Windowing.

3-159. As previously described, windowing involved the limiting of the number of samples
of the input waveform to a particular interval of time. Therefore, windowing may be
thought of as performing some operation on data as it passes through. Additional time
domain windows may be added in series 10 manipulate frequency domain data through the
convolution process (multiplication of data in the time domain).

3-160. The SIN X/X shape in the frequency domain was the result of time domain sampling
with no further windowing operations applied. The frequency domain function produced
inaccuracies when evaluated in a discrete manner. These inaccuracies were primarily due to
the excessive refative amplitude of the sidelobes of the function (sce Figure 3-42).
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Figure 3-42. Sidelobes of Transformed Rectangular Window.
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3-161. Notice that the primary sidelobes are only 13 dB down and that successive sidelobes
roll off at 6 dB/octave. The sidelobe amplitude may be reduced through the use of addi-
tional windowing operations, but this occurs enly at the expense of increased bandwidth,
This sidelobe-bandwidth tradeoff translates into an amplitude accuracy versus frequency
resciution tradeoff when the choice of passbands needs to be considered.

3-162. The additional windowing functions are accomplished when time domain data is
shifted from the accumulated time record buffer in memory to another buffer in memory
where the Fast Fourier Transform is performed (see Figure 3-43).
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Figure 3-43. Data Flow.

3-163. Window Functions.

3-164. The window functions, including additional notes are presented as follows:
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bandwidih but the greatest amount of from a raised cosine - naped window n mathematically lormulated  for good
amphitude disiotion e ms domain ampl tude accuracy

Figure 3-44. Window Functions.

NOTE

The Hann window, commonly referred o as the Hanning window,
was discovered by Julius von Hann. Hanning refers 1o the opera-
tion of applying a Hann window,
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REMOTE OPERATION

3-165. REMOTE OPERATION.
NOTE

The 35824 may be remotely controlled in much the same manner as
it is controlled manually. Therefore, it is recommended that the
manual operation of the instrument be learned before remote
operation is attempied.

3-166. INTRODUCTION.

3-167. The following information concerning remote operation of the 3582A via the
Hewlett-Packard Interface Bus (HP-1B) will be supplemented with examples using the -hp-
9825A Calculator and -hp- 1000 computer (controllers) with equivalent examples incor-
porating the Meta Message concept. For a condensed description of the HP-1B, see Appen-
dix B, For a condensed description of the Meta Message concept, see Appendix C.

NOTE

HP-1B is Hewlett-Packard's implementation of 1EEE  Std,
488-1975, *'Standard Digital Interface for Progranunable histru-
mentation””,

3-168. While the -hp- 9825A and -hp- 1000 are specific controllers, fully capable of
implementing all the HP-1B functions used with the 3582A, the Meta Message equivalent
may be referenced to by any controller which is HP-IB compatible.

NOTE
Not all HP-IB compatible controllers may possess the sophistica

tion necessary (o utilize the complete remote capabilities of the
J5824.

3-163. 3582A REMOTE FUNCTIONS.
3-170. General Description.

3-171. In remote operation, the 3582A has even greater flexibility than in manual operation.
The following functions describe how the 1582A may be controlled through the HP-18B;

Remote Front-Panel Programming
In addition to the normal front panel switch controls, the operation of the 3582A
can be controlied by remote commands sent on the HP-1B,
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Instrument Data Output
Display data, alphanumerics, switch settings and other useful data can be output
from the instrument for the purpose of making plots, additional processing, elc.

Insirument Data Input
Fime record data obtained by external means can be input to the instrument for
analysis. Also, any of the instrument data output may be reentered into the instru-
ment at a later time,

Instruraent Signal Processing Control and Status
Additional special HP-IB commands allow limited control of the signal processing,
An 8 bit status word is available to indicate various states of the signal processing.

3-172. REMOTE FRONT PANEL PROGRAMMING.

3-173. The Command List specifies all of the functions which may be activated by the
3582A via the HP-1B. Note that many of the functions are the remote equivalent of setting a
front panel switch manually and may be executed in similar sequences, For example, the arm
command (AR) would not be given until all other applicable funciions are set for a measure-
ment operation. The Command List is given in Appendix A.

3-174. The HP-IB status light **REMOTE?", located at the lower left of the front panel, in-
dicates whether the instrument is currently operating under local (front panel switches) or
remote control. Remote operation is accomplished only via commands senl on the HP-IB,

3-175. When the instrument is in local, the operation is determined solely by the front panel
settings. At the time that the instrument is programmed 1o remole, the operatior remains
exactly the same as it was in local. Additional commands sent on the HP-1B can change the
mode of operation. Returning to local, either by pushing the LOCAL button or by an
HP-1B command, causes the instrument to return to front panel switch control,

3-176. Syntax.

3-177. The Command List (actually sent as DATA) is divided into groups of related opera-
tions. Each command in a group is divided into a function and a setting (some groups do not
have settings). I the function is a front panel switch, the letters will correspond to the
underlined letters of the name of that switch on the front panel. The setting indicates a
switch position. A zero setting will indicate that the switch is out (OFF) and numbers greater
than zero indicate that the switch is in (ON) or set at some other position {rotary switches
and slide switches). On rotary and slide switches, a one (1) will indicate a counterclockwise
or left most position (COUPLING switches excepted, a one indicates ac).

3-178. Adjust Frequency. For Adjust Frequency (AD #-24989), the setting is a number
which corresponds to the CENTER or START frequency in the band analysis modes.

3-179. Marker Position. The marker position setting corresponds to a position on the
display. For single trace modes of operation, the marker may be programmed to one of 256
horizontal positions. For dual trace operation, the marker may be programmed to one of
128 horizontal positions on the selected trace.
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3-180. Delimiters.

3-181. Delimiters are not needed, but if desired, commas, spaces, upper or lower case
alphanumerics can be used.,

SNOTE

The fast character needs to be followed by a CRLE, space, or a
comima. For example, the 98254 gitoanaiically  sends  this
information if the wrt statement is used. If the emd statement
is wsed, these additional characters must be supplied. The PRINT
Statement on the -hp- 1000 automatically defaudts to CRLE if these
characters are forgotten, Spaces following characters will not effect
the messavees  sent, excepr  for the write  alphanumerics

(W TA) conunand which requires the owipur string of characters o
have a fixed number of characters (32) and may consist af spuces
and/or alphanumeric characters,

-hp- 9825A -hp- 1000

Example:  wrt711," prs, ad442.acl"’ 10 PRINT#HL; *prs,add42,acl ™
wrt7HL " PRSAD442ACI 10 PRINT #11: “PRSADI22ACI™

3-182. SPECIAL FRONT PANEL COMMANDS.

3-183. Special commands are useful when it is desirable (o set the fron panet controls for a
particular mode of operation. Special sequences are useful when data is being transterred
between the 3582A and a controller.

3-184. Using Preset.

3-185. The preset (PRS) command places the 3582A from panel controls in a mode which is
equivalent to that in the Turn-On Procedure. 1f the 3582A instrunient appears to be *hung
up’’ due to an inadvertant programming error, sending the PRS command will often return
the instrument (o an operating status. Furthermore, it is a good programming practice (o
“initialize”” the front pancl controls of the 3582A usi ng the PRS command before entering
an extensive programming sequence, See the Command List in Appendix A for the PRS
switch setrings.,

3-186. Setting the Marker.
3-187. The marker position command (MP) combined with a marker position number

(0-255 or 0-127) sets the marker horizontal position on the display. The marker position
may be determined by the following equations:

MARKER POSITION = 230 (0r 125%) 0 1y
SPAN

Where: I = Desired marker frequency g
fs = START FREQUENCY or ((‘l-.'NI'I-.’R FREQUENCY - ¢ 1’-1—}—5‘*;)
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*NOTE
Fhe marker has 128 positions for cach trace in duad wode,

3-188. Note that on larger spans and dual trace operation, the marker position {dernived
trom the equation) will not be an integer for some frequencies. In this case, round the
marker position to the nearest integer number,

3-189. INSTRUMENT DATA OUTPUT.

3-190. The listing commands are used to read control or display data from the 3582A. The
general form for initiating a list command requires that the list command be given by the
controller which sets the 3582A in a **talk” mode. The 3582A will then output data, as
specified by the list command, to the controller which must then be programmed to the
“listen'’ mode.

3-191. Listing Control Settings.

3-192. The position of some front panel control settings, in decimal or exponential format,
may be read by the controller through the following list commands:

Command Description
LAD List frequency adjust value NNNNN.NN CRL¥
LMK List marker amplitude and frequency
+ NNNNE £ NN, NNNNN.NNN CRLF
LSP List span {Hz) NNNNN CRLF
LAS List channel A sensitivity
LBS List channel B sensitivity + N.NNE + NN CRLF
LXS List Transfer Function sensitivity

3-193. Notice that all of the list commands above, except LMK, require one variable in
which to store the daia in the controller. The LMK instruction requires two variables in
which to store data, and both must be available when the LMK command is given. {(See the
HP-1B section of your controller manual for information on how to read from the HP-1B
into multiple variables.) The sensitivities obtained by the LAS, LBS, and LXS commands
are the same as those indicated on the display and are the total of the SENSITIVITY switch
setting and the AMPLITUDE REFERENCE LEVEL switch setting. The units are either
volts or dBV as determined by the LOG/LINEAR switches.

3-194. Program Examples.

-hp— 2825H META Equuvalent
B#: "program Lo
demo LAD comman
g REMOTE
1: f=zd 1iurg DATA: LAD
siis P LRAD!
&3 re@ rLLisHS p DATA: NNNNN.NN CRLF
Frt Hidsp "FEER
="+ H
41 lel Piiiend LOCAL
*5446
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CALL RMULE(T)
PRINE 87; "LAaD"
ReEAD §7:A

PRI "PREQUEBNSY AJuSE "A®
=ALL SEL{7)
gl

-hR- 9825H

PO"Rroaran 1o

CALL RMOCE(7)
PRINET BT7;"LMAK"
READ #7:8,2

PRINT "HARKER AMPLLIUDE ="g"
PRINT "MARKER FPREQUENCY ="2%
CALL SPL(7)

DR D]
-hp=- 9225H
P o "prosaram tao

demo LEF coamman
d”s

voted lswrt
Flis "LEP"

2 red ZilisA3

prt Aidzp "SFPAH
“4+H
161 7iliend

"
J

T == g
i

META Equivalten

HEMOTE
DATA LAD
DATA: NNNNN.NN CRLUF

LDLCAL

META Egqunvalem

REMOTE
DATA: LMK
DATA: » NNNNE + NN, + NNNNN NNN CRLF

LOCAL

META Equivalent

REMOTE
DATA LMK

DATA: + N.NNN E + NN,NNNNN.NNN CRLF
pBv"
Hi"

LOCAL

META Equivalent

REMOTE

DATA: LSP
DATA: NNNNN CRLF

LOCAL

L4
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=i = 1O0 g

10 CALL RAUTE(7)

20 PRINT 87; "L3p®

30 READ #7;A

40 PRIAT "SPAN "A"™ A"
50 CALL GILIL7)

68U END

~hp~- 9325H

B: "proarom to
depo LAS comman

e
s t1y 2%t
Fils LA™
2t red 711:H;
Frt Aidsp “HSEH
S="4H
3: lcl Plisend
#¥29521

-HP - 1040~

10 CALL RAOPE(7)
20 PRINT #7; "LAB"
30 READ #7;A

40 PRINT "Cd. A SENSIVITY

50 CALL GTL(7)
60 BND

(DBV/V):"A

Model 3582A

META Equivatent

REMOTE
DATA LGP
DATA: NNNNN CRLF

LOCAL

META Equivalent

REMOTE

DATA: LAS
DATA: + N NNE + NN CRLF

LOCAL

META Equivalent

REMOTE
DATA: LAS
DATA: + N.NNE + NN CRLF

LOCAL

3-195. Listing Display Data. The display graphics or the display alphanumerics may be

listed using the following instructions:

Command Description
LDS List display (128, 256, or 512 points in corresponding
units) each point + N.NNE + NN separated by commas:
CRLF
LAN List alphanumerics (128 ASCIH characters, CRLF;repre-

senting the four 32 character lines)

3-196. The LDS instruction causes the 3582A to output data from the display in three dif-
ferent quantities. The number of points which are outputted depends upon the particular
mode of operation the instrument is in when the LDS command is reccived (see Table 3-2).
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No. of Paints

rable 3.2. 1DS Points Returned.

Maode of Operatien

148
256 )i

512

Single trace in dual channel mode
Single trace in singie channe! mode
2. Dual trace in dual channe! mode (128 points {or channel A
followed by 128 points for channel B)
3. Single time trace in dual channel mode
Single trace time in single channel mode

3-197. The points are outputted in corresponding units. That is, the SCALE and SEN-
SITIVITY will determine the type of units and the refative magnitude. However, the
magnitude of the time points are determined by the SENSITIVITY setting alone. Each
group of ASCII coded characters is separated by commas with the CRIF sent after the last

point.

NOTE

It is important (o note that some controllers may not qeCep
comma as u delimiter and therefore may require special program-
ming steps in order 1o receive and retain the number representing

each point senf.

3-198. Note that if the display is listed when the instrument is in the UNCAL (uncalibrated)
mode, the units which are output will be different than when the instrument is in the CAl

mode (scee Table 3-3).

Table 3-3. Output Units.

Function

CAL

UNCAL

Amplitude
Time
Phase
Transfer
Function

dBV (log) Volts (lin)
1to +1
- 200 10 + 200

dB

Ot

01to1

0101
dB

3-189. Program Example.

=hp= 9825H

B: “"progsram to

demn LOS commarn
Ij":

1: t it l“i"‘.l‘:ﬁn
Sxaeld  2iurt
Yils"LDE

25 red f1

£ = or =8t o

4: red FTIal.Ai
wrt 1e.1+1+H

S next 1

B3 spo 231cl
?ll;ﬁrnj

b R e

META Equivalent

REMOTE
DATA: LDS

DATA: Each point + N NNE + NN
separated by commas;
CRLF sent last

LOCAL




Remuoie Operation

3.200. The

Mundel A5K2A

LAN (list alphanumerics) instruction causes the 3582A 10 ocutput 128 ASCH

coded characters which represent the four alphanumeric display lines. Note that some sym-
bols such as / (square root) do not have an ASCII equivalent and may require conversion
to another code form, Table 3-4 gives the displayed character and the ASCIH equivalent
which is sent or received over the HP-1B.

Yabte 3 4 Bmplay AStll E:;umaian:s.

f__..__ —_— g .-\.,..._.g—_\ f.,.,,,v..». ey, [‘&‘wm g 3 mw-ow--q\ o
s i i
A5 Big : i
I . ' : .
Hit S i ! 5 i
b d | 1 i i
. T ti i vl
= " | i &
" 3% . e {4 ¥y { |
e i i } 1 I
o it : “id b
F 01 i | LE i '
¥l NE | o i I
e et : id
oy Lz ! i ¢ i £
i | ¥ b i 7
g "..: ,.l =
£ £ i | LK) i it
j; r:;! : i Lt o |. '
e ¥ i e i (]
;1: iy H i Lik ! } |
Iy b | i Ly ik it i Lk i
LB [ H i o b [
3-201. Program Example.
~hp- Q3Z25A META Equivalent
H: "praosr am Lo
dewma LAH caoamman
lj £ H
1: dim AFC1LZA4]
X tad = asilas s REMOTE
2t wrt 711, "LHH DATA: LAN
3t red 7ilsP% DATA: 128 ASCI characters, CRLF
4 wrt 1eHELL,
5t wrt 16sH3L33
£41
£r owrt LesHELAS,
98]
Vi wrt 16sAR$F[97.
128]




GaHFLL
t
HrHELZ23T
tE
t Harfls
t P
t By HF "
IR
" Flliend LOCAL

S oy

= i

%

- by e s e

i 11

-
P
‘¢-l

-

L

i
[ |

—

TR R
N I

T~
O, B O S S

L= Padose (e e f.
i3
-

N

o) e e T

-HP - 1000~ META Equuvalent

- —

DI4 AS(140)

FOR I =1 1O 130

AS(L) = "x"

NuXl I

10 CALL RHOPE(7) REMOTE

20 PRINT #7;"LANY DATA: LAN

3) ReEAD #7:AS DATA: 128 ASCI CHARACTERS
CHLF

= Yo T

40 PRINT AS(1,32)

5J PRIwY

60 PRINI AS(33,64)

70 pPRIND

30 PRINI AS$(65,96)

90 PRINT

LOOPRINI AS(97,123)

LLOCALL GPL(7) LOCAL
L20END

3-202. INSTRUMENT DATA INPUT.
3-203. Writing Alphanumeric Messages.

3-204. Alphanumeric messages may be written into any of the four alphanumeric lines on
the display through the use ot the following instruction:

WTA -4, 32 ASCII Characters

select line 1,2,3, or 4 Use Dlanks to fill up remaining spaces 1o total 32.
The first part of the instruction {(WTA) should be followed immediately by a line number
and a comma. The next 32 characters are reserved for the text of the muessage, For example,
to write **A COSINE SPECTRUM® on line 1 of the display, the command and message

would appear as follows (A means space):

“WTALAMAAMAAAACOSINEASPECTR UMAAAAAAAAY



Manial Operation

NOTE

The text af the messape must have at leasi 32 characters or the
33824 will not display the messuge and will gppear to be “hung up ™
while waiting for the comipletion af the message.

Muded 35824

3-205. Program Example.

v
—

"RProsra

BTH

|

COMnan

i

o
dim BELET

"HTAL: "2B3[1.
Jidzp "Hrit
32 charact

CooCeows

o =

LIl osn se

rrt BEFle.s3713
v11+E%
7lliend

3-206. WORKING WITH MEMORY.

META Equivalent

REMOTE
DATA: WTA1, 32 ASCH characters

LOCAL

3-207. The RAM (Random Access Memory) contents are completely accessible via the
HP-1B. Data in memory is stored in a binary format consisting of 16 bit words. But infor-

mation is transferred over the HP-18 in 8
transmit or receive memory word.

3-208. The Binary Format.

bit bytes, therefore, two bytes are required to

3-209. In order to work with memory data directly, it is important that the binary format of
words be understood. The words themselves indicate a magnitude for numerics or a par-
ticular code for alphanumerics. There are no units indicated in a numeric word and the word

is simply a 2’s complement binary number w
to + 32767 (sce Figure 3-45).

ith an equivalent decimal range of from — 32768

o= NEGATIVE DOMAIN \ / -POSITIVE DOMAIN i A
100000, 1772777, Q00000 Q7717
L Lo . ]
I !
32768,, i 0 132767,
SIGN [ 2" | 213 22| 21 210029 | g8 a7 o0 ] g0 pa 24| 20 | g0 I
MOST LEAST
L SIGNIFICANT N SIGNIBICANT e
BYTE BYTE
NOTE
This is a standard used by most alt 16 bit COMNIErs.

Figure 3-45. Words in Memory.
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3-210. In the display section of memory, numerics and alphanumerics are mixed together
and require a decoding procedure if they are to be mterpreted by a controller prograim as
binary data. This will generally not be necessary since the List Display commands perform
the decoding operations and transmit the words in ASCH lormal

3-211. When binary data is transmitted over the bus between the controller and the 3582A,
the most significant byte of a 16 bit word 15 sent first followed by the least signilicant byte,

3-212. Memory Instructions.

3-213. There are two instructions For working with binary memory datin These commands
are primarily for the advanced user who wishes to input his own time record or display or (o
do special processing:

Command Descriptior
LEM M N List from memory

WTM,M,N Write 1o memaory

Where: M = Start address (octal)
N = Number of words to be transterred (decimal)
Data is in 2N 8 bit bytes, most significant byte first

3-214. These memory instructions are transmitted via the HP-1B in ASCIH formalt. The con-
troller must be programmed to take the appropriate action directly after the instruction is
sent with no intervening messages. Each instruction requires that the memory location (in
octal) be specified. For example, if a time record is to be entered into the 3582A [or proces-
sing, the instruction would appear as follows:

WTM,70000,1024
NOTE

The 35824 starts accepting or sending binary data after the LI
character is sent. The CRLF is automatically sent by the 98254 if
the wrl command is used and by the -hp- 1000 when the PRINT
statement Is used. For other conunands and controllers, chieck the
arder und 1ype of characrers used as delimiters. When the LEAM or
WM instruction is used, a CR or LI is not sent by the 35824 after
the binary string, nor is it looked for after a binary string is received
Srom the controlier,

After the instruction is given, the controller may send the data as a character string o1 as
individual bytes. (Character strings may be composed of 8 bit bytes and are one of the faster
methods for transferring data between the controller and the 3582A0) See EXAMPLE
FLOWCHARTS AND PROGRAMS.

3-215. Memory Locations.

3-216. The principal memory locations of interest are given as {follows:

s

B
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Start Address Niunber of Words

Description (M, ocral) (N, decimal) Binary Format
Time Record TUBOO 1024 Numernic
Display 74000 312 Alphanumeric
Front Panel Switches 77454 5 Numeric
Stored Trace 2 75400 256 Numeric

3-217. INSTRUMENT SIGNAL PROCESSING CONTROL AND STATUS.
3-218. Service Request.

3-219. Service Request (SRQ) is set only as a result of syntax errors caused by improper
HP-1B commands. It is cleared by a DEVICE CLEAR or cleared as the result of a SERIAL
POLL. When cleared, the five bit status byte returned will always consist of zeros.

3-220. Status Word.

3-221. The status word may be used to determine what operational state the 3582A is in.
The eight bit status word contains the following information:

Bit Value Meaning

0 1 Diagnostic on screen, Indicates current switch setting is invalid.
Set and cleared by 3582A.

] 2 Arm light is on. Set and cleared by 3582A 1o agree with arm
light on front panel.

2 4 A overload. Set by 3582A when

I. Time record is moved to FFT area or time record is
complete

2. and hardware overload has occurred

3. and A or BOTH INPUT MODE

3 8 B overload. Same as A.

4 16 Time record complete. Set when 1024 new time poinis have been
taken since last record complete. Set when time complere data
has been FFT'D and displayed. Use LSTI to check this flag! It
depends on internal flags which are cleared by LST#

6* 64 Average complele.

71 128 X-Y plot complete. if two traces are plotted. it is set alter the
final trace.

NOTE

The Status Word is not the same as the HP-18 STATUS BYTE.
The STATUS BYTE returned as the result of a serial poll will be
zeros since the only reason for an SRQ from the 35824 is incorrect
HP-IB commands,

3-222. The two commands for obtaining a statis word are:

3-50
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Comnand Description
.51 Reads status word
f 5 DEPIGS ¢ B e L e e,
{50 Koty statis wods St fhcn fogh

As with many other HIP-IB commands, the controlier first gives the compuand and then
reads the returning byvte into a vanable Tor decoding. The 1LSTO commuand resets the starred
bits after they are read so that new information may be entered on the next maching ovele.

3-223. Program Example.

=R~ SH0ER RETA Equivalen
1 “pro3aron Lo
demo LT cowmman
I:i s
1: moctsf-d 85 REMOTE
Byt 71ts Lotll DATA. LST1
2% d=p rdbitfliils DATA: Binary 8 bit word
el Vilsend LOCAL
*2ZEl

3-224. Processor Control Commands.

3-225. There are two processor control commands which can be used (0 improve data
transfer rates when large blocks of data are transmitted.

Command Description
HLET Unconditional halt at next HP-1B branch point
RUN Unconditional run

Without the use of these commands, the processor handles the HP-1B in an interrupt mode
of operation. When the HL'T command is given, the processor is stopped which allows prac-
tically direct memory access without unnecessary time delay. After the data is transferred,
the processor may be returned to normal operation by giving the RUN command. However,
no momentary buttons are processed when the processor is in the HET mode.

3-226. EXAMPLE FLOWCHARTS AND PROGRAMS.
3-227. Loading a Time Record Into Memory.

3-228. The following flowchart presents the fundamental steps needed 1o load a time record
into memory in the baseband 0-25 kHz mode. The time record should consist of 1024 data
points with cach point being a 16 bit 2's complement number (other magnitude ranges will
require scaling). The example Howchart (see Figure 3-46) includes scaling for a function
which has a range between + 1 and 1 and also conversion of the scaled number te an
integer.

51
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G

Start

Reserve Memory For Vari

ables

Send Commands (DATA)
SPRST, URPQY, UHLTY

¥

Sena Command [(DATA)
“WTM, 70000,1024

¥

Set Counter | = 1

e
¥
Memory Storage
A= 1{h
1 =sA=1
¥
Scaling*®
A {2115 1)"A
+ * Only If You Desire A Full
Scale Time Record

Convert To integer A

integer A

Divide Waord (A) Into Two
B Bit Bytes And Store in
Vanables For Transmis
sion

q

Send DATA in Two B Bit
Bytes, Most Significant
Byte First

Increment Counter) = | 4
1

Send Commands {(DATA)
TRUNT, UTAYT

i

Finish

Figure 3-46. Storing . Time Record in Memory.
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3-229. Program Example. Writing to Memaory.

e BEIEH META Equivalent

5 ] proarap te
o WMTH cammarn

dem

% I REMOTE
L2 radswrt P11 DATA: TA1
6 1T L

™
—

P omdecidalm ALLSG
=247

: for I=1 to
1824

4 FZABAHsCcoz 2o

EI-11 200 1+RLT)

9! et

E-: toit l!'.L’i:TH?
Vaaag. tazg”

r: wrt ¢11.1 DATA: WTM, 70000,1024

@t beep

9: ftor I=1 to
tazd

10t wib Palysht | DATA: Most significant 8 bt byte
ALI]5!

11: wth 73lsbhand DATA: Least significant 8 bit byte
(255: A1)

12: neat 1
3t besp

1d: end

*9d el

3-230. Reading Binary Data From Memory.

3-231. The following flowchart presents the fundamental steps needed (o read data from
memory. A very useful function, derived from this operation, is the storage of data for long
periods of time. Remember that if the 3582A is turned off, all data in RAM is lost. As an
example, switch settings, time records, or the entire display may be stored in the controller
and then later written back into the 3582A memory (using a technique similar to entering a
time record but without the need for scaling since the data isell is merely being stored and
not operated on). The example flowchart (see Figure 3-47) includes scaling® but this step
may be skipped if the data is only to be stored,

3-232. The Learn Mode.

3-233. One method of programming the instrument is to use the PRS (preset) command and
then program the control settings as necessary. Another method involves the Learn Mode.
To use this method, the instrument controls are set up manually in the LOCAL mode of
operation. The switch settings may then be stored in the controller by accessing the five
switch registers using the LEM (list from memaory) command. At a later time when it is
desirable to duplicate the same switch settings, the controller may write the switch setings
back into the five switch registers using the WTM (write to memory) command.
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Reserve Memary For Vari
ables Inttiglize Varnables

¥

Send Commands (DATA)
"LEM, 700001024

¢

Set Counter | = 1

Read Two Bytes Of Data
{Most Significant Byte Is
Sent First) Into Two
Memory Locations

q

Combine Bytes Fram
Memory Into One Word

{A)
2
Scale Word*
A - AH2115 -1} *Only Nocessary H Data
-1 < A< 1 is Operated On,
v

Store Word ! 1 Memary

¥

Increment Counter! = | 4
1

Finish

Figure 3-47. Reading Binary Data From Memory.




-fipe= ALZER

H: “progeam 1o

demo learn mads
B g
L]

1: dim BLLI&]
2% dap “learn
prodde demonst rat

100
33 wrt Fli."LFM,
Pl T T
4: rdb 7111 2A01]
2t for I=2 to 1H
B rdbI71L15AT1]
inext 1
72 beepidzp "zui
toh zettipasz
learrmed®
20 owalt 1aass
beer
q: ol Fllibesrp
18: dzp "gprezz
cont Lo reproarp
ap o a5a2"

12: wrt 714, "NTH

32 wth TLLsACL]
: for I=2 1o

-

RS T S [
U]

1538 wth F11+AL1]
It pest [

17: beepiend
CHEARZ

3-234. Program Example: The Learn Mode (reading and writing to memory).

META Eqinvalent

REMOTE
DATA: LFM, 774545

DATA: Mast signiticant B bit byte

DATA: Least significant # it hyte;
remaming input alternates between
MSE and LSB thytes)

LOCAL

REMOTE
DATA: WIM, 77454 5

DATA: Most signiicant 8 bit byte

DATA: Least sigmficant 8 bit byte:
remamning output alternates botwoeen
MSB and LSB (bytes).
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3.235. Program Example: Plotting the Display.

i )t e R R META Equivalent

B "proaramg to
plot and annoto
te dizplay on
3 2ees plotter”

1: 1w AHLS12]a

FL12R] REMOTE
v LBS DATA: LDS

I

Z2a Gt F
21 red 711
d4: for I=1 14
2hRired T3l DATA: Each point + N.NNE + NN
HLI] separated by commas;
S mext | CRLF sent last

Boent UYmau"sBa
"Yamint. L

71 ozl 14256400 E
St axe 1:Cs 25 .6

elt Ts«HCI]

2 newnt I

wrt 711s"LAH DATA: LAN
"sred T11.AR% DATA: 128 ASCIl characters, CRLF

o ey
LT

O

11
» i e

LATELIB-C) 4+

2 mm cae e o

[
]

rlt 256.B
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