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The Agilent 35670A at a Glance (Front Panel)
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Agilent 35670A Front Panel

1-Use the softkeys to select items from the current
menu. A softkey’sfunction isindicated by avideo
label on the analyzer’ s screen. Throughout this
book, softkeys are printed like this:

[FFT ANALYSIS].

Hardkeys are front-panel buttons whose functions
are alwaysthe same. They have alabel printed
directly on the key itself. Throughout this book,
hardkeys are printed like this: [Inst M odé].

2-The analyzer’ s screen is divided into the menu
areaand the display area. The menu areadisplays
video labels for the softkeys. The data area
displays measurement data and information about
the parameter settings.

3-The [Rtn] key returns the menu to the previous
level.

4 -The POWER switch turns on the analyzer.

5 -Usethe SYSTEM keysto control various
system-level functions. These functions include
saving files, plotting measurement data, and
accessing online help.

6 -Use the disk drive to save your work on 3.5
inch flexible disks.

7-The knob moves the markers and the cursor. It
also steps through numeric values and scrolls
through online help.

8 -Usethe DISPLAY keys to control what
appears on the analyzer’ straces. They only affect
how datais displayed; DISPLAY keys do not
change measurement parameters. YOU can press
keysin the DISPLAY menus without losing
measurement parameters.

9 -Usethe MARKER keysto select avariety of
marker features.

10-Usethe MEASUREMENT keys to control the
analyzer’'s source and inputs. They also control
measurement parameters. You must make a new
measurement if you change a
MEASUREMENT parameter.

11-Use the numeric-entry keysto enter anumeric
value.

12-The microphone power connector provides
power (8 Vdc) for the Microphone Adapter Kit
(Option UK4).

13-The connector area of the front panel has two
different configurations. The standard analyzer
has a source output connector and two input
connectors. The 4-channel analyzer (Option AY 6)
has four input connectors.

Range indicators are located next to each input
connector. The upper LED isthe over-range
indicator (the signal level exceeds the current
range setting). Thelower LED isthe half range
indicator (the signal level exceeds half the current
range setting).

14-A source on/off indicator islocated at the left
edge of the connector area.

The standard Agilent 35670A (2-channel) hasa
source connector on the front panel.



The Agilent 35670A at a Glance (Rear Panel)
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Agilent 35670A Rear Panel

1-The GPIB connector links the Agilent 35670A
to other GPIB devices. GPIB parameters are set in

the [L ocal/GPI B] and [Plot/Print] menus.

2-The SERIAL PORT and the PARALLEL
PORT link the analyzer to plotters and printers.
These parameters are set in the [Plot/Print] menu.

3-The SOURCE connector outputs the analyzer's
source signal. An LED on the front panel
indicatesif the sourceison or off. The source
parameters are set in the [Sour ce] menu.

The standard Agilent 35670A (2-channel) also has
a source connector on the front panel.

4-The EXT TRIG connector links the analyzer to
an external trigger signal. The external trigger
parameters are set in the [Trigger] menu.

5-The TACH connector links the analyzer to a
tachometer. The tachometer parameters are setin
the [Input] menu.

6-The KEY BOARD connector attaches an
optional keyboard to the analyzer.

/-The DC POWER connector accepts DC power
levelsfrom 12 - 28 Vdc (nominal).

8-The AC POWER connector accept awide range
of ac voltage levels.

9-The POWER SELECT switch determines
whether the analyzer is powered viathe AC
POWER connector or the DC POWER connector.

10-The EXT MONITOR port links the analyzer
to multi-sync monitors.






Saftey Summary

The following general safety precautions must be observed during all phases of
operation of this instrument. Failure to comply with these precautions or with
specific warnings elsewhere in this manual violates safety standards of design,
manufacture, and intended use of the instrument. Agilent Technologies, Inc.
assumes no liability for the customer’s failure to comply with these requirements.

GENERAL

This product is a Safety Class 1 instrument (provided with a protective earth
terminal). The protective features of this product may be impaired if it is used in
a manner not specified in the operation instructions.

All Light Emitting Diodes (LEDs) used in this product are Class 1 LEDs as per
[EC 60825-1.

ENVIRONMENTAL CONDITIONS

This instrument is intended for indoor use in an installation category II,
pollution degree 2 environment. It is designed to operate at a maximum relative
humidity of 95% and at altitudes of up to 2000 meters. Refer to the
specifications tables for the ac mains voltage requirements and ambient
operating temperature range.

BEFORE APPLYING POWER

Verify that the product is set to match the available line voltage, the correct fuse
is installed, and all safety precautions are taken. Note the instrument’s external
markings described under Safety Symbols.

GROUND THE INSTRUMENT

To minimize shock hazard, the instrument chassis and cover must be connected
to an electrical protective earth ground. The instrument must be connected to
the ac power mains through a grounded power cable, with the ground wire
firmly connected to an electrical ground (safety ground) at the power outlet.
Any interruption of the protective (grounding) conductor or disconnection of
the protective earth terminal will cause a potential shock hazard that could
result in personal injury.



WARNING

Caution

FUSES

Only fuses with the required rated current, voltage, and specified type (normal
blow, time delay, etc.) should be used. Do not use repaired fuses or
short-circuited fuse holders. To do so could cause a shock or fire hazard.

DO NOT OPERATE IN AN EXPLOSIVE ATMOSPHERE
Do not operate the instrument in the presence of flammable gases or fumes.

DO NOT REMOVE THE INSTRUMENT COVER

Operating personnel must not remove instrument covers. Component
replacement and internal adjustments must be made only by qualified service
personnel.

Instruments that appear damaged or defective should be made inoperative and
secured against unintended operation until they can be repaired by qualified
service personnel.

The WARNING sign denotes a hazard. It calls attention to a procedure,
practice, or the like, which, if not correctly performed or adhered to,
could result in personal injury. Do not proceed beyond a WARNING
sign until the indicated conditions are fully understood and met.

The CAUTION sign denotes a hazard. It calls attention to an operating
procedure, or the like, which, if not correctly performed or adhered to, could
result in damage to or destruction of part or all of the product. Do not proceed
beyond a CAUTION sign until the indicated conditions are fully understood and
met.



Safety Symbols

A Warning, risk of electric shock

A Caution, refer to accompanying documents

——— Alternating current

= Both direct and alternating current

1

Earth (ground) terminal

D

Protective earth (ground) terminal

Frame or chassis terminal

4
1

Terminal is at earth potential.

I
O Standby (supply). Units with this symbol are not completely disconnected from ac mains when
this switch is off
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Setting Up a
M easurement

The following seven chapters present a variety of measurements you can make
with the Agilent 35670A and its options. Each chapter focuses on a different
type of measurement.

« Rotating Machinery Chapter 1
e Structures Chapter 2
e Sound/Acoustics Chapter 3
o Spectraand Networks Chapter 4
o Control Systems Chapter 5

In addition, the last two chapters show you how to use the analyzer’ s optional
arbitrary source (chapter 6) and the analyzer’ s time capture buffer (chapter 7).

Each measurement follows a basic procedure. Depending upon the
measurement, some steps may be eliminated or be revised. Generaly, the
procedureis asfollows:

Initialize the analyzer.

M ake connections.

Specify the measurement parameters.

Specify the triggering and averaging parameters.
Configure the display.

Measure the device-under-test (DUT).

o OB~ WN P

In the event that the specific measurement you wish to make is not presented in
this book, look for a similar measurement and use the procedure as a guideline.
In some cases, the procedure will instruct you to select a preset value. Thisis
done to acquaint you with the menu selections and give you the opportunity to
select adifferent setting.

The following discussion presents an overview of the basic measurement.
Detailed information is presented for each step to assist you in making the
appropriate selection.
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Agilent 35670A
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Initialize the analyzer

This step initializes the analyzer to a known state, selects the instrument mode
and the number of channels, and measurement data.

Pr eset

Most measurements begin by presetting the analyzer to a known state. this
known state provides a convenient starting point when you are setting up a
measurement.

Instrument mode/ number of channels

When you specify an instrument mode you are asking the analyzer to acquire
input data and processit in acertain way. When equipped with afull
complement of options, the Agilent 35670A functions as a spectrum analyzer,
network analyzer, acoustic sound level meter, acoustic intensity analyzer,
vibration analyzer, audio-frequency oscilloscope and amplitude-domain
anayzer.

To use each of these different “instruments,” you can press the [Inst Mode]
hardkey. Then press the appropriate softkey to select an appropriate instrument
mode. The standard Agilent 35670A is equipped with the following
instrument modes:

o FFT Anaysis

e Correlation Analysis

« Histogram/Time

Additionally, your Agilent 35670A may be equipped with the following
optional instrument modes.

e Octave Analysis

e Order Analysis

e Swept Sine

Some measurement features are unavailable with certain instrument modes.
(Aninactive softkey appears “ghosted.”) Softkey menus change depending on

the instrument mode you have selected. The preset instrument mode is FFT
anaysis.
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Agilent 35670A
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The [Inst Mode] menu allows you to select the number of channels for your
measurement. The preset selection is a two-channel measurement, set for
Channel 1 and Channel 2.

The instrument mode and the number of channels affects the way the analyzer
collectsinput data. (Infact, all the hardkeysin the front panel’s Measurement
Group affect the way the analyzer collects input data.) If you change
something with any of these keys, the analyzer must retake a measurement.

M easurement data

Each of the six instrument modes has its own set of available measurement
data. When you select atype of measurement data, you are instructing the
analyzer to display a particular piece of the measurement data that has already
been acquired. Measurement data is selected with the [Meas Data] hardkey
which is part of the front panel’s Display group. If you pressakey in this
group, al you are doing is selecting which type of data you want to
display—you are not changing the way the analyzer makes measurements.

The following table shows the measurement data available with each
instrument mode. For more information about this measurement data, see
online help.
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Setting Up a Measurement Operator's Guide

M easur ement data available with each instrument mode

. Octave Order : Correlation  Histogram
FFT analysis . . Swept Sine . X
y Analysis Analysis P Analysis [Time
Power Spec * > >
CH1/2/3/4 yes yes yes
Linear Spec * *
CH1/2/3/4 yes yes
Time * * > * b
Channel 1/2/3/4 yes yes yes yes yes
Windowed Time * *
Chan 1/2/3/4 yes yes
Frequency
Response 2/1 yes yes
Frequency * >
Response 3/1 yes yes
Frequency > y
Response 4/1 yes yes
Frequency * y
Response 4/3 yes yes
Coherence 2/1 yes-r
>t
Coherence 3/1 yes
>t
Coherence 4/1 yes
*t
Coherence 4/3 yes
Cross
Spectrum 2/1 yes yes
Cross Spectrum * *
3 yes yes
Cross Spectrum * >
4/1 yes yes
Cross Spectrum * *
- yes yes
Orbit 2/1 yeS yes
* *
Orbit 3/1 yeS yeS
* *
Orbit 4/1 yes yes
* *
Orbit 4/3 yes yes

* Channels 3 and 4 available only with Agilent 35670A Option AY6

T Available only when averaging is turned on

*In Histogram/Time mode, time datais called “unfiltered time” data
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M easurement data available with each instrument mode (continued)

Octave Order Correlation

Analysis Analysis Swept Sine Analysis Histogram

FFT analysis

Math Function yes yes yes yes yes yes

Data Register yes§ yes§ yes§ yes§ yes § yes§

fall
V;:;?;er yes yes yes yes yes yes

Cap tur e $* 6’k $* $* 6* 6*
S Y y y y y y

Composite g
Power CH1/2/3/4 yes

Order Track >
CHY/2/3/4 yes

RPM Profile yes

Normalized
Variance yes
CHY/2/3/4

Auto
Correlation yes
CH1/2/3/4

Cross
Correlation 2/1 yes

Cross
Correlation 3/1 yes

Cross
Correlation 4/1 yes

Cross
Correlation 4/3 yes

Histogram
CH1/2/3/4 yes

PDF' CH1/2/3/4 yes

CDF¥CHY/2/3/4 yes

Channels 3 and 4 available only with Agilent 35670A Option AY 6
T Probability Density Function
Cumulative Density Function
Dataregisters are unique in that they allow you to transport data from one instrument mode to another

: Available only when Track is ON in the [Fr eq] menu.
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Connect the device-under -test/signal source

Each task illustrates the measurement setup. In most cases, the standard
two-channel Agilent 35670A isused in theillustration. If you are using a
four-channel analyzer (Option AY 6), the source connector is located on the
rear panel. (The two-channel analyzer has a source connector on both the front
and rear panels.)

Set measurement parameters

Measurement parameters affect the way the analyzer takes input data. Most of
these selections are grouped under a set of hardkeysin the front panel’s
Measurement Group. If you change a parameter under one of these menus you
need to take new data.

Specifying frequency data

The Agilent 35670A has a default resolution of 400 lines (401 points, or
bins)—and you can specify 800, 200, or 100 lines of display resolution.
However, for agiven display resolution, narrower spans have finer frequency
resolution. Thisis because the same number of display points represents a
smaller range of frequencies.

Full-span measurements let you view the entire frequency spectrum on one
display. With the Agilent 35670A, the spectrum can extend from O Hz to
102.4 kHz for one-channel measurements, up to 51.2 kHz for two-channel
measurements, and 25.6 kHz for four-channel measurements. This provides a
frequency resolution, at full-span and 400 lines of resolution, of 256 Hz, 128
Hz, and 64 Hz respectively.

Alternatively, you may wish to view smaller slices of the frequency spectrum.
Y ou can select any number of different spans and position these spans where
you want by specifying their start or center frequencies. Y ou can also select
different spans by specifying a center frequency and a span width. This
process of viewing smaller spansis sometimes called “zooming” or
“band-selectable analysis.”

M easurements with spans that start at 0 Hz are often called baseband
measurements. Those with spans that start at frequencies other than 0 Hz are
often called zoomed measurements.
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Frequency Resolution

The frequency resolution of an FFT
analyzer isusually stated in number of
lines. The most common offerings are
400 and 800 lines, although

some analyzers—such as the

Agilent 35670A— offer variable
resolution. A 400-line FFT analyzer,
set up to display a4 kHz span, would
have afrequency resolution of

4000 Hz per 400 lines—10 Hz per line.

The length of the time record
determines how long agiven
measurement will take and the
maximum frequency that you can
measure.

For example, an 800-line analyzer
measuring a 1 kHz span requiresa 0.8
second time record. A 3200-line
analyzer measuring the same 1 kHz

span requires a 3.2-second time record.

Thisrelationshipis

Setting Up a Measurement

independent of processing speed. The
smaller the span, the longer the time
record required.

Y ou can easily make calculations to
determine values for four inter-related
functions; maximum frequency,
time-record length, frequency
resolution, and frequency span:

e Maximum frequency =
(N/2) x (L/time-record length),
where N=number of samples

e Timerecord length =
number of lines/frequency span

o Frequency resolution = 1/time-record
length

o Frequency span =
(frequency resolution x FFT lines)
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Configuring theinputs

The standard Agilent 35670A has two input connectors on the front panel.
Option AY 6 has four input connectors on the front panel. Each input channel
is single-ended and has an input impedance of 1 Megohm, shunted by a
capacitance of less than 100 pF. When the analyzer isin 1-channel mode, only
one input is connected, in 2-channel mode, two inputs are connected, and in
4-channel mode, all four inputs are connected.

Here are some of the different ways to configure each input channel:

« grounded/floating input
« coupling ac/dc

o anti-aiasfilter on/off

« autoranging on/off

o A-weight filter on/off

¢ ICP power supply on/off

Y ou can also specify transducer units from the input menu. Transducer units
are useful when making measurements with calibrated transducers such as
microphones or accelerometers.

In addition, the Agilent 35670A also has atachometer input and an external
trigger input. Both of these connectors are on the rear panel.

Input range

The analyzer has 40 input ranges, from -51 dBVrmsto +27 dBVrmsin 2 dB
increments. Y ou can set the input range manually, or you can use the
anayzer’s autoranging feature. If autoranging ison, the analyzer automatically
selects aless-sensitive range if the signal exceeds the current input range. To
make the best measurement possible, you should carefully consider the method
you use to set the input range—setting the range manually or using autorange.

Maximum Input Range (+27dBVrms) and its maximum valuesin equivalent units

dBVrms dBV (peak) Vrms V(peak)
+27 dBVrms +30.01 dBV (peak) +22.39 Vrms +31.66 V (peak)

Minimum Input Range (-51dBVrms) and its minimum valuesin equivalent units

dBVrms dBV (peak) Vrms V(peak)
-51dBVrms —47.99 dBV (peak) +2.818 mVrms +3.986 mV (peak)

Part -8
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Input overload
The overload status indicators are located next to each input connector. There
isalsoan status message that may appear at the bottom of the analyzer’s

display.

If an input channel is currently overloaded the indicator lightsup. The
status message appearsif an input channel is overloaded and the analyzer is
unable to change to aless-sensitive range. This occursif you exceed the
anayzer’s maximum input range (+27 dBv). If you turn off autorange, the
message appears anytime you exceed the current input range.

The analyzer’ s response to an overload condition varies. |f autoranging ison,
an overload condition ssimply causes the anayzer to change to aless-sensitive
input range—unless the maximum input range is already selected. If you are
making an averaged measurement and an overload occurs, the analyzer begins
anew series of averages.

In some cases, the message remains on the display even when thereis
no longer an overload condition. Thislets you know that an overload
condition has affected a measurement in progress. Consider this example: you
are making an averaged measurement using afixed input range. At some point
during the measurement, an overload occurs. Because the analyzer does not
autorange and restart the measurement (because autoranging is off), the
message remains to let you know that an overload conditions has corrupted the
averaged data.

Although the analyzer’ sinput has protection circuitry, signals greater than the
following (referenced to ground) may damage the analyzer:

o * 42 volts (peak) applied to the center conductor of the input connector.
e * 4volts (peak) applied to the shell of the input connector (in float mode).

Input overload detection is sensitive to broadband signals—this means that the
anayzer senses overload conditions even if the over-range frequency
component is outside the analyzer’ s current frequency span. Thus the overload
status indicators or the status message may appear even if you are
viewing afrequency span with no over-range components.
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Autoranging

When autoranging is on, the analyzer continuously monitors the amplitude of
the input signals and, if necessary, automatically changes the input range. If
the input signal increases enough to exceed the current input range, the
analyzer changes to aless-sensitive input range. When autoranging occurs,
the analyzer displaysthe message. If you are making
an averaged measurement and autoranging occurs, the analyzer begins a new
series of averages.

Y ou can set the input range manually when you want to maintain a specific
input range setting. Ideadly, the signal peak should fall in the upper half of the
currently-selected input range.

If you set the input range too low (more sensitive than necessary), the
anayzer’sinput circuitry will introduce distortion into the measurement. But if
you set the input range too high (less sensitive than necessary), the resulting
loss of dynamic range will introduce additional noise—in some cases, the
increase in the noise floor may even obscure low-level frequency components.

If you use afixed input range, thereis approximately 2 dB of headroom at the
top of each range before the input channel distorts. So if you are using afixed
input range, an overload condition does not occur unless you exceed this level.
Thisisimportant to know, particularly for rotating machinery measurements
where transient signals often exceed the desired input range.

Configuring the source

The analyzer’ s source can supply a number of different waveforms. For
example, you can select any of the following waveforms with the FFT Analysis
mode (keep in mind that not all source waveforms are available with each
instrument mode):

« random noise

e burst random

 periodic chirp

« burst chirp

e pink noise

o fixed sine

« arbitrary source (optional)
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Sour ce impedance

The analyzer’ s source impedance is very low (lessthan 5 ohms) and is
designed to be operated into nearly any type of load. If your device-under-test
required a specific source impedance, be sure to place an appropriate resistor in
series with the analyzer’ s source output. For example, if your
device-under-test requires a source impedance of approximately 600 ohms, you
can insert a590 ohm resistor in series with the analyzer’ s source output.

Caution Although the analyzer’ s source has protection circuitry, do not apply more than + 42
volts (peak) to the center conductor of the source connector (referenced to ground).

Source Waveforms avail able with each instrument mode

FFT Octave Order Swept  Correlation Histogram/

analysis Analysis  Analysis Sine Analysis Time

Random Noise yes yes yes yes yes

Burst Random yes yes yes

Periodic Chirp yes yes yes

Burst Chirp yes yes yes

Pink Noise yes yes yes yes yes

Fixed Sine yes yes yes yes yes

Arbitrary Source yes” yes* yes*
Swept Sine yes i

* Available only with Option 1D4
¥ Available only with Option 1D2
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Selecting a windowing function

A window is atime-domain weighting function applied to the input signal. A
window is afilter used to remove signals that are not periodic (and therefore
spurious) within the input time record. Depending on the window, the analyzer
attenuates certain parts of the input time record, to prevent leakage—a
smearing of energy across the frequency spectrum—caused by transforming
signals that are not periodic within the time record.

The Agilent 35670A has several window types available. Each window offers
particular advantages. Because each window type produces different
measurement results (just how different depends on the characteristics of the
input signal and how you trigger on it), you should carefully select a window
type appropriate for the measurement you are trying to make.

To learn about the analyzer’ s windowing function, see online help or Agilent
Technologies, Inc. Application Note 243 (available from your local

Agilent Sales/Service Office). Additiona information is also available in the
accessory Agilent 35288, DSA Concept Documentation.

Specify thetriggering and aver aging parameters

Triggering tells the analyzer to begin collecting data. For some measurements,
averaging lets you discriminate between random events (noise, for example)
and components that are actually part of the signal you want to characterize.
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Triggering

Starting a measurement is athree-state process. Thefirst stage is pressing the
[ start ] key, the second stage is arming the measurement, and the third stage is
triggering.

Arming merely enables the analyzer to respond to atrigger. Triggering tells
the analyzer to begin collecting data. Both arming and triggering can be
automatic or subject to specified conditions. If you specify automatic arming
and free run triggering, the analyzer begins collecting data as soon as you press
the [start] key.

The Agilent 35670A has several different types of triggering. You can select a
particular trigger to ensure that the analyzer samples input data at an
appropriate time—for example, to synchronize a measurement with an external
device. Not al trigger types are available with every instrument mode.

The trigger types available include the following:

o Free Run Trigger. The analyzer collects data continuously, without waiting for a
trigger signal.

» External Trigger. The analyzer triggers when the specified trigger conditions are
met at the external trigger input on the rear panel.

e Channel Trigger. The analyzer triggers when the trigger conditions are met at the
specified channel’ s input connector.

e Source Trigger. The analyzer triggers from the internal source.

o GPIB Trigger. The analyzer triggers when it receives an appropriate GPIB
command.

The following table lists the trigger types available for each instrument mode.
For detailed information on specific trigger types, see online help.

Part |-13



Agilent 35670A
Setting Up a Measurement Operator's Guide

Instrument Mode

Trigger Type FFT. Octaye Ordq Swept Sine Correlatlion Histqgram/
analysis Analysis Analysis Analysis Time

FreeRun yes yes yes yes yes
External yes yes yes yes yes
Channel 1 yes yes yes
Channel 2 yes yes yes
Channel 3 yes yes yes
Channd 4 yes* yes* yeS*

Source yes yes yes

GPIB yes yes yes yes

* Available only with Agilent 35670A Option AY6

Delay You can use apre- or post-trigger delay to make the analyzer trigger before or
after the trigger signal. 'Y ou can monitor the effect of the delay by viewing time
channel data (or windowed time channel data).

To set apre-trigger delay, you specify a negative value (asin -10 msec). To set a
post-trigger, you specify apositive (asin 10 msec). The default trigger delay is 0.

The amount of trigger delay possible varies with the width of the current frequency
span. Thisis because the smaller the frequency span, the longer the time record. With
multiple input channesls, the difference between the delay specified for the “earliest”
channel and the delay specified for the “latest” channel is dependent upon the
frequency resolution as shown in the table below. For more information, see online
help.

Resolution Maximum Delay Difference Maximum Delay Difference
(lines) (samples) (timerecords)
800 6144 3
400 7168 7
200 7680 15
100 7936 31
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To accomplish a post-trigger delay, the analyzer holds off a measurement until
the specified delay time has elapsed. Pre-trigger delay is more complicated.
The analyzer uses a special trigger event buffer that is dedicated to storing
seven time records worth of input data. When the trigger occurs, the analyzer
goes back into thistrigger buffer to obtain input data that is older than the
current input data.

Tachometer input Thereisan input for atachometer signal on the rear panel of the
Agilent 35670A. This accepts a pulse from atachometer mounted on rotating
machinery. Thetachometer signal is used to trigger the analyzer during order track
measurements.

The tach signal must have afairly linear region that is stable in amplitude throughout
the RPM range that you want to measure. The tach pul se width need not be constant
because only the leading (or trailing edge) of the tach signal isused. It isnot
necessary for the tach signal to have afast rise-time (sine waves, for example, are
acceptable).

Averaging

An average isaseries of combined measurement results that incorporates
anywhere from 1 t0 9,999,999 averages. Asthe analyzer makes a series of
averages, the results from the last completed measurement are combined,
point-by-point, with the previous measurement. These combined results are
retained and displayed as they are updated.

To increase the speed of averaged measurements, you can select fast
averaging. For fast averaging, the analyzer does not update the displayed
measurement after each average but instead, displays measurement results only
after a certain number of averages.

When the analyzer compl etes a series of averages, you can restart the
measurement or you can continue the measurement. If you restart the
measurement, the average count goes back to 0 and begins again. If you
continue the measurement, the analyzer adds the next series of averagesto the
results of the previous measurement—for example, if you' ve taken 25
averages, continuing the measurement (by pressing [Pause-Cont]) adds another
25 averages to make atotal of 50 averages for that particular measurement.
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Averaging and (and related features) available with each instrument mode
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FFT_ Octav_e Order_ Swept Sine CorreIaI_ion Histc_;gram/
analysis Analysis Analysis Analysis Time
RMS yes yes
RMS Exponentia yes yes
Peak Hold yes yes’
Linear yes
Exponential yes
Equal Confidence yes
Time yes yes yes
Time Exponential yes yes yes
Fast Average yes yes ¥ yes yes
Settle Time yes
Integrate Time yes
Overlap capability yes yes
Repeat capability yes yes yes yes yes
Preview capability yes
Overload reject yes yes

* Peak Hold in Octave mode is different than in other modes—see online help for explanation

Fast Averaging in Swept Sine mode is different than in other modes—see online help for explanation
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Configuring the display

Once you select both an instrument mode and appropriate measurement data,
configuring the display lets you specify how you want to look at the selected
measurement data.

Display format
Y ou can use the analyzer’ s [Disp Format] menu to view measurement dataiin the
following formats:

e single

« upper/lower

o front/back

« upper/big lower
e quad

e measurement state
o Bode diagram

Not al display formats are appropriate for al instrument modes. Those
formats that are inappropriate for a particular mode are unavailable when that
instrument mode is active.

In addition, you can reduce the amount of information on the screen if you use
the following display format features:

« grid on off

« blank annotation
« blank display

« tracetitle

« default title on/off
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Trace coordinates

The dB magnitude trace coordinate is the most common way to view
measurement data. However, other trace coordinates are also useful and can
reveal information not visible from the dB magnitude display. Hereisalist of
the available trace coordinates:

« linear magnitude

o logarithmic magnitude
« dB magnitude

e phase

 unwrapped phase

o red part

e imaginary part

» Nyquist diagram
 polar diagram

e group delay

o linear or logarithmic X-axis

These trace coordinates are available with most combinations of instrument
mode and measurement data. There are, however, some cases where certain
trace coordinates do not apply to particular measurements—if this happens, the
inappropriate softkey will be “ghosted.” For example, when you select the
FFT analysisinstrument mode and then select an orbit measurement, all trace
coordinates except the [ReaL PART] Softkey are ghosted.
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Scaling the display
The arrow keys and the knob are especially useful in the [Sscale] menu, since
they let you quickly change the vertical scaling.

Autoscaling Autoscaling lets the analyzer automatically select a vertical scale that best
fitsthe active trace. If autoscaling isleft on, the analyzer adjusts the scale, if
necessary, each time the display is updated. If you prefer, you can select the scale
manually using the other softkeysin the [Scale] menu.

Keep in mind that autoscaling can affect awaterfall display. If the scale changes, the
analyzer clearsthe waterfall display and displays the next traces using the new scale.
This affects only the display, not the measurement. The cleared traces are still kept in
the waterfall buffer.

Scalereferences If you do not want to use autoscaling, you can select top, center, or
bottom scale reference. The analyzer keeps this reference, regardless of your choice of
y-unitg/division.

For example, if you are viewing frequency response data on the active trace, setting a
top reference of 20 dB means that the top of the line in the display graticule is always
at +20 dB. If you changetheY per div value, thetop of the scale remains at +20 dB
and the bottom of the scale changes accordingly.

Input rangetracking Y ou can use input range tracking to reference the scale to the
input range currently in use. This behavior varies according to the trace coordinate
you’ ve selected:

« For linear magnitude traces, the bottom reference always stays at zero. The'Y per
div is adjusted so the top of the scaleis greater than or equal to the current input range.

« For logarithmic magnitude and dB magnitude traces, the top reference always stays
at the current input range.

« For real and imaginary traces, the center reference always stays at zero. The 'Y per
div is adjusted so the top of the scaleis greater than or equal to the current input range.

« Phase traces do not use input range tracking. Input range tracking is turned off
during an autoscale procedure or when you changethe Y per div for real, imaginary,
or linear magnitude traces.

Input range tracking is not available when you display frequency response,
coherence, or math functions.
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Adjusting the units/ scaledivision Y ou can adjust the units/scale division by using the
[y PER DIV (DECADES)] softkey. For linear Y-axis, this specifies the number of units
per vertical scale division. For alog Y -axis, this specifies the number of decades
displayed.

When you select a new scale spacing, the currently active reference (top reference,
center reference, or bottom reference) is held the same and the rest of the scale

adjusted around thislevel. By the way, the reference softkey with abox around it is
the currently-active reference.

Matching X and Y scales Y ou can use the [MATCH X SCALE] softkey to set the X-axis
scale of theinactive trace to the active trace. The [MATCH Y SCALE] softkey is similar,
but setsthe Y -axis scales to the same scaling.

Thisletsyou easily set both traces to identical X-axisor Y-axisscales. Thismakesit
easier to compare data on both traces, particularly when you have the upper/lower or
front/back display formats selected.

Axesscalemarkers The Agilent 35670A offers afeature called axes scaling. Thislets
you expand the displayed trace to examine it more closely. Using the axes scale
markers, you can:

e Specify X-axisor Y-axis scaling.

o Move markers using the knob or numeric entry keys.

e Returnto afull-span display.

« Expand the band identified by the markersto fill the display.

« Specify which of the markers should hold its position and which should move.

It isimportant to remember that axes scaling only expands the displayed
data—it does not give you better measurement resolution. 1f you need more
resolution to interpret a measurement, either increase the display resolution or
reduce the analyzer’ s frequency span—then make another measurement.

To learn more about the axes scale markers, see online help.

M easur e the device-under-test / signal source

To begin ameasurement press the [start] key. [start]clears all measurement
datafrom the analyzer’ s buffers.

The [Pause-Cont] key stops the analyzer in the middle of a measurement. The
analyzer displays the measurement as completed so far. Press [Pause-Cont]
once more to continue the measurement—the analyzer begins where it left off.
[Pause-Cont] does not clear the analyzer’s buffers.
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Measuring Rotating
Machinery

This chapter shows you how to connect and calibrate transducers. It also shows you
how to make severa typical rotating machinery measurements. Most of these
measurements are made using the analyzer’ s order analysis mode—available only if

your analyzer is equipped with Option 1DO.
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To connect transducers

1 Press[input] [ALL CHANNELS] [FRONT END CH* SETUF].

2 If you are using ICP transducers, press [IcP SUPLY ON OFF] to highlight ON.

or
If you are using other types of transducers, press [IcP SUPLY ON OFF] to highlight OFF.

3 Connect the transducer output cables to the analyzer’ s input channels, as shown in the
illustration.

Y ou may also want to ac-couple an input channel if the corresponding transducer
produces a significant amount of dc offset. Selecting ac-coupling prevents the dc
overloads that can occur as you increase the channel’ s sensitivity. You can select

ac-coupling by pressing [COUPLING AC Dc]—Iocated under
[FRONT END cH* SETUP]—t0 highlight AC. (The analyzer does this automatically

when you turn on a channel’ s |CP power supply.)

If you preset the analyzer all |CP power supplies will be turned off and all channels
will be set to de-coupling. Asaresult, you may need to repeat some parts of this task

after a preset.

Option AY6
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To specify atransducer’ s unit and sensitivity

1 Connect your transducers as described in the preceding task.

2 Press [Input], then press[cHANNEL 1 2] (or [CHANNEL 12 34]) to highlight the channel
connected to the transducer.

3 Press [XDCR UNIT CHx SETUP] [XDCR UNIT LABEL]. (Y ou can also press
[MORE cHoICES] to display additional units.)

4 1 one of the displayed menus includes your transducer’ s input unit, press the
corresponding softkey.
or
If neither menu includes your transducer’ s input unit, you can enter the unit yourself
(from the [MORE CHOICES] menu): press [USER LABEL] [USER UNIT LABEL]
[CLEAR ENTRY], then type alabel and press [ENTER].

5 Press [Input] [XDCR UNIT CHx SETUP] [XDCR SENSITVTY] <number> <unit>.

6 If you want the new unit and sensitivity factored into displayed amplitudes, press
[XDCR UNIT ON OFF] to highlight ON.

The Agilent 35670A alows you to measure mechanical devices with atransducer.
The transducer must produce an output voltage that’s proportional to some input
energy over the range of frequencies measured. The unit you specify in thistask isthe
one that’s used to quantify the input energy. The sensitivity you enter isthe nominal
sensitivity (or calibration factor) of the transducer. The unit and sensitivity settings
are not lost when you preset or turn off the analyzer. Their use is disabled, however,
because [XDCR UNIT ON OFF] is set to OFF.

Thereis an advantage to directly selecting your transducer’ s input unit instead of
entering auser unit label in step 3. If you select one of the acceleration, velocity, or
displacement units, you will be able to quickly convert displayed amplitudes from one
of these units to another. For more information, see“To convert adisplayed
transducer unit” in chapter 11.

Y ou can enter transducer sensitivity in V/EU, EU/V, or dB referenced to 1 V/EU. (EU
is an abbreviation for engineering units—an alternate name for transducer units.) |If
you have a calibrator available, you may prefer to calibrate your transducers instead of
entering their nominal sensitivities. The next task shows you how to calibrate a
transducer.
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To cdlibrate atransducer

Thistask uses acalibrator, the FFT instrument mode, and the

[cAL VALUE AT MARKER] softkey to calibrate atransducer. If you don’t have a
calibrator, you should enter the nominal transducer sensitivity as described in the
previous task.

1 Initidize the analyzer.

Press [Preset] [DO PRESET].

Press[Inst Mode] [FFT ANALYSIS].

Press[CHANNELS 1 2] (or [CHANNELS 1 2 4]) to highlight the number of channels you
want activated.

Press [Meas Data], then press [CHANNEL 1 2] (or [CHANNEL 1 2 3 4]) to highlight the
channel whose transducer you will calibrate.

Press [PWR SPEC CHANNEL x].

2 Match the active trace’ s display unit to the calibrator’ s output unit.

Press [Input], then press [CHANNEL 1 2] (or [CHANNEL 12 34]) to highlight the channel
whose transducer you will calibrate.

Press [XDCR UNIT CHx SETUP] [XDCR UNIT LABEL], then press the softkey
corresponding to your calibrator’s output unit. (Additional units are displayed when
you press [MORE CHOICES].)

Press[Input] [XDCR UNIT CHx SETUP], then press [XxDcR UNIT ON OFF] to highlight ON.
Press|[Trace Coord] [Y UNITS] [EU].

Press [AMPLITUDE PK PPRMS] to highlight one of the following: PK if your

calibrator’ s output amplitude is specified as a peak value, PPif it is specified asa
peak-to-peak value, or RMSif it is specified as a root-mean-square val ue.

Option AY6
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3 Connect the transducer’s output cable to the analyzer as described at the beginning of
this chapter, then secure the transducer to the calibrator.

4 Specify the measurement parameters.
Press[Freq] [sPAN], then press the down-arrow key if you want to reduce the

frequency span.
Press [Window] [FLAT TOP] to maximize amplitude accuracy.

5 Press[scale], then press [AUTOSCALE ON OFF] to highlight ON.
6 Turn on the calibrator, then press [Start].

7 After the display has been updated at least once, move the marker to the calibrator’s
output frequency and enter calibrator’ s output amplitude.

Press [Marker] [MARKER TO PEAK].
Press [Input] [XDCR UNIT CHx SETUP] [CAL VALUE AT MARKER], then type the
calibrator’ s specified output amplitude and press[ENTER].

The analyzer uses the number you enter in [CAL VALUE AT MKR] to calculate a new
valuefor [xDcr SENSITVTY]. Thisnew value isthe calibration factor that ensures the
accuracy of your transducer measurements. The analyzer automatically storesthis
value and the [xDCR UNIT LABEL] valuein nonvolatile memory, so they will not be
lost at preset or power-down. However, the values will be used only when

[XDCR UNIT ON OFF] is set to ON.

Hindow Type: Flattop
[FFT]

Y-axis readout matches
calibration amplitude after you
complete this task.

decadesf|

1
ugrms
A
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To measure vibration power

This task shows you how to use your calibrated transducers to measure vibration
power. Although many vibration measurements are made using the order instrument
mode, this task uses the FFT mode so you will not need to provide atachometer
signal. (All order-mode measurements require atachometer signal.)

1 Initidize the analyzer.

Complete the preceding task, “ To calibrate a transducer.”
Press[Active Trace], then press [A] if you are measuring with one transducer, [A B] if
you are measuring with two, or [A B ¢ D] if you are measuring with three or four.

Press [Meas Data] [ALL CHANNELS] [PWR SPEC CHANNEL *] to assign one transducer’s
output to each trace.

2 Secure each calibrated transducer to the device-under-test (DUT).

Option AY6
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3 Specify the measurement parameters.

Press[Freq] [START] <number> <unit>, then press[stop] <number> <unit> to select
the range of frequencies you want to measure.

Press [Input] [ALL CHANNELS] [CH* AUTO UPONLY].

4 Configure the display.

If you prefer to display frequency valuesin CPM rather than Hz, press[Trace Coord]

[x uNITS] [CPM (SEC)].

Press [Scale], then press [AUTOSCALE ON OFF] to highlight ON.

5 Turn onthe DUT, then press [Start].

Measuring Rotating Machinery

The analyzer also allows you to display successive spectrain amap (or waterfal). To
do this, complete the following steps:
Activate the traces you want to view as a map.

Press[Scale], then press [AUTOSCALE ON OFF] to highlight OFF.
Press [Disp Format] [WATERFALL SETUP], then press [WATERFALL ON OFF] to

highlight

For more information on controlling and analyzing waterfall displays, see chapter 9,

ON.

“Formatting the Display.”

Inst Hode

[FFT]
Meas From: CHL and CHZ Inputs
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Loghag
4

decades

1@
ugrms

2. 28 kCPM V:386.18%21 mgrms

l ______________ ______ ................. ______ ______ ...... _________

BCFH ] ] ] ] T 3EKCPH

1-7



Agilent 35670A
Measuring Rotating Machinery Operator's Guide

To characterize atachometer signal

Many rotating machinery measurements are only possible if you supply atachometer
signal. Thistask helpsyou characterize atachometer signal so you can properly set up
the parameters for the analyzer’s TACH connector.

1 Initidize the analyzer.

Press [Preset] [DO PRESET].
Press[Inst Mode] [HISTOGRAM/TIME].
Press [Meas Data] [UNFILTERD TIME CH 1].

2 Connect the tachometer signal to the CH 1 connector on the analyzer’s front panel, and
to the TACH connector on itsrear panel.

3 Press[Scale], then press [AUTOSCALE ON OFF] to highlight ON.

4 Specify the measurement parameters.

Press [Freq] [RECORD LENGTH]. _
Press the up-arrow hardkey until there are several tachometer pulses on the display.
Press [Pause-Cont] to pause the measurement.

5 Use the marker to measure waveform amplitudes.

Press [Marker] [MARKER TO PEAK] to place the marker on the waveform’s high point,
then turn the knob to place it on the low point.
Note each point’s Y -axis readout (for use in the next step).

Option AY6
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6 Specify the tachometer parameters.

Press [Input] [TACHOMETR SETUP].

If the waveform’s high or low pointsfall outside a+/- 4 V range, press

[TRG RANGE +/- 20 4] to highlight 20.

Press [LEVEL] <number> <unit> to specify the level at which you want the analyzer to
detect the tachometer signal.

If you want the analyzer to detect the falling (negative) edge of the waveform, press

[sLoPE POSNEG] to highlight NEG. _
Press [TACH PULS PER REV] <number> [ENTER] to specify the number of tachometer
pulses produced for each revolution of the device-under-test (DUT).

7 Verify the tachometer setup.
Press[TACH DATA ON OFF] to highlight ON.

Check to be sure that the tachometer readout—Iocated at the top of the display— is
stable.

Y ou should specify alevel and dope at which the tachometer signal isfairly
“clean”"—that is, a given pulse of the signal should pass through the specified level in
the specified direction only once. If thisisnot possible, you can use [HOLDOFF TIME]
to force the analyzer to ignore multiple passes through the same level. Enter avalue
that is just long enough to ensure that the analyzer ignores multipl e passes through the
same trigger level on a given pulse of the tachometer signal.

Input Puls/Rev: 1 Level: 2.5591 W
Tachowmetr Holdoff: @ s

R HL Time] Hi 75,8732 m3 Wi 158,853 mY
gl : : : : : : : :

Real

|
Fdiv

|
Lo ]

CE ] ] ] ] ] ] 124, 57 75ms
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To measure an order spectrum

This task shows you how to use calibrated transducers to measure order spectra.
Order-mode measurements are possible only if your analyzer is equipped with
Option 1DO.

1 Initidize the analyzer.

Press [Preset] [DO PRESET].

Set up your tachometer parameters, as described in “ To characterize a tachometer
signal, ” but ignore that task’ s instruction to preset the analyzer.

Calibrate your transducers, as described in “ To calibrate a transducer,” but ignore that
task’ sinstruction to preset the analyzer.

Press[Inst Mode] [ORDER ANALYSIS].

Press[CHANNELS 1 2] (or [CHANNELS 1 2 4]) to highlight the number of channels you
want activated.

Press[Active Trace], then press [A] if you are measuring with one transducer, [A B] if
you are measuring with two, or [A B ¢ D] if you are measuring with three or four.
Press [Meas Data] [ALL CHANNELS] [PWR SPEC CHANNEL *].

2 Secure each calibrated transducer to the device-under-test (DUT).

Option AY6
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3 Specify the measurement parameters.
Press [Freq] [MAX ORDER] <number> [ORDERS]| to specify the maximum number of
orders you want to measure.
Press [MIN RPM] <number> [RPM], then press [MaX RPM] <number> [RPM] to specify
the range of frequencies over which you will measure.
Press [DELTA ORDER] <number> [ORDERS] to specify the resolution of your X-axis.
Press [Input].
For each active channel, press [CHANNEL 1 2] (or [CHANNEL 1 23 4]) to highlight its
channel number, then press [CHANNEL x RANGE] <number> <unit>.

4 Press [Scale], then press [AUTOSCALE ON OFF] to highlight OFF and press it again to
highlight ON.

5 Turn on the DUT, then press[Start].

Input channels do not autorange when an order mode measurement isrunning. Asa
result, you must set ranges carefully to ensure that they are not exceeded during the
measurement. Y ou can use one of the following methods:

o Manually set each channel’ s range to avalue that slightly exceeds the maximum
signal level you anticipate. Step 3 tells you how to set the range manually.

« Pause the measurement, then select up-only autoranging for al channels while the
DUT isrunning. To do this, press [Pause-Cont], then press [Input]
[ALL CHANNELS] [cH* AUTOUPONLY]. (After the channels have autoranged, you
may want to select [cH* FIXED RANGE] to prevent spurious signals from increasing
the range setting.

If aninput signal does exceed the range of the corresponding channel, an OVLD
message is displayed at the bottom of all affected traces. Y ou should select a higher
range for the overloaded channel before you restart the measurement.

Inst Hode [ORDER]
Meas From: CH1 and CHZ Inputs
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To display an rpm-stepped order map

1 Complete the task, “To measure an order spectrum.”
2 Press[Trigger] [ARM SETUP] [RPM STEP ARM].

3 Press [START RPM USAGE], then press one of the following: [RPM INCREASING] for a
runup measurement, or [RPM DECREASING] for arundown measurement.

4 Press[Rtn] [RPM STEP SIZE] <number> [RPM] to specify how often the analyzer should
add a new measurement to the map.

5 Activate al traces you want to view as a map, then press [Scale] [AUTOSCALE ON OFF]
to highlight OFF.

6 Press [Disp Format] [WATERFALL SETUP], then press [WATERFALL ON OFF] to
highlight ON.

7 Turn on the device-under-test (DUT), then press[Start].

If you select [RPM INCREASING], the first measurement is armed when the tachometer
frequency passes through the value of [MIN RPM] in a positive direction. If you select
[RPM DECREASING], the first measurement is armed when the tachometer frequency
passes through the value of [MAX RPM] in anegative direction. [MIN RPM] and

[MAX RPM] are located under the [Freq] hardkey.

Note: The analyzer measures at exact [RPM STEP SIZE] intervals only if
[FREE RUN TRIGGER] is selected under the [Trigger] hardkey.

For more information on controlling and analyzing waterfall displays, see chapter 9,
“Formatting the Display.”

Inst Hode [ORDER]
Meas From: CH1 and CHZ Inputs

il o gl I
F M“M» W “ Waterfall skewing was turned on
M : : for this display.
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To display atime-stepped order map

1 Complete the task, “To measure an order spectrum.”

2 Press[Trigger] [ARM SETUP] [TIME STEP ARM].

3 Press [START RPM] <number> [RPM] to specify tachometer frequency at which the first
measurement should be armed.

4 Press [START RPM USAGE], then press one of the following: [RPM INCREASING] if you
want the first measurement to be armed above [START RPM], [RPM DECREASING] if you
want it to be armed below [START RPM], OF [START RPM OFF] if you want it to be
armed as soon as you press the [Start] hardkey.

5 Press[Rtn] [TIME STEP sIZE] <number> [g] to specify how often the analyzer should
add a new measurement to the map.

6 Activate al traces you want to view as a map, then press [Scale] [AUTOSCALE ON OFF]
to highlight OFF.

{ Press [Disp Format] [WATERFALL SETUP], then press [WATERFALL ON OFF] to
highlight ON.

8 Turn on the device-under-test (DUT), then press [Start].

Note: The analyzer measures at exact [TIME STEP SIzg] intervals only if
[FREE RUN TRIGGER] is selected under the [Trigger] hardkey.

For more information on controlling and analyzing waterfall displays, see chapter 9,
“Formatting the Display.”
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To measure an order track

This task shows you how to use calibrated transducers to measure order tracks. Before
you complete this task, however, you may want to measure order spectrato help you
identify the orders you want to track. Both of these order-mode measurements are
possible only if your analyzer is equipped with Option 1DO.

1 Initidize the analyzer.

Press [Preset] [DO PRESET].

Set up your tachometer parameters, as described in “To characterize atachometer
signal, ” but ignore that task’ s instruction to preset the analyzer.

Cdlibrate your transducers, as described in “To calibrate a transducer,” but ignore that
task’ sinstruction to preset the analyzer.

Press[Inst Mode] [ORDER ANALYSIS].

Press [CHANNELS 1 2] (or [CHANNELS 1 2 4]) to highlight the number of channels you
want activated.

Press[Freg], then press[TRACK ON OFF] to highlight ON.

2 Secure each calibrated transducer to the device-under-test (DUT).

Option AY6
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3 Specify the measurement parameters.

Press [Freq] [MAX ORDER] <number> [ORDERS]| to specify the highest order you want
to track.

Press [MIN RPM] <number> [RPM], then press [MaX RPM] <number> [RPM] to specify
the range of frequencies over which you will measure.

Press[TRACK POINTS] <number> [ENTER] to specify the number of measurement
points in the track.

Press[TRACK SETUP], then use the [TRACK x ORDER] softkeys to specify which orders
you want to track.

Press [Input].

For each active channel, press [CHANNEL 1 2] (or [CHANNEL 12 34]) to highlight its
channel number, then press [CHANNEL x RANGE] <number> <unit>.

4 Configure the display.

Press[Active Trace], then press [A] if you are measuring with one transducer, [A B] if
you are measuring with two, or [A B ¢ D] if you are measuring with three or four.
Press [Meas Data] [ALL CHANNELS| [MORE CHOICES] [ORDER TRK CHANNEL *], then
press the [TRACK x ORD n.nn] softkey corresponding to the track you want to monitor.
Press [Scale], then press [AUTOSCALE ON OFF] to highlight ON.

5 Turn on the DUT, then press[Start].

If you prefer to ook at severa tracks from asingle channel (or at different tracks from
different channels) activate each trace separately in step 4. Then, while a particular
trace is activated, you can select the channel and track you want to display in that
trace. Finally, you can press [Disp Format] [QUAD] to display all four traces at once.

See " To measure an order spectrum” for additional information about setting ranges
for your input channels.

Freq Min RPM: 1 krpm Max Order: 15 ord
[ORDER] Max RPM: 4 krpm Delta Ord: 188 mord

GHCHL Ord
1

grms|

LogHag

decades

1a
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mgrms
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To display an rpm-stepped order track

1 Complete the task, “ To measure an order track.”
2 Press[Trigger] [ARM SETUP] [RPM STEP ARM].

3 Press[START RPM USAGE], then press one of the following: [RPM INCREASING] for a
runup measurement, or [RPM DECREASING] for arundown measurement.

4 Press[Rtn] [RPM STEP SIZE] <number> [RPM] to specify how often the analyzer should
add anew point to the track.

5 Turn on the device-under-test (DUT), then press [Start].

If you select [RPM INCREASING], the first measurement point is armed when the
tachometer frequency passes through the value of [MIN RPM] in apositive direction. If
you select [RPM DECREASING], the first measurement point is armed when the
tachometer frequency passes through the value of [MAax RPM] in anegative direction.
[MIN RPM] and [MAX RPM] are located under the [Freq] hardkey.

Note: The analyzer measures at exact [RPM STEP SIZE] intervals only if
[FREE RUN TRIGGER] is selected under the [Trigger] hardkey.

For more information on controlling and analyzing waterfall displays, see chapter 9,
“Formatting the Display.”
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To display atime-stepped order track

1 Complete the task, “ To measure an order track.”

2 Press[Trigger] [ARM SETUP] [TIME STEP ARM].

3 Press [START RPM] <number> [RPM] to specify tachometer frequency at which the first
measurement point should be armed.

4 Press [START RPM USAGE], then press one of the following: [RPM INCREASING] if you
want the first measurement point to be armed above [START RPM], [RPM DECREASING]
if you want it to be armed below [START RPM], Or [START RPM OFF] if you want it to be
armed as soon as you press the [Start] hardkey.

5 Press[Rtn] [TIME STEP sIZE] <number> [g] to specify how often the analyzer should
add a new poaint to the track.

6 Turn on the device-under-test (DUT), then press[Start].
Note: The analyzer measures at exact [TIME STEP SIzE] intervals only if
[FREE RUN TRIGGER] is selected under the [Trigger] hardkey.

For more information on controlling and analyzing waterfall displays, see chapter 9,
“Formatting the Display.”

1-17



Agilent 35670A
Measuring Rotating Machinery Operator's Guide

To display phase relative to the tachometer signal

1 Complete one of the three preceding order track tasks.
2 Connect the tachometer signal to both the TACH and the EXT TRIG connectors.
3 Press[Trigger] [EXTERNAL TRIGGER].

4 Press[TACHOMETR SETUP], then note the settings of [LEVEL] and [sLoPE PosNEG] for
use in the next step.

5 Press [Rtn] [TRIGGER SETUP], then set [USER EXT LEVEL] and [SLOPE POS NEG] tO
match the corresponding [TACHOMETR SETUP] softkeys.

6 Press [EXT RANGE +- 10 2] to highlight 2 if the tachometer signal fallswithina+/- 2V
range, or 10 if it falls outside that range.

7 Activate the traces you will use to display phase, then press [Trace Coord] [PHASE].

8 Turn on the device-under-test (DUT), then press [Start].

When you set up an order track measurement as described in this task, the analyzer
displays phase data for every channel relative to the tachometer signal. However, this
setup provides useful phase information only if the tachometer signal provides one
pulse per revolution of the DUT you are measuring.

When you select free run triggering, the analyzer displays phase data for each channel
relative to its reference channel. For two-channel Agilent 35670As, channel 1isthe
reference for both channels. For four-channel Agilent 35670As, channd 1isthe
reference for all channels only when [Rer cHANS 1 1,3]—located under the [Inst M ode]
hardkey—is set to 1. Channel 1 isthe referencefor 1 and 2, and channel 3 isthe
reference for 3 and 4 when [REF CHANS 1 1,3] iSset to 1,3.

Option AY6
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To display an rpm profile

1 Complete one of these tasks: “To measure an order spectrum” or “To measure an
order track.”

2 Press [Active Trace], then press [a], [B], [c], or [D] to activate one of the traces.

3 Press [Meas Data] [MORE CHOICES] [RPM PROFILE].

An rpm profile allows you to monitor changes in the tachometer frequency. Each time
the analyzer measures another order spectrum or adds another point to an order track,
it also adds another point to the rpm profile. When you are measuring an order
spectrum, the total number of pointsin the profileis equal to the value of

[WATERFALL sTEPS] (located under [Disp Format] [WATERFALL SETUP]). When you
are measuring an order track, the total number of pointsin the profileis equal to the
value of [TRACK POINTS] (located under [Freq]).

Freq Fin RPM: 1 Krpm Max 0Order: 15 ord
[ORDER] Max RPM: 4 krpm Delta Ord: 188 mord
GHF.FH FProf
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To display an orbit diagram

If you mount two calibrated transducers at 90° to each other, you can use the analyzer
to display an orbit diagram. This measurement is possible only if your analyzer is
equipped with Option 1D0.

1 Connect the horizontal transducer to channel 1 and the vertical transducer to channel 2.

2 Initialize the analyzer.

Press [Preset] [DO PRESET].

Set up your tachometer parameters, as described in “ To characterize a tachometer
signal, ” but ignore that task’ s instruction to preset the analyzer.

Cdlibrate your transducers, as described in “To calibrate a transducer,” but ignore that
task’ sinstruction to preset the analyzer.

Press[Inst Mode] [ORDER ANALYSIS].

Press[CHANNELS 1 2] (or [CHANNELS 1 2 4]) to highlight 2.

Press [Disp Format] [SINGLE].

Press [Meas Data] [ORBIT 2/1].

Option AY6
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3 Specify the measurement parameters.

Press [Freq] [MAX ORDER] <number> [ORDERS]| to specify the maximum number of
orders you want to measure.

Press [MIN RPM] <number> [RPM], then press [MaX RPM] <number> [RPM] to specify
the range of frequencies over which you will measure.

Press [DELTA ORDER] 1 [ORDERS].

Press [Input].

For both channels, press [CHANNEL 1 2] (or [CHANNEL 12 34]) to highlight its channel
number, then press [CHANNEL x RANGE] <number> <unit>.

4 Press[Scale], then press [AUTOSCALE ON OFF] to highlight ON.
5 Turn on the device-under-test (DUT), then press [Start].

With afour-channel Agilent 35670A, you can use four transducers to display two
independent orbit diagrams. This allows you to measure two points on the DUT
simultaneously. Use channels 1 and 2 to measure one point, and channels 3 and 4 to
measure the other (with the horizontal transducers connected to channels 1 and 3).

Y ou must modify the last few instructions in step 2, as shown below:

Press[CHANNELS 1 2 4] to highlight 4 (rather than 2), then press [REF CHANS 1 1,3] tO
highlight 1,3.

Press [Disp Format] [UPPER/LOWER].

Activate traces A and B, then press [Meas Data] [ALL CHANNELS] [ORBITS*/*].
Activate trace B, then press [CHANNEL 123 4] to highlight 3.

Freq Min RPM: 1 krpm Moy Order: 3.12 ord
[ORDER] Fax RPM: 4 Krpm Delta Ord: 1 ord

lalt]

T§37.91Img  Timel ) ) ) 232, 511mg
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Figure 2-1.
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Measuring
Structures

All structures have natural frequencies of resonance. A type of modal testing
known as the frequency response function measures the input excitation and
output response simultaneously. Seefigure 2-1.

The method is based on an assumption that the system under-test is linear
and stable.

Excitation ————» Hw ———» Response
Xw) Yiw)

System Block Diagram

This chapter introduces some of the Agilent 35670A’ s measurement capability
for measuring structures. Additional information is available in Agilent 35288,
DSA Concept Documentation or Agilent Technologies, Inc.’ s application note,
AN243-3, The Fundamentals of Modal Testing (available from your local Agilent
Technologies, Inc. Sales/Service Office).
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Setting Up Your Test

The basic test set-up required for making frequency response measurements
depends upon the type of structure to be tested and the level of results desired.
Other factors, including the support fixture and excitation method, affect the
amount of hardware needed to perform the test. For making measurements on
simple structures, the exciter mechanism can be as basic as an instrumented
hammer and requires a minimum amount of hardware. An electrodynamic
shaker may be needed to excite a more complicated structure.

The first step in setting up a structure for frequency response measurementsis
to consider the fixturing mechanisms. Thisisakey step in the process as it
affects the overall structural characteristics. The selection of afixture goes
beyond the scope of thisbook. Several texts are available that focus on test
fixtures. They include:

« Vibration and Shock Test Fixture Design by Wayne Tustin and Robert Mercado
(Tustin Technological Institute, 1984).

« L.D. Mitchell and K. B. Elliott, “How To Design Stingers for Vibration Testing of
Structures,” Sound and Vibration, April 1984.

« Modal Testing: Theory and Practice by Dave J. Ewins (Wiley Interscience, 1984).

The next step in the measurement process involves selecting an excitation
function along with an excitation mechanism. The choice of the excitation
function dictates the choice of the excitation mechanism. The choice depends
on severa factors:

« available signal processing equipment

 characteristics of the structure

e genera measurement considerations

« the excitation mechanism.

The shaker test and the impact test are the most common excitation
mechanisms.

Once an excitation mechanism has been setup to force the structure into
motion, you need to select the transducers which sense the force and motion.
The piezoelectric transducer iswidely used. It isan electromechanical sensor
which generates an electrical output when subjected to vibration.
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Figure 2-2.

Figure 2-3.
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I nter preting M easurement Results

To ensure high quality measurements, it is important to make some trial
measurements and examine them before collecting data.

After setting up the structure, you should look at the time domain signals. The
input range settings should be set at no more than two times the maximum
signal level. Thisisknown as half-ranging. Seefigure 2-2.

COHEAENCE

Fxa ¥ 1.1k T 2.1k

Aasl
FRAEQ RESHE

Input Half Ranging
When the response input level isvery low relative to the analyzer, noise

appears between the peaks in the frequency response. This resultsin a poor
coherence function. Seefigure 2-3. Thisis called under-ranging.

COHERENCE

Iﬁé TIME2 - _____'h\“ — e

A T Iv

N l\ /\ ) } [\ N AN N Fxe TR Fiz =
I RYEIVIV/AVEVMY N ] T
| Same=s

FxaXY 0.0 Sec 8.0m

Input Under Ranging
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Figure2-4

Figure 2-5.

Figure 2-6.
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When the response input level is severely overloading, the analyzer’sinput is
clipped. Thisresultsin apoor frequency response and poor coherence because
the actual responseis not being measured. Thisiscaled over-ranging. See

figure 2-4.
pst . n | b
A A R u
QR RREv ATV RYI s T
40.0 /\ k
J 1] / LY - I
U i urv ~/
Input Over Ranging
Y ou should aso verify that the signals are the type you expect. With arandom
signal, you should measure the histogram to verify that it has a Gaussian
distribution. Seefigure 2-5. In addition, you can visually inspect transient
signals. Seefigure 2-6.
o lRandcm Noise
e Histogram
Verify Random Test Signals
" Typical Force
T35 TIMETExpor'entiaI|Deca"ing

Fxd Y 0.0 sec 512m

Verify Transient Test Signals
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I mproving Accuracy

Averaging and windowing are measurement techniques that help to improve
the accuracy of a measurement.

Averaging

Use measurement averaging to reduce the statistical variance of a measurement
with arandom excitation function. Averaging also reduces the effects of
nonlinearities.

RMS averaging, which isalso called “power” averaging, is calculated by
sgquaring all the values, adding the squares together, dividing by the number of
measurements (mean) and taking the square root of the result. RMS averaging
isagood technique for determining the average power level. It does not
improve the signal-to-noise ratio. RMS averaging only makes a more accurate
estimate of the total signal plus noise power.

Linear averaging improves the signal-to-noise ratio of a measurement, but it
can only be used if atrigger signal which is synchronous with the periodic part
of the spectrum isavailable. (The periodic part of the input will always be
exactly the same in each time record whereas the noise will vary.) Linear
averaging is calculated by adding together a series of synchronized triggered
measurements and dividing by the number of records. The noiseisdifferentin
each time record and will tend to average to zero.
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Windowing

Use awindowing function to reduce leakage if your signal is not periodic
within thetime record. (Leakageisthe effect of smearing or leaking energy
into adjacent frequency lines which results in distorting the spectra.) The
effect of leakage underestimates the amplitude of the spectra and overestimates
the damping factor.

A windowing function artificially forces the signal to 0 at the beginning and at
the end of the time record. The signal then appearsto be periodic. A
windowing function does not eliminate leakage completely and may distort the
results by eliminating some of the data. If possible, another techniqueisto use
asignal that is periodic within the time record, such as burst random or
periodic chirp. Such signals eliminate the leakage problem.
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Choosing aTip For the Hammer

The frequency content of the energy applied to The harder the tip the shorter the pulse duration
the structure is a function of the stiffness of the resulting in a higher frequency content.
contacting surfaces and the mass of the hammer.

It is not feasible to change the stiffness of thetest A rule of thumb isto choose atip so that the
object, therefore, the frequency content is amplitude of the force spectrum is no more than
controlled by varying the stiffness of the hammer 10 dB to

tip.

FILT TIME1
350
m

s0.0
m

/0av

Real

Fxd Y —46.94 Sec 15 .9m

Agilent 35670A
Measuring Structures Operator's Guide

Impact Testing

To find natural frequencies, an impul se response measurement can be performed on
the structure and the Agilent 35670A can be used to compute the frequency response
of the structure. An instrumented hammer impacts the structure and an accel erometer
measures the response.

The impact hammer has aload cell that measures the level of force during the impact.
In amodal test, impact measurements are made at various places on the structure. The
resulting frequency functions can be stored for later analysis by amodal software
package.

Impact testing is convenient because it provides shorter measurement times and
requires little hardware. However, it can be difficult to implement the test and to
produce consistent results. It isdifficult to control the velocity of the hammer, so the
force leve isusualy controlled by varying the mass of the hammer. Another
disadvantage is that the force spectrum of an impact test cannot be band-limited at
lower frequencies when making zoom measurements (starting frequency > 0 Hz) so
lower out-of-band modes will be excited.

20 dB down at the maximum frequency of

interest.
Harj _ESNER SPEC1
\
[\ Mediim w | Solt L T
)N
Soft Pulse 4 >r"‘>-
S A7 Aa

Fxd X O Hz 2.5k
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Compensating For Noise and Leakage

Noise can be present in either the force or
response signal as aresult of along time record.
L eakage can be present in the response signal as
aresult of a short time record.

Noise may appear after the force pulse. The
force window eliminates any noise without
affecting the pulse itself.

The response signal is an exponentially decaying
function. If the structure is heavily damped, the
response may decay out before the end of the
time record.

Responce

Real

Fxa Y 0.0 Sec Siem

Exponentfal Windo

WIND TIMEZ2
250
m

s2.5
H
soavily

Wipdowed Responce

Real

Fxd Y 0.0 Sec S12m

Noise may be present in the remaining part of the
timerecord. If the structureis lightly damped,
the response may continue beyond the end of the
timerecord. The effect isleakage.

The exponential window minimizes leakage and
can eliminate any remaining noise in the time
record. The exponential window uses atime
constant which is the time required for the
amplitude to be reduced by afactor of /e. A
rule of thumb for setting the time constant is
approximately 1/4 the time record length, T.

FILT TIME1
120 ‘

2-q Force Rulse

/Div

Aeal

+

o
Fxd X 250p Sec ioom

Fprce|Window
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To measure adriving point measurement

A driving point measurement places the response accel erometer at the point where the
impact hammer hits the device.

1 Initidize the analyzer.

Press [Preset] [DO PRESET].
Press[Active Trace] [A B].
Press [Meas Data] [FREQ RESP 2/1].

2 Connect the device-under-test (DUT) as shown in the illustration below.

3 Specify the measurement parameters.

Press [Freq] [START] <number> <unit>, then press [sTop] <number> <unit>.
Press [Input].

Press[CHANNEL 123 4] to highlight 1.

Press [CHANNEL 1 RANGE] <number> <unit>.
Press [CHANNEL 1 234] to highlight 2.

Press [CHANNEL 2 RANGE] <number> <unit>.
Press [Window] [FORCE EXPO].

Press [FORC EXPO SETUP).

Press [CHANNEL 1 FORC EXPOQ] to highlight FORC.
Press [FORCE WIDTH] <number> <unit>.

Press [CHANNEL 2 FORC EXPQ] to highlight EXPO.
Press [ExPo DECAY] <number> <unit>.

[j ooo
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0000
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0gd

oCooooooo o[Coooooog @*e O
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Hammer
(with Load Cell)
&

Hammer
(with Load Cell)

Accelerometer

Isolation Mat

2-10



Agilent 35670A

Operato

r's Guide Measuring Structures

4 Specify the triggering and averaging parameters.

Press
Press
or

Trigger] [CHANNEL 1234] to highlight 1.
TRIGGER SETUP] [CHANNEL LEVEL] <number> [PERCENT %]

Press <number> <unit>.

Press
Press
Press
Press

CHANNEL 1 DELAY] [+/-] <number> <unit>.
CHANNEL 12 34] to highlight 2.

CHANNEL 2 DELAY] [+/-] <number> <unit>.

Avg], then press [AVERAGE ON OFF] to highlight ON.

5 Configure the display.

Press
Press
Press
Press
Press

Trace Coord] [X-AXISLIN LOG] to highlight LIN.
Active Trace] [B].

Trace Coord] [PHASE].

Active Trace] [A B].

Scale], then press{AUTOSCALE ON OFF] to highlight ON.

6 Measure the DUT.

Press[Start].
Slowly tap the device 10 times with the impact hammer at or near the accel erometer.

If your hammer taps consistently result in overloads, increase the input rangesin step 3
until overloads no longer occur.

Specifying atrigger delay in step 4 alows you to see the leading edge of the
hammer tap.
rac Coord BMag B: Phase Avg ype: RMS Numbei0
[FFT) C:Real D: Real FFT) Updat@t: 5 Overlap® %
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To view unwrapped phase of adriving point measurement

1 Measure adriving point measurement.

2 Press[Active Trace] [B].
Press[Trace Coord] [UNWRAPPED PHASE].

3 Press[Scale] [AUTOSCALE ON OFF] to highlight ON.

Trac Coord A dBMag B: Phase
FFT] C:Real D: Real

A FreqResp2/
0
B

X.0 Hz Y.3.4983%B

|
I

o Wl
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B: FreqResp2/ X:0 Hz Y:-180 deg
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ded
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5

oo de / ‘1‘\ I ) \ /1|
Values indicate fav i~ il I v R s O
unwrapped phase.

-350
dex

OHz AVG: 10 3.2kHz
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To view the real and imaginary components of a driving point
measurement

1 Measure adriving point measurement.

2 Press[Active Trace] [A].
Press [Trace Coord] [MORE CHOICES] [REAL PART].

3 Press[Active Trace] [B].
Press[IMAGINARY PART].

4 Press [Active Trace] [A B].
Press[Scale] [AUTOSCALE ON OFF] to highlight ON.

A characteristic of adriving point measurement isthat the imaginary components all
point in the same direction. When the imaginary components do not all point in the
same direction, it usually indicates that the accel erometer and the impact point for the
hammer were separated. In addition, the relative frequencies are the same, but the
relative amplitudes at each resonance are different.

TacCoord  A: Real
FT)

OHz AVG: 10 3.2Hz

p— L A characteristic of a driving point
R measurement is that all imaginary

e components point in the same
direction.

g
g
3
8

X0 e ¥:-1.2918

. ‘ V When the accelerometer and impact point
\ are separated by 90°, the imaginary
components do not point in the same

oz e 10 320 direction.
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To preview the time record

The Agilent 35670A’ s preview lets you examine each time record and decide whether
or not to include the datain an averaged measurement. Thistask performs adriving
point measurement with manual preview.

1 Initidize the analyzer.

Press [Preset] [DO PRESET].

Press [Meas Data] [FREQ RESP 2/1] .
Press[Active Trace] [B].

Press[Meas Data.

Press [CHANNEL 123 4] to highlight 1.
Press [TIME CHANNEL 1].

2 Connect the device-under-test (DUT) as shown in theillustration below.

3 Specify the measurement parameters.

Press [Freq] [START] <number> <unit>, then press [sTop] <number> <unit>.
Press[Input].

Press [CHANNEL 1 234] to highlight 1.

Press [CH1 FIXED RANGE] <number> <unit>.
Press [CHANNEL 123 4] to highlight 2.

Press [CH2 FIXED RANGE] <number> <unit>.
Press [Window] [FORCE EXPQ].

Press [FORC EXPO SETUP).

Press [CHANNEL 1 FORC EXPO] to highlight FORC.
Press [FORCE WIDTH] <number> <unit>.

Press [CHANNEL 2 FORC EXPO] to highlight EXPO.
Press [ExPo DECAY] <number> <unit>.

000c0ooooooo
D0oOooaoboo

O oCooaooooa 0 oooooooa

CH 2 CH CH 2

Hammer
(with Load Cell)
&

Hammer
(with Load Cell)

Accelerometer

Isolation Mat
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4 Specify the triggering and averaging parameters.

Press
Press
or

Trigger] [CHANNEL 123 4] to highlight 1.

TRIGGER SETUP] [CHANNEL LEVEL] <number> [PERCENT %).

Press <number> <unit>.

Press
Press
Press
Press
Press

CHANNEL 1 DELAY] [+/-] <number> <unit>.
CHANNEL 12 34] to highlight 2.

CHANNEL 2 DELAY] [+/-] <number> <unit>.

Avg], then press [AVERAGE ON OFF] to highlight ON.
AVERAGE PREVIEW] [MANUAL PREVIEW].

5 Configure the display.

Press
Press
Press
Press
Press

Disp Format] [UPPER LOWER].

Active Trace] [A].

Trace Coord] [DB MAGNITUDE].

Scale], then press{AUTOSCALE ON OFF] to highlight ON.
Avg] [AVERAGE PREVIEW].

6 Measure the DUT.

Press[Start].
Do a hammer tap.

When the message “WAITING FOR ACCEPT/REJECT” appears,

press [ACCEPT TIME REC]

or

press [REJECT TIME REC].

Measuring Structures
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If your hammer taps consistently result in overloads, increase the input rangesin step 3
until overloads no longer occur. Specifying atrigger delay in step 4 allows you to see
the leading edge of the hammer tap.

When the analyzer receives atrigger, it displays the time record for channel 1 on trace
A and the time record for channel 2 on trace B. After you accept the data, the analyzer
displays the frequency response on trace A and time channel 1 on trace B.

Avg Tupe: RMS Number: 18
[FFT] Update Rt: S Overlap: B8 % PREVIEM
: OFF

Analyzer is
waiting for a
response.

. .|| PREVIEW
T
. TIHED
Real . PREVIEW
o
& g
158 R A
oo peeeee :
- -1.933Llms 122.9248ms5
B:CHZ Tlrlne . X:.B . 5 Y:991.4Q1 ul REJECT
r R H H : .| TIME REC
Real .
zBe|
tih|
Adiv ACCEPT
| TIME REC .
Press this key to
-1)..
i b : accept the
-1.9531 122, 9248
ms ne measurement.
Avg Tupe: RM3 Number: 18
[FFTI Update Rt: 5 Overlap: 8 # PREVIEL
OFF

AW 2 %3
¥i-374.111 uV

MANDAL
11 PREVIEM
O SO PRI SORNOPNE SOSRUO SNOURRUNN SUOTRNE SO SO TIMED
Real o] PREVWIEW
28 ........................
| =
sdiv TIME
Bl 720 : tﬂﬂ,__&; )
| : : :
. -1.%531ms 122, 9248ms
B:CHzZ T]Te : K:m - Y.?44.L9l uU: REgECT
Press this key to
reject the
measurement.
ACCEPT
TIME REC
v :
-1.%531ms 122, 9248ms
Hvg lype: KMa Number: 1W -
[FFT] Update Rt: 5 Overlap: @ PREVIEM
OFF
AVERAGE COMPLETE] AW 3
AiFreq Resp2/l 1@ Hz Vs FANUAL
L S _
. . TIMED
dB Mag FREVIEW
dB| =
Fdivl - TIHE
I ]
dE : : : : :
BHz AVG: 1a 3.2kHz
ERCHL Time] X8 5 Vi-224. 466 uW

| TIME REC

Indicates total number of

- _ACCERT
JHCCERT averages.

177, 5248ms

mb| : :
-1.9531ms
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When the hammer bounces. . .

Measuring Structures

Bouncing the hammer during an impact produces a bad measurement. |f the measurements are
averaged into the modal data during the collection process, the overall modal survey will bein
guestion.

The following traces show the result of a single good hammer tap.

Time domain results of a Frequency domain results of a
good hammer tap good hammer tap

The following traces show the result of a multiple impact, such as when the
hammer bounces.

| | { Sy
‘V QT “ \‘H‘f W
\v‘ |
\\
I
Il
N
Time domain results of a Frequency domain results of a
multiple impact multiple impact

The Agilent 35670A’ s preview feature allows you to manually or automatically
preview the response data from each test before adding it to the average. See
online help for more information on manual or timed preview modes.
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Measuring Sound

This chapter shows you how to connect and calibrate microphones. It also shows you
how to make several typical acoustic measurements. These measurements are made
using the analyzer’s octave analysis mode—available only if your analyzer is
equipped with Option 1D1.
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To connect the microphone adapter (Option UK 4)

1 Flip the bail handle down to support the front of the analyzer.

2 Insert the threaded ends of the microphone adapter’ s two thumbscrews into the holes
on the bottom of the analyzer’ s case, then tighten the thumbscrews with your fingers.

3 Attach the microphone adapter’s mic cable to mic connector on the analyzer’s front
panel.

4 Connect the adapter’s BNCs to the corresponding BNCs on the analyzer’ s front panel.

The Microphone Adapter and Power Supply (Option UK4) simplifies microphone
connections. The mic connector on the analyzer’ s front panel provides 8 VVdc to power
the adapter. The adapter’sinternal power supply uses a step-up converter to provide
28V and 200 V on the seven-pin input connectors. The 28 V pins power the
microphone pre-amplifiers. The 200 V pins polarize the condenser microphone
cartridges.

Option AY6
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Push in at the pivot points to
adjust the bail handle.
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To connect microphones

1 Press|| nput] [ALL CHANNELS] [FRONT END CH* SETUP], then press [COUPLING AC DC]
to highlight AC.

2 If you are using condenser microphones, set the 200 V polarization voltage
switches—Ilocated next to the seven-pin input connectors on the microphone power
supply—to ON.
or
If you are using electret (prepolarized condenser) microphones, set the switches to
OFF.

3 Attach the microphone output cables to the seven-pin input connectors as shown in the
illustration.

CAUTION Unlike other condenser microphones, electret microphones do not require an external
polarization voltage. To avoid atemporary change in microphone sensitivity (or
possible damage), make sure you set the 200 V polarization switch to OFF before
attaching an electret microphone to the corresponding seven-pin input connector.

The output signal from a microphone preamplifier usually has a significant dc offset.
If the corresponding input channel is dc-coupled, this offset can cause overloads as
you increase the channel’ s sensitivity. Y ou can prevent dc overloads by selecting
ac-coupling.

Option AY6

0000000000
0000000000

a \

d

ad

d

0

0

U
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O Doooooog) @ ﬁf@ @
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200 V polarization

LEMO 18307C voltage switch.

connector.
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To calibrate a microphone

If you want to accurately measure an acoustic signal, you must enter a calibration
factor that tells the analyzer how much voltage is produced at a microphone’ s output
for agiven sound pressure level. Inthe Agilent 35670A, you enter this factor with the
Transducer (Xdcr) Unit softkeys—located under the [Input] hardkey.

1 Initidize the analyzer.

Press [Preset] [DO PRESET].

Press[Inst Mode] [OCTAVE ANALYSIS].

Press[CHANNELS 1 2] (or [CHANNELS 1 2 4]) to highlight the number of channels you
want activated.

Press [Meas Data], then press [cCHANNEL 1 2] (or [CHANNEL 1 2 34]) to highlight the
channel whose microphone you will calibrate.

Press [PWR SPEC CHANNEL x] to display the microphone output in the active trace.

2 Match the active trace’ s display unit to the calibrator’ s output unit.

Press [Input], then press [CHANNEL 1 2] (or [CHANNEL 1 2 34]) to highlight the channel
whose microphone you will calibrate.
Press [XDCR UNIT CHx SETUP] [XDCR UNIT LABEL] [Pascal].
Press[Rtn], then press[xDcR UNIT ON OFF] to highlight ON.
Press[Trace Coord] [Y UNITS] [EU].
Press [AMPLITUDE PK PPRMS] to highlight RMS.
Press [dB REF SETUP] [dBSPL (20 uPa)] .

3 Connect the microphone adapter and microphone as described in the preceding tasks,
then insert your microphonein the calibrator.

Option AY6
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4 Specify the measurement and averaging parameters.
Press[Input] [FRONT END CHx SETUP], then press[A wT FLTR oN OFF] to highlight
OFF

Press [,)Avg] [LINEAR] [AVERAGE TIME] <number> [s] (where <number> is 2 or
greater).

5 Press[Scale], then press [AUTOSCALE ON OFF] to highlight ON.
6 Turn on the calibrator, then press [Start].

7 When the measurement status line says“REAL-TIME MEASUREMENT,” move the
marker to the calibrator’ s output frequency and enter calibrator’s output amplitude (in
dBSPL).

Press[Marker] [MARKER TO PEAK]. _
Press [Input] [XDCR UNIT CHx SETUP| [CAL VALUE AT MKR], then type the calibrator’s
specified output amplitude (in dBSPL rms)and press [ENTER].

The analyzer uses the number you enter in [CAL VALUE AT MKR] to calculate a new
valuefor [XDCR SENSITVTY]. Thisnew valueis the calibration factor that ensures the
accuracy of your microphone measurements. The analyzer automatically stores this
value and the [xDCR UNIT LABEL] valuein nonvolatile memory, so they will not be
lost at preset or power-down. However, the values will be used only when

[XDCR UNIT ON OFF] is set to ON.

Measurement status line.

Input CH1 Rng: 19%.78 mWpk CHZ Rng: 3.9% mWpk Input CH1 Rng: 31&.é mVpk CHZ Rng: 3.%9 mVpk
AC, Float DC, Float AC. Float DC, Float

AR

A: LI Jpec Yil12,47 = GHIC -
115,837 IR EEEE T 124,594
dBSFLrms - dE3PLrms
............... ¢E Hag
16
........................... dB
Fdiv
..................... | S e
: e r R R IR VR : i
ZBkHz 1Z.5Hz ZBkHz
Marker is placed on Amplitude readout is wrong until you Amplitude readout is correct
calibrator frequency. enter the specified calibrator output when you complete this task.

with [CAL VALUE AT MKRI.
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To measure sound pressure level

The Agilent 35670A allows you to measure sound pressure level (SPL) using one of
three banks of filters. Thefilter spacing and bandwidth in these three banks are: one
octave (full), one-third octave, and one-twelfth octave. But before you can measure
SPL, you must calibrate all the microphones you will use, as shown in the preceding

task.

1 Initidize the analyzer.

Complete the preceding task, “ To calibrate a microphone.”

Press [Active Trace], then press[A] if you are measuring with one microphone, [A B] if
you are measuring with two, or [A B ¢ D] if you are measuring with three or four.
Press [M eas Data] [ALL CHANNELS| [PWR SPEC CHANNEL *] to assign one

microphone’'s output to each trace.

2 Set each calibrated microphonein front of an acoustic energy source.

3 Specify the measurement parameters.

Press [Freq], then press [1/1 OCTAVE], [1/3 OCTAVE], Of [1/12 OCTAVE] to select filter
spacing and bandwidth.
Press [START] <number> <unit>, then press[sTop] <number> <unit> to select the

range of frequencies you want to measure.

Press [Input] [ALL CHANNELS| [CH* AUTO UPONLY].
If you want to display A-weighted SPL, press [FRONT END CH* SETUP], then press

[A WT FLTR ON OFF] to highlight ON.
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4 Specify the averaging parameters.
Press[Avg].

If you want to duplicate the Leg function of many sound-level meters, press
[LINEAR], then press [AVERAGE TIME] <number> [ENTER] to specify the integration
time.

If you want to duplicate the “fast” function, press [EXPONENTL], then press
[AVERAGE TIME] 125 [mg]. _

If you want to duplicate the “slow” function, press [EXPONENTL], then press
[AVERAGE TIME] 1[g].

5 Configure the display.
Press [Scale], then press [AuTOSCALE ON OFF] to highlight OFF, and once more to
highlight ON.

6 Measurethe DUT.
Press[Start].

The analyzer’s A-weight filters conform to ANSI Standard S1.4-1983 and IEC
651-1979, Type 0 Tolerance. An“AW?” indicator—located in the upper-right portion
of the screen—shows you which channels have their A-weight filters enabled.

Y ou can improve the amplitude accuracy of your measurement by increasing the value
of [AVERAGE TIME] before you press[sStart]. [AVERAGE TIME] is grouped with several
other averaging parameters under the [Avg] hardkey. See online help for more
information on averaging.

Highlighting indicates that

RAvg Type: Exponential TC: Fast - . - .
[OCTAYE] LINERR channel 1's A-weight filter is
REAL-TLME MERGUREMENT FY T enabled.
GHICH1 Pur Spec| B
L EXPONENTL
dB3FLrms
EQUAL
CONFID
PERK HOLD
dB Mag
1)
dB|--- HOLD
Jdiv SETUP
1| conFionce
LEVEL
IMFULSE
ON
-9, 4863 : IR :
dBSPer541 : : EREEEE : Eﬁpggg
1z.5Mz Z0kHz [

QOverall band is labeled “A” when
A-weight filter is enabled.
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To measure overall sound pressure level

1 Complete the preceding task, “To measure sound pressure level .”

2 If the A-weight filters are on, press[Input] [ALL CHANNELS] [FRONT END CH* SETUF],
then press[A wT FLTR ON OFF] to highlight OFF.

3 Press [Disp Format] [MORE] [OCTAVE BND SETUP], then press[OVERALL ON OFF] to
highlight ON.

4 Turn the knob to place the marker on the overall band.
5 Record the marker readout’s Y -axis value.

[OVERALL ON OFF] enables and disables the analyzer’s overall band. This band

displays band-limited overall SPL—the SPL within the current frequency span—if all

of the following things are true:

« Linear, exponential, or equal-confidence averaging is selected (under the [Avg]
hardkey).

o Theimpulse detector isturned off (also under the [Avg] hardkey).

 The corresponding channel’s A-weight filter is turned off (under the [Input]
[FRONT END CHx SETUP] softkey).

Y ou can also enable a special band that is dedicated to displaying A-weighted,
band-limited overall SPL. Just press[Disp Format] [MORE] [OCTAVE BND SETUP],
then press [WEIGHTED ON OFF] to highlight ON. See online help for more information
on either of these two SPL bands.

Disp Frmat

V62,1966 &

Marker readout.

Overall band.

18
dBSPLFrMS

25Hz ZokHz [

“L" indicates
band-limited SPL is
displayed.
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To measure overall impulse characteristics

1 Complete the task, “To measure sound pressure level.”
2 Press[Avg], then press [IMPULSE ON OFF] to highlight ON.

3 Press [Disp Format] [MORE] [OCTAVE BND SETUP], then press[OVERALL ON OFF] to
highlight ON.

4 Turn the knob to place the marker on the overall band.

5 Record the marker readout’s Y -axis value.

The overal band displays broadband overall SPL (sound pressure level) with
exponential time weighting when the analyzer’ s impul se detector isturned on. The
displayed value meets the IEC 651 standard for impulse characteristics. Online help
for [IMPULSE ON OFF] contains atable defining broadband for different analyzer setups.

Avg Type: Exponential TC: Fast
[OCTAYE]
(HICHL Fur Spec : ¥:78.1338 =
[=1=T I T R
daBSPLPMS| Marker readout.
dB Mag
5
dB
sdiy Overall band.
15 : .
dBSPLrms_ : : I
Z9Hz Z8kHz O

“I" indicates broadband impulse
characteristics are displayed.

39
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Measuring Spectra and
Networks

This chapter shows you how to make several typical spectrum and network
measurements. Most of the measurements are made using the analyzer’ s FFT analysis
mode, but one frequency response measurement is made using the swept sine
mode—available only if your analyzer is equipped with Option 1D2.
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To measure awideband spectrum

Y ou must sometimes survey all frequencies within the analyzer’ s measurement range
to locate the signal components you want to examine more closely. A two-channel
Agilent 35670A, can measure all frequencies between 0 and 102.4 kHz when one
channel is active; it can measure between 0 and 51.2 kHz when two channels are
active. A four-channel Agilent 35670A can measure all frequencies between 0 and
51.2 kHz when one or two channels are active; it can measure between 0 and 25.6 kHz
when four channels are active.

1 Initidize the analyzer.

Press [Preset] [DO PRESET].

Press[Inst Mode] [FFT ANALYSIS].

Press [CHANNELS 1 2] (or [CHANNELS 1 2 4]) to highlight the number of channels you
want activated.

Press [Active Trace], then press[A] if you are measuring one signal, [A B] if you are
measuring two, or [A B ¢ D] if you are measuring three or four.

Press[Meas Data] [ALL CHANNELS] [PWR SPEC CHANNEL *].

2 Connect your test signals to the input connectors (as shown below).

3 Specify the measurement parameters.

Press [Freq] [FULL SPAN].

Press[window] [FLAT TOP].

If the signals include large dc components, press [Input] [ALL CHANNELS]
[FRONT END cH* SETUP], then press [couPLING AC DC] to highlight AC.

Option AY6
a a
(] (]
a | [}
@] O
(] ]
a DSE‘SS ooo
a [m}
o olgoog|2og
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4 1f you suspect that alow-level component of the test signal is being obscured by the
noise floor, turn on averaging.
Press[Avg] [AVERAGE TYPE] [RMS] [Rtn].

Press [NUMBER AVERAGES| <number> [ENTER].
Press [AVERAGE ON OFF] to highlight ON.

5 Configure the display.

Press[Trace Coord], then press [LoG MAGNITUDE] if you want Y -axis values to read
out in volts, or [dB MAGNITUDE] if you want them to read out in dBV.

Press[Scale] [Y PER DIV (DECADES)], then press the up-arrow or down-arrow hardkey
to compress or expand the trace along the Y -axis.

6 Measure the signal.
Press[Start].

Most menus that are used to change channel-specific parameters also include a pair of
channel selector softkeys. These softkeys allow you to direct changesto asingle
channel or to al channels at once. In atwo-channel Agilent 35670A, the selector
softkeys are [CHANNEL 12] and [ALL CHANNELS]. Inafour-channel Agilent 35670A,
they are [CHANNEL 123 4] and [ALL CHANNELS]. When you select [CHANNEL 1 2] (or
[cHANNEL 12 3 4]), subsequent changes are directed to the highlighted channel. (The
analyzer cycles through the available channels each time you press the this softkey.)
When you select [ALL CHANNELS], subsequent changes are directed to all active

channels.
Scale Trace: A Ref Lvl: 1@ Heas Data A: CHL Pur 3Jpec E: CHZ Puwr 3Spec
Fer Div: & Ref Pos: Top [FFT] C: CH3 Pwr Spec D: CH4 Pwr Spec
ERICH L Puir 5 e c R P 1. N AL L2 =12 = Lk =S i 8 Hz ¥id4.61514 mirms
.......... =
I~
; a ; : : :
.................... uurms " Sl AN A N B el i
......... Ja] 25.8kHz
---------- %8 Hz Vi 7. 89602 mirms

LogHMag
g

Y

AR s T e At T
5. &kHz

decudesf
z
Hz ¥4, 61514 mirms

: : - o -
Mg s s

25.6kHz
: Hz V7. B96AZ mirms
o) : : : : :
: : : : : : : Lot ¢ pid e B 4 B T ; 2 £
uhrms : : : : : : : udrms : I e e o VY i i 14 s VA
BHz AVE: 25 51.2kHz BHz 25.6kHz
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To measure a narrowband spectrum

1 Complete the previous task, “ To measure a wideband spectrum.”

2 Activate the trace containing the signal component you want to examine more closely.
3 Press [Marker], then press [MARKER ON OFF] to highlight ON.

4 Turn the knob to place the marker on the component.

5 Press [Freq] [CENTER], then pressthe [Mkr Value] hardkey (located on the numeric
keypad).
6 Press [spaN], then press the down-arrow hardkey to narrow the frequency span.

7 1f averaging is enabled, press [Start] to begin measuring.

The [Mkr Value] hardkey provides a quick way to enter the current value of the
marker readout in anumeric entry softkey. It enters either the X-axisvalue or the

Y -axis value, depending on the requirements of the softkey. Be sure that

[MARKER ABSREL] (in the Marker menu) is set to ABS so the readout values represent
the marker’ s actual position rather than its position relative to the marker reference.

Harker Trace: H ¥ Ref: 18 k Harker Trace: H ¥ Ref: 18 k
¥ Ref: -Z2.7625 ¥ Ref: -2.7625

¥i-2. 738 dBYrms

_ fri-6z. 872 dE

[ [
dBvWrms dBvWrms
dB Mag dB Mag
18 18
dE||.- dB
sdiv sdiv
- 100 : : : : : -108 : :
dEVrms : : : : : : : dEVrms : : : : : : :
Az AVE: 25 S1.ZkHz 5. 3kHz AVG:r 25 16, ZkHz
Close-in sidebands on this 10.000 kHz crystal oscillator A narrowband spectrum reveals low-level 60 Hz
signal are not visible with a wideband spectrum. sidebands.
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To measure frequency and amplitude

1 Complete the one of the previous tasks: “To measure awideband spectrum” or “To

measure a harrowband spectrum.”

2 Activate the trace containing the signal component you want to measure.

3 If the marker is not already turned on, press [Marker], then press [MARKER ON OFF] to

highlight ON.

4 Turn the knob to place the marker on the component.

5 Read the frequency and amplitude from the marker readout.

The [sPAN] and [RESOLUTN (LINES)] softkeys—located under the [Freq]
hardkey—control the frequency resolution of the marker readout. Resolution
increases when you decrease the span or when you increase the number of lines that

are used to divide the span.

Resoltn: 488 lines

¥ié32, 418 mirms

LogHMag

decades|

1o8

udrms

Az

AVET 25 S1.Z2RAz

Frequency resolution is poorest at
full-span—marker readout for a 10.000
kHz crystal reads 9.984 khz.

Freq Jpan:
Cn

z
r: 9.984 kHz

4a8 _H Resoltn: 488 lines

AilA,AAZ  kHz

Y624, 368 mirms

LogHMag

decades

ms : :
9, 784kHz

AUG 25 6. 159kAz

Frequency resolution increases when
using a narrower span—marker readout
now indicates 10.002 kHz.
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To measure noise power (PSD)

1 Complete the one of the previous tasks: “To measure awideband spectrum” or “To
measure a harrowband spectrum.”

2 Activate the trace you want to measure.

3 If the marker is not already turned on, press [Marker], then press [MARKER ON OFF] to
highlight ON.

4 Turn the knob to place the marker on the noise floor.

5 Press [Trace Coord] [Y UNITS] [VA2/Hz (PSD)].-
6 Read the power spectral density (PSD) value from the marker readout.

When you select PSD units from the Y Units menu, amplitude values—including
those in the marker readout—are normalized to a 1 Hz bandwidth. Use the following
guidelines for accurate results:

e The noise you are measuring should be random.

« A fairly large number of measurements—2100 or more—should be averaged
together using rms averaging.

e The marker should not be placed on any discrete component.

Trac Coord A: dB Mag B: LogMag
[FFT] C: LogMag D: LogMag

GHCHL PlLr Spec

#i30.912 KkHz ¥i-111.49498 +
: : : N = dBWUrms/riHz : PSD readout

+ : : : : : : : :
Z2a.8kHz AYG: 188 33.2kHz

For PSD measurements, move the marker to a typical
spot on the noise floor—do not place the marker on a
discrete component.
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To measure harmonic distortion

1 Complete the task, “ To measure awideband spectrum.”
2 Activate the trace you want to measure.
3 Press [Marker] [MARKER To PEAK] to place the marker on the fundamental frequency.

4 Press[Marker Fctn] [HARMONIC MARKER] [FUNDAMNTL FREQUENCY], then press the
[Mkr Value] hardkey (located on the numeric keypad).

5 If the harmonic markers do not quite line up with the harmonics, adjust the value of
[FUNDAMNTL FREQUENCY]—uUsing the knob, the arrow keys, or the direct numeric
entry—until they do.

6 Press[THD].

When you press [THD], the analyzer displays total harmonic distortion (THD) at the
bottom-left corner of the trace you are measuring. The analyzer automatically limits
the number of harmonicsincluded in the THD calculation to those included in the
current frequency span. Y ou can further limit the number of harmonics by changing
the value of [NUMBER OF HARMONICS].

Harker Fcn Troce: A Fund: 9.984 kHz
[Harmonic] Num Harms: 28

Vi@, 88g dBVrms

dBYrms H f
BHz AVEG: 25 182. 9kHz

The result of the THD calculation appears
here—in this example, the THD is 0.038 percent.
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To measure sideband power

1 Complete the one of the previous tasks: “To measure awideband spectrum” or “To
measure a harrowband spectrum.”

2 Activate the trace you want to measure.

3 Press [Marker] [MARKER TO PEAK] or turn the knob to place the marker on the carrier
frequency.

4 Press[Marker Fctn] [SIDEBAND MARKER] [CARRIER FREQ], then pressthe [Mkr Value]
hardkey (located on the numeric keypad).

5 Press[Marker] [REFERENCE SETUP] [REFERENCE TO MARKER], then turn the knob to
place the main marker on the first sideband to the right or left of the carrier.

6 Press[Marker Fctn] [SIDEBAND MARKER] [SIDEBAND INCREMENT] [Mkr Value].

7 If the sideband markers do not quite line up with the sidebands, adjust the value of
[SIDEBAND INCREMENT] until they do.

8 Press[sIDEBAND POWER].

When you press [SIDEBAND POWER], the analyzer displays the rms summation of all
marked sidebands at the bottom-left corner of the trace you are measuring. Y ou can
limit the number of sidebands included in the summation by changing the value of
[NUMBER OF SIDEBANDS].

Harker Fcn Trace: A Carrier: 1@.81¢ kHz
[5ideband] Incr: 992 Hz Sidebands: 2@

Hz ¥ri-2a.13% dB

o

dBvTe sideBand:-17. 286 dBUrms
3. 554kHz AVG: 25 16. 384kAz

The result of the sideband power calculation
appears here.
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To display a spectral map

1 Complete the one of the previous tasks: “To measure awideband spectrum” or “To
measure a harrowband spectrum.”

2 Activate the trace you want to use for the spectral map.

3 Press [Disp Format] [WATERFALL SETUP], then press [WATERFALL ON OFF] to
highlight ON.

4 If averaging is enabled, press[Avg], then set [FAST AVG ON OFF] to ON,
[REPEAT ON OFF] to ON, and [UPDATE RATE] equal to [NUMBER AVERAGES].

5 Press[start] to begin measuring.

When rms, time, or peak hold averaging is selected, the analyzer normally stops
measuring after it has finished averaging the specified number of measurements.
Setting [REPEAT ON OFF] to ON allows the analyzer to begin averaging another set of
measurements immediately after it finishes the preceding set. Setting

[FAST AVG ON OFF] and [UPDATE RATE] as described in step 4 ensures that each trace
in the map represents a compl eted average.

For more information on using the waterfall feature, refer to online help or chapter 9,
“Formatting the Display.”

Disp Frmat Z Range A: 15 count Base Supr A: 8 #
Height RA: 57 # Hidn Rmwl A: On

1
\vrms

LogMag

229
count

BHz 51.zkHz

In the example here, a spectral map clearly reveals
frequency change of the swept test signal.
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To measure frequency response—FFT

FFT analysis allows you to measure a device's frequency response more quickly than
swept sine analysis. However, if the dynamic range of your device exceeds 80 dB,
you should use swept sine analysis—as described in “ To measure frequency
response—swept sine.”

Initialize the analyzer.

Press [Preset] [DO PRESET].

Press[Inst Mode] [FFT ANALYSIS].

If you are using atwo-channel Agilent 35670A, press [CHANNELS 1 2] to highlight 2.

If you are using a four-channel Agilent 35670A, press [CHANNELS 1 2 4] to highlight 2
or 4, then press [REF CHANS 1 1,3] to highlight 1.

Press [Meas Data] [FREQ RESP 2/1], then—if you are measuring with four
channels—press [CHANNEL 1 2 3 4] to highlight the response channel you want observe.

Connect your device-under-test (DUT) to the source and input connectors (as shown
below).

Specify the measurement parameters.

Press [Freq] [START] <number> <unit>, then press [sTop] <number> <unit>.
Press [Source] [PERIODIC CHIRP] [LEVEL] <number> <unit>.

Press [ SoURCE ON OFF] to highlight ON.

Press [Window] [UNIFORM].

Press [Input] [ALL CHANNELS] [CH* AUTO UPONLY].

[y o o

Option AY6
m] @]
o|f 0
o O ||
O O |\
O O
(] O
o o :
[m] ]
0 © © 0
o e s
el 0 U Z

Device-Under-Test Device-Under-Test
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4 Specify the triggering parameters.
Press [Trigger] [SOURCE TRIGGER].

5 Configure the display.
Press [Disp Format] [MORE] [BODE DIAGRAM].
Activate all displayed traces.
Press [Scale], then pressiAUTOSCALE ON OFF] to highlight ON.
If you would rather display the measurement data with alinear X-axis, press|[Trace
Coord], then press [X-AXISLIN LOG] to highlight LIN.

6 Measure the DUT.
Press[Start].

A four-channel Agilent 35670A can measure frequency response using one reference
channel or two reference channels. When you set [REF CHANS 1 1,3] to 1 (as described
in this task), the analyzer uses channel 1 as the reference for channels 2, 3, and 4.
When you set it to 1,3, the analyzer uses channel 1 as the reference for channel 2 and
channel 3 asthe reference for channel 4.

A periodic chirp is self-windowing signal that provides an equal amount energy at all
frequencies within the current span. This signal does not differ from one measurement
to the next, so you can obtain good measurement results without averaging.

Averaging isrequired for this signal type only if you plan to evaluate the quality of
your measurement with coherence data (selected under the [M eas Data] hardkey).

Scale Trace: A Ref Lvl: @
Fer Div: 3& Ref Pos: Cntr

fHFreq Fecs ! ! deqg

51.2ZkHz
JHHF reg Fes : Vi @.83734 dB

17EAz ' S1.ZkAz
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To measure frequency response—swept sine

When you measure a device that has awide dynamic range, or one that covers several
decades of frequency range, swept sine analysis can provide better frequency response
resultsthan FFT analysis. Swept sine analysisis possible only if your analyzer is
equipped with Option 1D2.

Initialize the analyzer.

Press [Preset] [DO PRESET].

Press[Inst Mode] [SWEPT SINE]-

If you are using afour-channel Agilent 35670A, press [CHANNELS 1 2 4] to highlight 2
or 4, then press [REF CHANS 1 1,3] to highlight 1.

Press [M eas Data] [FREQ RESP 2/1], then—if you are measuring with four
channels—press [CHANNEL 1 2 3 4] to highlight the response channel you want observe.

Connect your device-under-test (DUT) to the source and input connectors (as shown
below).

3 Specify the measurement parameters.

Press [Freq] [START] <number> <unit>, then press [sTop] <number> <unit>.
Press [RESOLUTN SETUP] [RESOLUTN] <number> <unit> to specify the number of
measurement points.

Press [sweEPLIN LOG] to highlight LIN if you want the measurement pointsto be
linearly space, or to highlight LOG if you want them to be logarithmically spaced.
Press [Input] [ALL CHANNELS] [CH* AUTO RANGE].

Press [Source] [LEVEL] <number> <unit>.

] O
(] [m]
o ||( O ||
] O ||
O O
] O
O [}
D ok o
0 o 0
o ® o
OOOooooogoa ODOhOoooogogaog
O (o]
o U <5

Device-Under-Test

Device-Under-Test
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4 Configure the display.
Press[Scale], then pressiAuTOSCALE ON OFF] to highlight ON.

5 Specify the averaging parameters.
Press[Avg] [INTEGRATE TIME] <number> [CYCLES].

6 Measure the DUT.

Press[Start]. o _

If you want to change the direction of the sweep during the measurement, press [Freq]
[SWEEP UP DOWN].

Swept sine analysis lets you select linear or logarithmic spacing of the measurement
points within the specified frequency span. Logarithmic spacing is a better choice
when the span covers several decades. Y ou can reduce the amount of time it takesto
complete either alinear or logarithmic sweep by enabling the analyzer’s
autoresolution feature. Y ou can enable this feature by pressing [Freq]

[RESOLUTN SETUP], and then pressing [AUTO RES ON OFF] to highlight ON.

See online help for more information on [AUTO RESON OFF]. See online help or the
previous topic for more information on [REF CHANS 1 1,3].

Avg Settle T: 5 Cucle Int T: 5 Cucle
[SINE] Est SwWp Tm: ?2.84 s
Wi 39,5396 kHz i ¥:-85.8% dB
dB Hag crie
1A
i) T P P T N PP RS IR AT B PPN R
Jdiw
-9
dB @

ZBHz SBkHz
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To measure phase distortion

1 Complete either the FFT or the swept sine version of the task, “ To measure frequency

response.”

2 Activate the trace you will use to measure phase distortion.

3 Press [Trace Coord] [MORE CHOICES] [GROUP DELAY].

4 Press[DELAY APERTURE] <number> [ENTER].
5 Press[scale], then press [AUTOSCALE ON OFF] to highlight ON.

Group delay isthe derivative (or slope) of the phase response. This makesit useful for
measuring a device' s phase linearity. The formulafor group delay is:

Trac Coord A: Delay E: dE Hag
[SINE] C: dB Mag It dE Mag

Yi?8.11258 us

1 22,8549 Hz

SBkHz

ZAHz

Group-delay trace using a 0.25% aperture.

Trac Coord A: Delay E: dE Hag
[3INE] C: dBE Mag DI dE Mag
Wi Z2Z2, 9345 Hz
Delay
166
us
fdiy
@ .....
- 386 : :
us R
SBkHz

ZAHz

The same trace using a 2.5% aperture.
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Measuring Control
Systems

The Agilent 35670A is useful for characterizing the performance and stability
of acontrol system. Performance parameters, such as rise time, overshoot, and
settling time, are generally specified in the time domain. Stability criteria,
gain/phase margins, are generally specified in the frequency domain. The
Agilent 35670A measures both in the time and frequency domains.

General Model of a Control System

The standard model of a single loop control system consists of
e aninput signa called the reference signal (r)

» adeviceor aprocessto control (called the “ plant™)

» asensor to measure the response of the plant (c)

 afeedback element, H, and summation block to give an indication (b) of the output
(c) so that they may be combined with the original control signal to form an error
signa (e)

e aneror signal, that is sent to the plant such that ¢ is driven to minimize the error
betweencand r

Figure 5-1 isageneric block diagram of a control or “servo” system. The
plant’s transfer function is G. The feedback transfer functionisH. Thegoa is
to optimize closed loop performance. Thisis done by modifying the open loop
elements. Ideally, the control loop output (c) tracks the input (r) perfectly in
the time domain; the gain (output/input) is 1 and there is no phase lag between
input and output.

Block Diagram of a Control System

5-2



Agilent 35670A
Operator's Guide

Measuring Control Systems

In a real environment there are external and internal disturbances that can affect the
system'’s performance. In addition, the physical nature of the closed loop system can cause it
to be unstable or lack required performance. Compensation is added to either the
feed-forward or feedback loop to improve performance and to ensure acceptable stability
margins. Figure 5-2 shows a feed-forward compensation block with a transfer function Ge,

and a feedback compensation block with transfer function H. Many variations are possible.

« The control loop may be composed of mechanical devices and/or analog or digital

electrical elements.

« The compensation may be missing in which case Gcand H = 1.

« The compensation may be combined with other elements. Examples of thisare

discussed in the next section.

Compensation Added to Forward Path

Closed-loop systems as shown in figure 5-1 can be expressed as

C/R=G /(1=GH)

Solving for the open loop transfer function (b/e)
b = (r-b) GH

e = reGH

bir = GH/(1+GH) elr = 1/(1=GH)

The open loop transfer function is

bje = GH

Where:
G = GeGp
Gc is the transfer function of the compensation network

Gp is the transfer function of the “plant” or process
H is the transfer function of the feedback network
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Variations from the General M odel

To analyze the performance of a control system, you must introduce a stimulus
and monitor the effect. Some control systems have special requirements for
testing and analyzing the results. This may limit how you approach setting up
the measurement.

« Some systems have access to the signals between blocks. Printers and plotters that
move a head around may have one chip that performs as a summing junction,
compensation block, and feedback block; so, accessto the signalsis limited.

« Sometimes the signals of interest arein aform that is difficult to measure. If the
plant is amotor, the signal that drives it may be pulse-width modulated. Ina
switching power supply, the output signal may be avery large voltage. When the error
signal (e) isanalog, it may be so small that the signal-to-noiseratio is poor.

e Some systems require astimulus signal r \O. Testing disk drives requires that the
disk be operating at all times; in this caser cannot equal 0. The test stimulus must be
injected in the forward gain path, usually between the output of the compensator and
the input to the power amplifier. Thisinjection point may need to be added to the
circuit viatwo cascading-inverting op amps. This affects the math and your approach.
However, if r(t) is uncorrelated to the stimulus signal, it can be treated as noise and
averaging can be used to remove its effects.

Designing the System

Control system design requires measuring the performance parameters of the
system, measuring the stability of the system, and modeling the control loops.

Typically, you start by drawing ablock diagram that represents your system,
including signal paths, types, and levels. Next, you work out the math that
shows how to derive the open loop response from the measurement. After
making a closed loop measurement, you can use the Agilent 35670A’ s math
operations to transform the measurement into the open loop response.

Analyzing Test Results

Once you have measured the performance and stability of a system, you should
verify that your control system model is correct. Y ou can do this by using the
Agilent 35670A’ s optional curve fitter to derive the poles and zeros of the
response and update your model.
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Curve fitting is the process of estimating linear system parameters of a
mathematical model of aphysical system. The model closely approximates the
measured frequency response of the physical system in aleast-squares-error
optimal manner. The result of a curve fit operation is a table of polesand
zeros. Chapter 16, “Curve Fit,” explains how to use the Agilent 35670A’s
curvefit features.

Checking Your Design

If your model is accurate, you can design a compensator to improve the
performance of the control system to desired specifications. Y ou can
synthesize the compensator and use the Agilent 35670A’ s math operations to
multiply the compensator’ s synthesized response with the open loop response.
This gives you the open loop response you would expect if you build the
compensator, add it to the system and measure the compensated system.

Chapter 15, “Synthesis,” and chapter 18, “Math Operations,” explain how to
use the Agilent 35670A’ s synthesis feature (Option 1D3) and math operations.
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Measuring Control
System Performance

Several measures of performance can be derived from a step response.
Parameters such as rise time, overshoot, delay time, and settling time are
measured in the time domain. The Histogram/Time instrument mode provides
the highest accuracy time analysis. Time analysis markers measure the critical
time parameters. See figure 5-3.

The rise time of a step response provides a measure of how fast a system can
initially achieve the desired output level. The maximum overshoot provides a
relative measure of the maximum output level resulting from a specific input.
The steady-state deviation indicates a constant error in achieving adesired
output. Settling timeis ameasure of how long it takes the system to settle to
its steady-state value. The settling time can be interpreted as arelative measure
of stability with short settling time considered more stable than along settling
time.
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The analyzer’s anti-alias filters have an input step response that can contribute
asignificant time domain error to the measured system step response. The
Agilent 35670A bypasses both the analog and digital anti-aliasfiltersin
Histogram/Time instrument modes to minimize this error.

The tasksin this section use a step waveform. The Agilent 35670A’ s arbitrary
source, Option 1D4, alows you to build such a custom source signal. For
more information about using the Agilent 35670A’ s arbitrary source, see
chapter 6.

MFEILT TIMEZ 0% 0vIip

2.0

/ \ % | Overshgot i

.
P

“ / J’ \‘\ // x\\_////
T\ r
Rise time /

/ Steady—state |error

Sec 35 0m

Setting time
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To measure a step response

The primary objective in designing a control system isto construct a system that
achievesthe desired output level as fast as possible and maintains that output with
little or no variation or steady state error. The step response is atechnique that
measures a control system’s compliance with the design goals. Thistask utilizesa
step signal created with the Arbitrary Source, Option 1D4.

1 Cresate and store a step signal in data register D1.
See“To create astep signa” in chapter 6.

2 Initialize the analyzer.

Press [Preset] [DO PRESET].
Press[Inst Mode] [HISTOGRAM/TIME].
Press [Meas Data] .

Press[CHANNEL 1234] to highlight 2.
Press [UNFILTERD TIME CH2].

3 Connect the device-under-test (DUT) as shown in the illustration below.

4 Specify the measurement parameters.

Press [Freq] [RECORD TIME] <number> <unit>.

Press [Input] [CH1 FIXED RANGE] <number> <unit>.
Press [Sour ce] [MORE CHOICES] [ARBITRARY (D1 - D8)].
Press[Rtn].

Press [LEVEL] <number> <unit>.

Press [SOURCE ON OFF] to highlight ON.

0D0000000od

ooDooooooo @ °0 @

Source CH 1 CH 2
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5 Specify the triggering parameters.

Press[Trigger] [SOURCE TRIGGER].

Press [TRIGGER SETUP].

Press[CHANNEL 1234] to highlight 2.

Press [CHANNEL 2 DELAY] <number> <unit>.

6 Configure the display.
Press [Scale], then pressiAUTOSCALE ON OFF] to highlight ON.

7 Measure the DUT.
Press[Start].

The step response is the measured reaction of the control system to a step changein

theinput. If you are using the arbitrary source, be sure that data register D1 contains
the arbitrary source step signal.

In Histogram/Time instrument mode, the anti-alias filter and A-weight filters are
automatically disabled.

Scale Trace. A Ref Lvl: 120 m
Per Div: 10 m Ref Pos: Cnir

04.666 mV

A. CH1 Time X.999.4507 us Y.20

Real R }>/ |

140

999.4507us 16.6092ms

5-9



Agilent 35670A

Measuring Control Systems Operator's Guide

To measure performance parameters

1 Measure a step response.
2 Press [Pause-Cont].

3 Press[Marker Fctn] [TIME PARAMTERS].
Press [START TIME] <number> <unit>.
or
Use the knob to move the marker to the appropriate start time.

4 Press [sTOP TIME] <number> <unit>.

or
Use the knob to move the marker to the steady-state level.

5 Press [oVERSHOOT].
Press [RISE TIME].
Press[SETTLING TIME].
Press[DELAY TIME].
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Thistask uses a step signal to stimulate the control system. The Time Markers
measure the critical time domain characteristics of the control system. Delay time and
settling time are relative to the rising edge of theinput signal. Selecting an accurate
start time is critical to computing accurate values.

Fcn  Trace: A Strt: 0 s or Fcn Trace: A Strf: 0 s
Stop: 2 ms Steady: 0.21804 Stop: 9 ms Steady: 0.21804
Time X:999.4507 us Y:204.382 mV Time X:999.4507 us Y:204.382 m\
AT 1 e I
s |
1 1
0§ 4 10 \
mV | mv 2
iv / d /
div | / v \ [
Steady-state line on \ \ /
display \ N ‘
] .
S — —
40 140 | )
1% [Risedisan|ms TN LSette:3.5477 mg
999.L507us 16.6092ms 999.4507us 16.6092ms
Time parameter value
location
Fen o Irace A Strt: 0 s Fcn  Trace: A Sirt: 0 s
Stop: 9 ms Steady- 0.21804 Stop: 9 ms Steady: 0.21804
I
Ti X:999 4507 us Y:204.382 mV 1999.4507 s Y:204.382 mV
Steady-state value 205 u Y m Tine X:999.4507 u Y20 o
mV mV
el —t 1
e ‘
\ |
10 f | / 10 \
mV o 7 mv l
div / di
/
“ \ /
\ [ \ /
| \
\, ‘l‘ \ ‘
~ ‘ S |
- | S N
% Loverdz ot % 149, | Delay1.4817 ms
999.4507us 16.6092ms 999.4507us 16.6092ms
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Measuring Control
System Stability

One of the most fundamental measurement requirements for control systemsis
measuring loop stability. The Agilent 35670A provides both the traditional
swept sine measurements (Option 1D2) and broad band measurement stimulus
like chirp and random waveforms for faster production testing. In addition, the
internal math capabilities of the Agilent 35670A allow you to easily convert
closed loop measurements to open loop responses and correct for phase
inversions and frequency response errors found in test fixturing.

A measurement method with minimal overhead is to find the open loop
frequency response function using the reference input summing junction. That
is, to inject the test stimulusinto r and measure points b and e in the figure 5-4.
Math is not required. However, if your system isahigh-gain (80 dB) analog
system this method may not work since e may be so small that it approaches
the noise floor of the analyzer.

Block Diagram for Open L oop Frequency Responce
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Another method is to measure the closed loop frequency response function. A
summing junction is used to add a stimulus signal (s) to the loop and the
measurement is made at pointsy and s. See figure 5-5. Y ou then can calculate
the open loop frequency response function.

Using the block diagram shown in figure 5-5, we can solve for y/s.

y = -yG1G2H + sG1G2H

yls = G1G2H | (1 + G1GzH)
Solving for the open loop response
G1G2H = (yls) | (1 - (yls))

To display the open loop transfer function, use the frequency response
measurement data to get y/s and then use a math function to calculate the open
loop response. It isimportant to check the measurement results before math
operations are performed. The math functions can also be used to “ correct” a
measurement which contains phase and gain offsets. To check for these gain
and phase offset, you need to look at the measured value of y/s. Since

yls= G1G2H/1 + G1G2H, we expect to see again of 0 dB for lower
frequencies, where G1G2H islarge and the phase should be approaching 0
degrees.

Block Diagram for Closed L oop Frequency
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To measure an open loop response

Thistask uses the reference input summing junction and the controlled output to find
the open loop frequency response. The measurement is made in the Swept Sine
instrument mode, Option 1D2.

1 Initidize the analyzer.

Press [Preset] [DO PRESET].
Press[Inst Mode] [SWEPT SINE]-
Press [Meas Data] [FREQ RESP 2/1].

2 Connect the device-under-test (DUT) as shown in the illustration below.

3 Specify the measurement parameters.

Press [Freq] [START] <number> <unit>, then press [sTop] <number> <unit>.
Press [Input] [CH1 AUTO RANGE].

Press[CHANNEL 12 34] to highlight 2, then press [cH2 AUTO RANGE].

Press [Source] [LEVEL] <number> <unit>.

o ElIE==
) o|loDD
aooo
000005 O

oo,

0000000000
U
O
O
O

CH 1 CH 2
0 Doooooog) °Q @

Source

Reference input summing
junction
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4 Specify the averaging parameters.

Press [Avg] [SETTLE TIME] <number> <unit>.
Press [INTEGRATE TIME] <number> <unit>.

5 Configure the display.

Press[Disp Format] [MORE] [BODEDIAGRAM].
Press[Scale], then pressiAuTOSCALE ON OFF] to highlight ON.

6 Measure the DUT.
Press[Start].

Use the Agilent 35670A’s curve fit feature to see the mathematical model of your
data. See chapter 16.

Disp Frmat

A: FreqResp2/1 X:51.2 Hz Y:-27.301de:
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de E——
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dByﬁ*

~

dBMag [~
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dB|
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-90
dB

51.2Hz 10kHz
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To measure gain and phase margin

1 Measure the open loop response.
2 Press[Marker Fctn] [GAIN/PHAS MARGINS].

3 Press [START FREQUENCY] <number> <unit>.
or
Move the marker to the desired start frequency.

4 Press[sTOP FREQUENCY] <number> <unit>.
or
Move the marker to the desired stop frequency.

5 Press [COMPUTE MARGINS].

Gain margin is the magnitude below 0 dB (gain =1) at the frequency at which phase
equals-180 °. Phase margin isthe phase above -180° at which gain equals 1. Gain
crossover is the frequency at which gain equals 1.

The compensator gain will be determined by the gain required to achieve gain
crossover at adesired frequency. Gain and Phase values at that frequency will indicate
the amount of gain and phase for the compensator design. For example, if the
specification is to have a gain-crossover frequency of 265 Hz and a phase margin of

40 °+ 5°, and the marker measurements show a gain of -9.15 dB and phase of -178° at
265 Hz, the compensator will need 9.15 dB of gain and 38 ° of phase shift

(180 — 178 =2; 40 -2 = 38).

MarkerFcn Trace: A GrXovr: 104.3¢Hz
Gain/Phs] Ps Xowr: 5.0374&Hz Crossover frequency value

appears in mini state.

Crossover frequency
indicated by solid band
markers.

A }}e\qRespQﬂ X:5.0374 kHz Y:178.62 dex
180
de |

Phas

36|
dex E——

Jdiv
180 (B T98528 e 333G

B: FreqResp2/ X:5.0374 kHz Y:-15.871dB
10|

o ——
]

dBMag I |
10

Bl \

/div

-90
dBl
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To display a Nyquist diagram.

1 Measure the open loop response.
2 Press [Disp Format] [SINGLE].
3 Press [Trace Coord] [MORE CHOICES] [NYQUIST DIAGRAM].

4 Press[Scald].
Press [AUTOSCALE ON OFF] to highlight ON.

5 Press[AXES SCALE MARKERS].
Press[Axisx v] to highlight Y.

Press [MOVE CENTER].
Using the knob move the axes scale markers close to the -1 + jO X-axis location.

Press [CHANGE WIDTH].
Using the knob widen the scale markers to include the -1 + jO Y -axis | ocation.

Press[SCALE AT MARKERS].

Stability criteria requires that the open loop response can only cross the negative real
axis between the origin and -1 + jO. Crossing anywhere else dictates theloop is
conditionally stable or unstable.

Real Value

Imaginary Value

A: FreqResp2/1 R:46.77%: 11691803 X:7.424 Kz

125 Frequency Value

imag
Nyquist

2 Origin
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To measure a closed loop response

When it is not possible to make a direct open loop measurement you can make a
closed loop response by breaking into the circuit under test and inserting and
monitoring the test signals. Thistask makes a closed loop Y/S measurement in the
Swept Sine instrument mode, Option 1D2.

1 Initidize the analyzer.

Press [Preset] [DO PRESET].
Press[Inst Mode] [SWEPT SINE]-
Press [Meas Data] [FREQ RESP 2/1].

2 Connect the device-under-test (DUT) as shown in the illustration below.

3 Specify the measurement parameters.

Press [Freq] [START] <number> <unit>, then press [sTop] <number> <unit>.
Press [RESOLUTN SETUP], then press [AuTO RES ON OFF] to highlight ON.
Press [Input] [CH1 AUTO RANGE].

Press [CHANNEL 1 2 3 4] to highlight 2, then press [cH2 AUTO RANGE].

Press [Source] [LEVEL] <number> <unit>.

0000000000

O oooooood)

Source
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4 Specify the averaging parameters.
Press[Avg] [SETTLE TIME] <number> <unit>.
Press [INTEGRATE TIME] <number> <unit>.
5 Configure the display.
Press[Disp Format] [MORE] [BODEDIAGRAM].
Press[Scale], then pressiAuTOSCALE ON OFF] to highlight ON.
6 Measure the DUT.
Press[Start].

At low frequencies, the gain of Y/S should be very nearly 1 (0 dB). The phase should
be approximately 0. Make sure to measure Y/S properly. It iseasy to inadvertently

pick up a180[ phase offset in the measurement results. In addition, gain offsets can
be picked up in the measurement. It isimportant to check the measurement results
before performing math operations.

=<

A: FreqResp2/1 X:51.2 Hz 169.83de;

180f =
dex
Phase
36|
dex
/div
-180

B: FreqResp2/1 X:51.2 Hz Y:2.65594B

dBMag A N

/div

-40
dBl

51.2Hz 10kHz
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To calculate the open loop response

1 Measure the close loop response.
2 Press [Analys] [DEFINE FUNCTION (F1-F5)] [DEFINE F1].

3 Press[MEASDATA] [FREQ RESP 2/1]
Press[/].
Press[(].
Press [CONSTANT (K1-K5)] [CONSTANT K1].
Press|[-].
Press [MEASDATA] [FREQ RESP 2/1].

4 Press[ENTER].

5 Press[Active Trace] [A B].

Press [Meas Data] [MORE CHOICES][MATH FUNCTION].
Press[F1i].

6 Press[Scale] [AUTOSCALE ON OFF] to highlight ON.
Press[Active Trace] [A].
Press[Trace Coord] [PHASE].
Press [Scale] [AUTOSCALE ON OFF] to highlight ON.

Thistask uses the Agilent 35670A’ s math operations to calculate the closed loop to
open loop transfer function, T/(1-T).

TacCoord  A: Phase

SNE) ¢ daag ). dBMag
Math function register, F1,
A F1FRES21/( X512 Hz Y:175.68(dex contains closed |00p to open |00p

180] =

i . transfer function (T/(1-T)

36|

e
fdiv

180

Phase

s o F1 = FRES21/(K1-FRES21)
vazs P2

‘ F3

I F4

T il F5

o </ K1 = 1.000000 + | 0.000000
' \ K2 = 2.000000 + | 0.000000

| K3 = -1.000000 + j 0.000000

| K4 = 0.000000 + | 1.000000

| K5 = 0.000000 - | 1.000000

B: F1FRES2]

P
5
o
&3
IS
2
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The Arbitrary
Source

The analyzer’s source can supply a number of different waveforms. The
arbitrary source, Option 1D4, provides the flexibility desired for the most
accurate characterizations. The analyzer drives the source output with the
contents of adataregister or the time capture buffer. The register and time
capture buffer must contain time domain data. (If you subsequently change the
contents of the data register, you must re-configure the source to reflect the
new waveform.)

Arbitrary source waveforms are available in FFT analysis, correlation analysis,
and histogram analysis instrument modes.

The analyzer scales the data so that its peak voltage corresponds to the current
source level in Vpk. With the source on, the analyzer sends the scaled signal to
the source connector.

Sour ce Behavior

The repeat feature enables the analyzer to send data to the source connector
continuously without interruptions. (The arbitrary source waveform is only
onetime record long.) When repeat is off, the source behavior is affected by
the selected trigger mode.

In free run trigger mode, source output is continuous just asit iswith repeat on.
For any other trigger mode, the source begins its output only when atrigger
occurs and shuts off after all data in the register or time capture buffer has been
output. This happens each time atrigger occurs.

A variable low-pass filter is available for the arbitrary source under the [Source]
[MORE cHoICES] menus. Y ou can use thisfilter to remove band power for
transfer function measurements using source waveforms containing high
frequency edges. See online help for additional information about the arbitrary
source filter.
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Sour ce Impedance

The analyzer’ s source impedance islessthan 5 ohms. It is designed to be
operated into nearly any type of load. If your device-under-test requires a
specific source impedance, place an appropriate resistor in series with the
analyzer’s source output.

Synthesizing Complex Waveforms

Y ou can generate a complex waveform function with a computer program. An
example program, “ARBSRC,” which generates an arbitrary source waveform
isavailable on the GPIB Example Programs disk. The program listing is
printed in Appendix F of GPIB Programmming with the Agilent 35670A.
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To create astep signal

Thistask builds a step source signal which can be used for control loop performance
characterization.

1 Initidize the analyzer.
Press [Preset] [DO PRESET].

2 Connect the source to the Channel 1 input as shown in the illustration.

Press[Source] [LEVEL] <number> <unit>.
Press [ SourRCE ON OFF] to highlight ON.

3 Display awaveform.

Press [Freq] [RECORD LENGTH], then press[1] [5] [ms].
Press [Meas Data] [TIME CHANNEL 1].

Press [Pause-Cont].

Press [Save/Recall] [SAVE DATA] [SAVE TRACE] [INTO D1].

6 N\0O|[ooo
S| =]m=]m]

0gpoooaooo

0000000000
0ooo
0ooao
00oao
gooo

oo
oo
oo

D Oooooodd

0 =)

° Source
obOoooooon @ @

Source CH 1
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4 Modify the waveform.

Press[Analys] [DATA EDIT] [EDIT D1].
Press [MODIFY START Y] [1] [ENTER].
Press[MoODIFY sTOPY] [1] [ENTER].
Press[sTART X] [1] [0] [mS].
Press[MODIFY START Y] [0] [ENTER].
Press[MODIFY sTOPY] [0] [ENTER].

5 Configure the display.
Press [Scale], then pressAUTOSCALE ON OFF] to highlight ON.

6 Configure the arbitrary source.

Press [Sour ce] [MORE CHOICES] [ARB SRC SETUP] [DATA REG D1].
Press [Rtn].
Press[ARBITRARY (D1 - D8)].

The analyzer defaults to the nearest time record length, in this case 15.625 mS.

To build adifferent type of step signal, simply replace the start and stop values for the
X-and Y-axisin step 6 with your own.

Per Div: 200m Ref Pos: Cnfr

A: D1Time X0 S Y Vv
1.4
v

Start X =0
StartY, StopY = 10

Real
200

m
/div

Start X = 10
StartY, StopY = 0

-600

Os 15.6097ms
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To create aramp signal

Thistask builds aramp waveform.

1 Initidize the analyzer.
Press [Preset] [DO PRESET].

2 Connect the source to the Channel 1 input as shown in the illustration.

Press [Source] [LEVEL] <number> <unit>.
Press [sOURCE ON OFF] to highlight ON.

3 Display awaveform.

Press[Freg] [RECORD LENGTH], then press[1] [5] [ms].
Press[Meas Data] [TIME CHANNEL 1].

Press [Pause-Cont].

Press [Save/Recall] [SAVE DATA] [SAVE TRACE] [INTO D1].

O cooooood

0 0DO000DDODO

aND|looo
) =]

Sl rr—r—
0000|500
0000|555
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4 Modify the waveform.

Press[Analys] [DATA EDIT] [EDIT D1].
Press [MODIFY START Y] [0] [ENTER].
Press[MODIFY STOPY] [0] [ENTER].
Press[START x] [5] [mg].
Press[storx] [1] [0] [mS].
Press[MODIFY START Y] [0] [ENTER].
Press[MODIFY sToPY] [1] [ENTER].

5 Configure the display.
Press [Scale], then pressiAUTOSCALE ON OFF] to highlight ON.

6 Configure the arbitrary source.

Press [Source] [ARB SRC SETUP] [DATA REG D1].
Press[Rtn].
Press [ARBITRARY (D1- D8)].

To ensure more accurate results by avoiding residual noise, the region outside of the
ramp is zeroed out in step 4.

To build adifferent type of ramp signal, simply replace the start and stop values for
the X- and Y-axisin step 4 with your own.

Scale race: A RefLvi: 400m
Per Div: 200m Ref Pos: Cntr

A: D1Time X0 s Y:-230.6240V
1.4
V|

| —— StopX =10ms
Stop Y =1

Real
200

-600

Os 15.6097ms

Start X = bms
Start Y=10
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To create aprofiled chirp waveform

Thistask builds a profiled chirp waveform by using the analyzer’ s mathematics

capability.
1 Initidize the analyzer.
Press [Preset] [DO PRESET].

2 Connect the source to the Channel 1 input as shown in the illustration.
3 Build aramp signal and storeit in dataregister D1. See the previous task.

4 Display a periodic chirp waveform.
Press [Meas Data] [TIME CHANNEL 1].

press [Sour ce] [PERIODIC CHIRP] [LEVEL] [1] [VpK].

Press [SouRCE ON OFF] to highlight ON.
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5 Modify the waveform.

Press [Analys] [DEFINE FUNCTION (F1-F5)].

Press [DEFINE F1] [MEASDATA].

Press [CHANNEL 1 234] to highlight 1.
Press[TIME CHANNEL 1].

Press[+].

Press [DATA REGISTER (D1 - D8)] [DATA REG D1].
Press [ENTER].

6 Configure the display.

Press
Press
Press

M eas Data] [MORE CHOICES] [MATH FUNCTION] [F1].
Trace Coord] [MORE CHOICES] [REAL PART].
Scale], then press{AUTOSCALE ON OFF] to highlight ON.

{ Configure the arbitrary source.

Press [Save/Recall] [SAVE DATA] [SAVE TRACE] [INTO D2].

Press [Sour ce] [MORE CHOICES] [ARB SRC SETUP] [DATA REG D2].
Press[Rtn].

Press[ARBITRARY (D1- D8)].

Thistask uses aramp signal as aweighting function for the periodic chirp waveform.
Step 5 specifies amath function that does the multiplication and stores the result.

A: CHTime
C: CHTime

Meabata
[FFT]

B: CH2Pwr Spec
D: CHZime

A: CHTime
2.5
V|

X:0 s Y:-188.391uV

F1 - Time1* D1
F2

F3

F4

F5

K1 = 1.000000 +  0.000000
K2 = 2.000000 + j 0.000000
K3 = -1.000000 + j 0.000000
K4 = 0.000000 + j 1.000000
K5 - 0.000000 - j 1.000000

Real

500

m
/div

-2.5

Os 7.8049ms
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Using Time Capture

Time capture allows you to fill abuffer with input data and then measure from that
buffer at alater time. This chapter shows you how to fill and measure from the buffer.
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To prepare for filling the capture buffer

Preparing to fill the time-capture buffer is very similar to preparing for any other
measurement: Y ou must complete all your connections between the analyzer and your
device-under-test (DUT), and you must specify most parameters grouped under the
MEASUREMENT hardkeys. However, you must not rely on autoranging to maintain
the proper range for your input channels. The analyzer does not autorange whileit is
filling the buffer.

1 Initialize the analyzer and connect your test signals (as described in other
measurement tasks), just as you would if you were not capturing data.

2 Manually set each channel’ s range to slightly exceed the highest signal level you
anticipate.
Press [Input] then press [CHANNEL 1 2] (or [CHANNEL 1 2 3 4]) to select the channel
whose range you will set.

Press [CHANNEL x RANGE] <number> [ENTER].
Repeat this step for each active channel.

3 Specify the other [Input] parameters, and the parameters grouped under [Freg] and
[Source], just as you would if you were not capturing data.

4 1f you will require tachometer data when you measure from the buffer (as you will
when you measure using the order instrument mode or rpm-step arming), press [ nput]
[TACHOMETR SETUP], then specify the tachometer parameters.

5 If you will require tachometer data when you measure from the buffer, but you are not
using the order instrument mode to fill the buffer, enable the collection of tachometer
data

Press[Inst Mode] [TIME CAPTURE] [TACHOMETR OPTIONS], then press

[TACH DATA ON OFF] to highlight ON.

Press[MAX RPM] <number> [ENTER] to specify the highest rotation speed you will
monitor when you measure from the buffer.
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6 If you want to trigger the start of data collection, set up triggering.
Press[Trigger], then press the softkey corresponding to the trigger type you want to

use.
Press [TRIGGER SETUP], then specify the triggering parameters.

7 1f you will display phase information when you measure from the buffer using the
order instrument mode, you must enable externa triggering.

Press[Trigger] [EXTERNAL TRIGGER].
Press [TRIGGER SETUP], then set up the external trigger parameters.

In most cases, the Agilent 35670A alows you to measure from the time-capture buffer
using any instrument mode—regardless of the mode you used tofill it. There are three
exceptions:

e You can neither fill nor measure from the buffer using the swept sine mode.

« If youfill the buffer using FFT mode and a start frequency greater than 0 Hz (which
provides “zoomed” data), you can measure from the buffer only if the FFT modeis
selected.

« If you fill the buffer without including tachometer data, you cannot measure from
the buffer using order mode.

Although these are the only cases where it is not possible to change instrument modes
when you measure from the buffer, it is generally better to fill and measure from the
buffer using the same mode.

Step 4 is not required when you fill the time-capture buffer using the order instrument
mode. Tachometer datais aways included in the buffer when you fill it with the order
mode selected. (And the [MAaX RPM] vaue istaken directly from the [Freg] menu.)
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To allocate memory for the capture buffer

1 Set up measurement parameters, as described in the previous task.

2 Press [Inst Mode] [TIME CAPTURE] [BUFFER LENGTH], then enter the amount of time
data you want to capture (in seconds, blocks, or paints).

3 Press [ALLOCATE BUFFER] [CONFIRM ALLOCATE].

The size of the time-capture buffer is affected by the value of [BUFFER LENGTH] and
several measurement setup parameters. |If the buffer required for the current setup is
too big to fit in the available memory, the analyzer automatically reduces the value of
[BUFFER LENGTH] until the buffer just fits. A message is displayed to let you know
that the buffer length has been reduced. 1f you see this message, press [System Utility]
[MEMORY USAGE] to seeif you can free additional memory for the buffer.

If you forget to press [ALLOCATE BUFFER] before you begin filling the time-capture
buffer, the analyzer automatically performs an equivalent operation when you press
[FILL BUFFER]. However, it is generally better to use [ALLOCATE BUFFER]: Thiswill

minimize the delay between pressing [FiLL BUFFER] and the beginning of data
collection.
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To fill the capture buffer

1 Set up the measurement parameters and allocate memory for the buffer, as described
in the previous two tasks.

2 Press[Inst Mode] [TIME CAPTURE] [FILL BUFFER].

When you press [FILL BUFFER] the analyzer collects datafrom all active input
channels and placesit in the time-capture buffer. The analyzer also collects
tachometer and external trigger dataiif the setup you defined in “ To prepare for filling

the capture buffer” requiresit. Data collection stops automatically when the buffer is
full or when you press [ABORT FILL].
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To save the capture buffer on aflexible disk

1 Press[inst Mode] [TIME CAPTURE], press [BUFR INFO ON OFF] to highlight on, then
read the value of “ Size” to determine how much disk space is required.

2 Format enough double-sided, 3.5-inch flexible disks to save the entire time-capture
buffer.

3 Insert one of the formatted disks in the analyzer’sinternal disk drive.

4 1f you have not already designated the internal disk as the default disk, press
[Save/Recall] [DEFAULT DISK] [INTERNAL DISK].

5 Press[Save/Recall] [SAVE DATA] [SAVE CAPTURE], type afile name, then press
[ENTER].

6 If analyzer informs you that the buffer must be split, press [CONTINUE SAVE].

7 If the analyzer instructs you to insert another disk, insert adisk and then press
[CONTINUE SAVE].

When the analyzer must split the buffer and save it on more than one disk, it modifies
the file name you entered in step 5. Thefileis named <filename>_1.<extension> on
thefirst disk, <filename>_2.<extension> on the second, <filename>_3.<extension> on
the third, and so on. If <filename> aready contains the maximum number of
characters, the analyzer replaces the last two characterswith the“_x” characters. For
example, if you entered the name WINGTEST.DAT in step 5 and the buffer needed to
be saved on two DOS-formatted disks, the two files would be named
WINGTE_1.DAT and WINGTE_2.DAT.

If you don’'t know how to format disks, see chapter 13, “Managing Files and Disks.”
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To recall acapture buffer from aflexible disk

1 If the saved time-capture buffer was saved on asingle disk, insert that disk in the
analyzer'sinternal disk drive.
or
If the saved buffer was split and saved on several disks, insert the disk containing the

first part of the buffer.

2 If you have not aready designated the internal disk as the default disk, press
[Save/Recall] [DEFAULT DISK] [INTERNAL DISK].

3 Press [Save/Recall] [RECALL DATA] [RECALL CAPTURE], type the name of thefile
containing the saved buffer, then press [ENTER].

4 1f you are recalling a split buffer, insert another disk and press [CONTINUE RECALL]
when the analyzer instructs you to do so.

If the recalled time-capture buffer is too big to fit in the available memory, the recall
operation is aborted. Y ou can sometimes make more memory available for the capture
buffer by removing other items from memory. Y ou do this with softkeys grouped
under [System Utility] [MEMORY USAGE].
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To examine the capture buffer

1 Activate the trace you will use to view one channel of the time-capture buffer.

2 Press [Meas Data], then press [CHANNEL 1 2] or [CHANNEL 12 34] to highlight the
channel of captured data you want to view.

3 If the FFT instrument mode is selected, press [MORE CHOICES] [CAPTURE CHANNEL .
or
If any other instrument mode is selected, just press [CAPTURE CHANNEL x].

4 Press[scale], then press [AUTOSCALE ON OFF] to highlight ON.
5 Press [AXES SCAL MARKERS], then press [axis x Y] to highlight X.

6 Use the knob along with the MOVE and WIDTH softkeys to define the region you
want to examine, then press[SCALE AT MARKERS] to expand that region so it fillsthe
X-axis.

7 1f you want to scroll through the expanded X-axis data, press [MoVE CENTER] and turn
the knob.

The analyzer allows you to measure from the entire time-capture buffer or from a
selected region of the buffer. The X-axis scale markers help you select a measurement
region by allowing you to take a closer 1ook at each channel of the buffer. Once
you've taken a closer ook, you can again display all data from the selected channel by
pressing [FULL SCALE]. You are now ready to define the analysis region (as described
in the following task).

Scale Trace: A Ref Lvl: @ Scale Troce: R Ref Lvl: @
Fer Div: SB8 m Ref Pos: Cntr Per Div: 588 m Ref Pas: Cntr

fHCH1 TCQ ¥1:1.546528 ms ¥2:1 5. A8ASA msS GHCHL TCa K2t 5. A8AS4 ms

Real Real

I
m b

b : : : : : :
1.56528ms 5. BaBsems

as \ F8.11737ms

X-axis scale markers select the region you
want to examine.

[SCALE AT MARKERS] expands the selected
region to fill the X-axis.
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To define an analysis region

1 Examine each channel of the time-capture buffer (as described in the previous task) to
decide which region you want to analyze.

2 Press[Active Trace], then press [a] if the capture buffer contains data from one
channel, [A B] if it contains data from two, or [A B ¢ D] if it contains data from four.

3 If the FFT instrument mode is selected, press [Meas Data] [ALL CHANNELS]
[MORE CHOICES] [CAPTURE CHANNEL *].
or
If any other instrument mode is selected, [M eas Data] [ALL CHANNELS]
[CAPTURE CHANNEL *].

4 Press[Scale], then press [AUTOSCALE ON OFF] to highlight ON.
5 Press[AXES SCAL MARKERS], press[axIs x v] to highlight X, then press [FULL SCALE].
6 Press[Inst Mode] [TIME CAPTURE] [ANALYSISREGION] [ALL CHANNELS].

{ Press[STRT TIME CHANNEL *] <number> [s], then press [STOP TIME CHANNEL *]
<number> [g] to define the beginning and end of the analysis region.

If you prefer, you can set an independent analysis region for each channel in the
capture buffer. In steps 3 and 6, just press [CHANNEL 1 2] (or [CHANNEL 1234]) to
highlight the channel whose analysis region you want to define. Setting independent
regions allows you to measure with greater delays between channels than are possible
when you measure directly from the inputs using trigger delays. Thereisone
important restriction on independent analysis regions: If you specify regions of
different lengths for different channels, the analyzer stops measuring when all the data
has been taken from the shortest region.

Inst Hode CHL 3trt: 3.81 ms CHZ 3trt: 3.81 ms
CH3 3trt: 3.81 ms CH4 3trt: 3.81 ms

USED AL 25 EH
8 ®:d8. 85671 ms ¥i-1.5539 ¥
1

Real

78.11737m5
¥i-1.5488 V

Real

FE.L1737ms

The analyzer will measure from this region of the
capture buffer.
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To prepare for measuring from the capture buffer

When you measure from the time-capture buffer, the analyzer processes the raw input
data stored in the buffer to provide the various types of measurement data available
under the [M eas Data] hardkey. Preparing to measure from the capture buffer involves
specifying those measurement parameters that affect how the input datais processed.

1 Initidize the analyzer.

Press [Preset] [DO PRESET].

Press[Inst Mode], then press the softkey corresponding to the instrument mode you
want to use.

Press [CHANNELS 1 2] (or [CHANNELS 1 2 4]) to highlight the number of channels whose
datawas stored in the buffer.

If the capture buffer containsinput data from four channels, press[REF CHANS 1 1,3] tO
select the reference channel (or channels).

2 Specify the measurement parameters.

Press [Freq], then specify the frequency parameters or time-record length.
If you selected the FFT, order, or correlation instrument mode, press [Window], then
specify the windowing parameters.

3 Specify the triggering and averaging parameters.
Press[Trigger] [ARM SETUP], then specify the arming parameters.
If you selected the order instrument mode and want to display phase information, press

[Trigger] [EXTERNAL TRIGGER].
Press [Avg], then specify the averaging parameters.
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4 Configure the display.

Activate al the traces you will use to display measurement results.

Press[Scale], then press [AUTOSCALE ON OFF] to highlight ON.

Activate asingle trace, then press [Meas Data] followed by the softkey corresponding
to the measurement results you want to display in that trace.

If you want to watch the measurement progress through the data in the time-capture
buffer, activate a single trace, then press [M eas Data] [CAPTURE CHANNEL x] (oOr
[Meas Data] [MORE CHOICES] [CAPTURE CHANNEL x]).

In most cases, the Agilent 35670A alows you to measure from the time-capture buffer
using any instrument mode—regardless of the mode you used to fill it. There are three
exceptions:

« You can neither fill nor measure from the buffer using the swept sine mode.

« If youfilled the buffer using FFT mode and a start frequency greater than 0 Hz
(which provides “zoomed” data), you can measure from the buffer only if the FFT
mode is selected.

« If youfilled the buffer without including tachometer data, you cannot measure from
the buffer using order mode.

Although these are the only cases where it is not possible to change instrument modes
when you measure from the buffer, it is generally better to fill and measure from the
buffer using the same mode.

The analyzer also allows you to measure from the time-capture buffer using a
narrower frequency span or longer time record than was used to fill the buffer. The
only exception isif you filled the buffer with zoomed data (as described above). The
analyzer never alows you to measure from the buffer using awider span or shorter
time record than was used to fill the buffer. Thisrestriction is enforced when you
press [Start] to begin measuring from the buffer.
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To measure from the capture buffer

1 Prepare the analyzer to measure from the time-capture buffer, as described in the
previous task.

2 Press[Inst Mode] [TIME CAPTURE], then press [MEAS FROM INP BUFR] to highlight
BUFR.

3 Pressthe [Start] hardkey to begin measuring.

Y ou can watch the measurement progress through the data in the time-capture buffer if
you displayed a channel of the buffer in the previoustask. A measurement marker
moves through the displayed data as the measurement progresses.

Remember to set [MEAS FROM INP BUFR] back to INP when you want to measure
directly from the input channels.

Measurement marker shows you which part of the
buffer is being measured.

Inst Hode Length: 18 Blk

A:CH1 Lin Spec
dJRUrms)
@,

w258 Hz Wi -25.%38 dBWMrms

1. ZkAz
ACHL Trapt B 5 Wi-1.2585 ¥

Real

As F&E.11737ms
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Displaying Measurement
Data

This chapter shows you how to control the number of active traces. It also showsyou
how to display several different types of measurement datain the traces.
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To select the active trace

1 Press[Active Trace].

2 If you want to activate asingle trace, press one of the following softkeys: [a], [B], [c],
or [D].

3 If you want to activate two traces at once, press one of the following softkeys: [A B] or
[cD].

4 1f you want to activate all four traces at once, press[A B C D].

The analyzer has four trace buffers that are independent of the input channels:

trace A, trace B, trace C, and trace D. The Active Trace menu lets you activate these
buffers so you can modify them separately or in groups—using softkeys under the
[MeasData], [Trace Coord], [Scale], [Marker], and [Marker Fctn] hardkeys. The menu
isonly displayed temporarily: after you press one of its softkeys (or the [Rtn]
hardkey), the analyzer redisplays the previous menu.

Some operations can only act on a single trace—even when multiple traces are active.
For example, the [savE TRACE] softkey can only be used to save asingle trace.
Operations like this act on the “most active” trace if multiple traces are active:

« Trace A isthe most active when you select [A B] or [A B CD].
« Trace Cisthe most active when you select [c D].

Titles for active traces are
highlighted.

Disp Frnat
o A
RYERRGE COHP AW 2 a4 1
A: CH1 Puwr Spec Kid, 992 kHz ¥i1.12984 Vrms
Vrine : i : : : : : : In the Active Trace menu, a box
beatas | i : : : : ; C surrounds the softkey selecting the
ulrms i i H T b 3 " -
(] AvG 1@ 5. ERNz active traces.
P Hz ¥:1.844499 mirms D
. - - - - ; .
e : : :
e : T AE
uUr\ms B i i d o a A
Bz AVE: 1@ 75, 6kHz
C:CH3 Pur Spec ¥:8 Hz V7. 634685 mirms CD
1\ i i i T T T T
: fi
LogMag > : f IL
5] ABCED
ulrms i i H T b 3 "
Bllz AvG: 1@ 25. 6kHz -
D:CHA Pur Spec K@ Hz ¥:1.844499 mirms
10 i i i T T T T
vrm Fel
LogHag e :
1@ e : e
uvrms : 4 T - 3 + a
Bz AVE: 1@ 75, 6kHz
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To display measurement data—one channel, one trace

1 Activate asingle trace.

2 Press [Meas Data], then press [cCHANNEL 1 2] (or [CHANNEL 12 34]) to highlight the
channel whose data you want to display.

3 Press the softkey corresponding to the measurement data you want to display.

Settings under the [I1nst M ode] hardkey control the availability of measurement data:

« Theinstrument mode selection. Not al measurement datais available for every
instrument mode. Autocorrelation data, for example, is available only when
[CORRELATN ANALYSIS] is selected.

e The[cHANNELS1 2] (or [CHANNELS1 2 4]) setting. Some measurement data—for
example, frequency response—requires data from two channels. This type of
measurement datais available only if the active channels softkey is set to 2 or 4.

e The[REFCHANS1 1,3] setting (four-channel analyzers only). Measurement data
that requires two channels and uses channel 3 as the reference for channel 4, is
available only when the reference channels softkey is set to 1,3.

Heas Data A: CHL Pwr Spec B: CHZ Pwr Spec -
[FFT] C: CHL Time D: CH

2 Time CHANNEL
|1 I

AM i

ALL
oo ICHANNELS

[ TP PR SO PPN FOUTU I —
.................... CHANWEL 1

.................... LIN SPEC
CHANNEL 1

decadesff

TINME
CHANHEL 1

DI A FRED RESP
e
v COHERENCE
: 241
CROS SPEC
IR I I SR e | I
wrng : : : : cHOTEES
Bz UG 25 S1.2kHz -
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To display measurement data—one channel, multiple traces

1 Activate the traces you will use to display the same measurement data.

2 Press [Meas Data], then press [cCHANNEL 1 2] (or [CHANNEL 12 34]) to highlight the
channel whose data you want to display.

3 Press the softkey corresponding to the measurement data you want to display.

Sometimes you will want to view the same measurement data in two or more
coordinate systems simultaneously. For example, you might want to view frequency
response data using both magnitude vs. frequency and phase vs. frequency. When you
complete this task, the same data is displayed in multiple traces. Y ou can then activate
the traces separately, selecting a different coordinate system for each (under the

[Trace Coord] hardkey).

Heas Data FA: Freq Response E: Freq Response -

[FFT] C: CH1 Time D: CHZ Time CHAMMEL
25 [

AYVERAGE COMPLETE AM L2
15,12 kHz Wi B, 76484 dB

A:Freq Resp2/L
16 :

ALL
] CHRNNELS

o —

 1iPUR SPEC
o |iCHRNNEL 1

..... TIME
B JiCHANMEL 1
51.Z2kHz

' Yi-212.366 deg FRETRESE
——

----- COHERENCE
p z2/ 1

|iCROS SPEC
241

S 01 0 0 4 S s | 130
1Z28Hz AVE: 25 51.2kHz &

Both traces contain the same frequency response data. Trace A
displays the data using magnitude versus frequency. Trace B
displays the data using phase versus frequency.
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To display measurement data—multiple channels, multiple

traces
1 1f you want to display data from two channels at once, activate two traces.

2 If you want to display data from four channels at once (Option AY 6 only), activate all
four traces.

3 Press[Meas Data] [ALL CHANNELS].
4 Press the softkey corresponding to the type of measurement data you want to display.

Sometimes you will want to view the same measurement data from different channels
simultaneoudly. For example, you might want to view time data for from channels 1
and 2 at the same time. When you complete this task, the same type of datais
displayed in all of the active traces, but each trace' s data is measured by a different

channel.

Y ou can display datafrom a particular channel only if that channel is active. You
control the number of active channels under the [Inst Mode] hardkey—using the
[CHANNELS12] (Or [CHANNELS1 2 4]) softkey.

Heas Data A: CHL Time B: CHZ Time
[FFT] C: CH3 Time D: CHY Ti

T
T

AW L7 CHOE
V1556, 677 mY

Real
15.68%7ms
¥ 8 5 Yi1.52126 my

15.68%7ms
Wi 556. 677 m\ FRED RESP
SR IR

_ T 15. 6897ms
D‘ — iCROS SPEC
Y B I
Real i
1 11 MORE
o CHOICES

a3 15.68%7ms -

Each of the four traces displays time data from a different
channel.
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To display a dataregister

1 Activate the trace you will useto display the data register.
2 If the octave analysis mode is sel ected, press [M eas Data] [DATA REGISTER].

3 If any other instrument mode is selected, press [M eas Data] [MORE CHOICES]
[DATA REGISTER].

4 Pressthe [px] softkey corresponding to the data register you want to display.

The analyzer’ s eight data registers allow you to display saved measurement data. Y ou
can load a data register in one of two ways:

« by saving atrace from the current measurement directly into a data register
« by recalling atrace from afileinto a data register

Heas Data H: D2 B: CHLl Pur Spec
[FFT] C: CH1 Puwr 3pec DI: CHL Pur Spec D1

AW L7 Hd  CH

Register title includes the
first 10 characters of the
title saved with the trace.

Hi2B.832  KkHz ¥i-53.8%3 dB

D3
D4
DS
De
D7

Da

-78

BHz AVE: 1a S51.2kHz
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To display a math function

1 Activate the trace you will use to display the math function.
2 If the octave analysis mode is selected, press [M eas Data] [MATH FUNCTION].

3 If any other instrument mode is selected, press [M eas Data] [MORE CHOICES]
[MATH FUNCTION].

4 Pressthe [Fx] softkey corresponding to the math function you want to display.

The analyzer does not allow you to display the results of amath function if it requires
measurement data that is not available with the current setup. Suppose the math
function F1 requires histogram data, which is only available when the histogram/time
mode is selected. The [F1] softkey would be unavailable when any other instrument
mode was selected. The analyzer would indicate this by displaying [F1] with adimmer
(ghosted) font.

For more information on defining a math function, see chapter 18, “Math Functions
and Data Editing.”

Heas Data A F1l B: CH1 Puwr Spec
[FFT] C: CHL Pwr Spec DI: CH1 Pwr 5pec

AUE 34 CH

i 2B.83z2  kHz ¥:53.8928 dE Fz

Trace title includes the first
10 characters of the math

. ee F3
definition.

Fq

FS

-2
dE

iz ] ] AU6r 1B T E1.ZkHz

In the example here, the math function inverted the
contents of the data register.
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Formatting the Display

Thisfirst half of this chapter shows you how to modify awide range of general display
parameters. The second half shows you how to work with awaterfall display.
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Harker

To arrange traces on the screen

1 Press [Disp Format].
2 If you want to display asingle trace, press [SINGLE].

3 If you want to display two traces at once, press one of the following softkeys:
[SINGLE FRNT/BACK], [UPPER/LOWER], Of [UPPER/BIG LOWER].

4 1f you want to display all four traces at once, press one of the following softkeys:
[UPPR/LOWR FRNT/BACK] Or [QUAD].

When you select one of the two-trace formats, the selection you make under

[Active Trace] determines not only which traces are active, but also which pair of
tracesisdisplayed. If you press[a], [B], or [A B], the analyzer displaystraces A and
B. If you press[c], [D], or [c D] it displaystraces C and D.

When you select [SINGLE FRNT/BACK], the selected pair of tracesis displayed in the
same trace area. Each element of the trace annotation is stacked: A on top, B on the
bottom; or C on top, D on the bottom. When you select [UPPR/ILOWR FRNT/BACK],
traces A and B are displayed in the upper trace area, and traces C and D are displayed
inthe lower trace area. Annotation in each areais stacked.

. . Disp Frmat 2 Range D: 14 count Base Supr D: B8 %
Trace: f WoRef: LBz ko Height D: 57 % Hidn Rmvl D: On

[BFreq Respe/ ) ¥:i7.938  kHz ¥:11.57464 dB C:D4 Pur Spec  Slice:dd Hz Trace: 29 count
B:DL Freq Resp  %:3.328  kHz ¥111.45 4B R E— : : ; ; ; ; ;
1¢] FE R T ] Wrms" 2 1
dB LogMag 'l
1¢ ——
dE HRCAYR St e :
VRN SOUOPE SN 0 0 0 S JOUUUNUUN SUUOUE SO0 B AE DO R LNt — : : o
uB Mg : ; : ] ELE 5L, ZkHz
Rt B B = D : EEPGDGEIT 51ice:5.954  kHz Trace:24 count
L R ST SO ORI SO NSO SENIR LIS SIS SO Wrmso 2|
T
2
e
fdiv
e
dB| G
-4 i : ]
0P piiid R P
128Hz AYEG: 1a 51.2kHz
173Hz AVG:  1m Si.ZkHz o T
[SINGLE FRNT/BACK] is good for comparing two traces. [UPPER/BIG LOWER] is good for waterfall displays.
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To enable global screen elements

1 If you want to display the tachometer readout, press [Disp Format] [MORE], then press

[TACH DISPON OFF] to highlight ON.

2 If you want to display X- and Y -axis annotation, press [Disp Format] [MORE] [MORE],

then press [ANNOTATN ON OFF] to highlight ON.

The tachometer readout shows you the frequency of the signal connected to the TACH

input on the analyzer’srear panel. It isalways on for order-mode measurements and

measurements that use rpm-step arming, regardless of the [TACH DISP ON OFF] Setting.

Tachometer readout.
Disp Frmat

) .ERID
ser sng EQ OFF
CHEE S <

RPM: 1888 AW 234
414 myrms BODE
™ DIAGRAM
| tAcH pIsE
..... o o] W OFF
LogHMag
oo T e
END SETUP

uvrms|

BHz . . . . . . 4@EHz

The shaded area shows the location of the X-
and Y-axis annotation.
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To enable trace-specific screen elements

1 Activate the trace you want to modify.

2 If you want to display the trace grid, press [Disp Format] [MORE], then press
[cRID ON OFF] to highlight ON.

3 If you want to display the overall SPL band for octave-mode measurements, press
[Disp Format] [MORE] [OCTAVE BND SETUP], then press [OVERALL ON OFF] to
highlight ON.

4 1f you want to display the A-weighted overall SPL band for octave-mode
measurements, press [Disp Format] [MORE] [OCTAVE BND SETUP], then press
[WEIGHTED ON OFF] to highlight ON.

5 If you want to display the marker readout, press [Marker], then press
[MARKER ON OFF] to highlight ON.

If the trace grid is turned off, it will not be displayed on the screen and it will not be
plotted or printed. If the marker readout is not displayed when you set

[MARKER ON OFF] to ON, check to be sure that X-and Y -axis annotation is enabled for
the entire screen:  the previous task shows you how.

Disp Frmat

o 1 kHz ¥:41. 9482 Marker readout ON
dBSPLrMS H

Trace grid ON

1@
dBSPLrmS_: 1 H H H
25Hz Z28kHz

B:CH1 Pur

3]
dBSPLFrMS

Overall bands ON

15
dBSPLrMS 1 |
Z9Hz ZekHz[ @
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To enter your own tracetitle

1 Activate the trace you want to create atitle for.

2 Press [Disp Format] [MORE] [TRACE TITLE].

3 Type atitle and press [ENTER].

Y ou can enter atitle that is up to 13 characterslong. When you press [ENTER], the
analyzer automatically sets the state of [DFLT TITL ON OFF] (the softkey below
[TRACE TITLE]) to OFF. This ensuresthat the title you enter will replace the default
title at the upper-left corner of the trace.

Thetitle you enter |abels the active trace buffer, not the measurement data that’ s being
displayed in that buffer. For example, if you create atitle for trace A, the title does not
change when you select anew softkey under [Meas Data]. However, if you save the
measurement data, the trace title is saved with it. When you recall the saved datainto
adataregister, thetitle that was saved with it isincluded as part of the register’s

default title.

Disp Frmat

AWERAGE COMPLETE

AMi2 CHREB

iRF ilter no. |
zgl

The trace title can 2d

be up to 13
characters.

®il.829 kHz

YiB.57633 dE

S8 TRCH DIsp
| on

1Z28Hz

AYEG:

18

51.2kHz

OCTAVE

1 END 3SETUP

71 DFLT TITL

| oimm

MORE

The default title is set to OFF when you
enter a new title.
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To control the screen

1 Press [Disp Format] [MORE] [MORE].

2 If you want to modify screen brightness, press [DISPLAY BRIGHTNES], then press the
up and down arrow keys.

3 If you want to enable output to an external monitor (viathe EXT MONITOR port on
the rear panel), press [ExT DISP ON OFF] to highlight ON.

4 1f you want the screen to be turned off automatically after the front panel has been idle
for a specified amount of time, press [SCREEN SAVER ON], then press [SAVER TIME]
<number> [MINUTE] to specify theidletime.

5 If you want to turn off the screen now, press [DISPLAY ON OFF] to highlight OFF.

When you enable output to an external monitor, the brightness setting does not affect
the analyzer’s screen. When the screen has been turned off, you can turn it back on by

pressing any front-panel key.
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To set up awaterfal display

1 Activate the trace you want to use for awaterfall display.

2 Press [Disp Format] [WATERFALL SETUP] [WATERFALL STEPS] <number> [ENTER] to
specify the number of measurements you want to store in the waterfall buffer.

3 Press [z-AxISRANGE], then enter the range of measurements you want to observein
the waterfall display.

4 Press [WATERFALL ON OFF] to highlight ON.
5 If the analyzer is not currently measuring, press[Start].

When you set [WATERFALL ON OFF] to ON, the analyzer adds a new trace to the upper
portion of awaterfall display each time a measurement (or an averaged set of
measurements) is completed. Older traces flow toward the bottom of the display
through its lower portion. The value you enter under [z-AX1S RANGE] determines how
many traces will be displayed in the lower portion of the waterfall display.

The analyzer uses awaterfall buffer to store the results of the last N measurements (or
the last N averaged sets of measurements). Y ou specify the value of N under
[WATERFALL STEPS]. After you pause a measurement, you can use the waterfall
markers—described later in this chapter—to go back and analyze the traces in the
waterfall buffer.

Disp Frmnat 2 Range A: 149 count Base 3upr A: @ #
Height A: 57 # Hidn Rmv1 A: 0On

LogHag

ublrms

=
.

count

s

e o e

=1

The Z-axis range
determines how many
traces appear in this cours

partofthe BHz 51.2kHz
waterfall display.
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To enhance awaterfall display

1 Activate the trace that’ s being used for awaterfall display.

2 Press [Disp Format] [WATERFALL SETUP].

3 If you want older traces to shift to the eft as they flow toward the bottom of the trace
area, press [SKEw ON OFF] to highlight ON.

4 1f you want to remove noise floor clutter from tracesin the waterfall, press
[BASELINE SUPPRESS], then press the up-arrow hardkey until the noise floor is not

displayed.

5 If you want to use more of the trace areato display the Y-axis, press [MORE]
[TRACE HEIGHT], then press the up-arrow hardkey one or more times.

The analyzer also allows you to change the angle of a skewed waterfall display. Press
[SKkEW ANGLE], then enter a value between 0 and 45 degrees. The value you enter is

rounded up to the nearest multiple of 5 degrees.

If you turn skewing on or off, change the skew angle, or change the trace height while
the analyzer is measuring, the waterfall display is cleared. The anayzer startsfilling
the cleared display with new traces as measuring continues. When you pause the
measurement, cleared traces that are still stored in the waterfall buffer will be
redisplayed if the waterfall markers are turned on. See online help for more
information about the waterfall parameters.

Disp Fernat 2 Range A: 14 count
Height A: 57 #

LogHag

Y-axis scaling
applies here.

count

Z-axis scaling
applies here.

41
count

5
S— ulrms
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a
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»
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Skew angle.
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To display the waterfall buffer

Set up awaterfall display as described earlier in this chapter.

2 If the analyzer is measuring, press [Pause/Cont] to pauseit.

3 Press[Meas Data], then press the softkey corresponding to the measurement results

you want to examine.

4 Press[Marker Fctn] [WATERFALL MARKERS].

5 If you want to examine older portions of the buffer, press [SCROLL DOWN].

The nature of awaterfall display is somewhat different when the analyzer is measuring
than when it is paused. When the analyzer is measuring, the waterfall display provides
avisual record of the last N measurements—where N is determined by the setting of
[z-AXISRANGE]. Thisvisual record is cleared each time you rescale the X-, Y-, or
Z-axis or change the waterfall skew angle or trace height. In addition, you can only
analyze the record by estimating a particular feature' s position on the screen.

When the analyzer is paused, the waterfall display can be used to display the contents
of the waterfall buffer. The buffer stores the results of the last M
measurements—where M is determined by the setting of [WATERFALL STEPS]. You
can display the buffer in N-sized chunks and analyze its contents more precisely by
turning on the waterfall markers.

Waterfall buffer contains all
measurement data.

PWR SPEC CHANNEL 1 TIME CHANNEL 1 e o o

[ Z-AXIS RANGE ] determines
how many traces you see on
the display.

§§§§

S>>

[ WATERFALL STEPS |
determines how many

measurements you store in the

waterfall buffer.

—
L]

O

§
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To display one trace from the waterfall buffer

1 Complete “To display the waterfall buffer.”
2 Press [Marker Fctn] [WATERFALL MARKERS] [TRACE SELECT].
3 Turn the knob to select the trace you want to examine, then press

[SAVE AND DISPDATA].

When you press [SAVE AND DISP DATA], the analyzer stores the selected waterfall trace
inadataregister. (The waterfall’s current scaling, coordinate system, and unit
selections are also stored with the trace.) Y ou can specify which data register should
be used to store the trace by pressing [SELECT SAVE REG] and the corresponding [Dx]
softkey.

After the trace is stored, the data register is automatically displayed in the waterfall
display’s companion trace area. When onetrace areais active, A and B are
companions and C and D are companions. When two trace areas are active, A and C
are companions and B and D are companions. If you want the companion trace areato
be updated automatically when you select another waterfall trace, press

[AuTO SaVvE ON OFF] to highlight ON.

Harker Fecn Trace: D save Reg: D4
[Watrfalll Base Supr: @ % Height: 57 # SCROLL

AU CHAE

Trace C displays the
selected waterfall trace
when Trace D displays the
waterfall.

Hz ¥: 85, 9428 ulrms SCROLL
DL
m\rms
LogHag
decades
B e R e s B e i
o — SLICE
SL.zhHz - o2LEEE
BT Slice: 2.984  kHz Trace: 23 count i
SAVE AND
DISF DATA
Loghag AUTD SAVE
)]
5
e SAVE TO
37 A | DATA REG
counti |
SELECT
1 "] SAVE REG
i
18 HATERFALL
count UF
Az 5. ZkAz

Select [UPPER/BIG LOWER] under [Disp Format] for
this trace arrangement.
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To display a dlice through the waterfall buffer

1 Complete “To display the waterfall buffer.”

2 Press [Marker Fctn] [WATERFALL MARKERS] [SLICE SELECT].

3 If you want to see the vertical slice marker, press [WATERFALL SETUP], press
[skEW ON OFF] to highlight OFF, then press [Rtn].

4 Turn the knob to select the slice you want to examine, then press

[SAVE AN

D DISPDATA].

The analyzer creates a slice by sampling the Y -axis value of each trace in the waterfall
buffer at the same X-axis position. The number of pointsin the sliceis equal to the
number of traces in the buffer. When the slice is displayed, its X-axis unit matches the
Z-axis unit of the waterfall. Seethe previoustask if you want to know what happens
when you press [SAVE AND DISP DATA].

Harker Fo
[Hatrfall

C:D4 Pur
564

M PSS

LogHag

n Trace: D
r: @

Jave Reg: D4

1 Base Sup Height: "57 #

AM ST nE

Spec count Wi 35,5445 mirms
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LogHag

5
ubrms
2|

count

L&
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Z3count
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51.2kHz

SCROLL

SCROLL
DOLN

7 TRACE
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]

AYE AND
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3
D

AUTO SAVE
On EE

SAVE TO
DATA REB
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SAVE REG

HHTERFELL

The X-axis readout indicates which
waterfall trace provided the displayed
Y-axis readout.
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Scaling the Display

This chapter shows you how to control display scaling.
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To enable Y -axis autoscaling

1 Activate the trace you want to scale.

2 Press[Scale], then press [AUTOSCALE ON OFF] to highlight ON.

When autoscaling is on, the analyzer rescales the Y -axis each time a trace is updated
to optimize the display of that trace. Note that autoscaling changes the values of
several softkeys: [TOP REFERENCE], [CENTER REFERENCE], [BOTTOM REFERENCE],
and [y PER DIV (DECADES)]. For more information, see “To scale the Y -axis with
Referenceand Y Per Div softkeys.”

Jcale Trace: f Ref Lvl: 3 Jcale Trace: f Ref Lvl: Z@
Per Div: 5 Ref Pos: Top Per Div: 18 Ref Pos: Top

YiB. 53768 dB YiB. 53768 dB

51.2kHz 128Hz AVG: 18 51.2kHz

Before autoscaling. After autoscaling.
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To scalethe Y-axiswith Referenceand Y Per Div softkeys

1 Activate the trace you want to scale.
2 Press [Scald].

3 If you want to change the top of the display, press [Top REFERENCE]. |f you want to
change the center of the display, press [CENTER REFERENCE]. If you want to change
the bottom of the display, press [BOTTOM REFERENCE].

4 Turn the knob, press an arrow key, or enter anumber to change the reference value.

5 Press[y PER DIV (DECADES)], then turn the knob, press an arrow keys, or enter a
number to compress or expand the trace along its Y -axis.

When you adjust the value of [y PER DIV (DECADES)], the currently-active reference
(top, center, or bottom) is held constant and the rest of the Y -axisis compressed or
expanded around this reference. [y PER DIV (DECADES)] Specifies the number of
decades between the top and bottom of the Y -axis when the log magnitude coordinate
system is selected; it specifies the distance between graticule lines when any other
coordinate system is selected. (The coordinate system is selected under the

[Trace Coord] hardkey.)

Hint: The reference softkey with abox around it is the currently-active reference.

Scale Trace: A Ref Lvl: 5
Per Div: 8 Ref Pos: Top

YiB.5768 dB

With [TOP REFERENCE]
selected, this value remains
constant as [Y PER DIV] changes.

1Z8Hz AWE: 51.ZkHz
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To set top and bottom values for the Y -axis

1 Activate the trace you want to scale.

2 Press [Scale] [TOP REFERENCE] <number> [BoTTOM] <number> [ENTER].

When you press [TOP REFERENCE], an entry window is displayed at the top of the
screen. Y ou can use thiswindow in one of two ways.

e You can enter anew value for the top of the Y -axis (as described in the previous
task).

e You can enter new values for both the top and the bottom of the Y -axis (as
described in this task).

The first number you typeis used as the value for the top of the Y-axis. [BOTTOM]
inserts a comma, indicating that the second number you type should be used asthe
value for the bottom of the Y-axis. [ENTER] completes the numeric entry, causing the
new values to take effect.
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To scalethe Y -axis with axes scale markers

1 Activate the trace you want to scale.

2 Press[Scale] [AXES SCAL MARKERS], then press [axisx Y] to highlight Y.

3 Press [HOLD SCALE], then press one of the following to select the marker (or markers)
you want to move: [MOVE TOP], [MOVE CENTER], [MOVE BOTTOM], [CHANGE WIDTH],

or [WIDTH IN DECADES].

4 Turn the knob, press an arrow key, or enter a number to move the selected marker (or

markers).

5 If you want to expand the area between the markers, press [SCALE AT MARKERS).

6 If you want to undo any of these procedures, press [FULL SCALE].

The scale markers are two lines that appear when you press [AXES SCAL MARKERS].
The axes scale markers et you enlarge a portion of the display for closer examination.
Remember that enlarging a portion of the display does not increase the analyzer’s
amplitude or frequency resolution—it simply makesit easier to examine displayed

data

Hint: After scaling to the axes scale markers, you can continue to modify the scaled
region using the [MOVE TOP|, [MOVE CENTER], [MOVE BOTTOM], and
[cHANGE WIDTH] (or [WIDTH IN DECADES]) softkeys.

Scale Trace: A Ref Lvl: Z@
Per Diwv: 18 Ref Pos: Top

S V1 4.7151% dB W2

548 dB

128Hz \x AVG: i 51.2kHz

Move the axes scale markers to the
part of the display you want to
examine.

dE H I H R A H H i
128Hz AVE: 1@ 51.2kHz

Trace: A Ref Lvl: ZB
Per Div: 1@ Ref Pos: Top

Press [SCALE AT MARKERS] to expand the area
between the markers.
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To match Y -axis scaling of another trace

1 Activate the trace (or traces) you want to scale.
2 Press [Scale] [MATCH Y SCALE].

3 Press the [To TRACE x] corresponding to the trace whose Y -axis scaling you want to
use in the active trace(s).

Thisisaconvenient way to set the same Y -axis scaling for multiple traces. Remember
that the analyzer changes the scale only if the coordinate systems are compatible.

Scale Trace: A Ref Lvl: 4@
Fer Div: 18 Ref FPos: Top
jRTerm. DUT ¥i1.824 kHz YiB.572Z8 dB
E:Open DUT #:11.829 kHz ViZ2.85283 dB
Aa| : H . : FE : FE

AVEG: 1a 51.2kHz
AMEG: 1a 51.2kHz

Comparing these two traces is more difficult with a Matching the Y-axes makes it easier to compare these
mismatched Y-axis. two traces.
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Scale Trace: A

To scale the X-axis with axes scale markers

1 Activate the trace you want to scale.
2 Press[Scale] [AXES SCAL MARKERS], then press [axisx Y] to highlight X.

3 Press [HOLD SCALE], then press one of the following to select the marker (or markers)
you want to move: [MOVE LEFT], [MOVE CENTER], [MOVE RIGHT], [CHANGE WIDTH],
or [WIDTH IN DECADES].

4 Turn the knob, press an arrow key, or enter a number to move the selected marker (or
markers).

5 If you want to expand the area between the markers, press [SCALE AT MARKERS).

6 If you want to undo any of these procedures, simply press [FULL SCALE].

The scale markers are two lines that appear when you press [AXES SCAL MARKERS].
The axes scale markers et you enlarge a portion of the display for closer examination.
Remember that enlarging a portion of the display does not increase the analyzer’s
amplitude or frequency resolution—it simply makesit easier to examine displayed
data

Hint: After scaling to the axes scale markers, you can continue to modify the scaled
region using the [MOVE LEFT], [MOVE CENTER], [MOVE RIGHT], and [CHANGE WIDTH]
(or [WIDTH IN DECADES]) softkeys.

Ref Lvl: Z@ Scale Trace: A Ref Lvl: ZB

Per Div: 1@ Ref Pos: Top Per Div: 1@ Ref Pos: Top

K235

K21 35

128Hz

1.5kHz AVE: a 35kHz

Press [SCALE AT MARKERS] to expand the
area between the markers.

AVE: 1a 51.2kHz

Move the axes scale
markers to the part of the
display you want to
examine.
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To match X-axis scaling of another trace

1 Activate the trace (or traces) you want to scale.
2 Press [Scale] [MATCH X SCALE].

3 Press the [To TRACE x] corresponding to the trace whose X-axis scaling you want to
use in the active trace(s).

Thisis aconvenient way to set the same X-axis scaling for multiple traces. Remember
that the analyzer changes the scale only if the coordinate systems are compatible.

Seale Trace: A Ref Lvl: 4@ Scale Trace: A Ref Lwl: 48
Fer Div: 18 Ref FPos: Top Per Div: 18 Ref Pos: Top
;. DU ¥:7.84 kHz ¥:8.5163 dB il e, DU Wi 7.84 kHz ¥:A.5163 dB
E:Open DUT $:1.824 kHz Yi2.85283 dB B: Open DUT #il.824 kHz ‘i 2.85283 dB
i . d . et &
A f : . IR .
o - 8
dB|: : : dB
dB Mag : : : dB Mag
18 : : 18|
dB|: : : dB
;"d]V@M : Sdiw
e -
1@ 16|
dB|" dE|"™”
Adiv Adiv
oy —&8
dB: ............... dB
i £ : : -egl
dE[|: . . dB . .
&4, Pé6kHz AYEG: 18 21.8Z21kHz 128Hz AVEG: 18 51.Z2kHz
123Hz AYG: 1@ 51.Z2kHz 128H= AYEG: 18 51.2kHz
Comparing these two traces is more difficult with a Matching the X-axes makes it easier to compare
mismatched X-axis. these two traces.
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Selecting Display Units

This chapter shows you how to select the units used to quantify displayed values. It
a so shows you how to select the units your transducers use to quantify energy.
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To select a coordinate system

1 Activate the trace you want to display in a different coordinate system.
2 Press [Trace Coord].

3 If you want to see magnitude versus frequency (or time), press one of the following:
[LINEAR MAGNITUDE], [LOG MAGNITUDE], Of [dB MAGNITUDE].

4 1f you want to see phase versus frequency, press [PHASE] o [UNWRAPPED PHASE].
5 If you want to see time versus frequency, press [MORE CHOICES] [GROUP DELAY].

6 If you want to see red or imaginary values, press [MORE CHOICES], then press one of
thefollowing: [REAL PART], [IMAGINARY PART], [NYQUIST DIAGRAM], Or
[POLAR DIAGRAM].

The coordinate system determines which unit selections (made in the following tasks)
will apply to the X-axis and Y-axis. For example, the phase unit selection only applies
when you select a coordinate system that displays phase.

Note: The options you select under the [Meas Data] hardkey can limit the availability
of coordinate systems.
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To select the frequency/time unit

1 Activate the trace whose frequency/time unit you want to select.
2 Press[Trace Coord] [X UNITS].
3 Press one of the following: [Hz (SEC)], [CPM (SEC)], OF [ORDER (REV)].

4 If you pressed [ORDER (REV)], press [ORDER SETUP] [HZ/ORDER RATIO], then enter the
freguency corresponding to one order (in Hz or rpm).

If you prefer, you can use the marker to set the value of [HzZ/ORDER RATIO]. Just turn
the knob to place the marker on the frequency corresponding to one order, then press
[ORDER AT MKR].

Note: The options you select under the [M eas Data] and [Trace Coord] hardkeys can
limit the availability of X-axis units.
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To select the phase unit

1 Activate the trace whose phase unit you want to select.

2 Press[Trace Coord] [Y UNITS].

3 If you want phase values displayed in degrees, press [PHASE DEG RAD] to highlight
DEG.

4 1f you want phase values displayed in radians, press [PHASE DEG RAD] to highlight
RAD.

Phase values are displayed only when you select one of the following softkeys (under
the [Trace Coord] hardkey): [PHASE], [UNWRAPPED PHASE], Of [POLAR].
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To select the amplitude unit

1 Activate the trace whose amplitude unit you want to select.

2 Press [Trace Coord] [Y UNITS], then press one of the following: [voLT], [voLT~2],
[virtHz], [VA2/Hz (PSD)], O [VA29/Hz (ESD)].

3 Press [AMPLITUDE PK PPRMS] to highlight one of the following: PK to display peak
amplitude values, PP to display peak-to-peak values, or RM S to display
root-mean-square values.

If you have transducer units turned on, each occurrence of VOLT or V inthe Y Units
menu is replaced by EU. EU isan abbreviation for engineering units—an aternate
name for transducer units. The next task tells you how to turn on transducer units.

Note: The options you select under the [M eas Data] and [Trace Coord] hardkeys can
limit the availability of Y -axis units.
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To specify atransducer’ s unit and sensitivity

1 Press[input], then press [cHANNEL 12] (or [CHANNEL 1234]) to highlight the channel
connected to the transducer.

2 Press [XDCR UNIT CHx SETUP] [XDCR UNIT LABEL]. (Y ou can also press
[MORE cHoICES] to display additional units.)

3 If one of the displayed menus includes your transducer’s input unit, press the
corresponding softkey.
or
If neither menu includes your transducer’ s input unit, you can enter the unit yourself
(from the [MORE CHOICES] menu): press [USER LABEL] [USER UNIT LABEL]
[CLEAR ENTRY], then type alabel and press [ENTER].

4 Press[Input] [XDCR UNIT CHx SETUP] [XDCR SENSITVTY] <number> <unit>.

5 If you want the new unit and sensitivity factored into displayed amplitudes, press
[XDCR UNIT ON OFF] to highlight ON.

The Agilent 35670A allows you to measure mechanical devices with atransducer.
The transducer must produce an output voltage that’s proportional to some input
energy over the range of frequencies measured. The unit you specify in thistask isthe
one that’s used to quantify the input energy. The sensitivity you enter isthe nominal
sensitivity (or calibration factor) of the transducer. The unit and sensitivity settings
are not lost when you preset or turn off the analyzer. Their useis disabled, however,
because [XDCR UNIT ON OFF] is set to OFF.

Thereis an advantage to directly selecting your transducer’ s input unit instead of
entering a user unit label in step 3. If you select one of the acceleration, velocity, or
displacement units, you will be able to quickly convert displayed amplitudes from one
of these unitsto another. The next task shows you how.

Y ou can enter transducer sensitivity in V/EU, EU/V, or dB referenced to 1 V/EU. (EU
is an abbreviation for engineering units—an alternate name for transducer units.) You
can also enter transducer sensitivity using acalibrator and the [CAL VALUE AT MKR]
softkey. For moreinformation on using a calibrator, see “ To calibrate atransducer” in
chapter 1.
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To convert adisplayed transducer unit

1 Activate the trace whose transducer unit you want to convert.
2 Press[Trace Coord] [Y UNITS] [XDCR UNIT CONVERT].

3 Press the softkey corresponding to the unit you want to use for displayed amplitude
values.

The following transducer units are used to quantify acceleration, velocity, and
displacement:

e g, M2, inch/s"2 (acceleration)
e m/s, inch/s (velocity)
e m, inch, mil (displacement)

If you selected one of these unitsin the previoustask, the analyzer allows you to
quickly convert displayed amplitude values to any one of the others. Thisfeatureis
useful when your transducer quantifies energy using one unit but you want to display
results using another.
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To display amplitude in dBm

1 Activate the appropriate trace.
2 Press[Trace Coord] [dB MAGNITUDE].

3 Press[y uNITS] [dB REF SETUP] [dBm].
4 Press[dBm REF IMPEDANCE], then enter the impedance of your test device.

To display dBm, you must have the dB magnitude trace coordinate selected. Also,
transducer units must be turned off. See”To select atransducer unit” if you don’t

know how to turn off transducer units.

11-8



Part |11

Using the Basics







12

Using Online Help







12

Using Online Help

This chapter shows you how to use the analyzer’s online help system, which provides
fast access to the operating information you need. Each task describes one of the three
ways you can access information in the system:

« pressing a hardkey or softkey
« selecting ahypertext “link” to arelated topic
« selecting atopic from the help index
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To display help for akey

1 Press[Help] to enter the online help system.

2 Press any hardkey or softkey.

3 If the topic is too long to fit on one screen, turn the knob to scroll through it.

4 Repeat steps 2 and 3 for each key you want help on.

Thefirst time you use the online help system, press [5] (on the numeric keypad) and
take afew momentsto read the help overview. It'sonly four pageslong, and it

includes descriptions of advanced help features—Ilike the index and cross-reference

“links”—that can help you locate the information you need more quickly.

Topic title shows you
which topic is displayed.

Topic: Help hardkey

How To use online Help

If you want to
turn help on. ... eeen e nen. press [Help]
turn help off..... ..press [Help]l or [@]
get help on a key.... that key

display the index....

You must:

scroll through a topic....... turn the knob

page through a topic......... press an_arrow key
print o topic......cocuieiaan. press [3]

select o Link #...iiiisieann. turn the knob
display the linked topic..... press [4]

return to a previous topic...press [7]

# A "link" is5 underlined text in the current topic that
i5 used to display a related topic. The selected link
is highlighted.

Mote  Turn the khob to display more of this
topic.

Frev Topic-7 Frint-3 Frev Foge-t Index-1

Legend shows you which help
functions are assigned to the
numeric keypad.

Imp To Topic-4 Help On Help-5 Next Page-| Quit-8

Scroll bar shows you how
much of the topic is displayed.
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To display arelated help topic

1 Turn the knob to select a“link” in the current help topic.

2 Press[4] to display the related topic.
3 Press[7] to return to the original topic.

On agiven screen full of help text, there may be several special words (or phrases) that
arelinked to related topics. One of these wordsis highlighted to identify it asthe
currently-selected link; the others are underlined. The knob allows you to select a
different link by moving the highlighting from one link to the next. Once you've
selected the link you want, press [4] to display the related topic.

Y ou can follow links through as many as 20 topics and still return to the original topic.
Just press[7] onetime for each link you followed, and you' Il return to the original via

all of the related topics you displayed.

Topic: Instrument Mode softkeys

Key Path: [Inst Model]

Press one of the Instrument Mode softkeys to select a
major measurement mode for the analvzer

When vou press an Instrument Mode softkey, the
analyzer”s menu structure changes to match the
requirements of a particular set of measurements. The
values and limits of some measurement and display
parameters also change.

Hote The current parameter values for a given
mode are saved when you exit that mode, and
restored when pou return to it.

The instrument mode softkeys are:

The selected link is identified by

[7] returns you to the previous

topic.

[4] displays the related topic.

N 1 I I i
# [OCTAME HNALYSIS3] (with option 1DL1) hlghhgh“ng'
# [ORDER HWALYSIS] twith option 1D8)
= [3HEPT SINE] (with option LDZ)
+ [CORRELATION HAMALYSIS]
% [HISTOGRHAM/TIFE]
Other links are identified by
underlining.
Prev Topic-7 Print-s Prey Page-t Index-1
Imp To Topic-4 Help On Help-5 Wext Page-) Quit-a
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To select atopic from the help index

1 Press[Help] to enter the online help system.

2 Press[1] on the numeric keypad to display the index.

3 If you want to move through the index one page at atime, press the down-arrow or

up-arrow hardkey.

4 Turn the knob to select the topic you want help on.

5 Press[4] to display the topic.

The help index contains an alphabetical listing of al help topics. Most topicslistedin
the index describe the hardkeys and softkeys, but some are of a more general nature.
These more general topics are only available viathe index or “links’ from related

topics.

Some index entries provide cross-referencesto the available help topics. These entries
end with “(XREF).” The name of an XREF entry does not match the name of the

topic it displays.

Topic: Index of Topics

KItulicm kevboard C(XREF)
Kepboard Setup softkeys
keuboard user interface (HREF)
knob
_L-
Label Program softkey
Last Error softkey
Learning Products (HREF)
Level softkey (source)
Level softkey (swept sine source)
Level softkey (tachometer setup)
Limit Test softkey

Limit x Line Type softkeus (XREF)
Linear Magnitude softkey

Linear softkey

Lines On/0ff sof tke

Lin Spec Channel x softkey (FFT)

Lin Spec Channel x softkey (swept sine)

Ln{ softkey

Local /HP-IB hardkey

Log Magnitude softkey

Lower softkew (BASIC display) (XREF)
Mag( softkey

Manual Arm softkey

Frint-&
Help On Help-5

Frev Topic-7
Imp To TDPTC—4

Frev Paoge-t
Next Page-]

Selected topic is highlighted.

Index-1I
Ouit-8

[4] displays the
highlighted topic.

[1] displays the index.
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To print ahelp topic

1 If online help is displayed, press [0] (on the numeric keypad) to exit the help system.
2 Set up your printer—as described in chapter 14—if you haven't aready.

3 If you are using an GPIB printer, press [L ocal/GPIB] [SYSTEM CONTROLLR].

4 Enter the online help system and display the topic you want to print.

5 Press[g] (on the numeric keypad).

When you press[8], the analyzer printsall of the topic’s text—not just the text that is
currently displayed on the analyzer’s screen. Graphics, however, are not printed. |If
you prefer to create aprint file, see “To plot screen contents” in chapter 14. It
describes two additional steps that you can use to direct plotting or printing to afile.
Y ou should insert them after step 2 of this task.
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To exit the help system
Press[Help].

or
Press[0] (on the numeric keypad).

When you exit the help system, the analyzer restores the menu that was displayed
before you entered the system.
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Managing Files and Disks

This chapter shows you how to save your work on the analyzer’ s file system. It also
shows you how to perform some additional disk operations.
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To set up an external disk

1 Turn off your external disk drive and analyzer, then connect their GPIB ports with an
GPIB cable.

2 Turn on the disk drive and analyzer.
3 Determine the disk drive’'s GPIB address.
4 On the analyzer, press [L ocal/GPIB] [DISk ADDRESS] <number> [ENTER].

Y ou can use one of the Agilent 10833 GPIB cablesto connect the analyzer to your
external disk drive. These cablesrangein length from 0.5 to 4 meters. They are
available through your local Agilent Technologies, Inc. Sales and Service Office.

Refer to your external disk’s documentation if you don’t know how to turn it on or
determine its GPIB address. When you determine the address, write it down; thisis
the value you will substitute for <number> in step 4.

GPIB Connector

- oD (— mi " —
= S5 RO =i
=
= 0 mww Wt pamawmLronr = Y
o (P D S
=}
oame  wan
[P - S
. | repep—
= -
e
=}
uoraon &=
=
reveoa S roven smaer—
OOO Sl o= A
=
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To select the default disk

1 Press[Disk Utility] [DEFAULT DISK].
or
Press [Save/Recall] [DEFAULT DISK].

2 Press one of the following: [NON-vVOL RAM DISK], [VOLATILE RAM DISK],
[INTERNAL DISK], Or [EXTERNAL DISK].

3 If you selected [EXTERNAL DISK] in step 2, press [EXTERNAL DISK UNIT] <number>
[ENTER], then press [L ocal/GPIB] [SYSTEM CONTROLLR].

Y our default disk selection tells the analyzer which disk to use when it is saving and
recalling files. Y ou can use online help to learn more about these options, but here'sa
quick summary:

« [NON-VOL RAM DISK] selects a portion of the analyzer’s battery-backed RAM. This
“disk” stores about 100 Kbytes of data without option UFF. It stores about 1.1
Mbytesif you add option UFF. In either case, the datais not lost when you turn off
the analyzer.

e [VOLATILE RAM DISK] selects aportion of RAM that is not battery-backed. Dataon
this“disk” islost when you turn off the analyzer. However, the disk has two
advantages. you can format it to hold more data than the nonvolatile RAM disk,
and file operations are much faster than on the internal disk.

e [INTERNAL DIsK] selectsthe analyzer’sinternal disk drive. Thisdrive storesdataon
3.5-inch flexible disks (double-sided, double- or high-density). For more
information, see the following task, “ To format a flexible disk”.

o [EXTERNAL DISK] selects adisk drive connected to the analyzer viaits GPIB
connector. The disk must be connected as described in the previous task, “To set up
an external disk.” If the disk has only one mass storage unit, enter avalue of O for
[EXTERNAL DISK UNIT]. If it has more than one mass storage unit, enter the number
of the unit you want to use.
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To format aflexible disk

1 Select the analyzer’sinternal disk drive as the default disk (as described in the
previous task).

2 Insert adouble-sided, 3.5-inch flexible disk into the internal disk drive.

3 Press[Disk Utility] [FORMAT DISK] [INTRLEAVE FACTOR] O [ENTER].

4 1f you want the disk formatted for M SDOS®’, press [DISK TYPE LIF DOS] to highlight
DOS.
or
If you want the disk formatted for LIF, press[pisk TYPE LIF DOS] to highlight LIF.

5 Press [PERFORM FORMAT] [ENTER].

CAUTION

Y ou can damage both the disk and the drive if you attempt to gject a disk when
the“FORMAT DISK In Progress’ message is displayed or when the disk’s “busy”
lightison.

Y ou must format a 3.5-inch flexible disk before you can use it to store Agilent 35670A
data. Use adouble-sided disk—either double-density or high-density—that is not
write-protected. The analyzer takes about two and a half minutes to format a disk and
is unavailable for other tasks during that time. For information on the formatting
parameters, use online help.

Do not eject the disk when

the “busy” light is on.

The disk-eject button.

00000o00o0o

O Dooooood)]

Use a 3.5-inch flexible disk (DS
DD or DS HD).

* MS-DOSisaU.S. registered trademark of Microsoft Corporation.
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To change the current DOS directory

1 Press[Disk Utility] [DEFAULT DISK] [DEFAULT DIRECTORY].
or
P ress [Save/Recall] [DEFAULT DISK] [DEFAULT DIRECTORY].

2 If you want a subdirectory of the current directory to be the new current directory,
press [CLEAR ENTRY], type the subdirectory’ s name, and press [ENTER].

3 If you want any other directory to be the new current directory, press [CLEAR ENTRY],
type the path to that directory followed by its name, and press [ENTER].

DOS-formatted disks can contain a hierarchical directory structure, such asthe one
shown at the bottom of the page. Y our current directory selection tells the analyzer
which directory to use when it is saving and recalling files.

A “path” includes the names of all directories encountered on the way to a particular
directory or file. If your path starts from the current directory, the first element of the
path is the name of the first subdirectory encountered. If it starts from the main (or
“root”) directory, the first element in the path is“\”, which represents the root
directory. The“\" character isalso used to separate directory namesin the path.

In the example directory shown below, you could change the current directory from
“STATES’ to “FFT" by entering either of the following strings:

o FFT
e \STATES\FFT
\ (root)
F——STATES
——FFT
—— OCTAVE
—— TRACES
— POWER
— FREQRESP

Example directory structure.
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To create aDOS directory

1 Press[Disk Utility] [DEFAULT DISK] [CREATE DIRECTORY].
or

Pre ss[Save/Recall] [DEFAULT DISK] [CREATE DIRECTORY].

2 If you want to create a subdirectory in the current directory, type the new
subdirectory’ s name and press [ENTER] .

3 If you want to create a subdirectory in some other directory, type the path to that other
directory followed by the new subdirectory’s name and press [ENTER].

Y ou can create new directories only on DOS-formatted disks. Y ou cannot create them
on LIF-formatted disks, because the L1F format does not support a hierarchical
directory structure.

See the previous task for more information on paths.
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To save atrace

1 Press[Active Trace], then press the softkey corresponding to the trace you want to
save: [A], [8], [c], or [D].

2 Press[Save/Recall] [SAVE DATA] [SAVE TRACE].

3 If you want to save your trace to the current directory of the default disk, press
[INTO FILE], type afile name, and press [ENTER].

4 1f you want to save your trace to one of the analyzer’sinternal data registers, press the
corresponding [INTO Dx] softkey.

The analyzer also alows you to save all the tracesin awaterfall at once—either to
disk or to one of the analyzer’ sinternal waterfall registers. In step 2, press

[SAVE WATERFALL] instead of [SAVE TRACE]. In step 4, press[INTO wx] instead of
[INTODX].

CAUTION

The contents of data registers and waterfall registers are lost at power-down. Be sure
to save important traces to disk before you turn off the analyzer.

Although you can save atrace to any dataregister, it is best not to save to D6-D8 if
you use the optional curve fit and synthesis features. These registers are used during
curve fitting and synthesis operations.

The analyzer allow you to save datain two formats, SDF and ASCII. Usethe SDF
format if you want to recall the datainto the analyzer. Usethe ASCII format if you
want to tranfer the datato an application that can read ASCI| data, such asa PC
program. ASCII data cannot be recalled into the analyzer.
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To save aprogram

1 Press[BASIC] [INSTRUMNT BASIC] [SELECT PROGRAM], then press the softkey
corresponding to the program you want to save.

2 If you want to save the program in an ASCII-encoded file, press [Save/Recall]
[savE MORE], then press [saVE PROG AsclI BIN] to highlight ASCII.

3 If you want to save the program in a binary-encoded file, press [Save/Recall]
[sAVE MORE], then press [SAVE PROG ASCII BIN] to highlight BIN.

4 Press [saVE PROGRAM], type afile name, and press [ENTER].

If you are saving the selected Instrument BASIC program for the first time, it will be
saved in the current directory of the default disk as soon as you press [ENTER]. |f you
are resaving the program, as you might after editing, you must press

[OVERWRITE FILE] after you press [ENTER].

If you are editing a program, you must press [END EDIT] before you can save the
program as described in thistask. However, you can skip step 1, because the program
you are editing is already selected as the active program.

Select ASCII-encoding to minimize the size of the program file. Select
binary-encoding to minimize the amount of time it takes to save and recall thefile.
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To save other data

1 Press [save/Recall].

2 If you want to save the contents of the time-capture buffer, press [SAVE DATA]
[SAVE CAPTURE].

3 If you want to save the current instrument state, press [SAVE STATE].

4 1f you want to save alimit, a set of math definitions, a data table, a curve-fit table, or a
synthesis table, press[savE MORE], then press the corresponding SAVE softkey.

5 Type afile name, then press [ENTER].

After you press [ENTER], the analyzer saves the specified datain the current directory
of the default disk. If you are saving alimit or adatatable, it is saved from asingle
trace: the most active trace. (For adefinition of the most active trace, see online help
for the [Active Trace] hardkey.)

The analyzer also alows you to save the instrument state in a special file called
“AUTO_ST.” Thisfileis created on the nonvolatile RAM disk when you press
[Save/Recall] [SAVE MORE] [SAVE AUTOSTATE]. When you turn on the analyzer, it
loads this file automatically—replacing the analyzer’ s preset state. For more
information on this feature, see online help for [sAVE AUTOSTATE].
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Torecal atrace

1 Press[save/Recall], then press [CATALOG ON OFF] to highlight ON.
2 Turn the knob to highlight the trace file you want to recall.

3 If you want to recall atrace with its original scaling, press [RECALL DATA]
[RCL TRACE AND SCALE].

4 1f you want to recall atrace but retain the scaling of the data register you will use,
press [RECALL DATA] [RCL TRACE].

5 Pressthe [FROM FILE INTO Dx] Softkey corresponding to the data register you want to
use, then press[ENTER].

6 Press [Active Trace], then press the softkey corresponding to the trace you want to
replace: [A], [B], [c], or [D].

7 Press [MEAS DATA] [MORE CHOICES] [DATA REGISTER], then press the [px] softkey
corresponding to the data register you specified in step 5.

A tracethat isrecalled from afileis awaysrecalled into a dataregister. Steps4 and 5
alow you to view the recalled trace by selecting the contents of that register for
display. If atrace was saved to adata register instead of afile, you only need to
complete steps 6 and 7 to “recall” that trace.

Although you can recall atrace fileinto any dataregister, it is best not to recall into
D6-D8if you use the optional curve fit and synthesis features. Theseregisters are
used during curve fitting and synthesis operations.

Save/Rec  Def Disk: Internal
. FROM FILE
4 INTO D1

MERSUREMENT PAUSED AMLE CH

DIRECTORY: %
s IHT: FROM FILE

The analyzer recalls the

highlighted trace file into the

specified data register.

: AYATLAELE SPACE: 1457464 NTO D3
FILE MAME S12E TYPE LAST CHANGED

DOWNLOAD 1449 D05 p9-22-92 FROM FILE

k] 37 INTD D3
FILTERZ. 336 07
FILTERS. 3 B2 92

CAL_TRAN.DAT 3382 DOs B9-22-92 FROM FILE

SETUP4.5TA 5763 DO B9-22-92 INTO D4
SETURZ.5TA 5763 D05 B5-22-92

ARESOURC 5151 D05 B9-22-92 EROM FILE

SHELLEEG 557 D05 B5-22-92 INTO DE
SHELLCHN 425 D05 Bo-22-97
SHELLDEM 332 D05 pP-22-92

SHELLEND 784 D05 B5-22-92 FROM FILE

LIFITS B DIR B9-22-92 INTD Dé
ULIMLCLIM 25410 D05 B5-22-92

LLIMi.LIM 25416 D05 B9-22-92 FROM FILE

INTD D7

FROM FILE

INTD D3

CATALOG

BE OFF
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To recall aprogram

1 Press[BASIC] [INSTRUMNT BASIC] [SELECT PROGRAM], then press the softkey
corresponding to the program buffer you want to use.

2 Press[Save/Recall], then press [CATALOG ON OFF] to highlight ON.
3 Turn the knob to highlight the program file you want to recall.

4 Press[RECALL MORE] [RECALL PROGRAM] [ENTER].

Y ou can load arecalled Instrument BASIC program into any one of the analyzer’'s
five, independent program buffers. But before you can load a program buffer, it must
be selected as the active buffer. Step 1 selects the active buffer.

Save/Rec Def Disk: Internal
RECALL

s UFPER LIM
MERSUREMENT FRUSED AW S 2
DIRECTORT: 3
: AYATLAELE SPACE: 1426544 LBECELL
FILE NAME SIZE TYPE LAST CHANGED
DOWNLOAD ; iE 7 EA 7 RECALL
FILTERL.DRT 3362 D05 B7-22-92 2 PH FIRT H
FILTERZ.DAT 3362 D05 B5-22-52 PH
FILTERS, 3362 D05 B9-22-92 PH
CAL_TRAN.DAT 3362 D03 09-22-92 i RECALL
SETOP4. 5T 5768 Dos A9-22-92 FM | DATR TREL
SETURZ. 5TR 5763 D035 B3-22-92 PH
ARESDURE 8151 D05 B5-22-52 PH RECALL
SHELLEEG 857 D05 B-22-92 PH FROGRAM
SHELLCHN 425 D05 B5-22-92 PH
SHELLDEM 332 D05 B5-22-92 PH
SHELLEND 7a4 D05 B5-22-92 PH
LIMITS a DIR A-27-52 PH
ULIMLL LI 25418 DO B2-22-92 PH
LLIHIi.LIM 75418 D05 B5-22-52 PH
RCLTRACE 38419 D05 B9-24-92 PH RCL FIT
TRELE
RCL SYNTH
TRELE
RECALL
P OMERD OWN
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To recall other data

1 Press[save/Recall], then press [CATALOG ON OFF] to highlight ON.

2 Turn the knob to highlight the file you want to recall.

3 If you want to recall datainto the time-capture buffer, press [RECALL DATA]

[RECALL CAPTURE].
4 1f you want to recall an instrument state, press [RECALL STATE].

5If you want to recall alimit, a set of math definitions, a data table, a curve-fit table, or
asynthesistable, press[RECALL MORE], then press the corresponding RECALL

softkey.
6 Press [ENTER].

The highlighted fileisonly recalled if it contains data that matches the RECALL
softkey you press. If you are recalling alimit or adatatable, it isrecalled into all

active traces.

It isgenerally easier to recall afileif you display the disk catalog and highlight the file
first. When you do this, the entry window that’ s displayed when you pressa RECALL
softkey already contains the correct file name. Y ou only need to press [ENTER] to

recall thefile. If you don't display the catalog first, you will need to type the file name

into the entry window before pressing [ENTER].

Save/Rec Def Disk:

MEASUREMENT PAUSED

Internal

AW L

CH

DIRECTORY:

AYAILAEBLE SPACE

1457 6e4

The highlighted file is
recalled only if it contains
data that matches the
RECALL softkey you
pressed.

FILE MNAME S12E TYPE LAST CHANGED
DOWNLOAD 144% Dos A9-22-92 B3 @3 A6 PM
FILTERL.DAT 33z Dos B9-22-92 B3 31112 PN
FILTERZ.DAT 33ez Dos @9-22-92 @3: 31:24 PM
FILTER3.DAT 33az bos B9-22-92 B3 32:82 PN
CAL_TRAM.DAT 33éz Dos g9-22-92 @3:33:10 PN
SETUP4.5TA 768 Dos A%9-22-92 B3 43:81 PH
SETUPEZ.STA 5748 Dos g9-22-22 @83:494:11 PN
ARBSOURL G151 Dos 8%-22-92 @3:58: 82 PM
SHELLBEG 837 Dos g9-22-92 B3:52:11 PN
SHELL

SHELL

SHELL

LIMIT

ULIML.

LIML.

RECALL

+ UPPER LIM

RECALL
LOWER LIM

RECALL
MRATH

RECALL
DATA THREL

RECALL
FROGRAM

RCL FIT
THRELE

RCL SYHTH
TRELE

RECALL
POLERDOHN
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To delete afile

1 Press[Disk Utility], then press [cATALOG ON OFF] to highlight ON.
2 Turn the knob to highlight the file you want to delete.

3 Press[DELETE FILE] [ENTER].

When you press [ENTER], the highlighted file is deleted from the current directory of
the default disk. If you want to delete all the files from this directory at once, press
[DELETEALL FILES] [ENTER] in step 3.

INT: indicates that the internal disk is
the current default disk.

Disk Util Def Disk: Inyéernal

EE
DIRECTORT: %
DOS INT: AVATLABLE SPACE: 1457664 DELETE
FILE NAME S1ZE TYPE LRST CHANGED
DOWNLOAD 1447 D05 @9-22-92 PM | DELETE
FILTERL.DAT 336z D05 B9-77-9%7 PM | ALL FILES o ) .
FICTERZ DAT 3347 DO @9-22-9%7 PH All files in the displayed directory
FILTER3, DAT 336z DO @9-22-97 P
CAL_TRAN.DAT 3367 D05 @9-22-92 B3 ER Lopd are deleted when you press
SETOPA.5TR 5763 D05 B9-22-9% P
SETOPZ. STA 5763 D05 P [DELETE ALL FILES].
The highlighted file is SHELLCHH 375 D03 A9-27-37 @3:53:13 po | Mob FILES
SHELLDEM 387 DO @9-22-22 B3:54:85 PH
deleted when you press SHELLENRD 754 D05  @9-22-5% B3:54:17 PH
LIMITS a DIR  B9-22-52 84 3Li27 PH
[DELETE FILE]. OLIML.LIN z541@ DO  89-22-22 B4: 2z: @9 PH
LLIML.LIH 25418 DO @9-22-52 B4 22i 26 PM
FORMAT
D13k,
CATAL OB
oFF
DEFRAULT
D15k,
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To delete aDOS directory

1 Delete al files from the directory you want to delete (as described in the previous
task).

2 Change the current directory (as described earlier in this chapter) to any other
directory.

3 Press[Disk Utility] [DEFAULT DISK] [DELETE DIRECTORY].

4 Press[CLEAR ENTRY], type the path to the directory you want to delete followed by the
directory’ s name, and press [ENTER].

If you want to delete a directory that contains subdirectories, you must first delete the
subdirectories (as described in this task). For adefinition of apath, see“To change
the current DOS directory,” earlier in this chapter.
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To copy afile
Press [Disk Utility], then press [CATALOG ON OFF] to highlight ON.

Turn the knob to highlight the file you want to copy.

Press [coPY FILE] [SOURCE FILENAME] [ENTER].

4 Press [DESTINATN FILENAME], type a disk specifier (optional), a path (also optional),

and afile name for the new copy, then press [ENTER].

5 Press [PERFORM FILE COPY].

INT: indicates that the
internal disk is the current
default disk.

If you do not include a disk specifier or apath in step 4, thefile is copied to the current
directory of the default disk. (See*“To change the current DOS directory” for more
information on paths.) The analyzer’ s file system recognizes four disk specifiers—one
for each of its disks:

e NVRAM: specifiesthe nonvolatile RAM disk.
e RAM: specifiesthe volatile RAM disk.

e INT: specifiestheinternal, 3.5 inch disk drive.
e EXT: specifies an external, GPIB disk drive.

These disk specifiers allow you to copy afile from the default disk to one of the other
three disks. For example, suppose you wanted to copy the file measl.dat from the
internal disk drive (currently selected as the default disk) to the nonvolatile RAM disk.
After pressing [DESTINATN FILENAME] in step 3, you would turn the knob to place the
cursor at the beginning of measl.dat, and then type NVRAM:. When you pressed
[ENTER] and [PERFORM FILE COPY], a new copy of measl.dat would be created on the
nonvolatile RAM disk.

Disk Util Src Hame: FILTER3.DAT
Dest Wame: NWVRAM: FILTER3.DAT

MEASUREMENT PAUSED) AW

DIRECTORY: %
INT: AYAILABLE SPACE: 14576&d
FILE MAME SI2E TYPE LAST CHANGED

DOWNLOAD 144% Dos A9-22-92 B3 B3 A6 PM
FILTERL.DAT P-2 [N

The highlighted file is displayed
automatically in the [SOURCE

FERFORM

FILE cORY FILENAME] and [DESTINATN
FILENAME] entry windows.

M B9-22-92
M 25418 Dos A9-22-92
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To rename afile

1 Press[Disk Utility], then press[cATALOG ON OFF] to highlight ON.

2 Turn the knob to highlight the file you want to rename.

3 Press [RENAME FILE] [ORIGINAL FILENAME] [ENTER].

4 Press [NEW FILENAME], type a new name for the file, then press [ENTER].

5 Press [PERFORM RENAME].
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Plotting and Printing

This chapter shows you how to set up your plotter or printer. It also shows you how to
plot and print screen contents.
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To set up your hardcopy device—paralle

1 Turn off your hardcopy device and analyzer, then connect their parallel portswith a
Centronics parallel cable.

2 Turn on the device and analyzer.
3 Make sure the device is configured for parallel operation.

4 Press[Plot/Print] [PLOT/PRNT DESTINATN] [OUTPUT TO PARALLEL] to configure the
analyzer for parallel operation.

5 Press[Rtn] [PLOT/PRNT DEVICE], then press the softkey corresponding to the type of
device you have connected to the analyzer: [HP-GL PLOTTER], [RASTER PRINTER], OF

[HP-GL PRINTER].

Y ou can use the Agilent 92284A parallel cable to connect the analyzer to most
Hewlett-Packard plotters and printers. This cable and many others are available
through your local Agilent Technologies, Inc. Sales and Service Office. The cable you
order should not be more than 3 meters long.

Refer to your hardcopy device's documentation if you don’t know how to configure it
for parallel operation. Refer to online help for more information about the parameters
you are setting. If you want to know which signal is connected to each pin of the
parallel port, see online help for the [PLOT/PRNT DESTINATN] Softkey.

Centronics parallel port.

RS-232-C serial port.
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To set up your hardcopy device—serial

1 Turn off your hardcopy device and analyzer, then connect their serial ports with an
RS-232-C cable.

2 Turn on the device and analyzer.
3 Make sure the deviceis configured for serial operation.

4 Press[Plot/Print] [MORE SETUP] [SERIAL SETUP], then press each softkey in the
resulting menu until its value matches the requirements of your hardcopy device.

5 Press [Plot/Print] [PLOT/PRNT DESTINATN] [OUTPUT TO SERIAL] to configure the
analyzer for serial operation.

6 Press[Rtn] [PLOT/PRNT DEVICE], then press the softkey corresponding to the type of
device you have connected to the analyzer: [HP-GL PLOTTER], [RASTER PRINTER], OF
[HP-GL PRINTER].

Y ou can use the Agilent 24542G serial cable to connect the analyzer to most
Hewlett-Packard plotters and printers. This cable and many others are available
through your local Agilent Technologies, Inc. Sales and Service Office. (Online help
for [PLOT/PRNT DESTINATN] may help you select acable: It showsyou which signal is
connected to each pin of the seria port.) The cable you order should not be more than
15 meterslong.

Y ou can refer to your hardcopy device' s documentation to determine which values
you should select for the softkeysin the [SERIAL SETUP] menu. If that documentation
is not available, the following information should help you complete step 4:

« Select the highest baud rate that provides reliable plotting or printing.

« Most hardcopy devices use seven or eight character bits and one stop bit.

o Devicesthat use eight character bits usually require [PARITY] to be set to NONE.
e Most hardcopy devices work with [xmIT PACE] set to XON/XOFF.

» You canignore the settings of [PRTY CHK] and [RCVR PACE]: they are not used for
plotting or printing.

See the previous task for the location of the serial port.
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To set up your hardcopy device—GPIB

1 Turn off your hardcopy device and analyzer, then connect their GPIB portswith an
GPIB cable.

2 Turn on the device and analyzer.

3 Configure the device for GPIB operation, and determine the device's GPIB address.
(Y ou will substitute the address for <number> in one of the next two steps.)

4 1f your hardcopy deviceis aplotter, press the following [L ocal/GPI B]
[PLOTTER ADDRESS] <number> [ENTER].

5 If your hardcopy device is a printer, press the following [L ocal/GPI B]
[PRINTER ADDRESS] <number> [ENTER].

6 Press [Plot/Print] [PLOT/PRNT DESTINATN] [OUTPUT TO GPIB].

7 Press[Rtn] [PLOT/PRNT DEVICE], then press the softkey corresponding to the type of
device you have connected to the analyzer: [HP-GL PLOTTER], [RASTER PRINTER], Or

[HP-GL PRINTER].

Y ou can use one of the Agilent 10833 GPIB cables to connect the analyzer to most
Hewlett-Packard plotters and printers. These cables range in length from 0.5 to

4 meters. They are available through your local Agilent Technologies, Inc. Sales and
Service Office.

Refer to your hardcopy device's documentation if you do not know how to configure it
for GPIB operation or determine its GPIB address. Refer to online help for more
information on the parameters you are setting.

GPIB port.

S S8 memo (™)
- oo new 3 D _
° (|
L) o = O
e T L S e romn—
S T=
=
i S
[
KEYBOARE %—ml T —
OOO Sl o= LY
=

14-4



Agilent 35670A
Operator's Guide Plotting and Printing

To plot screen contents

1 Set up your plotter if you haven't already.
2 If you are plotting viathe GPIB port, press [L ocal/GPIB] [SYSTEM CONTROLLR].

3 Press[Plot/Print] [PLOT DATA SELECT], then press the softkey corresponding to the
part of the screen you want to plot: [ALL], [TRACE], [TRACE MARKER],
[MARKER REFERENCE], Of [GRID].

4 Press[Rtn] [START PLOT/PRNT].

The analyzer also allows you to create a plot file on the current directory of the default
disk. Todo this, insert the following two steps after step 3:

o Press[Plot/Print] [OUTPUT FILENAME], type afile name, and press [ENTER].
o Press[PLOT/PRNT DESTINATN] [OUTPUT TO FILE].

After you have finished creating plot files, be sure to return [PLOT/PRNT DESTINATN]
toitsoriginal setting so subsequent plotswill be directed to the correct port. See
online help for more information on the plot destination and the plot data selection.

Disk Ul Def Disk: Infernal
Date: 17/07/28 Time: 03:56:00
A CHT Pwr ;Det X:0 Hz Y:-55.887 dBVrms

3
dBVrms

|
dB Mag | i
10 ‘

aB T TT T
/v ‘ \

-97 V
dBVrms
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To print screen contents

1 Set up your printer if you haven't already.

2 If you are printing via the GPIB port, press [L ocal/GPIB] [SYSTEM CONTROLLR].
3 Press[Plot/Print] [START PLOT/PRNT].

All of the screen’ s contents, except the softkey |abels, are printed when you complete
thistask. If you prefer to create a print file, refer to the previoustask, “ To plot screen
contents.” It describes two additional steps that you can use to direct plotting or
printing to afile. Y ou should insert them after step 2 of this task.

If you selected [HP-GL PRINTER] When you set up your hardcopy device, you actually
print screen contents as described in the previous task. See online help for more
information on HP-GL printers.

Freq span: 12.8 kHz Resoltn: 488 lines
[FFTI Chtr: 18 kHZ

¥:-%3.145 dBVYrms

=113
dBVrms

ERALE ] ] T6. 4k Hz
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To annotate a plot or print

1 Press[Plot/Print] [MORE SETUP], then press [TITLE ON OFF] to highlight ON.

2 Press[TITLE LINE 1], type the first line of annotation, and press [ENTER].

3 Press[TITLE LINE 2], type the second line of annotation, and press [ENTER].

4 I(; Iillou want to include the current time and date, press [TIME STMP ON OFF] to highlight

5 Complete one of the following tasks: “To plot screen contents” or “To print screen
contents.”

Y ou can modify the format of the time stamp by pressing [System Utility]
[cLock seTuP] [TIME STMP SETUP], and then pressing the softkey that corresponds to
format you want to use. See online help for more information on the time stamp

formats.

Plot/print annotation replaces the mini-state at
the top of the screen.

Harmonic test
First Harmonic Level

Time stamp.

Date: 87-17-28 Time: 84:87:80 AH

-115]
dBYrms|iL

WAL
25.8kHz
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To reassign plotter pens

1 Press[Plot/Print] [PLOT PENS SETUP).

2 Press the softkey matching the plot component whose pen assignment you want to
change.

3 Type the carousel number of the pen you want to use for the selected plot component,
then press [ENTER].

If you are assigning different pens to the markers, you must press
[MARKER PEN SETUP| after [PLOT PENS SETUP]. Y ou can return all plot components to
their default pen assignments by pressing [DEFAULT PENS].
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To modify the plotting speed

1 Press[Plot/Print] [MORE SETUP] [PLOT PEN SPEED] [USER SPEED].

2 Press [USER PLOT SPEED], then type a speed your plotter can accept (using a unit of
cm/s) and press [ENTER].

If you prefer to let your plotter select the plotting speed, press [DEFAULT SPEED]
instead of [USER SPEED] in step 1, and skip step 2. Some plotters—for example, the
Agilent 7550A—automatically select the best plotting speed for the type of pen being
used. Check your plotter documentation to determine the range of supported plotting

speeds.
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To position a plot on the page

1 Press [Plot/Print] [MORE SETUP] [P1 P2 SETUP], then press [USER P1P2 ON OFF] to
highlight ON.

2 Enter the horizontal and vertical position of the plot’s lower-left corner under the
[useR P1 X] and [USER P1 Y] softkeys.

3 Enter the horizontal and vertical position of the plot’s upper-right corner under the
[user P2 x] and [USER P2 Y] softkeys.

When you plot screen contents, the plot will be positioned within the area defined in
steps 2 and 3. If you prefer to position a plot using the controls on your plotter, press
[USER P1P2 ON OFF] to highlight OFF in step 1, and skip steps 2 and 3. See your plotter
documentation for information on selecting appropriate P1 and P2 values.

P2

Disk Uhl Def Disk: Internal |
Date: 17/07/28 Time: 03:56:00
A CH1 Pwr Spec X:0 Hz Y:-55.887 dBVrms

3
dBVrms

ATV Vo B U T YT
P W Y W T VU
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Figure 15-1.
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Synthesis

The synthesis feature lets you generate frequency-response traces based on an
H(s) model. You can use synthesisto view the frequency response of a
theoretical circuit.

The Synthesis M odel

Using the synthesis menus under the [ Analys ] hardkey, you can enter
parameters from your transfer function into a synthesis table. Then the
analyzer can use this synthesis table—with either the FFT Anaysis mode or
the Swept Sine mode—to create a frequency response trace. Once you create a
synthesis table, you can storeit as you would a trace or a math function.

This chapter explains how to use the synthesis features. If you need more
information about a specific softkey, see online help.
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The Synthesis Calculation

The synthesized trace is displayed with the X-axisin Hertz. Consequently, for
H(s), the parameters (such as pole positions) must be in Hertz. The synthesis
eguation for H(s) isasfollows:

His) | s = jw

Since Laplace transfer functions are expressed in radians and the display’s
X-axisisnot inradians, it needs to be scaled to Hertz.

If you modify H(s) to expressit in Hertz, you must adjust the gain of H(s) to
keep the dc gain constant.

/'w

The Agilent 35670A Evaluates H(s) Along the Positive jo Axis
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The Synthesis Table
and Data Formats

The synthesis table contains data used by the analyzer for the synthesis
operation. It contains the pole and zero (or pole/residue or polynomial)
locations plus any gain, time delay, or scaling frequency parameters. Thetable
may contain data in one of the three commonly used formats:

o Pole-zero
o Pole-residue (partial fraction)
e Polynomia

Y ou may change the data format in a synthesis table at any time by converting
the table to a different format. The Pole-Zero format is the most numerically
accurate of the three formats.

The Pole-Zero Format

For pole-zero data, the synthesistable is split into two columns: the left side for
poles and the right side for zeros. Poles (or zeros) can be either real or
complex conjugate pairs. (The requirement of conjugate pairs means that only
Hermitian symmetric pole-zero datais supported.)

Conjugate pair poles or zeros and real poles or zeros al occupy oneline.

Often, real poles are called “smple poles’ and real zeros are called “simple
zeros.”

A 1B distinguishes a complex conjugate pair from a simple pole or zero which
has no imaginary part.

A table can have a maximum of 20 poles and 20 zeros. The order is not
critical. Any combination of real or complex pole-zero data can be in the table.
However, if every line contains a conjugate pair, the tableislimited to a
maximum of 10 lines.
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The Pole-Zero Equation
To express your transfer function in pole-zero format, use the following
formula:

(S— Z1)(S— Z2)(S— Z2*)...(S— Zn)
(s— P1)(s— P2)(s— Ps)(s— P3)...(S— Pm)

His) = K

*

where is the conjugate
is the system Gain

is the pole position (-op +jBp )

N T X

is the zero position ( -0; +jB;)

Thisformulaisthe basis for interpreting pole-zero datain the synthesis table.
Pole and zero positions are in Hertz. During synthesis, the analyzer replaces s
with jf (wheref isfrequency in Hertz).

Pole-Zero Data
Thisishow pole-zero data appears in a synthesis table:

H(s) = 1x10°(s+ 600)
(s+ 250)(s+ 500 — j2000)(s+ 500 + j2000)

where: pole and zero terms are in Hz
(thus, frequency scale = 1.0 will be used)

POLES 3 SYNTH ZEROS 1

-250 -600
-500 4 2e+3

TIME DELAY=0's GAIN=1e+06
FREQUENSYALE=1
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The Pole-Residue (Partial Fraction) Format

The pole-residue form of the LaPlace variable is most commonly used to
describe mechanical resonances. For pole-residue data, the synthesistableis
split into two columns: the left side for poles and the right side for residues. A
residue is another name for the numerator constant for each pole term in the
partial-fraction expansion.

Poles can be ssimple (real) or entered as a complex conjugate pair. A pole and
itsresidue are aways on the same line in the synthesis table (unlike pole-zero
tables, where order doesn’'t matter). A B distinguishes a complex conjugate
pole-pair from asimple pole.

Since a complex conjugate pole-pair corresponds to two termsin a
partia-fraction expansion, the residue is also interpreted as being a
complex-conjugate pair.

For pole-residue data, the synthesis table can contain up to 20 lines of ssimple
poles and simple residues. However, if the tableis composed of all
complex-conjugate pairs, it can only consist of a maximum of 10 lines.

The Pole-Residue Equation

To express your transfer function in pole-residue format, use the following
formula:

H(s) = K[ C:S°+ C.SH+...+
A A A As As As Ai
+ + + + + + +...]
(s=P1) (s=P2) (s=P3) (s—Ps) (s—=P3) (s—Ps)® (s—P3)°

where:

*

is the conjugate

K is the system Gain

P are the pole positions

A are the residues (a constant, possibly complex)

¢ terms caused by numerator order > denominator order

Thisformulaisthe basis for interpreting pole-residue datain the synthesis
table. Pole positions are in Hertz. During synthesis, the analyzer replaces s
with jf (wheref isfrequency in Hertz). If the same pole (real or conjugate) is
entered more than once, the pole term is surrounded by parenthesis and its
order isindicated by ~n, where nisthe multiplicity. There areno c termsif the
numerator order is less than the denominator order.
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For pole-residue, the values in the synthesis table must be identical in order to
be identified as a multiple order pole. Thus, if you convert the synthesis table
from polynomial to pole-residue format, then add a pole that appears to be the
same, it probably won’t be identified as the same pole due to rounding errorsin
the conversion.

Pole Residue Equations

This pole residue equation results from the partial-fraction expansion of a corresponding
pole-zero equation.

Pole-zero equation:

6
H(S) 1x10°(s+600)

- (s+250)(s+500— j2000)(s-+ 500+ j2000)

Pole-residue equation:

86154 -43077-]244.62 -43.077+ j244.62
H(s) = + +

"~ s+250  s+500— j2000 s+ 500+ j2000

Reconstructing Simple Poles
To reconstruct the pole-residue equation from the synthesis table, you must

associate poles with their residues. Poles and their residues are always on the
same line in the synthesis table.
The equation for asimple residue over asimple poleis:
(Residue)
s-(Simple Pole)

where:

(residue) is the real residue in the table and its sign

(simple pole) is the real pole and its sign shown
in the table across from the residue

Placing a complex conjugate residue over a simple pole creates a
non-Hermitian symmetric transfer function. These should not be synthesized.
Also, table conversions are not allowed. The message “Not Hermitian” is
displayed if coefficients from Pole Residue synthesis-tables are in atable when
table format conversion is attempted. The analyzer’s curve fitter will not work
with anon-Hermitian frequency-response trace (because it is not possible for
our pole-zero format to have non-Hermitian table entries).
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Reconstructing Complex Conjugate Pole-Pairs

For pole-residue tables, the sign of the imaginary part of acomplex residueis
now significant because of the assumptions the analyzer makes about the
conjugated pole pair. Unlike complex pole terms, the imaginary part of a
complex residue can have asign.

The formulafor a complex residue over acomplex poleis:

(Residue, real part) + j(Residue,imaginary part)
s- (Pole, real part) - j(Pole,imaginary part)

(first conjugate term)

N (Residue, real part) - (Residue,imaginary part)
s—(Pole, real part) + j(Pole, imaginary part)

where:

(real part) is the real number and its sign

(imaginary part) is the imaginary number and

its sign; for poles, consider it positive

Associating the sign of the imaginary part of a complex residue with the First
Conjugate Term establishes the sign convention for the imaginary part of the
complex conjugate pole-pair. The second conjugate term is formed by
conjugating the residue and pole in the First Conjugate Term.

In the case of asimple (real) residue over a complex conjugate pole-pair, the

formulaused is:
(Residue)
s-(Pole, real part) - j(Pole, imaginary part)

N (Residue)
s- (Pole, real part) + j(Pole, imaginary part)

where:

(residue) is the real residue in the table and its sign
(real part) is the real number and its sign
(imaginary part) is the imaginary number and

its sign; for poles, consider it positive

In this case, the residue has no imaginary part. Thus, thereisno sign
association between the residue and the complex conjugate pole-pair. If you
are synthesizing displacement or acceleration in a spring-mass-damper system,
residues are imaginary, that isthe real part iszero. If you are synthesizing
velocity, theresidue isreal.
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The following tables show how to reconstruct the First Conjugate Term for all
possible sign entriesin the synthesistable. Since both the real and imaginary

parts of the residue can be minus, there are four possible table entries for
residues (see table 15-1). Since only the real part of the pole can be minus,

there are only two possible table entries for poles (seetable 15-2). Table 15-1

shows the numerator constant and table 15-2 shows its denominator for

example table entries.

Table 15-1.
Reconstructing the First Conjugate Term: Residue
Table Entry Numerator Constant (residue)
54 10 5+j10
-5+ 10 ~5+j10
-5 4 -1.0 -5-j10
5+ -1.0 5-j1.0
Table 15-2.
Reconstructing the First Conjugate Term: Pole
Table Entry Denominator (pole)
6+ 20 s—.6-j20
—6 4 20 s+.6-j2.0
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Pole-Residue Data

Thisishow pole-residue data appearsin a synthesis table:

(real part in table) (imaginary part in table)

(86.154)  (-43.077)+j(-244.62) (-43077)-j(-244.62)

sl = s—(-20) s~ (-500)~i(2000) s~ (-500)+i(2000)

86.154 —43.077—-j244.62 —43.077 +j244.62
+

H(s) = +
s+250  s-+500—j2000 s +500 + j2000

(first conjugate term)

Analysis Synth Result: D8

POLES 3 SYNTH RESIDUES

-250 86.154
-500 i 2e+3 -43.077 4 -244.62

TIME DELAY=0 s GAIN=1
FREQUENSYALE=1

The table contains the following:
o (One simple pole and an associated simple o (One complex conjugate pole-pair and an
residue associated complex conjugate residue

Y ou can generate the second conjugate term by conjugating the first conjugate
term.
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The Polynomial For mat

Synthesis using the Ratio-of-Polynomials format is called polynomial. For
polynomial data, the synthesis table is split into two columns: the left side for
the numerator polynomial and the right side for the denominator polynomial.
Table entries are interpreted as coefficients of the s polynomial.

Thefirst line in the synthesis table corresponds to the numerator and
denominator coefficients for sO, the second line corresponds to s1, and the nth
line corresponds to s+1.

A 20th-order polynomial is the highest-order polynomial entry in the synthesis
table.

The Polynomial Equation

To express your transfer function in polynomial format, use the following
formula:

(1S’ + azst+ a3s?+...ans" 1)

(b1S°+ ba2st + bas?+...bms™ 1)

H(s) =K

where:
K (first conjugate term) is the system Gain

Thisformulaisthe basis for interpreting polynomial datain the synthesis table.
Polynomial coefficients arein Hertz. During synthesis, the analyzer replaces s
with jf (wheref isfrequency in Hertz).
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The Polynomial Ratio

The following is the polynomial ratio of a pole-zero transfer-function equation.

Analysis SynthResult: D8
NUMERATOR SYNTH DENOMINATGR

600e+6 s™0 1.062e+9 s™0
le+6 s 4.5e+6 s
1.25e+3 s™2
1 s™3

TIME DELAY=0's GAIN=1

FREQUENSTALE=1
6
1x 10" (s + 600)

Pole - zero equation: H(s) =
(s+ 250)(s+ 500 — j2000)(s+ 500 + j2000)

10 x 10%s + 600 x 10°
3+ 125 x 10%s% + 4.5 x 108s + 1.062 x 10°

Polynomial equation: H(s) =
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Converting Data For mats

As mentioned, the datain a synthesis table may be in pole-zero, pole-residue,
or polynomial format. Y ou can convert from one data format to another.

In pole-residue tables, the 150 residue term appears when you convert an
empty table (interpreted as H(s) =1) to the pole-residue format. Thisterm
simply addsa*“1” to the synthesis equation. An s*ntermiscalled aLaurent
term. Laurent terms cannot be edited on the synthesistable. If you do not
need to use the 1s"0 residue term, clear the table.

In apolynomial table, the default 10 term appears when you convert and
empty table to the polynomial format. These termssimply put a“1” in both
the numerator and denominator of the synthesis equation. If you don’t need to
use the default 1s™0 terms, clear the table.

Avoid converting tables unnecessarily. Table conversions are not exact
because of finite precision (64-bit) in the math operations. It may not always
be possible to convert from one representation to another and back, without
resulting in slight variations.

The numeric range for tablesis full IEEE 64-bit double precision. The display
of numbers only handles floats.

When you synthesize a function with infinite gain at dc (such as K/Sz) and
place a zero in the DC bin, the marker reads NaN, which means “Not a
Number.”

The message “Not Hermitian” is displayed if coefficients from Pole Residue or
Polynomial synthesis-tables arein atable when table format conversion is
attempted. The analyzer’s curve fitter will not work with a non-Hermitian
frequency-response trace (because it is not possible for real-world systems to
be non-Hermitian).
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To display a synthesis table — Pole-Zero Format

1 Press[Analys] [SYNTHESIS].
If you do not already have an existing table in the pole-zero format,
press [CONVERT TABLE]
[CONVRT TOPOLE ZERQ].

2 Press[TABLE ON OFF] to highlight ON.

The left column contains poles, the right column contains zeros.
« Poles (or zeros) can be either real (simple) or complex conjugate pairs.

« A £jB distinguishes a complex conjugate pair from a simple pole or zero.

Avoid converting tables unnecessarily.

POLES 3 SYNTH ZEROS 1

-250 -600
-500 i 2e+3

TIME DELAY=0 s GAIN=1e+06
FREQUENSTALE=1
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To select/convert atable format — Pole-Residue format

1 Press[Analys] [SYNTHESIS] [CONVERT TABLE].

2 Press[CONVRT TO POLE RESD].

3 Press[TABLE ON OFF] to highlight ON.

The left column contains poles and the right column contains residues.

The 150 residue term appears when you convert an empty table (interpreted as
H(s) =1) to the pole-residue format. If you do not need to use the 150 residue term,

clear the table.

Avoid converting tables unnecessarily.

POLES 3 SYNTH RESIDUES
-250 86.154
-500 i 2e+3 -43.077 1§ -244.62
TIME DELAY=0 s GAIN=1
FREQUENSYALE=1
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To select/convert atable format — Polynomial format

1 Press[Analys] [SYNTHESIS] [CONVERT TABLE].
2 Press [CONVRT TO POLYNMIAL].
3 Press [TABLE ON OFF] to highlight ON.

The left column contains the numerator polynomial and the right column contains the
denominator polynomial. Table entries are interpreted as coefficients of the s
polynomial. The nth line correspondsto s .

The default 1s*0 term appears when you convert and empty table to the polynomial
format. If you don’t need to use the default 1”0 terms, clear the table.

Avoid converting tables unnecessarily. Table conversions are not exact because of
finite precision in the math operations.

NUMERATOR SYNTH DENOMINATGR
600e+6 s™0 1.062e+9 — s™0
le+6 s 4.5e+6 — s
1.25e+3 s 2
' 7| Thefirstline 573

corresponds to the
numerator and
denominator
coefficients for s0.

The second line
corresponds to s1

The nth line corresponds|to
sn-1

TIME DELAY=0 s GAIN=1
FREQUENSFZALE=1
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Creating a
Synthesis Table

Y ou can enter datainto a synthesistable at any time. Y ou must be in either the
FFT Anaysisinstrument mode or the Swept Sine instrument mode to do a
synthesis calculation.

Entering Data

In apole-zero table, you can enter up to 20 poles and 20 zeros or 10 conjugate
pole-zero pairs. The order isnot critical. Y ou can enter any combination of
real or complex pole-zero data. However, if every line contains a conjugate
pair, you can only enter a maximum of 10 lines. The requirement of conjugate
pairs means that only Hermitian symmetric pole-zero data is supported.

In a pole-residue table, you can enter up to 20 lines of simple poles and simple
residues. However, if you enter all complex-conjugate pairs, you can only
enter up to 10 lines.

In a polynomial table, the highest-order polynomial entry you can make to the
synthesis table is a 20th-order polynomial.
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Entering a Gain Factor

Y ou can enter an optional parameter to set the gain of the synthesized
frequency response function. The default value for the gain factor is1.0. The
gain factor appears at the bottom of the table.

Using a Gain Factor

The following example shows you how to use the gain factor to synthesize a 20
kHz low-pass filter (single pole).

H(if) = 1/ (s + 20000)

The equation shows a pole (in pole-zero format) at -20 kHz. Y ou would enter a
polein pole-zero format at -20 kHz. It aso yields a pass band gain (at 0 Hz) of
1/20000 (-86 dB). To obtain again of 0 dB, you would enter again factor of
20000. This changesthe equation to:

H(jf)= 20000 /(s + 20000)
Now thegainis1 (0 dB) at O Hz.

How To Keep the dc Gain Constant

To keep the dc gain constant for pole-zero or To keep the dc gain constant for pole-residue
polynomial transfer functions, adjust thegainby  transfer functions, you must adjust the gain for
afactor of (2m)(N— M), wherenistheorder of ~ €ach term in the partial-fraction-expansion. For
the numerator, and mis the order of the asimple pole, this means dividing the residue by
denominator. 2n. For acomplex-conjugate pole Bai r, this

means dividing the residue by (2r)~.
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Entering a Time Delay

When necessary, you can enter atime delay for a synthesis calculation. Time
delay can be used to simulate computational delay in a sampled system or
transport delay. Negative delays correspond to an advance.

The delay can be in terms of microseconds (uS), milliseconds (mS), or seconds
(S). Thedefault is 0 seconds, which has no effect on the synthesis. If you
enter anon-zero time delay (t), the H(s) synthesisincludes multiplication by:

e- j2m ft
Where:

fis frequency in Hertz
t is time delay

The time delay appears at the bottom of the table. A delay in the time domain
will appear as alinear phase ramp in the frequency domain plots.
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Entering a Frequency Scale

Thisfactor scales the frequency axis (the X-axis) by:
_ T
freq scale

where:

fis frequency in Hertz
freq scale is the scale frequency

The frequency can be entered in Hz; therangeis 100 t0 10"®. The default
valueis 1 Hz/Hz (that is, unitless, even though the units key is used to
complete numeric entry). If you have polynomial coefficientsin radians, you
can scale the frequency by 1/2r to avoid dividing by (2r)" to obtain proper
X-axis scaling.

If you want the frequency axis to bein radians, enter a scale frequency of
1/(2r). The enter parameters for H(s) in terms of radians (even though the unit
keys till say mHz, kHz, and Hz). The frequency axisis always labeled Hz
(Hertz); however, the X-axis cursor would not be interpreted as radians. Units
are not displayed by frequency scale in the synthesis table because thisis a
frequency scaling operation, and hence has units such as Hz/Hz, Hz/kHz, or
Hz/mHz.

Using the Scale Frequency

The scale frequency feature can be used to scale pole-zero data from radian per
second to Hz by setting the scaling value to 1/(2rt). The following are identical:

Hz Scale Frequency
Poleat -1 1
Radians Scale Frequency
Pole at -6.28318 0.159155

The poleisentered as -6.28 Hz but with frequency scaling set to 1/(2r), the pole
will appear tobeat - 1 Hz, which is - 6.28 radians.
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To create asynthesistable

1 Press[Analys] [SYNTHESIS].
2 Select the table format. See the previous tasks.

3 Press [EDIT TABLE].
In the first column, enter <number><unit>.
If the entry is a complex conjugate pair,
press [+j] to designate the imaginary part of the complex pair.

4 Use the knob to move the highlighted bar to the left column.
Enter <number><unit>.
If the entry is a complex conjugate pair,
press [+] to designate the imaginary part of the complex pair.

5 To enter additional table entries, use the knob to move the highlighted bar and repeat
steps 2 and 3.

6 If you make a mistake, move the highlighted bar over the entry you want to change.
Press [CHANGE VALUE] <number><unit>.

7 Press[Rtn].

The maximum number of table entries is dependent upon the table format. See
“Entering Data” in the previous section.
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To add a gain factor, time delay, and frequency scale to the

synthesis calculation

1 Create and display a synthesis table.

2 Press[SYNTHESIS SETUP].

3 Press[GAIN FACTOR] <number>.

4 Press[TIME DELAY] <number> <unit>.

5 Press[FREQUENCY SCALE] <number> <unit>.

POLES 3 SYNTH ZEROS 1
-250 -600
-500 4§ 2e+3
TIME DELAY=0 s GAIN=Te+06
FREQUENSFYALE=1

Optional parameters appear at the bottom
of the table.

You must enter these parameters before
creating the synthesized frequency
response trace.
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To clear asynthesistable

1 Press[EDIT TABLE].
2 Press [CLEAR TABLE], then press [CONFIRM CLEAR].

Caution Y ou cannot recover atable after it has been cleared. For more information,
see online help.
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Performing the
Synthesis

After datais entered in asynthesis table, you are ready to perform the
synthesis. Analyzer configuration affects the synthesis frequency span and the
X-axis data spacing of the synthesis trace.

The analyzer uses the frequency-span set up for measurements to determine the
synthesis start and stop frequencies. For example, you could set the span to
12.8 kHz with a start frequency at 0 Hz. Once you set the start and stop
frequencies, you do not have to set them for subsequent synthesis calculations.

Synthesis data spacing for the X-axis can be either linear or logarithmic. Set
the X-axis spacing before performing the synthesis. The default setting is
linear.

The synthesized trace is stored in a data register and displayed in the active
trace when the synthesis is compl ete.
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To synthesize afrequency response curve

The analyzer plots the synthesized frequency response data on the active traces. In
this task, the magnitude is displayed on trace A and the phase is displayed on trace B.
The analyzer must be in FFT Analysis or Swept Sine instrument modes.

1 Create and display a synthesistable.
See the previous task, “To create a synthesis table.”
Press[TABLE ON OFF] to highlight OFF.
2 Set up the active traces.
Press [Active Trace] [A B].
Press [M eas Data], [MORE CHOICES], [DATA REGISTER], [D8].
3 Specify the measurement frequency span.
Press [Freq] [START] <number> <unit>, then press [sTop] <number> <unit>.
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4 Configure the display.

Press[Active Trace] [B].

Press[Trace Coord] [PHASE].

Press[Active Trace] [A B].

Press[Scale], then pressiAUTOSCALE ON OFF] to highlight ON.

5 Start the synthesis.

Press[Analys] [SYNTHESIS|[START SY NTHESIS].

You can also recall apreviously saved synthesistable or transfer a curvefit tablein
Step 1.

The analyzer stores the results of the synthesis in the selected data register, D8, and
automatically displaysit in the active trace. Trace A isthe default. Step 2 adds Trace
B as an active trace and specifiesthe datain D8.

If you do not set the start and stop frequenciesin step 3, the analyzer usesthe
frequency-span set up for measurements. Once you set the start and stop frequencies,
you do not have to set them for subsequent synthesis cal culations.

To change the synthesis data spacing for the X-axis, see the next task.

A: D8 Synthesis X:0 Hz Y:-4.9636 dB

The analayzer
automatically displays the
results in Trace A .

wjé e

dB Mag

\jé

OHz 12.8kHz

Step 2 adds Trace B as an
active trace.

B: D& Synthesis X:0 Hz Y:0 deg

-180

OHz 12.8kHz
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To change the data spacing for the X-axis

1 Press[sYNTHESIS SETUP].

2 Press [x-AXISLIN LOG] to highlight LIN.
or
Press [x-AXISLIN LOG] to highlight LOG.

LIN specifies linear spacing (the default setting); LOG specifies logarithmic spacing.
Y ou must specify the spacing before performing the synthesis.
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Working With
Synthesis Tables

Once you create a synthesis table, you can edit it, save it, and later recall it.
The synthesis trace is stored in a dedicated register (dataregister D8 isthe
default register, though you can change this). Y ou can run the synthesis
without saving the trace. However, the data register is overwritten the next
time you create a new synthesis trace.

Caution The dataregisters are cleared when you turn off the analyzer. Save the dataregister to
afile before you power-down or it will belost.

A few hints about editing synthesis tables:

« When editing curvefit data, it is easier to removes poles and their associated gain
value in pole-residue form.

« When deleting a pole in a pole-residue table, you must del ete both the pole and its
corresponding residue.

« If you accidently delete atable entry, use the [UNDELETE KEY] key to restoreit.

The numeric range for tablesis full IEEE 64-bit double precision. Note that
the display of numbers only handles floats. Y ou can observe full precision by
moving the highlighted bar over any term with “infnty” and

pressing [ ADD VALUE ]. Double precision isthen given in the numeric entry
window.
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To edit an existing synthesistable

1 Press[Analysis] [SYNTHESIS].

2 Display the current synthesis table.
Press[TABLE ON OFF] to highlight ON.

3 Press[EDIT TABLE].

4 To add avalueto the synthesis table,
press [ADD VALUE] <number><unit>.

5 To delete avalue, use the knob to move the highlighted bar over the entry you want to
delete,

press [DELETE VALUE].
If you make a mistake, press [UNDELETE VALUE].

6 If you want to change or correct avalue, move the highlighted bar over the entry you
want to modify.
Press [CHANGE VALUE] <number><unit>.

In step 1, you can recall the synthesis table or transfer a curvefit table.
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To save asynthesistable

1 Specify the default disk. (See“To select the default disk” in chapter 13, “Saving Y our
Work.”)

2 Press [Save Recall] [SAVE MORE] [SAVE SNTH TABLE].

3 Using an external keyboard (or the front-panel alpha keys), type an appropriate
filename. The defaultisSYNT1.SYN.

4 Press[ENTER].

Y ou should use the .SY N suffix to delineate synthesis files from other types of files.

Y ou can store a synthesis table into the analyzer’s non-volatile RAM (NVRAM),
RAM or internal disk. Step 1 specifies where you store the synthesis table. Y ou can
also store atable to an external disk viathe GPIB. For more information, see

GPIB Programming with the Agilent 35670A.
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To save asynthesistrace

1 Specify the default disk. (See“To select the default disk” in chapter 13, “Managing
Filesand Disks.”)

2 Press [Save Recall] [SAVE DATA] [SAVE TRACE][INTO FILE].

3 Using an external keyboard (or the front-panel alpha keys), type an appropriate
filename. The default is TRAC1.DAT.

4 Press[ENTER].

Thistask stores a synthesis trace into the analyzer’ s non-volatile RAM (NVRAM),
RAM or internal disk. Step 1 specifies where you store the synthesis trace.

Caution

The data registers are cleared when you turn off the analyzer. Save the contents of a
dataregister to afile before power-down or it will be lost.

The synthesistrace is automatically stored in a dedicated dataregister. The default
register is D8. To change the data register, see “ To change the synthesis register.”
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Torecall asynthesistable

1 Specify the default disk. (See“To select the default disk” in chapter 13, “Managing
Filesand Disks.”)

2 Press [Save Recall], then press [cCATALOG ON OFF] to highlight ON.
3 Press[RECALL MORE] [RCL SYNTH TABLE].
4 Using the knob, highlight the filename you want to recall.

5 Press [ENTER].

Y ou can recall asynthesis table from the analyzer’ s non-volatile RAM (NVRAM),
RAM or internal disk. Step 1 specifies where the synthesistable is stored. Y ou can
also recall atable from an external disk viathe GPIB. For more information, see
GPIB Programming with the Agilent 35670A.
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To transfer acurvefit table to a synthesis table

1 Press[Analysis] [SYNTHESIS].
2 Press[TABLE ON OFF] to highlight ON.

3 Press [COPY FROM CURVE FIT].

The curve fit table transfers as a pole-zero format synthesistable. The analyzer's
curve fitter does not work with a non-Hermitian frequency-response trace becauseit is
not possible for our pole-zero format to have non-Hermitian table entries.

Any values aready in the synthesis table are erased when the curve-fit table is copied.
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To change the synthesis register

1 Press[Analys] [SYNTHESIS] [SYNTHESIS REGISTER].

2 Press[p1]
or
Press[D2]
or
Press[D3]
or
Press [D4]
or
Press [Ds]
or
Press [D6]
or
Press[D7].

The synthesistrace is stored in a dedicated dataregister. The default register is D8.
The datafor the trace is saved as real and imaginary values versus frequency.
Therefore, you do not need to save magnitude and phase to two separate data registers.

If you change the synthesis register, your selection is stored in RAM. If you preset the
analyzer, the selection returns to the default data register, D8.
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Curve Fit

The curve-fit feature lets you find a mathematical model—using up to 20 poles
and 20 zeros—to closely approximate the frequency response obtained from a
measurement or from a synthesis. After performing a curve fit, you can view
the pole-zero results either in a curve fit table or a synthesized trace.

This chapter explains how to use the curve-fit features and steps through some
basic tasks common to many curve-fit procedures. If you need information
about a specific softkey, see online help.
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What is Curve Fitting?

Curvefitting is a powerful analytical tool that is used to obtain coefficients for
afunction that best fits the measured frequency response. With curve fitting,
you start with a frequency response trace and find a linear model that
corresponds to that trace.

Curve fitting is often done in conjunction the analyzer’ s math functions. Math
functions let you combine multiple transfer function traces together to simulate
cascaded systems.

Curvefitting derives alinear system model from either measured or
synthesized frequency response data. The pole/zero model is developed by
calculating a weighted least-squares fit of the frequency response datato a
rational polynomial. Y ou can curve fit using frequency response data obtained
with the analyzer’ s FFT Anaysis mode or Swept Sine mode.

Curve fitting with the Agilent 35670A is done in the ssdomain. This means
that the curve fitter finds H(s) models, where sis a complex variable with units
of Hz, not radians. Thisis of the form:

H(s) = K (S’ + azs' + ass?+...ans" )
(b1S° + b2s! + bss?+...bms™ 1)

where:

K is the system Gain

Once acurve fit is complete, the numerator polynomia and denominator
polynomial are factored to obtain poles and zeros. Only rea coefficients are
found for the polynomials. Hence, the roots of the polynomials (poles and
zeros) appear asreal terms and complex conjugate pairs. The results are
tabulated in the curve-fit table.
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- _______________________________________________________________________________________________|
Using Real Measurement Data In Curve Fitting

Real measurement data can make it difficult to The curve fitter can produce numbers that are
evaluate the curve fit accuracy because you do questionable, however. You must still provide
not know where the system polesand zerosare.  the proper engineering judgement in evaluating

Repeated roots and heavily damped poles can theresults. Even though the curve fit operation
“hide” behind lightly damped poles. To contains expert-system-tools to eliminate many
compound the problem, real datahas noise, bias  of the more common fitting problems, some
errors, nonlinearities and the associated minor extraneous pole and zeros will get
distortion. Linear coefficients dea with the through.

realities of measured data. The curvefitterinthe 14 gptain aminimum order ;
X . system with
Adgilent 35670A has been optimized to handle maximum accuracy in the model, you must start

these experimentd redlities. Numerical with good, quality measurements.  Random noise
instability (non-convergence)_ and fitting poles is the recommended test stimulus and

and zeros to measurement noise have been measurements with a coherence value of 0.9999
eliminated or minimized. are recommended.
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CurveFit Operating Modes

The curvefitter has two operating modes:
o Fixed Order
e Max Order

In fixed order, the curve-fit routine uses only the user-specified numerator and
denominator order. The analyzer develops amodel (with a particular fixed
order) with afrequency response that best approximates the complex datain a
|east-squares sense.

In max order mode, the curve-fit routine uses successively larger system orders
until it finds the best fit—or until the maximum system order isreached. Both
the maximum numerator order (number of zeros) and the maximum
denominator order (number of poles) can be specified.
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Fixed Order Mode

Fixed Order Theory

The fundamental component of the curve-fit feature is a non-iterative
least-squares complex datafitter. In fixed order, the number of zeros and poles
specified under the [ cURVE FIT SETuP ] menu define the numerator and the
denominator order for the complex datafitter. Unlike max-order mode,
different numerator and denominator orders are not used in an attempt to find
an accurate fit. Fixed order allows you to manually experiment with different
orders. You can trade-off model complexity (orders) for accuracy. Higher
order models can be more accurate.

Very accurate frequency response matches between the measurement and the
curve-fit model are only possible when the order of the curve-fit model is
greater than—or equal to—the order of the measured system. Measurement
errors from noise and distortion make accurate curve fitting more difficult.
Thus, fixed order lets you control the curve-fit model’ s order when max order
has difficulty finding a satisfactory model.

The complex datafitter is deterministic in nature. Therefore, if you repeat a
curve fit in fixed order—using the same data and setup parameters—you will
obtain the same answer.

Fixed Order Operation

After initial pole-zero estimates are completed, the complex datafitter uses
your system order to find a pole-zero curve-fit model with a frequency
response that matches—as closely as possible, in aleast-squares sense—the
measured frequency response. Since no search for an optimal order is
performed, this operation is quite short. The two status lines at the top of the
display briefly indicate “fit running” and the current order selection.

When the fit is complete, a synthesis of the curve-fit model appearsin Trace B.
The status linereturns to itsidle state.
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Max Order Mode

Max Order Theory

Max order mode is the default mode. In max order mode, the max order
algorithm operates the complex data fitter (from now on, smply called the
curve fit routine) with successively larger system orders until it finds a good
model, or until the maximum system order is reached. Both the maximum
numerator order (number of zeros) and the maximum denominator order
(number of poles) can be specified. For example, entering 3 for the numerator
upper bound restricts the max order algorithm to finding amodel that has a
maximum of three zeros.

The max order algorithm starts with a numerator/denominator order of 1,1 and
does afit using the curve-fit routine given this order. The max order algorithm
automatically performs a synthesis on the fit model and compares this
frequency response to the measured frequency response. If the fit is poor, the
orders are incremented to 2,2, and another fit isdone. This search upwardsin
order continues until a good match is found or the upper bounds are reached.
The upper bounds do not have to be equal. The max order algorithm holds the
order at the first upper bound reached, and lets the other order climb to the
higher order if the fitsare poor. If both upper bounds are reached before a
good fit isfound, the max order algorithm returns the fit which came closest to
the measured frequency response.

When the curve fitter finds a good fit, the max order algorithm tries to reduce
the numerator order and denominator order if it determines that this may create
alower-order model that still provides a close match to the measured frequency
response. Thisorder reduction usually resultsin a numerator order lower than
the denominator order.

The max-order algorithm uses the coherence function. Coherence is afunction
that represents the amount of output signal power due to the input stimulus. Its
value ranges from one (1) which is perfect, to zero (0) which is no coherence
(any value less than 0.9999 should not be considered “good”). Coherenceisa
function of variance, which normally is derived from the multiple
measurements that occur during averaging.

The max-order algorithm uses the coherence function to determine how large
the difference can be between the synthesis of the fit model and the measured
frequency response in defining a good fit.
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Once the analyzer finds a good fit, the numerator and denominator polynomials
from the fit are factored into pole/zero form. (If none of the fits meet the
“good” criterion, the analyzer returns afit with minimum error.) Then, the
max-order algorithm searches for coincident poles and zeros that cancel each
other. Coherence determines how close terms need to be before cancellation
can occur. Thefinal results are tabulated in the curve-fit table.

Max Order Operation

The curve fitter obtains starting estimates of the system poles and zeros by
looking for peaks in the second derivative of the real and imaginary values of
the measured frequency response. When this operation is finished, the max
order algorithm starts with an order 1,1 fit (1 pole and 1 zero). Theresult is
placed in trace B, overwriting the coherence. If thefit is not good, the max
order algorithm does an order 2,2 fit and places the result in trace B,
overwriting the order 1,1 fit. The current orders are displayed in the upper two
status lines as the fit order increases.

When there’sagood fit, the max order algorithm checks to seeif areduced
order may yield agood fit. This processis called order reduction. Order
reduction can lower an order by more than one. If afit with reduced order
resultsin too large an error, the max order algorithm increments the order and
tries another fit. The order isrepeatedly incremented (to no higher than where
the order was before order reduction began) until there’'sa good fit. If the
incremented order yields a good fit, the max order algorithm again checks to
seeif order reduction is possible. Occasionaly, this causes the curve fitter to
repeat two fits. Otherwise, order reduction successively reduces the fit
order(s), and then finishes the search process after determining that further
order reduction probably won't yield an acceptable fit. Some example
sequences for reduction are shown in table 16-1.

Example sequencesfor curve-fit order reduction

Example 1 Example 2
(poles,zeros) (poles,zeros)
55 6,6
53 6,1
51 6,2

complete 6,3
6,2
6,3

complete
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When the max order algorithm finishes order reduction, it factors the
polynomial-ratio fit into poles and zeros. Then a search is done on the pole
and zero termsto determine if any pole-zero pairs are close enough to each
other to be cancelled. The cancelation routine uses the coherence value to
estimate the accuracy of the pole-zero pairs. That is, arethe pairsin a
measurement range where there are poor signal-to-noise values. If termscan
be cancelled, the result display (trace B) is updated with a synthesized transfer
function from the remaining poles and zeros. The poles and zeros remaining
after cancellation (or all the poles and zeros from factoring if no cancellation

Curve Fit Option 1D3

occurs) are placed in the curve-fit table along with the gain found.

How Max Order Defines a Good Fit

To prevent the max order algorithm from always
searching to the upper bounds, a variance
function is used to establish an error tolerance
that gives the max order algorithm some margin
when fitting contaminated data.

The max order algorithm uses the number of
averages and the coherence function to calculate
avariance function on the measurement. (For
more information about the relationship between
coherence and curvefitting, see “ Specia
Considerations” later in this chapter). The max
order algorithm calculates an error-to-signal
level, and compares this to a noise-to-signal
level. When the error-to-signal level drops
below the noise-to-signal level, thefit is defined
asgood. Asarough approximation, each 0.9in
the coherence function correspondsto —10 dB in
the noise-to-signal level.

For example, 0.99 corresponds to anoise level at
20 dB below the signal level, and 0.9999
corresponds to anoise level at 40 dB below the
signal level. Sincethe computed varianceis
used, rather than the coherence function, these
figures are merely presented as
typical—additional averaging lowersthe
measurement noise level in the noise-to-signal
level calculation.

The curve-fit routine cal culates a pseudo
coherence when fitting to swept sine
measurements (swept sine measurements are
available with Option 1D2). Measurement
coherence in swept sineis much higher than
obtained with FFT-based measurements. Swept
sine measurements are also more susceptible to
bias, noise and nonlinearity errors. A pseudo
coherence alows for amore realistic error
tolerance in the presence of nonlinearities.
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Choosing an Operating Mode

If you know your system order ahead of time, you can specify the number of
poles and zeros and perform afixed-order curvefit. For example, if you want
to model your system with two poles, and no zeros, enter 2 for the denominator
order ( ), and O for the numerator order ( ) and
perform afixed-order curvefit. Fixed order will create a2 pole, 0 zero model
that isas close asis possible (in aleast-squares sense) to the measured
frequency response.

A model for the system you are measuring isideal, however, and the real
system may have resonances or other parameters that correspond to additional
poles and zeros. Consequently, you may need to allow for higher ordersin
your curve fit model. Thus, beginning with an max order curve fit with upper
bounds on the system order set several orders (3 or 4) above where you think a
reasonable order exists for your system, allows the max order algorithm to
automatically find alinear model which comes close to your measured
frequency response. You will find that if nonlinearities exist in the
measurement, the curve fitter will try to find extra poles and zerosto give a
response to closely approximate the effects of nonlinearities on the frequency
response.

Typicaly, you want your model to contain a small number of poles and zeros
in order to be practical to work with. Thus, if measurement nonlinearities
cause the curve-fit ordersto climb unacceptably high, you may want to either
lower your system bounds and start the max order curve fit over again, or
return to fixed-order curve fitting.

Fixed order is useful when max order returns an overly complex model. For
example, the max order fit may increment the system order beyond a point at
which you feel the accuracy of the fit has become acceptable. If this happens,
you can set the system orders at the point where you saw a good fit and
perform afixed-order fit to find that model. Afterwards, you can try lower
numerator orders with fixed order as away of manually performing order
reduction.

The max order algorithm is essentially an expert system that uses the curve-fit
routine as atool to try and find agood answer. When Max order does not
provide an acceptable answer, you can turn to fixed order and use the curve-fit
routine directly to experiment with different system orders until you find a
reasonable model.
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Obtaining a Good M odel

The fundamental assumption in curve fitting is that the measured frequency
response corresponds to a finite-order rational-polynomial (linear) model.
There are several challenges involved in making accurate measurements which
fulfill this assumption, and in utilizing measurements inevitably subject to
contamination and finite frequency span to obtain reasonable models.

There are three basic sources of data errors in frequency response
measurements that prevent any curve-fit algorithm from easily finding alinear
model:

o Nonlinearities
o Noise
e Quantization Errors

Nonlinearities

Frequency response measurements may be contaminated by distortion products
introduced by system nonlinearities. This contamination can cause the max
order algorithm to search for sufficiently high system orders to compensate for
these errorsin the fit model. For example, although a measured system may
contain only 4 poles and 3 zeros, errors may perturb the frequency response
enough to look like a system with 10 poles and 10 zeros. In other words, there
isno way in which the max order algorithm can differentiate between
measurement errors and correct data (fixed order will also do its best to fit
measurement errors with the numerator order and denominator order you set).

The type of test stimulus you use determines the success of averaging to reduce
the impact of nonlinearities on the curvefitting. Broadband stimuli are used
for FFT Analysismode. There are two different types of broadband stimuli
used in this analyzer:

e random noise
 periodic chirp

If atruly random source is used (that is, random noise or burst random),
nonlinearities will cause distortion products to randomly appear across the
measurement span. Therefore, averaging reduces the effects of nonlinearities
on the frequency response measurement, and results in alinear least-squares
estimate of the system frequency response.
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When using the continuous random noise source, you must apply a Hann
window to the time-domain data to reduce leakage in the frequency domain.
However, multiplication in the time domain corresponds to convolution in the
frequency domain. This meansthat the frequency response is convolved with
the fourier transform of the Hann window, which produces slight frequency
smearing (the main lobe of the window is approximately three bins in width).
This frequency smearing can affect measurements on systems with sharp peaks
in the frequency response such as those seen in mechanical
resonances—frequency smearing bias errors increase the apparent damping of
the poles. Thus, abetter measurement results if you use the burst random
source with source trigger and a uniformwindow (burst randomisa
self-windowing stimulus when source trigger is used). The Fourier transform
of a uniform window has a narrower main lobe than that of a Hann
window—this provides the best resolution bandwidth possible for a given span.

The other broadband source availableis periodic chirp. This sourcetypeis
completely predictable in that it provides exactly the same stimulus from one
measurement average to the next. Thus, nonlinearities produce the same
distortion products with each average. Consequently, averaging is of no value
in reducing the effects of nonlinearities when a periodic-chirp sourceis used.

In addition, the periodic-chirp source makes coherence very high, giving a
false impression of a good measurement when nonlinearities may be
significant. The periodic-chirp source works best when the system under test is
reasonably linear.

One difficulty with using broadband stimuli in some systemsis that a signal
which is sufficiently strong to provide good signal-to-noise ratios over one
portion of the measured span may be too strong for another portion, causing
excessive distortion—and possibly rendering the system-under-test inoperable.

The Swept Sine mode (Option 1D2) can provide a solution to this problem.
Stimulating the system with a sine wave allows for control of the signal level at
asingle frequency (rather than broadband noise) over the frequency response
measurement. The autolevel feature can be used to automatically adjust the
source level, as the sweep progresses, to maintain a constant reference level on
one of the input channels. Typically, theinput channel chosen as the reference
isthe channel connected to the output of the system under test. With this
configuration, the output of the system is held constant rather than the inpui.
This reduces the overall level of distortion while maintaining the
signal-to-noise ratio.
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The swept-sine algorithm tends to reject distortion products (harmonics)
caused by system nonlinearities. However, nonlinearities can also cause errors
in the measurement of the fundamental frequency (the frequency of the source
sinewave). You can examine the nonlinear behavior by doing two or more
sine sweeps at different source levels and compare the measured results. The
magnitude of the change indicates how nonlinear the systemis. Another
symptom of measurement nonlinearities that can be observed using the max
order mode of the curve fitter, isafailure of the curve fitter to stop
incrementing system orders after the fit appears to be very good. This can
occur on FFT based measurements as well.

Another way to check for nonlinearities is to stimulate the system with a fixed
frequency sine wave (in FFT Analysis mode; in Swept Sine mode, you can
define a math function to compute the FFT of channel 2 time data) and observe
the linear spectrum in the response channel. If harmonic distortion is evident
in the spectrum, then the system contains some form of nonlinearity.
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Detecting Bias Errors

The bias errors around complex poles are best detected by |ooking for narrow
width decreases in the coherence function at the peak of aresonance.

These bias errors can occur in measurements made with a burst random source if
the burst is not shut-off soon enough. The system response must be allowed to
decay to near zero by the end of the time record.
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Noise

Noise will introduce measurement errors. Asin the case of distortion products,
the curve fitter cannot differentiate measurement errors introduced by noise
from correct data. The effects of noise on FFT-based measurements can be
minimized by averaging measurements, or for swept sine measurements, by
using longer integration times. This assumes that the noise sourceis
uncorrelated to the stimulus (source type) used.

To completely remove errors due to unwanted noise and nonlinearities would
theoretically require an infinite number of averages. Since thisisnot practical,
you must choose a compromise. Thus, some error is always present.
Averaging reduces the variance of each point in the frequency response
measurement as the number of averages increases.

The curve-fit routine uses coherence (coherence is calculated from the
tri-spectrum averaging process) and the number of averagesto estimate the
variance on the measurement. The variance is then used as an estimate of the
mean error on the measured transfer function. Thisinformation is used to
improve the accuracy of curve fitting in the presence of noise. Additionally,
the max order algorithm uses the cal culated measurement variance to
determine how close the curve fit must come to the measured frequency
response to be considered a“good” fit. See the sidebar called “How Max
Order Defines a Good Fit” earlier in this chapter.

Quantization Errors

Quantization error—better described as quantization distortion rather than
quantization noise—is present whenever an analog signal is digitized.
Quantization distortion can be averaged, as can distortion caused by system
nonlinearities. The dithered 16-bit A/D converter in the Agilent 35670A
provides a tightly-specified spurious-free dynamic range of greater than 80 dB
(90 dB typical).

For curvefitting, this specification is of lesser significance. The curve fit uses
the compl ete frequency response, with very strong emphasis on peaksin the
magnitude response. Thus, one or two spurs 80 - 90 dB down will have a
negligible effect on the fit. With averaging, the typical noise floor may bein
excess of 80 dB below the top of your input range.

To minimize quantization errors, remember not to allow a measurement
under-range condition when measuring in the FFT Analysis mode. To ensure
that the top of your “80 dB range window” is as close as possible to the peak
signal strength, press the appropriate autorange softkey under the [ input ]

menu. These precautions are not necessary in Svept Sne mode because in this
mode, the analyzer performs optimal input ranging.
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Limitations of a Finite M easurement Span

Curvefitting is performed over afinite portion of the theoretical frequency
response. Unexpected out-of-span poles and zeros may be required to provide
an accurate fit inside the measurement span. For example, atypical op-amp
has an open-loop response that begins to roll-off between 10 kHz and

100 kHz due to asingle pole. Closing the loop pushes this roll-off farther out
(for example, to 150 kHz). Thus, an active filter may be designed to have two
poles, but is actually affected by another pole farther out. This may be
accounted for in acurvefit, but it depends upon the max order curve-fit error
tolerance (determined by the measurement variance) and the size of the effect.
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The Fit Region

Overview

Curve fitting is always done over afinite range of frequencies. Thisisreferred
to asthefit region. The curve fitter (whether in max order or fixed order)
attempts to match the measured frequency response in the fit region. The
entire frequency response trace displayed on the analyzer is used as the fit
region if you select [FuLL span] under [FT ReGioN]. |f you select [user sPaN]
however, the start and stop frequencies under the [T Recion] menu determine
the fit region.

User span is useful when afit over the entire frequency response trace does not
provide an acceptable fit over some part of the response. For example, the fit
may be very good about a sharp resonance, but may begin to diverge from the
measurement as the response dips into higher noiseregions. If thisregionis
important, you can use user span to restrict the fit region to that portion of the
measurement trace where you need a closer match between the fit and the
measurement. |f this still doesn’t provide a good fit, auto weight may not be
sufficiently emphasizing the region of importance. In this case, use user
weight to emphasi ze the region of importance. Use data edit to set avalue (for
example, 0.5) to the weighting function over the portion to be emphasized.

Deciding if aPole or Zero Is Necessary

Measurement distortion, bias errors and System poles and zeros that repeat between the
nonlinearities can cause poles and zerosthat may two curvefit operations are valid and should be
not be necessary for an accuratemodel. You can retained. In addition, poles and zerosthat are
change thefit region, the datarangeusedinthe  nearly equal in frequency may be deleted and
curve fit, and re-fit the measurement. till produce amodel of usable accuracy.
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Behavior of the Fit Outsidethe Fit Region

The max order algorithm finds only those poles and zeros needed to provide a
good match to the measurement over the fit region. Thus, the frequency
response of the curve-fit model outside the fit region tends to follow the
behavior of the response near the boundaries of thefit region. The curve fitter
inserts simple poles or complex-conjugate pole pairs (or zeros) outside the fit
region as needed to obtain a good fit to the response inside the fit region. Poles
and zeros found outside the fit region usually result in agradua drop-off in the
response. You can usethe[ FIT TO SYNTH ] softkey to synthesize the
frequency response over the entire measurement span to evaluate the model
accuracy outside of thefit region.

Under standing the Effects of Poles and Zeros Outside the Fit Region

With the following example, you can see the effect that poles and zeros outside
the fit region have on the response inside the fit region. We will take the poles
and zeros shown in figure 16-1, synthesize them over a span of 25.6 kHz, and
fit the data over asmaller region (1.28 kHz to 3.2 kHz).

The poles and zeros shown in figure 16-1 are the same poles and zeros used in
chapter 16 (“Synthesis’), with an additional zero at 65 kHz and a pole at

45 kHz. The additional pole and zero are both outside the fit region but have a
small effect on the response inside the fit region. This small effect is not
sufficient for the curve fitter to identify the pole at 45 kHz and the zero at

65 kHz—however, the effect is sufficient for the curve fitter to compensate
with anew zero, to replace the pole at 45 kHz and zero at 65 kHz. The curve
fit result is shown in figure 16-2. Although the pole-zero models look quite
different, figure 16-3 shows the frequency responses to be nearly the same over
the fit region.
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Figure 16-1.
POLES 3 SYNTH ZEROS 2
-250 -600
-500e+3 -65e+3
-45e+3
TIME DELAY=0 s GAIN=1e+06
FREQUENSYALE=1
Synthesis M odel with Extra Poleand Zero
Figure 16-2.
POLES 2 FIT ZEROS 2
-52.269e+3 -97.087e+3
-250.01 -600.03
TIME DELAY=0's GAIN=1.5553
FREQUENSYALE=1

Small Fit Region on a Synthesis With a Pole And Zero Outside the Fit Region
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Curve Fit with Restricted Fit Region Overlaid With a Synthesis

To make this easier to understand, consider the fit we used in this example. As
the order of thetria curvefit increased, the curve fit trace was too far away
from the synthesized trace to be considered a good fit. When the order reached
2 poles and 2 zeros, the curve fitter found a model whose frequency response
inside the fit region was sufficiently close to the synthesis trace to be
considered good. At this point, the analyzer used order reduction to try and
minimize the numerator order, but without success—in other words, given a
limited picture of the complete frequency response, the analyzer found an
alternative model that was sufficiently accurate over the fit region.

A comparison of the synthesis model and curve fit model over 51.2 kHz more
clearly shows the divergence between the two responses. Thisisshownin
figure 16-4. Y ou can generate this display by changing the span to 51.2 kHz
and doing the synthesis with Trace A active. Then copy the curve fit table to
the synthesis table, change the synthesis register to D7, and do the synthesis
with Trace B active. Then change to the front/back display format. (If the pole
at 45 kHz and the zero at 65 kHz are not present, a curve fit over 1.28 kHz to
3.2 kHz will yield the original model, as shown in figure 16-5.)
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Figure 16-4.
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Special Considerations

Why CoherenceisImportant for Curve Fitting

Coherence is afunction of frequency. Each frequency point in the coherence
function isareal value between 0.0 and 1.0. A value of 1.0 impliesthat noise
does not contaminate the measurement at that frequency. Averaging allows the
measured coherence to converge on the true coherence, which is a measure of
the noise in the system, not the measurement. The value of the coherence
function is different with different test stimulus. If you use a chirp signal asthe
stimulus, the coherence function measures signal-to-noise relationships. If you
use random noise as the test stimulus, the coherence function measures the
signal-to-noise relationship and distortion. At each frequency point, the
coherence and the number of averages are used to compute the measurement
variance. The measurement variance isthe indication of the noise level in the
measurement data. Additional averaging gives a better estimate of the
coherence and a smaller measurement variance. Thus, as the coherence at a
specific frequency converges to avalue farther below 1.0, additional averaging
is needed to obtain a small measurement variance at that frequency.

Y ou can improve curve fit results by reducing the measurement variance across
thefit region. Asan example, if the average value of the coherence across the
fit region is 0.9995, only 10 averages may be needed to obtain a good fit.
However, if the average value of the coherence drops to 0.95, then 200
averages may be needed for a good fit.

When the Analyzer Uses Coherence Data

The analyzer uses coherence data (if available) for the curve fit procedure.
However, you must have coherence data displayed on Trace B for the analyzer to
useit.

Also, keep in mind that coherence datais not available when:

e the analyzer is in Swept Sine mode (The e the data is synthesized
analyzer automatically calculates a variance
in Swept Sine mode.) e the measured data is the result of fewer

than four averages
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The Weighting Function

Like coherence, the weighting function is areal-valued function of frequency
which varies between 0.0 and 1.0. The weighting function is used to
emphasize important areas of the curve region during a curve fit and to
de-emphasize areas of high variance. The weighting function can be
automatically calculated from measured data, or you can create your own
weighting function manually.

When you use auto weight, the curve-fitter automatically derives aweighting
function based on an initial estimate of pole-zero locations and on the variance
function. The auto-weighting algorithm tends to emphasize low frequencies
and peaks. Thus, asthe frequency increases, the emphasisis on resonances
(complex poles) rather than simple poles that may change only the rate of
amplitude roll-off. Thisweighting function is placed in the selected weight
register during the curve fit.

When you use user weight, the curve fitter uses the weighting function stored
in the selected weight register. A typical application of user weight isto
modify aweighting function created in a previous curve fit using auto weight.

When a curvefit using auto weight is finished, you can use data edit to modify
the contents of the data register selected as the weight register. Then select
user weight and re-run the curve fit. The curve fitter does not modify the
weight register when user weight is selected.

For synthesized data, the weighting function is not critical to obtaining a good
fit, so the auto-weighting algorithm creates a weighting function which has a
value of 1.0 at all frequencies.

Under most circumstances the auto-weighting algorithm creates an acceptable
weighting function. When the curvefit result doesn’t match the measured
frequency response in an area that you consider important, it is probably
because the auto-weighting algorithm has de-emphasized that portion of the
response. In this situation, the best approach to obtaining an acceptable fit isto
edit the existing weighting function and try higher weighting values.

How Coherence Affectsthe Weighting Function

The max order agorithm uses the number of averages and the coherence
function to calculate a variance function on the measurement. Regions of high
variance (low coherence, depending upon the number of averages) are not
emphasized in the weighting function when you use auto weighting. Also,
regions of low variance are not necessarily emphasized: the weighting function
only emphasizes regions around peaks and frequencies near dc if the variance
islow.
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Fitting M easurements With Delay

The curve fitter can have trouble finding a model when pure delay is present in
the measurement. A delay implies an infinite number of poles at dc.

Any pure delay in a system affects the phase of the frequency response without
affecting its magnitude. If these delays are known, they should be entered into
the curve fit table before starting a curve fit. Delays can occur in real data
from sampled systems or from transport delay in real systems. Pure delays
cannot be modeled with afinite-order rational polynomial in the sdomain. For
more information on the effects of excess phase refer to product note Agilent
3562A-3, Curve Fitting in the Agilent 3562A.

Fixed Polesand Zeros

Y ou have the option to enter and “fix” known system poles and zeros. The
known pole-zeros can be obtained from curve fitting a compensator gain block
or from some synthesized analytical data combined with the measurement data.
When poles or zeros are fixed, the curve fitter assumes they are correct and
includes them as starting values in the next fit. Any pole or zero manually
added to the curve-fit table is also tagged asfixed. A fixed term isindicated by
“fxd” to theright of the term. The fixed line feature allows the results of one
curve fit to be included in the results of another. For example, a curve fit could
be performed on a narrow region around aresonance. The resonant pole from
this fit would be fixed and another curve fit performed on the entire frequency
gpan. Pole and zero locations found in the first fit and set asfixed are retained
and used in the second fit. This approach is useful in speeding up the curve
fitting process and improving fit accuracy.
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To Obtain the Best Curve Fit Results

Start by making the best frequency response
measurement possible.
Thisis very important.

e Select a source type and window function to
minimize leakage and distortion. Use a Burst
Random or Burst Chirp source with a Uniform
window, or a hammer with a
Force-Exponential window, or Swept Sine.
Adjust source magnitude for the most linear
operating region.

o In all but the Swept Sine instrument mode,
use as many averages as possible. Ideally,
the coherence function should be near unity
at all frequencies of interest.

e Choose the frequency span to cover the
smallest range of interest. Make separate
measurements on each region of interest, if
possible. Avoid cases where the band of
interest is in a very narrow region of the
chosen span, if at all possible. Also, avoid
large zoom factors. Baseband measurements
are easiest to fit. A rule of thumb is to have
at least 8 spectral lines across the half-power
band width of a resonance. You should not
allow more than 0.2 dB change from one
frequency bin to the next frequency bin in the
measured data. A smaller delta f (line
spacing), will usually fix both problems.

Curve Fit Option 1D3

Unless previous experience indicate
otherwise, use the Auto Weighting function
and the Max Order mode. Then watch the
fit quality and the corresponding orders.

Note the ordersthat give the best fit, and
then specify these in the Fixed Order mode
for acloser inspection. Also, small changes
in thefit region will not affect the dominate
poles and zeros, but may alter extraneous
ones.

Always alow afew more poles and zeros
than the expected number, to help take care
of tails from out-of-band poles, and from
other sources of noise, distortion, and
interference. These extrarootswill often
cancel one another in the curvefit table.
The valid roots are usually fairly obvious by
comparing the table entries to the original
data. Do not be concerned about right
half-plane polesif there are matching right
half-plane zeros. If apoleisremoved, the
gain constant must be readjusted by dividing
by the negative of the pole value. Likewise,
if azeroisremoved, multiply the gain
constant by the negative of the zero value.

If matching pole-zero values are removed it
is good practice to resynthesize the fit, to be
surethat it is still acceptable (transfer the
curvefit table to the synthesis table and
adjust the gain constant, if necessary).

(Continues on next page)
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To Obtain the Best Curve Fit Results (continued)

It isimportant to specify any puretime delay that
existsin the measured data, so that the curve
fitter can remove this delay before attempting a
fit. Otherwise, it may be difficult to obtain a
good fit, even with alarge number of poles and
zeros. Excess phase due to the right half-plane
zeros should not cause any fitting problems, as
long as enough zeros are allowed in the order
selection step.

Occasionally, you can adjust the weighting
function to improve thefit in regions where
the weighting function is increased.
Generaly, the cleanest data should be
weighted the most, and thisis often near the
peaks of the frequency response function.

If some of the pole and/or zero values are known,
like those at the origin, for example, then those
should be entered as fixed. However, be certain
that they are correct or else the curve fitter will
be confused.

Itis possible for the fit to be good, but for some
of the poles and/or zerosto beincorrect. This
can happen if more than one pole-zero
configuration gives the same frequency response
function, within the limits of the noise level.

It is necessary to have sufficient frequency
resolution to adequately represent the true
response function. The frequency resolution
should be less than the reciprocal of the time
duration of the impulse response of the system
under test. Thus, the minimum spacing between
poles and zeros should be severa frequency
sampling intervals, or ese the curve fitter does
not have adequate information for a good fit.
The solution is either to make a cleaner
measurement, or to reduce the frequency span to
improve frequency resolution.

Agilent 35607A
Operator's Guide
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Overview of Curve
Fit Procedures

Although you do not have to follow these exact steps, the following sequence
istypical for acurvefit procedure. You can repeat these steps, as needed, to
obtain the best fit.

After reading this overview, you can use the following task to set up a curve
fit. Tolearn more about the material covered in thisoverview, review the first
part of this chapter.

« Choose the source of the data. The analyzer fits the frequency response data
displayed in Trace A and places the synthesis of the resulting fit model in Trace B.
For best results when curve fitting data measured in the FFT Analysis mode from
random noise test stimulus, the curve fitter should use coherence data. Keep in mind
that you must have coherence data assigned to trace B—before starting the curve
fit—for the curvefitter to useit. (After afit, the analyzer displaysthe model in trace
B. You haveto display coherence datain trace B for subsequent curvefits.)

o Select max order or fixed order. If you do not know the orders, use the max order
mode. Max order mode uses the specified number of poles and zeros as upper bounds
for an automated search for agood fit. If you want a model with a predetermined
number of poles and zeros, use the fixed-order mode.

o Joecify the system order (number of poles and zeros). In max order mode, the curve
fitter experiments with successively larger orders until either agood fit isfound or
until your specified denominator (poles) or numerator (zeros) order isreached. If your
bounds are reached, the best fit found is given. In fixed-order mode, no searchis
performed. The curve fitter returns a model with the number of poles and zeros you
specified. Max order isagood starting point with unknown data.

o Joecify the frequency scale (optional). The analyzer scales the frequency axis (the
X-axis) by:
f
freq scale
where:

fis frequency in Hertz
freq scale is the scale frequency

The frequency can be entered in Hz; therangeis 100 10™. The default
valueis 1 Hz/Hz (that is, unitless, even though the units key is used to
complete numeric entry).
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If you want the frequency axisto bein radians, enter a scale frequency of
1/(2r). Then enter parameters for H(s) in terms of radians (even though the
unit keys still say mHz, kHz, and Hz). The frequency axisis always labeled
Hz (Hertz); however, the x-axis cursor should now be interpreted as radians.
Units are not displayed by frequency scale in the curve fit table because thisis
afrequency scaling operation, and hence has units such as Hz/Hz, Hz/kHz, or
Hz/mHz.

o Joecify thefit region (optional). Y ou can specify auser span—afit region that is
smaller than the measurement span. In full span, all measurement data from Trace A
isused in the curvefit. Sometimes, you may want to use only a portion of
measurement data. For example, you may want to exclude some resonances or regions
suspected of heavy distortion. In this case, you can specify a user span—afit region
that is smaller than the measurement span. Smaller fit regions speed up thefitting
process.

« Add known poles and zeros to the curve fit table (optional). Y ou can edit the curve
fit table to add known poles and zeros before you start the curve fit procedure. For
example, if your system contains an integrator, add apole at 0 Hz. Thisterm will be
fixed, with an “fxd” indication to the right of the term. Subsequent fitsinclude fixed
termsin the model. The number of pole and zeros set in step 3 must be larger than the
order of fixed terms—this provides the degree of freedom in the fit.

« Enter any known delays. Any pure delay in a system affects the phase of the
frequency response without affecting its magnitude. If these delays are known, they
should be entered into the curve fit table before starting a curve fit. Pure delays cannot
be modeled with afinite-order rational polynomial in the sdomain.
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« Joecify the weighting function mode (optional). In auto weight, the curve fitter
automatically derives aweighting function based on an initial estimate of pole
locations and on the variance functions—the curve fitter then places this weighting
function in the selected weighting register. The weighting function is used to
emphasize important areas of the curve during a curve fit and to de-emphasi ze areas of
high variance. Y ou can use user weight to use aweighting function of your own
choosing. The selected weighting register is used as the weighting function during the
curvefit. Thus, the weighting register is not overwritten during the procedure.

« Performthe curvefit. See“To perform acurvefit” which appears later in this
chapter.

« View the curvefit table (and edit if necessary). See“To edit a curvefit table” which
appears later in this chapter.
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To set up acurvefit

Although you do not have to do these steps in the sequence shown here, the following
sequence istypical for acurvefit procedure.

1 Choose the source of the data.

Press[Active Trace] [A]

Press [Meas Data] [FREQ RESP]

Press[Active Trace] [B]

Press [COHERENCE].

Make a frequency response measurement to characterize your device-under-test.
(See “To measure afrequency response” in chapter 4.)

2 Specify the system order.

Press[Analys] [CURVE FIT].
Press [CURVE FIT SETUP]. o
Press [ORDER MAX FIXED] to highlight MAX, then press[Rtn].

3 Specify the fit region.

Press[FIT REGION].
Press[FULL SPAN].
Press [Rtn].
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4 Add known poles and zeros.

Press [TABLE ON OFF] to highlight ON.
Press [EDIT TABLE]

[ADD VALUE] <number><unit>.

5 Add known delays.

Press[CURVE FIT SETUP].

Press [TIME DELAY] <number><unit>.

Curve Fit Option 1D3

Be sureto read “ Overview of Curve Fit Procedures’ which precedes thistask. You
can repeat these steps, as needed, to obtain the best fit. See “To setup a curvefit
—manual operation.”

To specify aweighting function of your own choosing, see “To specify aweighting

function,” which appears later in this chapter.
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To specify aweighting function

1 Press[Analys] [DATA EDIT] [EDIT D7].

2 Press [START x] <number> <unit>.

3 Press [sTOP x] <number> <unit>.

4 Press[MODIFY START Y] <number> <unit>.

5 Press [MODIFY STOP Y] <number> <unit>.

The weighting function is stored in a dedicated dataregister. The default register is
D7. If you change the weighting register, your selection is stored in RAM. If you
preset the analyzer, the selection returns to the default data register, D7.

Caution

The data registers are cleared when you turn off the analyzer. Save the data register to
afile before power-down or it will be lost.

The curve fitter does not modify the weight register when user weight is selected. For
more information, see “The Weighting Function,” presented earlier in this chapter.

Analysis

START ¥

AM: 224 CH

STOP ¥

MODIFY

START

HMODIFY
STOP ¥

Use [ DATA EDIT] to edit
a weighting function
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To perform a curvefit

1 Setup the curvefit.
2 Press [Analys [CURVE FIT] [START FAIT].

3 To overlay the resuits,
press [Disp Format] [SINGLE FRNT/BACK].

4 To view the curvefit table, press [TABLE ON OFF] to highlight ON.

The curve fit table displays the number of poles and zeros that the curve fitter selected
to characterize the original frequency response measurement.

The curve fitter does not use coherence data for the curve fit calculation unless you
have coherence assigned to trace B. The analyzer replaces coherence data with the
curve fit trace after theinitial pole-zero and variance cal cul ations are completed.

If you overlay theresultsin step 3, the vertical scaling for trace B is automatically set
to match trace A.
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To set up acurve fit — manual operation

Once you have a curve fit using the analyzer’ s automatic features and you have
identified fit problem areas, you may want to run another curve fit operation, setting
parameters manually, to ensure the best fit.

1 Choose the source of the data.

Press[Active Trace] [A]

Press [Meas Data] [FREQ RESP)

Press[Active Trace] [B]

Press [ COHERENCE].

Make a frequency response measurement to characterize your device-under-test. (See
“To measure a frequency response’ in chapter 4.)

2 Specify the system order.

Press[Analys] [CURVE FIT].

Press [CURVE FIT SETUP).

Press [ORDER MAX FIXED] to highlight MAX.

Press [NUMBER POLES] <number> [NUMBER zZEROS]<number>.
or
Press [ORDER MAX FIXED] to highlight FIXED.

Press [NUMBER POLES] <number> [NUMBER zEROS]<number>.

3 Specify the frequency scale.
Press [FREQUENCY SCALE] <number>, [ENTER], then press[Rtn].
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4 Specify thefit region.
Press [FIT REGION].
Press[FULL SPAN].
or
Press [USER SPAN], [START] <number> <unit>, then press [sTop] <number> <unit>.
Press[Rtn].

5 Add known poles and zeros.

Press [TABLE ON OFF] to highlight ON.
Press [EDIT TABLE]
[ADD VALUE] <number><unit>.

6 Add known delays.

Press [CURVE FIT SETUP).

Press [TIME DELAY] <number><unit>.
7 Specify the weighting function.

Press [WEIGHT AUTO USER] to highlight AUTO.
or
Press [WEIGHT AUTO USER] to highlight USER.

Be sureto read “ Overview of Curve Fit Procedures’ which precedesthistask. Steps
3,4,5,6,and 7 are optional.
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Caution

Working with
Curve Fit Tables

Once you create a curvefit table, you can compare the synthesized results to
the original frequency response measurement.

Y ou can save and later recall curvefit tables. The curvefit FRF results are
stored in a dedicated register (data register D6 is the default register, though
you can change this or have more than one).

The data registers are cleared when you turn off the analyzer. Save the data register to
afile before power-down or it will belost.

When editing curvefit data, it is easier to remove poles and their associated
gain valuein apole-residue synthesistable. Transfer the curvefit tableto a
synthesis table and convert the table to pole-residue format.

16-36



Agilent 35607A

Operator's Guide Curve Fit Option 1D3

To edit acurvefit table

1 Press[Analys] [CURVE FIT] [EDIT TABLE].

2 To add avalue to the synthesis table,
press [ADD VALUE] <number><unit>.

3 To delete avalue, use the knob to move the highlighted bar over the entry you want to

delete,
press [DELETE VALUE].
If you make a mistake, press [UNDELETE VALUE].

4 To change avalue, move the highlighted bar over the entry you want to change.
Press [CHANGE VALUE] <number><unit>.

5 When you are done editing,
press[Rtn].

Analysis Strt: (Trace A) Maximum Poles: Z@
Stop: (Trace A) Maximum Zeros: Z@ CHANGE

VALUE

SUR Us RW:E5a ©
| POLES 2 FIT ZEROS @
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To transfer acurvefit table to a synthesis table

1 Press[Analysis] [SYNTHESIS].
2 Press [TABLE ON OFF] to highlight ON.
3 Press [cOPY FROM CURVE FIT].

The curve fit table transfers as a pole-zero format synthesistable. The analyzer's
curve fitter does not work with a non-Hermitian frequency-responses because real,
measured systems are Hermitian-symmetric.

Any values aready in the synthesis table are erased when the curve-fit table is copied.

Analysis synth Result: D&
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To compare afreguency response measurement to synthesized

results
1 Transfer the curvefit table to a synthesis table. See the previous task.

2 Press [Disp Format] [UPPER/LOWER].

3 Press [Active Trace] [A]
Press [Meas Data] [FREQUENCY RESPONSE] .

4 Press [Active Trace] [B].
5 Press [Analys| [SYNTHESIS] [START SYNTHESIS)].
6 Press [Scale] [MATCH X SCALE] [TO TRACE A].

7 To overlay the results,
press [Disp Format] [SINGLE FRNT/BACK].

The analyzer puts the synthesized frequency response on the active trace. To keep the
origina measurement data on Trace A, put the synthesized data on Trace B.

If you overlay the resultsin step 3, the vertical scaling for trace B is automatically set
to match trace A.
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To save acurve fit table

1 Specify the default disk. (See“To select the default disk” in chapter 13, “Managing
Filesand Disks.”)

2 Press [Save Recall] [SAVE MORE] [SAVE FIT TABLE].

3 Using an external keyboard (or the front-panel alpha keys), type an appropriate
filename. ThedefaultisFITLFIT.

4 Press[ENTER].

Y ou can store a curve fit table into the analyzer’ s non-volatile RAM (NVRAM), RAM
or internal disk. Step 1 specifies where you store the curvefit table. Y ou can also
store atable to an external disk viathe GPIB. For more information, see GPIB
Programming with the Agilent 35670A.

|5HUE FIT TRELE = FIT3.FITH ENTER

AML 234 CHA

AVAILAELE SPACE: &@&72 IQSEEE

LIF RAM:

FILE HAME SIZE TYPE LAST CHANGED
FIT

FIT

1.FI ey BLDAT le/B1/92 12:56: 24 AN DELETE
Z.FIT 1792 EDAT 1a/B1/%2 B1:88: 82 AN CHARACTER

lowercase

MORECHARS
+=#T =)

MORECHARS
Vi, @

MORECHARS
$ LI

MORECHARS
O

CLERAR
ENTRY
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To save acurvefit’s frequency response function

1 Press[Active Trace] [A]
Press [M eas Data] [MORE CHOICES|] [DATA REGISTER] [D6].

2 Specify the default disk. (See“To select the default disk” in chapter 13, “Managing
Files and Disks.”

3 Press [Save Recall] [SAVE DATA] [SAVE TRACE][INTO FILE].

4 Using an external keyboard (or the front-panel alphakeys), type an appropriate
filename. The default is TRAC1.DAT.

5 Press [ENTER].

Thistask stores a curvefit trace into the analyzer’ s non-volatile RAM (NVRAM),
RAM or internal disk. Step 1 specifies where you store the curve fit trace.

Theresults of the curve fit are automatically stored in a dedicated dataregister. The
default register isD6. To change the data register, see “To change the curve fit
register.”

Caution The data registers are cleared when you turn off the analyzer. Save the data register to
afile before power-down or it will be lost.
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To recall acurvefit table

1 Specify the default disk. (See“To select the default disk” in chapter 13, “Managing

Files and Disks.”

2 Press [Save Recall], then press [CATALOG ON OFF] to highlight ON.

3 Press [RECALL MORE] [RCL FIT TABLE].

4 Using the knob, highlight the filename you want to recall.

5 Press [ENTER].

Y ou can recall acurvefit table from the analyzer’ s non-volatile RAM (NVRAM),
RAM or internal disk. Step 1 specifies where the curvefit tableis stored. You can
also recall atable from an external disk viathe GPIB. For more information, see

GPIB Programming with the Agilent 35670A.

RCL FIT TABLE = FITL.FITH

AM:2Ea  CH
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E NAME SIZE TYPE LAST CHANGED
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Z.FIT 1792 EDAT le/B81/92 B1:BE: B2 AM

ENTER

IHSERT
SPACE

DELETE
CHARACTER

lowercase

MORECHARS
+=#T =)

MORECHARS
Vi, @

MORECHARS
$ LI

MORECHARS
TEIT

CLERAR
ENTRY

Use the knob to scroll through
catalog.
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To change the curvefit register

1 Press[Analys] [CURVE FIT] [CURVE FIT REGISTER].

2 Press[p1]
or
Press[D2]
or
Press[D3]
or
Press [D4]
or
Press [Ds]
or
Press [D6]
or
Press[D7].

The results of the curve fit trace are stored in a dedicated data register. The default
register is D6.

If you change the curvefit register, your selection is stored in RAM. |f you preset the
analyzer, the selection returns to the default data register, D6.

Caution The data registers are cleared when you turn off the analyzer. Save the contents of a
dataregister to afile before power-down or it will be lost.
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Limit Testing

This chapter shows you how to use the analyzer’s limit-testing functions. The
functions allow you to define a set of limits and then test measurement results against
those limits.
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To draw alimit

1 Activate the trace you want to create alimit for.

2 Press [Analyg] [LIMIT TEST], then press [DEFINE UPPER LIM] OF [DEFINE LOWER LIM].

3 Turn the knob to place the limit marker at the beginning of your limit line. (Press
[MOVE MKR HORIZNTAL] and [MOVE MKR VERTICAL] to control the knob’s effect on
the marker.)

4 Press[START xxx SEG].

5 Turn the knob to place the limit marker at the end of your limit line.

6 Press[FINISH xxx SEG].

7 Press[Rtn] or some other hardkey to exit the Define Limit menu.

Thistask, aswritten, showsyou how to create a single-segment limit line. However, you can modify
the task to create a multi-segment line. Just repeat steps 5 and 6 several times before completing

step 7.

Thelimit you create is stored in the upper or lower limit register of the active
trace—depending on which key you pressed in step 2. Y ou can evaluate a trace
against the limit by enabling limit testing, as shown in “To enable limit testing,” later
in this chapter.

|HDUE MKR HORIZNTAL = 3B72@

AL ® CH
Vi-@.51781 dB

51.2kHz

HER

Hﬁél:mrn!gw

MOWE HER
VERTICAL

STHRT
UPP SEG

FINISH
UPP SEG

MOVE ALL
VERTICHL

]

These keys control the
knob’s effect on the limit
marker.
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To delete alimit segment

1 Activate the trace whose limit segment you want to delete.

2 Press [Analyg [LIMIT TEST].

3 If you want to delete a segment from the upper limit, press [DEFINE UPPER LIM].

4 1f you want to delete a segment from the lower limit[DEFINE LOWER LiM].

5 Press [MOVE MKR HORIZNTAL], then turn the knob to align the limit marker with the

segment you want to delete.

6 Press [DELETE SEGMENT].

After you finish drawing alimit, you may sometimes decide that a particular segment
should be redrawn. To do this, you can delete the segment as described in this task,
and then redraw the segment as described in “ To draw alimit.” If you decide that the
entire limit should be redrawn, you can press [DELETE ALL] [CONFIRM DELETE] in

step 6, and then redraw all the segments.

|HDUE MKR HORIZNTAL = Zée24

AW:: CHAEB
V-9, 52586 dB

BHz 51.2kHz

MOVE MER
VERTICAL

START
UPP 3EG

MOVE ALL
VERTICAL

This segment will be
deleted.
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To convert atraceto alimit

1 Activate the trace you want to convert to alimit.
2 Press [Analyg] [LIMIT TEST], then press [DEFINE UPPER LIM] OF [DEFINE LOWER LIM].
3 Press [TRACE TOLIMIT].

The analyzer can convert atraceto alimit. Thisallowsyou to create areference trace
(by measuring a standard device) and then test the performance of other devices
against that trace. The limit you create is stored in the upper or lower limit register of
the active trace—depending on which key you pressed in step 2.

When you convert atrace to alimit, you will probably want to shift the new limit
vertically to allow for some deviation from the reference trace. Press

[MOVE ALL VERTICAL] and enter the amount of deviation you can allow. Thelimit
will be shifted by this amount.

MOWVE ALL VERTICAL = 8 MOVE MER

HORIZNTAHL

AL 2 IIIEH\IE
¥i:-\B.81522 dB MOVE MKR
: : : VERTICAL

START
UPP SEG

R
Use [MOVE ALL VERTICAL] to move the
recalled limit up or down.

iz ' ' ' ' ' ' T E1.2RAz
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To enable limit testing

1 Activate the trace you want to test.
2 Press[Analyg [LIMIT TEST], then press [TEST EVAL ON OFF] to highlight ON.

3 If you want the analyzer to display the limits during testing, press [LINES ON OFF] to
highlight ON.

4 1f you want the analyzer to beep when your trace fails the limit test, press
[FAIL BEEP ON OFF] to highlight ON.

Limit testing allows the analyzer to evaluate atrace against the contents of an upper
and alower limit register. You can load the registers by drawing limits or by recalling
previously defined limits from files (using the Recall Limit softkeys under the
[Save/Recall] hardkey).

When limit testing is enabled, the trace is evaluated each timeit is updated. If any
point on the trace falls above an upper limit or below alower limit, the trace fails the
test. Theresults of the test are displayed in the lower-l€eft corner of the trace area.

[BEEPER ON OFF], located under the [System Utility] hardkey, must also be set to ON if
you want the analyzer to beep when your trace fails alimit test.

Analysis

5Y 350 @I OFF
AUL: CHERB
Vi-8.82387 db TEST EWAL
: ; B OFF
FAIL BEEF
R OFF
. : DEF INE
Test results are displayed in : : : UPPER LIH
the lower-left corner of the _g@| LIMIT TEST - PRSSED: DEFINE
dE : : : : : :
trace. e =i skma “OWER LIn
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To save alimit

1 Activate the trace containing the limit you want to save.
2 Press [Save/Recall] [SAVE MORE], then press [SAVE UPPER LIM] OF [SAVE LOWER LIM].
3 Type afile name, then press|[ENTER].

After you press [ENTER], the analyzer saves the upper or lower limit in the current
directory of the default disk. If more than onetraceis active, the limit is saved from
the most active trace. (For adefinition of the most active trace, see online help for the
[Active Trace] hardkey.) Once you have saved alimit, you can copy it to any active
trace with the [RECALL UPPER LIM] Or [RECALL LOWER LIM] softkey—Ilocated under
[Savelrecall] [RECALL MORE].

The analyzer has eight limit registers. one upper and one lower limit register for each
of the four traces. Each register holds a complete limit. The contents of these
registers are not altered when you preset the analyzer, but they are lost when you turn
off the analyzer. If you create limits that you want to reuse, it’'s best to savethemto a
flexible disk so they won't be lost.
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Math Operations
and Data Editing

Y ou can use the analyzer’ s [Analys]| menu to set up math operations and edit the
contents of the analyzer’ s data registers.

Math Operations

Using constants and functions, you can perform a variety of operations on
current (or stored) traces. Y ou can use math to modify the results of a
measurement—for example, to compensate for afixed gain (or loss) in a
system- or device-under-test. 'Y ou can also use a math operation to modify a
trace—for example, to invert atrace. And you can use math to add, subtract,
multiply, or divide two traces or operate on atrace with a constant or a
complex constant.

Special Considerations
It isnot difficult to use math operations, but there are some things you should
know before building your own math functions:

« A math function can contain the current input data, a stored trace, or a constant.

« Math functions are specified by entering the definition with operands and operators
in standard algebraic notation.

o To exit any math menu without affecting any function of constant definitions,
simply press any hardkey.

« Math operations are stored in volatile RAM. They remain after a preset, but are lost
if you cycle power.

Editing Data Registers

Data editing alows you to change the trace stored in adataregister. You can
define aline segment by specifying the start X and stop X positions, then
entering the start Y and stop Y values. The analyzer connects the two points
with astraight line. You can insert as many lines as you need.

Y ou must modify start Y or stop Y. If you do not change either Y -value, the
analyzer does not change the data between the two points. Y ou can then move
start X and stop X to define a new band.
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Y ou can edit a data register to do the following:

Modify atrace to remove an objectionable component. For example, you can “zero
out” part of atrace by defining aline segment from point to point. Y ou can do this
for any type of trace.

Modify awaveform to use as an arbitrary source. For example, you can remove the
lower half of asine wave (in the time-domain) by drawing aline segment between
the negative crossover points of the sine wave.

Specify aweighting function for a curve fit operation. See“To specify aweighting

function,” in chapter 16, “ Curve Fit.”

Specify aweighting filter for atrace. The analyzer hasthree filters, A-weight,
B-weight and C-weight that are available as math operations. Y ou can modify one

of these filtersto create your own filter.

Using Logarithmic Vaues with Math Operations

The analyzer performs math operationsin linear
units, not logarithmic units. Thisistrue
regardless of the trace coordinate.

All math operations occur before the analyzer
converts measurement data to the display units.
Thisisimportant to keep in mind when you need
to add (or subtract) units with logarithmic
values—for example, if you need to compensate
for again or lossin your measurement system.

Suppose you want to add 3 dB to your
measurement results. Y ou can not build amath
function that smply adds 3 dB since math
operation are done with linear units. Instead, you
must take atrace and multiply it by the antilog of
the offset (in dB) that you want. This converts

the 3 dB to linear units—and you can express
this offset as 10 to the x/20, where x isthe dB
offset. To convert power spectra units, you
express the offset as 10 to the x/10, where x is
the dB offset.

So, if youwant to add 3 dB in linear units, you
must multiply atrace by 1.414. If you want to
subtract 3 dB in linear units, you can divide the
trace by 1.414 (or conversely, you can multiply
thetrace by 0.707). If youwanttoadd 3dB in
power spectra units, you must multiply by 1.995.
If you want to subtract 3 dB in power spectra
units, you must divide by 1.995.
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To define a constant

1 Press [Analys] [DEFINE CONSTANT (K1-K5)].

2 Press [DEFINEK1].
or
Press [DEFINE K2].
or
Press [DEFINEK3].
or
Press [DEFINE K 4].
or
Press [DEFINE K5].

3 Enter <number>.
or
Enter <number> [+j] <number>.
or
Enter <number> [+j] [+/-] <number>.

4 Press[ENTER].

The constant registers contain default values. See theillustration below.

Constants can be defined as complex numbers. In step 3, the first number isthe rea
part and the second number isthe imaginary part. Use the [+/-] key to enter a-j.

Analysis

4]
\Vrms

FBEHz

DEFINE
F1
DEF INE
Fz
DEF INE
F3
DEF INE
F4

DEFINE
F5

mTmmm
TR WN =
[ T A

Constant registers are
predefined.

K1 = 1.000000 + j0.000000
K2 = 2.000000 + j0.000000
K3 = -1.000000 + j 0.000000
K4 = 0.000000 + j 1.000000
K5 = 0.000000 - j 1.000000
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To specify an operand within an operation

1 Select the function register.

Press [Analys] [DEFINE FUNCTION (F1-F5)].
Press [DEFINE F1] .-

or

Press [DEFINE F2].

or

Press [DEFINE F3].

or

Press [DEFINE F4].

or

Press [DEFINE F5].

2 Specify the operation.
Press [oPERATION] and then press the appropriate operation softkey.

3 Specify the data.

Press[MEAS DATA] and then press the appropriate measurement softkey.

or

Press [DATA REGISTER (D1-D8)] and then press the appropriate [DATA REGISTER]
softkey.

or

Press [CONSTANT (K 1-k5)] and then press the appropriate [CONSTANT] softkey.
or

Press [FUNCTION (F1-F5)] and then press the appropriate [FUNCTION] softkey.

An operand can contain:

« thecurrent input data

o asgtored trace (the contents of a data register)
« the contents of afunction register

e aconstant (the contents of a constant register)
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Agilent 35670A Operations

amath function.
Operationsinclude:

AWEIGHT Applies an A-weight filter

BWEIGHT Applies aB-weight filter

CWEIGHT Applies C-weight filter

CONJ Complex Conjugate

DIFF Differentiate

[JOMEGA divideby j

EXP Exponential

FFT Fast Fourier Transform

INVERSE FFT  |nverse Fast Fourier
Transform

INTEG Integrate

IMAG Imaginary Part

LN Natural Logarithm

MAG Magnitude

PSD Power Spectral Density

REAL Red Part

SQRT Square Root

*JOMEGA multiply by j @

Measurement data depends on instrument mode.
In FFT instrument mode, data selections include:

PWR SPEC Power Spectrum

LIN SPEC Linear Spectrum
TIME Time Data

FREQ RESP Freguency Response
COHERENCE COH

CROSSPEC Cross Spectrum
WINDOWED  windowed Time Data
TIME

The Agilent 35670A provides numerous operations and operands to build

In octave analysis instrument mode (Option
1D1), data selections include:

PWR SPEC Power Spectrum

Inorder analysisinstrument mode (Option
1D0), data selections include:

PWR SPEC Power Spectrum
TIME Resampled Time
COMPPWR  Composite Power
ORDERTRK  Order Track

RPM Profile

In swept sineinstrument mode (Option 1D2),
data selections include:

LIN SPEC Linear Spectrum
TIME Time Data
FREQRESP  Frequency Response
CROSSPEC  Cross Spectrum
NORM VAR

Normalized Variance

In corr elation instrument mode, data selections
include:

TIME Time Data

AUTO CORR  Aytocorrelation
CROSCORR  Cross Correlation
¥\1II\I/I\IEDOWED Windowed Time Data

In histogram/time instrument mode, data
selections include:

HISTOGRAM

PDF Probability Density
Function

CDF Cumulative Density
Function

TIME Unfiltered Time
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To define afunction

1 Press[Preset] [DO PRESET]
Press[Analys|.

2 Select the function register.
3 Specify the first operand.

4 Specify the operator.
Press[+].
or
Press[-].
or
Press[+].
or
Press[/].

5 Specify the second operand.

6 Complete the function.
Repeat Steps 3, 4, and 5 until you have completed building the function.
Press [ENTER].

Define a math function by entering the operands and operators in standard algebraic
notation. The operations apply to the active trace. The calculation is performed
immediately after the operation is selected...

Use the beginning and closing parenthesis in the operator menu to specify the order in
which operation should be performed. The analyzer automatically inserts closing
parenthesis, “)".

A log magnitude or dB magnitude trace is strictly afunction of the display. The data
isstored in linear format, so to subtract log magnitude (or dB magnitude) traces, you
must divide (not subtract).
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To view the results of amath operation

1 Specify the active trace. See“To select the active trace” in chapter 8.
2 Press[Meas Data] [MORE CHOICES] [MATH FUNCTIONF2 55P255.0].

3 Press[Fi].
or
Press[r2].
or
Press[r3].
or
Press[F4].
or
Press[F5].

4 Press[Scale] [AUTOSCALE ON OFF] to highlight ON.
A math function must be defined before it can be displayed. If you display a math
function that cannot be executed, the analyzer displays the grid with no data.

Functions are stored in volatile RAM. They remain after a preset, but are lost if you
cycle power. Save amath function to afile before power-down or it will belost.
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To compute cepstrum

1 Press[Preset] [DO PRESET].
2 Select the active trace.

3 Select the function register.
Press [Analys] [DEFINE FUNCTION (F1-F5)] [DEFINE F1].

4 Specify the operations.

Press [oPERATION] [FFT(].

Press [OPERATION] [MORE][ LN(].

Press[MEASDATA].

Press [CHANNEL 1 2](or [CHANNEL 12 34]) to highlight 1, then press [POWER SPEC1].

5 Complete the function.
Press [ENTER].

A cepstrum is a spectrum of alogarithmic (amplitude) spectrum. It can be used for
detecting any periodic structure in the spectrum—harmonics, sidebands, or the effects
of echoes.

Thistask illustrates the use of one of the analyzer’s math operations. The cepstrum is
calculated by taking the loge of the power spectrum and then computing the FFT.

A: PSPEC1
s Power spectrum of
Loen the vibrations of a
o rotating machine.
gpk~2 L
OHz AVG 10 3.2kHz
B: LN(PSPECD
0 The natural log of the power
gpk~2 b .
Real 1 — spectrum enhances the high
QDkiZ5 R \/NLJ‘"W‘\W'JLWW‘W o w‘-r }W‘Mu u‘l‘ww v ) frequency response.
OHz AVG: 10 3.2kHz
C CEPSTRUM X 66.4062 ms Y:305.64 mgpk~2
800 .
Fundamental Frequency __ m97"? : : Harmonics
e ¥ Il T T L
0 [ | T T T T 1
O e e e e e o e e e e Sideband frequency
0s AVG: 10 124.939ms -
: : : : : : : : Quefrequency axis
— e —— ———
i : 1 : 1
f I | n T |
T I T T T I T T
— 1 s
F1 =FFT (LN (PSPEC1)) -
F2 = Cepstrum equation
F3 -
F4 -
F5 =

K1 = 1.000000 + j 0.000000
K2 = 2.000000 + j 0.000000
K3 = -1.000000 + j 0.000000
K4 = 0.000000 + j 1.000000
K5 = 0.000000 - j 1.000000
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To compute a Hilbert transform

1 Cycle power. Connect the signal source to Channel 1.

2 Press [Analys] [DEFINE FUNCTION] [DEFINE F1].

3 Press [OPERATION] [INVERSE FFT(].

4 Press[CONSTANT (K1-K5)] [CONSTANT K5] [*].

5 Press [oPERATION] [FFT(] [MEASDATA] [TIME CHANNEL 1].
6 Press [ENTER].

7 Press [Meas Data] [MORE CHOICES] [MATH FUNCTION] [F1].
Press [Trace Coord] [MORE CHOICES] [REAL PART].

The Hilbert transform of atime domain signal is another time domain signal which
does not change the magnitude of the signal but shifts the phase -90 for positive
frequencies and +90 for negative frequencies. To calculate the Hilbert transform of a
time signal, you:

o takethe FFT of thetime signal (step 5)

« change the phase of each of the frequency components by +- 90 (depending on
whether they are positive or negative frequencies) (step 4)

o taketheinverse FFT of the result (step 3)

Cycling power presets the constant register, [CONSTANT K5], to the default value,
0.000000 - j 1.000000.

A CH1 Time X:701.9043 us Y:-954.012 mV
- sin 2 7 ft
-2
0s 7.8049ms Hilbert Transform
B: F1 \FFT(KE*FF X:0 s Y:-975.372 mV
2
Real -cos 2 7t ft
-2
0s 7.8049ms Hilbert Transform
C: F2 IFFT(KSxEE X:778.1982 us Y:936.208 mV.
2
Real ) -sin 2 7t ft
-2
Os 7.8049ms
F1 = IFFT (K5*FFT (TIMET))
F2 = IFFT (K5*FFT (F1))
F3-

F4 -
5 -

K1 - 1.000000 + j 0.000000
K2 - 2.000000 + j 0.000000
K3 - -1.000000 +  0.000000
K4 - 0.000000 + j 1.000000
K5 - 0.000000 - j 1.000000
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To calculate the envelope of afunction

1 Press[Analys] [DEFINE FUNCTION].
Define the Hilbert transform in [FUNCTION F1].

2 Press [DEFINE F2].
Press[MEASDATA] [TIME CHANNEL 1] [*].
Press [CONSTANT (K1-K5)] [CONSTANT K1] [+].

3 Press[(] [FUNCTION (F1-F5)] [FUNCTION F1] [*] [CONSTANT (K1-K5)] [CONSTANT K4].
Press[ENTER].

4 Press [Meas Data] [MORE CHOICES] [MATH FUNCTION] [F2].
5 Press[Trace Coord] [LINEAR MAGNITUDE].

The Hilbert transform is called a poor man’s demaodul ation because you can useiit to
study the envelope of amodulating signal. In addition, you can determine system
delays by identifying peak positions of the magnitude.

The envelope function is the linear magnitude of the analytic signal. The linear
magnitude trace coordinate is the square root of the sum of the squares of the real and
imaginary components. The analytic signal isthe sum of

A CHlime F1 = IFFT (K5"FFT (TIMET)
25 F2 = TIME1 * K1 + (F1* K4)
m! F3 =
F4 -
Real A!\ nM I} A ﬂAn AM F5==, +0.l
N e S —
v [T J DAL (5 - 0000000 ;1000000
Trace A shows the modulating signal.
B: F2TIMET*KT +( e
4 O A N A B A
/ \ \ / \ \ Trace B shows the envelope of the
0 / \ [/ / \\ signal in Trace A.
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Cycle power. Set up the analyzer and the device-under-test for a frequency response
measurement with RM S averaging.

Press [Analys| [DEFINE FUNCTION (F1-F5)] [DEFINE F1].
Press [MEASDATA] [COHERENCE 2/1].

Press[/] [(].

Press [CONSTANT (K1-K5)] [CONSTANT K1].

Press[+] [(].

Press [CONSTANT (K1-K5)] [CONSTANT K3]

Press[+].

Press [MEASDATA] [COHERENCE 2/1].

Press[ENTER].

Press[M eas Data] [MORE CHOICES] [MATH FUNCTION] [F1].
Press[Trace Coord] [MORE CHOICES| [REAL PART].
Press [Scale] [AUTOSCALE ON OFF] to highlight ON.

The signal-to-noise (S/N) ratio versus frequency is calculated from the coherence
function. The signal power spectrum is Gyy and true noise is Gnn.

S _ew(f) ¥
N(f)  Gmn(f)  1-y2(f)

The coherence value yz(f) has arange of 0.0 to +1.0 which correspondsto a
signal-to-noise range of 0 to infinity.

The S/N ratio is computed by dividing the coherence data by the product of
multiplying the coherence, areal number, by minus one and then adding one.

Thistask utilizes the predefined constant registers. [CONSTANT K1] contains a positive
one (+1); [CONSTANT K3] contains a negative one (-1).

MeaBa

Vieabata A Fl B: FregResponse
FFT) D:F3

A F1 COH21/(K1 +
60|
dB|

X:1.344 KkHz

<
@

21018

F1 reads as

MM
I el
BMag "V'm\N M/ TN Ak ‘V'm E; . COH21/(K1 +(K3 * COH21))
\ -

=

| wﬁw P -

1 F4 -

‘\‘ [ F5 =

| K1 = 1.000000 + j 0.000000
K2 = 2.000000 + j 0.000000
K3 = -1.000000 + j 0.000000
K4 = 0.000000 + j 1.000000
K5 = 0.000000 - j 1.000000

-40
dBl
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To compute group delay

Cycle power. Set up the device-under-test (DUT) with the analyzer for a frequency
response measurement.

Press[Analys| [DEFINE CONSTANT] [DEFINE K1].
Using the numeric keypad, enter the value of &, 3.14159.
Press[ENTER] [Rtn].

Press [DEFINE FUNCTION] [DEFINE F1].
Press [OPERATION] [MORE] [DIFF(].
Press [OPERATION] [IMAG(]-

Press [OPERATION] [MORE] [LN(]-

Press [MEASDATA] [FREQ RESP 2/1].
Press|[)], three times.

Press[+].

Press [CONSTANT (K1-K5)] [CONSTANT K3].
Press[/] [(.

Press [CONSTANT (K1-K5)] [CONSTANT K2].
Press[+].

Press [CONSTANT (K1-K5)] [CONSTANT K1].
Press [ENTER].

Press [M eas Data] [MORE CHOICES] [MATH FUNCTION] [F1].
Press[Trace Coord] [MORE CHOICES| [REAL PART].
Press [Scale] [AUTOSCALE ON OFF] to highlight ON.

Group delay isthe negative derivative of the phase of the frequency response.

1
GROUP DELAY = DIFF(PHASE(FRES21))= (— )
2

Thistask computes the equivalent group delay at minimum aperture. It utilizesthe
predefined constant registers, [CONSTANT k2] = 2.0 and [CONSTANT k3] = -1.0.

[consTANT K1] isdefined as . Y ou could define [CONSTANT k1] as-0.1592 and
avoid using constants K2 and K 3.

Because phase is not available as a math operation, we use the imaginary part of the
natural logarithm of the frequency response, IMAG(LN(FRES21)). Theresult, which
is unwrapped phase, isin radians and may be offset by an integer multiple of 2 7.

F1 = DIFF (IMAG (LN(FRES21))) * K3](K2 * K1)
F2 -

F3 - Using constant registers 1

F4 = F1 = (IMAG(LN(FRE21)))*| ——
F5 - T
K1 = 3.141592

K2 = 2.000000 + j 0.000000
K3 = -1.000000 -+ j 0.000000
K4 = 0.000000 + j 1.000000
K5 = 0.000000 - j 1.000000
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To modify awaveform

1 Display the waveform (trace) you wish to edit as the active trace.

2 Store the waveform to a data register.
Press [Pause-Cont].
Press [Save/Recall] [SAVE DATA] [SAVE TRACE] [INTO D1].

3 Press [Analys] [DATA EDIT] [EDIT D1].

4 Move the cursor to the first point on the trace you want to modify.
Press[START X] [Marker Value].
Move the cursor to the last point of the segment you want to modify.
Press[sToP x] [Marker Valug].
or
Press [START X] <number> <unit>.
Press [sTOP X] <number> <unit>.

5 Press[MODIFY START Y] <number> <unit>.
Press [MODIFY STOP Y] <number> <unit>.

6 Press[Scale] [AUTOSCALE ON OFF] to highlight ON.
Thetraceis saved to set the time X-axis scaling of the data traces.

Caution The dataregisters are cleared when you turn off the analyzer. Save the dataregister to
afile before power-down or it will be lost.

Scale Trace: A Reflvl: 400m
Per Div: 200m Ref Pos: Cnir Repeat Steps 4 and 5 using
different X and Y values.
A: D1Time X0 S Yl N

1.4
\

X=0Y=1

Real
200

m
/div

X=10mSY=0

-600

Os 15.6097ms
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A

A-weight
filter 3-6-3-7
overal band 3-8

ac coupling 4-2
acceleration units  11-7
activetrace 8-2
address

externa disk 13-2

plotter 14-4

printer 14-4
amplitude

demod (using the

Hilbert transform) 18-11

units 11-5-11-8
annotation

plot or print title  14-7

tracetitle 9-5

X-and Y-axisvalues 9-3
aperture, group delay  4-14
arbitrary source

measuring step response  5-9

overview 6-2

profiled chirpsigna 6-9

ramp signa 6-6

repeat feature 6-2

scaling 6-2

stepsigna  6-4

triggering 6-2
arming

rpm-stepped  1-12, 1-16

time-stepped 1-13, 1-17
autoranging Part 1-8, Part [-10
autoscaling Part 1-19, 10-2
averaging

fast Part|-15, 4-9

in octave mode 3-7

averaging (continued)
overview Part1-15
repeat 4-9
selecting type 4-3
specifying number  4-3
turning on and off 4-3
types Part|-16
using preview 2-14
with waterfall displays 4-9
AW indicator 3-7
axes scale markers  10-5, 10-7

B

baseline suppression in waterfall  9-8
BASIC
See Instrument BASIC
baud rate 14-3
biaserrors, in curvefit 16-14
bits per character 14-3

C

calibrating

microphone 3-4 - 3-5
transducer 1-4-1-5
capture

See time capture
Centronics connector  14-2
cepstrum, computing  18-9
channels

preset state Part 1-3
selecting in menus  4-3
selecting reference  4-11
character bits  14-3

chirp 4-11

closed loop response  5-18
coherence 4-11
condenser microphone  3-3
constant, defining 18-4




control systems

closed loop response  5-18
delay time 5-11

gain margin  5-16

measuring a step response  5-8
measuring Y/S 5-18
Nyquist diagram 5-17

open loop response  5-14
overshoot 5-11

performance parameters 5-11
phase margin 5-16

profiled chirp source signal  6-9
ramp sourcesignal  6-6
risetime 5-11

settlingtime  5-11

step response  5-9

step source signa  6-4
T/(1-T) 520

transfer function 5-20

coordinate system 11-2
copying files 13-15
coupling, input  4-2
current directory  13-5
curve fit

biaserrors 16-14

changing dataregister 16-43

copying to asynthesistable 15-34, 16-38

curvefit region 16-17

delay 16-24

errors 16-11

fixed polesand zeros 16-24

frequency scale 16-27

importance of coherence 16-22

noiseand errors  16-15

obtaining good results  16-11

operating modes 16-5

overview of procedures 16-27

performing 16-33

recaling atable 16-42

saving atable 16-40

setup 16-30, 16-34

stimuli 16-11

storing atrace 16-41

synthesized results  16-39

systems with nonlinearities or
distortion 16-11

weighting function 16-23

D

data

recalling fromdisk 13-12
savingtodisk 13-9
dataregisters

displaying 8-6

editing 18-2

for curvefit tables 16-43

for synthesistables 15-35
modify awaveform 6-8, 18-14
modify weighting function 16-32
dBmunits 11-8

dc coupling 4-2

default directory 13-5

default disk  13-3

delay

group 4-14
trigger Part1-14
delay time 5-11
deleting

directories 13-14
files 13-13

demodulation, using
Hilbert transform 18-10 - 18-11
directory

creating new 13-6
deleting 13-14
selecting current  13-5
disk

formatting 13-4
selecting default  13-3
setting up external  13-2
displacement units 11-7
display

plotting contents  14-5
printing contents  14-6
display format Part 1-17, 9-2
distortion

harmonic 4-7

phase 4-14

driving point measurement
imaginary part 2-13
preview 2-14

real part 2-13

set-up 2-10
unwrapped phase 2-12




E

electret microphone 3-3
engineering units
See transducer units
error (NaN marker value) 15-13
EU defined 11-6
external disk
selecting asdefault  13-3
settingup  13-2
external monitor 9-6

F

FFT analysis
frequency resolution with  Part |-6
with time capture  7-11
file
copying 13-15
deleting 13-13
general recaling 13-12
general saving 13-9
plotter output  14-5
printer output  14-6
recalling program 13-11
recalling time-capture buffer 7-7
recalling trace 13-10
renaming 13-16
saving autostate  13-9
saving limit lines  17-6
saving program 13-8
saving time-capture buffer  7-6
saving trace 13-7
saving waterfall  13-7
filter, A-weight 3-6- 3-7
flow control  14-3
formatting
disks 13-4
displayed traces 9-2
frequency
maximum FFT spans  4-2
resolution 4-5
scaling in synthesis  15-23
span in synthesis  15-25
units 11-3
frequency response
distortion dueto overload 2-11
synthesizing 15-26
using FFT analysis  4-10
using swept sine analysis  4-12
front/back display format 9-2

function
defining registers  18-7
displaying 8-7
See also math operations

G

gain factor, synthesis  15-23
gain margin  5-16

GPIB

disk address 13-2
plotter address 14-4
printer address 14-4
grid, trace 9-4

group delay

computing 18-13
displaying 4-14

H

hammer test, setup 2-10
handshaking 14-3
harmonic distortion 4-7
help

Seeonline help
Hilbert transform  18-10
hypertext links, help 12-3

IEC651 3-9

imaginary component, viewing 2-13
impulse characteristics (octave) 3-9
index, help 12-4

input

autoranging Part 1-10
autoranging in order mode 1-11
fixed input range Part |-10
measuring from  7-12

overload conditions Part 1-9
range Part|-8

Instrument BASIC

recalling aprogram 13-11
saving aprogram 13-8
instrument state, saving  13-9
internal disk

formatting 13-4

selecting asdefault  13-3




math operations (continued)
L viewing results 18-8

Laurent term  15-13 weighting function 6-9
limit line measurement data
converting from trace 17-4 availability 8-3
copying 17-6 displaying from multiple channels  8-5
deleting 17-3 displaying from one channel 8-3 - 8-4
displaying 17-5 memory, allocating for time capture 7-4
drawing 17-2 mic connector  3-2
moving vertically 17-4 microphone
saving 17-6 caibrating 3-4-3-5
limit marker 17-2 connecting  3-3
limit testing 17-5 electret caution 3-3
linear sweep 4-13 specifying output unit  3-4
links, help  12-3 microphone adapter (Opt. UK4)
logarithmic sweep 4-13 connecting  3-2
pin descriptions  3-3
M Mkr Value hardkey 4-4
monitor, external  9-6
magnitude units  11-5, 11-8 most activetrace 8-2
map, order 1-12 - 1-13
marker
axesscae 10-5,10-7 N
entering valuein asoftkey 4-4 NaN 15-13
moving limit  17-2 narrowband measurement  4-4
NaN 15-13 noise measurement  4-6
time capture  7-9, 7-12 nonvolatile RAM disk  13-3
turningon main  4-4 Nyquist diagram 5-17
marker functions
gain margin  5-16
harmonic 4-7 O
phase margin  5-16 octave analysis 3-1
sideband  4-8 Seealso SPL
marker readout  9-4 octave overall band
absolute versusrelative  4-4 A-weighted 3-8
frequency resolution  4-5 general-purpose 3-8
math operations online help
calculating theenvelope  18-11 general  12-2
computing cepstrum  18-9 index 12-4
Computing group de]ay 18-13 linksto related tOpiCS 12-3
computing phase  18-13 printing topics  12-5
computing SN ratio  18-12 quitting 12-6
defining aconstant  18-4 open loop response  5-14
defining afunction 18-7 orbit diagram  1-20- 1-21
defining operands 18-5 order analysis with time capture  7-2 - 7-3,
displaying results  8-7 7-10-7-11
Hilbert transform  18-10 order map 1-12-1-13
modifyi ng awaveform 6-8 order spectrum, measuri ng 1-10-1-11
overview 18-2 order track, measuring 1-14 - 1-18
special considerations 18-2
T/(1-T) 5-20




overall band

A-weighted octave 3-8
displaying 9-4
octave 3-8

overloads 2-11
overshoot 5-11

P

paralel port 14-2
parity 14-3
Pascal (unit) 3-4
path 13-5
percent overshoot 5-11
performing acurvefit 16-33
periodic chirp 4-11
phase
computing with math  18-13
measuring distortion 4-14
measuring in order mode 1-18
units 11-4
phase margin  5-16
plotter
HP-IB setup 14-4
modifying plotting speed  14-9
parallel setup 14-2
pen assignment 14-8
serial setup  14-3
setting PLand P2 14-10
plotting
position on page 14-10
screen contents  14-5
tofile 14-5
with annotation  14-7
withtimestamp 14-7
power spectral density 4-6
preview averaging 2-14
printer
HP-1B setup 14-4
parallel setup 14-2
serial setup  14-3
printing
help topics 12-5
screen contents  14-6
tofile 14-6
with annotation  14-7
withtimestamp 14-7
profiled chirp signal, creating 6-9

program
recalling 13-11
saving 13-8
PSD 4-6

quad display format  9-2

R

ramp signal, creating 6-6
range

input Part 1-8

order moderestrictions 1-11
time capture restrictions  7-2
real component, viewing 2-13
recalling

acurvefittable 16-42
asynthesistable 15-33
generad  13-12

programs 13-11
time-capture buffer  7-7
trace 13-10

reference channel  4-11
renaming files 13-16
risetime 5-11

rpm profile, displaying 1-19
rpm-stepped arming  1-12, 1-16
RS-232-C connector  14-3

runup/rundown measurement  1-12, 1-16

S

saving

acurvefit table 16-40
acurvefittrace 16-41
asynthesistable 15-31
asynthesistrace 15-32
autostate 13-9
general  13-9
limitlines 17-6
programs 13-8
time-capture buffer 7-6
trace 13-7

waterfall  13-7
scae markers 10-5, 10-7
scaling

automatic Y-axis 10-2
axesmarkers 5-17
input range tracking Part [-19




scaling (continued)
manua Y-axis 10-3-10-4

matching scale of two traces 10-6, 10-8

resetting X-axisscale 10-7
resetting Y-axisscale 10-5

with axes scale markers  10-5, 10-7

screen
adjusting brightness  9-6
enabling external  9-6
turning on and off 9-6
screen saver  9-6
serial port  14-3
setting up acurvefit  16-30, 16-34
settling time  5-11
sideband power 4-8
signal-to-noise ratio
computing 18-12
skewing awaterfall  9-8
dicethrough awaterfall 9-11
sound pressure level
See SPL
source
See also arbitrary source
creating profiled chirp signal  6-8
creating ramp signal  6-6
creating step signal  6-4
impedance Part 1-11
periodic chirp 4-11
span
maximum in FFT mode 4-2
time capture restrictions  7-11
SPL
displaying overall bands 9-4
general 3-6
overal 3-8
dtate, saving  13-9
step response  5-8 - 5-9
step signdl, creating  6-4
stop bits  14-3
structures, driving point
measurement  2-10
sweep, linear vslog 4-13
swept sine analysis  4-12
synthesis
analyzer configuration 15-25

building pole-residue equations  15-10

calculation of 15-3
changing dataregister 15-35

changing tableformat 15-16 - 15-17

clearing atable 15-24
converting tables  15-13

synthesis (continued)
copying from a
curvefittable 15-34, 16-38
creating atable 15-18, 15-22
dataformats 15-4
delay 15-20
displaying atable 15-15
frequency response 15-26
frequency scae 15-21
frequency scaling 15-23
frequency span 15-25
gainfactor 15-19, 15-23
Laurent terms  15-13
NaN marker value 15-13
non-Hermitian entries  15-7, 15-13
numeric range 15-29
optional parameters 15-23
partial fraction format 15-16
poleresiduedata 15-6
pole-residue example 15-10
pole-residue format 15-16
pole-zero data 15-4
pole-zero example 15-5
pole-zero format  15-15
polynomia data 15-11
polynomia format 15-17
recalling atable 15-33
reconstructing complex
conjugate pole-pairs  15-8
reconstructing simple poles  15-7
saving atable 15-31
start frequency 15-25
stop frequency 15-25
storing atrace 15-32
timedelay 15-20, 15-23
X-axisspacing 15-25, 15-28
synthesistable
changing format 15-16
clearing 15-24
creating 15-18, 15-22
displaying 15-15
editing 15-30
recalling 15-33
saving 15-31

T

tachometer
characterizing signal  1-8-1-9
readout 9-3
using as phase reference 1-18

Vi



THD 4-7
time capture
aborting data collection 7-5
alocating memory 7-4
defining an analysisregion 7-9
examining the capture buffer 7-8
filling the capture buffer 7-2 - 7-3, 7-5
measurement marker  7-12
measuring from the capture
buffer 7-10-7-12
ranging restrictions  7-2
recalling the buffer from disk  7-7
restrictions on changing instrument
modes 7-11
saving the buffer todisk  7-6
span restrictions  7-11
timerecord restrictions  7-11
time delay
curvefit 16-24
synthesis 15-23
time record, time capture restrictions  7-11
timestamp 14-7
timeunits 11-3
time-stepped arming  1-13, 1-17
title
plot or print
trace 9-5
total harmonic distortion 4-7
trace
active 8-2
arranging on the screen  9-2
coordinate system 11-2
displaying grids 9-4
height in waterfall 9-8
matching scale of another trace 10-6, 10-8
most active 8-2
recalling 13-10
saving 13-7
scaling automatically 10-2
scaling manually 10-3 - 10-4
scaling with axes scale markers  10-5, 10-7
titte 9-5
track, order 1-14-1-18
transducer
caibrating 1-4-1-5
connecting 1-2
converting units  11-7
entering sensitivity  11-6
selecting units  3-4, 11-6
transducer units
converting 11-7

14-7

transducer units (continued)
selecting 11-6
See also units
transfer function 5-20
triggering
delay Partl-14
process Part 1-13

U

units

acceleration 11-7
amplitude 11-5-11-8
displacement 11-7
frequency 11-3

phase 11-4

time 11-3

See also transducer units
velocity 11-7

upper/lower display format 9-2

V

velocity units  11-7
vibration
measuring with FFT mode  1-6 - 1-7
measuring with order mode 1-10- 1-11,
1-14 - 1-15
volatile RAM disk  13-3

W

waterfall buffer
displaying 9-9
displaying adlicethrough 9-11
displaying atracefrom 9-10
saving 13-7
scrolling through  9-9
specifying size 9-7, 9-9
waterfall display
baseline suppression  9-8
clearing 9-9
differences while
measuring and paused 9-9
effects of autoscaling Part 1-19
enabling 9-7
skewing 9-8
trace height 9-8
with averaging 4-9
Z-axisscaing 9-7,9-9

Vii



waterfall markers
enabling 9-9
dicesdect 9-11
trace select 9-10
waterfall steps  9-7, 9-9
waveform, modifying 18-14
weighting
A-weight filter 3-6- 3-7
exponential time (impulse) 3-9
incurvefit 16-23
See also window
window
defined Part 1-12
to improve accuracy  2-7

X

X-axis
marker readout  4-5
matching scale of two traces 10-8
resetting scale  10-7
scaling with axes scale markers  10-7
spacing for synthesis  15-28

xdcr
See transducer

Y

Y-axis
marker readout  4-5
matching scale of two traces 10-6
resetting scale 10-5
scaling automatically 10-2
scaling manualy 10-3-10-4
scaling with axes scale markers  10-5

Z

Z-axisscaling 9-7,9-9
zoom and time capture 7-11

viii



Guideto Agilent 35670A Documentation

If you arethinking about...

And you want to...

Then read...

Unpacking and installing
the Agilent 35670A

Install the Agilent 35670A
Dynamic Signal Analyzer

Do operation verification or
performance verification tests

Agilent 35670A Installation and
Verification Guide

Agilent 35670A Installation and
Verification Guide

Getting started

Make your first measurements
with your new analyzer

Review measurement basics

Learn what each key does

Agilent 35670A Quick Sart
Guide

Agilent 35670A Operator’s
Guide

Usethe analyzer's[ Help ] key

Making measurements

Learn how to make typical
measurements with the Agilent
35670A

Understand each of the
analyzer’ s instrument modes

Agilent 35670A Operator’s
Guide

Agilent 35670A Operator’s
Guide

Creating automated
measurements

(Instrument BASIC is Option
1C2)

Learn the Instrument BASIC
interface

Record keystrokes for a
particular measurement

Program with Instrument BASIC

Using Instrument BASIC with
the Agilent 35670A

Agilent 35670A Quick Sart
Guide

Agilent BASC User’s Handbook

Remote operation

Learn about the GPIB

Learn how to program with GPIB

Find specific GPIB commands

GPIB Programmer’s Guide

GPIB Programming with
the Agilent 35670A

Agilent 35670A GPIB
Commands. Quick Reference

Using analyzer datawith
aPC application

-Display or plot analyzer data on
or from a Personal Computer
-Transfer analyzer datato aPC
sofware application forma

- Transfer datafrom aPC
software application format tothe
analyzer (for example, to load
datainto a dataregister)

Sandard Data Format Utilities:
User’'s Guide

Servicing the analyzer

Adjust, troubleshoot, or repair the
analyzer

Agilent 35670A Service Guide




Need Assistance?

If you need assistance, contact your nearest Agilent Technologies Sales and
Service Office listed in the Agilent Catalog. You can also find a list of local
service representatives on the Web at:

hittps#/www.agilent.com/find/assist or contact your nearest regional office
listed below.

If you are contacting Agilent Technologies about a problem with your Agilent
35670 Dynamic Signal Analyzer, please provide the following information:

U Model number: Agilent 35670A

U Serial number:

Q Options:

U Date the problem was first encountered:

U Circumstances in which the problem was encountered:
U can you reproduce the problem?

U What effect does this problem have on you?

You may find the serial number and options from the front panel of your
analyzer by executing the following:

Press [System Utility], [more], [serial number].
Press [System Utility], [options setup].

If you do not have access to the Internet, one of these centers can direct you to
your nearest representative:

United States Test and Measurement Call Center
(800) 452-4844 (Toll free in US)

Canada (905) 206-4725

Europe (31 20) 547 9900

Japan Measurement Assistance Center

(81) 426 56 7832
(81) 426 56 7840 (FAX)

Latin America (305) 267 4245
(305) 267 4288 (FAX)
Australia/New Zealand 1 800 629 485 (Australia)
0800 738 378 (New Zealand)
Asia-Pacific (852) 2599 7777

(FAX] (852) 2506 9285






