
Instruction Manual 

Dual Channel Signal Analyzer Type 2034 

. -~
Ii, - -. ---.,. 

-.•. ••• ~-~-.. -------~ .. 

. 
OwilCINtnrnJIS;gm:EA~e, 

TvptJ2034 

Vol.1 
Familiarization 

This Instruction Manual is the first of a se
ries of Manuals covering operation and use 
of the Dual Channel Signal Analyzer Type 
2034. As well as being essential reading for 
all first time users, i~ also provides a valu
able refresher for those not in regular con
tact with the instrument. 

This manual provides easy-to-follow, step
by-step procedures and exercises suited for 
quickly getting to know the 2034 and its 
general principle of operation. 

Seven guided tours are included to help de
velop a deeper practical understanding of 
the main functions of the 2034 and their use 
for making accurate single- and dual-chan
nel measurements . 

+ Briiel & Kjcer 



2034 

+ BrOel & Kjcer DK-2850 NJERUM, DENMARK · Telephone : + 45 2 800500 · Telex : 37316 bruka dk 

Pri nted in Denmark by Nffi rum Offset English DK BE0813-12 

Instruction Manual 

Dual Channel Signal Analyzer Type 2034 

Ill.: • 
• jj ,;, .. -•. ••• ••• -.r ... • ----.,.~ .•. 

. 
Owol Cti7;._Af~A,..l</fff' 

Vol.1 
Familiarization 

This Instruction Manual is the first of a se
ries of Manuals covering operation and use 
of the Dual Channel Signal Analyzer Type 
2034. As well as being essential reading for 
all first time users, it also provides a valu
able refresher for those not in regular con
tact with the instrument. 

This manual provides easy-to-follow, step
by-step procedures and exercises suited for 
quickly getting to know the 2034 and its 
general principle of operation. 

Seven guided tours are included to help de
velop a deeper practical understanding of 
the main functions of the 2034 and their use 
for making accurate single- and dual-chan
nel measurements. 

+ BrOel & Kjcer 



DUAL CHANNEL SIGNAL ANALYZER 

TYPE 2034 

From serial no. 1 077 638 

Revision July 1987 



SAFETY CONSIDERATIONS 

This apparatus has been designed and tested according to Safety Class II of IEC Publi
cation 348, Safety Requirements for Electronic Measuring Apparatus, and has been sup
plied in safe condition. The present Instruction Manual contains information and warn
ings which should be followed by the user to ensure safe operation and to retain the 
apparatus in safe condition. Special note should be made of the following: 

APPLICATION OF POWER 

Before each use of the apparatus, check that it is set to match the available mains 
voltag'9 and that the correct fuse is installed. 

SAFETY SYMBOLS 

A The apparatus will be marked with this symbol when it is important that the user 
refer to the associated warning statements given in the Instruction Manual. 

l. Chassis terminal rh Earth or ground terminal ;l"'Y' Hazardous voltage. 

WARNINGS 

Set all instruments to power off before connecting or disconnecting interface cables. 

Whenever it is likely that the correct function or operating safety of the apparatus has 
been impaired, the apparatus must be made inoperative and be secured against unin
tended operation. 

Any adjustment, maintenance and repair of the open apparatus under voltage must be 
avoided as far as possible and, if unavoidable, must be carried out only by trained 
service personnel. 
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Welcome to the exciting world of the Dual Channel Signal Analyzer. 

--••• -------- .. --- .. --- ---
This manual will help you get started using the Analyzer. The features 
of the Analyzer are however so numerous that it is not possible to 
show them all in a guide like this. This is also why in some cases you 
will be requested to go on exploring the possibilities by yourself. A 
detailed description of all the possibilities can be found in the other 
Instruction Manuals (Volume 2: Operation and Volume 3: IEC/IEEE In
terface). 

As soon as you have started you will realize that all the functions of 
the Analyzer are controlled from the front panel , so you do not have to 
learn a new programming language. Everything is at your fingertips. 



How to Use this Guide 

Power Requirements 

Test Unit 

2 

This Familiarization Guide is designed for you to read while you are 
operating the Analyzer. 

It is recommended that you read and follow the instructions in Chap
ters 1, 2, 3, 11 and in as many of the Guided Tours as you like (Chap
ters 4 - 10). 

The Guided Tours are designed so that they can be followed indepen
dently of each other and in whatever order you wish after you have 
become familiar with the general operation procedures described in 
Chapters 1 , 2 and 3. 

Different measurement modes are demonstrated in these seven Guid
ed Tours, and each tour shows some of the features of the Analyzer. 
There are also some suggestions for you to perform exercises where 
you explore the facilities of the Analyzer on your own. 

If during the Guided Tours you feel that you are lost, just go to the 
beginning of the chosen Tour and start again. 

Before connecting a mains supply to the Analyzer, ensure that the 
Analyzer is set to the correct voltage (11 O - 127 V or 200 - 240 V AC), 
and is equipped with the right fuse for that voltage. Full instructions 
can be found in Volume 2 (Operation) of the Instruction Manual. 

The analysis demonstrations and exercises outlined in this guide are 
performed with the aid of Test Unit Type ZZ 0201 which contains a 
simple bandpass filter, a signal generator and a time delay. This Test 
Unit must however only be regarded as a part of this guide. The real 
advantages in using the Analyzer will only become apparent when you 
start analyzing real-life problems. 

0 ::~ ". 
Fr=ncy Respo~ ~ 

Delay Off D e lay - 3 ms 

zz 0201 
Test Unit for 2032 / 2 034 



Connecting the Test Unit 

Delay Off Delav - 3ms 

Power On 

Connect the Test Unit ZZ 0201 to the Analyzer as shown in Fig. 1.1. 
The input signal to the Test Unit is supplied by the built-in Generator in 
the Analyzer. Power for the Test Unit is taken from the X-Y RECORD
ER "Remote" socket on the rear panel of the Analyzer. Use Cable 
AQ 0034 to connect the power. A small red LED (Light Emitting Diode) 
next to the POWER socket on the Test Unit will indicate when power is 
supplied. 

Test Unit 
ZZ0201 

Dual Channel 

X-Y Recorder Signal Analyzer 

;owe, "R:::~:\ [IWd = 
Supply ~ 

-==---....- • •• 

AO 0087 \ Signal Generator 
AO 0087 "Output" '----------------+--___. 
AO 0087 .____ _________________ __, 

Channel A 
"Direct Input" 

Channel B 
"Direct Input" 

Fig. 1. 1. General measurement circuit 

821385 

Set the controls of the Test Unit to G) Frequency Response and "Delay 
Off", "Noise Off". 

r--------------- Press the POWER switch on the Analyzer to "On". After a few seconds 
you will have a picture on the screen. Note that the Analyzer performs 
a digital self test. 

--4~~,~ 
~ 

An analogue self test can be requested as indicated on the screen 
once a digital self test has been completed. Refer to Volume 2 (Opera
tion) of the Instruction Manual for further details. 

·~:+-,.,;._;-t--- Set the DISPLAY INTENSITY as convenient. -.• t:c======:::::=:::ll~-- Press gently on the drawer above the Input sockets whereby it is re-
; ::Q 'i:e i~ 0 'i1 @@ @@@ · leased. Draw it out to a sloping position. The manual control and oper-

ation of the Analyzer is mainly performed by the use of the pushkeys 
found on this drawer. 
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SYSTEM RESET 
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'---------+----- Press SYSTEM RESET I and keep it depressed . 
.___ ____ Press FIELD SELECT "Cursor" Is and keep it depressed. 

Release SYSTEM RESET I. 
Release FIELD SELECT "Cursor" Is-

.___-------+----- Press SYSTEM RESET I and keep it depressed . 

' ! ' ; 

' 

.___ ___ Press FIELD ENTRY "1" I and keep it depressed. 

Release SYSTEM RESET I. 
Release FIELD ENTRY "1" II. 

The Analyzer has now been reset and the upper half of the display 
should show text (Display parameters) and a coordinate system. The 
lower half should show text only (Measurement parameters). If this is 

..--------- not the case press DISPLAY "Measurement Setup" IF once. 
f 

--

' 11 11 11 
I II 
; -.,, I 

Fig. 1.2. Analyzer display with DISPLAY SETUP, coordinate system and 
MEASUREMENT SETUP 

The meaning of these preliminary settings and the design of the dis
play will be described in the following, but first let's make a measure-
ment. -



The First Measurement 

Selecting a MEASUREMENT 
SETUP 

Press the following pushkeys in sequence: 

!.....__ ___ J'+'-'---- SETUP LABEL "Measurement" I 0 . 

---- FIELD ENTRY "1" I, "2" I, "ENT" I. 

Starting the built-in Generator 

I 

- l 

!+-+? 
~'--'-----<I---- Press GENERATOR "On" I. 

---+--- Set the SIGNAL GENERATOR AMPLITUDE control to its "Cal" position 

Starting the Measurement 

and leave it in this position while going through the Familiarization 
procedures. 

.------------- Press INPUT AUTORANGE I. 

' 

Selecting a DISPLAY SETUP 

r r i: 1t r i: ~ •= : H: W ::: a 

After completing the autoranging procedure, recording will commence 
automatically as indicated by the LED in the RECORD "Cont." I G 

pushkey. 

- Press AVERAGING "Start" I A· 

The first measurement has now started. While the Analyzer performs 
the measurement we will select a DISPLAY SETUP. 

Press the following pushkeys in sequence: 

•--'--'---- SETUP LABEL "Display" IR· 

---- FIELD ENTRY "1" I, "2" I, "ENT" I. 

Optimizing the Y-scale 

,.---------- Press DISPLAY "Auto Scale" 1 0 . 

The first measurement should now have been completed (the LED in 
the AVERAGING "Start" I A pushkey is off) and the screen displays the 
Frequency Response H1 of the electrical filter in the Test Unit as shown 
in Fig. 1.3. 

Press RECORD "Stop" I 1 

5 



Fig. 1.3. Analyzer display after the first measurement 

The bottom half of the screen shows the MEASUREMENT SETUP con
taining information on how the measurement was performed. 
The upper half shows the DISPLAY SETUP with information on the 
presentation of the measurement result and a trace of the calculated 
function. In this case the trace shows the Magnitude of the Frequency 
Response function. 

Location of __ Pushkeys and Parameter Fields 

Pushkeys 

Display 

Auto 
Scale Format 

I I 
m [l 

Parameter Fields 

6 

Measurement 
Setup 

I 
Ii 

In the instruction for performance of the "First Measurement" a small 
pushkey is placed in the text whenever pressing a pushkey is required 
e.g. DISPLAY "Auto Scale" I 0 . 

Most of the pushkeys are supplemented with a letter referring to the 
grey letters below the pushkeys. This is done in order to help the 
newcomer to locate the pushkeys on the Analyzer. 

This form of instruction will be used throughout the guide where rele
vant. 

The alphanumeric part of the screen contains a number of parameter 
fields. These have been given names and numbers as shown in the 
illustration on the foldout page (Appendix A) at the end of this guide 
e.g. ============ 

3 This has been done to make it 
easier to locate them on the screen. 

Fig. 1.4. Appendix A at the end of this Familiarization Guide shows the 
names and numbers of the different parameter fields. These 
names and numbers will be used throughout the Guide when 
reference is made to a particular field 



FIELD SELECTOR Movements 

In the illustration (Appendix A) some of the parameter fields have been 
shown with a line raster to indicate that the content of these fields can 
be changed (see below). This is done by using the FIELD SELECTOR 
and the FIELD ENTRY pushkeys as explained in the following. The 
selected field is indicated as an inverse video field. Fields without a 
raster cannot be accessed but they contain valuable information for 
the user. 

The names and numbers will be used throughout the guide when refer
ence is made to a particular field. 

The illustration on the foldout page contains more fields than there 
seems to be on the screen. This is because some of the fields are 
"hidden" and they will only appear when the FIELD SELECTOR is posi
tioned in the line concerned. Other fields are disabled in modes where 
they are not relevant. In some cases where fields appear or disappear 
other fields will shift position to the right or left, but always in the 
same line. 

Go through "The First Measurement" once more and verify that the 
FIELD SELECTOR moves to the fields shown in the following. 

Press SETUP LABEL "Measurement" I 0 . 

Parameter field selected 29 

Press FIELD ENTRY "1" I, "2" I, "ENT" I. 

Notice that the entry 1 2 appears in the EC HD FIELD 69 at the lower 
right corner of the display for a visual check of the pushkeys you have 
pressed. 

Parameter field display: SETUP 12. 

Start the Analyzer again by pressing INPUT AUTORANGE I. Wait until 
the Analyzer has completed the autoranging procedure and has started 
recording. 

Press AVERAGING "Start" I A· 

The measurement has now started. Note how the NO. OF AVER
AGES19 field displays an increasing number of averages being includ
ed in the measurement. 

Press SETUP LABEL "Display" IR· 

Parameter field selected 

Press FIELD ENTRY "1" I, "2" I, "ENT" I. 

Parameter field display: 1 2. 

DISPLAY SETUP no. 12 has now been selected. 

Press DISPLAY "Auto Scale" I O to get the optimum scaling of the dis
play. 

7 



Keyboard 

Hard Controls 
(left hand side) 

Soft Controls 
(right hand side) 

8 

After completion of the measurement (NO. OF AVERAGES 19 reads 
#A: 100), press RECORD "Stop" I 

1
• 

The keyboard on the drawer is divided into a group of "hard controls", 
where each pushkey has one specific function, and a group of "soft 
controls", where the pushkeys are used for selecting different func
tions or operations in interaction with the display of the Analyzer. 

The hard controls are used to start and stop measurements, format
ting and scaling, storage of data and setups, etc. These pushkeys will 
be explained in the following, so it is not necessary to refer to the 
main operation manual (Volume 2) where a full description is given. 

r-- Contr o l ----, r--- Display ---, 
A ver.::t91ng 

Au10 M easurement 
s,.,. Sule s.,.,., 

I I I I I I 
C C ~ rn m ll 

,....,, Record 

~~ c~ AvtOI'~ s..,.. s,.,. 

I I I I I I I 
I t3 Cl D !J Cl 

Svs1e-rn 
r- M emory------, r- Save Setup ~ ..... Tngge< °""'"' 

I I I I I I I 
I! l:l [:] ~ Ill 

Fig. 1.5. Hard controls 

The soft controls of the keyboard are divided into two sections, FIELD 
SELECT and FIELD ENTRY keys. Each section will be treated sepa
rately in the following. 

,---- Fie ld S e lec t ---i .----- Field Entry ------, 

a •• D l!I 

--- 11111 1111111 
) 

r- Se tup label ---, 111;; -I I I 111111 
t:l [l1 IJ 

Fig. 1.6. Soft controls 



FIELD SELECT 
~-- Field Selec t ----, 

r-- Setup Lab el ----, 

M easurement Display Cursor 

FIELD ENTRY 

The FIELD SELECT pushkeys control the movement of the FIELD SE
LECTOR on the screen. The FIELD SELECTOR is the inverse video 
field which must be positioned on the parameter field where an entry 
(or change) is desired. 

The three pushkeys at the bottom will move the FIELD SELECTOR 
directly to the three most frequently used parameter fields of the 
screen: a1 

29 and 
25 fields. 

Press SETUP LABEL "Measurement" I O and note that the FIELD SE-
LECTOR moves to the lld!!ib CW- - 29 field. 

Press SETUP LABEL "Display" IR and note that the FIELD SELECTOR 
moves to the ¥ -£ ¥ £, 1 field. 

Press FIELD SELECT "Cursor" Is and note that the FIELD SELECTOR 
moves to the & ¥ 25 field. 

Whenever one of the three pushkeys is pressed the FIELD SELECTOR 
will move to the fields demonstrated. To move to one of the other 
parameter fields the four other FIELD SELECT pushkeys should be 
used. 

Try to use all the FIELD SELECT pushkeys to move the FIELD SELEC
TOR to positions of your own choice until you are familiar with their 
operation. Note during this exercise that some of the fields shown in 
the illustration on the fold out page are "hidden" fields, which means 
that they will only appear when the FIELD SELECTOR is positioned in 
the line concerned. Note also that some of the fields are disabled in 
modes where they are not relevant. 

The FIELD ENTRY pushkeys are used to enter or to change to a new 
parameter or numerical value in a field. A new entry can be made 
using one of the three methods mentioned below, but before an entry 
can be made, the FIELD SELECTOR must be moved to the field where 
an entry is desired. 

9 



Fi e ld Entry 

.----- Field Entry --~ 

1111 
D m 

m m m m 0 
m m m G] 8 
m m m 0 El 
00008 
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We will use the ~ 25 field to demonstrate the three methods. 
The procedure is the same for the other parameter fields. 

Press FIELD SELECT "Cursor" I 8 . 

1. Analogue FIELD ENTRY: 
Using the FIELD ENTRY • knob. The knob is located on the front 
panel above the FIELD ENTRY pushkeys. 

When turned, it changes the value (or parameter) of the field with 
a variable speed depending on the degree of turning away from 
the equilibrium position. 

When the FIELD SELECTOR is in the CUR-am 25 field, turning the 
knob changes the numerical value in the field as well as moving 
the Main cursor in the trace. 

Try to turn the knob in order to move the cursor to some frequen
cies of your own choice and note the variable speed of change. 
The more you turn, the faster the cursor moves. 

2. Stepwise FIELD ENTRY: 
Using the two pushkeys FIELD ENTRY " ..... " I and " ... " I. 

These pushkeys will give single steps through the values (or pa
rameters) possible within the field selected. 

When one of them is kept depressed the value (or parameter) will 
be changed with a speed of approximately 3 steps per second. 

Try to use the two pushkeys to change the numerical value and 
thereby the position of the Main cursor to frequencies of your own 
choice. 

3. Direct FIELD ENTRY of values: 
To make a direct entry, use the numeric keyboard. 

For example key in the value 1000 Hz by pressing 
FIELD ENTRY "1" I, "0" I, "0" I, "0" I 

Note that the number 1000 has been written in the right hand side 
at the bottom of the screen in the ECHO F I EL D69

. 

Errors can be corrected by using FIELD ENTRY "CLR" I and 
FIELD ENTRY "--" I. 

To enter the value press FIELD ENTRY "ENT" I. 

Try to enter the following cursor positions as indicated: 

2000 Hz as 2 k 

3000 Hz as 3 000 000 m 

4000 Hz as 4 000 000 000 µ 

5000 Hz as 5E3 (5 x 103
) 



Rounding Off 
Parameter Values 

Key in 998 Hz, enter the value and note that the Analyzer rounds this 
off to the nearest allowable value (1000 Hz). 

Enter 995 Hz and note the new rounded-off value actually entered. 

Try to change the content of another field by using all three methods. 
For example, go to the •••••• 23 field and verify that the fol
lowing possibilities are available: 

0 . MA IN (Main cursor) 
1 • HA RM (Harmonic cursor) 
2 • SI DB (Sideband cursor) 
3 • DEL T (Delta cursor) 
4 • MASK (Mask cursor - only available together with Nyquist plot, 

Nichols plot and Time A vs. B) 
5 . REF (Reference cursor) 

The numbers given for the different types of cursors can be used to 
enter them directly via the numeric keyboard. Note, however, that the 
numbers do not appear on the Analyzer display. 

The features of the different types of cursors will be demonstrated 
later. 

A complete list of possibilities in the other parameter fields is shown 
in the illustration on the foldout pages at the end of the guide (Appen
dix Band C). 

Select other fields and change the content of the field by using three 
methods. 

A flashing parameter field indicates that either the selected parameter 
cannot be shown in the current measurement mode or it conflicts with 
other chosen parameters. Select the 23 field, for ex-
ample, and enter the numeric value 4. The ______ 23 field will 
display MA SK, but the field will be flashing, indicating that this type of 
cursor is not available in the present analysis mode. 

11 



Saved Setups 

The Analyzer stores a number of setups in non-volatile memories for 
easy retrieval of sets of Measurement as well as Display parameters. 

MEASUREMENT SETUPS The MEASUREMENT SETUP defines the measuring parameters gov
erning a measurement, e.g. choice of mode (single or dual), triggering 
condition, averaging, resolution, weighting function, input sensitivity, 
etc. 

12 

The possibilities of changing the settings within each of the parameter 
fields will not be discussed here, but are described in the following 
chapters in connection with the measurements being performed. 

Fig. 1. 7. MEASUREMENT SETUP no. 12 

The Analyzer can save a total of 20 different MEASUREMENT SETUPS 
Pre - of which MEASUREMENT SETUP 1 to 10 are user-defined. The proce-

programmed. dure for defining and saving a setup will be described later. 
setups 

MEASUREMENT SETUPS 11 to 20 are predefined for use in the most 
common measurements. They can also be used as the basis for user
defined setups in cases where most of the parameters already corre
spond to those required by the user. 

For our "First Measurement" we used one of the predefined MEA
SUREMENT SETUPS, namely MEASUREMENT SETUP no. 12. 

Look at some of the other MEASUREMENT SETUPS - e.g. MEASURE
MENT SETUP no. 15 - by pressing the following pushkeys in sequence: 

SETUP LABEL "Measurement" I 0 . 

FIELD ENTRY "1" I, "5" I, "ENT" I. 

Return MEASUREMENT SETUP no. 12 to the screen by pressing the 
same keys as above, but enter 12 instead of 15, before you proceed. 



DISPLAY SETUPS 

e} Pr ~ 
~ programmed 

selups 

, ,,c / ? 10 

1 
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SYSTEM RESET 

SYSTEM RESET 

The DISPLAY SETUP defines what we see on the display i.e. function 
being displayed, coordinates, axes, units, etc. 

Fig. 1.8. DISPLAY SETUP no. 12 

The parameters within a DISPLAY SETUP will be described in the next 
chapter. 

There are also 1 O user-definable DISPLAY SETUPS (1 - 10) and 1 O 
predefined (11 - 20). The procedure for defining and saving a DISPLAY 
SETUP will also be described later. 

During our first measurement we used one of the predefined DISPLAY 
SETUPS, namely DISPLAY SETUP no. 12. 

Look at some of the other DISPLAY SETUPS - e.g. DISPLAY SETUP 
no. 14 - by pressing the following pushkeys in sequence: 

SETUP LABEL "Display" IR· 

FIELD ENTRY "1" I, "4" I, "ENT" I. 

Return DISPLAY SETUP no. 12 to the screen before you proceed. 

Notice that the 5 field and the cursor fields are not a 
part of the DISPLAY SETUP. 

Fig. 1.9. DATA SOURCE field and cursor fields 

Different levels of SYSTEM RESET exist, and are described in the fol
lowing. The lists include the most important features of each SYSTEM 
RESET. The influence of SYSTEM RESET on the interface is however 
not included. For a complete list refer to Volume 2 (Operation) of the 
Instruction Manual. 

Read the description first before proceeding to the General Procedure 
for SYSTEM RESET and the example. 

• Stops recording 
• Stops averaging 
• Resets recorder output 
• Switches off the Generator 
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SYSTEM RESET "1" 

SYSTEM RESET "2" 

SYSTEM RESET "9" 
Do NOT try it now! 

SYSTEM RESET "BLANK KEY" 

111 11. 
'llllllllllll-

SYSTEM RESET "CURSOR" 

14 

A simple SYSTEM RESET will not change any parameters in the set
ups and a measurement can be continued from the point where it was 
stopped by pressing RECORD "Cont." I G and 
AVERAGING "Proceed" I 8 . 

SYSTEM RESET plus the following: 
• Resets the Signal Processor 
• Resets the current Instantaneous and Averaged data. 
• Se I ects I N P U T in the ====== 

5 fie Id 
• Clears the ECHO FI ELD69 

A SYSTEM RESET "1" erases the data in the input buffer, i.e. a mea
surement cannot be continued after a SYSTEM RESET "1" but a new 
measurement must be started. 

SYSTEM RESET "1" plus the following: 
• Erases the stored data 
• Resets special parameters 
• Clears text strings 

A SYSTEM RESET "2" erases the data in the Input Buffer and the data 
in the Memory. 

SYSTEM RESET "2" plus the following: 
• Presets all universal parameters 
• Presets display format: Upper trace + MEASUREMENT SETUP 
• Copies SETUP no. 11 in all the user-defined SETUPS 
• Selects MEASUREMENT SETUP no. W11 
• Selects DISPLAY SETUP no. W11 

A SYSTEM RESET "9" is a master clear which resets the entire Ana
lyzer (all user-defined SETUPS, cursor, text lines, Generator etc.). 

SYSTEM RESET "2" plus 
• Digital self test 

The FIELD ENTRY "Blank" I pushkey is in the upper right-hand cor
ner of the numeric keyboard. 

A SYSTEM RESET "BLANK KEY" will always take place when power to 
the Analyzer is switched "On". 

SYSTEM RESET plus the following: 
• Preset Cursor type to MA IN 
• Selects cursor position at element # 0 

Note: Switching off the instrument will not clear or destroy anything in 
the setups, nor will it preset the Analyzer to a special mode or setup. 
Each time the Analyzer is turned on it "wakes up" in the mode which 
was chosen when the Analyzer was turned off. 

CAUTION: In the following you will be requested to perform the dif
ferent SYSTEM RESETS, but do NOT try the SYSTEM RESET "9" 
since it will clear all the user defined SETUPS. Your colleagues might 
be very disappointed if they have saved some MEASUREMENT SET -
UPS and you erase them from the memory. 



General Procedure 
for SYSTEM RESET 

Example: 

Summary - "First Measurement" 

To perform a SYSTEM RESET simply press SYSTEM RESET I. 

To perform one of the other SYSTEM RESETs use the following proce
dure: 

1. Press SYSTEM RESET I and keep it depressed. 

2. Press and keep depressed one of the following pushkeys: 
FIELD ENTRY "1" I 
FIELD ENTRY "2" I 
FIELD ENTRY "9" I (see Caution above) 
FIELD ENTRY "Blank" I 
FIELD SELECT "Cursor" I 8 . 

3. Release SYSTEM RESET I. 

4. Release the other pushkey. 

SYSTEM RESET "1" 

1. Press SYSTEM RESET I and keep it depressed. 

2. Press FIELD ENTRY "1" I and keep it depressed. 

3. Release SYSTEM RESET I. 

4. Release FIELD ENTRY "1" I. 

Try the other SYSTEM RESETS (except SYSTEM RESET "9") and note 
the effect. 

Before we proceed let us have a closer look at what happened during 
the "First Measurement". 

Press SETUP LABEL "Measurement" I O and note that the FIELD SE
LECTOR moves to the ="""""'~~~=~=~-=--- 29 field. 

We now call up MEASUREMENT SETUP no. 12. 

Press FIELD ENTRY "1" I, "2" I, "ENT" I. 

MEASUREMENT SETUP no. 12 has now been called up and the param
eters in it will govern our measurement. 

The Analyzer is ready for DUAL SPECTRUM AVERAGING, but before 
we start the measurement we must ensure that the built-in Generator 
is on. 

Verify that the LED in the GENERATOR "On" I pushkey is lit. 

The input attenuators have to be adjusted correctly to ensure that the 
input signal is not overloading the input. This is done by simply press
ing INPUT AUTORANGE I whereby the input attenuators are set with 
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adequate allowance for crest factor and locked in that position. Should 
an overload occur during a measurement, the overloaded time record 
and spectrum will automatically be rejected from the average. 

Pressing INPUT AUTORANGE I will also automatically start recording 
as indicated by the LED in the RECORD "Cont." I G pushkey. In case 
INPUT AUTORANGE I is not used, but the attenuators are set manual
ly, then the recording can be started by pressing the 
RECORD "Cont." I G key directly. 

Press AVERAGING "Start" I A and note that the measurement has 
been started as indicated by the increasing number in the ND • D F 
AVE RAGE S19 field. The Analyzer will continue to include new averages 
until the required number has been reached. In this case 100 was se
lected in the AVER AG I NG M P 38 field. 

While the Analyzer includes new spectra in the average, we will select 
the desired DISPLAY SETUP. 

Press SETUP LABEL "Display" IR· 

Press FIELD ENTRY "1" I, "2" II, "ENT" I. 

To adjust the display to have the maximum value of the spectrum at 
the top of the trace press DISPLAY "Auto Scale" I 0 . 

To fully complete the measurement press RECORD "Stop" I 1. 

Fig. 1.10. After completion of the "First Measurement" the Analyzer 
has calculated the Frequency Response H1 of the Test Unit 



In this chapter we will look at the different parameters in a DISPLAY 
SETUP and at some of the different ways of presenting the measure
ment result. 

Perform a SYSTEM RESET "1" and a SYSTEM RESET "Cursor". These 
system resets will, among other things, set the display to INPUT data 
and select MA IN cursor. 

Select MEASUREMENT SETUP no. 12. 

Activate the Generator and start the measurement as indicated in 
Chapter 1. 

Select DISPLAY SETUP no. 12 

Fig. 2.1. Initial display for demonstrating the different parameters in a 
DISPLAY SETUP 
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Y-axis 

Y-axis Range 

Y-axis Units 

18 

Move the FIELD SELECTOR to. the Y: 10 field and verify 
that the displayed Y-axis range can be set to 10, 20, 40, 80 and 
160 dB. Use the FIELD ENTRY "_." I and " .... " I pushkeys. 

f--
10 dB 

_L __ 

T--
20 dB 

_L __ 

f--
40 dB 

_L __ 
f--
80 dB 

_L __ 

T--
160 dB 

_l_ __ 
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--~--- ----- 0) 
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= ~ ----- ~ 
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Fig. 2.2. The Y-axis range can be set to 10 dB, 20 dB, 40 dB, BO dB and 
160dB 

Leave the display with an 80 dB range. 

Move the FIELD SELECTOR to the Y : 7 field. This field deter-
mines whether the Y-axis is scaled in relative units (dB) or in absolute 
engineering units. The content of this field determines also the unit of 
the cursor level as read out in the Y-VALUE 24 field. 

Shift between dB and Engineering units and note that the unit in the 
Y-VALUE 24 field is changed as stated. 

Leave the Y: 
engineering units. 

7 field so that the Y-axis is scaled in absolute 



Y-axis Scale 

Cursor Read Out -
Absolute Units 

Cursor Read Out -
Relative Units 

Move the FIELD SELECTOR two steps to the right to the 
Y: • • • • 11 field which reads dB. Use the FIELD ENTRY "_.." I 
pushkey to change the content of the field. Note how the spectrum can 
be displayed with either logarithmic ( dB) or linear (LIN) Y-axis. 

t 
logarithmic 

* 
t 

linear 

+ 

------------------

~ -------

~ 
,~ ----------

- .,-:--__::__ ,..__ 
---·--------------- ~ 
---. ---------------- c:, •-=•;; •~Q) 

----- -------
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-- -- - - - ------

" ---_-- -----------~ 

- - ~ 

Fig. 2.3. The Y-axis scale can be logarithmic or linear 

Leave the display with a logarithmic Y-axis scale. 

Move the FIELD SELECTOR to the 25 field and move the 
Main cursor to the frequency of the resonance (at approximately 
1000 Hz) with the aid of the FIELD ENTRY e knob and the FIELD EN
TRY "_.." I and ",_" I push keys. 

Verify that the magnitude at the resonance is approximately 8 as read 
off the Y-VALUE 24 field. 

Now move the Main cursor to the frequency of the antiresonance and 
verify that the magnitude at the antiresonance is approximately 4 m. 

Set the Y: 7 field to dB. 

Now verify with the aid of the Main cursor that the magnitude at the 
resonance and antiresonance is approximately 18 dB and -48 dB re
spectively. 

The approximate values for the gain at resonance and antiresonance 
have been summarised in the table below. 

Resonance Antiresonance 

Absolute 8 4m 

Relative 18d8 -48d8 

T00183GBO 

Table. 2. 1. Approximate values for the gain at resonance and anti
resonance 

You have just verified that although the Analyzer displays the Frequen
cy Response with a logarithmic Y-axis, it can read out the level in 
either absolute or relative units. 
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Y-axis Full Scale 

X-axis 

Not Expanded Mode 

Expanded Mode 

20 

Using the Y: &JL:lg, _---~r L& 6 field it is possible to set the full scale 
value of the Y-axis to almost any value. 

1---
Full scale 
level or 

amplitude 

.f 
, ' 
~ 

: r~-----------___ , ____ , 

Fig. 2.4. The full scale value can be set directly by the user 

Select the Y : fri 6 field and try to change the full scale 
value by using the FIELD ENTRY e knob. 

Try also to enter values directly via the numeric keyboard. 

Although the full scale level can be set directly as demonstrated, it is 
normal practice to use the auto scale facility. This can then be supple
mented with a direct setting of the full scale level. For example, in 
situations where the measurement result is to be used as documenta
tion, it may be desirable to have a full scale level of 1 V, 10 dB etc. 

Set the full scale level to different values of your own choice and fol
low it by pressing DISPLAY "Auto Scale" I 0 . 

Until now the Analyzer has displayed a 801 line Frequency Response 
function with a linear frequency axis going from O Hz to 6,4 kHz (Not 
Expanded Mode). At first glance, it looks as if the Analyzer displays 
only 401 lines, but if you look carefully at the screen you will notice 
that two "analysis" lines are displayed in each "display" line. The dis
play can however be expanded to show one "analysis" line in each 
"display" line i.e. the display covers only half of the analysis range as 
demonstrated in the following. 

Move the FIELD SELECTOR to the X : ' 14 field, change its 
content by using the FIELD ENTRY "_.." I pushkey and note that the 
spectrum is expanded by a factor of two i.e the Analyzer displays half 
of the frequency span - 3,2 kHz (401 lines) of the 6,4 kHz (801 lines) 
analysis span. 

By changing the content of the X : 13 field it is possible to 
display any 401 of the 801 lines. Use the FIELD ENTRY e knob and try 
to change the start frequency. 



Linear and Logarithmic X-axis 

a. 

I 
I 

b. 

I 
I 

I 

Fig. 2.5. Frequency Response function in (a) Not expanded mode and 
(b) Expanded mode 

The expansion of the x-axis in the above example was done on the 
frequency axis of a Frequency Response function. Later, when other 
functions have been demonstrated, it will be seen that the procedure 
for expanding the x-axis is similar for other functions. For time func
tions, the x-axis can be expanded by a factor of 2, 4 or 8. A factor of 
4 can only be obtained in those cases where the time function is 2 K 
and a factor of 8 can only be obtained in cases where the time func
tion is 4 K. 

Go back to the X : • 111m 14 field and change back to display of the 
frequency range O Hz to 6,4 kHz. 

Move the FIELD SELECTOR right to the X : tll 16 field and 
shift between LIN (linear) and LOG (logarithmic). Note that 2 de
cades are displayed when a logarithmic frequency axis is shown. This 
means that the Analyzer in this case displays the two decades from 
64 Hz to 6,4 kHz. 

Linear frequency-----

Logarithmic frequency--•

Fig. 2.6. The X-axis can be linear or logarithmic 
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System of Coordinates 

Real Part versus Frequency 

Imaginary Part versus 
Frequency 

Magnitude versus Frequency 

22 

Note also that the small scaling marks on the x-axis indicating 1 kHz, 
2 kHz, etc. are changed in accordance with the scale displayed. 

Leave the coordinate system with a linear X-axis scale. 

Until now we have been looking at the magnitude ( MAG), but there are 
other ways of presenting the Frequency Response function as well as 
other functions. Here we will demonstrate the different ways of pre
senting the Frequency Response function. 

Move the FIELD SELECTOR to the 
field. 

3 

Step through the 6 different possibilities using the FIELD ENTRY push
keys and verify that the trace takes the form shown below. 

0 REAL 

• LIN axis 
Absolute 

units 
t 

- - - ---- -------- - - - -
--- - - - -- --- ---------

- - -- - --------
- - - --- ---

-- - - ---- - --- ---- - - ----
- - - - - --- - - - -------

__.. --- --------
- - -----

- - - --- -- ---
- -- --- -- - ---- --- 0) 

- - - - ------------ ~ 

LIN, LOG axis----

Fig. 2. 7. The Real part is always displayed on a linear Y-axis and with 
absolute Y-axis units and a linear or logarithmic X-axis 

1 I MAG 

• LIN axis 
Absolute 

units 
t 

------ -- - ------
--- ---- --- -------- -----
___ --------- - ------
-- - -- ----
-- -- -- ------ --- -- - ---
- - -- - --
--~----- - -- -----
- ~ - -
- - - ~ --- - - ---
- - - - ------ - ----- - -- ---- c, 
--- - - -- - - ----- "' -- - -- -- - ________ c, 
--- - ----- _______ -_ ;;; 

LIN, LOG axis---~~ 

Fig. 2.8. The Imaginary part is always displayed on a linear Y-axis with 
absolute Y-axis units and a Linear or logarithmic X-axis 

2 MAG 

T--
(See Table 2.2.) 

_l_ __ 

------------------ --- ----- --

~ - -- ~ ~~~ 
. - - - - = -~~- I 

LIN, LOG axis -------1~ 

Fig. 2.9. The Magnitude can be displayed with a logarithmic or a linear 
Y-axis with absolute or relative Y-axis units. The possible 
combinations of Y-axis scaling and units are shown in Ta
ble 2.2. The X-axis can be linear or logarithmic 



Phase versus Frequency 

Nyquist Plot: 
Imaginary Part versus 
Real Part 

Nichols Plot: 
Magnitude in dB versus 
Phase 

Linear Y-Axis Logarithmic Y-Axis 

Absolute Units -./ -./ 

Relative Units -./ 

T00176GBO 

Table 2.2. Possible combinations of Y-axis scaling and units 

3 PHASE 
+200°T--

LIN axis 

-200°_l___ __ 

. ======---- =----=- --=-=--~ - - - - -~------- -=-=-=- -_ - - - - - - ---=--

- ~ ~~~d--~- --_ - ~--~:=;:~~~ 
~~--- ---- -- - - - - - a:, 

LIN, LOG axis------

Fig. 2.10. Phase is displayed with a linear Y-axis scaled from -200° to 
+ 200°. Read out is between -180° and + 180°. The X-axis 
can be linear or logarithmic 

4 NYQUIST 

• LIN axis 
Absolute 

units 
t 

LIN axis, absolute units---.. 

Fig. 2.11. The Nyquist plot is displayed with a linear X-axis and a lin
ear Y-axis. Absolute units 

5 NICHOLS 

• LOG axis 
Absolute or 

relative units 
t 

-I •--LIN axis • I 

- 200° + 200° 

Fig. 2. 12. The Nichols plot is displayed with a logarithmic Y-axis. Ab
solute or relative Y-axis units. Linear X-axis (- 200° to 
+ 200°) 

These six ways of presenting data can be selected for virtually any 
function where it is relevant, including time functions (refer to the Sec
ond Guided Tour). 

The numbers given above, e.g. 3 PHASE, for the different function 
coordinates can be used to recall them directly via the numeric key
board. Try it. 

Display the magnitude, 2 MAG, before you proceed. 
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Functions 

Menu 
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Which functions other than the Frequency Response function can the 
Analyzer calculate? 

Move the FIELD SELECTOR to the mt 

Use the FIELD ENTRY " .... " I and " .... " I pushkeys to step through 
the many functions. 

Use the DISPLAY "Auto Scale" I O where necessary. 

A complete list, or menu, of all the functions can be obtained by 
pressing the FIELD ENTRY "Blank" I pushkey provided that the 
FIELD SELECTOR is located in the ~ i£frrt:fiii:iM 2 field. Try it. 

Fig. 2.13. Menu of functions available 

Note that some of the functions have a "-" in front of them. These 
functions cannot be used with the selected measurement mode as indi-
cated in the MEASUREMENT ••Eii30 and CS ~31 fields. 

Try now to step through the list using the FIELD ENTRY " .... " I and 
" .... " I pushkeys. 

Press FIELD ENTRY "Blank" I once more to remove the menu from 
the screen. 

A menu of the predefined and user-defined MEASUREMENT and DIS
PLAY SETUPS can also be displayed by using the FIELD ENTRY 
"Blank" I pushkey. 

Menus of the predefined and user-defined MEASUREMENT and DIS
PLAY SETUPS can be displayed by moving the FIELD SELECTOR to 

1' 1 or PMiT T di:lJIIE 4 I 29 

as required and pressing the FIELD ENTRY "Blank" I pushkey. Try 
this. 



Fig. 2. 14. Menu of DISPLAY SETUPS 

Fig. 2. 15. Menu of MEASUREMENT SETUPS 
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MEASUREMENT SETUP 

General Procedure for Defining 
and Saving a MEASUREMENT 
SETUP 

26 

The concept of preset setups makes the Analyzer extremely fast and 
easy to use. The Analyzer uses either the predefined setups or your 
own defined setups. This chapter will demonstrate how new setups are 
defined and saved. It is very important that new users become familiar 
with this procedure not only because it will be used throughout the 
"Guided Tours" but also because this is the most efficient way to use 
the Analyzer. This chapter will also demonstrate formatting of the dis
play, use of most of the different types of cursors and the procedure 
for storing a complete measurement. 

Perform a SYSTEM RESET "1" and a SYSTEM RESET "Cursor". These 
SYSTEM RESETS will, among other things, set the display to INPUT 
data in the 5 field and MA IN in the 

23 field. The use of these fields will be described in 
this chapter. 

Select MEASUREMENT SETUP no. 12. 

Activate the Generator and start the measurement as indicated in 
Chapter 1. 

Select DISPLAY SETUP no. 12. 

The general procedure for defining and saving a new MEASUREMENT 
SETUP is as follows. Read the general procedure first and then pro
ceed to the example. 

1. Select the MEASUREMENT 30 and 31 fields in 
turn and select the measurement mode required. 
These fields determine what we could call the main parameters in 
the MEASUREMENT SETUP. A particular choice of measurement 
mode will automatically recall most of the relevant parameters. 
It is therefore advisable to select the desired parameter in these 
fields before any other parameters. 

2. Set the other measurement parameters - trigger conditions, av
eraging parameters etc. - as desired. 



Example 

3. Press SAVE SETUP "Measurement" I 0 . 

The following text will appear at the bottom of the screen: SAVE 
MEASUREMENT SETUP IN [ 1 TO 10 l : 

4. Key in the desired 29 number 
via the numeric keyboard and enter the value by pressing 
"ENT" I. 

After the value has been entered a new text is displayed in the 
lower line: SETUP SAVED IN (number entered). This text disap
pears after a few seconds. 

The setup has now been saved in non-volatile memory and is easily 
retrievable. It will remain there until a new setup is saved in the same 
position replacing the existing setup, or until a SYSTEM RESET "9" is 
performed. Switching off the Analyzer will not affect the saved setups. 

In the following example you are requested to create a new MEA
SUREMENT SETUP and to save it as MEASUREMENT SETUP no. 10. 

Note: For familiarization it is recommended that only the user-defined 
MEASUREMENT SETUP no. 10 and the predefined MEASUREMENT 
SETUPS (no. 11 - 20) are used, as described in the following. The 
other SETUPS can then be kept intact for use by your colleagues who 
might be making other measurements. 

Modify MEASUREMENT SETUP no. 12 to comply with the display 
shown in the illustration below. Then save it as MEASUREMENT SET
UP no. 10. using the General Procedure. 

Fig. 3. 1. MEASUREMENT SETUP used in the example 

Move the FIELD SELECTOR to the different fields and select the pa
rameter or value shown in Fig. 3.1 by using the FIELD ENTRY 
"_." I and " ..... " I keys. 

After completion press SAVE SETUP "Measurement" I 0 . 
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MEASUREMENT SETUP Menu 

28 

We want to save this setup as MEASUREMENT SETUP no. 10. 

Press FIELD ENTRY "1" I, "O" I, "ENT" I 

The text SETUP SAVED IN 10 remains on the bottom line of the 
display for a few seconds. 

The MEASUREMENT SETUP is now saved and ready for easy retrieval. 
Verify this by moving the FIELD SELECTOR to the 

Ill ?9 field and recall MEASUREMENT 
SETUP no. 10 by pressing "1" I, "O" I, "ENT" I. 

Note: A setup is kept intact until a new setup is saved in its position. 
In other words, to change a given setup one must explicitly save a new 
one. 

The setup defined and saved in this example is a hypothetical setup. It 
is used here for the sake of this exercise only. In the following we shall 
base our measurements on the predefined MEASUREMENT SETUPS, 
with or without modifications. 

Let us have a brief look at the MEASUREMENT SETUPS available. 

To do this, first move the FIELD SELECTOR to the 
29 field and press the FIELD ENTRY 

"Blank" I key. 

Fig. 3.2. List of MEASUREMENT SETUPS available 

In addition to the 10 users defined MEASUREMENT SETUPS (no. 1 -
10) and the 10 predefined MEASUREMENT SETUPS (no. 11 - 20), the 
menu lists three SETUPS labeled D, S and W. They are described 
below. 

W denotes WORKING SETUP. 
If any parameter in a recalled MEASUREMENT SETUP is changed the 
Analyzer puts the changed version into a buffer called W and it be
comes a WORKING SETUP. Thus the change does not destroy the 
contents of the original setup. 

-Example: Recalling MEASUREMENT SETUP no. 12 and changing one 
of the parameters will change it into WORKING MEASUREMENT SET
UP no. W12, where 12 indicates where the setup originally came from. 



DISPLAY SETUP 

General Procedure for Defining 
and Saving a DISPLAY SETUP 

D denotes DOCUMENTATION SETUP. 
If any paramenter in a MEASUREMENT SETUP is changed after a 
measurement has been completed, the setup used for the measure
ment is saved as the DOCUMENTATION SETUP e.g. DOCUMENTATION 
SETUP no. D12. 

Note that a measurement is not regarded as being completed before 
recording has been stopped i.e the LEDs in the RECORDING pushkeys 
must be off. 

S denotes STORED SETUP. 
If a measurement result is stored in the Memory, the associated setup 
becomes the STORED SETUP e.g. STORED SETUP no. S12. 

Finally, if a parameter was changed during measurement the data 
might not be valid. This is indicated by an asterisk (*) after the setup 
number in the D0CUMENTAT I 0N 18 field. 

Since a system under investigation seldom changes considerably dur
ing a measurement or series of measurements it is normal practice to 
define and save one MEASUREMENT SETUP for a particular measure
ment situation and only make small adjustments to this setup as the 
need arises. With DISPLAY SETUPS the situation is a little different. 
When the measurement has been made with the required number of 
averages the user often wants to display the measured data in many 
different ways. For that purpose it is desirable to have a number of 
DISPLAY SETUPS saved and ready for easy recall and use. 

The general procedure for defining and saving a new setup is as fol
lows. Read first the general procedure and then proceed to the exam
ples. 

1 . Select the 2 field. This field determines what we could 
call the main parameter in a DISPLAY SETUP. A particular choice 
of function will automatically recall most of the parameters rele
vant for use with that function. 
It is therefore advisable to select the desired parameter in this 
field before any other parameters. 

2. Step to the desired function using the FIELD ENTRY ",.," I and 
" ...... " I pushkeys, or key in the number of the desired function as 

listed on the foldout page at the back of the manual. A list of 
available functions can also be displayed by pressing the 
FIELD ENTRY "Blank" I pushkey while the FIELD SELECTOR is in 

the ••••1 2 
field. 

3. Set the other display parameters - choice of coordinates, Y-axis 
scaling, Y-axis units and X-axis scaling units - as desired. 

4. Press DISPLAY "Auto Scale" I O if necessary. 
Often it is desirable to follow this by setting the •••••1 6 

value to a rounded up value e.g. if the autoscale gives a full scale 
reading of 8, 2 change this manually to 1 0. 
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Example 1 

30 

5. Press SAVE SETUP "Display" IP· 
The following text will now appear at the bottom of the screen: 
SAVE DISPLAY SETUP IN [ 1 TD 101: 

6. Key in the desired 1 number via the 
numeric keyboard and enter the value. 
After the value has been entered a new text is displayed in the 
lower line: SETUP SAVED IN (number entered). This text disap
pears after a few seconds. 

7. To verify that the DISPLAY SETUP actually has been saved, press 
"ENT" I once more to recall it. 

After this procedure the desired setup is saved in the non-volatile 
memory and will be available for easy retrieval. It will remain there 
until a new setup is saved in the same position replacing the existing 
setup, or until a SYSTEM RESET "9" is performed. Switching off the 
Analyzer will not effect the saved SETUPS. 

Perform a SYSTEM RESET "1 ", recall MEASUREMENT SETUP no. 12, 
activate the Generator and start a new measurement before you pro
ceed. 

Let us assume that in this particular case we require frequent calcula
tion of the following functions: 

Signal to Noise Ratio, 40 dB Y-axis range 
Frequency Response H1 , Phase 
Frequency Response H1 , Nichols Plot 
Frequency Response H1 , Magnitude 

We shall therefore save these as DISPLAY SETUPS no. 1, 2, 3 and 4 
respectively starting with Signal to Noise Ratio. 

Save the Signal to Noise Ratio as DISPLAY SETUP no. 1. 

Here we use the general procedure as follows: 

1 . Select the 2 field. 

2. Step to SIG/NOISE RATIO or key in 22. 

3. Move the FIELD SELECTOR to the 10 

change the range to 40. 

4. Press DISPLAY "Auto Scale" I 0 . 

5. Press SAVE SETUP "Display" IP· 

6. We want to save this setup as DISPLAY SETUP no. 1. 

Press FIELD ENTRY "1" I, "ENT" I 

field and 

7. Press "ENT" I once more and note that DISPLAY SETUP no. 1 
when recalled contains the Signal to Noise Ratio function. 



Example 2 

Fig. 3.3. Signal to Noise Ratio saved as DISPLAY SETUP no. 1 

Save the Frequency Response H1, Phase as DISPLAY SETUP no. 2. 

Since DISPLAY SETUP no. 12 already contains the magnitude of the 
Frequency Response H1 all we need to do is to recall it, modify the 

¥ -!~ 3 field and save the setup as DISPLAY 
SETUP no. 2. 

Proceed as follows: 

1 & 2. Recall DISPLAY SETUP no. 12. 

3. Move the FIELD SELECTOR to the 
3 field and change its content to 

PHASE. 

4. At this point we should normally scale the Y-axis (i.e. by using 
DISPLAY "Auto Scale" I 0 ), but in this case it is not relevant 
since we are dealing with the phase where the scaling is fixed. 

5. Press SAVE SETUP "Display" IP· 

6. Press FIELD ENTRY "2" I, "ENT" I. 

7. Press FIELD ENTRY "ENT" I. 

Fig. 3.4. Phase of the Frequency Response H1 saved as DISPLAY SET
UP no. 2 

Before you proceed, press DISPLAY "Format" IE once whereby anoth
er hidden trace appears (This has nothing to do with the example 
above, but is for later use where we want the display to be in accor
dance with the illustrations in this guide). 
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Example 3 

Example 4 
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Save the Frequency Response H 1, Nichols Plot as DISPLAY SETUP 
no. 3. 

The procedure here is the same as in Example 2, but in this case it 
might be relevant to use the DISPLAY "Auto Scale" I O pushkey. 

Fig. 3.5. Nichols Plot of the Frequency Response H1 saved as DISPLAY 
SETUP no. 3 

Save the Frequency Response H1, Magnitude as DISPLAY SETUP 
no. 4. 

Again we will use predefined DISPLAY SETUP no. 12 since it contains 
all that we require. The only thing we have to do is to save it as 
DISPLAY SETUP no. 4. (In practice one would not do this because it is 
just as easy to recall DISPLAY SETUP no. 12 as DISPLAY SETUP no. 4. 
Let us however do it here for the sake of this exercise). 

1 & 2. Recall DISPLAY SETUP no. 12. 

3. Press DISPLAY "Auto Scale" I 0 . 

4. Press SAVE SETUP "Display" IP· 

5. Press FIELD ENTRY "4" I, "ENT" I. 

6. Press FIELD ENTRY "ENT" I once more. 

Verify from the menu for the DISPLAY SETUPS that the 4 exercises 
have given the desired result. To do this, press the FIELD ENTRY 
"Blank" I key when the FIELD SELECTOR is in the 

• 

IAIR-t 1 field . 

DISPLAY SETUP no. 1 contains SIG/ NO I SE RAT I 0 
DISPLAY SETUP no. 2 contains FREQ RESP H1 PHASE 
DISPLAY SETUP no. 3 contains FREQ RESP H 1 NICHOLS 
DISPLAY SETUP no. 4 contains FREQ RESP H1 MAG 



DISPLAY SETUP Menu 

Formats of the Display 

Removal of the 
MEASUREMENT SETUP 

Changing the Format 

'f}f'et' 

rJ 
vppe,/lower {ewer 

Fig. 3.6. Recalling the menu of DISPLAY SETUPS verifies that the de
sired functions are saved correctly 

Note that the menu contains two DISPLAY SETUPS labeled W. These 
are the two Working SETUPS. When a new setup is called it can be 
used as it is, but the moment one of the parameters in the DISPLAY 
SETUP is changed it is transferred into one of the buffers called W. 
The original setup is thereby kept intact and at the same time the user 
is informed that some change has been made to the original setup. 

A setup is kept intact until a new setup is saved in its position. In 
other words, to change a given setup one must explicitly save a new 
one. 

The reason for having two W DISPLAY SETUPS is that we can display 
two individual functions at the same time. This will be demonstrated in 
the following. 

Before proceeding remove the menu by pressing FIELD ENTRY 
"Blank" I once more. 

First we have to remove the MEASUREMENT SETUP in the lower half 
of the screen. This is done by pressing the 
DISPLAY "Measurement Setup" IF pushkey. 

To get the MEASUREMENT SETUP back again press the same key 
once more. Try it, but leave the display with the MEASUREMENT SET
UP removed. 

Using the DISPLAY "Format" IE pushkey we can shift between three 
-formats when the MEASUREMENT SETUP is removed. 
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Fig. 3.7. 1. Full screen format of the upper trace 

Fig. 3.8. 2. Full screen format of the lower trace 

Fig. 3.9. 3. An upper/lower format with both traces displayed 
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Cursors 

Try to use the DISPLAY "Format" IE key to shift between the different 
formats. The displays might be in a different order. This will depend on 
how closely and accurately you have followed the procedure given 
above. Leave the display with an upper /lower format. 

Press the SETUP LABEL "Display" IR a number of times and note that 
the FIELD SELECTOR shifts between the upper and lower 

1 field. 

Verify that a direct FIELD SELECTOR shift between the upper and low
er &m•l 25 field likewise takes place when the 
FIELD SELECT "Cursor" Is key is pressed. 

Display Cu r sor 

Fig. 3. 10. Shifting the FIELD SELECTOR between upper and lower 
trace in a Bode plot 

In case your display has the Magnitude and the Phase in an order 
other than that shown in Fig. 3.10, or if you have some other functions 
displayed recall the Magnitude of the Frequency Response H1 (DIS
PLAY SETUP no. 4) in the upper trace and the Phase of the Frequency 
Response function (DISPLAY SETUP no. 2) in the lower trace. 

This combination of displaying the Magnitude and the Phase of the 
Frequency Response function simultaneously is often referred to as a 
Bode Plot. 

Leave the Magnitude and the Phase on the display as in Fig. 3.10 when 
you proceed to work with the cursors. 

Move the FIELD SELECTOR to the upper 23 field and 
step through the different types of cursors available. 
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Main Cursor 

Reference Cursor 
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In this chapter we shall only demonstrate the MA IN cursor, the REF 
(Reference) cursor, the DEL T (Delta) cursor and the MASK cursor. 
Use of the HA RM (Harmonic) cursor and the SI DB (Sideband) cursor 
will be demonstrated during the Fifth Guided Tour later in this manual. 

The Main cursor is used to read the amplitude or level of displayed 
data at a selected time or frequency. The Main cursor (and its readout 
field Y-VALUE 24

) is always present on the display of the Analyzer and 
can be used independently of whatever other type of special cursor 
that has been selected. Additionally the Main cursor is used to set the 
position of the special cursors. 

You should already be familiar with the use of the Main cursor since 
we used it in Chapter 1. Try however to use it again. 

Select MA IN in the upper 
FIELD SELECTOR to the 25 field. 

23 field and move the 

Change the X : 25 value applying all three methods for 
FIELD ENTRY in both traces. 

Fig. 3. 11. The Main cursor is used to read the amplitude or level of 
displayed data at a selected time or frequency 

The Reference cursor allows one point or line of a displayed trace to 
be defined as a reference. Readouts (both X and Y) from all other lines 
or points are then referred to the current value of the reference. 

Select REF in the upper _ 
23 field and move the Main 

cursor to the resonant frequency. 

Press DISPLAY "Set Special Cursors" I J· The resonance peak is now 
defined as the reference. 

Move the Main cursor to the antiresonant frequency. The 
Ef-!E 26 field will show the difference in fre-
quency between the two cursors. 



Exercise 

Independent Cursors, 
Aligned Cursors 

Move the FIELD SELECTOR to the LL 27 

field and change its content to tiY. The level difference between anti
resonance and resonance can now be read directly. 

Fig. 3. 12. The Reference cursor is used to make cursor readouts re
ferred to the current value of a single line on a trace 

Try to change the position of the Reference cursor and Main cursor 
and verify that .:1X and .:1 Y can read out negative as well as positive 
values. Set for example the reference to 2000 Hz. 

Try to change the 7 of readout and verify that levels can be 
read out in relative as well as absolute units. 

Perform a SYSTEM RESET "Cursor". 

Shift the FIELD SELECTOR between the upper and the lower 
25 fields and verify that the cursors in the upper and lower 

trace can be operated independently of each other. 

Fig. 3.13. The cursors in upper and lower trace can be operated inde
pendently of each other or aligned to operate together 
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Delta Cursor 
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Now press DISPLAY "Align Cursors" I K (LED comes on) and note that 
the two cursors line up. To return to independent cursors press 
DISPLAY "Align Cursors" I K once more (LED goes off). 

Exercise the use of independent cursors and aligned cursor in both 
upper and lower traces and try to determine which cursor governs the 
position of lining up. 

Aligned cursors will work with other cursors as well as the Main cur
sor. When we look at the other types of cursors you will be requested 
to verify that Aligned cursors also work. 

Change the lower trace to display the Nichols plot by recalling DIS
PLAY SETUP no. 3. 

Try to use Aligned cursors and note how the Main cursor in the Nich
ols plot shows up as only a single dot. It can therefore be rather diffi
cult to see. Decreasing the intensity of the display makes it easier to 
see the single dot. 

Use of the Delta and Mask cursor will make it possible to see the 
shape of the plot instead of single dots. This will be demonstrated in 
the following. 

The Delta cursor is used to emphasize (highlight) a part of a function 
(the Guided Tours demonstrate how to read out the absolute power or 
the relative power in the emphasized Delta band). 

Perform a SYSTEM RESET "Cursor". 

Select DEL T in both the upper and in the lower 
23 fields. 

Align the cursors by pressing DISPLAY "Align Cursors" I K· 

Press DISPLAY "Set Special Cursors" I J· This will align the lower limit 
of the Delta cursor with the position of the Main cursor. 

Move the FIELD SELECTOR to the -= --~ = - -_-=§§§= --~ .. =-~-=~ =-=--_ -=--==-= 26 

field and slowly increase its value. Note how the Delta cursor highlights 
parts of the Frequency Response magnitude and draws lines beween 
the dots in the Nichols plot. 



Mask Cursor 

Fig. 3. 14. The Delta cursor highlights parts of the Frequency Response 
magnitude and draws lines between the dots in the Nichols 
plot 

The Mask cursor is used with Nyquist and Nichols plots. In certain 
respects, it is similar to the Delta cursor in that it joins together the 
points of the plot to give a co~tinuous curve within the selected band 
of frequencies. In addition, however, the Mask cursor masks out all 
points outside the selected band. 

Leave the upper trace with Delta cursor and select MASK in the lower 
23 fields. 

Reduce slowly the value in the ____________ ·26 

fields and note how the dots outside the selected frequency band are 
excluded in the Nichols plot and only the linking lines are shown. 

Fig. 3. 15. In the Nyquist and Nichols plots the Mask cursor draws lines 
between the points within the selected frequency band and 
masks out all other points 
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Exercise: 

Memory 

ch.A. 
(Input 

ch .B 
(Input) 

~ 
)----+ 

Instant ~ 
Time ----,I 

a(t) 

~ 
----+ Instant ~ 

Time ----,.I 

b(t) 

Try to use the Delta and Mask cursors in the frequency range 500 to 
1500 Hz ( X : SO O Hz , Li X : 1 0 0 0 Hz). 

After the exercise and before you proceed, return to the use of Main 
cursor by performing a SYSTEM RESET "Cursor". 

Return the MEASUREMENT SETUP to the screen by pressing the 
DISPLAY "Measurement Setup" IF pushkey once. 

The Analyzer has a Memory for storing a complete measurement. A 
complete measurement comprises two Autospectra, the Cross Spec
trum and the measurement parameters as listed in the MEASURE
MENT SETUP. Since all single and dual channel time and frequency 
functions and the correlation functions are derived from these three 
spectra, all information is thus retained in the memory. 

Dual Channel Spectrum Averaging 

Average 

--'\. Auto-
g;--1 .. 

Auto-Instant " Spectrum - -,I spectrum -- i/ correlation 

A(f) GAA(f) Raa(T) 

. g;--1 .. Frequency Impulse 
~ Response ) 

Response 
Function V 

--,I 
' 

Average 
H1(f) h(T) 

L...I\ g;--1 .. 
----,.I Cross ; Cross ,.............. Spectrum Correlation 
r,/ 

GAa(f) Rab(T) 

-=:> 
-----" 

Coherent 
) Coherence 

~ 
Output 

--..J... Power 
rv' -,,.I 

,,2(f) -y2(f) · G88(f) 

Average 

-----'\. 
g;--1 .. 

Instant - Auto- ) Auto-
Spectrum --y spectrum V correlation 

B(f) Gaa(f) 

...____R_e_co_r_di_ng __ __.l ..... I _A_n_al_ys_is___.l ..... I __ A_v_er_a_gi_ng __ _,I ._I _______ P_o_st_P_ro_c_e_ss_in_g _______ ____. 

830354/2 

Fig. 3.16. Simplified block diagram of dual channel spectrum averaging. Not all functions are shown 
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Storing a Measurement Result 

Data Source 

Recalling a Stored 
Measurement 

Perform a SYSTEM RESET "1 ". 

Select MEASUREMENT SETUP no. 12 and DISPLAY SETUP no. 12. 

Activate the Generator and start a new measurement. Let the Analyzer 
complete the measurement (100 averages). 

Press MEMORY "Enable" IM· The LED in the pushkey comes on. 

Store the Measurement result of the 100 averages by pressing 
MEMORY "Store" IN· 

Your measurement is now stored in the memory and it will remain 
there until a new measurement is stored or until a SYSTEM RESET "2" 
or higher reset is performed. 

(Note that switching off the Analyzer will clear the Memory, but the 
saved SETUPS will not be cleared). 

The stored measurement is recalled by using the 
======~~-:9:_-== 5 field as described in the following. 

Look at the illustration on the foldout page in Appendix A. You will 
notice that the Mt FR 5 field is separated from the Display 
Parameters and the Cursor Parameters. It is a separate field and it is 
important that the source selected is as required. The field is only 
visible when the FIELD SELECTOR is in the upper line of the Display 
Parameter field or when the displayed measurement is a Stored or 
Equalized measurement. 

Three facilities are available in the L £ 5 field: 

0 INPUT: The displayed trace is calculated on the basis of the data 
on the input terminals of the Analyzer. If a measurement has been 
completed the trace will be based on the input data during the 
latest measurement. 

1 STORED: The displayed trace is calculated on the basis of the 
data in the Memory. 

2 EQUAL I ZED: The equalized trace shows the ratio between the in
put data and the stored data of the Frequency Response function 
i.e. the ratio of the magnitudes arid the difference of the phases. 

To recall the data from the Memory, move the FIELD SELECTOR to the 
5 field and select STORED. 

Try it and note that the DOCUMENTAT I ON 18 field now indicates that 
the displayed function is obtained using MEASUREMENT SETUP no. 
S12 as discussed previously. If you want to see the contents of MEA
SUREMENT SETUP no. S12, it can be recalled by placing the FIELD 
SELECTOR in the ====== = =~- --- 29 field and either 
stepping backwards in the list of MEASUREMENT SETUPS using the 
FIELD ENTRY "_." I pushkey or by entering a "-1" via the numeric 
keyboard. 
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Equalization 
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Fig. 3. 17. The stored measurement and associated MEASUREMENT 
SETUP recalled to the display 

The input spectrum is at the moment identical to the stored spectrum. 
In order to see a difference and later perform an equalization we have 
to make a new measurement. 

The new measurement could for example be the measurement of the 
Frequency Response Function based on a single set of spectra. 

Perform a SYSTEM RESET "1 ". 

Move the FIELD SELECTOR to the AVER AG I NG 
change the number of averages to for example 1 . 

Activate the Generator and start the measurement. 

Recall the stored spectrum and note the difference. 

Select EQUAL I ZED in the 5 field. 

38 field and 

The equalized spectrum shows the ratio between the input spectrum 
and the stored spectrum. 

Select DISPLAY SETUP no. 2 and verify that the Analyzer performs an 
equalization between the complex spectra i.e. it calculates the ratio 
between the Magnitudes and the difference between the Phases. 



a. 

b. 

Fig. 3. 18. a. Equalized Magnitude 
b. Equalized Phase 

This is the end of the introductory chapters. You should now be well 
prepared to start on the "Guided Tours" where you will be dealing 
with more practical measurements. 
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Introduction 

Preliminary Setting 

System under Test and 
Measurement Circuit 

MEASUREMENT SETUP 

44 

In the introductory chapters we have already measured the Frequency 
Response function a number of times. The measurements were, how
ever, made on a rather ideal system without contaminating noise and 
delay. In this chapter we will introduce noise and delay in the system 
and demonstrate different measurement techniques to deal with sys
tems of that kind. 

Set the Test Unit to CD Frequency Response, "Delay Off", "Noise - Off" 
and verify that the system under test (Test Unit) is connected as 
shown. 

Dual Channel Signal Analyzer 
System 

Input 0 Output --AO 0087 ;: 
. -._. 

Signal 
AO 0087 Generator 
AO 0087 "Output" 

Channel A Channel B 
"Direct Input" "Direct Input" 

830552/ 1 

Fig. 4. 1. System under test and measurement circuit used for demon
strating Frequency Response function measurements 

Perform a SYSTEM RESET "1" and a SYSTEM RESET "Cursor". These 
SYSTEM RESETS will, among other things, set the display to INPUT 
data and select the MA IN cursor. 

Select MEASUREMENT SETUP no. 12. 

This is a predefined setup for dual channel measurement of frequency 
Qomain functions such as Cross Spectrum, Frequency Response, Co
herence etc. 

Activate the Generator and start the measurement as indicated in 
Chapter 1. 



DISPLAY SETUP Select DISPLAY SETUP no. 12. 

DISPLAY SETUP no. 12 displays the magnitude of the Frequency Re
sponse H1 • 

Define and save the following new DISPLAY SETUPS (Remember to 
use the DISPLAY "Auto Scale" I O pushkey before saving the defined 
SETUPS). The procedure for saving a DISPLAY SETUP is described in 
Chapter 3. 

DISPLAY SETUP no. 1: Frequency Response H1 , Magnitude 
Y-axis: Absolute units 

DISPLAY SETUP no. 2: Coherence 
DISPLAY SETUP no. 3: Signal to Noise Ratio 
DISPLAY SETUP no. 4: Coherent Power 

Y-axis: PSD - absolute units, linear axis 
DISPLAY SETUP no. 5: Cross Correlation, Real Part 

X-axis: O ms + 31,3 ms 
DISPLAY SETUP no. 6: Frequency Response H1 , Phase 
DISPLAY SETUP no. 7: Frequency Response H2, Magnitude 

Y-axis: Absolute units 

After completion place the FIELD SELECTOR in the 
1 field, press the FIELD ENTRY 

"Blank" I pushkey and verify that the DISPLAY SETUPS have been 
defined and saved as required. 
Before you proceed further, recall the MEASUREMENT SETUP again 
by pressing the FIELD ENTRY "Blank" I key once more. 

Frequency Response Measurement with Random Noise Excitation 

Signals without Noise Store the measured data in the Memory by pressing 
MEMORY "Enable" IM followed by MEMORY "Store" IN· 

The stored measurement will be used as a reference in the rest of this 
chapter. Do not use the Memory for storing anything else except a 
new measurement without noise. 

Select the upper /lower display format using the 
DISPLAY "Measurement Setup" IF and DISPLAY "Format" IE push
keys. 

Select magnitude of the Frequency Response H1 (DISPLAY SETUP no. 
1) in the upper trace and Coherence (DISPLAY SETUP no. 2) in the 
lower trace. 
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Signals Contaminated by Noise 
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Fig. 4.2. Magnitude of the Frequency Response H1 and the Coherence 
measured on the Test Unit when the Noise Generator is "Off" 

Align cursors by pressing the DISPLAY "Align Cursors" I K key and 
move the FIELD SELECTOR to the ••• 1 25 field. 

Move the cursors to the resonance and antiresonance in turn and veri
fy that the gain (magnitude) and coherence (the amount of linear rela
tionship between the signal in channel A, a(t) and the signal in channel 
B, b(t)) at resonance and antiresonance are approximately as listed in 
Table 4.1. Use the Main cursor and read the values in the Y-VALUE 24 

field. 

The procedure for shifting between read out in absolute and relative 
units is described in the beginning of Chapter 2. 

Resonance Antiresonance 

Coherence 900m 700 - 900m 

H1 8 4m 
Absolute 

H1 18dB -48dB 
Relative 

T00177GB1 

Table 4.1. Approximate values for the Coherence and the gain at reso
nance and antiresonance 

Introduce low level noise into the system by setting the upper Test Unit 
control to "Delay Off", "Noise - Low". 

Start a new measurement and note how part of the Frequency Re
sponse is contaminated by noise. 



Fig. 4.3. Magnitude of the Frequency Response H1 and the Coherence 
measured on the Test Unit when the output signal is contami
nated with noise 

The Coherence is close to O at the antiresonance, which means that it 
is a very difficult task to measure the Frequency Response H1 in this 
frequency region. On the other hand it is quite evident from the Coher
ence that the noise has little influence upon the measurement at the 
resonance frequency. 

A high number of averages is required to obtain a good estimate of 
the Frequency Response function. Fig. 4.4. shows the relationship be
tween the Normalized Random Error and Number of Averages for dif
ferent values of Coherence. For example, for a Coherence y 2 = 0, 1 
approximately 2000 averages are required to get a Normalized Ran
dom error smaller than 5% ( ,_, + 0,4 dB, - 0,45 dB). 

0,10 

~ 
w 
E 
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-0 
C 
ttl 
a: 
-0 
(I) 

-~ 
<ii 
E 
0 
z 

0,02 

50 100 200 500 1 000 2 000 5 000 10 000 20 000 

Number of Averages 
830570_ 

Fig. 4.4. Normalized random error of gain factor estimates 
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Exercise 

Data Comparison 

48 

Set the AVER AG I NG rm 38 to 32 767, start a new measurement 
and notice how the Magnitude of the Frequency Response function and 
the Coherence converges to a limit as the number of averages in
creases. 

Fig. 4.5. The measured functions converge to a limit as the number of 
averages increases. The frequency regions where the normal
ized random error for the Frequency Response function is 
larger than 5% have been indicated by the use of the Main 
cursor and the Delta cursor 

Perform a SYSTEM RESET "Cursor" to stop the measurement and 
reset the cursor parameters. 

Let us compare the measured functions with the previous measured 
and stored functions. 

Select STORED in the upper 5 field. 

Then select EQUALIZED to display the ratio between the input Fre
quency Response and the stored Frequency Response. 

Fig. 4.6. The equalized spectrum 



Signal to Noise Ratio 

Auxillary Information Field 

Note that the Frequency Response functions with and without noise at 
the output of the system under test are identical except where the 
Coherence is close to zero. 

Recall DISPLAY SETUP no. 3 in both the upper and lower traces. 

Set the upper trace to display the STORED measurement and the 
lower trace to display the INPUT measurement. A direct comparison 
can now be made between the stored spectrum without noise and the 
input spectrum contaminated with noise. 

Fig. 4. 7. Signal to Noise Ratio of the stored measurement (without 
contaminating noise) and the input measurement (with con
taminating noise in the output signal from the Test Unit) 

Notice the significant influence of the noise which has deteriorated the 
Signal to Noise ratio for most frequencies. 

The best visual comparison is made by setting the full scale level in 
each trace to the same value. 

Select Coherent Power (DISPLAY SETUP no. 4) in a full format display 
of the stored measurement (signal without noise). Coherent Power is a 
calculation of the power at the output which is due to the input signal. 

Select DEL T (Delta cursor) in ths AJ 23 field. 

Move the FIELD SELECTOR to the Nii a aa;ae1r 27 

field and step through the facilities available: 

1 11 Y: 

2 ELEM#: 

3 TOTAL: 

The difference in amplitude or level between two sam
ples in the time domain and two lines in the frequency 
domain. This was described in Chapter 3. When relative 
units are chosen, the difference in level (in dB's) actual
ly expresses a ratio between the values. 
The sample or line no. (1 to 1024 or 2048) in the time 
domain and the line no. (0 to 800) in the frequency do
main. 
The total power in a function. 
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Measuring Total Power 
and Power in a Band 

50 

4 ~ TOTAL: The power in a Delta band in a function. 
5 &TOTAL: The fraction of the total power in a Delta band. 
6 FLEX: Reads the X-axis in any user-selected unit. Its use is 

exercised in the Fifth Guided Tour. 

Set the Delta cursor to cover the frequency range 900 to 1100 Hz. 
X: 90 4 Hz, ~: 2 0 0 Hz). Remember to use the pushkey 
DISPLAY "Set Special Cursors" I J· 

Fig. 4.8. Coherent Power 

Determine the three power values in the Delta band from 900 Hz to 
1100 Hz for the stored spectrum and the input spectrum in absolute 
units. The Analyzer will read out the values in absolute units when the 

_ 
7 field is set to V2 /Hz. 

Compare the results with the approximate values in Table 4.2. The 
values for TOTAL and ~ TOTAL can vary a great deal, but the 
&TOTAL will in general be rather close to the values listed. 

Stored Input 

Total 1,os v 2 1,10v2 

~ Total 960mV2 1,02v2 

MTotal 914m 927m 

T00175GB1 

Table. 4.2. Approximate values for the total Coherent Power and the 
Coherent Power in the frequency band 900 Hz to 1100 Hz 

From Table 4.2. you can see that approximately 92% of the total power 
( &TOTAL) is found in the frequency band between 900 Hz and 
1100 Hz. 



Exercise 

Exercise 

Select dB in the 7 field and read out the level in relative units. 
Compare the result with the approximate values given in Table 4.2. 

Perform a SYSTEM RESET "1 ", recall MEASUREMENT SETUP no. 12 
and select MA IN cursor before you proceed. 

Select once more the Frequency Response H 1 of the input signal in the 
upper trace and the Coherence in the lower trace (DISPLAY SETUPS 
no. 1 and 2). 

Introduce a high level of noise into the system by setting the upper 
Test Unit control to "Delay Off", "Noise - High". 

Activate the Generator, start a measurement and notice the influence 
of the noise upon the Frequency Response H 1 and the Coherence. 

Toggle the lower trace display between Coherence, Signal to Noise 
Ratio and Coherent Power by placing the FIELD SELECTOR in the 

1 field and using the FIELD ENTRY ".,..." I 
and " .... " I pushkeys. 

As mentioned earlier a high number of averages are required to get a 
good estimate of the Frequency Response function when noise is 
present in the system. 

Recall the MEASUREMENT SETUP and ensure that the AVER AG I NG 
38 field is set to 32 76 7. 

Press AVERAGING "Proceed" I 8 . 

Press DISPLAY "Measurement Setup" IF to remove the MEASURE
MENT SETUP. 

The Coherence is larger than 0,2 in the frequency region from approxi
mately 800 Hz to 1200 Hz. From Fig. 4.4. you can see that more than 
800 averages are required to reduce the Normalized Random Error of 
the Frequency Response in this frequency region to less than 5%. 

Fig. 4.9. The Normalized Random Error can be reduced by increasing 
the number of averages 
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Zoom 

52 

Compare the latest measurement with the measurement in the begin
ning of the Guided Tour, Fig. 4.3. It is clear to see that the low Coher
ence at the antiresonance was due to the high level of noise. However, 
by including a high number of averages in the calculation it is possible 
to obtain a good estimate of the Frequency Response function i.e. to 
reduce the error. 

The reason for a Coherence less than unity at the resonant frequency 
is discussed in the following. 

The low Coherence at the resonant frequency is due to resolution bias 
error. This means that the peak itself is narrower than the resolution of 
the measurement as illustrated in Fig. 4.10. This effect is also called 
leakage since the impulse response of the system is longer than the 
record length of the analysis. 

Resolution bias error 

821365 

Fig. 4. 10. When the peak itself is narrower than the resolution of the 
measurement the result is resolution bias error 

It is possible to improve the measurement in the frequency region with 
bias resolution error by using an increased resolution i.e. by zooming. 

Set the upper Test Unit control to "Delay Off", "Noise - Off". 

Position the FIELD SELECTOR in the upper trace and press 
DISPLAY "Measurement Setup" IF to bring back the MEASUREMENT 
SETUP. 

Recall MEASUREMENT SETUP no. 12. 

Perform a SYSTEM RESET "1" and activate the Generator. 

Start recording and averaging, and stop it again after a few averages 
by pressing AVERAGING "Stop" I c and RECORD "Stop" I,. 

Move the FIELD SELECTOR to the FREQUENCY 
decrease the frequency span to 400 Hz. 

41 field and 



The screen will automatically highlight a 400 Hz frequency range if the 
Analyzer is in RECORD "Stop". 

Notice also how all the relevant parameters associated with the fre
quency span are displayed: M : 0 , 5 Hz (Resolution), T : 2 s (Re
cord length) and ~T : 977 µs (Sampling interval). 

Move the FIELD SELECTOR one step down to the 
45 field and change its content from BASEBAND 

to ZOOM. 

The highlighted part is now shifted to lie around the frequency given in 
the ===~~=

46 field. By changing this frequency it is very easy 
to select the zoom band around a resonance of interest. Move the 
FIELD SELECTOR to the ====== 

46 field and change the val
ue until the the zoom frequency band is symmetrical around the reso
nant frequency. 

Fig. 4.11. MEASUREMENT SETUP used for zooming around the reso
nance peak 

Start the measurement as indicated in Chapter 1. 

After 100 sec we have an average of 100 spectra. 

Save the MEASUREMENT SETUP as MEASUREMENT SETUP no. 10 
for later use. 

Remove the MEASUREMENT SETUP and select the upper/lower for
mat. 

Note the increase of the Coherence at resonance (equal to 1) com
pared with the earlier measurements (Fig. 4.5). 
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Conclusion: 
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Fig. 4. 12. The Coherence can be increased by the use of zoom 

Read the gain factor (in absolute units) and the Coherence at the reso
nance peak for the stored baseband spectrum and the input spectrum 
and compare with the results measured previously and the approxi
mate values given in Table 4.3. 

Resonance Resonance 
6,4kHz Span 400Hz Span 

Absolute Units 8 9 

Relative Units 18d8 19d8 

Coherence 920m 1,00 

T001 74GB0 

Table 4.3. Comparison between gain and Coherence at resonance with 
and without the use of zoom 

The gain factor around sharp peaks in a Frequency Response function 
is sometimes estimated too low because the peak itself is narrower 
than the resolution of the measurement. This error is indicated by a 
Coherence less than 1; a better estimate of the gain factor can be 
obtained by zooming around the peak. 

Position the FIELD SELECTOR in the upper trace and press 
DISPLAY "Measurement Setup" IF to bring back the MEASUREMENT 
SETUP. 

Perform a SYSTEM RESET "1 ". 

Recall MEASUREMENT SETUP no. 10. 

Activate the Generator. 



Overlap Analysis 

Different degrees of overlap between the time records can be chosen 
in the AVER AG ING ••• 111 39 field: 
0: 0%, 1: 50%, 2: 75%, 3: Max 

The effect of using different degrees of overlap is illustrated in 
Fig. 4.13. 

Freq. Span: 100 Hz ~F = 125 mHz T = 8 s ~T = 7,81 ms (Zoom) 
~ T = 3,91 ms(Baseband) 

Time 

MAX 

831953 

Fig. 4. 13. It is possible to select different degrees of overlap 

By knowing the degrees of overlap you can better keep track of how 
many statistically independent spectra that have been averaged. Note 
how much the total measuring time is changed with different degrees 
of overlap. 

0% #A·T = 200 s 

T 
50% T + (# A-1) 2 = 101 s 

T 
75% T + (# A-1) 4 = 51,5 s 

MAX = 20 s 
T00173GB1 

Table 4.4. Measuring time for 100 averages with different degree of 
overlap and T = 2 s 
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Influence of a Time Delay 

Measuring the Time Delay 
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Set in turn the percentage overlap to 0%, 50%, 75% and MAX and 
verify that the values given in Table 4.4 are correct. Note that for 
Hanning Weighting a 75% overlap corresponds to a flat time weighting, 
i.e. all data is equally weighted during the averaging process. 

Set the controls of the Test Unit to CD Transfer Function, "Delay ,....., 
3 ms", "Noise Off". 

Recall MEASUREMENT SETUP no. 12 and start the measurement. 

Recall DISPLAY SETUP no. 1. 

By using the equalization feature it is easy to verify that the stored 
Frequency Response and the Frequency Response measured with de
lay in the Test Unit are identical except for a scaling factor caused by 
a small attenuation in the Test Unit. 

Select the upper /lower format and display the Coherence of the input 
data in the upper trace and the Coherence of the stored data in the 
lower trace. 

Notice the overall decrease of Coherence (approximately 1 % for high 
levels). This is due to the time delay in the system under test, and 
must be compensated for to perform a proper measurement. 

Fig. 4. 14. A delay in the system under test will result in an overall 
decrease in Coherence 

Two ways of measuring the time delay will be demonstrated. 

1. Cross Correlation Method where the time delay is measured di
rectly in the Cross Correlation. 

2. Phase Compensation Method where an artificial delay is added to 
the Phase curve of the input Frequency Response function to 
make it equal to the Phase curve of the stored Frequency Re
sponse function (without delay). 



1. Cross Correlation Method 

2. Phase Compensation Method 

Display the Cross Correlation function (DISPLAY SETUP no. 5) of the 
input data and the stored data in the upper and lower trace respective
ly. 

If necessary use the DISPLAY "Auto Scale" I O key. 

Measure the exact time delay with the Main cursor. The time delay is 
approximately 3 ms. 

Fig. 4. 15. Measurement of the delay by using the Cross Correlation 
Method 

Select DISPLAY SETUP no. 6 In both traces. This displays the PHASE 
of the Frequency Response H1• 

Fig. 4.16. Measurement of the delay by using the Phase Compensation 
method includes introducing an artificial delay in calculation 
of the phase 
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Delay Between the 
Two Channels 

Exercise 

The phase curve of the input data can be straightened out by properly 
setting the -~-~~=~=== 12 field. (This field is only dis
played when the FIELD SELECTOR is in the second line of the display 
parameter field). 

The value entered in this field adds an artificial delay to the calculated 
phase. The two curves are identical when the compensation is set to 
approximately 3 ms. 

Note: To read out the group delay, simply set the compensation so the 
desired part of the phase curve is as horizontal as possible. 

Set the 
proceed. 

12 field to O • 0 0 0 0 0 before you 

To perform a proper measurement we now have to introduce a delay 
between the two channels before starting the measurement. This is 
especially important when working with acoustic systems where rela
tively large time delays are often seen. 

Press DISPLAY "Measurement Setup" IF to get the MEASUREMENT 
SETUP displayed. 

Set the DE LAY 
above. 

Start the measurement. 

36 to the delay measured 

Display the Coherence (DISPLAY SETUP no. 2) of the stored data and 
the input data and notice how the chosen delay in the MEASUREMENT 
SETUP has increased the Coherence to unity for most frequencies of 
the input data. Also notice the effect on the Phase curve and the Cross 
Correlation. 

Without changing the MEASUREMENT SETUP, perform some mea
surements with "Delay,_, 3 ms" and "Noise - Low", "Noise - High" 
Test Unit setting and see the effect on the different functions. 

Frequency Response Measurement with Impulse Excitation 
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Recall MEASUREMENT SETUP no. 12. 

Set the TR I GGE R 
Set the WE I GHT I NG 
Set the GENERATOR 

32 field to GENERATOR. 
49 field to RECTANGULAR. 

67 field to IMPULSE. 

Set the upper control on the Test Unit to "Delay Off", "Noise - Off". 

Start the measurement. 

Select DISPLAY SETUP no. 1 and note that the Frequency Response is 
identical with the previous measurement. 



Exercise 

Manual Accept 

Select Pseudo Random noise as the excitation signal and measure the 
Frequency Response function again. Compare the result with the 
stored spectrum. 

Conclusion: Dual channel measurement for system analysis is indepen
dent of the excitation used when the system is linear and the frequen
cy range of the excitation signal covers the frequency range of inter
est. 

Fig. 4. 17. Frequency Response Measurement with Impulse Excitation 

Perform a SYSTEM RESET "1" and ensure that the GENERATOR 
67 field is set to IMPULSE before you proceed. 

Set the TRIGGER 

Set the AVERAGING 

32 field CH • A • 

40 field to MANUAL ACCEPT. 

With this setting we can manually accept transients to be included in 
an average. This is especially useful in connection with impact and 
impulse excitation. 

Press the DISPLAY "Measurement Setup" IF pushkey to select the up
per /lower format. Select Frequency Response H1 (DISPLAY SETUP no. 
1) in the upper trace and Time Channel A (DISPLAY SETUP no. 14) in 
the lower trace. 

The procedure for manual accept is as follows: 

Press RECORD "Single" I H· 

Notice the text which has appeared at the bottom of the screen: 
SEARCH I NG FOR TR I GGER. 

Supply an impulse to the input of the Analyzer by starting the Genera
tor, i.e. press GENERATOR "On" I. 
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After a single time record has been recorded, the LED in the 
RECORD "Single" I H pushkey goes off. 

Notice the new text which has appeared at the bottom of the screen: 
TRIGGERED followed by PRESS START OR PROCEED TO AC
CEPT. 

If the impulse cannot be accepted start again from the beginning by 
pressing RECORD "Single" I H once more. 

Now switch off the Generator by pressing the GENERATOR "On" I 
pushkey. 

If the impulse can be accepted press AVERAGING "Start" I A once 
and the NO. OF AVERAGES 19 field will display 1 to indicate that the 
first impulse has been accepted. 

To record another transient press RECORD "Single" I H· 

Again the following text appears at the bottom of the screen: 
SEARCHING FOR TRIGGER 

Supply a new impulse by switching the Generator "On". Again the fol
lowing text appears at the bottom of the screen: TR I GGERED fol
lowed by PRESS START OR PROCEED TO ACCEPT. 

If the impulse can be accepted press AVERAGING "Proceed" I 8 . 

The NO. OF AVERAGES 19 field will now display 2 to indicate that 
the second transient has been accepted. 

The procedure for manual accept of transients is summarised in 
Fig. 4.18. 

Record 
"Single" 

No 

Record 
"Single" 

Averaging 
"Proceed " 

83083811 

Fig. 4. 18. Procedure for manual accept of transients using Record 
"Single " mode 

Try to include a number of transients and note how the NO. OF AV
ERAGES19 field displays a count of the transients included in the aver
age. 



Frequency Response H1 and H2 

Fig. 4. 19. Manual accept of transients 

With impact (Hammer) excitation instead of using impulse (shaker) ex
citation it is more convenient to use the Record "Cont." mode instead 
of the Record "Single" mode. 

The procedure is summarised in Fig. 4.20. 

Record 
"Cont" 

No Averaging 
"Proceed" 

831954 

Fig. 4.20. Procedure for manual accept of transients using Record 
"Cont." mode 

Set the upper Test Unit control to "Delay Off" , "Noise - Off". 

The difference in the two Frequency Response functions H1 and H2 is 
shown in the definitions below where 

A indicates the input. 
B indicates the output. 
GAA is the input Autospectrum. 
G88 is the output Autospectrum. 
GAs = G 8A * is the Cross Spectrum where the * indicates complex 
conjugate. 
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Exercise 
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Since uncorrelated noise will be reduced through the averaging pro
cess it can be seen from these definitions that: 

1. H1 suppresses uncorrelated noise at the output and gives the most 
correct result at low levels (antiresonances), when the output sig
nal is low. 

2. H2 suppresses uncorrelated noise at the input and gives the most 
correct result at high levels (resonance peaks), when the input sig
nal is low. 

For a realistic measurement situation where noise is present both at 
the input and at the output of the system it can be shown that. 

H1 = H/(1 + E= 1) 

H2 = H (1 + E=o) 

where H is the true Frequency Response function of the system. 

E: 1 = GmmlGuu is the relative amount of noise at the input. 
E=o = Gnnf Gvv is the relative amount of noise at the output. 

Thus H1 is the lower bound and H2 is the upper bound for the true 
Frequency Response function: 

u(t)--_____..___~ 

m(t) ~------'- a(t) 

h(r) 
H(f) 

1--------v(t) 

n(t) 
,___ __ b(t) 

82 1352 

Fig. 4.21. Ideal physical system having contaminating noise at both the 
measured input and output of the system 

Measure the gain at resonance in absolute and relative units using the 
SETUPS indicated in Table 4.5.a and band compare with the approxi
mate values given in the table. 

This exercise shows that the use of Frequency Response H2 also re
duces the resolution bias error dramatically without the need for zoom
ing when the excitation signal is random noise. 

It can be shown that Coherence ,.,2 = H1 /H 2 

Verify that this is true for the calculated values. 



Coherence 

Frequency Span: 25,6 kHz-Baseband mode 
Use MEASUREMENT SETUP no. 11 

Function DISPLAY SETUP 
Gain at Resonance 

to be used 
Absolute units Relative units 

H1 no. 1 4,9 

no. 12 13,5dB 

H2 no. 7 9,0 

no. 17 19 dB 

Coherence no. 2 560m 

T00184GB1 

Table. 4.5.a. Approximate values for the baseband mode measurement 

Frequency Span: 400Hz-Zoom mode 
Use MEASUREMENT SETUP no.10 

Function DISPLAY SETUP 
Gain at Resonance 

to be used 
Absolute units Relative units 

H1 no. 1 9,3 

no. 12 19,5dB 

H2 no. 7 9,3 

no. 17 19,5dB 

Coherence no. 2 1 

T00185GB1 

Table. 4.5.b. Approximate values for the zoom mode measurement 

As indicated before, the Coherence function expresses at any one fre
quency the amount of linear relationship between the signals a(t) and 
b(t), i.e. the amount of the signal b(t) which can be related to the signal 
a(t) by some linear frequency response. The Coherence function is 
used to indicate the validity of such a linear relationship. 

During this guided tour we have seen that a Coherence function less 
than unity can be caused by: 
a. Extraneous noise at the output of the system 
b. Resolution bias 
c. Propagation time delay not compensated for 

Some other reasons for low Coherence not demonstrated during this 
guided tour are: 
d. Extraneous noise at the input not passing through the system 
e. Other inputs not correlated with the measured input 

and of course: 
f. Non-linearities of the system 
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Introduction 

Preliminary Setting 

System under Test and 
Measurement Circuit 
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The Autocorrelation function is traditionally used for multiple path 
identification and echo detection. Another application is detection of 
the periodicity of periodic signals which are buried in noise. 

The Autocorrelation expresses how much a signal looks like itself for 
different time delays (T) and is defined as: 

Lim 
T-oo 

1/r LT a(t) · b(t + T) dt 

•W • t 

-.j T ~ 

a(t + , ) AM A~ •'f"1~AArl, l l~~t,-9' YV-(J'f 'Vf \iJVl v V t 

830731 / 1 

Fig. 5.1. The Autocorrelation at a time shift of r, R88(r}, for a time 
signal, a(t) is found as the time integrated product of the 
signal a(t) and the delayed version of the signal a(t + r) 

From this equation it can be seen that the value of the Autocorrelation 
function at T = O is the power of the signal (mean square value of the 
data). 

In the BrOel & Kjrer Dual Channel Signal Analyzer all correlation func
tions are normalized with respect to the mean square value i.e. 
Raa( T = 0) = 1 for all types of signals. 

Set the Test Unit to @ Autocorrelation, "Delay Off", "Noise - Off" and 
verify that the system under test (Test Unit) is connected as shown in 
Fig. 5.2. 



MEASUREMENT SETUP 

DISPLAY SETUP 

Input 

System 

® 

Autocorrelation 

c•.• Output 

AO 0087 

Dual Channel Signal Analyzer 

Signal 
AO 0087 Generator 
AO 0087 "Output" 

Channel A Channel B 
"Direct Input" "Direct Input" 

83057711 

Fig. 5.2. System under test and measurement circuit used for demon
stration of Autocorrelation measurements 

Perform a SYSTEM RESET "1" and a SYSTEM RESET "Cursor". These 
SYSTEM RESETS will, among other things, set the display to INPUT 
data and select MA I N cursor. 

Select MEASUREMENT SETUP no. 14. 

MEASUREMENT SETUP no. 14 is a predefined setup for Dual Spec
trum Averaging, Zero Pad. This is the mode used for measuring time 
domain functions such as Autocorrelation and Cross Correlation. Zero 
Pad is defined later in the chapter. 

Verify that the GENERATOR 67 field reads I MP UL SE i.e. 
the Generator signal is a series of short impulses. 

Activate the Generator and start the measurement as indicated in 
Chapter 1. 

Let the Analyzer continue recording and averaging. It will automatically 
do this until the AVERAGING "Stop" I c or RECORD "Stop" 1 1 push
key is pressed because the AVE RAG I NG B11 37 field in MEASURE
MENT SETUP no. 14 is set to EXP. In this Guided Tour we want a live 
display and you should therefore not press any of the "Stop" keys. 

Select DISPLAY SETUP no. 14 which shows the Time signal of Channel 
A. 

Define and save the following new DISPLAY SETUPS (Remember to 
use the DISPLAY "Auto Scale" ID key before saving the defined SET
UPS). The procedure for saving a DISPLAY SETUP is described in 
Chapter 3. 

DISPLAY SETUP no. 1: Time Ch. A, Real Part 
DISPLAY SETUP no. 2: Time Ch. 8, Real Part 
DISPLAY SETUP no. 3: Autocorrelation Ch. A, Real Part 
DISPLAY SETUP no. 4: Autocorrelation Ch. 8, Real Part 
DISPLAY SETUP no. 5: Autocorrelation Ch. A, Magnitude 

Y-axis: Absolute units, linear axis 
X-axis: 0,000 ms + 15,6 ms 
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Impulse Excitation 

No Delay 

Delay,...., 3 ms 
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After storing the DISPLAY SETUPS, place the FIELD SELECTOR in the 
1 field, press the FIELD ENTRY "Blank" I 

pushkey and verify that the DISPLAY SETUPS have been defined and 
saved as required. 

Recall the MEASUREMENT SETUP before you proceed by pressing the 
FIELD ENTRY "Blank" I pushkey once more. 

Press DISPLAY "Measurement Setup" IF and select the upper/lower 
format. Use DISPLAY "Format" IE if necessary. 

Select TI ME CH. A (DISPLAY SETUP no. 1) in the upper trace and 
AUT0CDRR CH. A (DISPLAY SETUP no. 3) in the lower trace. 

It is obvious from the time signal that it only correlates or expresses 
identity with itself at a time shift of zero. This is verified in the Auto
correlation where the cursor read out at T = 0 ms is 1,00. 

Fig. 5.3. Time signal of a single transient and its Autocorrelation. The 
position of the transient in the upper trace (different to Oms) 
is caused by the DELAY AFTER TRIGGER setting in the 
MEASUREMENT SETUP 

Select TI ME CH. B (DISPLAY SETUP no. 2) in the upper trace and 
AUT0C0RR CH. B (DISPLAY SETUP no. 4) in lower trace. 

Notice again the expected 100% correlation only for a time shift of 
0 ms. 

Set the upper Test Unit control to "Delay ,...., 3 ms", "Noise - Off". 

Two transients will now appear in the time signal from the output of 
the Test Unit (Channel B). 



Exercise 

Use the Reference cursor to find the time difference between the two 
transients as follows: 

-=-- ... - =-= - ----=- - "" - = Select REF in the upper 23 field and move the Main 
cursor to the peak of the first transient. 

Press DISPLAY "Set Special Cursors" I J and the Reference cursor will 
line up with the position of the Main cursor. 

The 26 field will now show D, DOD ms. 

Move the Main cursor to the peak of the second transient and read 
directly the time difference between the two transients in the 

26 field (approximately 3 ms). 

Move the FIELD SELECTOR to the 
field and select ~ Y. 

27 

The amplitude difference between the two transients can be read di
rectly from this field. 

Fig. 5.4. Time signal containing two transients and the Autocorrelation. 
The transients are separated by the delay in the Test Unit 

Use the second transient as the reference and see how the sign of 
both ~ X and ~ Y changes when the cursor is set to the first transient. 

Select MA IN cursor before you proceed (SYSTEM RESET "Cursor"). 

Activate the Generator, and press RECORD "Cont." I G and 
AVERAGING "Start" I A· 

It is not possible to determine from the time signal itself whether the 
two transients are correlated or uncorrelated (2 independent signals). 

On the other hand the Autocorrelation reveals that there exist a corre
lation not only at a time shift of O ms, but also at a time shift of 
approximately 3 ms. 
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Low Level of Noise 

High Level of Noise 
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Move the Main cursor to the second peak in the Autocorrelation func
tion and verify that the correlation coefficient is approximately 500 m 
(0,5). 

This corresponds to the situation shown in Fig. 5.5 which illustrates a 
simple acoustic situation where the resultant sound received at the 
microphone consists of the direct sound signal and the reflected sig
nal. The Autocorrelation Rbb will in this case show two peaks: one for 
the direct signal and one for the reflected signal. 

~ ==- To the Analyzer 

831307 

Fig. 5.5. A simple acoustic situation where the resultant sound re
ceived at the microphone consists of the direct sound signal 
and the reflected signal 

Introduce a low level of noise by setting the upper Test Unit control to 
"Delay,_ 3 ms", "Noise - Low". 

With a low level of noise in the Test Unit we can still see the two 
transients in the time domain. The Auto Correlation, however, shows a 
minor decrease in the level at 3 ms, since there is an increased amount 
of uncorrelated signal for a time shift unequal to zero. 

Set the Test Unit to "Delay ,_ 3 ms", "Noise - High". 

If a high level of noise is introduced the transients disappear in the 
noise. No significant peak is found in the Autocorrelation at 3 ms. 

Set the FIELD SELECTOR in the lower trace and press 
DISPLAY "Measurement Setup" IF· The MEASUREMENT SETUP 
shows that an EXP (exponential) averaging of 10 spectra is used. 

Improve the Signal to Noise ratio by selecting a much higher number 
of spectra e.g. 32767. 

Adjust the Y-AXIS 6 level of the Autocorrelation 
function to approximately 15 m to reveal as much information as pos
sible at T = 3 ms. Notice that a small peak of approximately 1 O m is 
really found in the correlation function indicating a small amount of 
correlation for that specific time shift. However, 500 to 2000 averages 
are required to show this. 



Random Excitation 

Fig. 5.6. By using a high number of averages it is possible to see a 
correlation even though the original signal is buried in noise 

Set the controls on the Test Unit to @ Autocorrelation, "Delay Off", 
"Noise - Off". 

Recall MEASUREMENT SETUP no. 14. 

Set the following Analyzer parameters as indicated: 
TR I GGER 32 to FREE RUN, 
GENERATOR 67 to RANDOM NOISE. 

Select upper /lower format. 

Select TI ME CH. B (DISPLAY SETUP no. 2) in the upper trace and 
AUTOCORR CH. B (DISPLAY SETUP no. 4) in lower trace. 

Start a new measurement. 

As expected the correlation coefficient is 1 at time shift T = O ms and 
almost zero at all other time shifts. 

Set the controls on the Test Unit to @ Autocorrelation, "Delay ,...., 3 ms", 
"Noise - Off". 

No particular change in the signal is seen when the delay is intro
duced, but after a few averages the Autocorrelation clearly reveals a 
peak at approximately 3 ms. 
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Sine Excitation 
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Fig. 5. 7. The Autocorrelation function used for multiple path detection 
as shown in Fig. 5.5. 

Set the controls on the Test Unit to @ Autocorrelation, "Delay Off", 
"Noise - Off". 

Press DISPLAY "Measurement Setup" IF· 

In the MEASUREMENT SETUP select REFERENCE SI NE in the 
GENERATOR ••• 1 67 field. 

Select the upper /lower format again. 

Start a new measurement. 

In this case the time signal and the Autocorrelation look similar. It is 
well known that the Autocorrelation of a sinusoidal signal is a cosine. 
There is a correlation for all time shifts. This is however not evident 
when we let the cursor read out the cursor values. In this case it is an 
advantage to generate the envelope of the function which is calculated 
by use of the Hilbert Transform described below. 

The envelope is obtained by selecting MAG in the lower 
3 field. Try it and notice that the correla

tion is close to 1 (0,0 dB) for all different time shifts. 



Hilbert Transform 

Fig. 5.8. Time signal and Magnitude (envelope) of the Autocorrelation 
of a sinusoidal signal 

The time domain functions including the Impulse Response, Cepstrum, 
Autocorrelation and Cross-correlation functions are complex functions 
where the imaginary part is computed by use of the Hilbert Transform. 
The envelope of these functions is calculated as the sum of the real 
part squared and the imaginary part squared and displayed as the 
magnitude. Note in Fig. 5.8 how ripple-free and clean the envelope 
(Magnitude) of the Autocorrelation is. 

The Hilbert transform of a real-valued time signal a(t) is defined as: 

[ ] 
1 J + co 1 

Yr a(t) = a(t) = - a(u) -- du 
7r - co t- u 

This might look a bit overwhelming but in simple terms, the Hilbert 
Transform corresponds to a phase shift of -90°. 

~~ 

With the above definition we can define an analytic time signal as: 

z(t) == a(t) + i a(t) 

= I z(t) I . eiot 

In this way we have obtained full symmetry between the time domain 
and the frequency domain i.e. for most time domain functions the Ana
lyzer can calculate: 

• Real part 

• Imaginary part 

• Magnitude 

• Phase 

• Nyquist plot 

• Nichols plot 

a(t) 

2[ a(t) ] = a(t) 

I z(t) I = Ya2(t) + a2(t) 

O(t) = tan-1 a(t)/a(t) 

a(t) versus a(t) 

Log I z(t) I versus O(t) 
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Example 
Variable Sine and the 
Hilbert Transform 

Bow Tie Correction 
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Perform a SYSTEM RESET "1". 

Select MEASUREMENT SETUP no. 12. 

Select CH. A in the TR I GGER 32 field. 
Select VAR I ABLE SI HE in the GENERATOR 
Select S It-IE GENERATOR FREQ. in the 

68 field. 

67 field. 

Try to change the Generator frequency and notice that it can be ad
justed in steps of 1164 of a Hz. 

Select a frequency of 1000 Hz. 

Activate the Generator and start a measurement. 

Select DISPLAY SETUP no. 1. 

Set the X - A X I S 
31,3ms. 

Select 1 0 V in the Y : 

Look at the following: 

13 and 14 fields to O, 000 ms + 

6 field. 

Time Ch. A - Real part (The time signal at the input). 

Time Ch. A - Imaginary part (The Hilbert Transform of the Real part). 

Time Ch. A - Magnitude (The envelope of the time signal). 

Time Ch. A - Phase (The instantaneous frequency is found as the slope 
of the phase curve). 

Time Ch. A - Nyquist plot (If we regard the time signal as a rotating 
vector, its trajectory is shown on the Nyquist plot. The length of the 
vector is simply the magnitude of the signal. 

Time Ch. A - Nichols plot. (A sine wave is a horizontal line in a Nichols 
plot. 

The Zero-Pad Measurement mode is used for proper processing of 
functions to avoid circular folding i.e. the desired correlation function 
and its mirror image will be separated. 

In Spectrum Averaging mode the Record Length is 2 K (2048) samples. 
The time it takes to record these 2 K samples is indicated in the RE
CORD LEHGTH43 field. 



a(t) 

b(t) -~-~-
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Bow tie 
correction 
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Circular correlation with "zero pad", also 
showing bow tie correction 

Fig. 5.9. Bow tie correction 
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In the Zero Pad mode the second 1 K samples of each time record is 
set to zero (zero padded) and it is important that the signal is not 
weighted before analysis i.e. Rectangular weighting must be used. Be
cause the signal is zero padded a Bow tie correction is required to 
remove the ramp bias error in the Correlation function due to the de
creasing amount of overlap between the two time records for increas
ing time shifts, T. The Bow tie correction is normally switched on in the 
Analyzer but it can be switched off by using the 

21 field (hidden field for use with cor-
relation functions). 

Recall MEASUREMENT SETUP no. 14. 

Select REFERENCE SI NE in the GENERATOR 
start a measurement. 

Select AUTOCORR CH. A (DISPLAY SETUP no. 5). 

Move the FIELD SELECTOR to the 

67 field and 

21 

field and change from BWTC ON to BWTC OFF and note the effect. 
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Fig. 5. 1 O. Switching off the Bow tie correction will cause a Ramp Bias 
error 

For signals which are shorter than 1 K samples e.g. short transients it 
is not necessary to use the Zero Pad mode for calculating the correla
tion functions. On the other hand, if the Zero Pad mode is used with 
this type of signal, then the Bow tie correction must be switched OFF. 
This was not done in the beginning of this guided tour for the sake of 
simplicity. 

The use of Zero Pad mode and Bow tie correction is summarized in 
Table 5.1. 

Correlation Calculations 

Signal Shorter than 1 K samples Signal Longer than 1 K samples 
(Transients) (Continuous signals) 

Spectrum Averaging: 
Weighting "Rectangular" 

Spectrum Averaging , Zero Pad: 
Bow tie Correction "On" 
Weighting "Rectangular" 

Spectrum Averaging, Zero Pad: 
Bow tie Correction "Off" 
Weighting "Rectangular" 

T00188GB1 

Table 5.1. Proper measurement modes and proper use of Bow tie cor
rection and weighting functions for different signals in con
nection with correlation functions 

Note: In Spectrum Averaging, Zero Pad mode, the RECORD LENGTH 43 

field indicates the time it takes to record 1 K samples. 



Periodic Signals in Noise 

Set the Test Unit controls to @ Enhanced Time, "Delay Off", "Noise -
High". 

Trigger 
Signal 

© 

AO 0087 

System 

Output 

AO 0087 

Dual Channel Signal Analyzer 

Channel A Channel B 
"Direct Input" "Direct Input" 

830579/ 1 

Fig. 5. 11. Measurement circuit used for demonstration of Autocorrela
tion measurements of periodic signals buried in noise 

The output signal from the Test Unit supplied to Channel B of the 
Analyzer is now a periodic signal contaminated with noise. 

Select MEASUREMENT SETUP no. 14. 

Start a measurement. 

Select the upper /lower format. 

Select TI ME CH. B (DISPLAY SETUP no. 2) in the upper trace and 
AUTOCORRELATION CH ·e (DISPLAY SETUP no. 4) in the lower 
trace. 

We have seen previously that the Autocorrelation of random noise is a 
function which is 1 for T = O and zero for T -=I= 0. 

We have also seen that the Autocorrelation of a periodic signal is 
periodic with a periodicity equal to that of the time signal. 

In this example the Autocorrelation reveals that the time signal which 
looks like random noise also contains a periodic signal. 
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Fig. 5. 12. An unknown signal can be determined to be periodic by 
using the Autocorrelation function although its actual wave
form cannot be found by this method 

Use the Reference cursor and verify that the time period is approxi
mately 0,8 ms. 

Notice that the actual waveform of the periodic signal cannot be de
tected by this technique. For detection of the waveform, Signal En
hancement (described in the Fifth Guided Tour) must be used. 



Introduction The Cross Correlation expresses how much similarity there is between 
two different time signals a(t) and b(t) for various time shifts T, be
tween the two signals. 

The Cross Correlation is defined as: 

Lim 
T---oo 

1 /T ir a(t) · b(t + T) dt 

This definition is similar to the definition of the Autocorrelation. 

I 
I 
I 

d ~ r-,=~ 
~ 

830839/ 1 

Fig. 6.1. Cross Correlation 

The traditional use of the Cross Correlation function is to measure 
time delays when working with propagation problems. This will be 
demonstrated during this Guided Tour. 

The Cross Correlation function can also be used to define the contri
bution from each of several independent input sources to an output 
measurement on a system. 
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Preliminary Setting 

System under Test and 
Measurement Circuit 

MEASUREMENT SETUP 

DISPLAY SETUP 
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Set the Test Unit to ® Cross Correlation, "Delay ,...., 3 ms", "Noise -
Off" and verify that the system under test (Test Unit) is connected as 
shown in Fig. 6.2. 

System 

Input @ 

Cross Cor re lat ion 

Ch e Output 

AO 0087 

Dual Channel Signal Analyzer 

Signal 
AO 0087 Generator 
AO 0087 "Output" 

Chann~ A Chann~ B 
"Direct Input" "Direct Input" 

830578/ 1 

Fig. 6.2. System under test and measurement circuit used for demon
stration of Cross Correlation measurements 

Perform a SYSTEM RESET "1" and a SYSTEM RESET "Cursor". These 
SYSTEM RESETS will, among other things, set the display to INPUT 
data and select the MA IN cursor. 

Select MEASUREMENT SETUP no. 14 

MEASUREMENT SETUP no. 14 is a predefined setup for Dual Spec
trum Averaging, Zero Pad. This is the mode used for measuring time 
domain functions such as Autocorrelation and Cross Correlation. 

Activate the Generator and start the measurement as indicated in 
Chapter 1. 

Select DISPLAY SETUP no. 14. 

DISPLAY SETUP no. 14 displays the time signal of Channel A. 

Define and save the following new DISPLAY SETUPS (Remember to 
use the DISPLAY "Auto Scale" ID pushkey before saving the defined 
SETUPS). The procedure for saving a DISPLAY SETUP is described in 
Chapter 3. 

DISPLAY SETUP no. 1: Time Ch. A, Real Part 
DISPLAY SETUP no. 2: Time Ch. B, Real Part 
DISPLAY SETUP no. 3: Cross Correlation, Real Part 

X-axis: 0,000 ms + 7,81 ms 
Bow tie Correction: "Off" 

DISPLAY SETUP no. 4: Cross Correlation, Magnitude 
Y-axis: Absolute units, Linear axis 
X-axis: 0,000 ms + 7,81 ms 
Bow tie Correction: "Off" 

DISPLAY SETUP no. 5: Cross Correlation, Real Part 
X-axis: 0,000 ms + 7 ,81 ms 
Bow tie Correction: "On" 



Impulse Excitation 

DISPLAY SETUP no. 6: Cross Correlation, Magnitude 
Y-axis: Absolute units, Linear axis 
X-axis: 0,000 ms + 7,81 ms 
Bow tie Correction: "On" 

After storing the DISPLAY SETUPS, place the FIELD SELECTOR in the 
1 field, press the FIELD ENTRY "Blank" I 

pushkey and verify that the DISPLAY SETUPS have been defined and 
saved as required. 

Recall the MEASUREMENT SETUP before you proceed by pressing the 
FIELD ENTRY "Blank" I pushkey once more. 

Press DISPLAY "Measurement Setup" IF and select the upper/lower 
format. Use DISPLAY "Format" IE if necessary. 

Select Time Ch. A (DISPLAY SETUP no. 1) in upper trace and Time Ch. 
B (DISPLAY SETUP no. 2) in lower trace. 

Here we have the situation where there is a transient in each channel 
at two different times. The question is: Is there any correlation between 
the two signals? 

Select REF in each of the two 
DISPLAY "Align Cursors" I K· 

23 fields and press 

Use the Reference cursor to verify that the time interval between the 
two signals is approximately 3 ms. 

Fig. 6.3. Different time signals in Ch. A and Ch. B. Is there any correla
tion? 

Press DISPLAY "Align Cursors" I K once more to go back to indepen
dent cursors. 

Perform a SYSTEM RESET "Cursor". 
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Exercise 

Cross Correlation Magnitude 
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Activate the Generator and start the measurement again. 

Select Cross Correlation (DISPLAY SETUP no. 3) in the upper trace 
and notice the peak at a time shift of approximately 3 ms. This indi
cates that the two signals are correlated i.e. both signals are due to 
the same signal source. 

Use the Main cursor to verify that the peak at approximately 3 ms has 
a correlation coefficient of approximately 950 m. 

Introduce - in turn - low and high level of noise by setting the upper 
control of the Test Unit to "Delay ,__, 3 ms", "Noise - Low" and "Noise 
- High". Note that the Cross Correlation shows a decrease in the level 
at r = 3 ms because the noise introduced has increased the amount of 
uncorrelated signal for time shifts not equal to Oms. 

Set the upper Test Unit control to "Delay ,__, 3 ms", "Noise - Off" be
fore you proceed. 

Reading out the Real part of the Cross Correlation as done above 
might yield the wrong result since the Cross Correlation is a vector 
quantity as shown in Fig. 6.4. It is therefore more correct to read out 
the Magnitude of the Cross Correlation. This is especially the case 
when zoom is employed as demonstrated in the following. 

lmag. 

Real 830840 

Fig. 6.4. The Cross Correlation is a vector quantity 

Recall MEASUREMENT SETUP no. 14 and set the following MEASURE
MENT SETUP parameters as indicated. 
FREQUENCY 41 to 12, 8 kHz 

CENTER FREQ =====~-45 
to ZOOM. 

CENTER FREQ ====== 46 to 12800 Hz 

Press AVERAGING "Start" I A· 

Notice that the Cross Correlation has a zero crossing at a time shift of 
3 ms. 

The zero crossing indicates that the Cross Correlation is actually found 
somewhere between the real and the imaginary axis. This means that 
the correlation coefficient can only be read from the Magnitude of the 
Cross Correlation function. 



Weighting Functions 

Transient Window 

Fig. 6.5. A zero crossing indicates that the Cross Correlation is found 
between the real and the imaginary axis 

Recall the Magnitude of the Cross Correlation (DISPLAY SETUP no. 4). 

Fig. 6.6. The true value of the Cross Correlation is read from the Mag
nitude 

The magnitude is calculated by using the Hilbert transform which is 
discussed in the Second Guided Tour in connection with the Autocor
relation. 

Select MEASUREMENT SETUP no. 14 and DISPLAY SETUP no. 1. 

Select "Delay 3 ms", "Noise - Off" on the Test Unit. 
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Instead of the Rectangular time window which is appropriate for tran
sients shorter than the record length, a Transient window could have 
been used. The Transient window is also rectangular but with selec
table shift and selectable length of weighting. 

Select the =-=== =="""""'=== = = = = =
48 field using the 

FIELD SELECTOR and change its content. Notice that different weight- · 
ing in the two channels can be selected. 

Select TRANS I ENT weighting in both channels. 

Start a measurement and notice that the Transient weighting function 
(window) is automatically shown superimposed on the time function. 
This makes it very easy to set up because the setting can be viewed 
directly on the display. 

Try to watch the display while changing the CH • A 50 and the 
51 values. Set the value in such a way that the window just 

contains the first transient. 

Fig. 6. 7. Transient windows are very easy to set up because the dis
play shows the windows superimposed on the time function 

Recall DISPLAY SETUP no. 2 and set the values of the CH • B 
53 and •••154 fields in such a way that the window in 

Channel B just contains the second transient. 

Recall DISPLAY SETUP no. 3. 

Select "Delay 3 ms", "Noise - High" on the Test Unit. Notice that the 
noise does not affect the Cross Correlation to the same degree as 
when a rectangular window was chosen. 

The Transient window can also be used to edit time functions after 
they have been acquired as demonstrated in the following exercise. 



Exercise 

Exponential Window 

Random Excitation 

Fig. 6.8. A Transient window can be used to edit time functions after 
they have been acquired 

Select "Delay Off", "Noise - Off" on the Test Unit. 

Shift one of the windows by changing the value in the 50 field 
so that the window does not contain the impulse. See the effect on the 
Cross Correlation. 

The Exponential window can be used to damp out decays that do not 
ring out within the record length. The procedure for its use is identical 
to the procedure described above for the Transient window. Try it. 

MEASUREMENT SETUP no. 19 is especially designed for use with the 
Impact Hammer Type 8202. Recall that SETUP and note that it has a 
Transient weighting in Channel A and an Exponential weighting in 
Channel B. Verify this by selecting DISPLAY SETUP no's. 1 and 2 in an 
upper /lower format. 

Recall MEASUREMENT SETUP no. 14. 

Set the following Analyzer parameters as indicated: 
TR I GGER 32 to FREE RUN 
GENERATOR 67 to RANDOM NO I SE. 

Select TI ME CH. A in the upper trace (DISPLAY SETUP no. 1) and 
TI ME CH. B in the lower trace (DISPLAY SETUP no. 2). 

The visual impression is that no correlation or similarity exists between 
the two signals. On the other hand a well-defined peak at 3 ms is 
found in the Cross Correlation function (DISPLAY SETUP no. 5). 

The exact position of the peak in the Cross Correlation function is 
always found in the Magnitude as shown previously. Recall DISPLAY 
SETUP no. 6. 
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Exercise 
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The proper use of Zero Pad mode and Bow tie correction is discussed 
in the Second Guided Tour. 

Try to locate the peak in the Imaginary, Phase, Nyquist and Nichols 
plots of the Cross Correlation function. 



Introduction Modal analysis is defined as: The process of characterising the dy
namic properties of mechanical structures by identifying their modes 
of vibration. 

A mode of vibration is characterised by 
1. Its natural frequency wk or f k 

2. Its damping factor rk or damping coefficient erk 

3. Its characteristic mode shape and amplitudes 

1. 

2. 

3. 

First mode 

f = 7,13 Hz 

1 = 1,5% 

Second mode 

f = 14,2 Hz 

1 = 2,3% 

831322 

Fig. 7. 1. Natural frequency f, damping factor r and the mode shapes 
determine the behavior of mechanical structures 

The natural frequency and the damping factor are global properties of 
the structure i.e. wk and rk can be identified from all Frequency Re
sponse functions measured on the structure (except those where we 
excite the structure or measure the response in a nodal position). 

The characteristic mode shape is determined from the Residues (am
plitudes) of the measured Frequency Response functions. The values 
of the Residues, however, are local properties which depend on the 
actual Frequency Response function being measured. 

The Residues can be real or complex numbers: 

Normal Modes: Real-valued Residues indicate that all points on the 
structure reach their maximum and minimum deflection at the same 
time. In other words, all points are either in phase or 180° out of 
phase and the nodal lines are stationary as shown in Fig. 7.1. 
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Preliminary Setting 

System under Test and 
Measurement Circuit 

MEASUREMENT SETUP 
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Complex Modes: For complex Residues, phases other than 0° and 
180° are possible and this indicates that the nodal lines are moving 
during a vibration period. 

Set the Test Unit to CD Frequency Response function, "Delay Off", 
"Noise - Off" and verify that the system under test (Test Unit) is con
nected as shown in Fig. 7.2. 

The Test Unit will be used in the following to simulate a mechanical 
structure. 

Dual Channel Signal Analyzer 
System 

. .;.-

Input 0 c•• Output 

AO 0087 -I 
. ~:.• 

Signal 
AO 0087 Generator 
AO 0087 "Output" 

Chann~ A Chann~ B 
"Direct Input" "Direct Input" 

830552/ 1 

Fig. 7.2. System under test and measurement circuit used for demon
strating modal parameter identification. The Test Unit is used 
to simulate a mechanical system 

Perform a SYSTEM RESET "1" and a SYSTEM RESET "Cursor" . These 
SYSTEM RESETS will , among other things, set the display to INPUT 
data and select MA IN cursor. 

Select MEASUREMENT SETUP no. 12. 

MEASUREMENT SETUP no. 12 is a predefined setup for Dual Spec
trum Averaging. 

Make the following changes to MEASUREMENT SETUP no. 12: 

FREQUENCY ~l!~
41

~f~ie~ld~ to~ 4~0~0~ H!z . 
CENTER FREQ. 45 field to ZOOM. 
CENTER FREQ. 46 field to 1000 Hz. 

Save the new MEASUREMENT SETUP as MEASUREMENT SETUP no. 
10. 

Verify that the new MEASUREMENT SETUP has been saved as desired 
by recalling it directly. 

Activate the Generator and start the measurement as indicated in 
Chapter 1. 



DISPLAY SETUP 

Basic Theory of Modal Analysis 

Single Degree of Freedom 
(SDOF) System 

Select DISPLAY SETUP no. 17. 

DISPLAY SETUP no. 17 is predefined for display of the magnitude of 
the Frequency Response H2 • The difference between Frequency Re
sponse H1 and Frequency Response H2 is discussed in the First Guid
ed Tour. 

Define and save the following new DISPLAY SETUPS (Remember to 
use the DISPLAY "Auto Scale" I O pushkey before saving the defined 
SETUPS). The procedure for saving a DISPLAY SETUP is described in 
Chapter 3. 

DISPLAY SETUP no. 1: Frequency Response H2, Magnitude 
Y-axis: Relative units, Linear axis 
Integration - Differentiation: 1 /jw 

DISPLAY SETUP no. 2: Frequency Response H2 , Magnitude 
Y-axis: Absolute units, Linear axis. 
Integration - Differentiation: 1 /jw 

DISPLAY SETUP no. 3: Frequency Response H2 , Nyquist plot. 
Integration - Differentiation: 1 /jw 

After storing the DISPLAY SETUPS, place the FIELD SELECTOR in the 
1 field, press the FIELD ENTRY "Blank" I 

pushkey and verify that the DISPLAY SETUPS have been defined and 
saved as required. 

Recall the MEASUREMENT SETUP before you proceed by pressing the 
FIELD ENTRY "Blank" I pushkey once more. 

Before we proceed with the measurement, let us have a brief look at 
the basic theory of modal analysis. 

Select DISPLAY SETUP no. 1. 

A single degree of freedom mechanical structure shows one resonance 
peak in the Frequency Response function as displayed on the screen 
(The electrical filter in the Test Unit actually has two resonances and it 
will therefore act like a two degree of freedom system. In the follow
ing, however, we will assume that it is a single degree of freedom 
system). 

f(t) 

Mass m 

830841 

Fig. 7.3. Single degree of freedom system 
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Laplace Transform 
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The idealised single degree of freedom model of a simple vibrating 
system is shown in Fig. 7.3. 

A degree of freedom is defined as: Motion at a point in a particular 
direction. The motion can be described by a single coordinate. 

The equation of motion of the mass is found by using Newton's Sec
ond Law: 

or 

Force equals mass times acceleration. 

f(t) - k x(t) - c x(t) = m x(t) 

m x(t) + c x(t) + k x(t) = f(t) 

where f(t) = applied force 
x(t) = resultant displacement 
x(t) = resultant velocity 
x(t) = resultant acceleration 

(1) 

(2) 

Note that equation (2) is a time domain equation. The system could 
also be described in the frequency domain or in the Laplace domain 
(see Fig. 7.4). 

~ 
Time Frequency _ :!!r~ f.!!,ti~-~ 

(t) (for w) 
Laplace 

(Model domain) 
(s) 

Fig. 7.4. Time, Frequency, Laplace domain relationship 

The Laplace Transform £ of a time function g(t) is defined as: 

£(g(t)) = G(s) 

where 

This is very similar to the Fourier Transform .7: 

.7 (g(t)) = G(w) 

where 

G(w) = J: g(t) e-iwt dt 

except that the variable s = CJ + j w is complex. 
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Poles in the s Plane, 
Modal Parameters 

It can be shown that the Laplace Transform of an ordinary differential 
equation is a simple algebraic equation. 

Thus the Laplace Transform of the equation of motion of a single de
gree of freedom system as given in equation (2) is: 

ms2 X(s) + cs X(s) + k X(s) = F(s) (3) 

The compliance Transfer function which relates the displacement to 
the force is then expressed mathematically as: 

X(s) 1 
H(s) = - = -----

F(s) ms2 + cs + k 
(4) 

Note that since s = a + j w is complex, the Transfer function has a real 
and an imaginary part. 

The Fourier Transform is obtained from the Laplace Transform by 
merely substituting j w for s. This special case of the Transfer function 
evaluated for s = j w is the Frequency Response function. 

The roots of the denominator of equation (4) are the poles of the sys
tem. 

-c + V c2
-4 mk ( ,~) 

Pk = - = -s ± j V 1 - s2 
Wo 

where: 

Wo 

s 
(lk 

wk 

t = cos {J 

2m 

=i 
C 

= 
2mwo 

= 5· Wo 

= Wo V1 -s2 

Conjugate pole 

Frequency 
axis 
jw 

Splane 

Pole location 

s = u + jw 

Damping axis u 

Fig. 7.5. Pole location for a sub-critically damped system 
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As can be seen in Fig. 7.5 the modal parameters 
1. Natural frequency wk and 
2. Damping function fk 
are determined by the location of the poles. The pole locations can be 
computed from Frequency Response measurements as shown in this 
guided tour. 

Each complex conjugate pair of poles correspond to a mode of vibra
tion and can be written as 

where * denotes the conjugate. 

o-k is the damping coefficient (assumed to be positive in value) 
wk is the natural frequency (the measured resonance frequency) 

(Jk (Jk (Jk . h d . f f k = - = ;::::===-- ~ - IS t e amp mg actor Or percentage 
Wo Vo-~ + w~ wk 

of critical damping. 

(5) 

The Residues or amplitudes are easier to recognise when we rewrite 
the Compliance Transfer Function as follows 

H(s)=----
ms2 +cs+ k 

ak a*k =--..:.;....._-+--'-'---
(s-pk) (s-p\) 

R\ 
2j(s-p\) 

where Rk = 1 
is the complex Residue for the pole Pk· 

m · wk 

(6) 

Identifying Modal Parameters in the Frequency Domain 

Frequency Response Function, 
Magnitude 
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Select the upper /lower format by pressing the 
DISPLAY "Measurement Setup" IF pushkey. 

Recall DISPLAY SETUP no. 2 in the upper trace and DISPLAY SETUP 
no. 1 in the lower trace. 

From DISPLAY SETUP no. 2 we can verify the resonance frequency 
fk ~ 1032 Hz i.e. wk = 21r · 1032 rad/sec = 6484 s-1

. 

Use the Reference cursor in the lower trace and measure the 3 dB 
bandwidth of the resonance peak as follows: 

1. Select REF in the lower 23 field. 

2. Select .:l Y in the 27 field. 



3. Position the Main cursor at the resonance peak. 

4. Press DISPLAY "Set Special Cursors" I J· 

5. Move the Main cursor to the left using the FIELD ENTRY "_.." I 
pushkey until ~ Y = -3, 0 dB (lower 3 dB frequency). 

6. Press DISPLAY "Set Special Cursors" I J again 

7. Move the Main cursor to the right using the 
FIELD ENTRY 
frequency). 

" ..... " I pushkey until ~ Y = 0 , 0 dB (upper 3 dB 

8. The 3 dB bandwidth ~ f3 dB can now be read directly in the 
26 field. 

Verify that ~ f ~ 30 Hz. 

Fig. 7.6. Measurement of the 3 dB bandwidth in the frequency domain 

The quality factor Q can be found as 

fk 1032 
Q = ---~--= 344 

~f3d8 30 ' 

The damping factor rk can be found as 

1 1 r - - - --- = 1,4s¾ 
k - 2 Q - 2 · 34,4 

The damping coefficient CTk is 

(7) 

(8) 

(9) 
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~ . 

1 /jw 

[Measured 
Quantities] 

jw 

The Residue can be estimated by using the peak value of the Frequen
cy Response, Magnitude at resonance. 

Inserting wk in equation (6) the Residue is 

Verify that 

I Rk I = 2 . 1 ,41 · 1 0-3 
· 94 

= 0,27 units (10) 

Note that the unit for the Residue depends on the calculated Frequen
cy Response function .For example, if the calculated function is a 
Compliance Frequency function (displacement/Force), as in our case, 
the unit for H(w) is [m/N] and the unit for the Residue is [m/N · s] 

Different forms of Transfer /Frequency Response functions can be cal
culated as shown in Table 7.1. 

Note that in our structure (Test Unit) it is assumed that the measured 
quantities are Force as the input signal (Ch. A) and velocity as the 
output signal (Ch. B). 

Frequency Response H2 or ~ 1/Frequency Response H2 or 
Frequency Response H1 . 1/Frequency Response H1 

displacement = Dynamic 

Force Compliance 

Force Dynamic 
jw = 

displacement Stiffness 

velocity = Mobility 
Force 

[Measured Force Mechanical 
= 

Quantities] velocity Impedance 

acceleration 
lnertance = 

Force 

Force Dynamic 
1/jw = 

acceleration Mass 

T00182GB1 T00186GB1 

Table 7.1. Different forms of Transfer/Frequency Response functions for mechanical systems. In the table 
it is assumed that the measured quantities are Force as the input signal and velocity as the 
output signal 
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Comments: 
1. If for example the Dynamic Mass is of interest, which is often the 

case for calibration purposes, then 1 /Frequency Response H2 {or 
1 /H 1) must be selected in the 2 field, and 1 /jw must be 

selected in the =-------=--~------ 20 
field. 

2. If the measured quantities are Force and acceleration or Force and 
displacement then the lnt./Diff. scales in Table 7.1. must be moved 
one step down or up. Double integration/differentiation will then be 
required. 



Frequency Response Function, 
Nyquist Plot 

Select DISPLAY SETUP no. 3 in a full format display. 

As can be seen a resonance is found as a circle in a Nyquist plot. 

In most cases, the Residue will have a real value and the circle situat
ed as in Fig. 7.7. The value of the Residue can then be found from the 
Imaginary part of the Frequency Response function. This technique is 
also known as "quadrature picking". From Fig. 7.7 it can also be seen 
that the 3 dB bandwidth (the damping) can be found directly from the 
Real part of the Frequency Response function. 

lmag. 

W3 dB upper - - - - - - W3 dB lower 

830844 

Fig. 7. 7. Theoretical Nyquist plot of the frequency range around a res
onance (real valued Residue) 

For a complex valued Residue the circle can be situated as shown in 
Fig. 7.8. 

lmag. 

W3 dB upper 

\ 
(Xo,Yo) 

/ 

WJdB lower 

830845 

Fig. 7.8. Theoretical Nyquist plot of the frequency range around a res
onance (complex valued Residue) 
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Fig. 7.9. Measured Nyquist plot of the Frequency Response in the fre
quency range 800 Hz - 1200 Hz 

The complex Residue can be written as 

where 

and 

= tan-1 
Im (Rk) 

ak 
Re (Rk) 

= tan-1 
Re H(wk) 

-Im H(wk) 

(-Xo) = tan-1 

-Yo 

Use the Main cursor in the Nyquist plot and verify that the following 
parameters are approximately as shown below. 

fk = 1033 Hz 

(X0;Y0) =(-961µ;-1,03m) 

Thus 

= 2 . 94,4 . Y(-961 µ)2 + (-1,03 m)2 = 0,21 

-961 µ 
= tan-1 

--- = -43° 
1,03 m 



Fig. 7. 10. Mask cursor used to show the 3 dB bandwidth in the Nyquist 
plot 

Use the Mask cursor and verify that the 3 dB bandwidth is approxi
mately 30 Hz (see Fig. 7.10). 

The modal parameters have now been measured in the frequency do
main in different ways with the following results: 

1. f k ~ 1032 Hz. 
2. sk ~ 1,45%. 
3. IRkl ~ 0,27 m/N · s. 

In the following we will measure the same parameters in the time do
main and compare the results. 

Identifying Modal Parameters in the Time Domain 

Preliminary Setting 
MEASUREMENT SETUP 

Modal parameters can be measured in the time domain using the Im
pulse Response function , which is the time equivalent to the Frequency 
Response function and Transfer function as shown in Table 7.2. 

Domain 

Time Frequency Laplace 

Impulse Frequency 
Transfer 

Function Response Response 
function 

function function 

Symbol h(t) H(w) H(s) 

T00181GB1 

Table 7.2. Comparison between functions in different domains 

Perform a SYSTEM RESET "1" and a SYSTEM RESET "Cursor". 

Recall the MEASUREMENT SETUP and select MEASUREMENT SETUP 
no. 12. 
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DISPLAY SETUP 

Impulse Response, 
Real Part 
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Activate the Generator and start the measurement as indicated in 
Chapter 1. 

Select DISPLAY SETUP no. 16. 

DISPLAY SETUP no. 16 is predefined for display of the Impulse Re
sponse, magnitude. 

Define and save the following new DISPLAY SETUPS (Remember to 
use the DISPLAY "Auto Scale" I O push key before saving the defined 
SETUPS): 

DISPLAY SETUP no. 4: Impulse Response, Real part. 
X-axis: 0,000 ms + 31,3 ms 
Integration - Differentiation: J 

DISPLAY SETUP no. 5: Impulse Response, Nyquist plot. 
Integration - Differentiation: J 

DISPLAY SETUP no. 6: Impulse Response, Magnitude. 
Y-axis: Relative units, 40 dB display range. 
X-axis: 0,000 ms + 62,5 ms 
Integration - Differentiation: J 

DISPLAY SETUP no. 7: Impulse Response, Magnitude. 
Y-axis: Absolute units, 40 dB display range. 
X-axis: 0,000 ms + 62,5 my 
Integration - Differentiation: J 

After storing the DISPLAY SETUPS, place the FIELD SELECTOR in the 
1 field, press the FIELD ENTRY "Blank" I 

pushkey and verify that the DISPLAY SETUPS have been defined and 
saved as required. 

Recall the MEASUREMENT SETUP before you proceed by pressing the 
FIELD ENTRY "Blank" I pushkey once more. 

Select DISPLAY SETUP no. 4. 

The resonance frequency can be recognised as 1 /time period. 

Fig. 7. 11. Impulse Response - Real part 



Impulse Response, 
Nyquist Plot 

Use the Delta or Reference cursor and verify that the time period is 
approximately 0,976 ms. 

Thus the resonance frequency is 1 /0,976 ms ~ 1025 Hz. 

Select DISPLAY SETUP no. 5 

The frequency can be found as the rotation rate of the vector in the 
Nyquist plot. 

Select MASK in the 23 field. 

Set the Main cursor at for example 1 ms. 

Press DISPLAY "Set Special Cursors" I J· 

Move the FIELD SELECTOR to the 26 

field and adjust the Li T-value until one rotation has been covered (see 
Fig. 7.12). 

Fig. 7. 12. Mask cursor used to measure the time period 

Now Li T = 0,976 ms which is the time for one rotation (oscillation) of 
the Impulse Response. 

1 
Thus f k = ---- = 1025 Hz 

0,976ms 

Increment Li T to 60 ms and see how the Impulse Response of the filter 
is a spiral in the Nyquist plot. 
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Impulse Response, 
Magnitude 

98 

Fig. 7. 13. The Nyquist plot of the Impulse Response of the filter in the 
Test Unit shows a spiral 

Select DISPLAY SETUP no. 6. 

When the envelope (Magnitude) of the Impulse Response is on a loga
rithmic Y-axis, the dynamic range of the Impulse Response is greatly 
improved. We can now see reflections and time delays 40 and 50 dB 
down. This is not possible using the traditional Impulse Response on a 
linear scale. 

The Magnitude of the Impulse Response is often called the Energy 
Time Curve (ETC) known from Time Delay Spectrometry (TDS). 

The exponential decay is also easily recognised since it becomes a 
straight line when the Y-axis is logarithmic. 

The damping can be found from the decay rate as shown in Fig. 7.14. 

a. 

b. 

-
(For a real valued Residue) 

Fig. 7. 14. a. Real part of the Impulse Response 
b. Magnitude of the Impulse Response 
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It takes Tk = 1/ak seconds for the Magnitude to decay with a factor of e 
= 2, 72 (8, 7 dB). 

Select REF in the 

Select .:i Y in the 

23 field. 

Move the FIELD SELECTOR back to the 
Main cursor to 1 ms for example. 

Press DISPLAY "Set Special Cursors" I J· 

Move the Main cursor up until .:i Y = -8,7 dB. 

27 field. 

25 field and set the 

In the _- --=--;;:--=---_--=-~----=- -:-=----~ 26 field we can read the value of 
T. Verify that T is approximately 10,7 ms. 

Q = 1r · Tk · fk = 1r · 10,7 ms· 1025 Hz~ 34,46 

O"k 1 
s"k=-=-=1,44% 

wk 2Q 

Fig. 7.15. The damping factor can easily be found using the decay rate 
in the Magnitude of the Impulse Response 

Recall DISPLAY SETUP no. 7. 

The Residue can actually be found at the point where the decay line 
.crosses the Y-axis as illustrated in Fig. 7.14. 

Verify that the Magnitude of the Impulse Response lh(t)I extrapolated to 
t = O gives IRkl = 0,27. 
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Transient Excitation 

Example 
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If we use impact (Hammer) excitation we can select a Transient win
dow in Channel A to remove noise which has nothing to do with the 
excitation signal e.g. noise from the Hammer /Preamplifier before and 
after excitation. Due to the length of the response signal it is quite 
common to use an exponential window in channel 8. This procedure 
will also remove noise in the response channel. 

The use of the Exponential window means that a well defined amount 
of damping is added to each mode. Thus the measured damping will 
be too high and a compensation must be made to get the correct 
damping of the structure. 

If the time constant (width) of the exponential window is rw, then the 
damping coefficient from the window CJw is 1/ r w, 

If the measured damping coefficient is CJm, then the correct damping 
coefficient (Jk for the structure is 

Practice using the Exponential window in connection with transient ex
citation. 

Recall MEASUREMENT SETUP no. 12. 

Set the TR I GGER 

Set the WEIGHTING CH. A 
Set the WE I GHT I NG CH. B 
Set the GENERATOR 

30 to CH. A. 

49 to TRANS I ENT. 
-

52 to E X P ON E NT I A L. 
67 field to IMPULSE. 

Activate the Generator and start a measurement. 

Recall DISPLAY SETUP no. 14. 

Fig. 7. 16. The Exponential window is very useful in connection with 
transient excitation 



Comments 

Adjust the position and the width of the Transient window to enclose 
the impulse alone by setting the values in the WE I GHT I NG CH. A 

50 and •Blll 51 fields appropriately. 

Then set the 2 field to TI ME CH. B and adjust the posi
tion and length of th~ Exponential window to include the transient by 
setting the values- in the WE I GHT I NG CH. B Ball53 and 

54 fields appropriately. Select rw of Channel B to 20 ms in 
the 54 field. 

Restart averaging by pressing AVERAGING "Start" I A· 

The effect of the exponential window is most easily seen in the Magni
tude of the lmpuls~ Response (DISPLAY SETUP no. 6). 

Verify that r measured is now approximately 7 ms. 

The correct damping coefficient uk will then be: 

1 1 
<Tm = -- - --- = 92 s-1 

7 ms 20 ms 

A single degree of freedom system will always have a real Residue. 
The complex Residue in this guided tour is caused by the influence of 
a second resonance in the Test Unit centered at approximately 
2000 Hz. This can be verified from the phase curve of the Frequency 
Response function. 

Select MEASUREMENT SETUP no. 12 and start the measurement. 

Use for example DISPLAY SETUP no. 1. Change the 
3 field to PHASE and note that each 

resonance corresponds to a rapid 180° phase change in the phase 
curve. 

On a real mechanical structure the Frequency Response function can 
be divided into two types of measurements. 

1. Driving point Frequency Response function measurements where 
the excitation and the response are measured at the same point: 

2. Transfer Frequency Response function measurements where the 
excitation and the response is measured at two different points: 
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X1(w) X2(w) 

~! " l ~t ~ 
I 

t i 
F1(w) Fiw) 

830847 

Fig. 7. 17. Two degree of freedom system 

A two degree of freedom system as shown in Fig. 7.17. can be charac
terized by the following equations: 

or 

A system of this kind will have 2 modes. 

In general: If n degrees of freedom are measured on the structure then 
the vectors have n elements and the matrix has (n x n) elements. 

Each of the elements in the Frequency Response function matrix con
sists of 801 real and 801 imaginary data points. 

Modal analysis will reduce the amount of data to four parameters for 
each mode. 

It can be shown that each of the rows and each of the columns in the 
Frequency Response function matrix contains information to identify all 
the parameters which define all the modes of vibration of the struc
ture. 



Introduction 

Preliminary Setting 

System under Test and 
Measurement Circuit 

Signal Enhancement is often called Synchronous Time Averaging or 
Time History Ensemble Averaging i.e. the averaging takes place in the 
time domain (Fig. 8.1.a) in contrast to spectrum averaging (Fig. 8.1.b) 
where the averaging is done in the frequency domain. 

a) 

Input 
Instant 
Time 

Trigger 

Input 
Instant 
Time 

b) 

,9, 
Instant 

Spectrum 

Enhanced 
Spectrum 

Averaging 

Fig. 8.1. Comparison between (a) Signal Enhancement and 
(b) Spectrum Averaging 

830848/ 1 

Signal Enhancement is used for removing uncorrelated noise from re
petitive time signals, and is extremely useful in cleaning up contami
nated signals. 

Set the Test Unit to @ Enhanced Time, "Delay ,_ 3 ms", "Noise - Off". 
Verify that the system under test (Test Unit) is connected as shown in 
Fig. 8.2. Note that the input signal to the system under test in this 
setting is supplied from a generator built into the Test Unit. This gener
ator will also supply the trigger signal to the Analyzer. 

103 



MEASUREMENT SETUP 

DISPLAY SETUP 
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Trigger 
Signal 

© 

AO 0087 

System 

Output 

AO 0087 

Dual Channel Signal Analyzer -,a 
• •• 

\ 
Channel A Channel B 

"Direct Input" "Direct Input" 

83057911 

Fig. 8.2. System under test and measurement circuit used for demon
strating Signal Enhancement 

Perform a SYSTEM RESET "1" and a SYSTEM RESET "Cursor". These 
SYSTEM RESETS will, among other things, set the display to INPUT 
data and select MA I N cursor. 

Select MEASUREMENT SETUP no. 15 

MEASUREMENT SETUP no. 15 is a predefined setup for Dual Channel 
Signal Enhancement. 

Change the following MEASUREMENT SETUP parameters: 
AVE RAG I NG 37 to E X P. 
AVE RAG I NG 38 to 20. 

Save the MEASUREMENT SETUP as MEASUREMENT SETUP no. 10. 

Start the measurement as indicated in Chapter 1. 

Select DISPLAY SETUP no. 15. 

DISPLAY SETUP no. 15 shows the Enhanced time signal of Channel B. 

Define and save the following new DISPLAY SETUPS (Remember to 
use the DISPLAY "Auto Scale" ID pushkey before saving the defined 
SETUPS unless otherwise indicated). The procedure for saving a DIS
PLAY SETUP is described in Chapter 3. 

DISPLAY SETUP no. 1: Time Channel B, Real Part 
Y-axis: Full scale level = 2,5 V (Do not Autos
cale) 

DISPLAY SETUP no. 2: Enhanced Time Channel B, Real Part 
Y-axis: Full scale level = 2,5 V (Do not Autos
cale) 

DISPLAY SETUP no. 3: Instantaneous Spectrum Channel B, Magnitude 
Y-axis: Relative units, Logarithmic 80 dB scale 

DISPLAY SETUP no. 4: Enhanced Spectrum Channel B, Magnitude 
Y-axis: Relative units, Logarithmic 80 dB scale 

DISPLAY SETUP no. 5: Instantaneous Spectrum Channel A, Magnitude 
Y-axis: Relative units, Logarithmic 160 dB scale 



Enhanced Time 

No Noise, Low Noise, High 
Noise: 

After storing the DISPLAY SETUPS, place the FIELD SELECTOR in the 
1 field, press the FIELD ENTRY "Blank" I 

pushkey and verify that the DISPLAY SETUPS have been defined and 
saved as required. 

Recall the MEASUREMENT SETUP before you proceed by pressing the 
FIELD ENTRY "Blank" I pushkey once more. 

Press DISPLAY "Measurement Setup" IF and select upper/lower for
mat. Use DISPLAY "Format" IE if necessary. 

Select Time Channel B in the upper trace (DISPLAY SETUP no. 1) and 
Enhanced Time Channel B in the lower trace (DISPLAY SETUP no. 2). 

Note that the signals are identical when the upper Test Unit control is 
set to "Noise - Off". 

When low noise is introduced a significant change in the raw time 
signal is seen while the enhanced signal is clean and almost unaffect
ed. Set the upper Test Unit control to "Delay ,_, 3 ms", "Noise - Low" 
and note the change. If necessary use the INPUT AUTORANGE I 
pushkey and start the measurement again. 

Fig. 8.3. Comparison between the raw time signal (in upper trace) and 
the enhanced time signal (in lower, trace) 

Select "Delay ,_, 3 ms", "Noise - High" and note that the waveform 
simply disappears in the upper trace. Some disturbance is seen in the 
Enhanced Time Signal but it is still possible to recognise the wave
form. If necessary use the INPUT AUTORANGE I pushkey and start 
the measurement again. 

105 



Enhanced Spectrum 

106 

As before try also to stop and start the averaging using the 
AVERAGING "Stop" I c and AVERAGING "Start" I A pushkeys and 
note how the effect of the noise is gradually reduced in the Enhanced 
Time signal as the number of averages increases. 

Press DISPLAY "Measurement Setup" IF to get the MEASUREMENT 
SETUP back on the screen. 

Recall MEASUREMENT SETUP no. 15 and verify that the AVERAG-
1 NG parameters are set to LIN and 32 76 7. 

Start a new measurement and let the Analyzer continue averaging 
while you read the following paragraphs until you come to the next 
Exercise. 

Remove the MEASUREMENT SETUP and note how an increase in av
erages has improved the Enhanced Time signal. 

Fig. 8.4. By using a high number of averages it is possible to see the 
waveform of the original signal in the enhanced time mode 
even though the signal itself is buried in noise 

Select Instantaneous Spectrum B (DISPLAY SETUP no. 3) in the upper 
trace and Enhanced Spectrum Ch. B (DISPLAY SETUP no. 4) in the 
lower trace. 

The fundamental frequency component is hardly seen in the Instanta
neous Spectrum while in the Enhanced Spectrum the noise level is 
reduced so much that not only the fundamental frequency but also 
some of the higher harmonics becomes visible. 



Special Cursors 

Harmonic Cursor 

Fig. 8.5. Harmonics which are buried in noise in the Instantaneous 
spectrum become visible in the Enhanced spectrum 

The synchronous time averaging reduces the noise by approximately 
1 O log10 # A (No. of Averages} dB. A few values have been calculated 
and listed in Table 8.1. 

#A 10 100 1000 10000 32767 

10Iog10#AdB 10d8 20d8 30d8 40d8 45d8 

T00180GBO 

Table 8.1. Reduction of noise in the Enhanced spectrum 

Select the Instantaneous Spectrum of Channel A (DISPLAY SETUP no. 
5) in the upper trace. It shows the spectrum of the trigger signal which 
is a square wave signal. 

Move the FIELD SELECTOR to the 
HARM - Harmonic Cursor. 

23 field and select 

Step down to the 
first harmonic. 

25 field and move the Main cursor to the 

Press DISPLAY "Set Special Cursors" I J and the Harmonic cursors 
will be set so the first harmonic lines up with the position of the Main 
cursor. 
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Sideband Cursor 
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Fig. 8.6. Use of the Harmonic cursor 

Note that the Main cursor can be moved independently of the Harmon
ic cursor. Try it. 

Move the FIELD SELECTOR to the 26 

field and increment or decrement a few steps. This will show that the 
harmonic spacing can be changed in steps which are 1 /32 of the line 
spacing. With a frequency span of 25,6 kHz, as used here, the line 
spacing Llf is 32 Hz and the harmonic spacing can be changed in steps 
of 1 Hz. Verify this and note how accurately the Harmonic cursors can 
be lined up with the measured harmonics. 

This cursor type is very similar to the Harmonic cursor. It is used for 
detecting sidebands. With the Sideband cursor a family of 32 side
bands around a centre frequency can be marked with a cursor. 

Since the present measurement circuit does not contain a modulated 
signal with sidebands the use of the Sideband cursor cannot be dem
onstrated on a spectrum which actually contains sidebands. However, 
try to imagine that the Instantaneous Spectrum on the display repre
sents the spectrum of a modulated signal and proceed as follows. 

Move the Main cursor to the centre of the spectrum and position it on 
one of the harmonics. 

Press the DISPLAY "Set Special Cursors" I J pushkey. 

Select SI DB in the 23 field. 

Move the FIELD SELECTOR to the 26 

field and try to change the value of sideband spacing. Verify that the 
Sideband cursor consists of a family of 32 cursors. 

Before you proceed, return to Harmonic cursor and line it up with the 
harmonics in the Instantaneous spectrum as described above. 



Flex Cursor 

Fig. 8. 7. Use of the Sideband cursor 

Move the FIELD SELECTOR to the 
field and select FLEX cursor. 

27 

Move the Main cursor to for example the 10th harmonic. Enter 1 0 in 

the ••••&&28 
field. 

From now on all X-axis cursor values will be read out in Harmonics in 
the ======

28 field as well as in Hz in the •••1 25 field. 
Verify this by moving the Main cursor. 

Alternatively the X-axis read out can be calibrated in orders, RPM, 
meters or any other arbitrary unit. 

Select Enhanced Spectrum Channel B (DISPLAY SETUP no. 4) in the 
upper trace and see how many harmonics have become visible by the 
use of Time Domain Averaging. Use the Flex cursor to find out which 
of the harmonics have become visible. 

Fig. 8.8. By using the Flex cursor the Analyzer can be set to read 
directly in harmonic number or in any other flexible value 
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Exercise 
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Store the Enhanced spectrum calculated above by pressing the 
MEMORY "Enable" IM and MEMORY "Store" IN pushkeys. 

Read the number of averages obtained and calculate how much the 
noise level has been reduced using the formula: Reduction in noise 
level = 10 log10 #A dB. 

Perform a SYSTEM RESET "Cursor". 

Make a measurement of the Autospectrum Ch. B as follows: 

Recall MEASUREMENT SETUP no. 11 and change the MEASUREMENT 
=s=-=~=§= = 30 field to CH. B. 

Start the measurement and let the Analyzer calculate for example 1000 
averages. 

Recall DISPLAY SETUP no. 11 and change the 
AUTO SPEC CH. B. 

Press DISPLAY "Auto Scale" I 0 . 

Stop the measurement and select upper/lower format. 

2 field to 

Display the input of the Autospectrum Ch. B in one trace and the 
stored Enhanced Spectrum in the other trace. 

Use Aligned Main cursors to read out the spectrum level at different 
typical noise frequencies and verify that the noise level has been re
duced as calculated in the beginning of this Exercise. 

Fig. 8.9. The reduction of noise in the Enhanced spectrum is equal to 
10 log10 #A dB 



Signal Enhancement of Impulsive Signals 

Set the Test Unit to @ Autocorrelation, "Delay ,_, 3 ms", Noise - High. 

Input 0 

Autocorrelation 

System 

c•.• Output 

AO 0087 

Dual Channel Signal Analyzer 

m~ . • . 

Signal 
AO 0087 Generator 
AO 0087 "Output" 

Channel A Channel B 
"Direct Input" "Direct Input" 

83057711 

Fig. 8. 10. System under test and measurement circuit used for demon
strating Signal Enhancement when analysing impulse signals 

Perform a SYSTEM RESET "1" and a SYSTEM RESET "Cursor". 

Select MEASUREMENT SETUP no. 15. 

Move the FIELD SELECTOR to the following fields and set the parame
ters as indicated. 
DELAY 35 to -1 ms. 
(Commo1;;n)) WWEEIIGGHHTTIINNGGa llallll 49 to RECTANGULAR. 
CH. B. 62 to -
GENERATOR 67 to IMPULSE. 

Activate the Generator and start the measurement. 

Select the upper /lower display format. 

Select Time Channel B (DISPLAY SETUP no. 1) in the upper trace and 
Enhanced Time Channel B (DISPLAY SETUP no. 2) in the lower trace. 

Set the Y: 6 level to 1 0 V in both traces. 

Notice how the two transients are detected in the enhanced time mode 
despite the fact that the contaminating noise level is much higher than 
the signal level. 
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Time Editing 
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Fig. 8. 11. The transients are clearly seen in the Enhanced Time func
tion 

Place the FIELD SELECTOR in the lower trace and recall the MEA
SUREMENT SETUP. 

Select TRANS I ENT in the (Common) WE I GHT I NG 
field. 

49 

We will now demonstrate how the Transient weighting can be used to 
edit in the time function. 

Adjust the position of the superimposed window by the use of the 
50 and •••151 fields so that it contains one of the tran-

sients. 

Fig. 8. 12. By use of the transient weighting function it is possible to 
edit in the time function i.e. to select certain parts of the 
time function for further investigation 



Exercise 

Measure the energy of the transient in the Enhanced spectrum (DIS
PLAY SETUP no. 4). Use Energy Spectral Density units i.e. select E SD 
in the 9 field and read the energy under TOTAL in 
the ============== 

27 fie Id . 

Repeat the procedure for the second transient and compare the results 
with the approximate values in Table 8.2. 

Energy Absolute Relative 

1st transient 280µV2s -35 dB re 1 V2s 

2nd transient 200µV2s -37 dB re 1 V2s 

T00179GBO 

Table 8.2. Approximate values of energy in the two transients 

Verify the values in Table 8.2 using the Delta cursor in the Enhanced 
Time Ch. B signal (DISPLAY SETUP no. 2). 

Fig. 8. 13. Time editing can among other things be used to compare 
the energy in different transients 

As seen, it is possible to measure and compare the energy in different 
transients. These transients do not even have to be in the same time 
signal. 

Move the time window and see the result of the time editing directly in 
the Enhanced Spectrum. 

In this measurement mode, the transient window can always be set up 
during or after a measurement has been performed. 
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Preliminary Setting 

Signal being Measured and 
Measurement Circuit 
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Although the Dual Channel Signal (FFT) Analyzer is primarily designed 
for dual channel measurements it also has all the features you would 
expect in a single channel (FFT) analyzer. In addition it has built-in 
features which are seldom found in single channel analyzers. In this 
Guided Tour we will demonstrate some of these features, which in
clude Cepstrum and Littered Spectrum among others. 

The Cepstrum can be considered as a spectrum of a logarithmic am
plitude spectrum. This means that it can be used for detection of any 
periodic structure in the spectrum i.e. detection of harmonics. 

By editing in the Cepstrum - littering - it is possible to remove the 
harmonic structure in the spectrum, thus giving the envelope of a pow
er spectrum. 

Fig. 9.1 shows the calculation sequence when calculating the Cepstrum 
and the Littered Spectrum. 

Time ~ "' Auto 
~-1,._ 

"' Editor 
fF 

Littered ' ' Cepstrum ' " Signal ..,,. Spectrum v' v' Lifter --/ Spectrum 
V 

830849 

Fig. 9.1. Simplified sequence tor calculating the Cepstrum and the Lit
tered Spectrum. 

Set the Test Unit to @ Enhanced Time, "Delay Off", "Noise - Off" . 
Verify that the system under test (Test UnH) is connected as shown in 
Fig. 9.2. The square wave from the Test Unit is supplied to Channel A 
on the Analyzer. 



MEASUREMENT SETUP 

DISPLAY SETUP 

Signal Source 

© 
Output 

AO 0087 

Dua! Channel Signal Analyzer 

Channel A 
"Direct Input" 

830580/ 7 

Fig. 9.2. System under test and measurement circuit used for demon
stration of Cepstrum 

Perform a SYSTEM RESET "1" and a SYSTEM RESET "Cursor". These 
SYSTEM RESETS will, among other things, set the display to INPUT 
data and select MA IN cursor. 

Select MEASUREMENT SETUP no. 17. 

MEASUREMENT SETUP no. 17 is a predefined setup for Single Chan
nel Spectrum Averaging. 

Start the measurement as indicated in Chapter 1. 

Select DISPLAY SETUP no. 14. 

DISPLAY SETUP no. 14 is predefined for display of the time signal in 
Channel A. 

Define and save the following new DISPLAY SETUPS (Remember to 
use the DISPLAY "Auto Scale" ID pushkey before saving the defined 
SETUPS). In DISPLAY SETUP no. 4 select the Lifter Width using the 

22 field. The procedure for saving a DISPLAY SETUP 
is described in Chapter 3. 

DISPLAY SETUP no. 1: Time Channel A, Real Part 
X-axis: 0,00 ms + 7,81 ms 

DISPLAY SETUP no. 2: Auto Spectrum Channel A 
DISPLAY SETUP no. 3: Cepstrum, Channel A, Real Part 

X-axis: 0,00 ms + 7,81 ms 
DISPLAY SETUP no. 4: Liftered Spectrum Channel A 

Lifter Width W: 1024 

After storing the DISPLAY SETUPS, place the FIELD SELECTOR in the 
1 field, press the FIELD ENTRY "Blank" I 

pushkey and verify that the DISPLAY SETUPS have been defined and 
saved as required. 

Recall the MEASUREMENT SETUP before you proceed by pressing the 
FIELD ENTRY "Blank" I pushkey once more. 
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Time Signal 

Spectrum 
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Press AVERAGING "Stop" I c and RECORD "Stop" I 1• 

Select DISPLAY SETUP no. 1. 

Use the DISPLAY "Measurement Setup" IF and DISPLAY "Format" IE 
pushkeys to select the full format display. 

It is quite obvious that we are dealing with a periodic signal. Measure 
the time period T in ms by use of the Delta or Reference cursor 
(T ,.._, 0,8 ms). 

Fig. 9.3. The signal from the Test Unit is a periodic signal 

Select DISPLAY SETUP no. 2. 

Look at the spectrum and note that it also has a periodic structure. 
Use the Reference cursor and verify that the spacing between the har
monics - the "Line Frequency" is ~f = 1 /T (~f ,.._, 1250 Hz). 

Fig. 9.4. The spectrum of the periodic signal is also periodic 



Cepstrum 

The periodicity or "Line Frequency" in the spectrum is detected in the 
Cepstrum (DISPLAY SETUP no. 3) at the quefrency q = 1 /Lit, where we 
have the fundamental rahmonic (q ,...., 0,8 ms). 

It is possible by editing in the cepstrum to remove e.g. the harmonic 
effect in the spectrum. 

Select DISPLAY SETUP no. 3. 

Fig. 9.5. Cepstrum 

Ensure that the 17 field is set to SHORTPASS and 
perform a Shortpass Littering as follows. 

Move the FIELD SELECTOR to the 27 

field and set this field to display ELEM # •. 

Move the Main cursor to the fundamental rahmonic. The element num
ber displayed is approximately 53. 

Move the FIELD SELECTOR to the - - - - - =---- - ~- -- 22 field. 

Fig. 9.6. The littered part of the Cepstrum is highlighted on the display 
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Littered Spectrum 

Exercise 
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Enter an element # lower than the element # of the fundamental rah
monic e.g. if the fundamental rahmonic is on # 53 select # 45 as the 
cut-off quefrency. 

Notice that the part of the cepstrum used for calculating the littered 
spectrum is highlighted. A line below the trace likewise indicates the 
Lifter Width. 

Select the upper /lower format. 

Select Autospectrum (DISPLAY SETUP no. 2) in upper trace and Lit
tered Spectrum (DISPLAY SETUP no. 4) in lower trace. 

The envelope of the spectrum has been detected and is displayed in 
the lower trace. 

Fig. 9. 7. The Littered Spectrum shows the envelope of the Autospec
trum 

Select CEPSTRUM (DISPLAY SETUP no. 3) in the upper trace and 
LI FT SPEC CH. A (DISPLAY SETUP no. 4) in the lower trace. 

Increase slowly the element# in the 22 field and 
note how the shape of the Littered Spectrum approaches the shape of 
the Autospectrum as more and more rahmonics are included in the 
calculation of the Littered spectrum. 

The 17 and 22 fields are not a part 
of the DISPLAY SETUP since these parameters are to be changed by 
the user as a diagnostic tool. 

Perform Long Pass littering at different element numbers and see the 
effect in the littered spectrum by selecting LONG PASS in the 

17 field and changing the ======= 
22 value. 

Remember to use the DISPLAY "Auto Scale" I O pushkey. 



Instantaneous Cepstrum 

Live Display 

Speed of Analys·is 

Example 

The primary use of littering is in connection with signals containing 
more than one harmonic family. In that case short pass and long pass 
littering can be used to separate the harmonic families which then can 
be viewed separately in the Littered Spectrum. 

Before you proceed select SHDRTPASS and 1024 in the 
17 and """""""""""""""""""""""'"""""'""""""'"""""' 22 fields respectively. 

The Cepstrum is calculated from the Autospectrum which usually is an 
averaged spectrum. If you want to make a cepstrum of a single spec
trum, use the following procedure. 

Recall the MEASUREMENT SETUP by pressing the 
DISPLAY "Measurement Setup" IF pushkey. Change the following pa
rameters: 

Set AVER AG I NG 
set AVER AG I NG 

37 to L I N, and 
38 to 1. 

The Cepstrum will now be calculated on the basis of a single spectrum 
every time AVERAGING "Start" I A is pressed. This requires that the 
Analyzer is in the RECORD "Cont" mode. 

Select MEASUREMENT SETUP no. 17 and start a measurement. 

Note how the Cepstrum (DISPLAY SETUP no. 3) and Littered Spectrum 
(DISPLAY SETUP no. 4) are updated and can be viewed at any time 
during a measurement. The Analyzer does not need to be in AVERAG
ING "Stop" to be able to calculate the Cepstrum and the Littered 
Spectrum. 

The speed of the analysis depends on which function is viewed during 
the averaging process. 

Look at Fig. 9.1 and note that if the Autospectrum is viewed, only one 
Fourier Transform is needed per time record. However, if a Littered 
Spectrum is viewed dur_ing the averaging process, three Fourier Trans
forms are required to obtain a Littered Spectrum. 

Compare the analysis time for calculation of Autospectrum, Cepstrum 
and Littered Spectrum for 100 linear averages. 

Set the AVE RAG I NG 
Setthe AVERAGING 

37 field to LIN. 
38 field to 1 D 0. 

Start recording by pressing the INPUT AUTORANGE I pushkey. 

Recall DISPLAY SETUP no. 2. 

Start averaging by pressing the AVERAGING "Start" I A pushkey and 
verify that the analysis time for 100 averages is approximately as given 
in Table 9.1. 
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Autospectrum Cepstrum Littered Spectrum 

50 sec 100 sec 150 sec 

T00224G80 

Table 9.1. Approximate analysis time for Autospectrum, Cepstrum and 
Littered Spectrum under the conditions outlined in the Ex
ample. 

Recall Cepstrum (DISPLAY SETUP no. 3), start a new measurement 
and compare again with the approximate values given in Table 9.1. 

Finally recall Littered Spectrum (DISPLAY SETUP no. 4), start a new 
measurement and compare with the approximate values in Table 9.1. 

Although the difference in analysis time is easily detectable with the 
MEASUREMENT SETUP parameters used in this Example, it can be 
shown that the difference in speed with low frequency span and/or 
Free Run mode is very small and hardly detectable. 

The speed also depends upon whether single or dual channel averag
ing is performed. 

For this exercise a microphone and a preamplifier is required e.g. 
Microphone Type 4165 and Preamplifier Type 2619. The following in
structions are for those two type numbers. 

Set the POL. VOLTAGE switch next to the PREAMP. INPUT on the 
Analyzer to "200 V". 

Mount the Microphone on the Preamplifier and connect the Preamplifi
er to the PREAMP. INPUT . 

...--- Microphone 
Type 4165 m ---,.-""* ~ Preamplifier -= Type 2639 

! • 
- " • • lliii,i • • •••• - - -

Dual Channel Signal Analyzer 

830850/ 1 

Fig. 9.8. Measurement circuit used in the Exercise 

Recall MEASUREMENT SETUP no. 17 and set the following parameters 
as indicated. 

TRIGGER 
FREQ. SPAN 

32 to FREE RUN 
41 to 3. 2 kHz 

Ch. A: ;_,,=~-- _-=_§_ ----~-
55 to 1 V 

57 to PREAMP Ch. A: 



Read the sensitivity of the microphone from its Calibration Chart. 

Set the CH. A: 60 to V /PA and enter this value in the CH. A: 
59 field. 

Store the MEASUREMENT SETUP as MEASUREMENT SETUP no. 10. 

Start a measurement as outlined in Chapter 1. 

Select the upper /lower display format. 

Recall Autospectrum (DISPLAY SETUP no. 2) in the upper trace and 
Cepstrum (DISPLAY SETUP no. 3) in the lower trace. 

Try saying "Ahh · · · ·" into the Microphone and note that a series of 
harmonics are seen in the Autospectrum, and a series of rahmonics in 
the Cepstrum. 

When you have a stationary Autospectrum and Cepstrum press 
AVERAGING "Stop" I c-

Perform a short pass littering by setting the =====-
17 field 

to SHORTPASS and setting the element # to a value 10 - 20 below 
the element # of the fundamental rahmonic. 

Recall Littered Spectrum (DISPLAY SETUP no. 4) in the lower trace. 

Fig. 9.9. By removing the fundamental rahmonic it is possible to re
move the harmonic structure in the spectrum and only show 
the envelope of the spectrum without harmonics 

This Littered Spectrum shows the envelope of the Autospectrum i.e. 
the harmonic structure has been removed. 

Press AVERAGING "Start" I A· 

Speak or sing into the Microphone and note how the Littered Spec
trum gives the envelope of the Autospectrum in a live display. 
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Calculation of the Probability functions does not make use of the FFT 
algorithm and it is basically a single channel calculation. Traditionally, 
however, they are included in most Dual Channel {FFT) Signal Analyz
ers. 

In the B & K Dual Channel Signal Analyzer the Amplitude Probability 
Density and the Amplitude Probability Distribution can be calculated 
for both channels. 

The Amplitude Probability Density, p{x) is defined as the probability 
that the instantaneous amplitude of the signal, x{t) is within a certain 
amplitude interval, Ll x. 

p(x) 

X 

830851 / 1 

Fig. 10. 1. Amplitude Probability Density 

The Amplitude Probability Distribution, P{x) is defined as the probabili
ty, P{~. ~=xi) that the signal has a certain instantaneous amplitude, ~ or 
less. 

P(x) 

0 

830852 

Fig. 10.2. Amplitude Probability Distribution 



Preliminary Setting 

System under Test and 
Measurement Circuit 

MEASUREMENT SETUP 

DISPLAY SETUP 

In the Probability mode the Analyzer samples the input value of the 
AID converter and classifies it into different amplitude classes. 

Set the Test Unit to G) Frequency Response, "Delay Off", "Noise - Off" 
and verify that the system under test (Test Unit) is connected as shown 
in Fig. 10.3. 

The signals to be analyzed in this tour will be taken from the Genera
tor in the Analyzer and from the Generator in the Test Unit. 

Dual Channel Signal Analyzer 
System 

Input 0 Output 

AO 0087 ~1 ~ --· 
Signal 

AO 0087 Generator 
AO 0087 "Output" 

Channel A Channel B 
"Direct Input" "Direct Input" 

830552/1 

Fig. 10.3. System under test and measurement circuit used for demon
strating Probability measurements 

Perform a SYSTEM RESET "1" and a SYSTEM RESET "Cursor". These 
SYSTEM RESETS will, among other things, set the display to I HPUT 
data and select MA I H cursor. 

Select MEASUREMENT SETUP no. 16. 

MEASUREMENT SETUP no. 16 is predefined for Dual Channel Ampli
tude Probability measurements. 

Activate the Generator. 

Start a measurement by pressing RECORD "Cont." I G and 
AVERAGING "Start" I A without using the INPUT AUTORANGE I push
key. 

Do not use INPUT AUTORANGE I because we want to maintain an 
equal setting of the input attenuators (1 O V) in the first part of this Tour 
where random excitation is used. Thereby it is possible later to make a 
direct comparison between the functions calculated in Channels A and 
8. 

Select DISPLAY SETUP no. 14. 

Define and save the following new DISPLAY SETUPS (Remember to 
use the DISPLAY "Auto Scale" ID pushkey before saving the defined 
SETUPS). The procedure for saving a DISPLAY SETUP is described in 
Chapter 3. 
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Random Noise Signals 
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DISPLAY SETUP no. 1: Time Ch. A. 
DISPLAY SETUP no. 2: Time Ch. B. 
DISPLAY SETUP no. 3: Probability Density Channel A 

Y-axis units: %/V 
X-axis Probability resolution: Ll x = 156 mV 

DISPLAY SETUP no. 4: Probability Distribution Channel A 
X-axis Probability resolution: Ll x = 156 mV 

DISPLAY SETUP no. 5: Probability Density Channel B 
Y-axis units: %/V 
X-axis Probability resolution: Ll x = 156 mV 

DISPLAY SETUP no. 6: Probability Distribution Channel B 
X-axis Probability resolution: Ll x = 156 mV 

After storing the DISPLAY SETUPS, place the FIELD SELECTOR in the 
1 field, press the FIELD ENTRY "Blank" I 

pushkey and verify that the DISPLAY SETUPS have been defined and 
saved as required. 

Recall the MEASUREMENT SETUP before you proceed by pressing the 
FIELD ENTRY "Blank" I pushkey once more. 

Press DISPLAY "Measurement Setup" IF and select the upper /lower 
format. Use DISPLAY "Format" IE if necessary. 

Select PROB DENS CH. A (DISPLAY SETUP no. 3) in upper trace and 
PROB DI ST CH. A (DISPLAY SETUP no. 4) in lower trace. 

Press AVERAGING "Start" I A and notice that an average of 1000 Time 
Data records takes # A · T = 31,3 sec. 

Align the cursors and verify with the aid of the Main cursor that the 
voltage where maximum probability density is found is close to O V 
and that the amplitude is just as often above as below this value. Note 
that O V corresponds to approximately 50% in the Probability Distribu
tion. 

Fig. 10.4. Probability functions of random noise 



Exercise: 

Sinusoidal Signals 

Select the X -AX IS 15 field and note 
how the resolution can be chosen as 2-4, 2-5

, 2-6
, 2-1, or 2-8 of the cho

sen ======= 
55

• 
61 setting in the MEASUREMENT SETUP i.e. 

the number of classes can be chosen as 32, 64, 128, 256 and 512. 

Compare the Probability functions in Channel A with those in Channel 
B and explain the differences i.e. compare DISPLAY SETUP no. 3 with 
no. 5 and DISPLAY SETUP no. 4 with no. 6. 

The explanation for the difference between the functions can easily be 
found by looking at the Time signals - DISPLAY SETUP no's 1 and 2. 
Remember to set the Y : ••II••• 6 voltage to the same value. 

The sinusoidal signal is taken from the SIGNAL GENERATOR "Output" 
on the Analyzer and Channel A is used for the measurement. It is, 
however, not necessary to reconnect any cables as long as the lower 
Test Unit control is set in position CD , @ or @ . 

Recall the MEASUREMENT SETUP by pressing the 
DISPLAY "Measurement Setup" IF pushkey and set the following pa
rameters as indicated. 

£G~E!!N~E~R.e.A~T£0~R!!!!!!r:
67

~f!!:ie~ld~t~o~ VA R I ABLE S I NE 
68 field to SI NE GENERATOR 

FREQ: 1000,000 Hz 

Set the input attenuators in both channels to 20 V. 

Activate the Generator and start the measurement. 

Press DISPLAY "Measurement Setup" IF to select the upper /lower 
format. 

Select Time Ch. A (DISPLAY SETUP no. 1) in the upper trace and 
Probability Density Ch. A (DISPLAY SETUP no. 3) in the lower trace. 

Fig. 10.5. Time signal and Probability Density for a sinusoidal signal 
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Square Wave 
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Notice how the distribution shows a high probability at the maximum 
amplitude values (the so-called horse saddle curve) while for the ran
dom noise signal the mean value (OV) had the greatest probability (a 
Gaussian curve). 

Select Probability Distribution (DISPLAY SETUP no. 4) in upper trace 
and notice the shape. 

Fig. 10.6. Probability functions of a sinusoidal signal 

Measure the Probability functions of a square wave. The square wave 
can be taken from the output of the Test Unit Channel A when @ 

Enhanced Time is selected on the Test Unit. 

Fig. 1 0. 7. Time signal and Probability Density for a square wave signal 



Exercise 
Pseudo Random 

Fig. 10.8. Probability functions of a square wave signal 

Measure the Probability functions with pseudo random excitation. The 
pseudo random signal can be taken from the Signal Generator by se
lecting PSEUDO RANDOM in the GENERATOR ---67 field and 
setting the lower Test Unit control to CD , @ or @. 

Pseudo Random Noise is a signal which is periodic with the record 
length, with a random phase between the contiguous spectral lines. 

This signal can also be regarded as consisting of 800 independent 
sinusoids with one sinusoid in each line. 

Fig. 10.9. Probability functions of pseudo random noise 

Note that the Probability Density approaches a Gaussian shape, but 
averaging does not effect its shape because all time records are equal. 
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Exercise 
Transient 
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Measure the Probability functions of direct current (DC). Since a posi
tive or negative DC voltage is not available in the present setup use 
0 V. The Probability functions of a positive or negative DC will in prin
ciple be similar to the Probability functions of 0 V. 0 V is obtained by 
selecting DI SABLED in the GENERATOR ••• 1 67 field and by 
setting the lower Test Unit control to CD , @ or @. 

Fig. 10. 10. Probability functions of DC (0 V) 

Measure the probability functions of a transient. The transient can be 
taken directly from the signal generator by selecting I MP UL SE in the 
GENERATOR Bmml 67 field. The transient generated is of one 
sample duration and the length of the transient will therefore depend 
on the frequency span selected. 

To view the Time signal, change the TR I GGE R 
A. 

32 field to C H • 

Fig. 10. 11. Time signal and Probability Density for a transient 

Explain why the Probability functions are almost identical for 0 V and 
the impulse measured in this exercise. 



Introduction 

Signal Types 

It is very important to calibrate the Dual Channel Signal Analyzer be
fore starting noise, vibration or other measurements. 

In general two possibilities exist when calibrating the Analyzer: 

1. The calibration is based on a well-defined transducer sensitivity. 
2. The calibration is based on a signal with a well-known amplitude 

level. 

We will demonstrate the first case with two examples: an accelerome
ter calibration and a microphone calibration, and the second case with 
calibration of a sound intensity probe. Before we start, let us first have 
a look at the different types of signals and how they should be scaled, 
because this is already important at this stage of calibration. 

Spectra of different types of signals can be scaled correctly by setting 
the parameter in the =========

9 field in accordance with the 
guidelines given in Table 11.1. 

Spectrum Unit 
Units 

Type of Signal 
(Scaling) 

Absolute Relative 

RMS 
u 

e.g. 
(Root Mean Square) dB re 1 U 

Deterministic 

PWR (Power) u2 
e.g. 

dB re 1 U2 

PDS 
Random (Power Spectral U2/Hz 

e.g. 

Density) 
dB re 1 U2/Hz 

ESD 
Transient (Energy Spectral U2 s/Hz 

e.g 

Density) 
dB re 1 U2s/Hz 

T00189GB1 

Table 11.1. Units to be used for correct scaling of different types of 
signals. The unit u in the table can be any of the units 
selectable in the CH. A 11111 60 and CH. B 11111 66 

fields 
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Fig. 11. 1. Spectrum of a Deterministic signal scaled in RMS (Root 
Mean Square) units 

Fig. 11.2. Spectrum of a Deterministic signal scaled in PWR (Power) 
units 

Fig. 11.3. Spectrum of a Random signal scaled in PSD (Power Spectral 
Density) units 



Fig. 11.4. Spectrum of a Transient scaled in ESD (Energy Spectral 
Density) units 

Accelerometer Calibration with Preamplifier Type 2635 

For this demonstration use for example Accelerometer Type 4382 
which has a Charge Sensitivity of approximately 2 pC/ms-2 and 
Charge Amplifier Type 2635. 

Connect the "Output" from the Charge Amplifier directly to the Chan
nel A "Direct Input" on the Analyzer as shown in Fig. 11.5. 

AO 0038 

Accelerometer 
4382 

Charge Amplifier 
2635 

AO 0087 

Dual Channel Signal Analyzer 

831320/1 

Fig. 11.5. Accelerometer calibration with Preamplifier Type 2635 

Assume we wish to measure a velocity spectrum. 

Read the sensitivity of the Accelerometer from the Calibration Chart 
for the Accelerometer and set the TRANSDUCER SENS. controls on 
the Charge Amplifier accordingly. 

Set the Charge Amplifier LOWER FREQ. LIMIT /UNIT OUT control to 
"0,01 mis". 

Set the mV /UNIT OUT control to "31,6". 

The sensitivity of the Transducer/Charge Amplifier system is thus 3,16 
V/ms-1. 
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Accelerometer Calibration with 
Line-Drive Amplifier Type 2644 

132 

Set the Analyzer parameters as follows: 

Set the 

Set the 

Set the 

57 field to 3 Hz D I R. 

60 field to V / m / s. 

59 field to 3, 16. 

TQ__get the correct scaling in dB re 1 · 10-9 mis select RMS in the 
9 field and enter 1 E -9 in the 

8 field. 

The Analyzer is now calibrated for velocity measurements. Both abso
lute and relative levels can be read out. When the appropriate 

= = -- ~ -~ - -----~ = =--F:a - - 9 (AMS, PWR, PSD or ESD) is selected for the sig~ 
nal being analyzed, as described above, the calibration will also be 
correct. 

Fig. 11.6. The Analyzer is ready for vibration measurements 

For this demonstration use for example Accelerometer Type 4382 in 
conjunction with the Line.Drive Amplifier Type 2644. The amplifier is 
mounted directly on top of the accelerometer. 

Dual Channel Signal Analyzer 

/ 
Accelerometer 

4382 
AO 0231 

831324/1 

Fig. 11. 7. Accelerometer calibration with Line-Drive Amplifier Type 
2844 



The accelerometer has a Charge Sensitivity of approximately 
2 pC/ms-2 and the amplifier has a sensitivity of 1 mV /pC. The Acceler
ometer/ Amplifier sensitivity Is thus approxlmately 2 mV /ms-2• 

Connect the output from the Line-Drive Amplifier directly to the Chan
nel A "Acc. Input - Line Drive" on the Analyzer. 

Select 3 Hz ACC In the 57 fleld. 

Read the exact value of Accelerometer Charge Sensitivity from the 
callbratlon chart for the accelerometer and calculate the exact value of 
accelerometer/ampllfler sensitivity. Select V /m!!1·2 In the - 60 

field and enter the exact numerical value In the ------ 59 

field. 

The sensitivity of the Analyzer has now been adjusted. After the 
8 field has been set to the correct reference value, 

measurements can commence. The reference level, however, will have 
to be set In accordance with the parameter being measured. Let us 
assume we want to measure a velocity spectrum again. 

Select RMS in the 

Select 1 / Jw In the 

9 field. 

: 20 field. 

The normal reference level for velocity measurements Is 10-9 mis. En
ter 1 E-9 in the =======

8 fleld. 

The -20 field explains the 
need for the 160 dB display range in the Analyzer. With single and 
double differentiation a difference in level of up to 160 dB can easlly 
occur. To keep the display from going over-scale, select 160 dB In 
the ~====

10 field. 

The system is now calibrated for veloclty measurements. Both absolute 
and relative levels can be read out. 

Fig. 11.8. In connection with Integration and differentiation It Is recom
mended to use a 180 dB Y-axis range to keep the display 
from going over-scale 
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Microphone Calibration 
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For this demonstration use for example Microphone Type 4165 which 
has a sensitivity of approximately 50 mV /Pa. 

Set the "POL. VOLTAGE" switch next to the PREAMP. INPUT on the 
Analyzer to "200 V". 

Mount the Microphone on the Preamplifier and connect the Preamplifi
er to the PREAMP. INPUT as shown in Fig. 11.9. 

- Microphone 
Type 4165 m --,.-.---~ Preamplifier ""' = Type 2639 ~-- ,i ••• " •• .. • · - - -

Dual Channel Signal Analyzer 

Fig. 11.9. Microphone calibration 

Select PREAMP in the CH. A 

Select V /PA in the CH. A 

57 field. 

60 field. 

830850/ 1 

Enter the sensitivity of the microphone as read from the calibration 
chart in the CH. A =======

59 field. 

To get the correct scaling in dB re 20 µPa select RMS in the 

Y : =======~ 9 
field and enter 2 0 µ in the 

Y: =======
8 field. 

Fig. 11. 10. The Analyzer is ready for sound pressure level measure
ments 

The Analyzer is now calibrated for sound pressure level measurements. 



Sound Intensity Calibration 

For this demonstration use the Sound Intensity Probe Type 3519. It 
consists of two phase matched 1/4" Microphones Type 4135 (Sensitiv
ity: 4 mV /Pa) and two phase matched 1 /2" Microphones Type 4165 
(Sensitivity: 50 mV /Pa). 

Set the POL. VOLTAGE switches next to the PREAMP. INPUT Channel 
A and B to "200 V". 

Select the desired microphone pair and connect the probe as de
scribed in its Instruction Manual to the "Preamp. Inputs" of the Analyz
er. 

Sound Intensity Probe 
3519 

Channel A Channel B 
"Preamp. Input" "Preamp. Input" 

Fig. 11. 11. Sound intensity measurement setup 

Recall MEASUREMENT SETUP no. 18. 

831321 

Set the WE I GHT I HG CH. A and CH. B 49 fields to 
FLAT TOP window. This window is primarily designed for use in con
nection with calibration. 

Move the FIELD SELECTOR to the 
68 field and select SOUHD I H-

TENSITY CALIBR. 

Enter in the hidden fields the following parameters: 
SPACER: (As required e.g. 12 mm) 
TEMP: (The temperature in °C) 
PRES: (The ambient barometric pressure in mBar. A Barometer is 
supplied with the Pistonphone.) 

In general, these parameters must always be set to the actual values 
before sound intensity measurements are undertaken, and if they 
change during a measurement they must be reset to the new values. 

Recall DISPLAY SETUP no. 11. 

The microphone in Channel A has now to be calibrated for Sound 
Pressure level measurements by using Pistonphone Type 4220. This 
provides a 124 dB re 20 µPa Sound Pressure level at 250 Hz. 

To get the correct scaling in dB re 20 µPa select RMS in 
9 field and enter 2 0 µ in the 

field. 

the 
8 
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Apply the pistonphone slgnal to Microphone A. 

Start a measurement. Press INPUT AUTORANGE I and after the Ana
lyzer has started recording press AVERAGING 11 Start" I A· 

Press DISPLAY II Auto Scale" I 0 • 

Move the Main cursor to 250 Hz. 

Read the sound pressure level from the callbratlon chart for the 
Plstonphone and correct the level In accordance with the ambient 
pressure as given on the Barometer supplied with the Plstonphone. 
Now use the FIELD ENTRY 11 

... " I and 11 
_." I pushkeys to step up or 

down the value In the 59 fleld untll the level read out 
via the Y-VALUE 24 fleld shows the sound pressure level as Indicated 
above. 

Repeat the callbratlon for microphone B. 

Remove the Plstonphone and assemble the Sound Intensity Probe. 

Recall DISPLAY SETUP no. 18, which Is preprogrammed for Sound 
Intensity Measurements with the correct dB-reference. 

The Analyzer Is now calibrated and ready for Sound Intensity level 
measurements in dB relative to 1 pW/m2, when the required WE I GHT
I NG function has been selected. 

Fig. 11. 12. The Analyzer Is ready for sound Intensity measurement 

Remember, any change of the density of air (due to temperature and 
pressure) as well as change of spacer must entered In the 

88 fleld. Recallbratlon Is not nee-
essary. 



The useful frequency range for free fleld Sound Intensity measure
ments for different choice of spacing Is shown in Fig. 11.13. It Is there
fore recommended to select the frequency ranges shown In Table 11.2 
when performing sound Intensity measurements. Any other spacing 
may also be chosen. For further details see the Instruction Manual -
Volume 2: Operation. 
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For an accuracy of ± 1 dB and a phasematchlng of 0,2° 831325 

Fig. 11. 13. Frequency range for the Sound Intensity Probe when it Is 
used with different microphones and spacers 

Spacer Length Frequency Range 
(Log Frequency Axis) 

6mm 128 Hz to 12,8 kHz 
12 mm 64 Hz to 6,4 kHz 
50mm 16 Hz to 1,6 kHz 

T00187GB1 

Table 11.2. Recommended frequency ranges to use for Sound Intensity 
measurements 

·• l 
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Alphanumerics 
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Under each pushkey is a grey label containing a letter or a symbol. 
These letters and symbols can be entered on the display as an aid to 
documentating a measurements. 

Press DISPLAY "Alpha" I and enter two lines (each line can contain 50 
characters) of user defined annotation. Try for example to enter your 
own name. 

By repeatedly using the DISPLAY "Text" I pushkey it is possible to 
switch between two text memories. Try it and enter for example the 
date in the second text memory. 

When the Alpha pushkey is not activated the Text pushkey can select 
between the two text memories and no text at all. 

The FIELD SELECT "f' I, ".-." I, "~" I and "..,..." I pushkeys can 
be used to move the FIELD SELECTOR around in the two lines. This 
makes it possible to edit in the lines. The text lines is very helpful for 
documenting date, place, temperature etc, where a copy of the mea
surement is read out to the Graphics Printer Type 2313, the Graphics 
Plotter Type 2319, or the Digital Tape Recorder Type 7400. 



Appendix A 

2 4 

Y: 6 8 9 10 11 

X: 13 14 16 

DOCUMENTATl ON 18 NO. OFAVERAGES 19 20 

MEASUREMENT: 

TRIGGER: 32 33 34 

DELAY: 35 36 

AVERAGING: 37 38 39 40 

FREQ SPAN: 41 RESOLUTION 42 RECORD L.£NGTH 43 SAMPLING INTERVAL 44 

CENTER FREQ: 

CH. A 

CH. B· 

GENERATOR : 67 

55 

61 

68 

45 46 

48 WE I GHT CH. A: 

WEIGHT CH.B: 

56 

62 

47 

49 50 51 

52 53 54 

57 58 

63 64 

ECHO FI ELD 69 

5 

CURSOR PARAMETERS 

Y-VALUE 24 

12 X: 25 

17 26 

21 22 27 28 

PARAMETER FIELDS 

The display of the Analyzer has s which have been 
grouped as follows. 

DISPLAY PARAMETERS: Defines what we see on 
the display i.e. function being displayed, axes, units, 
etc. 

MEASUREMENT PARAMETERS: Defines the mea
suring parameters governing a measurement e.g. 
choice of mode (single or doal), triggering condition, 
averaging, resolution, weighting function, input sen
sitivity, etc. 

CURSOR PARAMETERS: Defines the read out of nu
merical data e.g. cursor being used, position of the 
cursors, values being read out, etc. 

DATA SOURCE PARAMETER: Defines the data be
ing displayed: Input data, Stored data or Equalized 
data. 

UNIVERSAL PARAMETER FIELD: Defines other pa
rameters which are of universal character. Most of 
these parameters have an influence upon all DIS
PLAY and MEASUREMENT SETUPS. Four other 
fields are to be regarded as universal, namely the 
DA DURCE 5

, LIFTEJt,,,JYPE 17
, DOCU-

MEIHATION18 and [Ifl!~ - IDTH 22 fields. 

The universal parameters are not saved in the users 
defined memory and they will therefore be preset by 
a POWER "Off" - "On" (SYSTEM RESET "2"). 

Content of the 

0 

The different parameter fields have been given 
names and numbers as shown. This has been done 
to make it easier for the newcomer to locate them on 
the screen while going through the Familiarization 
Guide. 

The fields highlighted with a line raster can be 
changed i.e. the fields to which the FIELD SELEC
TOR can be moved for entering a new parameter or 
value. Fields without a raster cannot be accessed but 
they contain valuable information for the user. 

The illustration contains more fields than can be 
seen on the screen. This is because some of the 
fields are "hidden" and they will only appear when 
the FIELD SELECTOR is positioned in the line con
cerned. Other fields are disabled in modes where 
they are not relevant. In some cases where fields ap
pear or disappear other fields will shift position to 
the right or left, but always in the same line. 

Parameter fields which start to blink during opera
tion of the Analyzer indicates that the selected pa
rameter cannot be shown in that particular measure
ment mode or it conflicts with other chosen 
parameters. 

A complete list of facilities available in each parame
ter field can be found in Appendix B and C. 

1 SOUND INTENSITY CAL I BR 
2 SI NE GENERATOR FREQ. 

SPACER: -

3 SPEC I AL PARAMETER 
4 MA IN MEMORY 
5 SCRATCH PAD MEMORY 
6 CONT I NUOUS MEMORY 
7 1/0ADDRESSSWITCH 
8 INTERFACE TERMINATOR 
9 PLOT 

MAIN KEY 
- ADDR: 

~DOR: 
~ - ADDR: 

[Switch setting] 

- : NAME 

VALUE: 
VALUE: 

=::~ ~~ VALUE: 
---~- VALUE: 
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W (Working Upper) 
W (Working Lower) 

1 11 

1 0 20 

0 TIME CH. A 
1 TIME CH. B 
2 TIMEAVSB 
3 EHHTIMECH.A 
4 EHH TIME CH. B 
5 ENHTIMEAVSB 
6 PROB DENS CH. A 
7 PROB DENS CH. B 
8 PROB DIST CH. A 
9 PROB DIST CH. B 

1 0 I HST SPEC CH. A 
11 INST SPEC CH. B 
12 ENH SPEC CH. A 
13 ENH SPEC CH. B 
14 AUTO SPEC CH. A 
15 AUTO SPEC CH. B 
16 CROSS SPEC 
17 FREQ RESP H 1 
18 1/FREQ RESP H1 
19 FREQ RESP H2 
20 1 /FREQ RESP H2 
21 COHERENCE 
22 SIG/NOISE RATIO 
23 COHERENT POWER 
24 HOHCOHERENT POWER 
25 AUTO CORR CH. A 
26 AUTO CORR CH. B 
27 CROSS CORR 
28 IMPULSE RESP 
29 SOUND I HTEHS I TY 
30 CEPSTRUM CH. A 
31 CEPSTRUM CH. B 
32 LI FT SPEC CH. A 
33 LI FT SPEC CH. B 

0 REAL 
1 IMAG 
2 MAG 
3 PHASE 
4 NYQUIST 
5 NICHOLS 

Appendix B 

DISPLAY PARAMETERS 

4 

0 C l (Off) 
1 A-WE I GHT (On) 

0 INPUT 
1 STORED 
2 EQUALIZED 

This field is not a part of the DISPLAY SETUP 

Y-AXIS 6 

dB LIN 

-500.0 100 E-15 100E-27 
-499.9 101 E-15 101 E-27 

+499.9 998 E9 9.98 E24 
+500.0 999 E9 9.99 E24 

The range of linear values depend on 

the content of the ~ '""""- ,.,_"" 2 field 

Y-AXIS 

0 (ABSOLUTE UH IT> 
1 dB (RELATIVE UNIT> 

Absolute units depends on the chosen 
9 

In Probability mode: 
0 X/V 
1 %/RMS 

Y-AXIS 

100 E-15 (10 E-27> 
101 E-15 

998 E9 
999 ES (998 E21 > 

Y-AXIS 

0 RMS 
1 PWR 
2 PSD 
3 ESD 

9 

Y-AXIS 

1 0 
20 
40 
80 

160 

Y-AXIS 

0 LIN 
1 dB 

Y-AXIS 

-T/2 
-t.T / 2 + t.T / 128 
-t.T / 2 + UT/ 128 

+T/2 

X-AXIS 13 

10 

11 

Numerical field in steps of t. T or t.f. 

X-AXIS 14 

Time function length Frequency 

12 

CTIME RECORD> 
CTIME RECORD)/2 
CTIME RECDRD)/4* 

C FREQ. SPAN> 
CFREQ. SPAN>/ 2 

CTIME RECDRD)/8** 
*Only when time function is 2 K 
* *Only when time function is 4 K 

X-AXIS 

2 -4 (1 /16) 
2 -5 (1 /32) 
2 -S (1 /64) 
2 -7 (1 /128) 
2 -9 (1 /256) 
of the chosen 

0 LIN 
1 LOG 

15 

55 

0 SHORTPASS 
1 LOHGPASS 

17 

This field is not a part of the DISPLAY SETUP 

DOCUMEHTAT I OH 18 

Indicates Measurement Setup used for 

measurement of the displayed data. 

HO. OF AVERAGES 19 

Indicates the number of spectra which have 
been averaged. 

Time 

0 ff 
1 J 
2 ] 
3 d 
4 dd 

0 BWTC OH 
1 BWTC OFF 

1 
2 
3 

1024 

22 

20 

Frequency 

0 1 / jw2 

1 1 / jw 
2 [ ] 

3 jw 
4 jw2 

21 

This field is not a part of the DISPLAY SETUP 

0 MA I H 
1 HARM 
2 SIDB 
3 DEL T 
4 MASK 
5 REF 

Y-VALUE 24 

CURSOR PARAMETERS 

23 

Indicates the level of the line selected by the cursor. 

25 

Indicates the position of the cursor . 

Numerical field in steps of t. T or t.f. 

26 

Indicates the spacing in time or frequency 
when special cursors are used. 

27 

0 [ 

1 t. y 
2 ELEM' 
3 TOTAL 
4 t. TOTAL 
5 &TOTAL 
6 FLEX 

28 

Reads out of the FLEX VALUE when FLEX 
is selected 
Has to be keyed in via the numeric keyboard. 
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Hidden parameter fields associated with the 68 

0 
1 SOUHD I HTEHS ITV CALI BR 
2 SIHE GENERATOR FREQ. 
3 SPEC I AL PARAMETER 
4 MA I H MEMORY 
5 SCRATCH PAD MEMORY 
6 CONTINUOUS MEMORY 
7 I /0 ADDRESS SWITCH 
8 IHTERFACE TERM IHATOR 
9 PLOT 

SPACER: 
6 mm 

12 mm 
50 mm 
SPEC 

TEMP: 
-99 

0 

99 

PRES: 
200 mBAR 

1200mBAR 

. - -
:! . . l :\ ~ 

0 

25600 Hz 

# 
0 

113 

DEC 
OCT 

VALUE: 

: MAIH KEY 

TEMP: PRES: 

: MAIN KEY 
ADDR: 
ADDR: 
ADDR: 

[Switch setting) 

: NAME 

MA IN MEMORY ADDR: 
0 

65535 

VALUE: 
VALUE: 
VALUE: 
VALUE: 

SCRATCH PAD MEMORY ADDR: 
0 

2047 

CONTIHUOUS MEMORY ADDR: 
0 

2047 

INTERFACE TERMINATOR 
0 

127 

PLOT 
0 

34 

831403/ 1 

D (Documentation) 
S (Stored) 
W (Working) 
1 1 1 

1 0 

MEASUREMENT 

0 CH. A 
1 CH. B 
2 DUAL 

MEASUREMENT 

20 

30 

31 

0 SPECTRUM AVE RAG I NG 

29 

1 SPECTRUM AVERAGING, ZERO PAD 
2 SIGNALEHHAHCEMENT 
3 AMPLITUDE PROBABILITY 

TRIGGER 32 

0 FREE RUN 
1 CH. A 
2 CH. A FILT 
3 CH. B 
4 CH. BFILT 
5 EXTERNAL 
6 GENERATOR 
7 MAHUAL 

TRIGGER 33 

0 + SLOPE 
1 - SLOPE 

TRIGGER 34 

+ 0 .99 
+ 0 .98 

0.00 

- 0 .98 
- 0 .99 

DELAY • ----- .... ---·~ '-':.A J 

- T 
- T + 6 T 
-T+2J.T 

10000!!1-6T 

DELAY 

0 
t.T 
2 AT 

10000!1-AT 

AVERAGING 

0 EXP 
1 LIH 
2 PEAK 

AVERAGING 

1 
2 
3 

32767 

AVERAGIHG 

0 ox 
1 SOX 
2 75X 
3 MAX 

AVERAGIHG 

0 AUTO ACCEPT 

37 

1 MANUAL ACCEPT 

FREQUENCY 

1. 56 Hz 
3. 13 Hz 

12.8 kHz 
25.6 kHz 

41 

38 

39 

40 

35 

36 

MEASUREMENT PARAMETERS 

RESOLUTI OH 42 

Indicates the resolution in the spectrum 

RECORD LEHGTH 43 

Indicates the duration of one record 

SAMPL I HG I HTERVAL 44 

Indicates the time between samples 

CENTER FREQ 

0 ZOOM 
1 BASEBAND 

CENTER FREQ 

CFREQ SPAN)/2 
CFREQ SPAN)/2 + 16t.F 
CFREQ SPAN)/2 + 32t.F 

25.6 kHz - CFREQ SPAN)/2 

CENTER FREQ 

0 !HT. SAMPL. 
1 EXT. SAMPL. 

- - ....,- • - tr ~ -,- r-._ ___.........-

46 

45 

47 

• ... --- ·-·· ... ····· --··--· ... . - .......__,~_____,.- - - - ,,__, -- ~-·-~- - .... - -1.• 

0 WEIGHTIHG CCOMMOH) 
1 WEIGHTING CH.A CDIFFERENT> 

WEIGHTING CH.A/CH.B 49, 52 

0 RECTANGULAR 
1 HANNIHG 
2 TRANSIENT 
3 EXPOHEHTI AL 
4 FLAT TOP 
5 KAIS - BESSEL 
6 USER DEF 

WEIGHTING CH.A/CH.B 

0 
AT 

2t. T 

T - 6T 

WEIGHTING CH.A/CH.B 

0 
A T 

UT 

T 

CH.A/CH.B 

15 mV 
20 mV 
30 mV 
40 mV 

1 V 
1. 5 V 
2V 

80 V 
100 V 

CH.A/CH.B 

0 + 

1 

CH.A/CH.B 

0 DC-DIRECT 
_ 1 3HzDIR 

2 0.2 Hz ACC 
3 3 Hz ACC 
4 PREAMP 
5 ZERO 

CH.A/CH . B 

0 OFF 
1 25.6 kHz 
2 6.4kHz 
3 BOTH 

56, 62 

57, 63 

58, 64 

50, 53 

51 , 54 

55, 61 

CH.A/CH.B 

1.00E-9 
1.01 E-9 

1.00 
1. 0 1 

998 k 
999 k 

59, 65 

CH.A/CH.B 60, 66 

0 V/V 
1 V/UNIT 7 
2 V/PA 8 
3 V/ms - 2 9 
4 V/ms - 1 10 
5 V/m 1 1 
6 V/N 12 

GEHERATDR 

0 DI SABLED 
1 IMPULSE 
2 REFERENCE SI NE 
3 RAHDOM NO I SE 

V/PSI 
V/G 
V/IH!!i- 1 

V/MILL 
V/LBF 
UN IT /V 

67 

4 PSEUDO RANDOM NO I SE 
5 VAR I ABLE S !HE 

68 

The content of this field and associated fields has 
has been listed to the left on this fold-out page. 

This field is not a part of the MEASUREMENT SETUP 

ECHO FI ELD 69 

Values selected via the numerical keyboard 
are written here. 

This field is not a part of the MEASUREMENT SETUP 
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