
USES: 

• High resolution analysis of 
acoustical and v ibrational 
signals 

• Analysis of non-stationary 
signals such as speech, 
rapid machine run-ups and 
run-downs, etc. 

• Measurement and analysis 
of shock and transient 
signals 

• Analysis of vibration from 
both rotating and cyclic 
machines 

• Measurement of 4000-
line spectra 

• Order Analysis 

FEATURES: 

• Constant bandwidth 
baseband frequency 
analysis in 400 frequency 
lines 

• Eleven selectable 
baseband frequency 
ranges from O - 1 0 Hz 
through O - 20 kHz 

• 10 K sample input memory 
with internal. external or 
free running trigger and 
adjustable after trigger 
recording giving 
exceptional transient 
analysis possibilities 

• 1 K sample window can be 
moved along 10 K sample 
recorded time function to 
permit automatic "s low 
motion" analysis 

• Built - in 1 0 x zoom to allow 
measurement of high 
resolution spectra with 
zoom frequency range 
controlled by line selector 

type 2033 

High Resolution Signal Analyzer 
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• Display of spectrum over 

80 dB, 40 dB or linear 
display range with variable 
display gain 

• Memory allows storage of 
spectrum for comparison 
with later data 

• Alphanumeric read -outs 
directly from display 
screen using line selector 

• Major control settings 
displayed on display 
screen 

• Output of displayed data 
via analog output 

• Connection to IEC 625-1 I 
IEEE Std. 488 interface 
bus 

• Digital input and output of 
data and front panel 
control settings via IEC 
interface 

• Display of time signal, 
instantaneous spectrum, 
averaged spectrum and 
spectrum ratio on 11" 
display screen 

• Greater than 70 dB 
dynamic range 

• Built-in antialiasing filters 

• Overlap processing where 
calculation time allows it 

• Exponential and linear 
averaging over 1 to 2048 
spectra and hold max . 
facility 

• Scan averaging for 
analysis of 1 0 K transient 
signals 

• Flat or Hanning weighting 
selectable before or after 
recording 

• Read-o ut of amplitude in 
relative or engineering 
units 
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Introduction 
The High Resolution Signal Anal­

yzer Type 2033 represents a signifi­
cant innovation in the wor ld of real­
time FFT analysis. An input memory 
which has been con siderably en­
larged with respect to tha t found in 
a conventional FFT analyzer greatly 
enhances the capabi lity of the 
2033 in the analysis of transient 
and non-stationary signa ls. Further , 
a unique zoom feature which pre ­
serves the time functi on allows a 
4000- line spectrum to be generated 
from a single time reco rd . This is in 
marked contrast to the usually im­
pleme nted zoom trans forms which 
require that the time function be re­
recorded for each new zoom fre ­
quency range. 

The 2033 consists of a combined 
transient recorder and Fourier anal­
yzer . The transient recorder has a 
10 K samp le memory , (1 K = 1024), 
and is equipped with an extremely 
flexible trigger allowing the 2033 to 
analyze both continuous and tran­
sient data . The transient recorder 
co mbines with the Fourier analyzer 
to give the 2033 two modes of oper ­
ation . 

In baseband mode , the 2033 op­
erates like a conventi onal 400-line 
FFT analyzer by sampl ing the input 
signal and tran sforming it, 1 K sam­
ples at a time , into the frequency do­
main. The spectrum produced by 
each transformation is a constant 
bandwidth spectrum measured at 
400 equally spaced frequency inter ­
va ls, (or lines), across a frequency 
range which is selectable in a 1-2-
5 sequence from O Hz (nominal) to 

Features and Uses 
Use of zoom in the analysis of vi­
bration 

One of the major applications of 
real -time narrow band spectrum an­
alysis is in the study of vibration 
from rotating machines . Such analy­
sis can be instrumen ta l in pin ­
-pointing faults as they occur, en­
abling repair s to be made before ca­
tastrophic failure takes place. In 
many measurements, e .g ., the vibra­
tion from rotat ing shafts, the base­
band spectrum gives sufficient reso­
lution to enable the speedy identifi-
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1 0 Hz through O Hz (nominal) to 
20 kHz. The selected frequency 
range is referred to as the base­
band of the 2033 , and spectra mea­
sured using baseband mode as re­
ferr ed to as baseband spectra. The 
samp lin g frequency used in the 
2033 is alw ays, (in both baseband 
and high resolution modes) , 2 .56 
times the selected baseband fre­
qu ency range . 

In high resolution mode, the 
2033 operates on 10 K samples 
rather th an 1 K samples of the in­
put signal, i .e. , a 10 times long er 
time function . This can then be 
used to produce a 10 times "zoom" 
wh ereby part of the baseband fre­
quency range is expanded by a fac­
tor of 1 0 such that the enti re 400 
lin es of the spectrum lie within a 
fr equency range which is one t enth 
of the baseband frequency range. 
This zoom can be applied anywhere 
within the baseband fr equency 
range , by positioning the 2033 line 
selector on the line of the baseband 
spectrum which corresponds to the 
centre of the required zoom fre­
quency range . Spectra measured us­
ing zoom are referred to as high res­
olut ion spectra . 

Ano ther method of analysis is a 
" scan" ana lysis. Here , 10 K sam­
ples of the input signal are recorded 
and stored in the 2033 input me­
mor y . A time window 1 K samp les 
long can then be automatically or 
manually stepped along the 1 OK 
sam ple time function, the 1 K sam­
ples of the time function select ed by 
th e window with each step being 
analyzed. The frequency range and 
resol ution of each of the spectra 

cation of key components in the vi­
bration spectrum . In some 
measurements, however, and in par ­
ticular in the analysis of sideband 
structures typical of gearbox vibra­
tion s, a greate r resolution can be 
beneficial. 

It is here that the high reso lution 
mode of the 2033 can be used . 
Pressi ng the zoom pushkey, shown 
in Fig .1 , causes that part of the 
baseband spectrum centered 
arou nd the line selector to be ex­
panded by a factor of 1 0, hence 

will be the same as of the baseband 
spectrum . This method of analysis 
gives the possibility of "scanning 
through" the 1 0 K sample time func­
tion to give a "s low motion" analy­
sis, a llowing any changes in the 
baseband spectrum to be observed 
as the time window is stepped 
along the 1 0 K samples . 

The spect ra produced by the 
2033 in both baseband and high 
resolution mode can be linearly or 
exponentially averaged , or their 
maxima can be stored . These re­
su lts as well as the instantaneous 
spectrum and the time function can 
then be displayed on an 11 " cali ­
brated display screen, and the dis­
played values re ad via a line selec­
tor . The 2033 incorporates a me­
mory where a spectr um can be 
stored and then recalled to the dis­
play screen allowing, e.g. the com­
parison of baseband and zoomed 
data . The amplitude ratio between 
the input data and the memory can 
also be displayed. 

Output of displayed data can be 
made to an X-Y or level recorder . 
The 2033 is also equipped with an 
extremely sophisticated IEC 625-1 
standard / IEEE Std . 488 compatible 
interface . 

The analysis modes and other fea­
tures described above allow the 
2033 to be used in a wide range of 
app lic atio ns in the analysis of both 
stationary and non-stationary sig­
nals . The use of these modes and 
features is further described in the 
section "Features and Uses ". 

I Spectru m Range ,r ~ efe rence -, 
Ttm c or l evo l 

Lmea , 4 0 dB 80 dB Relal ive Se1 
--- . --- -- - ---- - - - -
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Fig .1 . Pushkey s used to control the 2033 
high resolution mode 



Fig.2. Example of the use of zoom to 
expand spectra data. Th e upper spec trum is 
the baseban d spec trum. In the lowe r spec­
trum, the range from 900 to 1100 Hz has 
been expanded to fill the entire zoom 

giving 10 t imes improved resolution. 
This is illu st rated in Fig .2. where 
the baseband and high resolu ti on vi­
bration spectra from a large gear box 
are compared. The 400-line base­
band spect rum shows a freque ncy 
range of 0- 2 kHz. wh ile in the 
high resolution spect rum . the 400 
lines are centered around th e third 
harmonic of the toothmeshing fre­
quency in a f requency range of 
900 Hz to 1100 Hz. In the high res ­
olution spectrum. a sideband 
structure around the third harm oni c 
which is indi cati ve of fau lty gear s 
becomes clearl y apparent. 

It is interesting to note here the 
opt imal nature of the zoom facto r 
10 in this type of measurement. in 
that it is sufficient to bring out the 
required infor mation . High er zoom 
factors . on the other hand , wou ld 
cause increased "smea rin g" of the 
spect ral peaks. this ar ising from 
small va riat ions in machin e speed . 

Measurement of 4000 line spectra 
A feat ure of the 2033 is that 

when it is switched to its high reso ­
lut ion mode , once 10 K sampl es of 
the input sign al have been re­
corded . multiple zoom transforms 
may be made on the same 1 0 K 
samp les . Each zoom transform 
takes approximately 1 s . This al-

lows. for instance. 1 0 contiguou s 
400 -line hi gh reso lution spectra to 
be generated f rom the sam e 1 0 K 
samples. allowing a 4000 -l ine spec­
trum of a single t ime record to be 
obtained . This spectrum will extend 
across th e enti re 2033 baseband 
frequ ency range. 

High speed zoom 
The featu re described above , i.e .. 

tha t the 2033 can process multiple 
zoom transform s fr om the same 
1 0 K t ime recor d . can make the 
2033 considerabl y faster than an 
analyzer processing conventional 
zoom transfo rm s in obtaining high 
reso lu tion spectra. W ith conven ­
tional zoom transforms. the zoom 
fr equency range must be selected 
before th e t ime fun cti on is re ­
corded . and hence the time function 
must be re-recor ded each time a 
new zoom frequency range is re­
quired . Thi s is in contrast to the 
2033 zoom transfo rm . w her e the 
zoom frequency range need not be 
chosen until aft er the time fun ction 
has been recorded . allowing re­
peated zoom t ransforms to be per ­
formed on the same data . 

An ind icat ion of the poss ible dif ­
ferences in processing tim es may 
be had by compa rin g th e two trans ­
for ms in a 1 0 t imes zoom on a O to 
1 0 Hz baseband fr equency range . 
Bot h w ill require 40 0 s of time do­
main data . (assuming a 400 lin e 
high resolution spectrum) . Therea f ­
ter. th e 2033 can make as many 
zoom tra nsfo rm s as are required 
from the same 400 s of data, each 
tak ing about 1 s. A conve ntional 
zoom transfo rm , however. requi res 
a new 400 s of data for each new 
zoom transform. making it in thi s 
case about 400 tim es slower . 

Use of scan in the analysis of non­
stationary signals 

The scan fun cti on is of exce p­
tional value in the analysis of non ­
sta ti onary s ignals such as speec h. 
fast machine run -ups and run ­
dow ns. music . etc. It has the eff ect 
of producing a "s low motion" analy ­
sis such that rapid cha nges in the 
spectrum of . e.g .. a wo rd of speech 
can be seen and und erstood dir ectl y 
fro m the 2033 display screen . Oth­
erwise. as in for instance a real­
t ime analysis. these cha nges might 
occur so rap idly as to make th ei r vis­
ual comprehension impo ssible . 

In operat ion of a sca n analys is, 
10240 samples of the input sig nal 
are recor ded and stored in the 
2033 input memory. The scan fun c­
tion then al lows a 1 K samp le time 
window to be stepped along the 
10 K samples. w hi le producing a 
new 400-lin e spect ru m for each 
step . Either a flat (recta ngular ) or a 
Hann ing weighting can be applied 
as the wi ndow function. The pro ­
cess is illu stra ted in Fig.3 . The scan 
is non-destructive . allow ing re­
peated scans on the same 1 0 K 
samples. e.g .. w ith a cha nged 
we igh tin g funct io n , etc .. 

The scan can be co nt rolled auto ­
matically or manually. In an auto­
matic scan the wi ndow is stepped 
across t he entire 1 0 K samp les , 
produ cin g an d displaying a new 
spec tru m for each step . The num­
ber of steps is selec tabl e in a se­
quence of 8 values fro m 10 to 
1153. (these va lues correspo ndin g 
to a step size selectable in a binary 
sequence of fr om 1 02 4 to 8 sam ­
ples). the durati on of eac h step be­
ing approximately 11 0 ms. The ef ­
fect is to produce a "live" display of 
th e spectrum cha nges wh ich occ ur 
as the ti me w indow mo ves a long 
the 1 0 K samp les . The total time 
taken fo r the sca n va ries from about 
1 s to about 2 min . depending on 
the number of steps . 

In a manual scan , the ti me win­
dow is chosen by manua lly position­
ing the requ ired 1 K samples on the 
2033 disp lay screen , and th en se­
lecti ng inst antaneous spectr um dis­
play to show the spectr um . (An ex­
amp le is show n in Fig .4). In a man­
ual sca n , the step size from window 
to w indow is in multiples of 30 sam ­
ples . 

Signals fro m 200 ms to 400 s du­
rat ion can be analy zed in t he above 
ma nn er , depend ing on the base­
band fr equen cy range se lect ed. 
W ith a 5 kHz baseband frequency 
ran ge , for instance . the 10 K sam­
ples wou ld corr espo nd to 800 ms of 
tim e domain data, and the mini­
mum step size from one wi ndow to 
the next wo u ld be about 1 ms for 
an automatic scan and abou t 
2,5 ms for a ma nual scan. The time 
win dow wo uld in this case corre ­
spond to 80 ms with rectangular 
we ighting se lected, and about 
40 ms with Hannin g weighting se-
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10 K samples are recorded in the 2033 input memory 
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Fig.3 . Illu stratio n of scan analysis, where a 1 K samp le time window is stepped along the 10 K 
sampl e t ime function to give a "s low motion" analysis 

lected , (use of Hanning weighting 
reduces the effective t ime window 
by approximate ly 50 %). 

Triggering facilities 

The 2033 incorpor ates very ad­
vanced and flexible triggering facili ­
ties. In the free running trigger 
mode, the 2033 ana lyzes data at a 
rate which is on ly limi ted by the cal­
cu lation procedures . In the lowe r 
baseband frequency ranges . (0 to 
2 kHz and less). this gives over lap 
processing whereby over lapping 
t ime records are ana lyzed to update 
the instantaneous spectr um at least 
5 times a second, making it easier 
to follow changing spect ra l compo­
nents . Use of a free running trigg er 
is principally associated with the an­
alysis of continuo us signa ls. 

Internal trigge r mode is primarily 
app lied in the analysis of transient 
signa ls. Here, the input signa l itself 
is used to trigger the analysis, th e 
trigger leve l being adjustab le in 
200 steps across the maximum in­
put vo ltage swing . The trigger level 
set is displayed when the 2033 dis­
play screen is set to show a time 
function. In external trigger mode, 
an externa lly applied pulse is used 
to contro l the recording . The major 
use of this is to synchronise the an ­
alysis with a repet itiv e proces s. 

After trigger recording 
Associated with int erna l and ex­

ternal tri gge rin g is an adjus table de­
lay called after trigger reco rding . It 
is used to se lect precise ly which 
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part of the input signa l is analyzed 
with respect to the time when the 
trigger occurs. It ope rates by allow ­
ing the 2033 to continu e recording 
new samples afte r it has been tri g­
gered until a preset number has 
been reached. Then. the recording 
process is stopped , and the 2033 
operates on whichever time func­
t ion is standing in its memor y at 
that time. The after trigger record­
ing enab les the 2033 to ana lyze 
event s occu rring both before and af­
ter the trigger . (an examp le of its 
use is given in the secti on "A naly ­
sis of machine cyc les"). 

Up to a further 64 K samp les . ad­
justable in steps of O. 1 K samples. 
can be recorded after the 2033 is 
trigg ered. This allows the 2033 to 
ana lyze events occur ring from 10 K 
samp les before the trigger . (after 
trigger recording set to 0,0 K), up to 
64 K samples after the tri gger. (af­
ter trigger recording set to 64 K). 
For instance. with a baseband fre­
quency range of 1 0 kHz this repres ­
ents a timespan of 0.4 s before the 
tri gger up to 2. 5 6 s after it. (The 
samp ling frequ ency is 2 ,56 times 
the baseband frequency range). On 
the 2 kHz range, th e correspond ing 
figures would be 2 s and 12,8 s re­
spective ly . 

Transie nt ana lysis 
The tri gger and after trigge r re­

cording facilities described in the 
previous two sections make the 
2033 an extreme ly flexib le system 
in the ana lysis of transient signa ls. 

The range of adjustment of the inter­
na l trigger level redu ces the likeli­
hood of a false trigger , whi le where 
a suitab le trigger signa l is ava ilab le , 
an external trigger can be used. 
Use of the after trigger recording en­
ables the 2033 to analyze data oc­
curring both before and after the 
trigger . This makes the 2033 
equally suitab le in ana lysis across 
the entire range of transient signals 
from short. highly impulsive signals 
such as gunshots. to long, low fre­
quency signals like seismic waves . 

Fig .4 illu strates the possibilities 
avai lable in the analysis of transient 
signa ls. It shows an ana lysis in the 
1 0 kHz baseband frequency range 
of punch press noise . First the 1 0 K 
sample time function is displayed , 
which is of 400 ms duration , this 
being sufficient to describe the en­
tire punch press cyc le. Next. a 1 K 
sample sect ion of the 1 0 K tim e 
function is displayed , this having 
been selected using a manual scan 
from that part of the time function 
where the amplitude was at a maxi­
mum, (as indicated by the line selec­
tor in Fig.4(a)). The next display 
shows an ana lysis in the baseband 
frequency range of those 1 K sam­
ples. Finally, a scan average, (see 
th e section "Scan averaging") , ac ­
ross the entire transient is show n. 
A further possibility, not illustrated , 
wou ld be to measure the 4000 l ine 
spectrum of the transient. 

Averaging 
Spectrum averaging is performed 

in signal analys is in order to reduce 
the effects of random variations and 
to produce a statistica lly reliable re­
sult. The 2033 has three averaging 
modes. the first two of wh ich, 
namely exponential averaging and 
lin ear averaging give a true RMS av­
erage. From 1 to 2048 baseband or 
(400 lin e) high resolution spectra 
can be averaged coming from both 
continuous and transient data. The 
third averaging mode is a m ax i­
mum hold , where the maximum le­
vel occurring in each line of the 
spectrum is held. Maximum ho ld 
can operate on an unlimited num­
ber of spectra. 

When the 2033 is in its base­
band mode. and Hanning weighting 
is selected . the eff ectiv e time win ­
dow is reduced by about 50 %. The 
2033 takes advantage of this to re-



(a) (b) 

(c) (d) 

Fig.4. Illustr ation of t ransient analysis possibilities with th e 2033. a) 10 K samp le time 
functi on, b) 1 K sa mple s selected using manua l scan. c) analysi s of th e 1 K sa mples. d) sca n 

average of the 10 K samp les 

duce the tim e required to pro duce a 
stati stica lly reliable result, by aver­
aging spectr a which come from 
50% overlapp ing time records . 
Hence . the t im e requir ed, for in ­
stance to linear ly average 64 
spect ra with a 1 kHz full sca le fre ­
quency is reduced from 25,6 s to 
1 2 .8 s but with the relative erro r re­
maining at approxima tely ± 0,5 dB . 
Averaging wi th flat weighting in th e 
baseband mode or w ith flat or Han­
ning weight ing in the high reso lu ­
tion mode is ca rri ed out witho ut 
overlap. 

Scan averaging 
When the 2033 makes an auto­

matic scan analys is of a 10 K sam­
ple time fun ctio n , it simu ltaneous ly 
produces a scan average . Thi s is a 
lin ear aver age of th e spect ra gener ­
ated by the sca n , and it can be seen 
by settin g th e 2033 display screen 
to show the averaged spectrum . 

Analysis of machine cycles 
The appl icati on of the 2033 to 

th e analysis of machi ne cycles, men­
tioned previously, can be extended 
by appropr iat e use of the trigger. af­
ter t ri gger recording . and averaging 
fac iliti es. Fig.5 shows a typica l re­
sult . this being a three dimensional 
plot of th e vibration at the cylinder 
head cove rin g one cycle of a 4-cylin­
der 4-stroke diesel engine . operat ­
ing at 1 500 rpm with delayed in jec­
tion. Each spectru m in the plot re­
presents about 4 ms of the entire 
80 ms cycle. (8 ms of reco rd 
weighted with a Hanning we igh t­
ing), and is an average over 64 cy­
cles . Synchronisation between the 
2033 analysis window and the en­
gine was obtained using a once-per­
cycle tachometer pulse as an exter­
nal trigger. the ana lys is window be­
ing stepped in 1 .6 ms steps along 
the engi ne cycle by in crem enti ng 
t he aft er trigger recordi ng. The var­
ious events in the cyc le ca n be 
clearly seen. 

Scan averagi ng is used to obtain 
a 400-line averaged baseband spec ­
trum from a 1 0 K sampl e tim e func­
ti on. In th is respect it can be used 
w ith both stat ionary and non-sta­
tionary sig nals and both tr ansient 
and cont inu ous sig nals . 

20 kHz 
790964 

Fig .5. Analysis of one cyc le of a 4-cylinder diesel engine 
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Fig .6 . Use of the Tracking Frequency Multipli er Type 1901 with the 2033 

Tracking and order analysis 
The frequency range of the 2033 

can also be controlled , both in base­
band and high resolu ti on mode , 
fr om an external sampling fre ­
quency . By deriving this external 
sampling frequency from the rota­
tional speed of a machin e, order an­
alysis whereby the 2033 tracks the 
machine speed can be carried out. 
In such an analysi s. th e frequency 
range displayed varies in sympathy 
with the machine speed such that 
the rotationally related components 
stay in fixed positions on the 2033 
display screen. A suitabl e set-up for 
this . utilising the Tracking Fre­
quency Multipli er Type 1 901 is 
shown in Fig.6 . 

When th e 2033 is set to track in 
baseband mod e, wherever the calcu­
lation tim e allows it , overlap pro -
cessing is employed making it ea­
sier to follow a spectral component 
from one spectrum to the next, (the 
instantaneous spectrum will be up­
dated at least 5 time s a second) . In 
high resolution mode, a unique fea­
ture is that th e zoom process effec ­
t ively provid es the 2033 with a 
tracking antialiasing filt er. This en­
ables th e 2033 to track over approx ­
imately a 15 : 1 speed range without 
the danger of th e introduction of dis ­
turbing aliasing distortion. Overlap 
process ing . how ever . is no longer 
possible. 

Data Input 
The 2033 input is designed to en­

sure the integri ty of analyzed data . 
A full B & K measuring amplifier in ­
put is built in , allowing the connec­
t ion of signal s from most B & K mic ­
rop hone preamplifiers and other sig ­
nal sources. Detec tion of overload 
takes place at two point s, namely 
before the antialiasing filter to 
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guard against undetected satur at ion 
of the input amplifier , and at analog 
to dig ital conversion to guard 
against clipping of samples at the 
ADC . Evidence of saturation or clip­
ping is lat er used during averaging 
to prevent data influenced by an 
overload from entering an on-going 
average. 

Data Display 
The 2033 utilises an 11 " ca li­

brated raster scan display screen en­
abling important details in displ ayed 
data to be qui ckly and precisely iden ­
tified. Both time function s and 
spectra can be displayed . 

In baseband mode, th e 2033 
gives a " Jive" display of the enve ­
lope of th e 1 K sample time func ­
tion on which it is operating, and in 
high resolution mode , the 10 K t ime 
function can be displayed. If record­
ing is stopped, either the 10 K t ime 
function or a 1 K or 390 sample 
window select ed from it can be dis­
played . Selection of the display win­
dow is via th e line selector , which 
is also used to read the time corre ­
sponding to eac h sam ple in the 
time function. The displayed win­
dow can also be moved back and 
forth along the time function using 
th e Move pushkey s. 

The time function display facili ­
ties are also used to manu ally con­
trol a scan analysis of a recorded 
1 0 K time fun ction . The 1 K sam­
ples required for analysis are first 
positioned on th e 2033 di splay 
scree n . Selecting instantan eous 
spectrum display gives their spec ­
trum . 

Display of the instantaneous or 
averaged spectrum is in term s of 
line ar or logarithmic amplitud e, (lo-

garithmic amplitude display range 
selectable between 40 dB and 
80 dB). with variable display gain , 
against linear frequency. The line 
selector may now be used to read 
the frequency in Hz and the ampli­
tude in dB or V of any line in the 
spectrum. Any line in the spectrum 
can be set to read O dB or 1 unit , 
(as can any sample of the time func ­
tion be set to read Os) . The line se­
lector is also used to select the 
zoom frequency range in high reso ­
lution mode. An exa mple of a linear 
spectrum display is given in Fig .7. 

Engineering Units calibration of 
the 2033 can be obtained using the 
internal 100 mV reference with the 
Reference Adjust dB and Gain Con­
trol potentiometers . The ca libration 
level is adjustable across a range of 
approximately 100 µV / unit to ap­
proximately 30 V / unit. 

Associated with the display 
screen is a memory , where a spec ­
trum can be stored for its later re­
call, allowing, e.g ., th e comparison 
of baseb and and high resolution 
spectra. The amplitude ratio be­
tween the input spectrum and th e 
memory contents ca n also be dis­
played allowing th e estimat e of th e 
magnitud e of a system frequenc y re ­
sponse . 

Fig. 7. Example of a linear spectrum di splay. 
The amplitude of the select ed lin e can be 
read in volts , engineering unit s, or in line ar 
unit s referr ed to any lin e of t he spectrum 

Fig.a. Exa mple of a 2033 spec trum recorded 
using an X-Y Recorder Type 2308 



Data Output 
Analog outputs can be made to a 

B & K Level Recorder Type 2307 or 
to an X-Y Recorder Type 2308 , 
(specify which output is required 
whe n ordering) . Any fun ct ion which 
is displayed can be output, the re­
cording being made on graduated 
paper . Fig .8 shows a spectrum re­
corded using an X-Y Recorder Type 

2308. 

IEC Interface 
A further unique feature of the 

2033 is an extremely flexible and 
sophisticated interface which allows 
total access to the 2033 controls 
and data memory. This interface , 
which conforms to the IEC 625 - 1 
standard (compatible with IEEE Std . 
488). allows simple connection of a 
calculator to the 2033, to form a 
powerful system. So connected , a 
calculator has access to . amongst 
other things : 

All the 2033 pushkeys and th e 
line selector . 
The time function . 
The complex spectrum. 
The instantaneous power spec­
trum . 
The averaged power spectrum . 
The stored spectrum . 
The display scree n alphanumeric 
text lin e. 

Examp les of more complex process­
ing which ca n th en take place in ­
clud e: 

Input Characteristic s: 
Input: either .. Direct Input ·· or standard 
B & K 7 pin .. Preamp lif ier lnpuf' 
Input Impedance: .. Direct Input .. 

1 MCl// 100p F 
Maximum Input Voltage: 2033 is a 
Safety Class II instrum ent (IEC 348) . For 
safe operation in accordance with IEC 
34 8. th e voltage of th e sig nal or sig nal 
ground relative to earth must not exceed 
42 V RMS (sine) . To ensure safe opera­
tion wi thin IEC 348 at higher volt ages. 
the user must limit all inp ut curre nt s to 
0 .7 mA peak 
Sensitivity : 11 full scale sens iti vity 
ranges (over load limit of ADC) , 1 0 dB 
steps from 66 dB to 1 66 dB RMS re 1 µV 

(sine) 
Input Attenuator : 0 to 1 00 dB in 1 0 dB 
steps. accu rate to ± 0 . 1 dB 
Gain Control : 0 to 1 0 dB 
Sensitivity Adjustment (Direct) : 
+ 4 .7d8 to - 1 OdB 
Sensitivity Adjustment (Preamp.) : 
+4 .7d8 to - 10d8 

Automatic spect rum comparison. 
Inverse Fourier Transform . 
Cepstrum . 
Hilbert Transform . 

An interesting combin at ion is the 
2033 with the Digital Cassette Re­
corder Type 7400, (shown in 
Fig .10). The 7400 connects directly 
to the 2033 . and as well as being 
ab le to record spectra. the 7400 
can recor d the time fun ction . ( 1 K 
or 1 OK). held by the 2033. This al­
lows the total documentation of re­
su lts. in that everyt hing generated 
from that time function can be ex-
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Fig .9. Rear Panel of the 2033 

Specifications 2033 
Amplitude Reference : 1 00 dB refe rred 
to 1 µV. Frequency , 64 % of selected 
baseband full sca le frequ ency 
Antialiasing Filter s: 11 fil ters automati ­
cally select ed wi th baseband fr eque ncy 
range . Max . ± 0.2 dB ripp le in the pass­
band. 113 dB/ oct roll off . Provide at 
least 70 dB attenuation of any compo­
nents in the input signa l having freq uen­
cies higher than 1,56 th e baseband full 
scale frequ ency . The filter s can be by­
passed. if requi red 
Sampling: 2.56 x baseband fu ll scale fr e­
qu ency. automatica lly selected wit h th e 
baseband fr equency rang e for intern al 
sampling . External samp lin g sets th e 
baseband full scale frequ ency to 1 / 2,56 
of th e external samp lin g rate 
An alog to Digital Convers ion : 12 -bi t 
two' s comp lement . quantizing error maxi­
mum ± 1/2 LSB 
Overlo ad Indicator : indicate s overload in 
ei th er th e input amplifi er or th e ADC 
Upper 10 dB Indicator : ind icates when 
ei ther the input amplifier or the ADC is 
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Fig . 10 . Digit a l Ca ssette Reco rder Type 7400 

actly reconstructed by reading the 
reco rded time function back to the 
2033 . 

Graphics Recorder Type 2313 (see 
Fig. 11). is a fast digital graphics 
printer , which, when fitted w ith 
Application Package BZ 7002, can 
not only plot or list measure ment 
result s, but also store approx. 30 
spec tr a or 20 X 1 K (or 2 X 10 K) 
time function s, produce 1 /3 octave 
and 1/ 1 spectra, re-format time 
functions and a number of spectra, 
plus perform integration and differ ­
ent iati on of spectra. The measure­
ment results can then be sto red on 
the 7 400 Digital Cassette Recorder. 
A range of application packages are 
available for int erfa ce with other 
B & K instrument s. see your B & K 
representati ve for details. 
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Fig. 1 1. Graphics Recorder Type 23 13 

operat in g in the upper 1 0 dB of its dy­
na mic range 

Analysis Characteristics : 
Baseband Mode : 
Full Scale Frequency: 1 0 Hz to 20 kHz 
se lec tabl e in a 1 - 2 - 5 sequence 
Real Time Frequency Range : > 2 kHz 
Number of Synthesised Filters: 400 . 
generat ed fr om 1 024 in put sam ples 
Filter Spacing, {J: reci procal of the input 
tim e function duration . or the lull scale 
frequency / 400 
Overlap: with free runnin g trigger se ­
lected th e instantaneous spect rum is up ­
dated at leas t 5 tim es a second 
High Resolution Mode: 
Frequ ency Span : one te nth of th e se­
lected baseband full sca le frequency . 
1 Hz to 2 kHz selectab le in a 1 - 2 - 5 se­
quence . Frequency span centre fre ­
quency is selectabl e in steps of 1 I 400 th 
of the baseband full scale fr equency 
within th e baseband frequency range . 
via the lin e selector 
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Number of Synthesised Filters : 400 
generated from 1 0240 input samples, 
i.e . 4000 filters within the baseband fre­
qu ency range 
Filter Spacing, {J: recipr oca l of the input 
time function duration, or the baseband 
full scale frequen cy/ 4000 
Baseband and High Resolution Mode : 

Weighting : flat (rectangular) or Hanning , 
selectable before or alter the time func­
tion has been recorded 
3 dB Bandwidth : 0.88 /J for Flat Weight· 
ing, 1.44 /J for Hanning Weighting 
Noise Bandwidth : /J for Flat Weighting. 
1.5/J for Hann ing Weighting 
Amplitude Linearity: (for 32 spectra av­
erage) ± 0.1 dB or ± 0 .0 1% of full scale 
at overload . whichever is greater (no ad­
justment necessary) 

System Frequency Response : ± 0.2 dB 

with ant iali asing filters bypassed. or 
± 0.3 dB otherwise . 2 Hz to 20 kHz 
No ise Level : (for 32 spectra average) 
less than O dB re 1 µV or 76 dB below 
overload . whichever is greater 

Transient Analysis: 
Tr igger Modes : Internal, External or 
Free- run 
Trigger Level : adjustable in 200 steps ac­
ross the input voltage range . Trigger le­
vel indicated on the disp lay screen 
Trigger Slope: positive for positive trig ­
ger level. negative for negat ive trigger 
level 

After Trigger Recording: adjustab le in 
steps of 0.1 K samples from 0.0 to 64 K 
samples 
Memory Period : equa l to in seconds 
4000 / baseband full scale frequency in 
Hz 

Recording Control : manual transient 
capture or automatic capture on the next 
trigger 

Transient Averaging: automatic averag­
ing of a succession of t ransients or aver­
aging with manual con trol after verifica­
tion of data 
Scan Analysis: Automatic; 1 K time win­
dow is stepped across entire 1 0 K time 
function producing new analysis with 
each step. numb er of steps selectable in 
a sequen ce of 8 values fr om 1 0 to 11 53 
Manual ; 1 K time window placed manu­
ally . step size in mu ltipl es of 30 samples 

Averaging : 
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Linear: linear average of a preset num­
ber of spectra producing a true power av­
erage. A true average is always 
displayed and the number of spectra aver ­
aged is indicated on th e display 
Exponential : the number of spectra indi · 
cated on the display gives the effecti ve 
averaging time 

No. of Spectra : 1 - 2048 in 1 2 binary 
related ranges 

Hold Max .: the maximum level occur r ing 
in each line is held 
Overlap : Hann ing weighting selected , 
50 % whe re calcu lation time allows it. 

Rectangular weighting selected, no over­
lap . High resolution mode selecte d. no 
overlap 
Controls: Start . Proceed and Stop 
Overload Prot ection: data influenced by 
an overload is automatically excluded 
fr om an average 

Scan Averaging: linear average of an au­
tomatic scan analysis 

Memory: 

" Store": stores the instantaneous or av­
eraged spectrum and corr esponding al­
phanumerics shown on the display 
"P rotect" : prevents further updating of 
the memory 

Di splay: 

The display screen shows the input func ­
tion . (i.e .. ti me fun ction. instantaneous 
spectrum. or averaged spectrum) . the me­
mory contents . the amplitude ratio be· 
twe en the input function and the me­
mory contents . or the input fun ction and 
memory contents alternatively displayed 
with a fast or slow alternating frequency 
Size: 11 " 
Display Area : 150 x 21 0 mm (6 in x 
8,25 in) 

Scale Lines : 41 horizontal lines are elec­
tr ically generated directly on the screen 
for parallax free readings 

Spectrum Range: linea r. 40 dB or 80 dB 
Spectrum Gain : in 1 0 dB steps over an 
80d B range 
Alphanumeric Read -outs : full scale le­
vel . frequency span. samples alter trig ­
ger. number of spectra averaged. se­
lected frequency lin e or sample number. 
selected frequency or time . selected level 
Line Selector : lin e moved eithe r cont inu ­
ously or in single steps to the right or to 
the left. indicated by an intensified co ­
lumn 
Amplitude at Line Selector : shown on 
display in V . or in dB referenced to 1 µV. 
or dB referenced to 1 µV ± 50 dB. or dB 
referenced to the RMS level in any chan­
nel of the spectrum. or lin ear units refer ­
enced to any channel of the spectrum 
Tim e at Line Selector : show n on display 
referenced to f irst sample or relativ e to 
any sample in the record 
Time Function Display : envelope of 
1 0 K samples or 1 K samples. or 390 
cont iguous samples 

Leva l Recorder Output: 
Output Impedance: 1 k Cl 
Maximum Output Voltage : + 1 5 V (nomi ­
nal 12V) 

Digi tal Input and Output: 
Interface: conforms to IEC 62 5-1 stan­
dard. com patible with IEEE Std. 488 

Functions : SHl . AHl. T5 . L3, SR1. 
RL0 . PP0 . DC2 and DT0 
Deta : functions selected by Display Se­
lector . or with contro ller . any main me ­
mory block 
Code: ISO 7 -bit cod e or binary . selected 

from controller 

Remote Control : fr ont panel settings 
can be input and ou tput via dig ita l inter­
face 

Miscellaneous : 
Power Supply : 10 0. 11 5 . 125. 200. 
220 . 240V AC ,± 10%. 50 to 60 Hz, con­
sum ption approx. 1 20 VA . Complies with 
IEC 348 Safety Class II 
Environment: temperatu re range (for op­
erat ion with in speci f icat ions). + 5°C to , 
+ 40 °C 

Elect romagnetic Compatibility: Comp lies 
wit h Amer ican FCC requirements for 
Class A c omp uting devic e 
Storage Temperature : -2 5°C to + 75 °C 
Cab inet : Supp lied as model A (light· 
weig ht meta l cabinet) or C (as A but 
with flanges for standa rd 19 " racks) 
Dimensions and Weight : (A -cab inet w ith 
feet) 
Heigh t : 310 .4mm(12 .2 in) 
Width : 430 mm (16 ,9 in) 
Depth: 500 mm ( 1 9 , 7 in) 
Weigh t : 22 kg (48.5 lb) 

X-Y Recorder Output ZN 0204 (optional): 
(replaces Level Recorder Outpu t) 

X-Deflection: 
Read-out time : sw itch selectable 45. 
118 . or 263s 
Output Voltage : staircase Oto + 1 0 V 
400 steps . (linea ri ty better tha n 0. 1 %). 
full scale def lect ion in "Ca l. " mode 
Output Impedance: 1 00 Cl 
Y -Deflection : 
Output Voltage: 0 to + 10V . in 256 
steps (accurac y better tha n ± 1 0 mV). full 
scale deflection in " Cal. .. mode 
Output Impedance : 1 00 Cl 

Acc essor ies Included: 
Mains cable ... ... ..... ...... .. ... ...... . AN 0020 
IEC Bus Connector Kit. ..... ... .... UA 0793 
1 B&K plug ...... ...... ... ..... . .. .. .... JP010 1 
1 BNC plug ...... ..... ..... ...... ... ... .. JP 0035 
Cam disc for 2307 .... . ...... . ..... OD 0253 
Remot e co ntro l cable for 
2307 . ...... .... .. ..... .. .... .. .. .... ... .... AO 0035 
Cam swit ch cable for 2307 
and Remot e 1 cable f or 2308 .. AO 0034 
Signa l cable f or 2307 ....... . .. .. . AO 0064 
Signal cable fo r 2308 .. ..... .. . ... AO 0087 
Spare fuses 0,63 A ........ .. .. ...... VF 0032 
Spare fuses 1.25 A ... ... .. .... .... .. VF 0027 

Acces sories Ava ilable: 
IEC 625 -1 interface cable 
(2m) .. ... .... .... .... .. .. ...... . ... ... ..... AO 0194 
IEC (male, slide- loc k) to IEC 
625 - 1 ........... .... . ... .. .... ...... .. ... AO 0184 
Ad apto r to conv ert IEEE 
inst rumen t t o IEC 625 - 1 .. ...... AO O 195 
Prepr inted Level Recorder 
paper .. ... .. .... ..... .. .. .... ... ..... . ... ... OP 1103 
Preprinted X-Y Rec order paper .. OP 1002 
Displ ay I Documentation Progra m 
BZ 0013 for op eration in an HP 9825 
calculator when it is connected to a 
2033 


