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FOREWORD 

Low frequency analyzers based on digital signal 
processing — especially the Fast Fourier Transform 
algorithm — are rapidly replacing older analog spectrum 
analyzers for a variety of measurement tasks. However, 
even the most enthusiastic FFT analyzer users recognize 
that there are some measurements for which they are not 
particularly suited. Log frequency sweep and 1/3 octave 
analysis are examples. 

Nevertheless, the combination of an FFT analyzer and 
a “friendly” (i.e., easily programmed) small computer 
can perform a greater variety of measurements than the 
analyzer itself can do. For this to happen, it is essential to 
have fast, efficient communication between the two. The 
Hewlett-Packard Interface Bus (HP-IB*) serves this need well. 

1/3 octave analysis is the measurement of a frequency 
spectrum by the use of constant percentage bandwidth 

filters 1/3 octave wide and spaced 1/3 octave. It has 
long been popular for audio and acoustic applications, 
largely because of the relationship between this filtering 
technique and certain psychoacoustic properties of 
human hearing. 

This application note offers a means for making 1/3 
octave measurements with a 3582A Spectrum Analyzer 
controlled by a 9835A Desktop Computer. Enough infor- 
mation is included (program listing, flowcharts, and 
description) to enable the reader to use it directly or to 
modify it as he requires. 

*HP-IB is Hewlett-Packard's implementation of IEEE 

Standard 488 and identical ANSI Standard MC1.1 
“Digital interface for programmable instrumentation.” 

  

THE HEWLETT-PACKARD MODEL 3582A SPECTRUM ANALYZER 

  

  

  
    

  

The HP 3582A is a spectrum analyzer covering the fre- 
quency range of DC to 25 kHz. Although it is a FFT- 
based, digital instrument, a special design effort has made 

it as straightforward to use as a conventional swept 

analyzer. With dual measurement channels it is possible 
to measure transfer function gain and phase, as well as 
the coherence function. A built-in random or pseudo- 

random noise source, whose spectrum tracks the analysis 
range, is a useful measurement stimulus. Band Selectable 
Analysis enables narrowband, high resolution analysis to 
be applied to any portion of the frequency range. The in- 
strument comes equipped with a flexible HP-IB interface 
for control and two-way data transfers.
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Section 1: 
Third octave analysis 

In concept, “third octave” analysis is straightforward: 
imagine a set of parallel-connected filters being used to 

examine an audio signal. The center frequencies of the 
filters are scaled by a factor of 1/3 octave; that is, each 
filter is located at a frequency 2'* times its lower 
neighbor. In addition the nominal bandwidth of each filter 
is 213 -1 times its center frequency. To cover the audio 
range of, say, 20 Hz to 20 kHz (9.97 octaves), with this 

technique requires 30 filters. Because of the 
multiplicative frequency spacing and bandwidth of the 
filters, it is convenient to display their characteristics on a 

log frequency plot, such as illustrated by Figure 1. 
Historically, this kind of analyzer has been im- 

plemented with an actual parallel bank of filters. The in- 

stantaneous signal amplitude in each filter is detected and 
converted to dB. The data is displayed on an oscilloscope 

in the form of a bar graph: log amplitude (vertical) versus 
log frequency (horizontal). 

Although parallel analog filters are still being used in 
some current instruments, there are at least two newer 
alternative techniques: digital filtering and FFT synthesis. 
Of these, the digital filter approach is preferable from the 
point of view of performance. This is primarily because 
the hardware can be optimized for the 1/3 octave task 

and the display is “real time.” However, for the many 
cases for which “real time” operation is not necessary — 
meaning that the signal to be analyzed has a stationary 

spectrum — the FFT technique is attractive, especially if 
you already have an FFT analyzer! Advantages of the 
FFT synthesis technique include easy modification of the 
frequency range and the use of frequency weighting 
functions if desired. 

Figure 1. 

Representation of a 1/3 octave analyzer 

composite filter characteristic 

/j XXX] \ \/m 
I I I 

2fmin Log fmax 
frequency 

Lo
g 

am
pl
it
ud
e 

  

Section 2: 
Implementing 1/3 octave analysis with an FFT analyzer 

Why can’t an FFT analyzer, such as the 3582A, be 
modified so that it produces a 1/3 octave analysis direct- 
ly? Primarily because the FFT algorithm generates data 
on a set of linearly spaced sample points in the frequency 
domain. Its display has a linear frequency axis, not 
logarithmic as required by the 1/3 octave data. Also, the 
individual FFT filters, or “bins,” have all the same band- 
width rather than bandwidths proportional to their center 
frequencies. 

The approach used in this application note is to syn- 
thesize the frequency characteristics of 1/3 octave filters 
by combining the signals from several FFT bins. This re- 
quires weighting the contribution from each bin so that 
the composite “filter” is a good approximation to the 
specified shape of the 1/3 octave filter in question. Figure 
2 indicates how this is done. 

At lower frequencies the approximation is not as good 
because only a few FFT bins can be used. In fact, in the 
3582A the bin spacing is 100 Hz when using the 0-25 
kHz span. If only this span were used, the lowest fre- 
quency third octave filter that could be synthesized would 
be about 500 Hz. This is certainly not satisfactory for 
audio analysis. Therefore, to adequately cover the audio 
range, three spans are used: 0-250 Hz, 0-5 kHz, and 

0-25 kHz. The result is 32 third octave filters, with center 
frequencies ranging from 15.85 Hz to 19.95 KHz (Fig. 3). 

Figure 2. 

Synthesizing a composite 1/3 octave filter by 
combining the weighted responses of several 
FFT filters, or “bins” 
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Section 3: 
Introduction to this program 

The equipment needed to use this program for 1/3 oc- 
tave analysis is a 3582A Spectrum Analyzer (standard 
equipment includes HP-IB), a 9835A Desktop Computer 
with a 98332A /0 ROM installed, and a 98034A HP-IB 
Interface. The program is written in BASIC; it will run on 
another language-compatible calculator with the ap- 

propriate /0, such as the 9845A. Memory requirements 
are approximately 15000 bytes for program and variable 
storage. Using the program listing and the flow diagrams, 
one can rewrite the program in another language. See 

the Appendix for the 9825A Calculator version. 

Operating the program is simple. Pressing RUN causes 
the necessary initialization and then the user is asked, 
“Do you want RMS averaging?” The reason for this is 
that many spectra are random in nature, and a better 

estimate of the spectrum — and thus a better 1/3 octave 

analysis — is obtained when the 3582A is allowed to 
average the data. (Application Note 245-1, “Signal 
Averaging with the 3582A Spectrum Analyzer,” deals 
with averaging in detail.) After the user answers the ques- 
tion, the program proceeds to: 

a) set the 3582A to each frequency range in turn 
b) bring the amplitude data for each range from the 

3582A display into the controller for processing 
convert the data, apply weights, and combine to 

form 32 synthesized results as if from 1/3 octave 
filters 
format and output these results in the form of a 
bar-graph display on the 3582A 

return to the beginning for another analysis, if 
desired 

Step (c) requires some explanation. How exactly should 
the data from several FFT bins be combined to approx- 
imate the result expected from a 1/3 octave filter? It 

should be done on the basis of power rather than linear 
addition. This is because the signals in adjacent FFT bins 

are uncorrelated when the input is a random time signal. 
And when a coherent signal is analyzed, such as a 
sinusoid, the sum of signal power remains constant as the 
signal frequency varies. This means there is no ripple in 
the synthesized passband. 

In the program, line 3090 converts the FFT bin signals 

to power (that is, volts squared) from dBV, and line 3180 
converts the sum of weighted powers back to dBV. 

c) 

d) 

e) 

  

Figure 3. 

Center frequencies of 1/3 octave 
filters synthesized by this program 
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0-250 Hz 

Pass.2 
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Section 4: 
Comparison with ANSI class III 1/3 octave filters 

The American National Standards Institute publishes a 

document* recognized as setting proper standards for 

these filters. The filters synthesized by this program con- 
form closely to the specifications for “Third-Octave Band 
Filters — Class III,” as defined in this paper. Here are the 
principal characteristics of the filters: 

a) Center frequencies: Strictly speaking, the ANSI 

document defines these in “tenth decade” 
intervals, but the difference from third octave is 
negligible. The greatest deviation from the 
specified value occurs in filter #20, whose 
geometric mean frequency is 0.7% below the 
specified value of 1259 Hz. (£3% is allowable). 
Transmission loss limits: All filters meet these 
criteria, although the rolloff rates differ due to the 
varying number of FFT bins used in the synthesis 
of individual filters. Filter #13, which uses only 4 
bins, reaches -72 dB loss at 1/5 its center 
frequency, rather than the specified -75 dB. The 
other extreme is filter #12, which uses 49 bins. 
The attenuation characteristics of these two filters 
are shown in Figures 4 and 5, with the specifica- 
tion limits superimposed. 

b) 

Figure 4. 

Filter #12 

) Effective bandwidth (noise bandwidth): This 
specification requires that the power output from 

a filter, when the input is white noise, be within 

10% of the noise passed by an ideal rectangular 
1/3 octave filter. Filter #10 has the greatest 
deviation, with a noise bandwidth 2.9% higher 
than standard. 
Passband uniformity (passband ripple): The syn- 
thesized filters have no perceptable ripple within 

the defined band-edge frequencies, and so the 

ripple specification (0.5 dB) does not apply. 
Variation of minimum loss among filters: Theo- 

retically, all filters in this program have zero 
mid-band loss. Some variation will be encoun- 
tered due to individual 3582A amplitude 
accuracy characteristics, specifically gain 

variations between different frequency spans. 

These will be well within the allowed +1 dB. 
f) Transient response: The program cannot meet 

this specification, since it is necessary that the 
signal being analyzed be statistically stationary 
during the acquisition of data. 

d) 

e) 
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*“AMERICAN NATIONAL STANDARD SPECIFICA- 
TION FOR OCTAVE, HALF-OCTAVE, AND THIRD- 
OCTAVE BAND FILTER SETS,” ANSI Specification 

1.0 

attenuation 
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Normalized center frequency 
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1430 Broadway, New York, N.Y. 10018



Section 5: 
Suggested extensions to the program 

Because of the modular structure of the program, it is 

simple to modify by adding or deleting sections. 
“Modular” means that the action portions of the pro- 

gram are written as subroutines called up as needed by a 
control sequence located in lines 50 to 150. 

Here are some possible modifications: 

PRINTED OUTPUT. Some users may want a perma- 

nent record of the analysis results. The structure of this 
program makes this an easy job. Simply write an output 
routine to the desired printer (internal or HP-IB external), 
listing the contents of “Thirdmag” (dBV) together with 
the 1/3 octave filter number or center frequency. 
The center frequency is readily calculated as 
1 ter number +10/10 Hz - Append this routine to the pro- 
gram and call it by a statement like 

145 GOSUB Printer 

This method also could be used to save the data on a 
mass storage device, like the tape cassette. 

DISPLAY ANNOTATION. It may be desirable to 
identify individual filters more readily on the 3582A 
display. Since there are 32 third octave filters and also 
room for 32 characters on each of the four display lines, 

you can fill the lower two lines with digits so that they give 
the filter number when read vertically: 

0000. . . .2333 
1234. . ..9012 

This change would be made in lines 2540 and 2550 of 
the program. 

FREQUENCY WEIGHTING. Some measurements 

require the application of special shaping to measured 
spectra. An example is “A” weighting sometimes used in 
acoustics measurements. It is simple to do this with the 

present program. What is required is a table of dB loss 
values for the center frequency of each of the 1/3 octave 
filters in the program. Then a routine should be written to 
modify the dBV numbers in “Thirdmag” by these values. 
The routine should be called up before the display routine 
by adding, for example, the line 

125 GOSUB Spectrum.weight 

  

      

  

  

  

  

                                          
  

Figure 5. 
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Section 6: 

Flow diagrams 

Main Flow Diagram - 1/3 octave program 

10-40 
  

initialize 
variables 

Subroutine names Program line numbers       

SUB Bin.groups 500-590 

defines first and last FFT bins 
to be used to compute each of the 
32 one-third octave filter responses 

  

  

SUB Fft.weights 1000-1230 
  

establishes table of weighting factors 
used in combining FFT responses         70 

  

  

   

  

      

SUB Set.ave 180-330 

Asks number of 
averages. Sends 
commands to 3582 
for #averages, 
RMS averaging 

SUB No.ave 160-170 
  

  

Sends command 
to 3582 for 
no averaging 

averaging 
in 35822 

    
  

  

      

    

  

  

    

  

    

  

  

    

    

    
              

SUB Pass.1 | 1600-1690 SUB Third_octave 
0-250 Hz 

data 

~ SUB 1700-1790 SUB Third_octave 
detalled | 0-5 kHz 

flow diagrams data 

SUB Pass.3 1800-1890 SUB Third__octave 

0-25 kHz 
data 

SUB Plot.response 2000-2100 
  

Takes 32 one-third octave results and scales them from 
0 to 1023 to fit requirements of 3582 display; outputs 
to 3582 display buffer in reverse sequence since display 
writes from right to left         SUB Annotation 2500-2560 

writes alpha on 
  

  3582 display 
     



Detailed Flow Diagram 

Pass subroutines - 1/3 octave program 

Pass.1 begins at 1600 ENTER Program line numbers; 
XX are 16, 17, or 18 

Pass.2 begins at 1700 / 

Pass.3 beglns at 1800 AX120 
  

Set 3582 frequency 
span; start 

measurement Detailed Flow Diagram 

Third.octave subroutine ~ 1/3 octave program       

     
     

   

XX30 ENTER 

O RMS averaging 
asked for 
     

   

? 
3040-3050 

  

retrieve 256 bin 
values of amplitude 
from 3582 display 

  

interrogate 3582 
status to determine 
end of averaging 

      
      3060-3100 

  

  

convert these values from dBV 
to volts squared, setting those 

XX50 values at bottom of display to zero       averaging 
complete 

? 
     

3110-3210       for each 1/3 octave filter response 
to be computed in this pass, weigh 

  

      
  

    

      

define which set converted values and add. 

(out of 32 total) 1/3| convert sums to dB. AGE 

octave filters are to if any sum is lower than level of 

be computed by bottom of display, set it to that level 

“Third__octave” 

XX80 

call RETURN 

“Third__octave” 

subroutine 

RETURN
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Section 7: 
Program listing 

REM 13 OCTAYE ANALYSIS FROGRAM FOR THE H-P 3582ZA SFECTRUM 
REM AMALYZER AMD THE 98@@ SERIES 35 CALCULATOR. 
REM H-F LOYELAND IMSTRUMENT DIYISION. 
OFTION BAZE 1 
INTEGER Firstbinz(32)sLastbins(232)sGrarphics(2562sAnalyzersFirst_thirdsLast_ 

    

dsAsIs H K 
SHORT Binweiaht (32490, Thirdnaa(32)sFftmnaa(2560, Tenr 
Analyzer=711 IREM LINES SO TO 158 COMPRISE THE MAIN 

GOSUE Bin_srours IREM  CONTROL PROGRAM WHICH CALLS 
GOSUE Fft_uweishts IREM SUBROUTINES IN THE FROFER SEGUENCE 

tart: INPUT "DO Y0OU WANT RMS AYERAGING?":Averasina$ 
ON (Averasina$d="YES")+1 GOSUB No_ouvesSet_ove 

GOSUE Setup 
GOSUB Pass_1 
GOSUE Poss 2 
GOSUB Fass_3 
GOSUE Plot_r 
GOSUB Annotot 
GOTO Start 

     

  

Ho_oves: OUTFUT Analvzeri "HLTAY1" 
TURN 

@ Set_oved INFUT "HOW MANY AYERAGES?"sHA 
Ave$="ERROR" 
IF A=4 THEN Ave$    

  

    

   

  

IF A=16 THEM Ave: 
IF A=32 THEN RAve 
IF A=64 THEN Ave 
IF A=128 THEN Auves$="HLU 
IF A=256 THEHW Auves="HLI 
IF Ave$<{>"ERROR" THEN GOTO 
EEEF 

   

  

     
    

  

DISP “CHOSE A HUMBER FROM THOSE ON FRONT PANEL OF Z2582R" 
WAIT 4006 
GOTO 18@ 
OUTPUT Analvzeri "HLTAYZLSTE"sAved 

RETURH 
Bin_arours: REM LOADS THE ARRAYS Firstbins AND Lastbins 

REN WITH THE FIRST AND LAST NUMEBERS OF THE SETS OF 
REM FFT EINS USED TO COMPUTE EACH 13 OCTRAYE FILTER 

MAT READ Firstbins 
DATA 155 18:23,29:36:45:57,71589: 112, 142,178512515:18,23 
DATA 295 36:45:565 715895 11251415178,45,57,71,89, 112,142,173 

MAT READ Lastbins 
DATA 19524, 30, 37:46,58: 72,591,114, 143 s 15:19,24530 
DATA 37:46,58:72,91, 114,143,179, 225,58 114, 143,179,225 

  

RETURN 
Fft_weights: REM LOADS THE ARRAY Binweisht WITH THE WEIGHTS 

REM TO BE USED IN RDDING RESFONSES FROM FFT BINS 
MAT Binweisht=(,67) 
FOR I=1 TO 32 

READ Binweisht(Is1) 
NEXT I 

DATA +255.15.85.39.39,29.25,25015.29:39.25,152.251.15.2 
DATA «35.85.25:21020015013420029.19.29421015.15.35.2



FOR I=1 TO 32 
READ Binweisht (I, 

    
    

  

HEXT 1 
DATH 4. 43.51.4s .45, 

4y 35.55.55.45.67 

  

   
   

  

          
   

      

   

   

      

   

    

43.42.5: 415545, .4 
DATH Seods s ds.ds.3.55.55.49.67s. 

FOR I=1 TO 
READ BinweightilsLastbins(I}-FirstbinscIi+13 

MEXT I 
DATH 
DATA 

RETURH 
Setupst REM 

REM C 
REM THREE 

OUTFUT Analvzer 
OUTFUT An 
EHTER Ano 
Minimu 
Dizpl 
Ineut 

RETURN 
Pass_1: 

AS " 
sitivity 

   

IF Aueraaing THEN GOTO 1668 
OUTPUT Anal 
IF BIT'REHBBIH\HUU] ris63=8 THEN GOTO 1648 

=1 

    

FETURH 

          

OUTPUT Ahalyzeri® 
WAIT 1088 
IF Awerasing 
OUTPUT Arnalvzer 
IF BIT{READEINCAnalyvzerl)s63=a THEN GOTO 1748 
First_third=13 
Last _third=25 
GOSUE Third_octave 

RETURH 

  

  

REM ® TO 25 KHz 
OUTPUT Analyzers"SP14RUNRE" 
WAIT 1888 
IF Averasina$<>"YES" THEW GOTO 1868 
OUTPUT Analyzers"LSTE" 
IF BITCRERDEINCAnalvzeris&i=@ THEN GOTO 1548 
First_third=26 
Last_third=32 
GOSUE Third_octave 

RETURH 

  

 



      

     

28088 FPlot_response: REM OUTPUTS 
z2a1e FOR I=1 TO 
2028 
ek} L 
2a4a IF Temp<@ THEN Tewnp= 
2854 FOR J=1 TOD & 
2aen Graphics< 
2a7a HEXKT J 
pedsl=1a) HEXT 1 
2898 OUTPUT Analwvzer USING “13 
2184 RETURN 
2588 Annotation? REM 
251a 1 
252a QUTPUT FAna 
=== 18 dB/DIY. 

2538 OUTPUT Analy 
2548 QUTPUT Ana 
2558 OUTPUT Analvze = 

RETURM 
Third_octa REM THKES T 

REM EINAR 
REM RFFLI 
REM RESUL 

      

    

   

OUTFUT Analvzer 

Sca :THA 
THEN GOTO 3 

    

    
2SECY IS "NTHs 74488, 256" 

            

       
    
    
     

  

GRAFHIC RESULTS TO 3582A DISPLAY 

  

   

    

SENS1tivityd 

  

   

sGraphics(*) 

  

S OF ALPHA TO 3582R DISPLAYS 
2ND LINE BLANK 

"5 “WTALs "¢ dBY FULLSCALE 

  

sitivitys" 

  

HE DISPLAY 2582 IN 
LTS SQUARELS 
THE DATA TO FORM 

DATA OF THE 
5 T0    
COMETH 

IIT FILTERS. 

ftmaa(z) 
IREN  FORMAT BINARY DATA FROM DISPLAY 

DCFftmaallly 1@, 

  

0 8a 
FftmaalIx+ sitivity/18-38) 

IREM WEIGHT AND ADD FFT RESPONSES 

13 T0 Lastbins<I) 
I>+1 

mep=Tenp+Binweiaht CIsKI$Fftmaa(257-1) 
HERT J 
IF Temp{Miniaum THEN GOTO 3208 
Thirdmoa(Id=18%LGT(Tenr) 
GOTO 2218 
Thirdmas(l ensitivity 

NEXT 1 
RETURM 

Section 8: 
Summary 

We hope this application note will provide some insight 
into one possible technique for making 1/3 octave 
measurements with the 3582A Spectrum Analyzer. 
While the program is written in BASIC, there should be 
enough flowcharts, program annotation, and comments 
to allow the interested reader to implement the measure- 
ment with a controller using another language. 

The program has been developed, tested, and 
evaluated by the Product Marketing Group of HP's 
Loveland Instrument Division. It is based on a report 
from the R&D Department.



Appendix 

HP 9825A Calculator Program 

For the users of the popular 9825A Calculator, the 1/3 help you use the flow diagrams of Section 6 to follow the 
octave program is given here in HPL, the language of 9825A version. However, most of the variables are dif- 

that machine. ferent, because HPL allows only single characters for sim- 
The 9825A version is structurally the same as the ple, array, and string variables. Listed below is a table 

9835A program around which this application note is showing corresponding variables in both programs. 
written. All subroutines have the same labels; this will 

EQUIVALENT VARIABLES 

9835A Program 9825A Program Comments 

Firstbins(32) F(32] 
Lastbins(32) L[32] 
Graphics(256) M[256] shared by “Plot__response” and 
Fftmag(256) M[256] “Third__octave” routines. 

Thirdmag(32) T([32] also used as a temporary in 

“Fft__weights” routine. 

Binweight(32,49) B$(3136] weight values times 100, 

stored in integer format. 
Sensitivity S 
Minimum C 
Display__scale D 
Input__scale E 
First__third M 
Last__third )6, 
Temp P 
I 1 
J J 
K K 
A A 
Averaging$ A3[3) 
Ave$ D$(6] 

C$[2] used as temporary in 

“Fft__weights” and 

“Third__octave". 
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591 
#776 

"1/3 octave analvsis proar 

  

9825A Program Listing 

  

spectrum":     

  

nalyzer and the 3825A 
dinm F[’Z] L[3°]-B$[11361;T[?2])fi[ SE1AFL31s DFLE 1 CHL 2T 
dey "Analvzer”s711 
9sb "Bin_sroups 

   

o want EME averazains?”sf$ 
Set_ave"” 

“Analwzer”s "HLTAY1": 
“how @any auera 

    

HU4SHE" 211§ 
MTEE 

  

NU SHI ‘oD 
n DEg" ERPIJR fato +3 
beerpidsp "chose o nunber from front panel” 

2EAGE5 3t o 
wrt "Analwvzer®s    

:n-:rup: lu‘)F[ 115 18+FL *]‘ 

  

    
       

        

   

  

J%vF[Ih]sc‘?'F[1’]-°F~F[1“ 
141+FL24 13 178FL 2513 454FL 
142+FL3115179+F03215 19101 
FEsLlv1391+L08151145L09151 

     

  

1154001215 194L0 14 
114sL022        

   

SLL1S1538+L0 1613 372L017 138 139140021 
14310 §1792L024] = 14310291 
142402818 179+L0311] 
ret 
“Fft_weishtz":ifti C(6723CF 
for I=1 to 1SE8iCE+BFL21-1221Tinext I 
L253T0115.14TL215.33TL3 12T . 
W12TE915.22TL18 )5 
LAATEL5 ), "*T[io]s 
»13TE2213T02 237 5 
LAATL2914TL308 15 . 34TL 3115 . 23T 
for I=1 to 323fti (18BTLI 1)3E$0 

3TL115.42TL213TL215.52T041] 
L5ATES15.44TLEY . 53T715.43TLE1ATLS15TL1A1+TI1115TL12] 
L4#TL1513TO1615 .5+ T01712TL1815 . 42T 1913TL261+TL 21 1+TL22] 
L34TL2313.5+TL2414TI2515 .4+ TL 26 19TL 2815 . 3+TL 2915 . 4470361 
L53TL3115TL3215 ., 674TL1312TL1414TL27 ] 
for I=1 to 3 ti (18ATLI1X+E$L98(I-1)+3:98C1-12+4 Jinext I 
2 43TL21+T031] STL41+T[515.43T[613.5+TL7 15 . 4TS 1STI913TL1013TL11 19 TO12] 

L43TL1513TO16 15 .53 TO1719T01805 . 4+TL1915TI2012TI 21 13T 2215, 32T 23] 
LS3TL241TL2515 . 42TL261+TL281TL30] 
L34TL2903.54T3103TI3215.673TI1 13TO1313TO 14 1+TL 27 ] 
for I=1 to 32iLLII-FLI3K 

    

    

    

    

  

    

11



681 fti C1BATLIIX+E$I95(I-10+2K-1,98C1-12+2K Tinext I 
612 .253T0112TL313TL1415.23TL213TLE 
623 .23TL2B813TL21 12T 2413 TL 25 13T 

$TL41+TLSITO11 1#TOIFISTO 1S 1T 2 5 
64: L 1+TL912TL221+TI231+TL2E61-TL221+TL36] 

SLLII-FLI1+13K 
*BEL 980 1-10+2K-1 

    

     

  

   
     

    

   
     

     

  

     
    

  

  
CI-1342K T3next I 

  

FE1RFIMDZIMITRAR 

    

PSRUNRE" 

yr=@3ato -1 

  -y "GP 1ZRUNRE" 

ato -1 

er"s "SP14RUNRE" 

551 if PLD3OOF 
99: for J=1 to i 
188: wrt “Anal 

    

181: for I=1 to I 
1 

Hnnuto'lnn“'ivn 
184: wrt "Analvze 3V FULLSCALE —-- 18 dB DIW i 
1858 wrt “Ar 
1868 wrt “Ana z 
1678 wrt “Analy 2 32 THIRD-OCTAYE bEfHENT“ 
1@8: ret 

: “Third_octave"iurt "Analvzer 
118: for I=1 to 2565 iorishf (rdb(? 

    

"HLTLFMs 74486 256" 5 1 
\;—P);rdb(?°1J)9n[I] 

  

"Analyzer" 
ext     

    

111: for I=1 to 2563Eband(ML 11 1823)M01] 
112: if MLI)=@iato +2 
1138 18CHIT 1+5/18-83+10 1] 
114: next I 
115: for I=M to Li@*Fifor J=F[1] to LLI] 

116: J-FLI1+13KiB$SI98CI-1042K-1,98(1-1)+2K13CH 
117: P+.B1itf(CHIMI257-J1+Pinext J 
118: if P<{Cisto +2 
119: 1@loadPr+TIIiato +2 
12@: 5-86+T011 
1218 next I 
1228 ret 
#9859 

12 

13TLE12TO1A1+TO121+TO1SI+TL1E1+TL19]
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