Introduction

The HP 8903A Audia Analyzer is a versatle audio
measurement system covering the frequency range of
20 Hz to 100 kHz. Automatic operation does not allow
operation below 20 Hz. However, with allowance for
somewhat reduced performance, useful measurements
can be made below 20 Hz. This product note describes
how to operate the analyzer below 20 Hz and what pre-
cautions musi be observed to obtain valid measurements.

Because the range below 20 Hr is outside thatspecified
for the Analyzer, perdormance degrades, especially for
frequencies less than 10 Hz, When using the procedure
far out-of-band operation, it is important to be aware of
the performance limitations summarized in Table 1.

Basically the 3903 A iz compaosed of an audio oscillator,
a tunable notch filter, variable gain amplifiers and an rms
voltmeter. Operating the Analvzer involves controlling
these elements to obtain a desired resalt. In the normal
operating range, the elements are conttolled by the
microprocessor, making operation as simple as pushing
front panel keys. Outside the normal range, however,
all eantrol 15 by special functions,

Table 1. Performance Summary

Lowest
Orperational
Freguency Comment
Source 10 Hz  Distertion increasss rapidly helow
I Hz: Level Natness degrades
riapidly helow 5 Hy, Output not
continuous below 9 Hz, availabls
1 0.8 Hz,
Notch 5Hz  Tuning much slower below 10 Hz
[ EMstoTtron) {about 5 seconds), Stability
mirginal below 10 Hz.
Vaoltmeter 12 Hz  Readings fuctoate below 12 He.
Slight accumcy rofloff hetween
12 Hz and % He. Measurements not
poasible below 5 He.
Frequency 8 Hr  Sensitivity remains good down 1o
counter & Hx. Wo operation below B Hz.




Input Circuitry and Voltmeter
Considerations

Ihe combined responses of the input and volimeter
circuits fall off rapidly below 9 Hz, and volimeter readings
can fluctuate 0.1 dB at frequencies below 12 He A
typical frequency response curve for the input and
voltmeter is shown in Figure |.

Figure 1. Frequency Response of the Input and
Yoltmeter Circuits Below 20 Hz.
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Figure 2, R903A Source Level Flatness and Distortion®
Characteristics Below 20 Ha.

*Mote: Distoriion was confirmed using a Hewleti-Pockand 15824
Hpectram Analyzer measuring the Analyver’s monitor ouipiat. Relative
outpul level was measured with 3 Hewleti-Fackard 33000 RMS
Voltmeter,

Source Considerations

Level accuracy of the audio source remains excellent
down toabout & Hz but degrades rapidly below 5 Hz_ as
shown in Figure 2.

Souree distortion also remains low (typically 00039,
=90 dBc) 1o below 10 Hz but rises rapidly as shown in
Figure 2. The distertion 15 tvpically dominated by 2nd
order effects becawse the waveform 18 disturbed unsym-
metrically once every cycle by the oscillator start-up
circuitry that comes into action around 5 Hz.

Notch Filter Considerations

Distortion measurements can also be made below
200 Hz with certain limitations. Because the auta-ranging
pain gircuitry responds rapidly when the Analyzer first
encounters a signal, large step and pulse signals are
generated at the input to the notch, At low frequencies
these pulses can cause the notch eircuit to oscillate.
However, reducing gain in the signal path to the noich
prevents the oscillations. The actual amount of gain
reduction is discussed in the next section. Below 5 Hz the
notch circuit 15 not stable at any gain setting. and
distortion measurements cannol be made.

Source Frequency Control

Frequency coverage for the source is shown in Figures
3and 4. In Figure 3, each bar represents one of the
Amnalyzer's four bands, and the length of the bar repre-
sents the tuning ringe of thai band. In Figure 4, the length
of each bar represents the fine tune range of the coarse
tune setting shown inside cuch bar, Figure 4 shows that
tuning is not continuous below about § Hr. To control
the source frequency, specal functions are used to
program the range, coarse-tune, and fine-tune digital-to-
analog converters (DA C). These DACs switch resistors
in the oscillator circuitry, The fine tune and coarse tune
DACs have B-bit resolution and therefore 256 diffarent
output states. The state of each DAC is programmed by
making special function entries via the kevboard or over
HP-1B with the necessary prefix and suffix. The source
control special functions are represented as follows.




Coarse Source Tune Specinl Function

decimal
Special prefiz paoint suffix
5 z XEX
Fine Source Tune Speckal Function
decimal
Speclal prefix point suffix
57 . ¥y

For both the fine-tane and coarse-tune special func-
tions, the XXX and ¥¥Y suffixesare any integer between
U and 255. Frequency is proportional to output state for
cach DAC.

The fine tune covers a range somewhat greater than
one step of the coarse tume such that fine tune full
caverage (570 1o 57.255) alwavs overlaps coarse lune
minimum coverage (e.g., between 36,125 and 36.126),
Within the specified operating range of the analyzer
{20 Hz to 100 kHz), the fine tune always provides
continwous fine reselution, but, as shown in Figure 3,
overlap does not exist below 9 Hz,

e to manufacturing tolerances, the DACs and
resist or arravs within each 8903A have slightly different
values, Therefore, the expression governing frequeney of
oscillation is determined iteratively.

The procedures and related calenlation: that follow
result in the Analyzer's audio source being set to the
desired frequency.

Notch Filter Control

Like the source, notch circuitry is also tuned with a
combination of range, conrss tune, and fine tune controls,
The 4 notch ranges, similar to the source ranges, are
controlled with special function 53, The coarse tune is
controlled with special function 54, and each tuning step
has a ringe of about B%. The notch fine tune isan analog
circuit that is continuously operating to track frequency
fluctuations of the input signal. It therefore has no special
function control. The notch fine tune has approximately
a |50 range.
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Figure 3. Typical Source Freguency Coverage by Range.

Figure 4, Typical Source Frequency Coverage on Range 0§ Below 10 Hz, 56.XX Special Funetion Frequency Control
Codes Show Inside Bars.




Procedure for Operation
Below 20 Hz

Frequencies below 20 Hz are obtained using the 8913's
special functions. The tune settings for the coarse and fine
tune special functions are found by firs) characterizing
the relationship between frequency and tune settings on
range . Then, knowing the desired source frequency, the
tuie settings are caleulared,

To abtain a frequency below 20 He

1] Determine the source characieristics on range 0:

Analyzer Entry  Analyzer Response

a. 3508P Sets soures to lowest range [},

b. 56.2555P Sets coarse tune to top of range,

c. STI285PF Centers fine tune.

d. 46.05P  Counts and displays source frequency.
(Record as ry for later wse)

e STO0SP  Sets fine tune to its law end,

f. 46.05PF  Counts source lrequency.

i Recard as ry for later use )
g 5T.2555P Sets fine tone to high end.
k. 448.05F Counts source frequency.,

(Record as rs for later use.)

(2]  Determine the coarse-tune setting:

L. (255*F)/r; — 5 where Fis the desired frequency ()
from step d}.

- Integer part of 5 — 0,

k. Fractional part of § — T,

L IFT>0.5 then add 1 10 Dx. D is the coarss tune
seteing (suffix of the 56. special function).

13} Determine the fine-tune selling;

128, 5+255%(In(S I3/ In{r3/ ra}] — M.
Integer part of M — M,

I M = 0 then assign 0 to M.

If M > 235 then assign 255 to M.

M is the fine tune setting isuffix of the 57, special
function).

TaRE

{41 Set the source frequency:

Anulyzer Entry  Analyzer Response

q. 36.DSP  Sets coarse tune to D
r. STMESP  Sets fine tunc to M,
5 460 %P Counts and displays source frequency.

An auxiliary counter is needed for
frequencies less than § Hz

MNutch Frequency Control

Programming the notch and making distortion measurg
ments below the normal eperating range of the instrumes
i5 done as Follows;

(1) Apply the signal to be analvzed 1o the Analyzer
npur.
(2)  Press DISTN,

{3} Press SPECIAL twice 1o display instrumeni
B1atus.

(4} Read the first two digits of the lefi display,
This is the gain code for the input amplifier,
Itis referred to as Ng in steps 5 and 6,

(3]  For frequencies between 10 and 20 Bz, criter
I (NR-1) SP: to reduce input gain by 4.0 dR
and stabilize the noteh,

(6} For frequencies below 10 Hz, enter 1. {MNg-2) 5P
to reduce input gain by 8.0 dB for extra notch
stahility,

(7}  Enter 53.0 $P 1o place notch in lowest of 4 ranges.

(%)  Enter 54.12 SP where [3 s the imeger caleulated in
leps | and 2 at lefi, The noteh has approximately
| 3% awlomatic fine tuning TAMEE 50 0o operlor
fine tuning is NECEsSATY .

(9] Read the right display after it has sta bilized. It may
take up to 5 seconds for low distortion signals
below 10 Hr to stabilize.

This procedure can be automated, Programs for both
the HP 9525 and the HP 85F controllers are lisied starting

on page 5.

Summary

The Hewlett-Packard 82034 Audic Analyrer typically
performs as well at 10 Hz as it does at 20 Hz Shight
accuracy rolloff in the ac level measurement mode is
noticed from 12 to 10 Hz. Below 10 Hz, voltage and
distortion measurements can be slightly ermatic (+0.] dB
typically). The counter stops operating below § Hz, and
no measurements can be made below 5 He.

The source also performs well below 20 Hr. Distortion
increases rapidly below 10 Hz, and flatness degrades
rapidly below 5 Hz. Coverage is not continuous below
9 He, but periodic waveforms with frequencies as low as
B50 mHz can be obtained,

Since the typical perfarmance described in this note
was determined at standard room temperature (25°CH,
care should be exercised at higher temperature. Per-
formance of the 8903 A is not specified below M0 Hz in the
technical data sheet mainly because temperature gnd
Component variations cause each unit to perform dif-
ferently, The biggest effect of these variations is the
automatic fine tuning range of the nowch.




Program for Setting Source and Measuring Distortion
Using HP 9825 Controller
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"8903 FREQUENCY YUME ROUTINE JR from JF T=17-A07:

cll TPROG”

BEROGT

1l "DEFINE®
cll TINIT
*proglcop®:
cll “INPT

cll “CALCT

zll ZQUTDSC'
cll TOUTHROTCH T
gto "progloop®

"DEFIHE":
dey "EZCI",T28

Muin Program. Remainder of program s subrootines

ret

"IMITY:
fme
wrt "8%03" ,"55. 08056 . 2558057 L 2Hapt 346 . 0apn”

A name “FT for £ 4 HF-EE nddress

red "E4L0U3",rl-

— Bileps a-d in Procedore |

WIEL "H90U3" ,*57.0spEid6.0en"

Siaprd

red MER03" 12

Sipps e aned [

- &lep |

wrt "EOOI", "57.2555ctI46. 080"

Step g wnd

red "HS03",r3
Wt TEO03T, Medannplt]

1cl "BRO3*
Eet

RINB":

Huep h

Heeturws iwtrmmeen H local comieal in free pan irlg e mode
This s n convenienee and naot really necesary

Ol Prent “"Prequ? P
it Feligto "inpenda*
if FrlO0000;1e%)F

= {IpEradie divlers fequdidy In He

it F<H;H]F
"inpend*:
rat

1
|
=
|

"CALE" :

Cheebis to make sime F s s valid mumber
B He=F=Ia5 kM

if P»Z00:gto "calcend"
it F=0jgqto "caloend”

Calkculaies 13 snd W a8 in Procedures T and

int (5} B2 Ere(S3]T -

Equivalen| do siep |
Equivalent to stéps j and k

AT 5 T-1)T; DL D

Equivalemi 2 slap |

iE Ml 0iR

Faqquivalent ta steps in &nd o

if M58 2RETM [
"calcend”:
ret

"CUTOSC" ;

Salery ehoek for bovalld M values

if E’}:Eﬂ;fnt "Er,e.4,"hexl aut et "BS03IT,Frlcl "BRO37rgto “outend®

if P=0yqkc "outend®
fmt “ausS.05phi6." £330, sp57. ", £3.0, "spml*®

lel #a003%
*outgnd® 3
ret

"QUTHOTCH™ :

kscillatur wulpul cominol
Wrlbes aul Frogquengy normally
il F b i soeanal rasgs

Ermgiits. 1w M 10 58 &l 57 apeckil limcthans per Moddiat 0 G ke 55

if Fé#b:oto "outnobchend®
fmt zwrt "BS901™,"1.0sprlt3t0rl"
Emt jred "ERDI™,F

Maorch frequency comtrol

if F>19.9:wrt ®"B9031%,"1.0aph.0epmi”;lcl "89%03";qto "outnotchend®

wrk “HOUI" , Ts=™

Ent jred “EHSO0I" G

Lne (GFLEO0 ) =1 }G

Embt L. £2.0,"=pre"

Wrk “8203°,G

Emk "S4.",E3.0,"2p53.0apni” ;beep
wrt *aREIAY D

lol =8803*

"outaotchend” ;

Times 5% chrowgh 73 cpose (he E¥I3A 10 messare distortion. This sectinn of

ret the program is wnpered by enterimg ¥ in respomse to the goestdon. " Fregu®™



Program for Setting Source and Measuring Distortion
Using HP 85F Controller

18
&9
36

I 983 FREGUEHCY SET ROUTIHE
I JR FROM JF 7#17-B8A

ICOMY . TO 85 BRSIC 3713781
L]
| VARIABLES USED IH THIS PRO
GRAM-R1:R2.REZ.D.F.G-M.5. T

i

GOsUBR 178

[}

| 24ERPROC LOOPEELRTEELE LR
i

GOsSUB 238

COSUE 488

GOSUB 578

GOSUB 728

GOTO 249

]

I kAR THITEEx ke ekt kis

i

QUTPUT ¥2B i"55.8B3P5c . 25355FP5
7.1ZBEPT345 ASP"

EHTER 728 i Rl

QUTPUT 722 ;"oF B5PTI46 GsP®
ENTER 728 & R2Z

QUTPUT 728 ;"57.2552PT346 .85
Pull

ENTER 728 : R3

OUTPUT 728 "TeaRUMIY

LOCAL 728

?ETUHH

TERRETHPTEREE SRR R N ORI R T

"FREDUENCY"
;
B8 THEH 3rva

-"Il:l

itk rCALCHkE e Eb bkt ay

IF Fr288 THEM 539
IF F=8 THEM 536
5=2593F /1

D=IHTLS)

T=2-0

IF T*» 5 THEH Sa8
T=T=1

O=0+1
M=INTC{LOGLS D2 7LOGCRI/R2IE2S
S*12E.5)

[F M<B THEN M=@

IF M»255 THEH H=25%5
! CRALCEND

RETURH

i

GE
678

=48

ok OUTSCR ek ks ity
1

IF_F5=208 THEN £1@

GOTO &58

IMAGE "FR"* K, "HZM1AL"
OUTPUT 728 USING 618 : F
LOCAL 728

6OTO 698

IF F=@ THEN 698

IHRAGE "AUSS.B5PSE . ".K, "SP57
1IKr HSPHI.

OUTPUT 728 USING 668 ;5 DiM
LOCAL 723

| OUTEND

RETURH

|

| 2¥4R0UTHOTOCHERE SRR L Y
|

IF F#8 THEH 524

GUTPUT 7282 "1 @SPFMITETERIEL"
EHTER 728 : F

1VIF Fx15. % THEW 798

GOTO 828

L OUTPUT 728 "“1.85P6.ASFH3I"
LOCAL 728

GOTO 926

QUTPUT 728 "S5°

ENTER 728 : G

GEINTCG- 1ol -1

IMAGE "1 . *.,K:"SPRR"
QUTRPUT 728 USIHG BSA : G
OUTPUT 728 USIHG 888 ; D
IMAGE "S54 ".K.,*SP53.85PM3"
BEEF

OUTFUT 728 USING 288 : D
LOCAL 728

| OLTHOTCHEWD

EETURH

EHD
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