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I. INTRODUCTION

The indicating instrument of an ISLM should respond to the
- root mean square (RMS) of its input signal for its response
to be directly proportional to the energy content of measured
noise. This test verifies that the indicating instrument of
an ISLM approximates square law behavior by using the Rule of
Combination Measurement Procedure described in Appendix B of
ANST 81.4-1971, "Specification for Sound Level Meters." For
inputs of pure tone and of 1/3 octave bands of noise, which
have equal RMS values, the corresponding ISLM readings should
- be within 0.5 decibel of each other. This test is performed
at 1 dB and 10 4B below ISLM full scale reading.

IX. REFERENCE TEST REQUIREMENTS

The test reqﬁirements are derived from the following sources:

A. NIOSH regulation which gives a program for certifying
industrial sound level meter sets (42 CFR 82, FEDERAL
REGISTER, Vol. 41, No. 197, pp. 44396-44403).

B. American Natioral Standards Institute's (ANSI)S1.4-1971
"Specification for Sound Level Meters."

Excerpts from each of these documents are as follows:

A. 42 CFR 82.64(j): The indicating instrument of the
industrial sound level meter shall meet the requlre-
ments {or Type 2 sound level meters specified in
Section 5.2 of ANSI S1.4-1971. The requirement of
Section 5.2 shall be verified by the Rule of Combination
Measurement Procedure described in Appendix B of ANSI
81.4-1971 but with the following modifications:

(1) One~third octave bands of noise shall be used.
Octave bands of noise shall not be used.

(2) Tre voltage developed across the resistor
s’ all be applied as an electrical input to
ti.e industrial sound level meter in series
with the microphone, with the acoustic pickup
made negligible.

(3) Only A~weighting shall be used in the measure~-
ment procedure.

(4) Only the "SLOW" meter characteristic of the
industrial sound level meter shall be used in
the measurement procedure.

42 CFR 82.64(k): The industrial sound level meter
shall employ an indicating system equally responsive




to instantaneous sound pressures both above and below
ambient static pressure (i.e., full~wave or true
square law rectification shall be employed).

ANSI S1.4-1971(5.2): Rule of Combination for Complex
Sounds. The indicating instrument shall be of the
square law type as verified by the Rule of Combination
Measurement Procedure described in Appendix B. The
rule of combination shall be satisfied within 0.5
decibel for the Type 1 and Type 2 meters and within
1.1 decibels for the Type 3 meter.

ANSI S1.4-1971 (Appendix B): Method of Checking the
Rule of Combination of the Indicating System for Noise.

Arrange a circuit wherein a series of sine waves and
one-third octave or octave bands of noisze may be
applied alternately to a resistor. The resistor
current is measured by a thermocouple meter operating
in the range in which its reading is proportional to
the square of the current. The voltage developed
across the resistor is applied as an electrical input
to the sound level meter through a suitable network
replacing the microphone, or in series with the micro-
phone, if the acoustic pickup can be made negligible.
The resistor should have a resistance no greater than
one percent of the absolute value of the input impedance
of the sound level meter.

Apply a sine wave voltage at a frequency of 1040 Hz and
adjust the thermocouple current and sound level meter
gain controls to values that yield an indicating
instrument deflection 1.0 decibel below full scale
deflection. Now, instead of the sine wave, substitute
a one-third octave or octave band of noise centered at
1000 Hz and adjust to obtain the same thermocouple
current as before. Note the resulting average reading
of the indicating instrument. The specification given
in 5.2 may be considered satisfied if this reading is
within the appropriate tolerances required, as compared
with the reading for the 1000 Hz tone.

Repeat the operation given in the preceding paragraph
for a deflection of the indicating instrument 10
decibels below full scale deflection. The average
reading for the noise should be the same within the
required tolerance.

Repeat the above two tests for a tone and a one-third
octave or octave band of noise at frequencies of



6300 Hz and 63 Hz. Do both pairs of tests with the
sound level meter set fo.r C weighting or FLAT weighting
if they are provided. TFor the test at 63 Hz, use the
SLOW meter characteristic and determine the average
deflection in the following manner: After the noise
signal has been applied for at least ten seconds, note
the instantaneous deflection. Continue in this

manner until at least 50 values have been recorded.

The average of these values is the desired average
deflection.

The one~third octave or octave bands of noise should

be derived from a gaussian noigs source that is "pink"*
ovar the range from at least 2{ {z to 20,000 Hz, within
tl decibel, by means of one-third octave band filters
that meet the requirements of American National
Standard Specification for Octave, Half-Octave, and
Third-Octave Band Filter Sets, S1.11-1966, Type 2 or 3.
Here "pink" is used ¢o mean a spectrum-~level downward
slope of 10 d~nibels/10:1 frequency span. The spectrum
level of the u0* se source beyone 20,000 Hz should
continue to decrease at a rate of at least as great as
10 decibels/10:1 frequency spean.

If neither C nor FILAT weighting ’s provided, the
signals may be inserted in the linear electronic
section of the sound level meter between the weighting
networks and the detection system of the sound level
meter.

If A or B weighting must be used for the tests, the
test at 63 Hz should be modified as follows: Determine
the cutoff frequencies of the one-third octave or
octave band filters used. For the purpose of this
test, these frequencies may be selected as the fregquen-
cies at which the response of the filter is 4 decibels
less than the maximum response of the filter. For
one-third octave band filters and A weighting, set the
pure tone at a frequency of 1.0l times the geometric
mean of the two cutoff frequencies to account for the
shift of the effective center of the band by the
weighting. For one~third octave band filters and B
weighting, set the pure tone at a frequency of 1.007
times the geometric mean. For an octave band of noise,
the corresponding ratios are 1.07 for A weighting and
1.03 for B weighting,

ITI. ISIM SQUARE LAW CHARACTERISTIC TEST

A. Test Equipment
1. Programmable calculator, Iliewlett Packard (HP) 9830A.
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a. FD-30A Mass Memoxy, Infotek,
b. Printer, HP 9866A or HP 8871A,
2, Frequency synthesizer, HP 3320B or HP 3330B.
3. Preamplifier, Crown IC150.
4. Power amplifier,; Crown DC300A.
5. Multimeter, HP 3490A,
6. Random ncise generator, Gen Rad (GR) 1382.
7. Multimeter, Fluke 853A.
8. Bandpass filter set, Bruel & Kjaer (B&K) 161i5.
9. Decade attenuator, GR 1450-TB.
10. RMS voltmeter, HP 3403A or HP 3403C (2 required).
11, Load box #1.
12. Soundproof enclosure.
13, ISLM (with signal insertion leads).
14. Relay switches.

B. Test Procedure
1. Set up the equipment according to Figure 1.
2. gonnect the relays as shown in Figure 1. Use relays
and 2.
3. Set the equipment on the following settings:
a. Preamplifier, Crown IC1l50.

(1) AUX 2.

(2) LOUDNESS - out.

(3) VOLUME - fully CCW.

(4) BALANCE - normal.

(5) PANORAMA -~ mono.

(6) FLAT response button - in.

b. Power amplifier, Crown DC 300A.

(i) Channels 1 and 2 fully CCW.

c. Random noise generator, GR 1382.

(1) Pink noise.

(2) Volume fully CCW.

(3) Middle two banana output posts should be
shorted together and the output taken from
the uppermost two outputs.

d. Multimeter, Fluke 853A.

(1) AC DIR.

(2) IV range.

e. Bandpass filter set, B&K 1615.

(1) SCANNING - manual.

(2) 1/3 octave.

(3) Range I.

f£. Decade attenuator, GR 1450-TB.

(1) 11.5 4B (1/1/5).

g. RMS voltmeter #1, HP 3403A or HP 3403C.

(1) AC, ds.

(2) Range as required.

(3) SLOW response.

h. RMS voltmeter, #2, HP 3403A or HP 3403C.

(1) DC volts.

1o



4.,
5.
6.
7.

8.
9.

10.
11.
12.

13.

14.

(2) Rangs ag required.

(3) SLOW response.
i. Load box #1. :

(1) HIGH setting.

rr» on the equipment and allow a 15 minute warme-up

period.
Calibrate the XSLM accordlng to the applicant's
instructions.
Set the ISLM to Snow\response, A weighting, and the
90 4B range (if a range attenuator is provided).
Place the ISLM in the soundproof enclosure and make
the proper connections.
Turn on the ISLM and close the soundproof enclosure.
Take DISKETTE D~0l1 and place it into the ¥D-30 mass
memory.
Press LOAD #5, 7, EXECUTE.
After the diskette ‘stops, press RUN, EXECUTE.
After the diskette stops, remove it from the FD-30A
mass memory.
Enter the following information about the applicant's
ISIM. After typing 1n ‘each piece of information,
press EXECUTE.
a. Name of applicant.
b. ISLM model number.
c. ISLM serial number.
d. Calibrator model rumber,
e. Date test is beind run.
f. Model number of the synthesizer being used (3320B

or 3330B).
Enter the model number of the printer beln used
9871A or 9866A) and press BEXECUTE. NOTE: If tﬁe

9871A printer is being used, insert a 10" X

'data sheet into the printer and press CONT, EXECUTE

15.

Enter the DC calibration curve constants (A an& B)

- for the 1SLM under test and press EXBCUTE

16.
17.
18,

19.

THE

Appendix).

Enter the DC callbratlon curve error and press
EXECUTE (see Appendix).

Enter the maximum scale reading of the ISIM (e.g., 10,
or 120 for a wide range meter) and press EXECUTE.
Enter the pure tone _value used when the nolse ?reguency
18 63 Hz and p_ress EXECUTE. (Check the bandpass filter

and Appendix B of ANSI S51.4-1971 for the appropriate

Set the bandpass filter to the indicated frequency.
After setting the frequency, press CONT, EXECUTE.

PURE’TONE'(FROM‘SYNTHESIZER)'IS’APPLIED‘TO'ISLM

" walue.)

20.

Adjust the Crown preamplifier and Crown power ampli-
fier to obtain the 4B below full scale on the ISLM

11



that is indicated by the programmable calculator.

~ If it is not possible to obtain the appropriate ISLM

| Readjnst the Crown power amplifier to get the apr
~ priate ISIM reading. Repeat this step, if neces

21.
22,
23.

24.

THE

reading without staying below «22.0 4B on RMS volt-

meter #1, turn down the Crown power amplifier volume
and reduce the decade attenuator setting by 0.1 dB.,

-8 Aol Teadlng. Sepeat this S - Iary.
After obtaining the appropriate TSLM reading, press
CONT, EXECUTE. Enter the DC range of RMS voltmeter #2
(range giving an on scale reading) and press EXECUTE.
The programmable calculator will now determine the
ISLM scale reading (with the pure tone signal applied)
using the ISIM's DC calibration curve.

Enter the AC, dB range of RMS voltmeter #1 and press
EXECUTE. The programmable calculator will now deter=-
mine the RMS level coming from the synthesizer.
Record the AC, dB level from RMS voltmeter #1 and
press CONT. EXECUTE. - The random noise generator has
now been switched into the system.

1/3 OCTAVE BAND NOISE IS APPLIED TO THE ISLM

254

26.

Adjust the output of the random noise generator while
observing the Fluke multimeter and RMS voltmeter #1.
Proceed until the same AC, dB level is obtained (on
RMS voltmeter #1) as in step 24. However, do not put
more than 1V into the bandpass filter. 1If the same
AC, dB level as in step 24 is obtained, press CONT,

" EXECUTE. Since the decade attenuator was not changed
" 1n this step, ‘enter NO and press EXECUTE. Continue

at step 26. However, if the AC, dB level of step 24
cannot be duplicated, turn the amplitude control of
the random noise generator fully counterclockwise

and reduce the decade attenuator setting by 0.1 dB.
readjust the output of the random noise generator to
produce the same AC, dB level of step 24. Retaining
this decade attenuator setting, turn down the output
of the random noise generator. Press CONT, EXECUTE.
Since the decade attenuator was changed in this step,
enter YES and press EXECUTE. Continue at step 20.
The programmable calculator will now determine the
RMS level from the random noise generator and compare
it with the RMS level from the synthesizer (as calcu-
lated in step 23). If the two levels are equal
within +0.1 4B, the programmable calculator will read
the Crown power amplifier volume. If the RMS levels
are different, the programmable calculator will
indicate the amount of change required for the decade
attenuator. Continue at step 27.

12



27.

28.
29.

30.

‘ator to the setting of step 26.

After changing the decade attenuator by the appropri-
ate amount, press CONT, EXECUTE, The pure tones signal
is not reapplied to the ISIM,

Check the ISLM to see if it is reading on scale.
After checking the ISIM reading, press CONT, EXECUTE.
‘The programmable calculator will now determine the

. ISIM reading (with the pure tone signal applied) using

the ISIM's DC calibration curve. If the ISLM reading
is the same as the reading in step 22, the program-
mable calculator will read the ISIM's DC meter output
voltage with the 1/3 octave band noise applied. After
the ISIM reading has been determlned, lower the Crown
power ampllfler volume and continue at step 30. If
the ISLM reading is not the same as the reading in
step 22, the programmable calculator will tell you to
reset the decade attenuator. Reset the decade attenu-
Lower the Crown power
amplifier vclume. Press CONT, EXECUTE and continue at
step 20.

After the programmable calculator reads the ISIM's DC
meter output voltage with the 1/3 octave noise, (63 Hz
and 1 dB below ISIM full scale) applied, follow the
table below for the remainder of the test. Also,
lower the output of the random noise generator after
the programmable calculator is finished reading the
ISIM with the 1/3 octave band noise applied.

TABLE 1
TESTING CONDITIONS
DB BELOW ISLM STARTING
FREQUENCY ISIM FULL | ATTENUATOR DEC. ATTEN. 33?¥;§gf
SCALE SETTING SETTING
63 Hz 10 90 dB 11.5 dB 20
1000 Hz 1 90 dB 11.5 dB 19
1000 Hz 10 90 dB 11.5 dB 20
6300 Hz 1 90 dB 11.5 dB 19
6300 Hz 10 90 dB 11.5 dB 20

13




‘NOTE3: Scméfpoints should be made concerning Table 1.

1.

. (2‘) .

The ISLM ATTENUATCR SETTING should not go below

80 4B to prevent any significant influence from
loud ambient noise.

The STARTING DECADE- ATTENUATOR SETTING is only a
recommendation. The only restriction on the decade
attenuator setting is that you obtain the indicated
ISIM reading with an AC, 4B level of less than
~22.0 dAB (step 20).

14
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CALCULATIONS AND ANALYSIS

~For inputs of pure tone and of 1/3 octave bands of noise,
which have equal RMS values, the corresponding ISLM readings
shculd be within 0.5 decibel of each other. From the data
sheet, the column "ERROR BETWEEN TWO READINGS" should be
‘within the values contained in the "TOLER" column. That is,
the ISIM reading of 1/3. octave band "pink" noise should be
withln 0.5 decibels of the ISLM reading of a pure tone signal.

NOTE: The “TOLER“ column contalns the 10.5 decibel error and
~ also any testing and equipment error.

17



APPENDIX
DATA SHEET: SQUARE LAW CHARACTERTSTIC

DATA SHEET: Isnm.SQUARE LAW CHARACTERISTIC (EQUIPMENT SERIAL
. NUMBERS) :

COMPUTER PROGRAMS (WRITTEN IN BASIC LANGUAGE)
CALCULATIONS OF ISLM READINGS

'SOUNDPROOF ENCLOSURE

18



DATA SHEET
**SQOUARE LAW ChARACTERISTICS**

T MANUFACTURER:

ISLKi MODEL NG.:

ISLM SER. NO.:
CALIBRATOR MODREL NO.:
CALIBRATOR SER. NU.:

DATE:

IS READING
PURE TONE
(DB)
khkkkkkkkhk*k
¥.00
0.00

ISLM READING
PURE TONE
(DB)
KAk kkkhhk KKK
9.00
0.00

ISLKH READING
PURE TOWNE
(DB)
Kkkkrkhhhkhx
- 9.00
0.00

FREQUENCY= 63
ISLM READING
1/3 OCTAViZ WOISE
(EB)
kkkkkkkkhkkkkkkkk
8.76
-0.27

FREQUENCY= 1000
ISL# READING
1/3 OCTAVE NCISE
(LB)
khkhkkhkhhkhkkhhhhkd
9.14
0.14

FREQUENCY= 6300
ISLi¥ READING
1/3 OCTAVE NOISE
(DB)
khkkkhkkhkkhkkxhkkk
9.19
0.15

19

A2
ERKOR BEYTWEEN
TWG READINGS
(DB)
khkkkhkkkkk kkk*k
-0.24
-0.27

HZ
ERROR BETWEEWN
TWO READINGS
(DB)
Khkrkhkkkxx KKk %
0.14
0.14

HZ
ERROR BETWEEN
TWO READINGS
(DB)
khkkkhkkhkhkkhkkk
0.19
0.15

TOLER.
(DB)
kkkhkkx
+- 0.63
+- 0.63

TOLER.
(DB)
kk kkkkk
+- 0.63
+- 0.63

10LER.
(Lve)
kkkkkhkk
+=- 0.63
+- 0.63



1.

3.
4.
5.

6.
7.

9.
10.
11.
12.

RMS voltmeter #2, HP 3403A or HP 3403C

DATA SHEET
ISLM SQUARE LAW CHARACTERISTICS
EQUIPMENT SERTAL NUMBERS

Multimeter, HP 3490A

Random noise generator, GR71382

Multimeter, Fluke 853A

Bandpass filter set, B&K 1615

Decade attenuator, GR 1450-TB

RMS voltmeter #1, HP 3403A or HP 3403C

“Load box #1

Frequency synthesizer, HP 3320B or HP 3330B

Programmable calculator, HP 9830A

Preamplifier, Crown ICl1l50

Power amplifier, Crown DC 300A

20



**COMPUTER PROGRAMS* ¥

(WRITTEN IN BASIC LANGUAGE)

21



**MAIN PROGRAM* *
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10 REM**SQUARE LAW CHARACTERISTIC**
20 LOAD KEY #5,8
30 REWIND #5
40 DIM FS[3],AS$[40],M$[100]),N$([50]),0$[40],PS[20]},R$[4G],s8[4C],28(30]
50 DIM C$[40),DS[4C],ES[40]),FS[40],G$[40],HS[40],PS[200],TS$[40]
60 DISP "MANUFACTURER IS";
70 INPUT NS
80 DISP "ISLM MODEL NO. IS";
90 INPUT TS
10C DISP "ISLM SER. NO. IS";
110 INPUT S$
120 DISP "CALIBRATOR MODEL NO. IS";
130 INPUT D$
140 DISP "CALIBRATOR SER. NO. IS";
150 INPUT F$
160 DISP "DATE IS";
170 INPUT HS
180 MS$="MANUFACTURER:"
190 0$="ISLM MODEL NO.:"
© 200 R$="ISLM SER. NO.:"
210 C$="CALIBRATGR MODEL NO.:"
220 E$="CALIBRATOR SER. NO.:"
230 GS="DATE:"
240 MS[14]=N$
250 0$[16]=T$
260 R$[15]=5$
270 CS$[22]}=D$
280 ES$[21]=F$
290 GS$[6]=HS ‘
300 DISP "WHICH SYNTHESIZER IS BEING USED";
310 INPUT 2$
320 DISP "WHICH PRINTER IS BEING USED";
330 INPUT PS$ ;
340 IF PS#"9871A" THEN 460
350 DISP "PUT IN 10.5 BY 8 DATA SHEET"
360 sTop
370 N=INT(10.5*96)
380 N1=INT((8-1)*120)
390 FORMAT 15B
400 WRITE (15,390)27,77;
410 WRITE (15,390)27,49;
420 WRITE (15,390)27,84;

430 WRITE (15,390)27,76,INT(N/64),N;

440 WRITE (15,390)27,70,INT(N/64),N;
450 WRITE (15,390)27,87,INT(N1/64) ,N1;

460 WRITE (15,*)" DATA SHEET"
470 WRITE (15,*)" **SOUARE LAW CHARACTERISTIC**"
480 PRINT '

490 WRITE (15,*)M$
500 WRITE (15,*)0S
510 WRITE (15,*)RS$
- 520 WRITE (15,*)C$
530 WRITE (15,*)ES
540 WKRITE (15,*)GS$
560 DISp "A=?,B=? FOR ISLM"; 23
570 INPUT A,B ;



580
590
600
610
620
630
€40

| 650

660
670
680
630
700
710
720
730
740
750
760
770
780
790
860
810
820
830
840
850
860
870
880
890
900
910
920
930
940
950
‘960
970
980
990
1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150

1160

DISP "DC CALINDRATION CURVE ERROR IS";

INPUT Z1
DISP "MAX. ISLM SCALE READING IS“;
INPUT K

DISP “PURE TONE USED FOR 63HZ NOISE";

INPUT F1

===10

FOR I=1 TO 3
READ F(1I1]

NEXT I

DATA 63,1000,6300
F{l]l=F1

C=1

T=0.5

FORMAT B

WRITE (1,720)0;
WAIT 500

E=1

DISPF "SET FILTEK TO"INT(F{E])"HZ"
STOP

Q=FNF (F[E])
P2=FNL (J)

D1SP "CONT AT STEP 20 OF PRUGCEDURE"
WAIT 5000

D1=FNO (C)

WAIT 200

D=FND (C)

IF D#1 TEBEN 880
J=-10

GCTO 78¢C

03=D-D1

IF D3>0.1 OR B3<-0.1 THEN 090
WRITE (1,720)8;
WAIT 5000

X1=FNi (C)

GOTO C OF 940,990

WRITE (15,*)" FREQUENCY="INT(F[E])"HZ"

WRITE (15,*) "ISLM REALING ISLM READING ERROR BETWEEN"

WRITE (15,*)" PURE TONE 1/3 OCTAVE NOISE TWO READINGS

WRITE (15,%*)" (DB)

(DB) (DB)

WRITE (15'*) Hikkukhkkkkkkk khkhkkkhkkhkhkhkhkkkkkk hkhkkhkhkkhkkhkhkkk*k

WRITE (15,1000)X3,X4, (X1-X), (T+T2)

FORMAT 2X,F7.2,12X,F7.2,14X,F5.2,8%X,"+","~",F5.2

WAIT 5000

GCTO C OF 1060,1030
C=1

PRINT

GCTO 1340

C=2

J=-10

GOTO 780

WRITE (1,720)1;
WAIT 500

J=J+D3

P=FNL(J)

WALT 200

IF D3>0 THEN 1190
BEEP

DISP "DECREASE DECADE BY"D3;"DB"

TOLER.
(DB)'
*kKKR R



STOP

GOTO 1220

DISF "INCREASE DECADE BY"D3;"DB"
BEEP

STOP

WAIT 5000

DISP "CHECK ISLM READING"
STOP

S=FNA (C)

IF S=2 THEN 900

J=-10

WRITE (1,720)0;

WALT 5C0

BEEP

DISF "RESET DECADE ATTENUATOR";
STOF

GOTO 780

E=E+1

IF E=4 THEN 1380

J=-10

GGTO 760

DISP "THE TEST 1S CCOMPLETE"
END

25



**SPECIAL PUNCTION KEYS**
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DEF FNO(C)
REM**SETS REFERENCE LEVEL**
WRITE (1,50)1;
WAIT 500
FORMAT B
GOTO C OF 76,110
K1=K-1
DISP "SET 1 DB DOWN USING CROWNS"
STOP
GOTO 140
K1=K-10
DISP "SET 10 DB DOWN USING CROWNS"
STOP

140 DISP "WHAT IS DC RANGE OF RMS#2";

INFUT Al

WAIT 2000

Y=FNV(10)

L=Y*Al
L1=((L*0.00004)+{1*0.00001))
L2=1/(L*B)

L3=L1*L2

X=10+( (LOGL~-LOGA)/B)
IF C=1 THEN 260
X3=0

GOTGC 270

. 260 X3=9

WRITE (1,50)2;

280 WAIT 2000
290 Z=0

DISP "WHAT IS AC,DB RANGE OF RMS#1";
INPUT AO

FOR I=1 TO 10

DISP "READING SYNTHESIZER,I="I

WAIT 5000

D2=FNV(10)

360 D6=D2*A0

D4=D6"2

2=2t+D4

NEXT I

W=SQR(2/10)

D1=20*LGT (W)

DISP "RECORD AC,DB LEVEL ON RMS#1";
STOP

RETURN Dl

END
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10 '‘DEF FND(C)

20 REM**WORKS WITH RANDOM NOISE**

30 v=0

40 WRITE (1,60)10;

50 WAIT 500

60 FORMAT B

70 DISP "ADJUST RANDOM NOISE GENER. TO"
80 WAIT 5000

90 DISP "SET RMS$#1 TO AC,DB OF STEP 24°%;
100 STOP

110 DISP "HAS THE DEC. ATTEN. CHANGED?";
120 INPUT AS

130 IF A$="NO" THEN 160

140 D=1

150 GOTO 270

160 Q9=100

170 FOR I=1 TO Q9

180 DISP "READING NOISE GENERATOR,I="1
190 ®WAIT 5000

200 v2=FNV(10)

210 V6=V2*A0

220 v4=V6~2

230 v=v+v4

240 NEXT I

250 W1=SQR(V/Q9)

260 D=20*LGT(W1)

270 RETURN D

280 END
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10 DEF FNM(C)

20 REM**READS ISLM WITH 1/3 OCTAVE BAND NCISE**
"30 P8=X8=M8=0

40 P=0

50 M2=0

60 IF INT(F[E})#63 THEN 90

70 29=200

80 GOTO 100

90 29=100

100 FOR 1I=1 TO 29

110 DISP "READING ISLM WITH NOISE,I="I
120 WAIT 2000

130 MO=FNV(10)

140 ¥1=MO*Al

150 P1=10+( (LOG(M1)-LOGA)/B)

160 P=P+P1l

170 M5=((M1*0.00004)+(1*0.00001))

180 M6=1/(M1*B)

190 M7=M5*M6

200 M2=M2+M7

210 NEXT I

220 X1=P/29

230 M4=M2/29

240 X4=(X1-X)+X3

250 T2=SQR((L3"2)+(M4"2)+(0.172)+(21"°2)+(21"°2)+(0.04"2)+(0.04"2))
260 RETURN X1

270 END
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DEF FNF (F9)

20 FORMAT F2.0,F4.0,2F2.0

IF Z$="3330B" THEN 60

40 CMD "?03°,°K,"
50 GOTO 70

230

CMD “2Us"
IF F9>10 AND F9<100000 THEN 100
PRINT "FREQ OUT OF AUDIO RANGE"
RETURN F9
IF 2$="3330B" Td4EN 150
F7=2+(F9 >= 999.95)+(F9 >= 9999.5)
F8=F9/10" (F7-3)+0.5

OUTPUT (13,20)"R"F7,",F"INT(F8/10),",V"INT(FB)-10*INT(F8/10),","

RETURI: INT(F8)*10~ (F7-3)
F8=F9

FORMAT “L",F1000.1,%="
OUTPUT (13,160)F8
RETURN F9

END

DEF FNL(L9)
IF 2$=%3330B" THEN 60
CmMp “203","D3,"

GOTO 70 )
REM........ “"...USE D4 FOR NO LEVELING, D3 FOR SLOW LEVELING..
CMD "20$"

L8=INT(L9*100+0.5)

IF L8<2700 ANLC 1L8>-7301 THEN 110
PRINT "LEVEL OUT OF RANGE"
KETURN L9

IF Z$="3330B™ THEN 150
OUTPUT (13,130)"A"L8,",";
FORMAT 2F5.0

RETURN L8/100

Lé=L9

IF L8<0 THEN 200

FORMAT "N",F1000.2,°%;"
OUTPUT (13,170)L8

GOTO 220

FORMAT *a",F1000.2,"<"
OUTPUT (13,200;L38

RETURN L8

END
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1000
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
123¢
1240
12s5¢
1260
1270
1280
1290
1300
1310
1320
1330
i340
1350
1360
1370

DEF FNV(V9)

IF V9#1234 THEN 1060

CMD “2U6","M1E" ,"?25V"

vV6=v9

GOTO 1360

v6=7

IF INT(10*V9)=0 THEN 1130
V6=LGT(INT(10*V9))

IF INT(V6)=V6 THEN 1120

DISP "ILLEGAL FNV INPUT"

STCP

V6=6-Vé6
V7=INT(100*V9)-10*INT (10*V9)
V7=V7*0.14+2%* (V7>1) —(V7=4)

IF Vv7>3 THEN 1100
V8=INT(1000*V9)-10*(INT(100*V9))
IF Vv8>2 THEN 1100

CMD "?U06","M2T3"

OUTPUT (13,1200) "R",V6,"F",INT(V7),"S3M3T3E";
FORMAT 3F2.0

IF V8=2 THEN 1250

CMD "2U6"

OUTPUT (13,1240)"s”,3*(v7=0.1),"T",V8+1,"E";
FORMAT F2.0

CMD “25V"

IF RBYTE13=79 THEN 1350

ENTER (13.1280)Vé

FORMAT 3X,F10.0

IF v8#2 THEN 1320

CsD “206","M2T3"

OuTPUT (13,1200)"S",3*(V7=0.1) ,"T2E";
IF V742.3 THEN 1340
V6=20*LGT(V6)

GOTC 1360

vV6=9999

RETURN V6

ENDB
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DEF FNA(C)
REM**RECHECKS ISLM READING**
WRITE (1,40)1;

FORMAT B
WALIT 5000
Y=FNV(1C)
L=Y*Al
L1=((L*0.00004)+(1*0.00001))
L2=1/(L*B)

L3=L1*L2
X2=10+ ( (LOGL-LGGA)/B)

IF X2<(X+0.04) AND X2>(X-0.04) THEN 150
S=1

GOTO 160

S=2

RETURN S

END
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CALCULATIONS OF YXSLM READINGS

In-order to determine the response of an ISIM without reading
its indicating meter (and involve any scale inaccuracy), we
. make a connection to monitor the DC voltage which goes to the
indicating meter of the ISIM. However, if the ISLM already has
a° DC outpnt jack, we do not have to make a meter connection.

After making the connection, we apply an acoustical signal to
the ISIM to obtain a full scale reading. Then we record the
corresponding DC meter output voltage. Then we reduce the
‘signal in 1 4B steps as indicated by the response of a refer~-
ence microphone. After each 1 dB decrease, we record the
corresponding DC meter output voltage. After obtaining all the
DC meter output voltages, we plot these voltages vs. the number
of dB steps below ISIM full scale. We then do a least squares
fit analysis to the data. The equation we obtain may be one of
the following types:

(1) Y=2aeBx (for logarithmic ISIM scales)

{2) Y=A+BX {(for linear ISLM scales)
A, B are constants for each equation
Y =DC meter output voltage
X=dB below ISLM full scale

This procedure would be the same if the ISIM already had a DC
output jack.

Equation (1) or (2) would then be used to calculate the ISLM
reading corresponding to the observed DC voltage from the ISIM.
Associated with each curve is a DC calibration error which
represents the error involved in calculating ISEM readings
from this curve.

1. CALCULATED ISLM READINGS USING DC METER OUTPUT VOLTAGES

Equation (1):
To calculate the ISIM reading, use the following equation:

X=10 dB+ [(1In¥~ 1nA)/B] = ISLM reading in 4B
where, ¥Y=DC meter output voltage

Equation {2):
To calculate the ISLM reading, use the following equation:

zﬁloam+'Y;§c
where, Y=DC meter éutput voltage
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CALCULATED ISH‘ READINGS BSING DC OUTPUT VOLTAGES

The calculations are the same as in 1. The values for ¥ are
read fram the ISLM DC output jack. : '
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SOUNDPROOF  ENCLOSURE

The main purpose of this enclosure is to provide acoustic

-isolation when a signal is being inserted in series with the
~-microphone of the ISLM. The enclosure has a large mass to
prevent low frequency noise from disturbing the meter. The
interior -is' lined with acoustic tile to absorb any noises
which may reach the interior of the enclosure. A small window
is provided for viewing the ISLM scale. With this type of
: g’gc(]i.osure, ~the ambient noise can be reduced to approximately

BA. : 3 :
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