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I E-1OA WARRANTY 

The IE-1OA i s  warranted against defects in 
materials and workmanship fo r  one (1) year 
from the date of purchase. During the 
warranty period Ivie Electronics will 
repair, or a t  i t s  option, replace components 
which prove to  be defective provided the 
analyzer i s  returned shipping prepaid to  
an authorized Ivie Electronics service 
faci 1 i ty. Defects caused by modifications, 
misuse or accidents are not covered by 
th i s  warranty. No other warranties are 

w c t r o n i c s  i s  expressed or  i mpl ied. 
not l iable  f o r  consequenti amages. A l l  
requests for  repairs and information 
should include the instrument ser ia l  
number to  assure rapid service. 



I NTRODUCT I ON 

I n  t h e  past, rea l - t ime  analys is  o f  the audio spectrum has been an expensive 
process r e q u i r i n g  a subs tan t i a l  investment i n  t e s t  equi pment. The 
b e n e f i t s  o f  such ana lys is  have long been appreciated, b u t  the  process 
has been so c o s t l y  t h a t  on ly  those w i t h  s u f f i c i e n t l y  l a r g e  opera t ing  
budgets have been able t o  a f f o r d  it. 

The IE-1OA Spectrum Analyzer i s  a v e r s a t i l e  p iece  o f  t e s t  equipment t ha t  
i s  capable o f  making both r e l a t i v e  and abso lu te  measurements i n  the 
audio spectrum. Frequency response, amp1 i f i e r  gain, i n s e r t i o n  loss,  
sound pressure l eve l s ,  dBm and vol tage t e s t i n g  represent  a few o f  the 
IE-1OA measurement appl i c a t i o n s .  Un l ike  a t y p i c a l  vo l  tmeter,  the  I E - 1 O A  
s imul taneously d isp lays the octave frequencies o f  the s igna ls  being 
measured. The user can s e l e c t  a de tec tor  response f o r  p ink  no ise  
averaging o r  a f a s t  response f o r  rea l  t ime s i g n a l  moni tor ing.  Many 
va luab le  uses can a l so  be made o f  the b u i l t - i n  p r e c i s i o n  p reamp l i f i e r .  

Every IE-1OA i s  b u i l t  t o  l a s t .  The case i s  aluminum, fus ion  bonded w i th  
ny lon ,  and i n t e r n a l  cons t ruc t i on  i s  100% modular. Every IE-1OA i s  
thorough ly  and pa ins tak ing l y  tes ted  t o  assure complete p e r f o ~ a n c e .  
Each u n i t  i s  then heat tes ted  i n  an oven f o r  72 hours a t  125 F t o  assure 
r e l i a b i l i t y .  Any u n i t  t h a t  doesn't  measure up doesn ' t  leave t h e  factory. 

The f o l l o w i n g  pages i n  t h i s  manual exp la in  t h e  many fea tures  and uses of 
t h e  IE-1OA. We suggest t h a t  i t  be read thoroughly.  

With y o u r  IE-1OA you should have received t h e  f o l  1 owing standard accessories 
p i c t u r e d  below: 

IE-1OA Audio Spectrum Analyzer. 

"Fast Charge" n i c k e l  cadmium b a t t e r i e s  
(mounted i n s i d e  the  IE-1OA.) 

AC adaptor /charger  t h a t  prov ides 
continuous 1 i n e  ope ra t i  on. 

V iny l  c a r r y i n g  case w i t h  be1 t loop. 

Standard phono p lug  patch cord. (Not 
p i c t u r e d  ) 

Opera tor 's  Manual w i t h  i 1 l u s  t r a t i o n s  
and exampl es . 

Figure 1 
It i s  recommended t h a t  you r  IE-1OA be charged f o r  two t o  th ree  hours 
a f t e r  i t  i s  unpackaged. This  w i l l  assure a f u l l  two hours o f  opera t ing  
t ime  before recharging i s  again necessary. 

Make sure  the vo l tage s e l e c t i o n  swi tch on t h e  IE-165A Charger/Adaptor i s  
i n  t h e  c o r r e c t  p o s i t i o n  f o r  the l i n e  vo l tage  be ing  used ( e i t h e r  115v. o r  
230 v. AC a t  50-60 Hz) .  



OPEEAT1 ON 

OCTAVE FILTER CHARACTERISTICS 

The ten octave f i l t e r s  i n  the IE-1OA Spectrum Analyzer meet the requirements 
o f  the  A N S I  S1.ll-1966 (R 1975) Class I f i l t e r  standards. A p l o t  comparing 
t h e  second order Chebychev f i l t e r s  i n  the IE-1OA w i t h  the  ANSI standard 
curves can be seen i n  Figure 2. 

FREQUENCY RATIO - f/f, 
Figure  2 

I n  the  above p l o t  o f  an octave w i d t h  bandpass f i  1 t e r ,  t he  frequency 
sca le  (hor izonta l  ax is )  has been normalized ( f / fm) so t h a t  the  same p l o t  
can be used t o  represent any one o f  the  IE-1OA octave f i l t e r s .  For 
example, t h e  number 1 on the ho r i zon ta l  a x i s  represents t h e  f i l t e r  
cen te r  frequency fm, 2 i s  a frequency t h a t  i s  tw i ce  f m  ( t h e  second 
harmonic) and 0.4 i s  a frequency t h a t  i s  f o u r  tenths t h a t  o f  the  f i l t e r  
cen te r  frequency. . 

A w e l l  designed bandpass f i l t e r  should a1 low passband in fo rmat ion  t o  be 
transni i  t t e d  through i t  wi thout  s i g n i f i c a n t  energy l o s s  whi l e  a1 1 frequencies 
ou ts ide  t h e  passband should be r e j e c t e d  o r  a t tenuated t o  some degree. 
Transmission loss ( v e r t i c a l  ax is  o f  Fig. 2 )  i s  s imply a measurement of 
t h e  " a t tenuat ion"  o f  energy (usua l l y  expressed i n  dB) as i t  passes 
through a device o r  c i r c u i t .  

If we i n j e c t  a pure 1 KHz tone i n t o  an octave f i l t e r  having a center 
frequency o f  1 KHz, the " transmission l oss"  would be minimal, o r  c lose 
t o  0 dB. However, an out-of-band 2 KHz tone i n t o  the  1 KHz octave 
fi 1 t e r  o f  the  IE-1OA would have a " transmission l o s s "  of approximately 
15 dB as can be seen by studying F ig .  2. 
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I f  a l l  ten TE-1OA f i l t e r s  are aligned in paral lel  they will have a 
frequency response s imi lar  to that shown in Fig. 3 . 

FREQUENCY IN HERTZ 

Figure 3 

An interesting question might be: 
What kind of display would we expect t o  see on a real-time 
analyzer i f  we i n j e c t  a pure sine wave signal a t  a frequency 
equal t o  one of the  f i l t e r  centers ( i e .  1 KHz)? 

Many peopie would assume tha t  a 1 Mz frequency tone would cause energy 
t o  be displayed only a t  the 1 KHz f i l t e r  position on the analyzer, but 
t h i s  i s  not true. Remember t h a t  bandpass f i l t e r s  can attenuate out of 
band energy but they cannot eliminate i t  completely. Fi1 t e r s  tha t  are  
close in frequency to  1 KHz also detect a small part of the incoming 
energy and they will display that energy on the analyzer a t  an attenuated 
1 eve1 . Depending upon the  display range selected,  several f i  1 t e r s  could 
respond t o  a signal, even though the energy i s  a t  one single frequency. 
A 1 KHz signal fed in to  the f i l t e r s  of Fig. 3 will  be displayed a t  the 
highest amp1 i tude in f i  1 t e r  number 6 ,  which, of course, i s  the 1 KHz 
f i 1 te r .  Fi 1 te rs  3 through 9 a1 so respond, i n  varying degrees, t o  the 1 
KHz signal a t  a level where the individual f i l t e r  sk i r t s  intercept the 
signal.  Injecting a s ine  wave into the center frequency of one of the 
IE-1OA f i l t e r s  resul ts  in a display of the shape of that exact sanie 
f i l t e r .  This property i s  not unique to the IE-lOA, b u t  of a l l  spectrum 
analyzers whether "real-time" or "swept tuned. " We can view the f i l t e r  
shapes of every spectrum analyzer by injecting sine waves tha t  are  
w i  t h i n  the frequency range of the analyzer. 



IE-1OA FRONT PANEL AND CONTROLS 
Figure 4 
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I E- 1OA FRONT PANEL CONTROLS 

R e f e r r i n g  t o  the p i c t u r e  o f  FIG. 4, the f o l l o w i n g  number codes descr ibe 
the  va r ious  func t ions  and con t ro l s  o f  the IE-1OA Real Time Analyzer. 

@ POWER ONIOFF P lac ing  the power switch i n  t h e  "ON" pos i t i on  appl ies 
power t o  a l l  IE-1OA c i r c u i t s .  Leaving t h i s  s w i t c h  i n  the  "OFF" p o s i t i o n  
between measurements w i  11 extend the ba t te ry  1  i f e  between charges. 

9 DISPLAY GRATICULE. The l e f t  hand scale i s  c a l i b r a t e d  t o  e  used 
w i  h  t h e  1 dB/step s e t t i n g  o f  the d isp lay  r e s o l u t i o n  swi tch  6 . 
Measurement range i s  +3 dB t o  -12 dB. 

@ DISPLAY GRATICULE. The center  scale i s  c a l i b r a t e d  be used w i t h  
the  2  dB/step s e t t i n g  o f  t h e  d i sp lay  r e s o l u t i o n  s w i t c h  . Measurement 
range i s  +6 dB t o  -24 dB; 

@ MICROPHONE.. The omnid i rect ional  condenser microphone i s  a  professional 
qua1 i ty Sound Level Meter type 2. The microphone becomes f u  t i o n a l  as 
the  s i g n a l  source f o r  the  IE-1OA on ly  when t h e  INPUT swi tch  i s  s e t  
t o  i n t e r n a l  (INT). 

Q DISPLAY GRATICULE. The r i g h t  hand sca le  i s  c a l i b r a t e d  
w i  h  t h e  3  dB/step s e t t i n g  o f  t h e  d isp lay  r e s o l u t i o n  sw i t ch  
Measurement range i s  +9 dB t o  -36 dB. 

@ DISPLAY RESOLUTION. D isp lay  r e s o l u t i o n  can be se lec ted  i n  steps of 
1, 2  o r  3dB p rov id ing  the  operator  w i t h  d i s p l a y  ranges o f  15, 30, and 
45dB r e s p e c t i v e l y .  Note t h a t  the  co r rec t  d i s p l a y  g r a t i c u l e  must be used 
w i t h  t h e  appropr ia te  dB/step reso l  u t i o n  s e t t i n g .  o r  exa~npl e  ldB/step 

n  should be used w i  d isp lay  g r a t i c u l e  2  and l i kew ise  2dB/step 
and 3dB/steb w i t h  6 

9 INPUT SELECTOR SWITCH. When the inpu i s  s e t  t o  i n t e r n a l  
( I  T) t h e  ana lyzer 's  b u i l t - i n  microphone the  s ignal  source 
f o r  t h e  IE-1OA. Se t t i ng  the  i n p u t  switch (EXT) al lows t h e  

t o  i n j e c t  o ther  s igna ls  i n t o  the ana lyzer  through the  phono  at^ marked " I N " .  



@ SENSITIVITY SWITCHES. The s e n s i t i v i t y  switches add gain i n  lOdB 
steps ( t o  a  t o t a l  of 80dB) t o  the  analyzer f r o n t  end which changes the  
measurement range. To determine analyzer gain,add the  absolute values 
o f  the  two s e n s i t i v i t y  sw i tch  s e t t i n g s  as shown i n  the  tab le  below. 

SENSITIVITY 

Table 1 

@ PREAMP OUTPUT. The IE-1OA has a  bui 1 t i n ,  low-noise preamp c i r c u i t  
w i t h  gain ad jus tab le  i n  lOdB teps t o  a  maximum o f  80 dB. u t  t o  t he  
p reamp l i f i e r  i s  phono jack @) , the  output i s  phono jack 
d e t a i l s  and app l i ca t i ons  r e f e r  t o  t h e  manual sec t ion  about 

@) BATTERY STATUS INDICATOR. Th is  LED i n d i c a t o r  has two important 
funct ions.  It l i g h t s  when the  IE-1OA i s  being charged, thus prov id ing  
i n d i c a t i o n  o f  a  p roper ly  work ing b a t t e r y  charger. I t s  second func t ion  
i s  p rov id ing  i n d i c a t i o n  o f  b a t t e r y  l e v e l .  I t  i l l um ina tes  when the  N i-  
Cad b a t t e r i e s  are low and r e q u i r e  charging. 

BATTERY CHARGER JACK. T h i s  j ack  i s  provided t o  recharge the  N i -  
Ca b a t t e r i e s  i n  the IE-1OA u s i n g  t h e  model IE-165A adaptor/charger. 

9 SIGNAL INPUT JACK. The pho jack marked "IN" i s  the  signal p o r t  
t o  e  used w i t h  the i n p u t  sw i t ch  s e t  t o  "EXT". Having an i n p u t  
impedance o f  100 K ohms, t h i s  ex te rna l  i npu t  w i l l  accept most of the  
microphones and s igna l  generators ava i  1  able i n  the  market today. 

@ MODE SELECTOR. Pos i t i ons  "A" and "C" se lec t  f i l t e r s  for  Sound 
Level Meter app l ica t ions ,  and "OCT" se lec ts  the  ten  octave bandwidth 
f i l t e r s  f o r  Spectrum Analyzer opera t ion .  I n  the  "OCT" mode the IE-1OA 
has two se lec tab le  de tec tor  responses, one f o r  pink noise measurements 
and the  other  f o r  moni tor ing.  Pink noise averaging i s  ac t iva ted  by  
swi tch ing the  mode f i r s t  t o  " C"  and then t o  "OCT." The monitor ing 
response i s  ac t iva ted  by sw i t ch ing  t h e  mode t o  "A" and then t o  "OCT." 
The moni to r ing  de tec tor  response i s  ac t i va ted  when the  power i s  f i r s t  
turned on. 
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SELECTING THE DETECTOR RESPONSE 

There are th ree  d i f f e r e n t  de tec tor  response modes used i n  the  I E - 1 O A  
f i l t e r  c i r c u i t s ,  two f o r  the OCT f i l t e r s  and one f o r  the A and C f i l t e r s .  
For sound l e v e l  meter app l i ca t i ons  us ing the A and C weighted f i l t e r s ,  
the de tec tors  s a t i s f y  A N S I  S1.4 1971, SZA,  S2C and I E C  123 (1961) f o r  
the "slow" response. For the  OCT mode o f  the I E - l O A ,  you may s e l e c t  
e i t h e r  the  s igna l  mon i to r  mode, o r  the p ink noise averaging mode. The 
s igna l  moni tor  de tec tors  have a very f a s t  r i s e - t i m e  and f a l l - t i m e  response 
t o  enable the  ope ra to r  t o  view s ignal  t rans ien ts ,  impulses , osc i  11 a t i o n s  , 
music s ignatures and o t h e r  r a p i d l y  changing phenomenon. The p ink  no ise  
averaging mode was designed main ly  f o r  t es t s  us ing  p ink  noise and o t h e r  
types of random s i g n a l  s  . 
The mode swi tch  has o n l y  t h ree  togg le  pos i t i ons ,  b u t  i t  i s  used t o  
s e l e c t  A, OCT o r  C f i l t e r s  and a l so  the  de tec tor  responses. To s e l e c t  
the s igna l  mon i to r  detectors, the mode swi tch i s  moved t o  the  A f i l t e r  
and then re turned t o  OCT. If the  mode swi tch i s  moved t o  t h e  C f i l t e r  
and then re tu rned  t o  t h e  OCT pos i t i on ,  the p ink  no i se  averaging de tec to rs  
w i l l  be ac t iva ted .  

SELECTABLE DETECTOR RESPOtiSES 

PINK NOISE MODE MOHITOR MODE 

F igure 5 



BATTERY AND LINE OPERATION 

An IE-165A AC Adaptor/Charger has been suppl ied w i t h  your  IE-1OA Audio 
Spectrum Ana-lyzer t h a t  w i l l  recharge the b a t t e r i e s  i n  about 3 hours. 
The IE-1OA w i l l  operate approx imate ly  2  hours between charges, depending 
upon t he  ambient l i g h t  l e v e l .  The ba t t e r y  cu r ren t  d r a i n  var ies  because 
o f  t he  automatic, d i s p l a y  i n t e n s i f i e r  c i r c u i t s  i n  t h e  IE-1OA. Normal 
room l i g h t i n g  w i l l  p r o v i d e  about 2+\ hours o f  ope ra t i ng  t ime w i t h  l e s s  
than 2 hours a v a i l a b l e  under  b r i g h t  stage l i g h t s  o r  sun l i gh t .  

When the  "CHARGE" LED l i g h t s  i n d i c a t i n g  low b a t t e r i e s ,  recharging i s  
immediately necessary. The IE-1OA spec i f i ca t i ons  cease t o  be accurate 
s h o r t l y  a f t e r  t h i s  LED i l l u m i n a t e s .  

CAUTION: Use o f  an AC adaptor /charger  o the r  than t h e  IE-165A may cause 
damage t o  y o u r  IE-1OA. 

The IE-165A AC Adaptor/Charger i s  se lec tab le  f o r  vo l tages of 115v. o r  
230v. AC a t  50 t o  60 Hz. Make sure the  vo l tage  sw i t ch  on the  IE-165A i s  
i n  t h e  c o r r e c t  p o s i t i o n  f o r  t h e  AC power l i n e  be ing used. Using t h e  ZE- 
165A w i t h  -AC power o t h e r  t h a n  115v. o r  230v. a t  50-60 Hz. may cause 
damage t o  y o u r  I E- 1OA. 

The IE-1OA may a l so  be ope ra ted  d i r e c t l y  from t h e  AC power 1 i n e  us ing  
t he  IE-165A as an adapto r  i f  t h e  b a t t e r i e s  have some charge i n  them. 
The ZE-165A w i l l  n o t  ope ra te  an IE-1OA d i r e c t l y  f rom t h e  power l i n e  if 
t h e  b a t t e r i e s  i n  t h e  IE-1OA a r e  discharged. 

The Ni.-Cad b a t t e r i e s  i n  t h e  IE-1OA a re  o f  t h e  h i ghes t  q u a l i t y  and a r e  
capable o f  w i t hs tand ing  extended overcharging. It i s  recommended t h a t  
they  be com l e t e l y  d i scha rged  ( u n t i l  the  "Charge" LED on t h e  IE-1OA 
i l l u m i n a t e s  ! from t i m e  t i m e  t o  minimize the  p o s s i b i l i t y  of "memory 
e f f e c t "  on t h e  b a t t e r i e s .  Ni-Cad b a t t e r i e s  can l o s e  t h e i r  a b i l i t y  t o  
g i v e  up 100% o f  t h e i r  charge if they  are o n l y  p a r t i a l l y  discharged on a 
frequent bas is  . 
If permanent power l i n e  o p e r a t i o n  of t h e  IE-1OA i s  desired, i t  i s  
r e c o m n d e d  t h a t  t h e  Ni-Cad b a t t e r i e s  be removed and t h a t  a  l i n e  opera ted  
DC power supply  o f  6v. and 250ma be provided i n  t h e i r  place. The e x t e r n a l  
power SUD l y  can be c o n v e n i e n t l y  prov ided t o  t he  IE-1OA through t h e  charge 
j a c k  ( & igure  4 )  ( c e n t e r  p i n  i s  p o s i t i v e ) .  



P I N K  NOISE T E S T I N G  AND THE I E - 1 O A  

There are a  few fundamentals t h a t  the  reader should be made aware o f  
be fore  doing p ink  noise t e s t i n g .  Pink noise i s  random no ise  tha t  
appears f l a t  o n l y  a f t e r  being t ime averaged by spec ia l  detectors on a  
r e a l - t i m e  analyzer.  When used w i t h  p ink noise, the de tec tors  i n  the IE- 
10A should always be i n  the p ink  no ise  averaging mode. The rms vol tage 
ou tpu t  o f  a  p i n k  noise generator must be measured by spec ia l  means us ing  
sampling techniques and a  t r u e  rms voltmeter.  To an osc i l loscope,  p ink  
no ise  appears t o  be a  mass o f  random voltage spikes. 

The output  o f  the IE-20A Pink Noise Generator has been c a l i b r a t e d  i n  
v o l t s  rms. A very important  s p e c i f i c a t i o n  on a  pink no ise  generator i s  
i t s  " c r e s t  f a c t o r . "  Crest f a c t o r  i s  simply the r a t i o  of the  peak 
vo l  tage t o  the  rms output  vol tage o f  the generator.  For example, if we 
s e l e c t  an ou tpu t  l e v e l  from the IE-20A equal t o  30 mv rms, a  c res t  
f a c t o r  o f  3.75 p red i c t s  t h a t  there  could be instantaneous vol tage peaks 
i n  t he  output  t h a t  are 3.75 times the magnitude of the  rms output  
vo l tage.  I n  t h i s  p a r t i c u l a r  case, a  30 mv rms output  w i l l  produce 
vo l tage  peaks as l a rge  as 113 mv. Pink noise i s  one of the  best s igna l  
sources a v a i l a b l e  f o r  doing r igorous  t e s t i n g  o f  a m p l i f i e r  d u r a b i l i t y ,  
and t r a n s i e n t  s igna l  hand1 i n g  capabi 1  i t i e s .  Pink no ise  a l s o  approximates 
ac tua l  audio s i g n a l s  b e t t e r  than any o ther  type o f  s i g n a l  source. 

The IE-1OA i s  c a l i b r a t e d  t o  measure vol tage and dBm f o r  s i n e  wave 
i n p u t s  us ing  t h e  ex terna l  jack.  With a  p ink no ise  i n p u t  t h e  IE-1OA i s  
o n l y  c a l i b r a t e d  i n  dB f o r  r e l a t i v e  measurements l i k e  gain, l oss  and 
frequency response. For sound 1  eve1 measurements, u s i n g  t h e  IE-1OA 
microphone, t h e  analyzer  i s  always c a l  i b r a t e d  i n  absol u t e  dB-SPL whether 
t h e  sound i n  t h e  room i s  p i n k  no ise  o r  another type. 

CALIBRATING THE IE-20A TO THE IE-1OA 

The IE-IOA f i l t e r s  a re  very f l a t  e l e c t r i c a l l y ,  t o  w i t h i n  a  small f r a c t i o n  
o f  a  dB,as can be v e r i f i e d  w i t h  a  swept s ine  wave i n p u t  s igna l .  Likewise, 
t h e  IE-20A i s  designed t o  p rov ide  very  f l a t  p i n k  no i se  ou tpu t  i n t o  a  
rea l- t ime  spectrum analyzer.  Being designed f l a t  " independently" ,  any 
IE-20A w i l l  work w i t h  any IE-1OA produced, and v i s a  versa. 

Many ana lyzer /p ink  no ise  combinations avai lab1 e  i n  t h e  aud io  marketplace 
use non- f la t  p i n k  no ise  t h a t  i s  compensated f o r  by a d j u s t i n g  the analyzer  
f i  1  t e r s  t o  be i n v e r s e l y  non- f l  a t  so t h a t  the  analyzer /p ink no ise  combination 
w i  11 appear f l a t .  This  type o f  system i s  accurate o n l y  f o r  r e l a t i v e  
measurements and cannot be used f o r  accurate t e s t i n g  of absolute l e v e l s  
of vo l tage,  dBm o r  dB-SPL. A f u r t h e r  l i m i t a t i o n  i s  t h a t  t h e  pink no ise  
source and t h e  analyzer cannot be interchanged w i t h  o t h e r  u n i t s  unless a  
complete reca l  i b r a t i o n  i s  performed on the instruments. 

To check proper  opera t ion  o f  the IE-1OA and the  IE-20A, s e t  t he  output  
a t tenuator  on t h e  IE-20A t o  zero and s e t  the con t ro l s  on the  TE-1OA as 
shown i n  Fig. 6 . Next feed the IE-20A output  i n t o  t h e  I E - 1 O A  us ing one 
of t he  patch cords suppl ied. The s i g n a l  should appear f l a t  and a t  the 0  
dB l i n e  on t h e  IE-1OA d i sp lay  as shown. I f  t h e  p ink no i se  i s  f l a t  b u t  
does n o t  appear a t  the 0  dB l i n e  on the  I E - 1 O A  consu l t  t he  IE-20A manual 
on a d j u s t i n g  t h e  output  reference l e v e l .  
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F igu re  6 

Increase the  IE-1OA DISPLAY switch reso lu t i on  t o  2 dB per  step, and then 
t o  1 dB per step. The p ink  noise should remain a t  the  0 dB l i n e ,  bu t  i f  
i t  does not,  r e a d j u s t  the  reference on the IE-20A. Now you a re  ca l ib ra ted ,  
and the output  vo l t age  on the IE-20A i s  equal t o  940 mv rms. 

Now try another experiment w i t h  the IE-lOA/IE-20A. -Set  t h e  d i a l  a t tenuator  
on the  IE-20A t o  12 dB. As you switch the d i sp lay  r e s o l u t i o n  on the  IE- 
10A between 1, 2, and 3 dB, note t h a t  the  s igna l  i s  12 dB down from the  

. c a l i b r a t i o n  l i n e  (0 dB) on a l l  three d isp lay  scales. The r e s o l u t i o n  
se t t ings  on t h e  ana lyzer  always expand around the  0 dB re ference l i n e .  

As analyzer r e s o l u t i o n  reaches 1 dB per step i t  can be observed t h a t  
p ink  noise i n  t h e  low frequency f i l t e r s  appears less  s t a b l e  i n  amplitude 
when viewed on t h e  IE-1OA. This i s  a normal occurence w i t h  any p ink  
noise source and analyzer ,  and i s  due t o  the random nature o f  p ink  noise 
and the  f a c t  t h a t  t h e  low frequency f i l t e r s  have narrower bandwidths. 
If pink  noise i s  averaged over a long per iod o f  t ime i t  wi  11 appear very 
f l a t  w i t h  l i t t l e  v a r i a t i o n  i n  amplitude. Using a long de tec to r  t ime 
constant,we would be fo rced  t o  wa i t  f o r  an excessively l o n g  t ime per iod  
f o r  the analyzer  t o  respond t o  a change i n  frequency response and we 
would have something' l e s s  than a " rea l  -t imeu analyzer. The IE-1OA 
detectors are op t im ized  f o r  best s t a b i l i t y  versus f a s t  response t ime of 
the d isp layed s igna l .  High reso lu t i on  measurements need n o t  be less  
accurate i f  we s imp ly  observe the l eve l  a t  which the  LEDs spend most of 
the  time. 

P I N K  NOISE GAIN/LOSS TESTING 

Using p ink no i se  as a s igna l  source w i t h  the  IE-1OA w i l l  enable a measurement 
of frequency response and gain (o r  l o s s )  simultaneously. The s implest  
way t o  describe t h e  procedure i s  through the use o f  a few examples. 
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1 s t  EXAMPLE 

Measure the gain' and the  frequency response o f  a preamp1 i f i e r  w i th  10 mv 
i n p u t  s igna l  . 
Procedure ; 

1. Using the t a b l e  on page 9 o f  the  IE-20A opera tor 's  manual, se t  the 
output  l e v e l  of the  IE-20A t o  10 mv. An a t tenuator  s e t t i n g  o f  40 
dB w i l l  p rov ide  a 9.4 mv s i g n a l .  

2. I n i t i a l l y  s e t  the switches on the  I E - 1 O A  as shown. Display reso lu t i on  
i s  s e t  t o  2 dB per step f o r  t h i s  example. 

F igure 7 

3. Set the ZE-1OA detectors i n  the  p i n k  no ise  averaging mode. This i s  
accomplished by moving the MODE s w i t c h  t o  the  C f i l t e r  pos i t i on  and 
then back t o  OCT. 

4. Using the patch cable provided, connect  the  IE-20A output  t o  the 
IE-1OA i n p u t  as shown. The s i g n a l  from the  IE-20A should appear a t  
t he  -20dB l i n e  on the IE-1OA (2 dB p e r  s tep  scale) .  Not ice t h a t  
t h e  s ignal  was purposely d i sp layed  near  t he  bottom o f  the  screen 
because the  s igna l  gain from the  amp1 i f i e r  w i  11 cause the  d isp lay  
t o  r i s e .  

CALIBRATION STEP 

-20 dB Calibration 
Line 

Note: 
2 dB/s tep ~ e s o l  uti0n 

Figure 8 
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5. Connect the t e s t  amp l i f i e r  between the IE-20A and the IE-1OA as 
shown be1 ow. 

MEASURE AMPLIFIER 
f 

'r 
. e r a  

g 
L / 

\ J 
U 

IE-2OA IE-1OA 

TEST 
AMPLIFIER 

+2 dB Test Level 

Note: 
2 dB/step Resolution 

Figure 9 

6. Gain o f  the t e s t  amp l i f i e r  i s  determined by c a l c u l a t i n g  the  dB d i f f e rence  
between the two d isp lay  readings on t h e  IE-1OA. The dB range 
between -20 dB and + 2 dB represents a t e s t  ampl i f i e r  gain o f  22 
dB. 

7. Any dev ia t ion  from amplitude f l a t n e s s  on t h e  d i sp lay  i s  caused by 
t h e  t e s t  ampl i f i e r  ' s  frequency response. I f  desired, d isp lay  
reso lu t i on  can be increased f o r  improved measurement accuracy o f  
t h e  frequency response. 

2nd EXAMPLE 

A manufacturer spec i f i es  h i s  audio device to ,  have l e s s  than 10 dB 
i n s e r t i o n  loss a t  any frequency from 60 Hz t o  4 KHz. Acceptable i n p u t  
l e v e l s  are 10 rnv t o  100 rnv rms. V e r i f y  h i s  c la im.  

Procedure: 

1. Set at tenuator  on IE-20A f o r  an acceptab le  s igna l  output l e v e l .  
Referr ing t o  the  t a b l e  on page 9 o f  t h e  IE-20A manual, 30 dB o f  
a t tenuat ion  w i l l  prov ide a 30 mv rms s i g n a l  output .  

2. I n i t i a l l y  s e t  the switches on the IE-1OA t o  the  pos i t ions  shown 
below. Always begin a measurement w i t h  bo th  analyzer s e n s i t i v i t y  
switches se t  t o  0 dB. 
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Figure  10 

3. Feed the IE-20A s igna l  i n t o  the IE-1OA as shown below and add 
s u f f i c i e n t  gain t o  the  IE-1OA t o  b r i n g  the  c a l i b r a t i o n  s ignal  h igh  
on the d isp lay.  It does n o t  have t o  be a t  the 0  dB l i n e  as shown. 

CALIBRATION STEP 

0 dB calibration 
Line 

Figure  11 

4. I n s e r t  the audio t e s t  device between the  IE-20A and the I E - I O A .  
Record the s igna l  l e v e l s  a t  each frequency because the i n s e r t i o n  
l css  may be d i f f e r e n t  a t  each frequency. 
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TEST STEP I 
\ 

0 d B  C a l i b r a t i o n  
~ i i e  

I n s e r t i o n  Loss  

..*....-*~ T e s  t Signa 1 

i / 

UOODUU 

I E - 2 0 A  
d :J DIO 

CEVICE 

Figure 12 

5 .  The i n s e r t i o n  loss can now be measured by c a l c u l a t i n g  the  dB difference 
between the  two s ignal  leve ls .  

6. Again, as i n  the f i r s t  example, any -d e v i a t i o n  . from amplitude f la tness  
on the IE -1OA d isp lay  w i l l  be due t o  the  frequency response of the 

- audio device. The manufacturer's s p e c i f i c a t i o n  w i l l  be met if 
i n s e r t i o n  l oss  a t  a l l  f requencies i s  l ess  than 10 dB. 

ROOM RESPONSE TESTING 

A very s i g n i f i c a n t  p o r t i o n  o f  p ink  no i se  and rea l- t ime  analyzer t es t i ng  
i s  measuring the  frequency response o f  speakers, microphones and other 
audio devices i n  t h e i r  operat ing environments . Speakers and m i  crophones 
a re  normal ly character ized f o r  frequency response i n  anechoic chambers, 
and y e t  few o f  these devices are ever used i n  anechoic chambers. Anechoic 
chambers do n o t  represent  the  t y p i c a l  " r e a l  wor ld"  environments of 
speakers and m i  crophones. Temperature, humid i t y  , room s ize,  room shape, 
room mater ia ls  and myriads o f  other  f a c t o r s  he1 p t o  shape the  overa l l  
frequency response. 

There i s  a t y p i c a l  response p l o t  o f  t he  IE-1OA microphone i n  the  spec i f i ca t ions  
sec t i on  o f  t h i s  manual. The microphone has a f r e e - f i e l d  response and 
was designed t o  be pointed d i r e c t l y  a t  t he  sound source being' analyzed. 
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To measure frequency response w i t h  the IE- 1OA u s i n g  the  bui  1  t-i n  microphone, 
s imply:  

1. s e t  a1 1  audio system tone c o n t r o l s  t o  t h e i r  f l a t  pos i t ions .  Set 
volume cont ro ls  t o  t h e i r  normal 1  i s t e n i n g  p o s i t i o n s .  

2. To begin, the IE-20A should be switched t o  maximum at tenuat ion and 
i t s  output  plugged i n t o  t he  system t o  be tes ted .  Pink noise can 
be i n j e c t e d  i n t o  an audio system ahead o f  t h e  preamp, o r  d i r e c t l y  
i n t o  t h e  power a m p l i f i e r  d r i v i n g  the  speakers. 

3. Increase the p ink no ise  ou tpu t  f rom the IE-20A u n t i l  room s ignal  i s  
s l i g h t l y  above normal l i s t e n i n g  l e v e l s .  

4. Set IE-1OA cont ro ls  i n i t i a l l y  as shown below w i t h  the detectors i n  
t he  p ink  noise averaging mode. Add ga in  t o  t h e  IE -1OA f r o n t  end 
(us ing  s e n s i t i v i t y  c o n t r o l s )  u n t i l  t he  d i sp layed  s ignal  i s  j u s t  
below t h e  0  dB l i n e  on t h e  d i s p l a y  screen. 

F igu re  13 

5. Standing i n  f r o n t  o f  t he  speakers a t  a  normal l i s t e n i n g  p o s i t i o n  i n  
the  room, p o i n t  the  I E - 1 O A  microphone d i r e c t l y  a t  the speaker 
source being tested.  
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Figure 14 I E - I O A  

IE-2OA 

6. The I E - 1 O A  can be swi tched t o  a higher reso lu t i on  i f  desired. You 
are now seeing the  combined frequency response o f  the  audio system 
and the room. 

SYSTEM 

The IE-1OA can be he ld  a t  d i f f e r e n t  pos i t ions  i n  the  room so t h a t  the  
speaker d ispers ion and room c h a r a c t e r i s t i c s  can be measured. When doing 
frequency response tes t i ng ,  a l l  environmental sounds o ther  than the p i n k  
noise should be minimized, o r  the  IE-1OA w i l l  average them together. 

UNDER 
TEST . 

I f  equal izers are t o  be used i n  a s tereo system, each channel should be 
character ized f o r  frequency response independently. A f t e r  both equa l i ze rs  
have been adjusted t o  the  des i red  response, an ove ra l l  dual-channel 
response can be analyzed by p u t t i n g  p ink  noise i n t o  both channels a t  t h e  
same time. 

The transducers t o  be used w i t h  a p a r t i c u l a r  i n s t a l  l a t i o n  (tape deck, 
microphones, . turntables,  e t c .  ) can be equal ized as p a r t  o f  the o v e r a l l  
system i f  t e s t  tapes and records w i t h  p ink  noise are  avai lab le.  Oft t imes 
the  microphone t o  be used w i t h  the  i n s t a l l a t i o n  i s  equalized as p a r t  of 
the  system. Microphone equal i z a t i o n  i s  achieved by using the audio 
system microphone as the  s i g n a l  i n p u t  t o  the  IE-1OA as shown below. The 
only  IE-1OA changes t h a t  must be made t o  use an external  microphone are: 

1. change the i n p u t  sw i tch  t o  EXT, and 

2. ad jus t  the ga in  as needed t o  b r i n g  the p ink noise response t o  a 
convenient l e v e l  on screen. 
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EXTERNAL MICROPHONE - 
I E - I O A  

Figure 15 

Using the system microphone f o r  t h e  IE-1OA response t e s t  inc ludes the  
microphone's response i n  the  o v e r a l l  measurement. Any equal i z a t i o n  t h a t  
i s  done w i l l  a l s o  compensate f o r  t h e  microphone. 
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SOUND LEVEL TESTING 

INTRODUCTION TO SOlIND LEVEL MEASUREMENTS 

The decibel  (dB) scale has been adopted i n t e r n a t i o n a l l y  f o r  use w i t h  
sound l e v e l  meter t e s t i n g .  The sca le  begins a t  a reference o f  0 dB i n  
sound pressure l e v e l  (OdB-SPL) which corresponds t o  the  smal l e s t  sound 
t h a t  can be heard by a heal  thy human ear, and i s  equal t o  2u~/m2. 
Fol lowing i s  a cha r t  which shows some various sound pressure l e v e l s  
( SPLs ) re1 a ti ve t o  t y p i c a l  envi ronmental sounds. 

N O I S E  LEVEL ( I N  DECIBELS) 

T h r e s h o l d  o f  P a i n  140  
130  
120  
110  

Jackhammer 100  
9 0 
80 

A v e r a g e  Con v e r s a  t i on 7 0  
6 0  
50  
4 0 

V e r y S o f t  W h i s p e r  3 0  
2 0 
10 

T h r e s h o l d  o f  H e a r i n g  0 

1 Small A i r c r a f t  E n g i n e  

Automobi le  Horn 

1 Quite O f f i c e  

I 

Outdoors i n  the C o u n t r y  

Figure 16 

Of major importance t o  t h e  understanding o f  sound measurements i s  the  
study o f  t h e  response c h a r a c t e r i s t i c s  o f  the human ear. Our ears do n o t  
respond equa l l y  t o  a l l  t h e  frequencies i n  the aud ib le  range. A t  low 
SPLs we hear bes t  i n  the  range o f  2KHz t o  5 M z ,  w h i l e  t h e  very h igh  and 
very low frequencies are  attenuated. A t  h igh SPLs, however, the  ears 
become more s e n s i t i v e  t o  t h e  frequency highs and lows. 

Sound 1 eve1 meters have frequency f i  1 t e r  curves which approximate the  
response c h a r a c t e r i s t i c s  o f  the human ear. The A curve i n  the  nex t  
f igure  approximates ear  response a t  low SPLs and the  C curve genera l l y  
approximates ear  response a t  h igh  SPLs. 
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2 0 50 100 500 1K 2K 5K 10K 20K 
FREQUENCY I N  H z  

ANSI S1.4-1967 (R1976) S tandard  f o r  Sound-level Meters 

F i g u r e  17 

The IE-1OA w i l l  measure dB SPL w i t h  e i t h e r  an A curve o r  a  C curve 
we igh t ing  (dB(A) and dB(C)) . The dB(A) sca le  w i l l  1  i k e l y  be used most 
o f t e n  s ince  OSHA and t h e  Walsh-Healey Ac t  r e q u i r e  n e a r l y  a l l  SPL readings 
t o  be made w i t h  an A we igh ted  s c a l e .  Noise causing hear ing damage has 
been found t o  c o r r e l a t e  more c l o s e l y  w i t h  t he  A weighted scale,  which 
exp la ins  why t h i s  p a r t i c u l a r  c u r v e  i s  used most o f  t h e  t ime i n  no ise 
ana lys is .  

The f o l l o w i n g  permiss ib le  n o i s e  exposure t a b l e  i s  spec i f i ed  by t he  
Walsh-Healey Pub l i c  Con t rac t s  A c t s  as rev i sed  i n  1970. It i s  sub jec t  t o  
government rev is ions .  

PERMISSIBLE N O I S E  EXPOSURES 

Hours D u r a t i o n  
P e r  Day 

d B ( A )  S P L  
S l o w  Response 

F i g u r e  18 
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Sound l e v e l  measurements a re  usua l l y  made i n  d i f f e r e n t  types o f  env i-  
ronments rang ing  f rom f r e e - f i e l d s  t o  d i f f u s e - f i e 1  ds . A f r e e - f i e l d  i s  an 
environment t h a t  i s  f r e e  o f  r e f l e c t i o n s ,  and i s  t y p i c a l  o f  anechoic 
chambers (sound absorb ing rooms ) t h a t  have acoust i c a l  l y  padded w a l l  s  , 
f l oo rs ,  and c e i l i n g s .  

D i f f u s e - f i e l d s  a r e  c rea ted  i n  reverbera t ion  chambers t h a t  have been 
designed t o  cause as much r e f l e c t i o n  between c e i l i n g s ,  w a l l s ,  and f l o o r s  
as poss ib le .  A d i f f u s e - f i e l d  i s  one i n  which t he  sound i s  u n i f o r m l y  
d i s t r i b u t e d  throughout  t he  room. Machine no ise t e s t s  a r e  more o f t e n  
made i n  r eve rbe ran t  chambers, as they a re  less  c o s t l y  t o  b u i l d  than 
anechoic chambers. 

Typ ica l  sound measurement environments, however, a r e  u s u a l l y  some combi- 
n a t i o n  between f r e e - f i e l d s  and d i f f u s e  f i e l d s ,  and g r e a t  ca re  must be 
taken w i t h  t h e  measurements t o  he lp  assure t h a t  accu ra te  r e s u l t s  are 
obtained. E r r o r s  can occur  when determining t he  n o i s e  from a  s i n g l e  
source i f  t e s t s  a re  made t o o  c lose ( n e a r - f i e l d )  t o  t h e  source be ing  
measured (see f i g u r e  19 ) . The n e a r - f i e l d  SPL can change d ramat ica l  l y  
w i t h  smal l  p o s i t i o n  changes o f  t he  sound l e v e l  meter .  To a v o i d  near- 
f i e 1  d  e r ro rs ,  t h e  sound l e v e l  meter should be l o c a t e d  away f rom the  
source by a t  l e a s t  a  d is tance  equal t o  one wavelength o f  t h e  lowes t  
f requency r a d i a t e d  f rom the  source,or more than t w i c e  t h e  d i s tance  of 
t h e  1  a r g e s t  dimension o f  t he  source, whichever d i s t a n c e  i s  greater.. 

If you make t h e  measurement t oo  f a r  away f rom t h e  sound source, room 
r e f l e c t i o n s  and o t h e r  room noises may i n t e r f e r e  w i t h  t h e  readings. 

DISTANCE L 

Figure 19 

The most d e s i r a b l e  c o n d i t i o n  f o r  no ise t e s t i n g  would be t o  per fo rm a1 1  
t e s t s  i n  a  r eve rbe ran t  chamber ( d i f f u s e - f i e l d )  o r  an anechoic chamber 
( f r e e - f i e l d ) .  Since t h i s  i s  usua l l y  n o t  poss ib le ,  t h e  n e x t  b e s t  a l t e r n a t i v e  
i s  . t o  f i n d  a  f r e e - f i e l d  as c l ose  t o  t he  o b j e c t  b e i n g  t e s t e d  as poss ib l e .  
It i s  q u i t e  easy t o  determine whether a  f r e e - f i e l d  e x i s t s  because t h e  
inverse- square 1  aw holds t r u e  there. The i nve rse  square 1  aw descr ibes 
t h e  movement o f  sound waves through a i r  i n  a  f r e e - f i e l d .  When the  
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d i s tance  from the sound source doubles, t h e  SPL w i l l  drop 6dB. If you 
a r e  s tand ing  10 f e e t  f r om t h e  sound source and you move t o  20 fee t ,  the  
SPL w i l l  drop 6 dB. I f  you  move t o  40 fee t ,  the  SPL w i l l  d rop another  
6dB. I f  t h i s  r e l a t i o n s h i p  occurs,  t he  sound waves a re  t r a v e l i n g  unobs t ruc ted  
from the  source t o  you, and by d e f i n i t i o n ,  you a r e  s tanding i n  a f ree  
f i e l d .  

I f  the  purpose f o r  t a k i n g  a sound l e v e l  read ing  i s  t o  measure employee 
hea r i ng  exposure, then  t h e  microphone on t h e  sound l e v e l  meter should be 
p laced a t  the p o s i t i o n  where t h e  worker ' s  ears would be under normal 
cond i t ions .  For t h i s  t y p e  o f  t e s t  we want t o  measure the t o t a l  SPL t h a t  
t he  worker ' s  ears a r e  exposed t o ,  i n c l u d i n g  any r e f l e c t i o n s  i n  t h e  area. 

For f r e e - f i e l d  measurements, e i t h e r  one o f  two types o f  microphones can 
be used. One i s  a f r e e - f i e l d  microphone and the  o the r  i s  a p ressure  
microphone. The two microphones a r e  designed t o  be he ld  a t  d i f f e r e n t  
angles t o  the  sound sobrce.  The f r e e - f i e l d  microphone i s  c a l i b r a t e d  t o  
measure no ise w i t h  a O0 i nc i dence ,  and a pressure microphone i s  c a l i b r a t e d  
t o  measure no ise a t  90 i nc i dence .  

D i r e c t i o n  of 
Sound Travel  Free Fie1 d Microphone 

Directio* of  )) 3) 
Sound Travel  

P r e s s u r e  Microphone 

F i g u r e  20 

The i n t e r n a l  microphone o f  t h e  IE-1OA i s  a f r e e - f i e l d  microphone, and 
f o r  a' 11 f r e e- f i e l d -  measurements. t h e  m i c r o ~ h o n e  should be ~ o i n t e d  

Z u r e m e n t s  a re  be ing  made. 

- ~ -- - - - - -  

d i r e c t l y  --- a t  the  sound source.  i h i s a p p l  ie; whether d ~ ( q , d B ( C ) ,  o r  
octave bandwidth me, 

I f  the  IE-1OA i s  used i n  a d i f f u s e - f i e l d  w i t h  un i f o rm  sound th roughout  
the  room, the  microphone w i  11 r e c e i v e  equal energy when po in ted  a t  any 
angle. The IE-1OA meets t h e  ANSI s p e c i f i c a t i o n s  f o r  type 2 sound l e v e l  
meters f o r  e i t h e r  f r e e - f i e l d  o r  d i f f u s e - f i e l d  t e s t i n g .  

page 22 



BODY EFFECTS ON SOllND MEASUREMENTS 

Something which must be considered when making sound measurements w i t h  a  
hand-held analyzer, i s  the  e f f e c t  o f  t he  ope ra to r ' s  body on the readings. 
The operator 's  body may de t rac t  s u b s t a n t i a l l y  from the accuracy of the  
measurements. A t  f requencies around 400 Hz, sound r e f l e c t i n g  from the 
body could cause up t o  6dB o f  e r ro r ,  i f  measurements are made w i t h i n  
th ree  f e e t  of the operator .  To minimize t h i s  e f f e c t ,  the I E - 1 O A  should 
be held as far  away from the body as poss ib le .  

CORRECTIIVG FOR BACKGROUND NOISE 

Often the need ar ises  t o  make SPL measurements i n  the presence of background 
noise. This can be e a s i l y  done as long as the  SPL o f  the primary source 
i s  -- a t  l e a s t  3dB greater  than the background noise. Following are the 
steps f o r  making such a  measurement. 

1. Measure the t o t a l  noise. (background & pr imary source) 

2. Turn o f f  the pr imary noise source and measure the background noise 
only. Both t e s t s  should be made w i t h  the  IE-1OA i n  the  same loca t i on .  

3. Calculate the  d i f f e rence  between the  two readings measured on the  
IE-1OA. If the  d i f f e rence  i s  l ess  than 3dB, accurate measurements 
cannot be made. If the d i f f e r e n c e  i s  between 3dB and 10 dB, t h e  
fo l l ow ing  c h a r t  can be used t o  make the  needed correct ion.  

N O I S E  D l r F E R E N C E  dB 
Figure 22 

To use the  chart ,  loca,te the  d i f f e rence  
o f  t h e  two measurements on the  ho r i zon ta l  
ax i s .  From t h a t  point ,  go up t o  
i n t e r s e c t  t h e  curve, and then l e f t  t o  
the v e r t i c a l  axis.  Then sub t rac t  the 
value on t h e  v e r t i c a l  ax i s  from the 
t o t a l  no ise  l eve l  f i r s t  measured. 

Example: To ta l  noise = 75 dB 
Background noise = 72 dB 
Di f ference = 3  dB 
Chart cor rec t ion  = 3  dB 
Primary source noise = 

75dB - 3dB = 72 dB. 

If the noise d i f fe rence between the background noise and the  pr imary 
noise i s  greater  than 10 dB, no c o r r e c t i o n  i s  necessary. 

ADDING SOUND LEVELS 

If two primary sources are  measured independently,  i t  i s  poss ib le  t o  
determine what the sound l e v e l  would be i f  bo th  sources were opera t ing  
together. The f o l  lowing char t  can be used t o  determine t h i s ,  when both 
tes ts  are made w i t h  the  IE -1OA i n  the same l o c a t i o n .  
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To use the c h a r t ,  f i  r s t  measure the  
levels  o f  the  two sources independently 
and then f i n d  the  d i f f e r e n c e  between 
the two l eve l s .  Locate the d i f f e rence  
on the bottom o f  the  cha r t .  Go up 
u n t i l  the curve i s  i n te rsec ted ,  and 
then go l e f t  t o  t h e  v e r t i c a l  ax is .  
Then add the  c o r r e c t i o n  i n  dB ind i ca ted  
by the v e r t i c a l  a x i s  t o  the  value of 
the h ighest  read ing  made. Th is  
number i n d i c a t e s  t h e  combined SPL of 
the two sources. 

Example: Source 1 = 79 dB 
Source 2 = 69 dB 
D i f f e r e n c e  = 10 dB 
Chart  c o r r e c t i o n  = - 5  dB 
To ta l  no i se  = 79.5 dB 
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MEASURING DB-SPL WITH THE I E -  1OA 

Operation of the I E - 1 O A  f o r  dB-SPL measurements i s  very s t r a i g h t  forward. 
The contro l  panel o f  the  IE-1OA has been c o l o r  coded t o  make the opera tor  
aware of the analyzer func t ions  t h a t  a re  commonly used together.  D i r e c t l y  
below the s e n s i t i v i t y  swi tches on the IE-1OA f r o n t  panel there are two 
colored reference l e v e l s ,  0  dBm i n  b lue  and 140 dB-SPL i n  red. Note 
t h a t  the INPUT swi tch i s  a l s o  c o l o r  coded w i t h  b lue f o r  an external 
(EXT) signal source and r e d  f o r  i n t e r n a l  (INT), i n d i c a t i n g  t h a t  the I E - 1 O A  
bui 1  t - i n  microphone i s  t h e  s igna l  i npu t .  With both s e n s i t i v i t y  switches 
se t  t o  0  dB and the INPUT sw i t ch  s e t  t o  INT, the  0 dB g r a t i c u l e  l i n e  i s  
140 dB-SPL as shown i n  F ig .  23. The b u i l t - i n  microphone i s  c a l i b r a t e d  
t o  measure s ignals  i n  dB-SPL i n  a1 1  th ree  f i l t e r  modes A, C, and OCT. 

2 dB Scale 

R e f .  

F igu re  23 

Determining what t he  dB-SPL re fe rence l e v e l  i s  on the analyzer simply 
requi res t h a t  we add t h e  two swi tch  s e t t i n g s  o f  the s e n s i t i v i t y  c o n t r o l  
( i nc lud ing  t h e i r  minus s i g n s )  and then add t h e i r  value t o  the 140 dB-SPL - ~ 

number. Referr ing t o  F ig .  24, no te  t h a t  one s e n s i t i v i t y  swi tch i s  s e t  
t o  -10 dB and the o t h e r  i s  s e t  t o  -60 dB f o r  a  t o t a l  o f  -70 dB. Adding 
t h i s  number t o  140 dB-SPL, 140 dB p l u s  -70 dB sets the new reference t o  
70 dB-SPL. Note t h a t  t h e  DISPLAY swi tch  i s  s e t  t o  3  dB per s tep and 
t h a t  we must use the corresponding 3  dB scale on the d isp lay  readout. 
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Note t h a t  t he  re ference 1  i n e  changes only  when the  s e n s i t i v i t y  switches 
are changed. The va lue  o f  the  reference and i t s  p o s i t i o n  on the  0  dB 
g r a t i c u l e  l i n e  remains unchanged when reso lu t ions  o f  1, 2, o r  3 dB per 
s tep a re  selected.  The DISPLAY switch a l t e r s  o n l y  t he  measurement range 
o f  t h e  I E - l O A ,  no t  t he  reference. 

3 dB Scale 
I 

7 9  d B - S P L  

70 d B - S P L  Ref. 

Figure  24 

Measuring the  SPL o f  a  s igna l  o f  unknown arnpli tude i s  a  s imple procedure 
us ing  t h e  IE -1OA analyzer .  As i n  the previous examples of SPL measurements, 
t he  i n p u t  sw i t ch  must be s e t  t o  "INT" w i t h  the  mode sw i t ch  s e t  t o  e i t h e r  
t h e  A, C, o r  OCT f i l t e r  mode. It i s  recomnended i n i t i a l l y  t h a t  bo th  
s e n s i t i v i t y  switches be s e t  t o  0  dB, the l e a s t  s e n s i t i v e  p o s i t i o n  o f  the  
analyzer,  and t h a t  t h e  3 dB/step reso lu t i on  be se lec ted .  If a s igna l  
does n o t  appear on t h e  d i s p l a y  screen, t h i s  i m p l i e s  t h a t  t h e  s igna l  i s  
much sma l l e r  than 140 dB-SPL. Analyzer s e n s i t i v i t y  can be increased i n  
10 dB s teps  u n t i l  t h e  s i g n a l  appears on the  d i s p l a y  a t  a  convenient 
l e v e l .  Once found, t he  unknown s ignal  can be viewed w i t h  g r e a t e r  r e s o l u t i o n  
than 3 dB pe r  s tep t o  improve the  accuracy of t he  measurement. 

It i s  impor tan t  t o  no te  t h a t  the d isp lay  g r a t i c u l e  i s  marked i n  p lus  dB 
above t h e  0  dB re ference l i n e  and minus dB below t h e  reference 1  i ne .  
When determin ing  s i g n a l  ampl i tudes , the g r a t i c u l e  read ing  i n  dB, w i t h  
i t s  appropr ia ted  s ign,  must be added t o  the reference s e t t i n g -  Determining 
the  ampl i tudes o f  unknown s igna ls  w i  11 become easy a f t e r  an example o r  
two. The th ree  bas ic  s teps are: 
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1. Add t h e  SENSITIVITY sw i t ch  s e t t i n g s  t o  determine t he  REFERENCE 
va lue  o f  t h e  0  dB l i n e  on the  g r a t i c u l e .  Be su re  t o  i n c l u d e  
t h e  minus s igns.  Add t he  sw i tch  s e t t i n g s  t o  140 dB-SPL. 

2. Determine which g r a t i c u l e  sca le  i s  t o  be used by  observ ing t h e  
DISPLAY r e s o l u t i o n  s w i t c h  s e t t i n g .  

3 .  - Add t o  t h e  re fe rence  l e v e l  the  number o f  dB t h a t  the s i gna l  i s  
above o r  below t he  re fe rence  l i n e ,  and be su re  t o  i nc l ude  t he  
c o r r e c t  s i gn .  

1ST EXAMPLE 

With one o f  t h e  s e n s i t i v i t y  swi tches s e t  t o  -0 dB and t h e  o t h e r  s e t  t o  - 
60 dB, the  0  dB l i n e  on t h e  IE-1OA d i s p l a y  changes t o  a  re fe rence  l e v e l  
o f  80 dB SPL (140 dB - 60 dB = 80 dB SPL) as i n  F i gu re  25. 

2 dB S c a l e  

F igu re  25 

dB-SPL Ref. 

dB-SPL 

The d i s p l a y  r e s o l u t i o n  s w i t c h  i s  i n  t h e  2 dB pe r  s t e p  mode and s i gna l  
read ings a r e  measured u s i n g  the  cen te r  g r a t i c u l e  s c a l e  which i s  marked 
i n  2 dB s teps.  A  s i g n a l  i s  l o ca ted  -8 dB below t he  re fe rence  s e t t i n g  o f  
80 dB-SPL a t  a  l e v e l  o f  72 dB-SPL (80 dB -8 dB = 72 dB-SPL). 
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2ND EXAMPLE 

The DISPLAY s w i t c h  i n  Fig. 26 i s  s e t  t o  1 dB pe r  s t e p  and so t he  1 dB 
r e s o l u t i o n  g r a t i c u l e  sca le  shou ld  be used. Adding t h e  SENSITIVITY 
switches, t h e  REFERENCE l i n e  i s  (140dB - 5 0 d ~ )  equal t o  90 dB-SPL. The 
s i gna l  i s  + 2  dB above the re fe rence  l i n e  a t  a  l e v e l  o f  (90 dB p lus +2 
dB) 92 dB-SPL. 

1 d B  S c a l e  

I 
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1 1 1 1 I I l I I I  

-1 - - - - - ' 1 - - - - - a  
1 1 1 1 1 1 , I l I  

1 - - - - 4 - - - -  b 
, , I ,  I I I I I I  

1 - - - - 6 - - - -  9  
1 1 1 1 1 1 1 1 1 1  
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F i g u r e  26 
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MAKING DBM MEASUREPIENTS 

The vas t  m a j o r i t y  o f  the r ea l - t ime  audio  analyzers  a v a i l a b l e  i n  the 
w o r l d  market do n o t  p rov ide  the c a p a b i l i t y  t o  measure d i r e c t l y  i n  dBm a t  
each frequency. Compet i t ive analyzers  a re  no rma l l y  designed t o  make 
measurements t h a t  a re  p u r e l y  " r e l a t i v e , "  thus p r o v i d i n g  no c a p a b i l i t y  t o  
measure t h e  power o r  vo l  tage i n  audio  c i r c u i t s .  The IE-1OA n o t  o n l y  
p rov ides  r e l a t i v e  i n f o rma t i on  i n  dB, b u t  i t  a l s o  measures i n  dBm f o r  a  
s i n e  wave s i g n a l  source hav ing an impedance o f  600 ohms (OdBm = 1 nw 
i n t o  600 ohms). Having t he  a b i l i t y  t o  measure i n  dBm prov ides  the 
ope ra to r  w i t h  many new a p p l i c a t i o n s  f o r  t e s t i n g  power and vo l t age  t h a t  
a re  u s u a l l y  reserved f o r  ve ry  expensive t e s t  equipment. To l e a r n  more 
about measur ing vo l  tages consul t t h e  o p e r a t o r ' s  manual under "Measuring 
vo l t age  w i t h  t h e  IE-1OA." 

Opera t ion  o f  t h e  I E - 1 O A  f o r  dBm measurements i s  ve r y  s t r a i g h t  forward. 
The c o n t r o l  panel o f  the  I E - 1 O A  has been c o l o r  coded t o  make t he  opera to r  
aware o f  t h e  ana lyzer  funct ions t h a t  a re  connnonly used toge ther .  D i r e c t l y  
below t h e  s e n s i t i v i t y  switches on t h e  IE-1OA f r o n t  panel ,  t h e r e  a re  two 
co lo red  re fe rence  l eve l s ,  0  dBm i n  b l u e  and 140 dB-SPL i n  red. Note 
t h a t  t h e  INPUT sw i t ch  i s  a l s o  c o l o r  coded w i t h  b l u e  f o r  an ex te rna l  
(EXT) s i g n a l  source and r e d  f o r  i n t e , r na l  ( INT) i n d i c a t i n g  t h a t  t he  IE-1OA 
bu i  1  t i n  microphone i s  t h e  s i gna l  i n p u t .  With bo th  s e n s i t i v i t y  switches 
s e t  t o  0  dB and t he  INPUT sw i tch  s e t  t o  EXT, t h e  0  dB l i n e  on t he  d i s p l a y  
g r a t i c u l e  i s  0  d h  as shown i n  F ig .  27.  L ikewise,  w i t h  t h e  s e n s i t i v i t y  
swi tches s e t  t o  0  dB and t he  INPUT s w i t c h  s e t  t o  INT, t h e  0  dB g r a t i c u l e  
l i n e  i s  140 dB-SPL. More genera l l y ,  ex te rna l  i n p u t s  a r e  measured i n  dBm 
i n  t h e  OCT f i l t e r  mode, w h i l e  the  b u i l t  i n  microphone measures s i gna l s  
i n  dB-SPL i n  a l l  t h ree  f i l t e r  modes A, C, and OCT. D e t a i l s  on dB-SPL 
measurements a r e  prov ided i n  another  s e c t i o n  o f  t h i s  manual. 
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I I I I I I I I I I  
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F igure  27 
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Note t h a t  the reference 1  i n e  changes on ly  when t h e  s e n s i t i v i t y  switches ' 
are changed. The value o f  the reference and i t s  p o s i t i o n  on the  0 dB 
g r a t i c u l e  l i n e  remains unchanged whether reso lu t i ons  o f  1, 2, o r  3 dB 
per s t e p  a re  selected.  The DISPLAY switch a1 t e r s  o n l y  t h e  measurement 
range o f  the  I E - l O A ,  no t  the  reference. 

For making ca l  i bra ted dBm measurements w i t h  the IE-IOA, t h e  operator 
must s e t  the INPUT switch t o  external  (EXT) and feed t h e  s igna l  i n t o  the 
phono j a c k  marked IN .  With the switches se t  as shown i n  Fig. 28, the 0  
dB 1  i n e  on the  analyzer d i s p l a y  represents a  1 KHz s i n e  wave w i t h  an 
amp1 i t u d e  o f  0  dBm. The I€-1OA has the same read ing  and accuracy whether 
the d e t e c t o r  response selected i s  f o r  s ignal  m o n i t o r i n g  o r  p ink  noise 
averaging. It i s  recomnended, however, t h a t  f o r  s i n e  wave t e s t i n g ,  the 
fas t  response mode be used t o  save time. Normally, t h e  much slower 
averaging mode i s  used w i t h  random s ignals l i k e  p i n k  no ise .  

1 k H z  

OdBm REFERENCE 

.-I 5dB 

Figure  28 

Determining what t h e  reference l e v e l  i s  on the a n a l y z e r  s imp ly  requires 
t h a t  we add t h e  two swi tch s e t t i n g s  o f  the s e n s i t i v i t y  c o n t r o l .  
R e f e r r i n g  t o  F ig.  28, note t h a t  both s e n s i t i v i t y  sw i tches  a r e -s e t  t o  
0  dB. Adding them together  we get a  reference l e v e l  of 0  dBm absolute. 

Because t h e  d i s p l a y  con t ro l s  a re  s e t  t o  3 dB per  s t e p  on the  I E - l O A ,  we 
must use the  g r a t i c u l e  sca le  on the r i g h t  hand s i d e  of t h e  d i s p l a y  
marked i n  3 dB increments. Knowing t h a t  the 0  dB l i n e  on the  d isp lay  
represents 0  dBm absolute, the  t o t a l  measurement range i s  +9 dBm t o  -36 
dBm f o r  t he  IE-1OA swi tch pos i t i ons  shown. To f i n d  o u t  why a  s ing le  
frequency i n p u t  t o  the IE-1OA causes responses i n  more than one f i l t e r ,  
consu l t  t he  ope ra to r ' s  manual on "Octave f i l  t e r  c h a r a c t e r i s t i c s  - " 

To dupl i cate  the  0  dBm measurement o f  Fig. 28 w i t h  t h e  switches se t  as 
shown, t h e  opera tor  must use a  proper ly  terminated, 600 ohm s ine  wave 
generator ,  s e t  t o  a  frequency of 1 KHz. A 0 dBm power ou tpu t  w i l l  be 
reached when the  lKHz LED on the  I E - 1 O A  i s  a t  t h e  0  dB g r a t i c u l e  l i n e .  
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IDENTIFYZNG THE LEVELS OF UNKNOWN SIGNALS 

Measuring the power l e v e l  o f  a sine wave s igna l  o f  unknown ampl i tude i s  
a f a i r l y  simple procedure using the I E - 1 O A  ana lyzer .  As i n  the previous 
examples o f  dBm measurements the input  swi tch must be se t  t o  " EXT"  w i t h  
the  mode switch se t  t o  " OCT" .  The unknown s i g n a l  i s  then fed i n t o  the 
ana lyzer  a t  the phono jack  marked " I N" .  It i s  recomnended t h a t  both 
s e n s i t i v i t y  switches i n i t i a l l y  be se t  t o  0 dB, t h e  l e a s t  sens i t i ve  
p o s i t i o n  of analyzer, as a t e s t  t o  see how l a r g e  t h e  unknown s igna l  i s .  
If a s igna l  does n o t  appear on the d isp lay  screen, t h i s  impl ies t h a t  the  
s i g n a l  i s  much less  than 0 dBm, and the analyzer  s e n s i t i v i t y  can be 
increased i n  10 dB steps u n t i l  the s ignal  appears on the d isp lay a t  a 
convenient  l eve l .  I t  w i l l  a l so  be useful  t o  i n i t i a l l y  se lec t  t he  3 dB 
per  s t e p  reso lu t i on  t o  a l l o w  the maximum d i s p l a y  range o f  45 dB wh i l e  
l o c a t i n g  the s ignal .  Once found, the unknown s i g n a l  can be viewed w i t h  
g r e a t e r  r e s o l u t i o n  than 3 dB per  step t o  improve t h e  accuracy o f  the  
measurement. 

It i s  important t o  note t h a t  the d isp lay g r a t i c u l e  i s  marked i n  p lus  dB 
above t h e  0 dB reference l i n e  and minus dB below t h e  reference l i n e .  
When determining s igna l  ampl i tudes, the g r a t i c u l e  reading i n  dB, w i t h  
i t s  appropr iated sign, must be added t o  t h e  re fe rence  set t ing.  Determining 
the  ampl i tudes o f  unknown s ignals w i l l  become easy a f t e r  an example o r  
two. The three basic  steps are: 

1. Add the SENSITIVITY switch s e t t i n g s  t o  determine the REFERENCE 
value o f  the 0 dB l i n e  on the g r a t i c u l e .  Be sure t o  inc lude 
the minus signs. 

2. Determine which g ra t i cu le  scale i s  t o  be used by observing the  
DISPLAY reso l  u t i o n  switch se t t i ng .  

3. - Add t o  the  reference leve l  the number o f  dB t h a t  the s igna l  i s  
above o r  below the reference 1 ine ,  and be sure t o  inc lude the  
cor rec t  sign. 
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1ST EXAMPLE 

Wi th  one o f  the  s e n s i t i v i t y  switches s e t  t o  -10 dB and t h e  o t h e r  se t  
t o  -30 dB, t he  0  dB l i n e  on the IE-1OA d i s p l a y  changes t o  a  re ference 
1 eve1 o f  -40 dBm (-10 dB p lus  -30 dB = -40 dBm) as i n  F i g u r e  29.  

25OHz , ,2dB/Step Scale 

1 I 
J.'6?"..'y? ! R ? R ~ . U  B F ~ K  

1 - - - - 6 - - - - v  
I I I 1 1 l 1 1 1 1  

2 - - - - 4 - - - - e  
1 1 l l 1 1 1 l l 1  

+I - - - - + 2 -  - - - + ,  
I I 1 1 1 1 1 1 1 1  

m . . . . 0 .  . . . -,- 
I I I 1 1 1 1 1 1 1  

- I - - - - - S - - - - J  -4OdBm REFERENCE 
1 1 l 1 1 1 1 1 1 l  

2 - - - - 4 - - - -  6  
I 1 1 1 l 1 1 1 1 1  

3 - - - - 6 - - - -  9 
I I I I I  

4 ~ - ~ - ~ ~ ~ ~ ~ - ~ - ~ - ~ - ~  1 2 - - 4 8 d ~ m  (center Sca le )  
S - - - - W - - - - M  

I I I 1 1 1 1 1 1 l  
4 - - - - n - - - - 18 

I I 1 1 ~ 1 1 1 1 1  
7 - - - - Y - - - - ¶ 1  

1 1 1 1 1 1 1 1 1 1  a - - - - U - - - - ¶ 4  
l 1 1 1 l l 1 1 1 1  

O - - - - l a - - - - l 7  
I I I 1 1 1 1 1 1 1  m - - - - r n - - - - m  

F igu re  29 

The d i s p l a y  r e s o l u t i o n  sw i t ch  i s  i n  t h e  2 dB p e r  s t e p  mode and s i gna l  
read ings  a r e  measured u s i n g  the  cen te r  g r a t i c u l e  s c a l e  wh ich  i s  marked 
i n  2 dB steps. A 250 Hz s i gna l  i s  l o c a t e d  -8 dB below t h e  re fe rence  
s e t t i n g  o f  -40 dBm a t  a  l e v e l  o f  -48 d h  (-40 dBm p l u s  -8 dB) .  
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2ND EXAMPLE 

The DISPLAY sw i t ch  i n  F ig .  30 i s  s e t  t o  1 dB per  s tep and so t he  1 dB 
r e s o l u t i o n  g r a t i c u l e  sca le  should be used. Adding the SENSITIVITY 
switches, t he  REFERENCE l i n e  i s  (-60 p lus  -0)  equal t o  -60 dBm. The 4 
KHz s i gna l  i s . +  2 dB above the  re fe rence  l i n e  a t  a l e v e l  o f  (-60 dBm 
p lus  +2 dB) -58 dBm. 

S c a l e  

1 f k H Z  

s i g n a l  

REFERENCE 

Figure  30 

page 33 



There i s  no upper 1  i m i t  t o  measuring l a r g e  vol tages w i t h  the  IE-lOA, 
p rov id i ng  a  1  arge enough a t t e n u a t o r  i s  ava i lab le .  With the  o p t i o n a l  
51AD adaptor and a  10: 1 o s c i l l o s c o p e  d i v i d e r  probe, the  IE-1OA can 
measure up t o  218.3 v o l t s  rms (+49 dBm) over  t he  frequency range o f  25 
Hz t o  20 KHz. The e x c e l l e n t  i s o l a t i o n  of the  IE-1OA w i l l  a l l o w  t h e  
measurement of power 1  i n e  v o l  tages and wi 11 , i n  add i t i on ,  d i s p l a y  t he  
octave frequency o f  t h e  1  i ne. One thousand vol t s  AC o r  DC can be appl  i e d  
d i r e c t l y  t o  the  e x t e r n a l  i n p u t  o f  the  IE-1OA w i t hou t  c i r c u i t  damage. 
Using externa l  a t t e n u a t o r s ,  t h i s  damage l i m i t  can be extended we1 1  above 
one thousand vol  t s .  

The smal lest  vo l t age  t h a t  can be measured on the  IE-1OA i s  determined by 
t he  no ise f l o o r  o f  t h e  ana lyzer .  I n  F I G .  31  the  t y p i c a l  no ise  f l o o r  of 
t he  TE-1OA i s  shown t o  be equal t o  1.23 mic rovo l ts  (-116 dBm) f r om 32 Hz 
t o  4 KHz, and i s  equal  t o  3.46 m ic rovo l t s  (-107 dBm) i n  t he  w ides t  
bandwidth a t  16 KHz. For  octave o r  f r a c t i o n a l  octave r e a l  - t ime  ana lyzers ,  
t h e  no ise f l o o r  i nc reases  by 3  dB per  octave toward t he  upper f requencies.  
We would expect t h i s  t o  happen because no ise  power doubles f o r  each 
doubl ing o f  t he  f i l t e r  bandwidth. The 16 KHz f i l t e r  d isp lays  t h e  h i g h e s t  
no ise  l e v e l  because i t  has t he  w ides t  bandwidth. Having bandwidths much 
narrower than those found  i n  osc i l l oscopes  enables t he  IE-1OA t o  measure 
s igna ls  much s m a l l e r  t h a n  c o u l d  be measured w i t h  osc i l l oscopes  and most 
vol tmeters.  

F i gu re  31 

Due t o  the  h igh  s e n s i t i v i t i e s  o f  t he  TE-lOA, sh ie lded  coax cab le  should 
always be used f o r  t e s t  leads.  The unshielded probe leads shou ld  be 
kept  as sho r t  as p o s s i b l e .  A  simple, b u t  useable c i r c u i t  probe c o u l d  
cons i s t  o f  an a l l  meta l  phono p lug  w i t h  coax ia l  cab le and a l l i g a t o r  
c l i p s .  The i n p u t  impedance o f  t h i s  t ype  of cable, a t  audio f requenc ies ,  
would be the  lOOK ohm impedance o f  t he  IE-1OA.  
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IMPEDANCE CONVERTERS/ATTENUATORS 

To prevent  the loading o f  h igh  impedance c i r c u i t s ,  the  I E - 1 O A  i npu t  
impedance can be increased t o  1.0 megohm, us ing  t h e  51AD adaptor, o r  t o  
10 megohnis by adding a  standard 1 0 : l  osc- i l loscope d i v i d e r  probe. The 
51AD adaptor  i s  bas i ca l l y  a  20 dB a t tenuator  as i s  the  10: 1 d i v i d e r  
osc i l l oscope  probe. Input  s e n s i t i v i t y ,  equal t o  the  value of the 
a t tenua to r ,  i s  s a c r i f i c e d  any time an a t tenua to r  i s  used w i t h  a  s ignal  
r e c e i v i n g  device. For exarr~ple, i f  a  20 dB a t t e n u a t o r  were used w i t h  an 
I E - 1 O A  having a  -116 d h  no ise  f l o o r ,  then a  s i g n a l  o f  -96 dBm would be 
the sma l l es t  detectable s igna l .  At tenuators shou ld  on ly  be used when i t  
i s  necessary t o  view la rge  s igna ls .  
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U S I N G  EXTERNAL ATTENUATORS 

The IE-1OA can analyze s i g n a l s  as l a r g e  as + 9 dBm (2.2 Vrms) w i t h o u t  
t he  use o f  ex te rna l  a t t enua to rs .  When an ex te rna l  a t t enua to r  i s  used, 
however, t h e  d i sp layed  s i gna l  on t he  IE-1OA requ i res  compensation f o r  
the  e f f e c t  o f  t he  a t t enua to r .  F igure32be low shows a  s i gna l  be ing fed 
i n t o  an IE-1OA through a  20 dB a t tenua to r .  The ana lyzer  i s  measuring 
the  i n p u t  s i g n a l  a f t e r  i t  has been a t tenua ted  by 20 dB, so we must add 
t h e  a t t enua to r  va lue  t o  the s i g n a l  l e v e l  d isp layed  on the  IE-1OA i n  
o r d e r  t o  determine t h e  t r u e  s i g n a l  l e v e l .  I n  the  example of F ig .  32, 
t h e  ana lyzer  i s  d i s p l a y i n g  a  s i gna l  l e v e l  o f  +4 dBm a f t e r  20 dB of 
a t t enua t i on .  The a c t u a l  s i g n a l  l e v e l  i s  +24 dBm (+4 dBm +20 dB), o r ,  
us i ng  t he  vo l  tage  convers ion tab1 e  i s  equal t o  12.3 Vrms. 

F igu re  32 

One more example o f  t h e  use o f  ex te rna l  a t tenua to rs  should he1 p  t o  
c l a r i f y  t he  procedure. A  s i g n a l  i s  sen t  through a  40 dB a t t e n u a t o r  and 
then  i n t o  an IE-1OA which d i s p l a y s  a  s igna l  l e v e l  of -16 dBm. How l a r g e  
i s  t h e  r e a l  s i g n a l ?  We s imp ly  add . t he  reading o f  t h e  IE-lOA, i n c l u d i n g  
t h e  c o r r e c t  s i gn ,  t o  t h e  a t t e n a t o r  value be ing used. I n  t h i s  example 
t h e  t r u e  s i g n a l  l e v e l  i s  24 dBm (-16 dBm + 40 dB), o r  12.3 Vrms. 
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Simply  s ta ted,  the measurement range o f  t he  IE-1OA i s  extended by t h e  
va lue  o f  the a t tenua to r  be ing  used. As ment ioned p rev ious ly ,  the maximum 
e x t e r n a l  s igna l  d i r e c t l y  measureable w i t h  t h e  IE-1OA i s  + 9 dBm. A 20 
d B ' a t t e n u a t o r  w i l l  ex tend t h i s  range t o  + 29 dBm and a  40 dB a t t enua to r  
w i l l  a l l o w  c a l i b r a t e d  measurements t o  + 49 dBm (218 Vrms). The model 
51AD osc i l l oscope  probe adapto r  from I v i e  E l e c t r o n i c s  w i l l  prov ide 20 dB 
o f  a t t enua t i on ,  and when used w i t h  a  10 megohm 1 0 : l  d i v i d e r  probe w i l l  
p r o v i d e  40 dB o f  a t t e n u a t i o n  t o  t he  i n p u t  o f  an IE-1OA. 

The dynamic range and t he  s e n s i t i v i t y  o f  t he  IE-1OA make i t  an i d e a l  
i n s t r u m e n t  t o  measure hum and no i se  i n  amp1 i f i e r s  and a l so  the r i p p l e  i n  
d.c. power suppl ies.  S ince i t  i s  a  f requency s e l e c t i v e  vol tmeter,  a1 1  
d.c. components w i l l  be r e j e c t e d  and o n l y  t ime- va ry i ng  s igna l  components 
f rom 20 Hz t o  20 KHz wi 11 be detected.  
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MEASURING OUPUT POWER 

Measuring t he  ou tpu t  power of an audio system i s  no th i ng  more than a 
s imp le  mathematical extens ion o f  measuring vo l tage .  Power i s  an impedance 
r e l a t e d  measurement. If we know t h e  impedance o f  t h e  l o a d  and a l s o  the 
rms vo l tage  across t he  load, then power i s  c a l c u l a t e d  by squar ing the 
v o l  tage and d i v i d i n g  i t  by the impedance ( i n  ohms ) as shown i n  t he  
equat ion  below. 

A m p l i f i e r  power i s  norma l l y  measured by rep lac ing  t he  speakers w i t h  a 
r e s i s t i v e  l oad  capable o f  hand l ing  t he  r a t e d  a m p l i f i e r  power. The i npu t  
vo l t age  r e q u i r e d  f o r  t h e  f u l l  r a t e d  ou tpu t  power i s  u s u a l l y  spec i f i ed  by 
t h e  a m p l i f i e r  manufacturer a long w i t h  a t e s t  f requency, o r  range o f  
f requenci  es . 
It i s  recomnended t h a t  t he  51AD adaptor  and a 10: 1 d i v i d e r  osc i  11 oscope 
probe be used f o r  a l l  ou tpu t  power measurements. T h i s  combinat ion 40' dB a t t e n u a t o r  
o f fers  a  10 megohm probe impedance over  a  measurement range o f  . I23  mv 
rms t o  218 ~ r m s .  ~ h e s e  vo l tages across a 4 ohm l o a d  a r e  equ i va len t  t o  a  
power measurement range o f  f rom hundredths o f  m ic rowat ts  t o  more than 
11,000 wa t t s  rms. 

EXAMPLE 

A manufacturer  s p e c i f i e s  h i s  a m p l i f i e r  ou tpu t  power t o  be 100 wat ts  rms 
i n t o  a  4 ohm l o a d  f o r  a  1 v o l t  rms i n p u t  s i gna l .  The t e s t  frequency 
g iven  i s  1 KHz. 

AMPLIFIER 
UNDER 
TEST 

1 KHz 

Figure  33 

4 ohm 
1 oad 
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Procedure 

1. Connect a  100 w a t t  r a t e d  4 ohm load  t o  t h e  o u t p u t  terminals  of - t h e  
amp1 i f i e r  t o  be tes ted .  

2. Tune a  s i n e  wave f u n c t i o n  genera to r  t o  a  f requency of 1 KHz and 
i n i t i a l l y  s e t  i t s  ouput v o l t a g e  t o  zero. P lug  the  generator o u t p u t  
i n t o  t he  s i gna l  i n p u t  j a c k  o f  t he  t e s t  a m p l i f i e r .  

3. Connect the  probe o f  t h e  IE-1OA t o  t he  ou tpu t  o f  the  s i ne  wave 
generator,  t e s t  p o i n t  1 ( T . P . l ) ,  and a d j u s t  t h e  output  s igna l  t o  a  
l e v e l  o f  1.0 Vrms (+2  dBm). Remember, when u s i n g  a  40 dB a t t e n u a t o r  
w i t h  t he  IE-lOA, a  d i s p l a y e d  s i gna l  l e v e l  of -38 dBrn i s  equal t o  a  
t r u e  s i gna l  l e v e l  o f  +2 dBm (-38 dBm + 40 dB).  The generator 
should remain connected t o  t h e  t e s t  a m p l i f i e r  through t h i s  step.. 

4. Next, connect t he  IE-1OA probe t o  T.P.2 and measure t he '  vo l tage  
across t he  4  ohm l o a d  a t  t h e  ou tpu t  o f  t he  t e s t  a m p l i f i e r .  

5 .  Mathemat ica l ly  square t h e  measured v o l t a g e  and d i v i d e  t he  r e s u l t  b y  
4 ohms. You have j u s t  c a l c u l a t e d  t h e  o u t p u t  power o f  t he  a m p l i f i e r  
i n  wa t t s  rms. 

For  t h i s  p a r t i c u l a r  example i f  we assume t h a t  t h e  measured vo l tage  
across t h e  4 ohm l o a d  i s  21.8 Vrms t h e  o u t p u t  power i s  equal t o  (21.8) /4 
= 119 wat ts .  
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.-i .* MEASURING GAIN/LOSS IN AUDIO SYSTEMS 

~ a i n  and loss  measurements a r e  u s u a l l y  considered t o  be r e l a t i v e  measurements. 
That  i s ,  ga in  and loss  a r e  n o t  descr ibed i n  abso lu te  u n i t s  l i k e  v o l t s ,  
dBm o r  dB-SPL. Gain and l o s s  measurements a re  comparisons o f  t he  ou tpu t  
s i g n a l  d i v i ded  by t he  i n p u t  s i g n a l  and a re  u s u a l l y  expressed i n  dB, a  
u n i  tl ess measure. 

Using the  IE-lOA, ga in  and l o s s  can be measured w i t h  e i t h e r  a  s i n e  wave 
generator,  o r  w i t h  a  p i n k  n o i s e  generator.  The advantage of us ing  a  
p r e c i s i o n  p ink  no ise genera to r ,  1  i k e  the  IE-20A, i s  t h a t  both ga in  ( o r  
1  oss)  - and frequency response a re  d isp layed s imul  taneously.  For g r e a t e r  
d e t a i l  on p i nk  no ise a p p l i c a t i o n s  and t e s t s ,  r e f e r  i n  t he  o p e r a t o r ' s  
manual t o  the sect ions about  p i n k  noise. 

1 s t  EXAMPLE 

Measure t he  ga in  o f  a  p r e a m p l i f i e r  w i t h  a  10 mv i n p u t  s igna l  a t  a  
frequency o f  2  KHz. 

Procedure : 

1. Set up the equipment as shown w i t h  t he  ou tpu t  l e v e l  of t he  s i n e-  
wave generator s e t  t o  zero. 

AMPLIFIER 
UNDER 1 
TEST I 

2 KHz 

Figure  34 

2. Most p r e a m p l i f i e r s  have a  very  low ou tpu t  impedance and do n o t  
u s u a l l y  r e q u i r e  a  t e r m i n a t i n g  1  oad. Power amp1 i f i e r s  shoul d  a1 ways 
be te rmina ted  w i t h  an app rop r i a te  l o a d  when measuring t h e  power, 
ga in  o r  f requency response. 
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3. A 10 mv i n p u t  i s  equ i va len t  t o  an I E - 1 O A  read ing  o f  -38 dBm as can * 
be seen u s i n g  t a b l e  2  p. 34. Connect t h e  IE-1OA t o  t e s t  p o i n t  1 '- 

4 

(T.P. 1) and a d j u s t  s i gna l  source f o r  a  -38 dBm ou tpu t .  

4. Measure t h e  dBm l e v e l  a t  T.P.2 a t  the o u t p u t  o f  t h e  t e s t  a m p l i f i e r .  
For  t h i s  example, t h e  ou tpu t  i s  equal t o  -12 dBm. I f  g a i n  e x i s t s  i n  
t h e  a m p l i f i e r ,  t h e  s i gna l  l e v e l  a t  T.P.2 w i l l  be l a r g e r  than t h e  
s i gna l  a t  T.P.1. 

5.: Subtract  t h e  r e a d i n g  a t  T.P.1 from the  read ing  a t  T.P.2, obse rv i ng  
t h e  signs. 

GAIN = - 12 dB minus (-38 dB) = 26 dB 

The a m p l i f i e r  g a i n  i s  26 dB a t  2  KHz f g r  t he  10 mv i n p u t  s i g n a l .  

For g a i n  and l o s s  t e s t i n g  we are o n l y  i n t e r e s t e d  i n  t h e  d i f ference 
between the dB read ings  taken on the I E - 1 O A .  It i s  n o t  c o r r e c t  t o  say 
t h a t  the  ga in  i s  equal  t o  26 dBm. Gain i s  a  r e l a t i v e  measurement, n o t  
absolute,  and i s  u s u a l l y  expressed i n  dB. 

Measuring the g a i n  o f  a m p l i f i e r s  w i t h  ou tpu t  vo l tages  i n  excess of  2  
v o l t s  w i l l  r e q u i r e  e x t e r n a l  a t tenua to rs  on t h e  IE-1OA. It i s  recommended 
t h a t  t h e  51AD adapto r  and a  10 megohm osc i l l oscope  probe be used f o r  
these a p p l i c a t i o n s .  

2nd EXAMPLE 

A manufacturer s p e c i f i e s  h i s  audio device t o  have l e s s  than 10 dB o f  
i n s e r t i o n  l o s s  from 60 Hz t o  4 KHz. V e r i f y  h i s  c la im.  

Th i s  t e s t ,  1  i ke gain,  represen ts  another p e r f e c t  a p p l i c a t i o n  f o r  p i n k  
no i se  and the  IE-1OA because a l l  c r i t i c a l  f requenc ies  can be viewed 
simultaneously.  The t e s t  can be made us ing  s i n e  waves, b u t  t h e  t a s k  i s  
more ted ious  i f  you  must v e r i f y  t h e  i n s e r t i o n  l o s s  a t  severa l  f requencies,  
one a t  a  time. 

Procedure: 

1. Set  up t h e  equipment as shown i n  Fig.35 below. 

i / 

A U D I O  
D E V I C E  

< 
GENRATOR 

T E S T  DEVICE 
LOAD 
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2. Set the I E - 1 O A  DISPLAY swi tch  t o  1 dB per step f o r  best r e s o l u t i o n  
and accuracy. Connect the  IE-1OA t o  T.P. 1 and ad jus t  s ignal  
generator output  t o  be w i t h i n  the manufacturer's device spec i f i ca t i ons  
f o r  input  l eve l .  Also, i f  possible, ad jus t  the generator l e v e l  t o  
be a t  the 0  dB 1  i n e  on the  IE-1OA display g r a t i c u l e  as shown i n  
Fig. 36below. I t  i s n ' t  necessary f o r  the signal l e v e l  t o  be a t  0 
dB on the analyzer d i sp lay ,  bu t  i t  does serve as a  convenient 
c a l i b r a t i o n  1  i n e  f o r  most i n s e r t i o n  loss measurements. 

I I I I  
2 - - - -  

I l l 1  
3 - - - -  

I I I I 
4 - - - -  

I I I I  
I - - - -  

I l l 1  
6 - - - -  

I I I I  
7 - - - -  

1 1 1 1  
I - - - -  

1 1 1 1  

1 - 1 - 1 - 1 -  

" ' 1 - 1 - 1 - 1 -  

R e f e r e n c e  
C a l i b r a t e  

L i n e  - 
T . P . 1  

Figure 36 

3.  Next move the  ana lyzer  t e s t  probe t o  T.P.2 and note the decrease i n  
the  displayed s i g n a l  l e v e l  due t o  the i n s e r t i o n  l oss  i n  the  t e s t  
device (see Fig. 37). 
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I 1 1 1 1 1  
+I - - - -+l- 

I 1 1 1 1 1  
D B * * * * O *  

I I I I I I  
- 1  - - - - -1 - 

I 1 1 1 1 1  
1 - - - - 4 -  

I I I I I I  
J - - - - 6 -  

I I I I I I  
4 - - - - I -  

i b ra  t i o n  L ine  

Figure 37 

Notice that two LEDs are  1 ighted a t  63 Hz. This indicates tha t  our 
signal i s  between -8 dB and -9 dB down from the 0 dB cal ibrat ion l ine .  
Insertion loss i s  equal to 8.5 dB, and so our t e s t  device meets specifications 
a t  63 Hz. To be more rigorous w i t h  the testing we should tune the s ine  
wave generator t o  several other IE-1OA f i l t e r  frequencies between 60 Hz 
and 4 KHz and measure insertion loss. 
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OPERATING THE PRECISION PREAMPLIFIER 

There are many s i t u a t i o n s  i n  audio system t e s t i n g  when i t  i s  des i r eab le  
t o  have a  separate p r e a m p l i f i e r  o r  s i gna l  source t o  s u b s t i t u t e  f o r  
f a u l t y  c i r c u i t s ,  t o  a i d  i n  the  i s o l a t i o n  o f  system problems. The IE-1OA 
contains a  c a l i b r a t e d  0-80 dB gain (10 dB/step) p r e a m p l i f i e r  c i r c u i t  
w i t h  a  100 K ohm i n p u t  impedance t h a t  i s  capable o f  hand l ing  s i g n a l s  
over  the range o f  20 uV t o  2.0 V rms w i t h  n e g l i g i b l e  d i s t o r t i o n  (see 
F igure 38). The preamp1 i f i e r  module has a  frequency response o f  20 Hz - 

20 KHz w i t h  +/- 0.5dB f l a t n e s s ,  and a  bandwidth o f  10 Hz - 40 KHz. 

Only th ree  ana l yze r  c o n t r o l s  a f f e c t  the  opera t ion  o f  t he  p r e a m p l i f i e r ;  
these are: POWER, SENSITIVITY ( con t ro l s  ga in  o f  preamp), and INPUT. 

Gain o f  t he  preamp1 i f i e r  i s  determined by addinq t he  abso lu te  values o f  
t h e  two SENSITIVITY s w i t c h  se t t i ngs .  I n  FIG. 38 t h e  s e n s i t i v i t y  swi tches 
a r e  s e t  a t  -20 dB, and 0  dB f o r  a  t o t a l  preamp ga in  o f  20 dB. As 
another example, i f  70 dB o f  ga in  i s  desired, one s e n s i t i v i t y  s w i t c h  
would be s e t  t o  10 dB and t h e  o t h e r  swi tch t o  60 dB. 

PREAMP 
100 K 

INPU t 
ohms 

Figure  38 

PREAMP 
OUTPUT 

Signals can be f e d  t o  t h e  p reamp l i f i e r  f rom e i t h e r  o f  two sources u s i n g  
t h e  INPUT swi tch.  The IE-1OA microphone becomes t h e  s i g n a l  source when 
t h e  i n p u t  s w i t c h  i s  s e t  t o  INT. Externa l  s i gna l s  can be a m p l i f i e d  when 
t he  i n p u t  s w i t c h  i s  s e t  t o  EXT (see Fig. 39). 
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I E - 1  Od C A L I B R A T E D  PREAMPLIFIER C I R C U I T  

1 PREAMP I 

I G d  I N  

0 - 8 0 d B  G a i n  

INPUT >A Figure 39 

The lOOK ohm impedance a t  the p reamp l i f i e r  i n p u t  i s  normal ly adequate t o  
accomodate most t ransducers  and s igna l  sources. The IE-1OA preampl i f i e r  
ou tpu t  c i r c u i t  i s  capable o f  d e l i v e r i n g  a maximum o f  2.0 V o l t s  RMS i n t o  
a 600 ohm 1 oad. Load impedances 1 ess than 100 ohms can be used, b u t  w i  t h  
some s a c r i f i c e  i n  the  l ow  frequency response o f  the preampl i f i e r .  The 
u n i t  i s  capable o f  d r i v i n g  speakers, earphones and even d i r e c t  s h o r t s  on 
a continuous basis  w i t h o u t  damage t o  the preampl i f  i e r .  
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IE-1OA SPECIFICATIONS 

MEASUREMENT RANGES 

Cal ib ra ted -110 dBm t o  +9 dBm using external  i n p u t  jack. 
Measures t o  +49 dBm (218 Vrms) using opt iona l  accessories. 
Ca l ib ra ted 45 dB SPL t o  146 dB SPL using b u i l t - i n  TE-1OA 
microphone. 
Accuracy o f  ca l i b ra ted  ranges +/- 1.0 dB. 

FILTERS 

Octave bandwidth ANSI  S 1 . l l  1966 (R1975) Class 1. 
Second order  Chebychev. 
Sel ectabl  e detec tor  decay times 

Pink Noise mode 3.8 dB per sec. 
Monitor mode 42 dB per sec. 

Center frequencies 32, 63, 125, 250, 500, l K ,  2K, 4K, 8K, 
16K, Hz. 
Center frequency accuracy +/- 3% (typ. +/- 1%). 
Re la t ive  f i l t e r  f l a tness  +/- 0.5 dB. 
Passband f l a tness  0.5 dB (Ripple).  ----- 
A weighted and C weighted sound l e v e l  f i l t e r s .  
F i l t e r  shape and accuracy s a t i s f i e s  ANSI S1.4 1971 type 
SZA, S2C and I E C  123 (1961) f o r  "slow" response. 

DISPLAY 

* Ten channel 160 LED array. 
* Dynamic ranges o f  45, 30 and 15 dB are se lec tab le  w i t h  

r e s o l u t i o n  steps o f  1, 2 o r  3 dB. * Display LEDS ad jus t  i n t e n s i t y  au tomat ica l ly  f o r  room brightness. * Gra t i cu le  has automatic " s o l i d  s ta te"  edge l i g h t i n g .  

PREAMPLIFIER 

* 100 K ohm i n p u t  impedance. * 0-80 dB gain i n  10 dB steps. 
* Bandwidth 10 Hz t o  40 KHz. * Flatness +/- 0.5 dB (20Hz-20 KHz). 
* THD -1% @ 2.0 Vrms fo r  1 oads 2600 ohms. 
* Damage l e v e l  i n p u t  1000 VAC o r  +/- 1000 VDC. 
* Output sho r t  c i r c u i t  protected. 
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MICROPHONE 

* Omnidi rect ional  Condenser car t r idge.  
* Sound l e v e l  measurement Type 2. * Typical  mi c&ophone/preamp response see f i g u r e  below. 

Incidence 0 . Free- f i e ld .  

100 1K 

FREQUENCY IN HERTZ 

Figure 40 

POWER 

* BATTERY OPERATION. Nickel Cadmium Rechargeabl 8 .  
* Operat ing t ime approx. 2 hours cont inuous @ 25 C. * Fast charge c y c l e  o f  3 hours. 
* Low b a t t e r y  i n d i c a t o r  l i g h t .  

* AC LINE OPERATION from AC adaptor/charger. 
* 115/230 VAC 50/60 Hz. 
* Charge i n d i c a t o r  1 i g h t .  

ENVIRONMENTAL 

* A l l  c i r c u i t s  temperahure compelsated. 
* Operat ing Temp. -10 C.oto t50  C., 
* Nonoperating Temp. -30 C. t o  +65 C. 
* Operat ing Humidi ty  0 t o  90%. 
* Meets ANSI SI.4-1971 and S1.11-1966 (R1975). 

MECHAN ICAL 

* Aluminum case f u s i o n  bonded w i th  ny lon .  
* Dimensions (w x h x d) 69 x 153 x 4 1   TI 

(2-3/4 x 6 x 1-5/8 i n .  ) 
* Weight: n e t  430 gms (15 oz. ) 

sh ipp ing  1.0 kg (2 l bs . )  
* Connectors : Standard phono jack. 
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ARCHITECT'S AND ENGINEER'S SPECIF I CATIONS 

The aud io  spectrum ana lyzer  s h a l l  be capable o f  octave bandwidth, r e a l -  
t ime  ana l ys i s  o f  the  aud io  spectrum. The ana l yze r  s h a l l  be capable o f  
measuring sound pressure l e v e l s  w i t h  e i t h e r  an ANSI "A" weighted o r  A N S I  
" C"  weighted reading. 

The ana l yze r  s h a l l  have a s e l f  conta ined omnidi  r e c t i  onal  condenser 
microphone. Measurements through the microphone s h a l l  be c a l i b r a t e d  i n  
dB-SPL f o r  octave bandwidth analys is ,  i n  dB(A) SPL f o r  A weighted SPL 
measurements, and i n  dB(C) SPL f o r  C weighted SPL measurements over  t he  
range o f  40 t o  146 dB-SPL. 

The ana lyzer  s h a l l  have an ex te rna l  s i g n a l  i n p u t  jack .  Measurement o f  
s i g n a l s  through t he  ex te rna l  i n p u t  s h a l l  be c a l i b r a t e d  f rom -110 dBm t o  
+ 9 dBm. The analyzer  s h a l l  be capable o f  measuring s i g n a l s  up t o  +49 
dBm (218v. RMS) us ing o p t i o n a l  accessor ies.  

The ana lyzer  s h a l l  be capable o f  making octave bandwidth measurements 
w i t h  two se lec tab le  d e t e c t o r  response t imes. The f a s t  d e t e c t o r  t ime 
s h a l l  be s u i t a b l e  f o r  s i g n a l  moni tor ing,  and t h e  slow d e t e c t o r  response 
t ime  s h a l l  be s u i t a b l e  f o r  p i n k  no ise averaging.  

The ana l yze r  s h a l l  have a dynamic d i s p l a y  range o f  up t o  45.dB, and 
s h a l l .  have se lec tab le  r e s o l u t i o n s  o f  1, 2 o r  3 dB. The d i s p l a y  b r i l l i a n c e  
s h a l l  a d j u s t  a u t o m a t i c a l l y  f o r  ambient 1 i g h t i n g  condi  t i .ons and t h e  
g r a t i c u l  e s h a l l  1 i g h t  automat ica l  l y  i n  darkened environments. 

The analyzer  s h a l l  be capable o f  both b a t t e r y  o p e r a t i  on from fas  t- charge 
Ni-Cad b a t t e r i e s ,  and AC ope ra t i on  f rom 115 VAC and 230 VAC @ 50-60 Hz 
l i n e s .  It s h a l l  possess a b a t t e r y  s t a t u s  i n d i c a t o r  t o  warn o f  low 
b a t t e r y  cond i t ion .  

The ana lyzer  s h a l l  have a p r e c i s i o n  p r e a m p l i f i e r  w i t h  a f l a t ness  o f  +/- 
.5 dB and ga in  of 0 - 80 dB ad jus tab le  i n  10 dB s teps,  and s h a l l  have a 
THD of 0.1% o r  l ess  f o r  a 2 Vrms output .  

The ana lyzer  s h a l l  be hand-held and must weigh l e s s  than 16 ozs. The 
case of t h e  analyzer  s h a l l  be aluminum f u s i o n  bonded w i t h  ny lon.  

The ana lyzer  s h a l l  be t h e  IE-1OA Audio Spectrum Analyzer  manufactured by 
I v i e  E l e c t r o n i c s  Incorporated.  
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SERVICE 

It i s  the in ten t ion  o f  I v i e  Electronics t o  provide 
q u a l i t y  service f o r  the IE-1OA whether i n  o r  out  
o f  the warranty period. If the IE-1OA should 
requ i re  service, please re tu rn  .it shipping prepaid 
t o  an I v i e  Electronics service f a c i l i t y .  Shipping 
the  instrument i n  i t s  o r i g i na l  packaging i s  
recommended. Repair w i l l  be made and the  u n i t  
w i l l  be returned prepaid as soon as poss'i b l  e. 

Due t o  the sutnniniaturized packaging techniques 
used, I v i e  Electronics cannot assume responsi b i l  i t y  
f o r  repairs made a t  other than an author ized 

.service center. 
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