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ABSTRACT 

An instrument has been developed to calibrate high 

intensity, high frequency transducers. 

two horn-driver units and a St. Clair generator, which gener- 

ate sound pressure levels in an acoustic cavity of between 140 

and 175 db in the frequency range 500 c/s to 40 kc/s, together 

with an optical interferometer using a helium neon laser source. 

The acoustic cavity is located in one of the two beams of a 

Michelson interferometer. 

duces a temporal variation in the optical interference distri- 

bution. 

The magnitude and phase of the sound pressure field in the 

cavity can be determined by a simple method of signal process- 

ing enabling the pressure sensitivity as well as the phase 

characteristics of transducers to be determined. 

instrument, the sensitivity of a 1 / 4  in. condenser microphone 

was determined. 

those of a pistonphone calibration. 

The device consists of 

The sound field in the cavity pro- 

This variation is monitored with a photodiode detector. 

Using this 

The results agreed to better than 1 / 2  db with 
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I. INTRODUCTION AND SUMMARY 

Transducers which are used to monitor acoustic or aero- 

dynamic pressure fields can give only a qualitative indication 

of these fields if they have not been calibrated. Understand- 

ably, considerable attention has been given to the problem of 

transducer calibration to enable quantitative analyses of pres- 

sure fields to be made. 

In this study we have developed an absolute pressure 

calibration device designed specifically to calibrate high in- 

tensity, wide frequency-response transducers. This device en- 

ables pressure sensitivity as well as phase characteristics of 

transducers to be determined. Normally, phase information 

contained in acoustic or aerodynamic pressure fields becomes 

redundant in signal analysis. Consequently, conventional 

methods of transducer calibration seldom provide (and in many 

instances are incapable of providing) information about the 

phase characteristics of transducers. However, when, in ex- 

perimental acoustic or aerodynamic studies, one or several 

transducers' signal outputs are to be auto- or cross-correlated, 

respectively, it is essential that the phase characteristics 

of the transducers be known. Consequently, in our approach to 

the problem, we have been aware of this additional requirement 

for the device. 

The calibration device developed in this study uses an 

optical interferometer to establish the absolute pressure am- 

plitude of the calibrating signal. The interferometer is of 

1 



t h e  Michelson type and incorporates  t h e  a c o u s t i c  c a v i t y  i n  one 

of t h e  two o p t i c a l  beam paths.  

a c o u s t i c  c a v i t y ,  which are  assoc ia ted  with t h e  pressure  f luc-  

t u a t i o n s  of  t he  c a l i b r a t i n g  acous t i c  s i g n a l ,  produce a time- 

vary ing  o p t i c a l  i n t e r f e r e n c e  d i s t r i b u t i o n .  This d i s t r i b u t i o n  

i s  monitored wi th  a photodiode d e t e c t o r .  

t he  o p t i c a l  d e t e c t o r  enables determinat ion of both magnitude 

and phase information on t h e  pressure  f l u c t u a t i o n s  i n  t h e  

a c o u s t i c  c a v i t y .  

The d e n s i t y  f l u c t u a t i o n s  i n  the  

The output  s i g n a l  of 

Comparison of t h i s  data  t o  t h a t  of t h e  e l e c t r i c a l  out-  

put s i g n a l  of a t ransducer  located i n  t h e  c a v i t y  enables  t h e  

s e n s i t i v i t y  and phase c h a r a c t e r i s t i c s  of t he  t ransducer  t o  be 

determined. 

The requirement t h a t  t h e  c a l i b r a t i o n  device be capable 

of c a l i b r a t i n g  t ransducers  a t  high i n t e n s i t i e s  over a wide f r e -  

quency range posed s e v e r a l  a c o u s t i c a l  problems. 

of a c o u s t i c  genera tor  were examined t o  determine t h e i r  capa- 

b i l i t i e s .  

i s  provided by t h r e e  interchangeable  u n i t s  ; two horn- drivers 

f o r  f requencies  up t o  1 6  kc/s and a S t .  Clair  genera tor  f o r  

f requencies  beyond 2 0  kc / s .  

t h e s e  devices  i s  propagated i n t o  a 1 / 4  i n .  diameter t e l e s c o p i c  

tube a t  t h e  end of which t h e  1 /4  i n .  t ransducers  (which a r e  t o  

be c a l i b r a t e d )  a r e  loca ted .  Adjustment of t h e  l eng th  of t h e  

1 /4  i n .  tube allows long i tud ina l  tuning of t h e  c a v i t y ,  which 

produces increased level a t  the  l o c a t i o n  of t he  t ransducer  

Severa l  types 

The a c o u s t i c  s i g n a l  genera t ion  i n  t h e  f i n a l  device 

The a c o u s t i c  energy produced by 

2 



diaphragm when a d d i t i o n a l  s i g n a l  Bevel i s  requi red .  Because 

l o n g i t u d i n a l  pressure  grad ien ts  will e x i s t  i n  t h e  tube ,  t h e  

o p t i c a l  beam scans t h e  cav i ty  in a t r ansve r se  d i r e c t i o n  immdi- 

a t e l y  i n  f r o n t  of t he  t ransducer  diaphragm f o r  m i D i m a l  e r r o r  

i n  c a l i b r a t i o n .  

The system i s  capable o f  being operated under reduced 

p res su re  o r  f i l l e d  wi th  gases o t h e r  t han  a i r ,  Using this de- 

vice t o  check t h e  c a l i b r a t i o n  of a 1 /4  i n .  Bruel and Kjaer con- 

denser  microphone, t h e  agreement between t h e  manufacturer ' s  

s p e c i f i c a t i o n  and t h a t  obtained us ing  t h e  c a l i b r a t i o n  device 

w a s  b e t t e r  than 1 / 2  db a t  c a l i b r a t i o n  l e v e l s  i n  t h e  range 140 

t o  175 db over a frequency range 520  c / s  t o  24 kc/s .  

3 



I1 ACOUSTIC GENERATOR SYSTEM 

The design of an acous t i c  genera tor  system which would 

ope ra t e  from 100 c / s  t o  40 kc/s  and produce i n  a c a v i t y  sound 

p res su re  l e v e l s  as high a s  180 db a t  ambient pressures  of both 

one atmosphere and 1 / 3  atmosphere posed many problems. 

Since it i s  beyond the s ta te  of t h e  a r t  t o  produce i n  

t h e  l abora to ry ,  us ing  a s i n g l e  a c o u s t i c  genera tor ,  pure tone  

s i g n a l s  meeting t h e s e  s p e c i f i c a t i o n s ,  it w a s  necessary t o  in- 

v e s t i g a t e  t h e  p o t e n t i a l  of s eve ra l  types of high i n t e n s i t y  

a c o u s t i c  genera tors .  I n  add i t ion ,  i t  w a s  necessary t o  i n v e s t i -  

g a t e  the p o t e n t i a l  of s eve ra l  types of h igh  i n t e n s i t y  a c o u s t i c  

genera tors .  I n  a d d i t i o n ,  i t  w a s  necessary t o  i n v e s t i g a t e  t h e  

propagat ion of  h igh  frequency sound i n  tubes and c a v i t i e s  con- 

t a i n i n g  e i t h e r  a i r  o r  helium. t 

I n  t h i s  s e c t i o n  o f  the r e p o r t ,  t h e  r e s u l t s  of t hese  

i n v e s t i g a t i o n s  are descr ibed b r i e f l y .  Emphasis i s  given only 

t o  those  r e s u l t s  having s i g n i f i c a n t  bear ing  on the  f i n a l  des ign  

of  t h e  t ransducer  c a l i b r a t i o n  system. 

Low Frequency Generators 

The f i r s t  s t e p  i n  t h i s  phase of t h e  program w a s  t o  

procure commercially ava i l ab le  sound sources  and determine 

t h e i r  sound outputs  i n  t h e  frequency range of i n t e r e s t .  Many 

domestic and f o r e i g n  loudspeaker manufacturers were approached, 

but  only a few produced devices whose s p e c i f i c a t i o n s  ind ica t ed  

4 



a p o t e n t i a l  usefu lness .  

chased and t h e i r  c h a r a c t e r i s t i c s ,  a s  suppl ied by the  manufac- 

t u r e r ,  a r e  l i s t e d  i n  Table I. 

Several  horn-driver  u n i t s  were pur- 

Each horn-driver  w a s  coupled t o  a 1 / 4  i n .  diameter tube 

and the sound pressure  l e v e l  i n  t h e  tube was determined a t  

several frequencies  when the d r i v e r  u n i t  w a s  operated a t  h a l f  

i t s  rated power handling capac i ty .  The s y s t e m  used i s  shown 

i n  F ig .  1. It i s  gene ra l ly  considered t h a t  when horn-dr ivers  
- 

are operated with s teady  s inuso ida l  s i g n a l s ,  t he  power input  

should not exceed t h i s  given va lue .  

Figure 2 shows a composite of t h e  sound pressure  l e v e l s  

generated i n  t h e  1 /4  i n .  diameter tube f o r  each of the  horn- 

d r i v e r s  i nves t iga t ed .  From t h i s  d a t a  it can be seen t h a t  maxi- 

mum sound pressure  l e v e l s  c a n  be obtained i n  t h e  tube using 

only two u n i t s ;  t h e  Jensen DD-lOOA and t h e  James B. Lansing 075. 

The Jensen DD-lOOA covers t he  frequency range from 500 c /s  t o  

4 kc / s  and t h e  James B. Lansing 075 covers t h e  range from 

4 kc / s  t o  16  kc / s .  It can be seen  from F ig .  2 t h a t  although 

t h e  l a t t e r  u n i t  opera tes  t o  f requencies  beyond 50 k c / s ,  i t  

does n o t  produce the  sound pressure l e v e l s  which a r e  requi red  

f o r  t he  t ransducer  c a l i b r a t i o n  system. 

These two horn-driver  u n i t s  a r e  used i n  the  f i n a l  sys- 

t e m  t o  generate  acous t i c  s i g n a l s  t o  a frequency of 1 6  k c / s .  

Ind iv idua l  coupling adap te r s  were cons t ruc ted  t o  couple these  

u n i t s  t o  the  acous t i c  c a v i t y .  The Jensen DD-lOOA u n i t  w a s  

enclosed i n  a s t rong ,  c l o s e - f i t t i n g ,  a i r t i g h t  p l a s t i c  bag t o  

5 
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1-1 ,Horn-Driver Unit 
J B & K Microphone 

I 
P r  e- Amp 

Voltmeter 

Tektronic 
Osc i llo- 

Audio 
Amplifier 

Attenuators  

1 Audio r O s c i l l a t o r  

Fig.  1. Block Diagram f o r  Measuring t h e  Acoustic 
S igna l  Generated i n  a 1 /4  i n .  Diameter 
Tube by Horn-Driver Uni t s .  
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enable  the  u n i t  t o  be operated a t  reduced p res su res .  The 

Lansing 075 u n i t ,  being a i r t i g h t ,  requi red  no modif icat ion 

t o  enable  reduced pressure  operat ion.  

High Frequency Generators 

To genera te  h igh  frequency a c o u s t i c  s i g n a l s ,  t h r e e  

types  of device were inves t iga t ed :  magne tos t r i c t ive  t rans-  

ducers ,  Friedmann horns,  and S t .  Clair  gene ra to r s .  Unlike t h e  

low frequency horn-dr iver  u n i t s ,  t hese  t h r e e  types of t r ans -  

ducer  are resonant  devices  and consequently have a l imi ted  

c a p a b i l i t y .  However, no a l t e r n a t i v e  broad-band devices  a r e  

c u r r e n t l y  a v a i l a b l e  t o  meet the  des i r ed  s p e c i f i c a t i o n s  and 

s i n c e  t h e  frequency range between 16 k c / s  and 40 k c / s  need 

only be covered a t  one-third octave i n t e r v a l s ,  t h e  use of 

resonant  devices  w a s  not  considered unduly inconvenient .  

The f i r s t  sound generator  which was inves t iga t ed  w a s  

a magne tos t r i c t ive  t ransducer  (Ref. 1), resonant  a t  14.5 kc / s .  

This  t ransducer  w a s  chosen because o f  i t s  a v a i l a b i l i t y  and t h e  

minimal shop time which would be requi red  t o  have i t  opera- 

t i o n a l .  The t ransducer  was constructed from stamped n i c k e l  

window laminat ions,  which a re  annealed t o  ox id i ze  the  su r faces  

t o  provide i n s u l a t i o n  and are  f i n a l l y  epoxy-bonded toge ther  t o  

form a s t ack .  The transducer was bol ted  t o  a half-wavelength 

s t u b  which a l s o  serves  as a support  mechanism a s  shown i n  

F ig .  3 .  A displacement transformer was bo l t ed  t o  t h e  s t u b  and 

9 
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produced a s tep-up of t he  t ransducer  displacement which i s  

p ropor t iona l  t o  t h e  r a t i o  of t h e  end d i a x e t e r s  of t he  v e l o c i t y  

horn.  

because t h i s  exponent ia l  horn was r e a d i l y  a v a i l a b l e .  

t ransducer  was d r iven  us ing  a 1,000 w a t t  a m p l i f i e r ,  and, be- 

cause no microphone was ava i l ab le  during t h i s  p a r t i c u l a r  t e s t  , 
t h e  r e s u l t i n g  displacements a t  t h e  end of t h e  horn were measured 

us ing  a t r a v e l l i n g  microscope. 

s u r e  l e v e l  a t  t h e  end face  of t he  horn was c a l c u l a t e d .  The 

displacement amplitude measured a t  maximum r a t e d  inpu t  power 

was 0.0028 i n . ,  which corresponds t o  a sound pressure  l e v e l  of 

159 db a t  the given resonant  frequency of 14.5 kc /s .  This was 

computed by t h e  fol lowing r e l a t i o n s h i p :  

The diameter r a t i o  used was 6:1, which was chosen only 

The 

From t h i s  d a t a  t h e  sound pres- 

P =  pcv = pcsa 

2 where p = RMS pressure  (dynes/cm ) 

v = RMS p a r t i c l e  v e l o c i t y  (cm/sec) 
p c  = c h a r a c t e r i s t i c  impedance of a i r  (g/cm 2 s e c )  

4 = RMS displacement (cm) 

w = angular  frequency ( r ad / sec )  

A second magnetos t r ic t ive  t ransducer  w a s  used a t  a 

frequency of 2 1  kc /s  coupled t o  a 4 t o  1 displacement t r ans -  

former. A microphone was a v a i l a b l e  f o r  t h i s  t e s t .  The t e s t  

included an i n v e s t i g a t i o n  for  optimum frequency, D.C. b i a s ,  

microphone l o c a t i o n ,  and power input  i n t o  the  t ransducer .  

11 
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Under optimum ope ra t ing  condi t ions ,  a maximum sound pressure  

l e v e l  of 166 db was obtained.  

A t h i r d  t e s t  using a magnetos t r ic tor  a t  a frequency of 

13.6 k c / s  was attempted. 

l e v e l  of only 134 db, which i s  f a r  below the  l e v e l  requi red  

f o r  t h e  c a l i b r a t i o n  system. 

toge the r  with t h e  problems and c o s t s  involved i n  cons t ruc t ion  

of t h e s e  t r ansduce r s ,  were not encouraging, and no f u r t h e r  

cons ide ra t ion  was given t o  magnetos t r ic t ive  t ransducers .  

The r e s u l t s  y i e l d  a sound pressure  

The r e s u l t s  of the  t h r e e  t e s t s ,  

The next  high frequency genera tor  which was i n v e s t i -  

gated was a commercially a v a i l a b l e  device ,  a Frj-ehanrJ horn 

(Ref. 2 ) .  This device ,  according t o  i t s  manufacturer,  Macro- 

son ic s  Corporation, i s  capable of genera t ing  sound pressure  

l e v e l s  i n  the  range 160 t o  170 db a t  f requencies  ranging from 

2 1  t o  39 kc / s .  The Friedmann horn c o n s i s t s  of a ceramic t r ans -  

ducer which i s  mechanically coupled t o  a tuned pipe which 

v i b r a t e s  i n  r a d i a l  modes. The device was enclosed i n  an alum- 

inum c y l i n d e r  (Fig.  4 ) ,  which w a s  coupled t o  a 1/4 i n .  diameter 

tube through an exponent ia l  horn. Sound pressure  l e v e l s  a s  

h igh  a s  170 db were measured i n  t h e  1 /4  i n .  tube.  However, 

t h e  s i g n a l  w a s  very uns t ab le  and contained s e v e r a l  harmonic 

components. A feedback system was incorporated i n t o  t h e  e lec-  

t r i c a l  i npu t  t o  the  Friedmannhorn, but  t h i s  d i d  no t  reduce t h e  

i n s t a b i l i t y  i n  t h e  s i g n a l .  Consequently, t h e  Friedmann horn 

w a s  r e j e c t e d  as a poss ib l e  high frequency sound gene ra to r .  

12 
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The high frequency generator  t h a t  was f i n a l l y  adopted 

f o r  t h e  c a l i b r a t i o n  device was a S t .  C l a i r  genera tor  (Ref. 3 ) .  

However, because of t h e  complexity i n  t h e  design and machining 

of t h e  components f o r  t h i s  device,  o the r  h igh  frequency devices  

were f i r s t  i n v e s t i g a t e d ;  b u t ,  as previously descr ibed ,  a l l  

were r e j e c t e d .  Although s e v e r a l  major problems were encountered 

i n  c o n s t r u c t i n g  and ope ra t ing  a S t .  C l a i r  genera tor ,  it has 

proved t o  be a very  e f f e c t i v e  high frequency genera tor ,  we l l  

s u i t e d  t o  use i n  the  c a l i b r a t i o n  device.  

The S t .  Clair  genera tor  i s  an electromechanical  device 

which ope ra t e s  i n  a similar manner t o  the  common dynamic loud- 

speaker .  The major d i f f e r e n c e  i s  the  s u b s t i t u t i o n  of a rod,  

which i s  f r e e  t o  v i b r a t e  i n  a resonant  mode, f o r  t he  loudspeaker 

cone (Fig.  5 ) .  The v i b r a t o r  rod i s  supported a t  i t s  c e n t e r  

by a 0.010 i n .  t h i c k  f l ange .  The lower p a r t  of t h e  rod has a 

0.010 i n .  r i n g  which i s  suspended i n  t h e  a i r  gap of t he  mag- 

n e t i c  assembly. This r i n g  a c t s  as a s i n g l e  shor ted  t u r n  

secondary of a t ransformer ( the  primary i s  t h e  d r i v e r  c o i l ) ,  

and i s  used t o  d r i v e  t h e  rod a t  i t s  resonant  frequency. The 

resonant  frequency of t he  device i s  d i c t a t e d  by the  length  

and width of t he  bar .  Since i t  was impossible t o  o b t a i n  a 

v a r i a b l e  frequency sound source from 20,000 kc / s  t o  40,000 k c / s ,  

a d e c i s i o n  w a s  made t o  cons t ruc t  d i s c r e t e  frequency genera tors  

every one- th i rd  octave from 20 kc / s  t o  40 k c / s .  Thus four  

genera tors  were cons t ruc ted  a t  f requencies  of 20,  25,  30, and 

40 k c / s .  

14 
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A magnet assembly was designed which would supply the  

maximum f l u x  f i e l d  across  the a i r  gap. This optimized magnetic 

system w a s  not r e a l i z e d  s ince  commercially a v a i l a b l e  magnets 

could n o t  be purchased having t h e  exact  dimensions requi red .  

The time and c o s t  involved i n  ob ta in ing  customized r i n g  mag- 

n e t s  could not  be accommodated i n  t h i s  program. Thus t h e  mag- 

n e t i c  assembly was modified s l i g h t l y  t o  accommodate commer- 

c i a l l y  a v a i l a b l e  r i n g  magnets wi th  a minimum of optimized f l u x  

d e n s i t y  loss.  

The r i n g  magnets chosen f o r  t he  S t .  Clair  genera tors  

were made of Alnico V and each had t o  be f a b r i c a t e d  from two 

r i n g  magnets. Problems were encountered i n  bonding the  mag- 

n e t s  t oge the r  and a l s o  i n  the e loxing  of t h e  mounting holes  

which then  had t o  be f i l l e d  with a s o f t e r  material t o  s impl i fy  

machining processes .  The major d i f f i c u l t y  i n  t h e  assembly of 

t hese  genera tors  was encountered i n  t h e  mounting of t he  v i b r a t -  

ing rod. I f  t h e  f lange  on the v i b r a t o r  was clamped too t i g h t -  

l y ,  the sound output  was decreased 40 t o  50 db below maximum 

output  l e v e l .  Therefore ,  the mounting of t he  rods and the  

clamping of t he  f langes  became c r i t i c a l  s t e p s  i n  t h e  construc- 

t i o n  process .  Whenever the  generator  w a s  damaged, t he  complete 

assembly had t o  be de-magnetized, disassembled, r e p a i r e d ,  re- 

assembled, and f i n a l l y  re-magnetized. This was c o s t l y  and 

time-consuming al though,  a s  a d d i t i o n a l  genera tors  were con- 

s t r u c t e d ,  the problems encountered i n  t h e  e a r l i e r  genera tors  

were avoided. 

16 
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An aluminum housing was cons t ruc ted  f o r  the  genera tor .  

This  was f i t t e d  wi th  an exponent ia l  horn which could then  be 

a t t ached  t o  t h e  acous t i c  cav i ty  i n  t h e  c a l i b r a t o r  device.  

t h e  S t .  Clair genera tors  a r e  capable of being operated under 

reduced ambient pressures  e 

A l l  

The v i b r a t o r  rod has an extremely high Q f a c t o r ,  hav- 

ing  a band-width of one o r  two cyc le s ,  which makes manual tun- 

i ng  of t he  s y s t e m  v i r t u a l l y  impossible.  Thus a capaci tance 

pickup was mounted on t h e  cen te r  po le  p iece  of t he  magnet 

assembly which could be used a s  a feedback pickup. 

back pickup was fed i n t o  a pre-amplif ier  (Fig.  6 )  and then  t o  

an a m p l i f i e r .  A phase - sh i f t  network was cons t ruc ted  i n t o  t h e  

feedback system t o  enable  the genera tor  t o  be s e l f - o s c i l l a t o r y  

(Fig.  7 ) .  

producing sound pressure  l e v e l s  i n  the  range 168 t o  174 db. 

This feed- 

This proved highly success fu l  f o r  a l l  four  gene ra to r s ,  

During one t e s t ,  without any feedback system, the  

20 kc / s  and 40 kc /s  generators  were operated a t  t h e i r  harmonic 

f requencies  t o  determine the  sound pressure  l e v e l  produced a t  

t hese  frequencies  (Fig.  8 ) .  Again, the  problem of maintaining 

a tuned system w a s  experienced because the  narrow band-width 

made continuous ope ra t ion  d i f f i c u l t .  A p a r a l l e l e d  'T' f i l t e r  

was designed which would a l l o w  t h e  feedback system t o  be u t i l -  

i zed  t o  opera te  t h e  generators  a t  t h e i r  harmonics (Fig.  9 ) .  

A prel iminary t e s t  of t h i s  system i n d i c a t e s  t h a t  it w i l l  func- 

t i o n  as designed. However, time d id  not  p e r m i t  t he  requi red  

ex tens ive  t e s t i n g  of t he  system. 

1 7  
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Acoustic F i e l d s  i n  the  Ca l ib ra t ion  Cavity 

The c a v i t y  i n t o  which unknown t ransducers  w i l l  be in- 

troduced i n  t h e  complete c a l i b r a t i o n  system has an i n t e r n a l  

diameter  of 1 /4  i n .  

determined by t h e  d i s t a n c e  from the  end of t he  tube,  terminat-  

i ng  a t  the  coupl ing u n i t  of  the  horn-dr ivers  o r  t h e  exponen- 

t i a l  horn of t h e  S t .  Clair genera tors ,  20 t h e  l o c a t i o n  of the  

unknown t ransducer .  Mechanical cons ide ra t ions  i n  t h e  f i n a l  

des ign  of t h e  system d i c t a t e  t h i s  length  t o  be approximately 

2 i n .  It i s  d e s i r e b l e  t o  make t h i s  length  as s h o r t  as poss ib l e  

t o  reduce the  energy d i s s i p a t i o n  a t  high f requencies  which 

would r e s u l t  i n  reduced sound p res su re  l e v e l s .  I n  o rde r  t h a t  

advantage can be taken of long i tud ina l  resonances i n  t h e  c a v i t y ,  

a degree of tuning i s  provided because t h e  c a v i t y  i s  cons t ruc ted  

from t e l e s c o p i c  s e c t i o n s .  This a l s o  enables  t h e  sound gener- 

a t o r s  t o  be removed from the  c a l i b r a t i o n  system, leav ing  t h e  

p o r t i o n  of t h e  c a v i t y  conta in ing  the  unknown t ransducer  and 

o p t i c a l  windows i n  s i t u  i n  the in t e r f e romete r  s e c t i o n .  I f  an 

increased  sound pressure  l e v e l  i s  requi red  i n  t h e  c a v i t y  a t  a 

given frequency of opera t ion ,  t h i s  may poss ib ly  be achieved by 

vary ing  the  e f f e c t i v e  length of t h e  c a v i t y  through adjustment 

of t h e  t e l e s c o p i c  s e c t i o n s  e 

The e f f e c t i v e  l eng th  of t h e  cavity i s  

It can be seen i n  Fig. 2 ,  from the  envelope of t h e  

sound pressure  l e v e l s  t h a t  could be obtained us ing  any of  t h e  

horn-dr ivers ,  t h z t  beyond a frequency of approximately 1 6  k c / s  
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t h e r e  i s  considerable  reduct ion i n  t h e  sound pressure  l e v e l .  

This i nd ica t ed  t h a t  sound cance l l a t ion  e f f e c t s ,  due t o  cross-  

mode product ion i n  t h e  1 /4  i n .  diameter tube ,  may have occurred 

i n  t h i s  frequency reg ion .  Cross-mode production i s  normally 

accepted t o  occur a t  f requencies  above a c r i t i c a l  frequency 

whose wavelength i s  between th ree  and four  t i m e s  t he  tube 

diameter.  For a 1 /4  in .  tube the  c r i t i c a l  frequency would 

occur i n  t h e  reg ion  between 13 and 18 kc / s .  Below these  f r e -  

quencies acous t i c  plane waves would be produced i n  the  c a v i t y .  

Thus the sound pressure  l e v e l  would be cons t an t  over any cross-  

s e c t i o n  through t h e  c a v i t y .  Therefore ,  t he  pressure  l e v e l  

sampled by t h e  in te r fe rometer  w i l l  be i d e n t i c a l  t o  t h a t  a t  

t he  f a c e  of t h e  t ransducer  requi r ing  c a l i b r a t i o n .  This a l s o  

demands t h a t  t h e  o p t i c a l  sampling be performed immediately i n  

f r o n t  o f  t h e  t ransducer .  I f  cross-modes occur s o  t h a t  t r ans -  

ve r se  sound pressure  l e v e l  grad ien ts  and phase v a r i a t i o n s  e x i s t  

i n  t h e  c r o s s - s e c t i o n  of the  c a v i t y  immediately i n  f r o n t  of t he  

t ransducer  r e q u i r i n g  c a l i b r a t i o n ,  t h e  fol lowing e f f e c t s  w i l l  

occur.  F i r s t ,  p ressure  cance l l a t ions  w i l l  reduce the  t r ans -  

ducer response from the  l e v e l  t h a t  would be obtained under 

plane wave cond i t ions .  Second, the  in t e r f e romete r  w i l l ,  s i m -  

i l a r l y ,  respond t o  d e n s i t y  f l u c t u a t i o n s  averaged over the  

o p t i c a l  pa th  across  the  cav i ty .  Consequently, c a l i b r a t i o n  of 

transducers under these  condi t ions becomes s u b j e c t  t o  e r r o r .  

It i s  beyond the  scope of t h i s  program t o  devise  c o r r e c t i o n  

23 



procedures f o r  c a l i b r a t i o n s  under these  condi t ions .  Conse- 

quen t ly ,  i t  i s  e s s e n t i a l  t o  e s t a b l i s h  the  frequency a t  which 

t h e s e  e f f e c t s  occur and i f  poss ib le  t o  de lay  the  onset  of 

cross-mode production. 

An experiment was devised t o  explore  the  sound f i e l d  

i n  a c r o s s - s e c t i o n  of t he  1 / 4  i n .  diameter tube.  A mechanical 

t r a v e r s i n g  system was constructed so t h a t  a microphone would 

accura te ly  measure the  sound f i e l d  ac ross  t h e  end of t he  tube.  

This  w a s  accomplished by cons t ruc t ing  a t h i n  metal  p l a t e  i n  

which a 0.015 in .  ho le  was d r i l l e d .  This p l a t e  was in te rposed  

between the  tube end and the  microphone and by t r a v e r s i n g  t h i s  

p l a t e  ac ross  t h e  tube diameter t h e  sound pressure  l e v e l  was 

sampled a t  p o s i t i o n s  across  the tube. 

The sound pressure  level was determined across  two 

mutually perpendicular  diameters a t  t he  end of t h e  1 /4  i n .  

tube a t  a given frequency. I n  Fig.  I O J  t h e  range of t h e  maxi- 

mum v a r i a t i o n  i n  the  sound pressure l e v e l s  i n  the  c ros s - sec t ion  

of t h e  tube i s  shown. The da ta  i n d i c a t e s  t h a t  cross-mode 

e f f e c t s  a r e  p re sen t  even a t  f requencies  below 16  k c / s ,  but  t h e  

e f f e c t s  a r e  small  i n  t h i s  region. Above 20 k c / s ,  t h e  e f f e c t s  

a r e  very  pronounced, and the fol lowing s t e p s  were taken t o  

delay the  onse t  of cross-mode production. 

of sound i n  helium gas i s  approximately t h r e e  t i m e s  g r e a t e r  

than t h a t  i n  a i r ,  cross-mode product ion i n  t h e  c a v i t y  f i l l e d  

with helium should n o t  occur below f requencies  i n  t h e  approxi- 

mate range 40 t o  55 kc/s .  The previous experiments were 

Since t h e  v e l o c i t y  
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repea ted  with the  1/4 i n .  tube f i l l e d  with helium. It w a s  

found t h a t  t h e  v a r i a t i o n s  i n  sound pressure  l e v e l  across  t h e  

tube were minimal and a t  a frequency of 60 kc /s  were only 

- + 1 db. Consequently, i t  i s  necessary t h a t  when accura t e  cal- 

i b r a t i o n s  are requi red ,  helium must be s u b s t i t u t e d  f o r  a i r  a t  

f requencies  above 16 kc / s ,  i . e . ,  whenever t h e  S t .  C l a i r  gener- 

a t o r s  are used i n  the  system. 

It may be noted t h a t  t h e s e  experiments were conducted 

a t  low sound pressure  l e v e l s  us ing  a horn-dr iver  u n i t .  When 

helium w a s  s u b s t i t u t e d  f o r  a i r ,  t h e  generated sound pressure  

l e v e l s  were reduced, as shown i n  F ig .  11. It was no t  es tab-  

l i s h e d  whether the same e f f e c t  would be observed using the  

S t .  Clair genera tor  devices .  

I n  conclusion,  i t  i s  a n t i c i p a t e d  t h a t  success fu l  ca l -  

i b r a t i o n  can be achieved using this  c a v i t y  f i l l e d  with a i r  t o  

1 6  k c / s  and t o  t h e  requi red  40 kc/s  when f i l l e d  wi th  helium. 

The f i r s t  conclusion i s  supported by c a l i b r a t i o n  tests repor ted  

i n  Sec t ion  V. 
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111. OPTICAL SYSTEM 

Using one of the acoustic generators described in the 

previous chapter, an acoustic signal may be produced in the 

resonance tube containing the transducer requiring calibration. 

Determination of the sound pressure level of this acoustic sig- 

nal is accomplished through measurement of the associated den- 

sity changes in the air medium using an optical interferometer. 

The choice of interferometer was between the multiple-beam 

type of interferometer such as the Fabry-Perot and the double- 

beam interferometer such as the Michelson. 

The interferometer is required to measure a wide range 

of density changes corresponding to peak fringe order changes 

between 0.07 and 2 . 3  for a double pass across the diameter of 

the given acoustic cavity. This range of fringe excursions 

indicates that the double-beam type of interferometer would 

be ideal; consequently, the Michelson interferometer was chosen 

for its simplicity of construction and ease of operation. 

light source was chosen to be a helium neon laser system. 

The optical-acoustical assembly is shown in Figs. 12, 

The 

1 3 ,  14, and 15. Figures 13 and 14 are 1 / 4  size, and Fig. 15 

of the interferometer is 1 / 2  size. 

on an aluminum base plate 1 x 14 x 30 in., chosen for its 

large mass and stiffness. The interferometer is suspended 

from an overhead yoke to provide the necessary clearances, 

and to isolate the interferometer base from flexure in the large 

All components were mounted 
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base p l a t e .  A guard p l a t e  i s  loca ted  d i r e c t l y  beneath t h e  

in t e r f e romete r  t o  p r o t e c t  i t  from damage during t h e  process 

of  in te rchanging  the  acous t ic  gene ra to r s ,  e t c .  The t e s t  c e l l  

i s  clamped i n  a second yoke in  order  t o  l o c a t e  the  c e l l  wi th  

r e s p e c t  t o  t h e  in te r fe rometer  without d i r e c t  attachment t o  

t h e  in t e r f e romete r  base.  This yoke i s  mounted i n  rubber grom- 

m e t s  on widely spaced cen te r s  f o r  v i b r a t i o n  i s o l a t i o n  wi th  

minimum angular  displacements 

while  d r i v e r s  a r e  interchanged. A l l  components a r e  mounted 

above the base p l a t e  on s u i t a b l y  t a l l  columns i n  order  t o  pre- 

v e n t  accumulation of hea t  f r o m  t h e  laser beneath the  base p l a t e  

and consequent expansion of the  in t e r f e romete r  base.  The f r o n t  

l e g  of t h e  l a s e r  i s  slot-mounted f o r  d i f f e r e n t i a l  expansion 

between t h e  l a s e r  housing and base p l a t e .  The a c o u s t i c a l  

d r i v e r s  a r e  suspended through a hole  i n  t h e  base p l a t e  by 

means of t h r e e  grommet-mounted threaded 1 / 2  i n .  rods and a 

p l a t  form. 

The c e l l  w i l l  remain clamped 

The o p t i c a l  paths  i n  t h e  in t e r f e romete r  a r e  shown i n  

F ig .  15, as seen from the  underside i n  t h e  opera t ing  p o s i t i o n .  

The lower beam e n t e r s  t h e  in te r fe rometer  through a 1 mm. aper- 

t u r e  A l .  

c e n t  and r e f l e c t s  9 percent  of t h e  inc iden t  beam, which i s  

plane-polar ized perpendicular t o  t h e  plane of incidence.  The 

t r ansmi t t ed  po r t ion  t r ave r ses  t h e  acous t i c  c e l l  C ,  i s  r e f l e c t e d  

back through t h e  c e l l ,  and f i n a l l y  9 percent  i s  r e f l e c t e d  by 

t h e  beam s p l i t t e r  t o  t h e  d e t e c t o r  D. The second beam t r a v e r s e s  

The beam s p l i t t e r  S t r ansmi t s  approximately 9 1  per- 
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a s i m i l a r  pa th  but makes an a d d i t i o n a l  two t ransmissions through 

t h e  beam s p l i t t e r .  

t h e r e f o r e ,  i s  s l i g h t l y  l e s s  than t h a t  of t h e  f i r s t  beam. Con- 

sequent ly ,  complete e x t i n c t i o n  of t h e  two i n t e r f e r i n g  beams i s  

not poss ib l e .  The f i n a l  i n t e n s i t y  of each of t h e  beams a t  t h e  

d e t e c t o r  i s  approximately 5.5 percent  of t h e  inc iden t  i n t e n s i t y .  

The t o t a l  i n t e n s i t y  on t h e  d e t e c t o r ,  then,  v a r i e s  from near  ex- 

t i n c t i o n  t o  22 percent  of the inc iden t  beam according t o  t h e  

p a t h  d i f f e r e n c e  between the two beams of  t he  in t e r f e romete r .  

The i n t e n s i t y  of t h i s  beam a t  the  d e t e c t o r ,  

The l a s e r  beam i s  1 . 6  mm. i n  diameter a t  t h e  laser 

semi - re f l ec t ing  mi r ro r .  The diameter i s  reduced t o  1 mm. by 

t h e  de f in ing  a p e r t u r e  A l ,  r i g i d l y  pinned t o  t h e  in t e r f e romete r  

base.  Aperture A 2  re jects  the unwanted f r o n t  r e f l e c t i o n  from 

t h e  beam s p l i t t e r ,  and a l s o  weak mul t ip l e  r e f l e c t i o n s .  Aper- 

t u r e  A3 performs a s i m i l a r  func t ion  f o r  the beam from M1, as 

we l l  as e l imina t ing  mul t ip ly  r e f l e c t e d  components from both 

beams upon reunion a t  S .  The g l a s s  p l a t e s  B 1  and B2 approxi- 

mately compensate f o r  t h e  change i n  t o t a l  o p t i c a l  pa th  length  

introduced by the  c e l l  windows. 

by means of  a knurled knob through a small  angle  near normal 

incidence provides a means of adjustment of t h e  mean phase 

d i f f e r e n c e ,  t h e  o p t i c a l  b i a s  po in t .  Div is ion  of B i n t o  two 

p l a t e s  keeps t h e  number o f  g l a s s - a i r  i n t e r f a c e s  equal  f o r  

minimum i n t e n s i t y  a t  e x t i n c t i o n ,  and a l s o  permits  u se  of a 

th inne r  p l a t e  a t  B2 t o  make the  angular  adjustment less c r i t i -  

c a l  t o  t h e  touch. 

Rota t ion  o f  compensator B2 
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The mir rors  a r e  se t  t o  r e f l e c t  s l i g h t l y  away from nor- 

mal incidence i n  order  no t  t o  r e t u r n  l i g h t  through A 1  t o  t h e  

l a s e r  e x i t  mir ror .  Since t h i s  mir ror  i s  accu ra t e ly  perpendi- 

c u l a r  t o  t h e  beam, i t  would form a s e t  of s a t e l l i t e  interferom- 

e ters  wi th  M 1  and M 2  r e s u l t i n g  i n  complexi t ies  of adjustment 

and i n t e r p r e t a t i o n .  The large component re turned  by M 1  through 

S f a l l s  h o r i z o n t a l l y  ad jacent  t o  t h e  1 mm. ape r tu re  A l .  A 

weaker beam from M2 i s  a l s o  in t e rcep ted  a t  exac t ly  the  same 

po in t .  The ape r tu re  A2 i s  overs ize  i n  order  t o  t r ansmi t  bo th  

t h e  inc iden t  and r e f l e c t e d  beams of M 2 .  A3 i s  s l i g h t l y  over 

s i z e .  

The pressure  c e l l  C and t h e  p l a t e  B 1  a r e  mounted n o t  

q u i t e  perpendicular  t o  t h e  t r a v e r s i n g  beams i n  order  t o  devi- 

a t e  secondary r e f l e c t i o n s  away from A 3 .  

Mirror M 1  can be t i l t e d  very s l i g h t l y  about a horizon- 

t a l  a x i s  behind and below i t s  c e n t e r  by the  screw H,  which 

bends t h e  p l a t e  t o  which M 1  i s  cemented. This p l a t e  i s  mounted 

t o  a pedes t a l  by means of t h r e e  in te rvening  s t ee l  b a l l s  i n  

c y l i n d r i c a l  socke ts  deformed by pressure  i n t o  s p h e r i c a l  con- 

t a c t s  f o r  smooth angular  displacement of t he  mi r ro r .  A s i m i -  

lar  f i n e  adjustment of M2 about a v e r t i c a l  a x i s  i s  provided by 

V .  The deformable p l a t e s  a re  t h i c k  and s h o r t  s o  t h a t  t h e  fo rces  

r equ i r ed  t o  tilt t h e  mir ror  s i g n i f i c a n t l y  a r e  l a r g e  i n  compari- 

son t o  extraneous v i b r a t i o n a l  fo rces  introduced through t h e  

base p l a t e .  
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Opt ica l  In te r fe rometer  Theory 

For t h e  MichePson typz of in te r fe rerne ts r ,  the f r i n g e  

system i s  such t h a t  

i s  t h e  condi t ion  f o r  t h e  production of b r i g h t  f r i n g e s ,  i , e ,  

both o p t i c a l  beams combine i n  phase, In t h i s  express ion ,  

2 Ij-d and 
1 2 

pd a r e  t h e  t o t a l  o p t i c a l  pa th  Psngths of beams 

1 and 2 r e s p e c t i v e l y ,  A i s  the wavelength of th2 electromag- 

n e t i c  r a d i a t i o n ,  and m i s  the f r i n g e  o rde r ,  

i n  the  proposed s y s t e m  i s  the r e f r a c t i v e  index of t h e  gas i n  

t h e  a c o u s t i c  c a v i t y ,  

which t h e  two beams t r a v e l  remain cons tan t  elsewhere,  Ccnse- 

quent ly ,  we may rewrite E q .  11) i n  the form 

The o n l y  v a r i a b l e  

Refrac t ive  ind ices  and d i s t ances  through 

where A b  r e p r e s e n t s  a change i n  r e f r a c t i v e  index i n  t h e  gas i n  

t h e  a c o u s t i c  c a v i t y ,  d the  toaral o p t i c a l  pa th  l eng th  i n  the 

c a v i t y ,  and Am t h e  change i n  frirrge o rde r  a s soc ia t ed  wi th  the  

r e f r a c t i v e  inSex change Ap. 

The r e f r a c t i v e  index of a gas may be r e l a t e d  to t h e  

d e n s i t y  of t h e  gas by t h e  Gladstone-Dale cons tan t  (Ref, 4 ,  

Pa 7 )  

cons tan t  = r $ -  1 

P 
.-*--= 
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which i s  a good approximation f o r  gases t o  the  Lorenz-Lorentz 

func t ion  (Ref, 4 ,  p. 8)  

- 1) 2 1.5 ( v  

I f  we allow p t o  change by an increment A~J. and al low p t o  

change correspondingly by an increment Sp then  from E q ,  ( 3 )  

o r  

A p  = r A p  ( 6 )  

Equation (6 )  enables  us  t o  r e l a t e  changes i n  r e f r a c t i v e  index 

w i t h  changes i n  dens i ty ,  Now w e  can combine E q s ,  ( 2 )  and ( 6 )  

t o  o b t a i n  t h e  r e l a t i o n s h i p  between t h e  change i n  the  d e n s i t y  

of t h e  gas i n  t h e  acous t i c  cav i ty  and the corresponding change 

i n  t h e  f r i n g e  o rde r  assoc ia ted  with t h e  dens i ty  change. Thus 

We must now r e l a t e  the  change of d e n s i t y  of  a gas wi th  change 

of pressure .  

For a gas ,  assuming a d i a b a t i c  cond i t ions ,  we have 

p = kpy (8 1 

Thus incremental  changes i n  pressure  and d e n s i t y  a r e  r e l a t e d  

by 

LIP = y& 
P P 
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Combining E q s .  (7)  and (9)  we have 

This equat ion i s  t h e  b a s i s  f o r  t he  determinat ion of 

p re s su re  change by measuring t h e  a s soc ia t ed  f r i n g e  order  change 

i n  an  i n t e r f e r o m e t r i c  device.  However, t h e  value of t h e  con- 

s t a n t  r must f i r s t  be evaluated.  This may be achieved, by 

r e t u r n i n g  t o  E q .  ( 3 ) ,  from knowledge of t he  r e f r a c t i v e  index 

and d e n s i t y  of t h e  given medium under some s tandard cond i t ions .  

We chose t h e  medium t o  be air  and the  condi t ions  t o  be 15°C 

and 760 mm. of mercury pressure .  

The r e f r a c t i v e  index o f  a i r  under these  condi t ions  can 

be c a l c u l a t e d  from t h e  Cauchy d i s p e r s i o n  formula (Ref. 5 )  

01) 12.288 + 0.3555 
2 

(p-1) l o 7  = 2726.43 + 
X x X 4  x 

Using t h e  va lue  of h = 6328 A" f o r  t h e  helium neon gas  l a s e r  

wavelength, we f ind  

(p-1) = 2.759 x (12) 

Reference 5 gives  t h e  dens i ty  of a i r  a t  0°C and 760 mm. of 

mercury pressure  equal  t o  1.2929 x 10 - 3  gm/cm 3 Corrected t o  
3 15OC i t s  va lue  i s  1.2256 x gm/cm 

Thus t h e  va lue  of r ,  us ing  t h e  above va lues  f o r  X and 

p i s  0.22511. 

i n  t h e  acous t i c  c a v i t y ,  is  equal t o  twice t h e  d i s t a n c e  between 

The va lue  of  d ,  t he  t o t a l  o p t i c a l  pa th  l eng th  
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t h e  inner  su r faces  of t h e  windows i n  the  c a v i t y  (because the  

o p t i c a l  beam t r a v e r s e s  the  cav i ty  tw ice ) ,  

1.3208 c m .  f o r  t he  given system. 

The va lue  f o r  d i s  

Using the  fol lowing values  f o r  the  parameters of 

E q .  (10) 

r = 0,22511 

p = 1.01325 x 10 6 dynes/cm 2 (760 mm. of mercury) 
p = 1.2256 x gm/cm 3 

y = 1.403 

X = 6.328 x cm. 

d = 1.3208 cm. 

w e  have 

(13) 4.0509 x Ap = Am 

This equat ion  i s  v a l i d  f o r  a i r  behaving i n  an a d i a b a t i c  

manner and forms t h e  b a s i s  fo r  t h e  measurement of pressure  by 

the  measurement of t h e  a s soc ia t ed  f r i n g e  o rde r  change i n  t h e  

given i n t e r f e r o m e t r i c  device.  I n  p r a c t i c e ,  E q .  (13) i s  u t i l -  

i zed  i n  the  fol lowing manner. 

An appl ied  a c o u s t i c  pressure  of R.M.S. amplitude p 
2 dynes/cm 

s i n u s o i d a l .  

t o  t h e  va lue  of Ap i n  E q .  (13) because, i n  t h e  proposed method 

of i n t e r f e r o m e t r i c  s i g n a l  i n t e r p r e t a t i o n ,  it i s  the  peak t o  

peak f r i n g e  order  change which can convenient ly  be determined. 

Thus, r e w r i t i n g  E q .  (13), we have 

has  a peak t o  peak va lue  of  2 m  p i f  t he  s i g n a l  i s  

This peak t o  peak pressure  amplitude corresponds 
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1.1456 x p = Am (14) 

where Am i s  now considered t o  be the  peak t o  peak f r i n g e  order  

change and p i s  t h e  R.M.S. pressure amplitude of  t he  appl ied  

a c o u s t i c  s i g n a l .  The va lue  of t h i s  pressure  a s  a sound pres- 

s u r e  level i s  

P = 20 loglo [p/2 x 10-41 db 

Figure 16  i l l u s t r a t e s  the  r e l a t i o n s h i p  between the  

peak t o  peak f r i n g e  o rde r  change Am and t h e  sound pressure  

l e v e l  P db. This curve is  obtained us ing  Eqs. (14) and (IS). 

I f  t h e  in te r fe rometer  i s  operated with the  a i r  medium 

i n  t h e  c a v i t y  a t  p ressures  o ther  than atmospheric,  Eqs. (13) 

and (14) and consequently the curve i n  Fig.  1 6  are s t i l l  v a l i d .  

However, i f  t he  a i r  medium i s  rep laced  by another  gas such as 

helium, these  equat ions must be modified using d i f f e r e n t  va lues  

f o r  t h e  parameters of Eq. (10 ) .  

Reference 5 g ives  the va lue  of (p-1) f o r  helium (under 

atmospheric cond i t ions )  a s  3.6 x 

L i t e r a t u r e  searches have n o t  revealed a va lue  corresponding 

t o  t h e  helium-neon gas l a s e r  wavelength. Using t h i s  a l t e r n a -  

t i v e  va lue  an e r r o r  of 1 o r  2 percent  i s  a n t i c i p a t e d .  Refer- 

ence 5 g ives  a va lue  o f  1 .66  f o r  y f o r  helium and thus  re-evalu- 

a t i n g  Eq. (10)  f o r  helium gives 

f o r  t h e  sodium D l i n e .  

(16) 1.263 x p = Am 
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Figure 16 i l l u s t r a t e s  t h e  r e l a t i o n s h i p  between the  

peak t o  peak f r i n g e  order  change Am and the  sound pressure  

level P db f o r  helium us ing  Eqs. (15) and ( 1 6 ) .  

C a l i b r a t i o n  Technique 

Michelson in t e r f e romet r i c  f r i n g e s  have a cos ine  squared 

i n t e n s i t y  d i s t r i b u t i o n  as shown i n  F ig .  1 7 .  A po r t ion  of t he  

i n t e n s i t y  i s  shown f o r  a t y p i c a l  s e r i e s  of f r i n g e s  of order  

--- m y  m + 1, --- where m i s  an i n t e g e r .  I n  t h e  suggested use 

of t h e  c a l i b r a t i o n  device ,  an o p t i c a l  compensator i s  provided 

s o  t h a t  i n i t i a l l y ,  before  any a c o u s t i c  s i g n a l  i s  appl ied  t o  

the  a c o u s t i c  c a v i t y ,  t h e  photodiode d e t e c t o r  observes t h e  

f r i n g e  system a t  t h e  p o i n t  X whose o rde r  mx i s  such that 

m + 1/4  i s  an i n t e g e r ,  n. The po in t  X i s  chosen f o r  conven- 

ience  i n  s i g n a l  i n t e r p r e t a t i o n ,  though t h e  compensator enables  

any po in t  on t h e  f r i n g e  system t o  be obtained.  A t  X ,  t h e  ob- 

served i n t e n s i t y  i s  t h e  mean of  t h e  maximum and the  minimum 

i n t e n s i t i e s  of  t h e  f r i n g e s ,  s i n c e  the  po in t  X l i es  exac t ly  

one-quarter  of an o rde r  from an i n t e n s i t y  maximum and one- 

q u a r t e r  of an o rde r  from an  i n t e n s i t y  minimum. The reasons 

f o r  t h i s  choice of  r e fe rence  p o i n t  X become obvious i n  the  

fol lowing d iscuss ion .  

X 

L e t  t h e  p re s su re  i n  the  c a v i t y  be changed by an amount 

+ Ap/2, producing a f r i n g e  i n t e n s i t y  change from t h a t  a t  loca- 

t i o n  X t o  t h a t  a t  B i n  F ig .  17. A l t e r n a t i v e l y ,  i f  t h e  pressure  
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2 cos m r  I = Imax 
t 
l. - - -  max (1 + cos 2mr) 

2 

\ A  

I 
I 
I 
I 

I I 
I 

m 
Fringe Order 

<-Am- 

X Fringe o rde r  re ference  loca t ion  
B 
A 
Am Peak t o  peak f r i n g e  order change 

Change i n  f r i n g e  o rde r  f o r  pressure  change +Ap/2 
Change i n  f r i n g e  order  for  pressure  ‘change -Ap/2 

U 

Afte r  Processing 

Fig.  1 7 .  I n t e n s i t y  D i s t r i b u t i o n  of Fringe System and 
Detector  Output S igna ls  Before and Af te r  
Processing. 
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i n  t h e  .cavi ty  is  changed by an amount -Ap/2, t h i s  would produce 

a f r i n g e  i n t e n s i t y  change from t h a t  a t  l o c a t i o n  X t o  t h a t  a t  A .  

I f  t h e s e  two pressure  extremes a r e  achieved a l t e r n a t e l y  by 

applying an acous t i c  pressure s i g n a l  of amplitude Ap/2 a t  a 

frequency f ,  i t  i s  r e a d i l y  seen that  t h e  photodiode d e t e c t o r  

w i l l  observe t h e  i n t e n s i t y  d i s t r i b u t i o n  over t h e  reg ion  AXB 

on t h e  i n t e n s i t y  d i s t r i b u t i o n  curve and w i l l  cyc l e  t h i s  curve 

AXB a t  the  same frequency f .  

change Am, corresponding t o  the  peak t o  peak pressure  change 

Ap, w i l l  be given by Eq. ( 1 3 ) .  Consequently, i f  t h e  peak t o  

peak f r i n g e  o rde r  change (Am) can be determined by in spec t ion  

of t he  photodiode d e t e c t o r  output ,  the sound pressure  l e v e l  i n  

t h e  cavity can be determined. 

The peak t o  peak f r i n g e  order  

Figure 1 7  a l s o  shows t y p i c a l  d e t e c t o r  ou tput  s i g n a l s  

as func t ions  of time f o r  d i f f e r e n t  va lues  of sound p res su re  

l e v e l  i n  t h e  cavi ty .  

levels t h e  d e t e c t o r  output  c lose ly  resembles a s i n u s o i d a l  wave, 

bu t  a s  t h e  sound pressure  l eve l s  i nc rease  so  t h e  output  s i g n a l  

degenerates  from a s inuso ida l  wave form. 

in spec t ion  of t h i s  output  waveform on an  osc i l l o scope  t o  de t e r -  

mine t h e  peak t o  peak f r i n g e  order  change, because ambigui t ies  

i n  s i g n a l  i n t e r p r e t a t i o n  a r e  poss ib l e .  However, i n spec t ion  

of  t h e  d e t e c t o r  output  s i g n a l  as a func t ion  of t i m e  gives  an 

i n d i c a t i o n  of  one poss ib l e  method of s i g n a l  i n t e r p r e t a t i o n .  

Since t h e  f r i n g e  i n t e n s i t y  follows a cosine squared d i s t r i b u -  

t i o n ,  we may w r i t e  

It can be seen  a t  low sound pressure  

It i s  d i f f i c u l t  by 
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Thus, when m i s  an i n t e g e r ,  I = Imax, and when (m + 1/2)  i s  an 

i n t e g e r ,  I = 0. 

Maintaining t h e  same re fe rence  po in t  X on t h e  f r i n g e  

s y s t e m ,  the order  mx a t  the l o c a t i o n  i s  such t h a t  mx + 1/4 i s  

an i n t e g e r ,  n. I f  now an acous t ic  pressure  i s  appl ied  t o  the 

c a v i t y  fol lowing a s inuso ida l  t i m e  dependence, then  t h e  cor- 

responding f r i n g e  order  change w i l l  a l s o  fol low a s i n u s o i d a l  

t i m e  dependence. Thus we have 
1 

p ( t )  = AP s i n  c u t  
2 

t 
Am m ( t )  = - s i n  u t  
2 

J 
where 

Ap = peak t o  peak acous t i c  pressure  

Am = peak t o  peak f r i n g e  o rde r  change. 

Both s i g n a l s  p ( t )  and m ( t )  w i l l  be i n  phase because the pres- 

s u r e  changes i n  t h e  c a v i t y  produce ins tan taneous  changes i n  

t h e  f r i n g e  system. 

observed by the d e t e c t o r  as I ( t ) .  

We denote t h e  time-dependent i n t e n s i t y  

Thus 

I ( t )  = - Imax [ I  + cos 2 (mx + m ( t ) )  TTT) 
2 
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But, s i n c e  mx -t 1/4  = n (an i n t e g e r ) ,  

cos 2 m x r  = 0 and s i n  2mx.rr = -1 

I 
I 
1 
I 
I 
t 
8 
8 
8 
8 
8 
I 
8 

8 
t 
8 
1 
8 

8 where 

I - -  - m a ~  [ I  + s i n  ( ~ a  s i n  u t )  I 
2 2 

Equation (22)  i l l u s t r a t e s  t h e  complex na tu re  of t he  

t i m e  dependence of t h e  i n t e n s i t y  observed by the  d e t e c t o r .  

However, i f  t he  s i g n a l  I(t) i s  appl ied  t o  the  Y-plates 

of an  osc i l l o scope  and a s i g n a l  S ( t )  i s  app l i ed  simultaneously 

t o  t h e  X-plates ,  where S ( t )  = S s i n  u t ,  t he  r e s u l t a n t  t r a c e  

w i l l  have t h e  form of a s e c t i o n  of s i n e  curve and w i l l  repre-  

s e n t  the a c t u a l  f r i n g e  order  excursion.  The explana t ion  fol lows:  

I ( t )  may be re-expressed i n  the form 

2 

Am 

2s 
-e = 2 n -  

If we neglec,  t h e  steady D . C .  component of t h L s  s i g n a l ,  

t h e  A . C .  s i g n a l  remaining i s  
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I f  th is  s i g n a l  i s  applied t o  t h e  Y-plates while simul- 

taneously S ( t )  i s  appl ied  t o  t h e  X-pla tes ,  t he  r e s u l t a n t  t r a c e  

must be a s e c t i o n  of a s i n e  curve because the  s i g n a l  appl ied  

t o  t h e  Y-plates  is  propor t iona l  t o  t h e  s i n e  of the  func t ion  

e - S ( t ) ,  where is a cons tan t ,  independent of t ime, def ined 

previous ly .  The r e s u l t a n t  t r a c e  corresponds t o  the  curve AXB 

of  t h e  cos ine  squared d i s t r i b u t i o n  shown i n  Fig.  17 .  If  t he  

form of this  d i s t r i b u t i o n  i s  re-expressed,  a s  i n  Eq. ( 1 7 ) ,  in- 

t o  a cos ine  curve,  i t  can be demonstrated t h a t  both t h e  o s c i l l o -  

scope t r a c e  and t h e  curve AXB a r e  i d e n t i c a l  s e c t i o n s  of a com- 

p l e t e  s i n e  o r  cos ine  wave. Consequently, t h e  osc i l l o scope  

trace r e p r e s e n t s  t h e  a c t u a l  f r i n g e  order  excursion and enables  

de te rmina t ion  of  i t s  va lue  t o  be made e a s i l y  and accu ra t e ly .  

Figure 1 7  shows a t y p i c a l  photodiode d e t e c t o r  output  

d i sp layed  as a func t ion  of t i m e  and then  processed i n  t h e  man- 

ner  descr ibed above. It can be seen t h a t  with t h i s  processing 

method the  peak t o  peak f r inge  order  change Am can be r e a d i l y  

observed. 

To determine q u a n t i t a t i v e l y  t h e  va lue  of Am, t h e  follow- 

ing  two methods a r e  suggested. 

Method 1 

( a )  Determine us ing  i l l u s t r a t i o n s  a through e i n  

Fig.  18 the  approximate va lue  of  Am by com- 

par i son  wi th  scope t r a c e .  
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(b)  Determine the  v e r t i c a l  s epa ra t ion  o f  the  end 

po in t s  of t he  t r ace  x ,  shown i n  F ig ,  18. 

Then, f o r  the  va lue  of x / y ,  the exac t  value of Am can be taken 

from t h e  graph shown i n  Fig.  18 by s e l e c t i n g  the  va lue  i n  t h e  

a x r e c t  Am range. This graph was obtained by eva lua t ing  E q .  ( 1 7 ) .  

The va lue  of y ,  t h e  f r i n g e  i n t e n s i t y  peak t o  peak range, i s  

determined p r i o r  t o  c a l i b r a t i o n  by r o t a t i n g  t h e  o p t i c a l  com- 

pensa tor  and observing t h e  peak t o  peak s i g n a l  output  while 

sweeping through t h e  f r i n g e  system. It is  important t h a t  t h e  

compensator remain i n  t h i s  sweep range when c a l i b r a t i o n  i s  

attempted because t h e  f r i n g e  peak t o  peak s i g n a l  output  i s  a 

func t ion  of t he  o p t i c a l  beam's i nc iden t  angle  t o  t h e  compensator. 

Method 2 

An a l t e r n a t i v e  method of determining Am, which can only 

be app l i ed  a t  high acous t i c  l e v e l s ,  c o n s i s t s  of comparing the  

h o r i z o n t a l  s epa ra t ion  z (see F i g .  18) of t he  end-points of t he  

processed s i g n a l  t o  t h e  ho r i zon ta l  s e p a r a t i o n  between e i t h e r  

ad jacen t  minima and maxima or adjustment maxima (o r  minima). 

The sepa ra t ion  between adjacent  minima and maxima corresponds 

t o  4 Am of 1 / 2  and, between adjacent  maxima (o r  minima), of 1. 

Figure 16  shows t h e  sound pressure  l e v e l  i n  the  acous- 

t i c  c a v i t y  given the  value of Am c a l c u l a t e d  a s  shown above. 

This  w a s  p l o t t e d  from E q .  ( 1 6 ) .  

I n  the  previous d iscuss ion  of s i g n a l  a n a l y s i s ,  the use  

was made of a s i g n a l  S ( t ) .  This s i g n a l  could be suppl ied  
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through sampling the  e l e c t r i c a l  input  t o  t h e  acous t i c  gener- 

a t o r .  Because i t  i s  necessary i n  the  a n a l y s i s  t h a t  p ( t >  and 

S ( t )  are i n  phase, a phase adjustment may be requi red  i n  t h e  

e l e c t r i c a l  s i g n a l  t o  ensure a c o r r e c t  phase r e l a t i o n s h i p  and 

t o  enable  a s e c t i o n  of a s ine  curve t r a c e  t o  be obtained. 

However, problems i n  s i g n a l  i n t e r p r e t a t i o n  could s t i l l  

be encountered., 

duced i n  t h e  c a v i t y ,  using an acous t i c  genera tor  suppl ied with 

s i n u s o i d a l  i npu t ,  behaves i n  a nonl inear  manner, then t h e  assump- 

t i o n  t h a t  p ( t )  = (Ap/2) s i n  at w i l l  not  be c o r r e c t .  Four ie r  

a n a l y s i s  would show t h a t  p ( t >  has many components which a r e  

For example, i f  t h e  acous t i c  pressure  pro- 

harmonics of  t h e  fundamental frequency. 

would not  be propor t iona l  t o  s i n  c u t  a s  assumed i n  E q .  

and t h e r e f o r e  t h e  A.C.  component of I ( t )  would not  be propor- 

t i o n a l  t o  s i n e o S ( t )  a s  given by E q .  ( 2 4 ) .  

Consequently, m(t)  

(18), 

Consequently, d i sp lay ing  t h e  A . C ,  component of  I ( t )  on 

the  Y-plates  and S ( t )  on the  X-plates would no t  produce a sec- 

t i o n  o f  a s i n e  curve,  but  ins tead  a very complex t r a c e  whose 

i n t e r p r e t a t i o n  may not  be poss ib le .  

It i s  the re fo re  suggested t h a t ,  i n s t e a d  of using the  

e l e c t r i c a l  i npu t  s i g n a l  t o  the generator  as the  processing s ig-  

n a l  S ( t ) ,  t he  e l e c t r i c a l  output s i g n a l  V ( t >  from the unknown 

t ransducer  be u t i l i z e d .  

t he  t ransducer  output  V( t )  w i l l  be of i d e n t i c a l  form as p ( t ) .  

I f  the t ransducer  i s  an i d e a l  device ,  

Consequently, E q ,  ( 2 4 )  w i l l  s t i l l  be v a l i d  i f  w e  re -  

Then, maintaining the  normal processing p lace  S ( t )  by V ( t ) ,  
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method, i . e . ,  applying the  A . C .  component of I ( t )  t o  the  Y- 

p l a t e s  and V ( t )  t o  t he  X-plates,  a s e c t i o n  of a 

w i l l  aga in  be produced as an osc i l l o scope  t r a c e  

r e c t  phasing of t h e  two s igna l s  i n  s p i t e  of the  

i n  a c o u s t i c  s i g n a l .  

I f  t he  t ransducer  output V ( t )  i s  not  of 

s i n e  curve 

assuming cor- 

n o n l i n e a r i t y  

i d e n t i c a l  form 

as p ( t ) ,  then  t h i s  method of s i g n a l  processing breaks down 

because of the  complex osc i l loscope  t r a c e  which i s  produced. 

However, i n  t h i s  ca se ,  i t  i s  ques t ionable  whether any at tempt  

t o  c a l i b r a t e  t h e  t ransducer  would be worthwhile. The f a c t  

t h a t  V ( t )  and p ( t )  a r e  not  i d e n t i c a l  implies  t h a t  t he  t r ans -  

ducer i s  no t  opera t ing  s a t i s f a c t o r i l y .  

t h e  following condi t ions  must e x i s t :  

E i t h e r  one o r  both of 

(1) The dynamic range of t h e  t ransducer  has been 

exceeded, leading t o  s i g n a l  d i s t o r t i o n .  

(2 )  The frequency response of t he  t ransducer  i s  

not  uniform t o  s u f f i c i e n t l y  high frequencies  

t o  accommodate a l l  harmonic components of t he  

s i g n a l ,  i f  it i s  a t  a l l  nonl inear .  

I f  i t  i s  found t h a t  when t h e  acous t i c  s i g n a l  l e v e l  i s  

reduced (but s t i l l  behaves nonl inear ly)  t he  processing method 

does enable  a s e c t i o n  of a s ine  curve t o  be produced, i t  can 

be assumed t h a t  t h e  o r i g i n a l  d i f f i c u l t i e s  i n  s i g n a l  processing 

were due t o  overloading o f  the t ransducer .  I f  no s i n e  wave 

p o r t i o n  i s  produced, i t  can be assumed t h a t  t he  frequency 
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response of the transducer is not good in the region of the 

harmonics of the acoustic signal. 

Thus, this signal-processing method enables a quick 

test to be made on the characteristics of the transducer. 

Phase information can be determined by comparison of 

the signal I(t) and V(t) on an oscilloscope, or, at low acous- 

tic signal levels, where I(t) has almost a sinusoidal form, 

using a phase meter. 
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V .  PERFORMANCE EVALUATION OF CALIBRATION DEVICE 

Upon completion of the f i n a l  working device ,  a small  

t e s t  program was undertaken t o  check i t s  performance. It was 

not  poss ib l e  i n  the  t i m e  a v a i l a b l e  t o  conduct an ex tens ive  

program as was d e s i r a b l e .  Consequently, c a l i b r a t i o n  checks 

were only made using a i r  i n  the  a c o u s t i c  c a v i t y  a t  atmospheric 

p re s su re .  These checks were conducted a t  s e l e c t e d  f requencies  

and i n t e n s i t i e s  a s  could be generated using only the  horn-dr iver  

u n i t s .  An a c o u s t i c  s i g n a l  was generated i n  the  acous t i c  c a v i t y  

and t h e  sound pressure  l e v e l  determined o p t i c a l l y .  This was 

checked a g a i n s t  t h e  l e v e l  ind ica ted  by a Bruel and Kjaer 1/4 i n .  

condenser microphone, Type 4 1 3 6 ,  loca ted  i n  t h e  p o s i t i o n  i n  t h e  

c a v i t y  normally occupied by the  t ransducer  r e q u i r i n g  c a l i b r a -  

t i o n .  The condenser microphone s e n s i t i v i t y  was determined a t  

t h e  t i m e  of t h e  tes ts  us ing  the Bruel and Kiaer Distonphone. 

Type 4220. T h i s  pistonphone s u p p l i e s  an acous t i c  c a l i b r a t i n g  

s i g n a l  accu ra t e  t o  - + 0.2 db a t  a s i n g l e  frequency of 250 c /s .  

The l e v e l s  i n  the  cav i ty  were determined o p t i c a l l y  us- 

ing  both methods of s i g n a l  eva lua t ion  descr ibed i n  Sec t ion  I V .  

Table I1 compares t h e  l e v e l s  determined o p t i c a l l y  wi th  those 

measured w i t h  t h e  1 /4  i n .  condenser microphone over t h e  f r e -  

quency range 520 c / s  t o  5 1  kc / s  a t  sound p res su re  l e v e l s  from 

144 t o  174 db. The dev ia t ion  between t h e  sound p res su re  l e v e l  

measured by the  microphone and that  determined us ing  t h e  i n t e r -  

ferometer  i s  shown i n  Fig.  1 9 .  Data f o r  method 1 and method 2 
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Frequency 
(kc/s 1 

0.52 

1.67 

3.90 

6.2 

10.0 

14.0 

l e - 5  

23.8 

48.5 

51.0 

TABLE I1 

SOUND PRESSURE LEVELS IN THE CAVITY MEASURED USING 
(a) THE INTERFEROMETRIC DEVICE AND 

(b) A MICROPHONE CALIBRATED WITH A PISTONPHONE 

SPL (Calibrated Microphone), in  db 

144 149 154 159 164 169 174 

Method 

1 

2 

1 

2 

1 

2 

1 

1 

1 

1 - 

1 

1 

1 

Symbols Used 
i n  Fig. 

SPL (Optical Interferometer) 
and Deviation, in  db 

SPL 143.8 148.6 154.7 158.8 162.4 
Dev. -0.2 -0.4 +0.7 -0.2 -1.6 

SPL 143.6 148.6 154.0 158.2 162.0 

SF'L 143.8 148.7 153.9 159.0 163.4 168.8 174.0 

SPL 143.6 148.8 153.6 159.0 163.8 168.4 173.0 

SPL 144.8 149.1 153.6 159.0 163.4 168.6 

SPL 145.0 148.8 153.6 158.7 163.6 168.4 
Dev. +1.0 -0.2 -0.4 -0.3 -0.4 -0.6 

SPL 143.2 148.6 153.8 159.2 163.8 
Dev. -0.8 -0.4 -0.2 +0.2 -0.2 

SPL 143.2 149.1 154.4 159.1 
Dev. -0.8 +0.1 +0.4 +0.1 

SPL 143.2 149.1 154.3 
Dev. -0.8 +0.1 +0.3 

SPL 143.2 148.7 
Dev. - U . 8  - U . 3  

SPL 142.6 
Dev. -1.4 

SPL 135.1 
Dev. -8.9 

SPL 134.4 
Dev. -9.6 

Dev. -0.4 -0.4 0 -0.8 -2.0 

Dev. -0.2 -0.3 - 0 . 1  0 -0.6 -0.2 0 

Dev. -0.4 -0.2 -0.4 0 -0.2 -0.6 -1.0 

Dev. +0.8 +0.1 -0.4 0 -0.6 -0.4 

0 0 0 
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in the Acoustic Cavity Measured with 
Precalibrated Microphone and Instrument. 
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has been averaged. 

to be independent of sound pressure level of the calibrating 

signal. The average deviations are less than 1 / 4  db. Individ- 

ual deviations are generally less than 1 / 2  db. However, it 

can be seen that large deviations are experienced above a fre- 

quency of approximately 24 kc / s .  

determinations described in Section 11. 

were made because the microphone’s specifications do not in- 

clude phase information. 

It can be seen that the deviations appear 

This agrees with cross-mode 

No phase comparisons 
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APPENDIX 4 

OPERATING MANUAL 

1. INSTRUMENT LOCATION 

Locate instrument on a l e v e l  su r f ace .  To prevent t r ans -  

mission of e x t e r n a l  v i b r a t i o n  t o  the  in t e r f e romete r ,  l o c a t e  

t h e  legs  of t h e  instrument on s o f t  rubber o r  polyurethane foam 

pads. Switch on laser. Ensure cover of i n t e r f e romete r  i s  cor- 

r e c t l y  pos i t ioned ,  so t h a t  the f u l l  ex t en t  of the l a s e r  beam 

e n t e r s  t he  instrument .  DO NOT LOOK DIRECTLY I N T O  LASER BEAM. 

- 

Connect photodiode d e t e c t o r  output cable  t o  input  of d e t e c t o r  

c o n t r o l .  

o sc i l l o scope .  

l e v e l  i n  the  photodiode d e t e c t o r  ou tput .  

til t h e  noise  l e v e l  i s  s u f f i c i e n t l y  reduced ( t o  approximately 

1 mV) t o  enable  accu ra t e  s i g n a l  determinat ion.  These ad jus t -  

ments should be made wi th  the b l ack  cover on the interferometer 

Switch on b i a s  vo l t age  and observe output  on an 

Undue v i b r a t i o n  w i l l  produce an excessive no i se  

Interchange pads un- 

and a l l  openings t o  t h e  in te r fe rometer  system blocked t o  pre- 

ven t  turbulence e f f e c t s  producing a d d i t i o n a l  no i se  level i n  

t h e  photodiode d e t e c t o r  output .  Switch o f f  l a s e r .  

2 .  OPTICAL ADJUSTMENT 

Under normal circumstances,  no adjustments t o  the  i n t e r -  

ferometer are requi red .  Proceed t o  S tep  3 .  Otherwise cont inue 

t h i s  s e c t i o n .  

A 1  



I '  
The fundamental condi t ions requi red  i n  the  adjustment 

procedures a r e  t h a t  t h e  reuni ted  beams be p a r a l l e l  and coin- 

c i d e n t .  

t h e  two f i n e  adjustments a r e  f o r  t h e  pa ra l l e l i sm.  Non-coin- 

c idence w i l l  r e s u l t  i n  i n t e r f e rence  only i n  the  a r e a  of over lap  

of  t h e  beams wi th  consequent reduct ion  i n  t h e  peak t o  peak s i g -  

n a l  output  of t h e  d e t e c t o r .  

The p a r a l l e l i s m  i s  more c r i t i c a l  than  the coincidence;  

The p a r a l l e l i s m  condi t ion  i s  met i f  (1) t h e  normals t o  

t h e  beam s p l i t t e r  and the  mirrors  a r e  co-p lanar ,  and (2 )  t h e  

mi r ro r  normals make equal  angles with t h e  beam s p l i t t e r  normal. 

Adjustment H pu ts  t h e  normal o f  M1 i n t o  the  plane def ined by 

S and M2; adjustment V s a t i s f i e s  t h e  angle  cond i t ion  ( see  

F ig .  15) .  

I f  the mi r ro r s  were normal t o  the  i n c i d e n t  beams, t h e  

e x i t  beams would now be co inc ident .  With t h e  small  d e v i a t i o n  

from normal incidence employed here ,  i t  i s  a d d i t i o n a l l y  re- 

qu i r ed  t h a t  t h e  pa th  lengths  between S and the  mir rors  be 

approximately equa l ,  

It i s  a l s o  no t  required f o r  p a r a l l e l  e x i t  beams t h a t  

t h e  input  beam from A 1  be i n  t h e  plane of the normals t o  t h e  

mi r ro r s  and beam s p l i t t e r ,  but aga in  a s m a l l  depar ture  w i l l  

l i m i t  t h e  permissable pa th  d i f f e rence  between the  arms of t h e  

in t e r f e romete r .  

There i s  no requirement t h a t  t h e  inpu t  angle  of i n c i -  

dence i n  t h e  plane of the normals be 4 5 " ;  the above d i scuss ion  
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a p p l i e s  f o r  any phys ica l ly  r e a l i z a b l e  angle  of incidence from 

0" t o  9 0 " .  It was chosen here a s  45" f o r  convenience i n  con- 

s t r u c t i o n .  

O p t i c a l  Adjustment Procedure 

Note: Coarse o p t i c a l  adjustment i s  requi red  only i f  

mir rors  M 1 ,  M 2  o r  s p l i t t e r  p l a t e  S have been recemented. 

Fine o p t i c a l  adjustment i s  requi red  only i f  t h e  - 
p o s i t i o n  o f  t h e  metal blocks t o  which M 1  and M 2  a r e  a t tached  

a r e  d i s tu rbed .  

All o p t i c a l  adjustments must be made wi th  t h e  acous t i c  

c a v i t y  l o c a t i o n  i n  p o s i t i o n  so t h a t  t h e  o p t i c a l  beam passes 

through the  c e l l .  I n  add i t ion ,  when c a l i b r a t i o n s  a r e  being 

performed it  i s  e s s e n t i a l  t h a t  t h e  c e l l  windows each face  t h e  

d i r e c t i o n s  t h a t  they f a c e  during adjustment procedures. 

r u i a ~ i v n s  of r;ne c e i i  are, nowever, permiss ib le  i n  t h e  course 

of changing a c o u s t i c  generators  and t ransducers .  

window loca t ions  should be approximately (but  no t  exac t ly )  

perpendicular  t o  t h e  o p t i c a l  beam. 

t h e  b lack  guard-plate  from beneath t h e  in t e r f e romete r  before  

coa r se  o r  f i n e  adjustments a re  made. It i s  he ld  i n  p o s i t i o n  

by two Al len  cap screws. 

S l i g h t  

F i n a l  c e l l  

It i s  necessary t o  remove 

Coarse Adjustment 

Coarse adjustment should be unnecessary un le s s  M 1 ,  M 2 ,  

o r  S has been recemented. 

procedure should be followed. 

However, i f  r equ i r ed ,  t h e  fol lowing 
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1. 

2. 

3. 

4 .  

5.  

Remove d e t e c t o r  housing by removing the  two 

mounting screws on h o r i z o n t a l  c e n t e r s ,  under 

snap cover.  S e t  up a low power microscope 

o b j e c t i v e ,  threaded end toward A3, t o  p r o j e c t  

an enlarged image of t h e  e x i t  beam cross-  

s e c t i o n  1/2 t o  1 in .  i n  diameter on a p iece  

of paper a f e w  inches away. 

Block beam t o  M2 with a s t r i p  of opaque 

m a t e r i a l .  Rotate  t h e  M1 assembly about a 

v e r t i c a l  a x i s  by loosening the  t h r e e  pedes t a l  

screws E .  S e t  t o  d i sp l ace  the  r e t u r n  beams 

t o  j u s t  m i s s  A l .  

Rotate  beam s p l i t t e r  t o  produce e x i t  beam 

through A3. 

Unblock M2, block M1. Loosen t h e  mounting 

screws f o r  t h e  M2 pedes t a l  and r o t a t e  M2 t o  

d i r e c t  r e f l e c t e d  beam through A2 a 

Unblock M1. Continue coarse  adjustment of 

M2 u n t i l  coarse  f r inges  are observed. Re- 

t i g h t e n  a l l  mounting screws. 

Fine Adjustment 

I f  t h e  f r i n g e s  a r e  v e r t i c a l ,  a d j u s t  V i n  t h e  d i r e c t i o n  

t h a t  broadens them, u n t i l  they swing ho r i zon ta l .  

a r e  h o r i z o n t a l ,  a d j u s t  H i n  the d i r e c t i o n  t h a t  broadens them 

u n t i l  they swing v e r t i c a l .  A cond i t ion  i s  sought where the  

I f  t he  f r i n g e s  
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f r i n g e  i s  much broader than the s p o t  r e s u l t i n g  i n  a near uni- 

form i n t e n s i t y  f i e l d  of view, 

co inc ide  with minimum i n t e n s i t y  unless  t h e  o p t i c a l  compensator 

happens t o  be s e t  f o r  e x t i n c t i o n  a t  pa ra l l e l i sm.  

From t h e  viewpoint of e l e c t r i c a l  s i g n a l s ,  t h e  ob jec t ive  

Pe r fec t  p a r a l l e l i s m  w i l l  no t  

of t h e  adjustments i s  t o  maximize t h e  peak t o  peak change i n  

i n t e n s i t y  upon a slow r o t a t i o n  of t h e  compensator p l a t e ,  i . e . ,  

ensuring t h a t  t he  f r i n g e s  go from near zero  e x t i n c t i o n  t o  

maximum i n t e n s i t y .  

3 .  LOCATION OF TRANSDUCER REQUIRING CALIBRATION 

The main body of t h e  acous t ic  c a v i t y  A ( see  J i g .  Al) 

when i n  p o s i t i o n  i n  t h e  in t e r f e romete r ,  should normally be 

clamped t i g h t l y  us ing  c e l l  clamping adjustment screw (see  

n:, 1 I.\ - - - - L  L- L - 1 - - -  :c CL- ---- :c-- :, y - - - - - - A  F,,, 

t h e  in t e r f e romete r ,  s o  t h a t  the  o p t i c a l  windows a r e  not  damaged 

o r  d i r t i e d .  

(which conta ins  a s m a l l  sunken O-ring).  

main body of cavi ty  A ,  u n t i l  f i n g e r - t i g h t ,  so  t h a t  t ransducer  

pro t rudes  s l i g h t l y  (1 /2  mm.) i n  s e c t i o n  between o p t i c a l  windows. 

L L 6 .  A T ] .  UULL L L I U O L  U L  L u Z \ L L l ,  L I L L  G L G V A L J  A- L L I L I W V b U  A L W I I I  

I n s e r t  t ransducer  T through knurled s e c t i o n  B 

Screw s e c t i o n  B t o  

O-ring w i l l  then  hold t ransducer  i n  p o s i t i o n .  

C with O-ring on lower end of main body A. 

Locate s e c t i o n  
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Transducer 

Knurled Cap 
Section and 

0-Ring 

Acoustic Cavity, 
Main Body 

Nut and 0-Ring 

Genera tor 
Attachment 

Generator 

Fig.  A l .  Exploded V i e w  of  Acoustic Cavity Assembly. 
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4 .  LOCATION OF ACOUSTIC GENERATOR 

Screw s e c t i o n  D i n t o  chosen acous t i c  genera tor .  Locate 

genera tor  on support  platform beneath wooden support  t a b l e ,  

Adjust  platform he ight  and cen te r  genera tor  u n t i l  t he  lower 

end of A can nea r ly  be posi t ioned i n t o  D. Ensure genera tor  

i s  p e r f e c t l y  v e r t i c a l .  Loosen main body clamp and i n s e r t  A 

i n t o  D with t h e  o p t i c a l  windows approximately perpendicular  

t o  t h e  laser beam path and t i g h t e n  nut  C .  

t h e  acous t i c  c a v i t y  t o  the  acous t i c  genera tor .  

This process a t t a c h e s  

Switch on l a s e r  beam and c a r e f u l l y  change platform 

he igh t  (applying s m a l l  adjustment t o  each of t he  t h r e e  ad jus t -  

ing nu t s  i n  t u r n  t o  maintain t h e  complete system v e r t i c a l  and 

c e n t r a l l y  loca t ed )  u n t i l  the l a s e r  beam passes  through the 

o p t i c a l  windows j u s t  i n  f r o n t  of t h e  t ransducer  f ace .  (Ensure 

t h a t  i t  i s  thP  m a j n v  h p a m  p a c c i n z  thrniigh 2nd nnr a c ~ ~ n n r l a v x r  

r e f l e c t i o n .  The major beam i s  t h e  b r i g h t e s t . )  Reclamp acous- 

t i c  c e l l  r i g i d l y  i n  p o s i t i o n .  

I n  t h e  case  of t he  S t ,  C l a i r  gene ra to r ,  connect up and 

ope ra t e  a water cool ing  system, and f i l l  c a v i t y  with helium. 

Connect up genera tor  e l e c t r o n i c s  as shown i n  Fig.  A2 

and r ep lace  b lack  cover over i n t e r f e romete r ,  aga in  checking 

t h a t  t h e  __I f u l l  e x t e n t  of t h e  l a s e r  beam e n t e r s  instrument., 

Block any remaining gaps i n  base p l a t e  o r  i n  cover which would 

al low t u r b u l e n t  a i r  t o  e n t e r  i n t e r f e romete r  system. 
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(b)  S t .  C l a i r  Generator System 

Fig.  A 2 .  Generator Elec t ronics .  
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5 e CALIBRATION PROCEDURE 

Rotate  o p t i c a l  compensator very slowly i n  a reg ion  where 

i t  i s  perpendicular  t o  the  o p t i c a l  beam and observe an o s c i l -  

l a t o r y  s i g n a l  on the  osc i l loscope  (peak t o  peak va lue  should 

be approximately 100 t o  200 mV.). Adjust ga in  c o n t r o l  u n t i l  

peak t o  peak s i g n a l  t r a c e  occupies major po r t ion  of o s c i l l o -  

scope screen .  Measure t h e  peak t o  peak va lue  f '  y ,  which repre-  

s e n t s  t he  f r i n g e ' s  peak t o  peak i n t e n s i t y  (see Fig.  18). 

Apply power t o  the  acous t i c  genera tor .  

t he  fol lowing vo l t ages  across  t h e  genera tors :  

Do not  exceed 

Jenson DD-100  o . .  a 50V 

J. B. Lansing 075 . e . 0 a  1 3 V  

S t .  C la i r  Generators e o  25V 

F i n a l l y ,  a d j u s t  compensator u n t i l  d e t e c t o r  output  s i g n a l  be- 

. .  * /m. . 1 .  - L  - - I  + -  L - - L  _-_ -  J=-----J -+ L < - L  
b A A  

CULlleb byLLIlLKI-LL L L Q L o  \ I L L I D  ~ U J U 3 L L l I C L l L  L J  U G O c  ~ L L I W I I I ~ L U  UL. A L A  

i n t e n s i t i e s  where t h e  s i g n a l  degenerates  from a s i n u s o i d a l  

form i n t o  a complex wave form, see  sample s i g n a l s  i n  Fig.  1 7 , )  

This  adjustment ensures  t h a t  i n  absence of an acous t i c  s i g n a l  

t h e  d e t e c t o r  would observe the f r i n g e s  a t  t he  l o c a t i o n  X as 

shown i n  Fig.  1 7 .  

Apply t h i s  s i g n a l  t o  the  Y-plates of t h e  osc i l l o scope  

and t o  t h e  X-plates apply e i t h e r  t h e  e l e c t r i c a l  output  of t h e  

unknown t ransducer  o r ,  l e s s  d e s i r a b l y ,  t h e  e l e c t r i c a l  i npu t  

t o  the  a c o u s t i c  genera tor .  

app l i ed  through t h e  phase s h i f t e r  device which must be ad jus t ed  

The chosen X-plate s i g n a l  must be 
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u n t i l  t h e  r e s u l t a n t  osc i l loscope  t r a c e  resembles a s e c t i a n  of 

a s i n e  wave. (It i s  mt  e s s e n t i a l  f o r  p e r f e c t  reduct ion  of 

t h e  t r a c e  i n t o  a s i n e  wave.) Check t h a t  t h e  s i g n a i  i s  sym- 

m e t r i c a l .  Otherwise f u r t h e r  f i n e  adjustment of the  compensator 

i s  r equ i r ed .  Measure t h e  v e r t i c a l  s e p a r a t i o n  of the end po in t s  

of t h e  t r a c e  ' X I  (see Fig.  18 ) .  Compute t h e  f r a c t i o n  x/y and 

from Fig .  18 determine the value of Am, The sound pressure  

l e v e l  i n  t h e  c a v i t y  can then  be obtained us ing  t h i s  va lue  of 

Am from Fig .  1 6 ,  

An a l t e r n a t i v e  method of determining Am which can only 

be app l i ed  a t  high i n t e n s i t i e s  fo l lows ,  

Determine the  ho r i zon ta l  s e p a r a t i o n  of t h e  end-point of 

t h e  osc i l l o scopz  t r a c e  ' z 3  (see F ig .  18).  Measure t h e  hor i -  

z o n t a l  s e p a r a t i o n  h u  between a maxima and minima of t he  t r a c e ,  

This  l eng th  corresDonds t o  Am = 1 / 2 ,  Then the  unknown Am i s  

equal  t o  z/2h. A s  befo re ,  use Fig .  16 t o  determine the  sound 

pressure  l e v e l ,  

P 

Phase determinat ion may be accomplished by comparing 

t h e  t ransducer  output  t o  t h e  d e t e c t o r  output  on a dua l  beam 

osc i l l o scope  o r  us ing  a phase meter ,  



I '  
APPENDIX E 

OPTICAL COMPONENT SPECIFICATIONS 

Detector EG&G; SD- 100 photodiode 
(NB, the lead closest to the tab m s t  be 
biased positive. Maximum voltage 150V) 

Laser Spectra-Physics ~ 130B, helium-neon gas laser 

Beam splitter 1/8 x 9/16 x 5/8 in, 

Mirrors (front surface aluminum) 1/2 x 1/2 x 5/8 in. 

Cell windows 3 . 2 ,  3.2+1, x 3 x 7 m. (see sketch) 

t /I1 
Stationary plate 1/8 x 9/16 x 5 / 8  in. 

Optical compensator 1/8 x 1 / 2  x 1 in, 

Adhesives: 

Cell windows- -hard Canada balsam 

Other--rosin-beeswax 7 :1*, black spiezon stick wax 

*Worked best on aluminum. 
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