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The integral and spectral  charac te r i s t i cs  of s teady-s ta te  nonequilibrlum radiation f rom a two- 
component mixture of relaxing d ia ton ic  gases with nonoverlapping v lb ra t iona l - ro ta t iona l  bands 
are calculated in the diffusion approximation. 

In o rde r  to calculate the radiation charac te r i s t i cs  of nonequilibrium molecular  gases,  it is neces sa ry  to 
solve a sys tem of equations of the Boltzmann kind formolecules  andphotons [1], which is a quite difficult 
mathematical  problem.  The problem becomes much more  simple, however,  when local equilibrium within in- 
dividual degrees of f reedom for  the molecules can be achieved. Specifically, calculation of the optical charac -  
te r i s t ics  of a one-component diatomic gas with a vibrational  t empera tu re  different than its t ranslat ional  and 
rotational t empera tures  reduces to solution of an integrodifferential  equation for the density of  its vibrational 
energy [2]. An analytical solution to this equation can general ly  not be obtained, but under cer ta in  assumptions 
in the spatially homogeneous case it is possible to reduce the integrodifferential  equation to a much s impler  
differential equation of the diffusion kind [3] and solve the lat ter  exactly [4]. 

In the case of a mixture of gases  with a par t ia l  equilibrium, one can demonstrate  that calculation of its 
optical charac te r i s t i c s  reduces to solution of a sys tem of integrodifferential  equations for  the density of v ibra -  
tional energy in each component. Assuming that the additional requirements  [3] are  met, one can pass  f rom 
this sys tem of equations to a sys tem of equations which descr ibe the t r ans fe r  of radiation energy in the diffu- 
sion approximation. 

In this approximation we will determine the charac te r i s t i c s  of nonequilibrium radiation f rom a two- 
component mixture of d ia ton ic  gases with nonoverlapping v ib ra t iona l - ro ta t iona l  bands. We note that calcu-  
lation of the radiation pa rame te r s  of some polyatomic vibrational-nonequil ibrium gases  can also be reduced 
to this problem. The problem under considerat ion here is linked direct ly  to calculation of the optical cha rac -  
te r i s t ics  of a jet of hot molecular  gases discharging into a raref ied space. Most important  f rom the prac t ica l  
standpoint is the 1000-2000~ tempera tu re  range, where the effects of anharmonici ty remain  insignificant, 
but (unlike in problems encountered in l ase r  physics} in this problem the radiation must be examined over the 
entire v ib ra t iona l - ro ta t iona l  band, its charac te r i s t i cs  being determined by radiative t ransi t ions as well as by 
vibration kinetics associated with in termolecular  coll isions.  

Inasmuch as energy  t r ans f e r  occurs  much fas te r  within each group of degrees  of f reedom which mole-  
cules have than between different such groups, one can assume [5] that translat ional ,  rotational, and vibrational 
degrees Of f reedom are charac te r i zed  by Boltzmann distributions with t empera tu res  T, Tr,  and Tvi, r e spec -  
tively. Since t r ans l a t iona l - ro t a t iona l  ( T - R )  relaxation occurs  much fas te r  than v ib ra t iona l - t r ans la t iona l  
(V-T)  relaxation, moreover ,  one can let T =T r.  Assuming now that the gas density is sufficiently low and t em-  
pe ra tu re  T is sufficiently high, one can d is regard  the effect of radiative energy t r ans fe r  on the tempera ture  
field in active degrees  of f reedom and regard  them as given [4]. The radiation field distribution over  the 
volume occupied by the gas will then be related only to the distribution of the vibrational energy of the mix-  
ture  components,  the lat ter  distribution changing due to V - T  relaxation and exchange of vibrational energy 
between molecules of different components ( V - V '  relaxation) as well as due to emiss ion and absorption of 
radiation by molecules .  Disregarding the anharmonici ty of molecule vibrations,  we can wri te  the equations of 
the diffusion approximation for  the given case as 

a~ s~ -= s~ N~ R 
at - x ~  + T vv, - -  (N,hvo,)-~V S~dv (1) 

(Av~) 
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d e s c r i b e s  the  V - V '  r e l a x a t i o n  [5], 

0 = (exp 0~ - -  1)-~, 0i = hvo~/kT, "P = (ZQ) -~. 

(2) 

(3) 

(4) 

(5) 

H e r e  and h e n c e f o r t h  the  i n d i c e s  a r e  i ,  k = l ,  2; j =3 - i, and l =3 - k.  

The  n o n l i n e a r i t y  due to r a d i a t i o n  in the  f u n d a m e n t a l  s y s t e m  of equa t ions  (1)-(4) v a n i s h e s  in the  " n a r r o w  
band" a p p r o x i m a t i o n  [4]. F o r  the  p u r p o s e  of l i n e a r i z i n g  the  exchange  t e r m  RVV,,  we expand  t h e  p r o d u c t  al~ 2 

_ 0 (I =1, 2) and  d i s c a r d  the  l a s t  t e r m ,  which  q u a d r a t i c a l l y  d e c r e a s e s  a s  the  s y s t e m  into a p o w e r  s e r i e s  in e i  e i  
a p p r o a c h e s  i t s  e q u i l i b r i u m  s t a t e .  I n s e r t i n g  t h i s  s e r i e s  e x p a n s i o n  into e x p r e s s i o n  (5) y i e l d s  

We now insert expression (6) into Eqs. (1)-(2) and, considering that in the "narrow band" approximation 
U*vi ~8nhv3e~/c ~ and the vibrational - rotational bands of molecules do not overlap, i.e., kvi = 0 within the interval 
Avj, pass fromthe system of equations (1)-(4) to a system of two differential equations which in the spatially 

homogeneous case become 

\ at + ~* ~ ] \ at + / "  (7) Ti "~iJ Tio 

H e r e  

_ _  ~,r / ,E 0 - -  E 0 \ 

(8) 
1 ~o.N2 1 ~lNi 1 1 8z~• 

- , - -  - + A~, ~ * = ( Z Q ) - L  Ai 
Tt. 2 T* 7;~i "~* ' "~i* "~i czN~ 

In o r d e r  to m a k e  the  s y s t e m  c o m p l e t e l y  d e t e r m i n a t e ,  i t  i s  n e c e s s a r y  to s u p p l e m e n t  Eqs ,  (7) wi th  b o u n d a r y  c o n -  
d i t ions  b a s e d  on the  t w o - s t r e a m  a p p r o x i m a t i o n  [6] 

1 c U ~ n  (9) S ~  = 

and a l so  i n i t i a l  c o n d i t i o n s .  Wi th  the  a id  of E q s .  (1)-(4) ,  cond i t ion  (9) can  be  r e d u c e d  to the  f o r m  

( n . v + 2 •  ( 0e~ el el =2• (10) 
\ Ot + ~* ~iJ.  ~ rio 

con ta in ing  on ly  e i .  

In t h i s  s tudy  We wi l l  c o n s i d e r  on ly  the  s t e a d y - s t a t e  p r o b l e m  for  a v o l u m e  of  gas  wi th  a s i m p l e  g e o m e t r y .  
We wi l l  a s s u m e ,  f o r  s p e c i f i c i t y ,  tha t  the  gas  i s  c o n t a i n e d  in an i n f i n i t e l y  long c y l i n d e r  of r a d i u s  t l .  F o r  t h i s  
c a s e  the  so lu t i on  to  the  s y s t e m  of  equa t i ons  (7)-(10) i s  

r 
ei ( p )  = go  [1  - -  Clilo ( E t P )  - -  C~lo ( /~2P)] ,  P - -  

C o e f f i c i e n t s  Cik  and a t  a r e  d e t e r m i n e d  f r o m  the e x p r e s s i o n s  

C , - -  1 ' ~ - - ~  {(--1) 4 2•215  [I~,K,j -[- (--1)~+hl~J (;~ - -  K,,k)] lo (;~R*)-F 

(11) 
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+ (--1? )~ [wKa + (--l)'+~v/(z~ --K~)i  I, (;~,R*)}, 

G = 2 { ] / ' D I 4 x , x ~  (Y, + r2) + (• + • (F ,  + F~) I - -  o- (• - -  x~) ( F ,  - -  F D } ,  

1 1 1 1 R 
= > 0 ,  a ~ = - -  - - ,  R * =  

Tyi  i T./i ~ ' ( ) ( ,  1) 1 1 _ _  • ~*z~ , 

)2,2 = 1 - - T - - ( K , , + K ~ 2 ) + 2 I / D ,  D 2 ~ A,Az 
2 "~t2"~2t 

F~ = ~do {xjR*) 5 (~R*), Y~ = V~6_~ (x~*) 5_, (~,~R*), 

s , K H  = t I . . 
K~ = 4 TiT. "q2~2~ -Q~ T~ T~ 

Knowing Sl, one can  e a s i l y  c a l c u l a t e  the  i n t e g r a l  d e n s i t i e s  of  r a d i a t i o n  e n e r g y  in bands  U i f r o m  the  

e q u a l i t i e s  

(12) 

n~U, = f kv,Uvdv. 
( av i )  

Fo.r this we integrate Eq. (4) over the i-th band, taking into account that the bands do not overlap and using the 
approximate equality [4] 

kv~Uvidv ,'~ C 3 
(Avi) 

I n s e r t i n g  the  r e s u l t  into Eqs .  (1) and (2), we ob ta in  

U~-- Nihvo~ ( Oei 
c• \ at + 

Thi s  y i e l d s  fo r  the  s t e a d y - s t a t e  c a s e  

8~hv0~hv:~/c w h e r e  U/~ = .3 0 3 

81 8j e~ '~ (13)  
T~ Ti j Ti 0 ) 

U~ (9) = U~ {1 - -  IQ.lo ()~,9) + Qiflo ()~29)1}, 

is  the  e q u i l i b r i u m  v a l u e  of Ui,  

(14) 

Qik = . - ~ -  I [V'-D + (--1)i+h{r]qjl + (--1)u • , 

s~ As 
q .  = 2• 1/-hTIo 0qR*) ~,-- ~.zl, ()~zR*), b~ = 2x~ so.q: (15) 

With  the  a id  of  the b o u n d a r y  cond i t i ons  (9), we now d e t e r m i n e  the  i n t e g r a l  f lux d e n s i t i e s  of  e n e r g y  wi th in  the  
v i b r a t i o n a l - r o t a t i o n a l  bands  of  m o l e c u l e s  r a d i a t e d  f r o m  the  c y l i n d r i c a l  s u r f a c e  

' - - "  --r-- is'  - ---c-l. + + 

In o r d e r  to d e t e r m i n e  the  s p e c t r a l  c h a r a c t e r i s t i c s  of r a d i a t i o n ,  i t  i s  n e c e s s a r y  f i r s t  of a l l  to so lve  the  
equa t ion  

v~U~z - -  4k2vz (U~ - -  U'i) ~ 0 (17) 

which  fo l lows  f r o m  Eqs .  (3)-(4) and has  the  c o r r e s p o n d i n g  b o u n d a r y  cond i t ion  

(n. V + 2kvi)U~i[v = 0. (18) 

It  i s  n o t e w o r t h y  tha t  the  p a r a m e t e r s  wh ich  c h a r a c t e r i z e  V - T  and V - V '  r e l a x a t i o n  of  g a s e s  a p p e a r  in Eq.  (17) 
e x p r e s s e d  t h rough  the quan t i t y  U*  ,~ s i ( r ) .  
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Letting r =R in the solution to this equation and using the condition (9), we obtain the spectral  density of 
the energy flux within the t- th band radiated f rom the cylinder surface 

S,~i=n .cU~ {iX + Io(Ri)]-1 _ Cihlo()~hR*) 1 Io(~,hR*) (19) 
I ,  ' 

2 i, ( ~ ) - ]  1 + I0 (~) 

= = = V~h)- �9 The quantities Av i and ~ i  are  de te r -  where U~ 8~hvae~ ~ = ~ / 2 k ~ g / ~ ;  R~ 2k~R; C~ C~(1- -  ~ 
mined according to the procedure  in study [3]. 

Integral  and spect ra l  charac te r i s t i cs  of radiating volumes in the shape of a plane layer  or  a sphere can 
be calculated in an analogous manner�9 It is easy  to ascer ta in  that the corresponding express ions  for these cases  
can be derived from those for a cylinder by substitution of I 0 (z) with cosh z, I 1 (z) with sinh z, R with a in the case of a 
plane layer  of thickness 2a or  of I0(z) with (sin z) /z  and I~ (z) with (z cos z - sin z)z -2 in the case of a sphere. 

We will now discuss the resul ts .  F i r s t  we note that the expressions for ei, Ui, Uvi, 8 i, and Svi appear 
in the form of differences between two te rms ,  the f i rs t  one represent ing the value of a given quantity at t he rmo-  
dynamic equilibrium and the second one accounting for the deviation of the vibrational  t empera tures  Tvi of 
both components f rom the t r ans l a t i ona l - ro t a t i ona l  t empera tu re  T of the gas due to finiteness of the relaxation 
rate and leakage of energy through the volume boundary. Upon introduction of the pa rame te r s  r i(P ) =1 - Ui(p ) /  
U[, which charac te r ize  the amount of deviation of radiation energy density within the bands f rom equilibrium, 
and with the use of equalities (14)-(15) one can demonstrate  that 6i  > 0 and (d$i/dP)> 0, i.e., that the function 
Ui(p) < U~ and dec reases  as p increases .  It then follows from the equalities 

e~ = e~ (1 -- %), ~ nil ~._~_~_~[" A i e ~ A1 ) 

based on expressions (11) and (13), that the mean vibrational  energy of molecules in each component is also a 
decreas ing function of p, with ai(p) <~ ~ at any p regard less  of the values of the pa r ame te r s  which cha rac te r -  
ize V - T  and V - V '  relaxation. With increas ing p, correspondingly also dec reases  the vibrational tempera ture  
of each component 

[ kT ' In (1 - -  % exp (--0~))] -1 
Toz = T 1+ hVo~ 1-- % 

Let us determine how addition of molecules  of component 2 affects the spectra l  density $1, assuming that 
N 1 =const  and N 2 increases  f rom zero,  in the prac t ica l ly  interest ing case of an optically thin gas volume. We 
note that all t ime p a r a m e t e r s  ~- defined according to express ions  (8) depend on N2, except T21, and so does 
~<2(x2~N2) [3]. For  ~ we use the express ion [5] 

"r ~ ~ (PaNi + P~o.N2) -i, 
where Pik  is proport ional  to the probabil i ty of one-quantum deactivation of a vibrat ionally excited molecule of 
component i by an inelastic collision with a molecule of component k. When N 2 = 0 ,  then 

A~ )-'  , =-~cU~ + s? 

Calculations reveal  that in the case of the Inequality 

NI(P~2[~ +Pi2P~,~* + P 2 ~ - - - ~ P ~ ) +  A2Pt2~* > 0, (20) 

Sj inc reases  monotonically with increas ing N 2 and tends to the limit S~ * =RxlS~, independent of N 2. When P=I + 
2P12 +P~2P~IT* > PllA2/A1, then inequality (20) holds true for any N 1. In the opposite ease this inequality holds 

t rue  only at sufficiently low values of N 1 < N~, where N~ is the value of N 1 at which inequality (20) becomes an 
equality. When N~> N~, however, then Sl, initially decreas ing at N 2 equal to 

2P~o (1 + Pr~*) 

will now increase ,  tending to S~ * as N 2 increases  fur ther .  We thus have S~*/SI* > 1 when XiR*<< 1. Inequality 
(20) with a given N 1 indicates, as can be easi ly ascertained,  that addition of the second component increases  the 
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radiation intensity of the first component in the cases of a slow V-V' exchange, a low emissivity of component 
2 molecules, or a fast excitation of vibrations of component 1 molecules by component 2 molecules. In these 
cases addition of component 2 results first of all in a faster V-T relaxation in component I, owing to an in- 
crease of the gas density, while transfer of vibrational energy from this component to molecules of component 
2 and its subsequent luminescence play a relatively minor role so that the additional energy entering the vibra- 
tional degrees of freedom of component i molecules fromits translational and rotational degrees of freedom is 

radiated out by molecules of this component. 

We will now consider the special case where only one of the two diatomie gases, say gas I, radiates and 
A 2 =kp2 =0. Then ~=T2, s215 ~2=:0 and relations (12) for the coefficients Cik lead to the indeterminacy 
0/0. This can be easily explained, if one considers that the last term in Eq. (2) vanishes when kv2 =0 and that 
this reduces the order of the system of Eqs. (17). As a consequence, one of the boundary conditions (I0) (at 
i =2) from which the coefficients Cik are determined becomes simple corollaries of the fundamental system of 
equations. Instead of this boundary condition, therefore, it becomes necessary to use the equation 

E2 El E~ 
- -  O, ( 2 1 )  

T 2 T2 i T20 

which follows f rom Eq. (2). As a resul t ,  one can obtain Ci2 =0 and 

, | / f  (Z2 --1 A~8~ I(.ql 1 )[lo(z~)-+- v - ~ l l ( z * ) ] }  , (22) Cit--  

where  z* = 2x, R ~,/ajai . Then calculat ing e 1 according to express ion  (11), we obtain 

~  , 0 / . / +  

while a2(r) is calculated according  to Eq. (21). The fo rm of express ion  (23) is analogous to that of the ~(r) r e l a -  
tlon for  a one-component  diatomie gas [4], but the coefficients  in express ion  (23) account for  the change In the 
ra te  of V - T  relaxat ion in component 1 due to addition of component 2, for  V--T re laxat ion  in component  2, and 
for  V - V '  re laxat ion.  It can be eas i ly  demons t ra t ed  that in the p r e s e n e e  of a nonradlat ing component  2 the m a g -  
nitude of al(r) at any r will exceed the cor responding  magnitude attained In a one-component  gas and that, m o r e -  
over, as(r) will inc rease  as N 2 i n c r e a s e s  (with NI= eonst).  

In another  special  ease ,  where  V - V '  exchange occurs  much s lower  than V - T  re laxat ion and v ibra t ions  
a re  rad ia t ive ly  deactivated,  express ions  (11) and (12) for  g i yield re la t ions  analogous to re la t ion  (23) with ~<i 
replacing u s and 1 +Ai~'i replacing the rat io  as/~ 2 (T i depending on the concentra t ions  of both components) .  

It is noteworthy that the express ions  obtained he re  for  el, Ui, 8i, and St4 re ta in  the i r  f o r m  also in the 
case  of a mix ture  of gases  containing alongside two radia t ing components  also mona tomic  gases  (He, Ar) or  
nonradiat ing diatomic gases  (N2, 02, etc.) .  Fo r  the la t te r  case ,  however ,  in the expres s ions  for  Cik and Qik 
there  appear  additional t e r m s  which account for  exchange of v ibra t iona l  ene rgy  between radia t ing and non- 
radia t ing components .  

N O T A T I O N  

t, t ime;  T, t e m p e r a t u r e  of t rans la t iona l  and rotat ional  degrees  of f r eedom of mo lecu l e s ;  Tvi, v ibra t iona l  
t e m p e r a t u r e  (i = 1, 2 denotes the component  number) ; N i, eoncen t ra t ionof  r e spee t ivemoleeu l e s ;  u0i , f requency of v ib r a -  
tions; Av i, effect ive width of the re  spect ive vibrat ional  - r o t a t i o n a l  band; ei and e~ mean number of  v ibra t ional  quanta in 
amo lecu l e  and the i r  mean  number  at equil ibrium; 0i =hv0i/kT; kvi, r e spec t ive  absorpt ion  coefficient;  ~t i, r e s p e c -  
t ive effect ive band absorpt ion coefficient;  Uv, U~i, and U~ spec t r a l  densi ty  of radiat ion ene rgy  and its equi l ib-  
r i um values  at t e m p e r a t u r e s  Tvi  and T, respect ive ly ;  Sv, spec t ra l  densi ty  of the radia t ion flux; U i and U~, 
Integral  densi ty of radiat ion energy  within the i - th  band and its equi l ibr ium value;  Si, In tegra l  spec t r a l  densi ty 
of the radiat ion flux in the respec t ive  band; T[, t ime  of V -  T relaxat ion;  Ti, ~-ij, T~, Ti0 , and AI-S , t ime  p a r a m -  
e t e r s  cha rac te r i z ing  r e spec t ive ly  the ra te  of relaxat ion,  the ra te  of v ib r a t i ona l - ene rgy  exchange, and the r a t e  
of radia t ive  deactivation; ZNi, number  of coll is ions between molecuIes  of component  j and molecu les  of c o m -  
ponent i p e r  unit t ime;  Q, probabi l i ty  of a quantum of v ib ra t i ona l - ene rgy  exchange; PIj ,  a quantity propor t iona l  
to the probabi l i ty  of one-quantum deact ivat ion of a v ibra t iona l ly  exci ted molecule  i upon col l is ion with molecuIe  
j; Xk, roots  of the cha r ac t e r i s t i c  equation; In, modified Besse l  function of o r d e r  n; R, radius  of a cyl inder;  r, 
radia l  coordinate;  n, unit vec tor  no rma l  outward to the su r face  bounding the gas volume;  and c, ve loc i ty  of light. 
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P I E Z O E L E C T R I C  P U L S E  T R A N S D U C E R  W I T H  M A T C H E D  

A M P L I F I E R  F O R  M E A S U R E M E N T  O F  F A S T  V A R Y I N G  P R E S S U R E  

V .  I .  Z a g o r e l ' s k i i ,  N .  N .  S t o l o v i c h ,  
a n d  N .  A .  F o m i n  

UDC 533.6.011.72 

A p i e z o e l e c t r i c  t r a n s d u c e r  wi th  an e l e c t r o n i c  m a t c h i n g  c i r c u i t  ha s  b e e n  bui l t  and t e s t e d  for  
m e a s u r i n g  the  p r e s s u r e  beh ind  a shock  wave  wi th  a h igh  t i m e  r e s o l u t i o n ,  t t e r e  i t s  c o n s t r u c -  
t ion  is d e s c r i b e d  and the  t e s t  r e s u l t s  a r e  r e p o r t e d .  

I n t e n s i v e  s t ud i e s  of shock  w a v e s  have  in r e c e n t  y e a r s  been  s t i m u l a t e d  by  a t r e m e n d o u s  i n t e r e s t  in shock  
wave  d y n a m i c s  in l i qu ids  and g a s e s  a s  w e l l  as  in h y p e r s o n i c  g a s d y n a m i c s ,  h i g h - t e m p e r a t u r e  t h e r m o p h y s i c s ,  
c h e m i c a l  k i n e t i c s ,  and m a g n e t o h y d r o d y n a m i c s .  Many s t ud i e s  have  dea l t  wi th  the  m e a s u r e m e n t  of a b s o l u t e  
p r e s s u r e  and of  p r e s s u r e  v a r i a t i o n  p r o f i l e s  beh ind  a shock  w a v e .  In m o s t  of t hose  s t ud i e s  the  a u t h o r s  used  
p r e s s u r e  gauges  which  t hey  t h e m s e l v e s  had  bu i l t .  F o r  such  m e a s u r e m e n t s  one w i d e l y  u s e s  t r a n s d u c e r s  w h e r e  
an e l e c t r i c  s i gna l  i s  p r o d u c e d  by d e f o r m a t i o n  of an e l a s t i c  e l e m e n t  l ike  a p i e z o c e r a m i c  one [1-10].  P i e z o -  
e l e c t r i c  p r e s s u r e  t r a n s d u c e r s  a r e  w i d e b a n d  d e v i c e s  (with a high t i m e  r e so lu t i on ) ,  i n a s m u c h  as  d e f o r m a t i o n s  
of a few m i c r o n s  a r e  su f f i c i en t  fo r  p o l a r i z i n g  the  p i e z o e l e c t r i c  c e l l  and,  c onse que n t l y ,  i t s  i n e r t i a  i s  not invo lved  
wi th  l a r g e  d i s p l a c e m e n t s  of t he  c e n t e r  of  m a s s  but d e t e r m i n e d  by  the  t i m e  in which  i t s  s t e a d y  s t a t e  of  s t r a i n  
is  r e a c h e d .  

T h e s e  au tho r s  have  d e v e l o p e d  and t e s t e d  a p r e s s u r e  p u l s e  t r a n s d u c e r  wi th  a m a t c h i n g  a m p l i f i e r  which  
e n s u r e s  a m i c r o s e c o n d  t i m e  r e s o l u t i o n  in m e a s u r e m e n t s  of f a s t  v a r y i n g  p r e s s u r e s .  The  p i e z o e l e c t r i c  t r a n s -  
d u c e r  i nc ludes  a m a t c h e d  a c o u s t i c  a b s o r b i n g  r o d  (waveguide) ,  as  h a s  been  p r o p o s e d  [1-3], fo r  e l i m i n a t i n g  the 
e f fec t  of the  shock  wave  r e f l e c t e d  by  the  f a c e s  of  the  p i e z o c e r a m t e  c e l l .  Th i s  t r a n s d u c e r  and the  m a t c h i n g  
a m p l i f i e r  a r e  s i m p l e  in c o n s t r u c t i o n  and e n s u r e  a high t i m e  r e s o l u t i o n .  

The  c o n s t r u c t i o n  of  the  p r e s s u r e  gauge  i s  shown s c h e m a t i c a l l y  in F ig .  1. C y l i n d r i c a l  s p e c i m e n s  of g r a d e  
TATS-19 l e a d  z i r e o n a t e - t i t a n a t e ,  4 m m  in d i a m e t e r  and 1 m m  in w a l l  t h i c k n e s s ,  w e r e  u sed  h e r e .  One face  of the  
p i e z o c e r a m i c  ce l l  2 i s  s o l d e r e d  wi th  Wood  m e t a l  to the  c y l i n d r i c a l  z inc  wavegu ide  3 and the  o t h e r  face  is  f a s t -  
ened  with  a th in  c o n d u c t o r  8 to  t he  b r a s s  c a s e  1. Wi th  t he  a id  of a r u b b e r  g a s k e t  4 and a nut 5, wavegu ide  3 
t o g e t h e r  wi th  the  p l e z o c e r a m i c  c e l l  2 a l r e a d y  s o l d e r e d  on and wi th  c o n d u c t o r s  6, 8 i s  i n s e r t e d  into and c e n t e r e d  
in the  c a s e .  The  c l e a r a n c e  s p a c e  i n s i d e  the  c a s e  is  f i l l e d  wi th  b e e s w a x  so tha t  v i b r a t i o n s  of the c a s e  wi l l  not 
be r e c o r d e d  by the i n s t r u m e n t .  In o r d e r  to  m i n i m i z e  e l e c t r i c  p ickup ,  no window has  been  p r o v i d e d  fo r  s o l d e r -  
ing the  c o n d u c t o r  6 to the  c o a x i a l  c o n n e c t o r  7. Conduc to r  6 i s  g r a d e  Lt~ShO ename l l ed  s i n g l e - s i l k  7 • 0 .07n~n 
L i e t z  w i r e .  
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T r a n s l a t e d  f r o m I n z h e n e r n o - F i z l c h e s k i i  Zhurna l ,  Vol .  42, No. 2, pp .  303-306,  F e b r u a r y ,  1982. O r i g i n a l  a r t i c l e  
s u b m i t t e d  J a n u a r y  24, 19 81. 
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