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The volt-watt sensitivity of certain types of capacitor thermal radiation receivers was cal- 
culated. It is shown that the sensitivity of one of the variants of the receiver in comparison 
with other indicators can be quite high, reaehing values of 10 8 V -W -i, 

When measuring weak thermal fluxes in a wide frequency range it is necessary to solve problems of 
providing a low level of the intrinsic noise of the receiver. The minimum power recordable by suchwidely 
used radiometers as thermocouples and bolometers is limited, as is known [I], by the comparatively high 
value of thermal and current noises. From this standpoint the dilatocapac[tor radiometer, which operates 
on the principle of conversion of the thermal signal into deformation of the plates of an air or vacuum capac- 
itor and subsequent conversion of the changes of capacitance to current signals, has a considerable advan- 
tage. The magnitude of the voltage of the thermal and current noise occurring in such receivers has small 

values; the magnitude of the noise of the grid currents in the first stage of the measuring circuit also de- 
creases [2]. 

The idea of using dilatometrie methods with solid active elements for recording thermal fluxes is not 
new. In domestic literature a description [3] is given of a radiometer utilizing a bilayer (quartz-bismuth) 
active element whose deflection under the effect of radiation was recorded by the optical method. In recent 
years an article [4] was published in the foreign press in which a dilatooptical receiver with a rather low 
maximum measurable power (1.5 �9 10-1i W) is described. A characteristic feature of this receiver is that 
the principle of mechanooptieal amplification is used in it when recording thermal expansion proportional 
to the flux being measured, which greatly- improves the signal-noise ratio at the output of the electrical 
measuring circuit. 

It should be pointed out that in comparison with optical methods, the use of capacitor methods of re- 
cording the expansion of active elements has the advantage that in this case heating of the active element 
from the optical recording system is eliminated, and the liberation of heat as a consequence of dielectric 
losses can be reduced to negligibly small values. 

A simple variant of a dilatocapaeitor receiver is considered in [5]. In it the active element, made in 
the form of a thin metallic or dielectric band, is connected mechanically with the flat movable plate of an 
air capacitor; irradiation of the active element leads to a change of its length, air gap between the plates, 
and capacitance of the capacitor. Elementary calculations show that the volt-watt sensitivity of the re- 
ceiver 7 (when recording unmodulated thermal fluxes) will be determined by the formula 

C la (1) = ~ -  %-. 

The t e r m  of t o / 5  is r ega rded  as the t e m p e r a t u r e  coeff icient  of capaci tance .  

We can show by concre te  numer ica l  calculat ions that 7 of the d i la tocapae i tor  r e c e i v e r  with p lane-  
pa ra l l e l  p la tes  can a s s um e  values  comparab le  to the v o l t - w a t t  sens i t iv i ty  of the other  bes t  t h e r m a l  r ad io -  
m e t e r s .  

The re  exis ts ,  however,  the possibi l i ty  of a cons iderable  inc rease  of 7 by using another  design of the 
d i la tocapaci tor ,  which was proposed in [6] as an indicator  of t he rma l  radiat ion.  It has  the following design 
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Fig. 1. Schematic diagram of di la te-  
capaci tor .  

(Fig. 1). The capaci tor  plate 1 is made mass ive ,  plate 2 
is made of ve ry  thin foil and is very  close to the f i r s t  e la te .  
By applying a d i rec t  or  al ternat ing voltage to the indicator  
it is possible to c rea te  a force  a t t ract ing the plates to each 
other .  When plate 2 is i r r ad ia ted  it elongates,  and under 
the effect  of ponderomotive fo rces  it is deflected toward 
plate 1, which changes the gap and capacitance of the capac-  
i tor .  in our opinion, the vir tue of this di latocapacitor ,  be-  
s ides  its s imple design, is that the principle of mechanical  
amplif ication of the the rmal  signal is accomplished.  Since 
this problem is important ,  we will find the t empera tu re  de-  
pendence of the capaci tance of the di la tocapaci tor .  We will 

assume that the active e lement  (plate 2) has a rec tangular  shape and is deflected sinusoidaIly with amplitude 
F, half of the sinusoid fitting over  length l (Fig. t ) .  (This fo rm of deflection is used in calculations of b i -  
meta l l ic  membranes  [7].) 

The capacitance of an e lementa ry  capaci tor  of length dx (x is an axis coinciding in di rect ion with l) is 

dC == eondx (2) 
6 - - y "  

If the fo rm of deflect ion of the plate is descr ibed  by the law (see Fig. 1) 

V = F cos ~ x (3) 
l 

(where F is the amplitude of the sinusoid), then the capacitance of the di la tooapaci tor  (for a rea l  case when 
52 > F 2) 

l/2 

C = 2 [ e~ -- 4e~ arctg 5 + F 
~ V s ~ -~ :~  V 8 , ~  (4) J 6 - - F c o s - -  x 

o t 

Expanding arctan 6 + F/62q6~-F2"in a s e r i e s  and l imi t ingourse lves  to the f i r s t  t e r m  of the expansion, we will 
have the approximate dependence of the capacitance on the amplitude of deflection 

C ~ 4e~ (5) 
(6 - F) 

It is easy  to show that  the following re la t ion exis ts  between the amplitude of deflection of the active 
e lement  and the dif ference of t e m p e r a t u r e s  of the plates AT: 

(4,.) 
F =  f2 + fz + .__~_C_ c A T ,  (6) 

where f is the amplitude of the initial deflect ion corresponding to AT = 0 (at the same t empera tu re  of the 
plates).  

Substituting Eq. (6) into (5), we obtain 

C ~ 4e~ (7) 

~ls-y/f~+ (,~-~ ~-;--)ahTJ 4t2 ~ - - ]  

The t empera tu re  coefficient  of capacitance v (TCC) is the quantity charac te r iz ing  the thermosens i t iv i ty  of 
the capacitor;  it is equal to 

4l~ ~ ct 

1u = I a c  ,.i i f~ + ~" ! (s) 

Since in compar i son  with the length of the plate the initial deflect ion is ve ry  small  and f2 << 4l~/7r2, we obtain 

4 - - u  
!~] ___,v 1 ~ . ( 9 )  

412 cAT 5 - -  [2 + ~ 
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As we see, v depends not only on the metric parameters of the capacitor but also on the temperature 

difference between the plates. Taking into account that AT is small, we can write the following expression 
for the TCC: 

2Pa 
I v l - -  - (10) 

~ V  (8 - f) 

The ra t io  obta ined p e r m i t s  d e t e r m i n i n g  the dependence  of TCC on the i n i t i a l  def lec t ion  f. F r o m  it 

fol lows that  for  s m a l l  def lec t ions ,  v can achieve  quite l a rge  va l ue s .  To show that  an  i n c r e a s e  of s e n s i t i v i t y  
i s  ach ieved  only by the effect  of m e c h a n i c a l  a m p l i f i c a t i o n  and to find the magn i tude  of the l a t t e r ,  we will  
take into account  that  tlhe TCC (1) for  a c ap a c i t o r  with p l a n e - p a r a l l e l  p la tes  is  equal  to lo~/5. A s s u m i n g  
that  the p a r a m e t e r s  of the ac t ive  e l e m e n t  and the i n i t i a l  gap a re  the s a m e  as for  a capac i to r  with a de f l ec t -  
ing plate ,  we have 

la 
~ - 6 - -  f" ( 1 1 )  

The ratio of (I0) to (11) 

v l 
- - -  _~ 0,2 - -  (12) 
v~ f 

should be regarded as the magnitude of mechanical amplification achieved by replacing the translational 
displacement of the plate by its longitudinal bending. 

With consideration of (i0) the volt-watt sensitivity (i) of the dilatocapacitor receiver with a longi- 
tudinally bending plate will be equal to 

C 212a 
Ybend= ~ )~ ~2f(6__f)" (13) 

For concreteness we present the values of the volt-watt sensitivity of a dilatocapacitor radiometer 
calculated by Eq. (13), assuming that it is connected into the circuit of an oscillator, and the change of 
capacitance is produced through deviation of the frequency being recorded by a frequency discriminator. 
According to the data in [8], a sensitivity of P = 6 V .pF -i was secured in such simple schemes not contain- 
ing amplifier stages. Assuming that the receiver has the data: l =4.10-2m, f=l'10-c m, 5= I-I0-5 m, 
C = 70 pF, k= 1.06.10 -3 W.deg-i, we obtain 

Ybend: 3.3.10 8 V. W -~. 

According to the information given in [I, Chapter 3], the volt-watt sensitivity of other thermal re- 
ceivers is (in V �9 W -l) : 

Schwartz thermocouple 

Andrews superconducting bolomcter 
(at modulation frequency 360 Hz 

Semiconductor bolometer 
(theoretical data) 

Bell Telephone Co. semiconductor bolometer 
Opticoacoustic receiver with optical microphone [9] 
Opticoacoustic receiver with capacitor microphone [i0] 

38.5 

13.5 

28.5-80 
25 �9 103 
(3-4) �9 104 

(7.5-37,5) �9 102 

Thus the calculated sensitivity of the dilatocapacitor receiver can be the highest of all known radio- 
meters. 

To evaluate the capabilities of measuring circuits which can be used together with the dilatocapacitor 
receiver, we will present the data of [11], where a micrometer with a capacitance transducer connected in- 
to the circuit of a radio-frequency oscillator (average frequency 5 MHz) is described. The authors report 
that the frequency fluctuations were 13 Hz. If we consider that the dilatocapaeitor receiver with the param- 
eters given above is connected into this system, we can show that the frequency fluctuations correspond to 
a flux power AW ~ 3 �9 10-11 W. 

We should mentionthat in this measuring circuit the frequency bandwidth was rather large. By using 
the method of modulation of the flux being measured, the bandwidth of the measuring device can be reduced 
and in so doing the magnitude of the minimum detectable power will be limited only by the fluctuations of 
heat transfer. 
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N O T A T I O N  

(2 
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~0 = 8.85 �9 10 -12 F / m  
k 
P 

C 
F 
f 
l 
n 
x and y 

is the 
is the 
~s the 
is the 
is the 
~s the 
~s the 
is the 
is the 
is the 
~s the 

coefficient of l inear expansion; 
coefficient of convers ion of capacitance to voltage; 
v o l t - w a t t  sensitivity; 
gap between plates; 
d ie lec t r ic  constant; 
thermal  conductivity; 
t empera ture  coefficient of capacitance; 
capacitance of capacitor;  
amplitude of sinusuoid; 
initial deflection; 
length of act ive  element; 

~s the width of plate; 
are  the cur rent  coordinates .  
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