
pract ice  it is impossible in the initial per iodof  heating or  coolingto reveal  the finite thickness of the sample 
which is necessa ry  for successful  calculation with Eqs.  (6) and (7). On the other hand, the determination of 
the pa ramete r  ),c T from the express ion 

*i (20) 

which is easily obtained from the relation between Laplace t ransforms for a semiboundedbody [q(s)/T(s)] 2-- 
s(kcT), shows that the calculated values of this pa ramete r  in the initial period of heating or  cooling are  in good 
agreement  with the values assumed in the solution of the forward problem . Thus, the simultaneous calculation 
of kcT by Eq. (20) and k and a by (6) and (7) in the present  case enables one to judge from the nature of the var ia -  
tion of these pa ramete r s  both the accuracy  of the computational scheme chosen and the legit imacy of using the 
recommended relat ions as a whole for the available experimental  data. 

N O T A T I O N  

T, tempera ture  of sample; x, coordinate; 5, thickness of flat plate; ~, thermal  conductivity; a, thermal  
diffusivity; c, specific heat; T, density; q, heat flux density; t, 7, 0, t ime.  
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P H O T O E M I S S I O N  M E T H O D  OF M E A S U R I N G  T E M P E R A T U R E  

K.  N.  K a s p a r o v  UDC 536.521.082.52 

A photoemission method of measur ing  temperature  is presented,  and the range of its application 
is indicated. Expressions are  obtained for calculating the systemat ic  e r r o r ,  and a nomogram is 
given for determining it. 

The photoemiss ion method of measur ing  tempera ture  for a continuous emission spectrum is based on the 
dependence of the energy distribution of photoelectrons in the photoemission effect on the energy distribution in 
the spectrum of the radiation source [1, 2]. The tempera ture  of a body is determined from the change in the 
energy distribution of photoelectrons,  i . e . ,  the increase in the number of photoelectrons with the maximum 
kinetic energy Wma x =eUmax with increasing tempera ture .  

By considering Einste in 's  equation for the photoelectric effect 

eUma x = h (v - -  %) (1) 

or 

Wma x =:/e t (v) 

together with Planck 's  equation forblackbody radiation 

r0 = fz(v, T) (2) 

it is c lear  that an implicit relat ion exists between the maximum kinetic energy of the photoelectrons and the tem- 
perature  T of the body whose radiation gave r ise  to the photoelectric effect.  It follows from (2) that the frequency 
u is a function of the spectra l  density of the blackbody radiation energy r 0 and the temperature  

v = q~ (r0, T) (3) 

T rans l a t ed f rom Inzhenerno-Fizicheski i  Zhurnal, Vol. 35, No. 2, pp. 257-265, August, 1978. Original 
ar t ic le  submitted June 20, 1977. 
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Fig.  1. Spectral  distribution of reduced flux 
densities of blackbody radiation s(Mr0(X, T) in 
W / m  -2 at t empera tu res  of 1) 1000; 2) 2000; 3) 
3000~ corresponding to reduced luminous fluxes 
equal to tha ta t  3000~ Thephotocathodes are  
a) an t imony- -ce s ium;  b) muir[alkali; c) s i l v e r - -  
oxygen--  ces ium;  )t is in ~m.  

and consequently 

Wma x = F i (r o, T). (4) 

For  r 0 =constwe obtain Wma x =F(T) and 

V = f (Um~). (5) 

Thus, in this case,  the thermometr ic  property is the dependence of the maximum kinetic energy of the photo- 
electrons on the temperature  of the radiating object. 

The condition r 0 = const is achieved by maintaining a constant intensity of illumination E (W/cm 2) of the 
photocathode, since the constancy of the spectra l  interval Ak is ensured by the pract ical ly constant value of the 
dispersion of the electron flux D(mV/~) in the cutoff region of the photocurrent .  Since the sensitivity of the photo- 
cathode is not constant over its surface,  the position and area of the bright spot on the photocathode must  also 
be kept constant.  

It should be noted, however,  that Eq. (5) is not neeessar i lyunique ,  since it is determined bythe proper -  
ties of the photocathode mater ia l  in the specific range of energies of the incident light quanta . Strictly speak- 
ing, Eq. (1) is applicable for metals  at0~ For  compound photocathodes v 0 is notthe s a m e f o r  allwavelengths 
since the photoelectric effect at various photon energies  can proceed ei ther  from the fundamental region (the 
photoelectric effect proper) or  from levels in the forbidden zone, in which case the relation between Uma x and 
hv -- hv 0 is no longer unique. For  example, sol id-s tate  detectors  showa pronounced dependence of the work 
function on wavelength in the ultraviolet  region.  Of course ,  if the mechanism of the photoelectric effect changes 
with changing frequency of the light, the method of measur ing temperature  under considerat ion is notapplicable.  

The Einstein equation establishes a relation between the kinetic energy of a photoelectron, on the one hand, 
and the energy of the absorbed quantum and the initial energy of the electron in the solid, measured  from the 
vacuum level, on the other hand. This relat ion is valid not only for the electrons with the maximum kinetic 
energy,  butalso for photoelectrons produced in direct  t ransi t ions,  both in metals  and in semiconductors ,  and 
escaping intovacuum withoutloss of energy.  For  example, for an t imony- -ce s ium and multialkali photocathodes 
this s tatement  is confirmed in the visible region of the spectrum by the fact that close to themaximum energy 
the shape of the photoelectron energy distribution does no tva ry  with changing frequency of the light, and the 
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Fig. 2. a) Cu r r en t - -  voltage charac te r i s t i cs  for  
tempera tures  of a heated body T 1 > T 2 and constant 
values of the total (1, 2; P =const)and reduced (1, 
3; I 0 = const) luminous fluxes; b) stopping potential 
as a function of the temperature  of the radiation 
source [1, P =const (W); 2, I0 =const (A)]. 

distribution curves are  only displacedon the energy sca leby  the amount of the change in energy of the quantum . 
In this case the temperature  of a heatedbody canbe determined not only from the maximum energy of the photo- 
electrons,  but also over  a ra ther  broad region close to the maximum energies ,  where the energy distribution 
of the photoelectrons remains  of the same type and the shape of the cu r r en t - -vo l t age  charac te r i s t i cs  close to 
the cutoff voltage of the photocurrent  is unchanged [2]. Otherwise,  if the cu r r en t - -vo l t age  charac te r i s t i cs  
intersect ,  photoelectrons with energies close to the maximum cannot be used to measure  tempera ture .  

A change in the shape of the c u r r e n t - -  voltage charac ter i s t ics  can resul t ,  in par t icular ,  f rom the nonmono- 
tonic dependence of the densi t : /of  e lect ron states on energy in the conduction band. In a number of cases  the 
charac te r i s t ic  curves  of the energy distribution of photoelectrons have severa l  peaks which may be re la tedto  
the complex s t ructure  of the energy bands or  to various p rocesses  of dissipating the energy of the photoelectrons 
[3]. For  example, the presence of two peaks in the energy distribution of photoelectrons from a s i l v e r - - o x y g e n - -  
cesium ( A g - - O - - C s )  photoeathode for quantum energies above 2.7 eV (0.46 p m ) c a n  be accounted fo rby  the 
emiss ion of electrons from the highestoccupied levels of the impuri tyband or  the conduction band, andalso 
by surface photoemission as a resul t  of the photoionization of cesium atoms adsorbed on the surface or electrons 
of surface states of the host c rys ta l  [4]. F rom the c u r r e n t - -  voltage charac te r i s t i cs  and the initial energy dis-  
tribution of the photoelectrons from a semi t ransparen t  A g - -  O -- Cs photocathode it can be seen that with an in- 
c rease  in frequency a group of e lectrons appears whose energy increases  proportionally to the frequency, and 
whose number decreases  as the energy of the quanta increases .  

The intersection of the cu r r en t - -vo l t age  charac te r i s t i cs  which occurs  in this case permits  the use of an 
A g -  O -  Cs photocathode to measure  temperature  only by means of the maximum velocities of the photoelectrons.  
This photocathode can be used to measure  temperature  in the range of photoelectron energies close to the maxi-  
mum only for photon energies of 1 .0 -2 .  ? eV, where there is still no intersection of the c u r r e n t - -  voltage charac -  
t e r i s t i c s .  Pract ica l ly ,  this means thatthe temperature  of anobject  mus tno t  exceed about 600~ when there 
are  not enoughphotons with energies above 2.7 eV in the spect rum of the heatedbody to produce a detectable 
photocurrent .  This is true for "normal" A g - -  O -- Cs photocathodes, both thick and semit ransparent ,  i .e .  ~ those 
for which Xma x = 0 .6 -0 .8  pro, X 0_>1 /~m, and where the cur rent  -- voltage charac te r i s t i cs  intersect  in the shor t -  
wave par t  of the working range.  F o r  an A g - - O -  Cs photocathode strongly contaminated with oxygen so thatthe 
long wavelength maximum disappears ,  there is no intersection of the stopping curves for shortwaves.  However, 
there is nopoint  in using such a photocathode to measure  temperature  since it has X0 =0.8 pm and the sensitivity 
is 5-10 pA/ lm ,  which is 25-50 times smal le r  than for a multialkali cathode having the same long wavelength 
threshold of the photoelectric effect.  

Consequently, before proceeding to measure  the temperature  it is necessa ry  to take the c u r r e n t - -  voltage 
charac te r i s t i cs  of the stopping of the photocurrent  of the par t icular  photoelectric pyromete r  (PEP) for monochro-  
mat ic  fluxes of light of constant intensity and to make cer ta in  that the photocathode mater ia l  is appropriate  for 
measu r ing tempera tu re  in the range of photon energies in question. 

In the photoemission method of measur ing  temperature  r 0 can be kept constant by flattening the luminous 
flux with nonselective radiation detectors  such as thermocouples,  bolometers ,  etc. But since their readings 
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TABLE 1. "l~hotoemission '' T e m p e r a t u r e  of Tung-  
sten Calculated for  T h r e e  Types  of Photocathodes 
and Comparedwi th  T rue  and Color T e m p e r a t u r e s  

I True temperature T, ~ 
Photoem~sionmethod} Iooo ] 2000 [ 

I 
Photocathode: 

antimony-cesium 1007 2020 
multialkali 1015 2036 
.Ag--O-Cs 1018 2060 

8000 

3094 

3042 
3062 

can be graduated d i rec t ly  in degrees ,  and the i r  sensi t iv i ty  is considerably  lower than that  of a PEP,  there  is 
no point in f i r s t  flattening the total  luminous fluxes P in measu r ing  t e m p e r a t u r e  by the photoemiss ionmethod .  

In f lat tening the reduced luminous fluxes @ =/. s(Mr0(k,T)dX, where  s(M is the re la t ive  spec t r a l  sensi t ivi ty  
~.min 

of the photocathode, and Xmin and ~0 a re  the l imits  of the range of its spec t r a l  sensi t ivi ty ,  there  is a d isp lacement  
of the m a x i m u m  of the curve  �9 =f(M into the shor t  wavelength region with increas ing t e m p e r a t u r e  (Fig. 1) just  
as in the nonselect ive  flattening of luminous f luxes,  and consequently in the flattening of luminous fluxes by the 
equali ty of photocurrents  (I 0 = const  for Us =0) there  is also a t e m p e r a t u r e  dependence of the cutoff potential  of 
the photocurrent  (Fig.  2). At a high t e m p e r a t u r e  the sensi t iv i ty  falls off because  of the l imitat ion of the r ad ia -  
tion by the ent rance  window of the P E P  (curve 2 of Fig .  2b). 

The t e m p e r a t u r e  Tp  m e a s u r e d  by the pho toemiss ionmethod  is de te rmined  f rom the identity of the re la t ive  
dis tr ibut ions of spec t r a l  energy  density of the r ad i a t i on f rom a blackbody (s tandard)and the object .  The identity 
of the re la t ive  spec t r a l  dis tr ibut ions is es tab l i shed  by the equality of the energy fluxes of the s tandard and the 
given body in two par t s  of the spec t rum,  in the whole sensi t ive  region of the photocathode f rom X 0 to kmin (as in 
par t ia l  radia t ion p y r o m e t e r s )  and, as in br ightness  p y r o m e t e r s ,  In a nar row range of wavelengths of the o rder  
of 5-10 ~ in the region of the shor t e s t  wavelength radiation ~s whose level  exceeds the threshold of sens i t iv i ty  of 
the P E P .  The width of the [n te rva lc lose  to ks is de t e rminedby  the sensi t iv i ty  of the PEP  to the stopping of the 
photocurrent ,  and its posi t ion in the spec t rum is not cons tantbut  depends on the t empera tu re  of the object .  The 
t e m p e r a t u r e  m e a s u r e d  in this way is c l ea r ly  the color  t empera tu re ,  but it differs  f rom the color  t e m p e r a t u r e  
m e a s u r e d  with optical ly monoehromat iz ing  e lements  in that  it is produced not by the monochromat iza t ion  of the 
luminous flux of the object  but of the P E P  e lec t ron  ftux co r re l a t edwi th  it. 

The sys t ema t i c  e r r o r  AT=Tp -- T of the pho toemtss tonmethod  for  measu r ing  the color  t e m p e r a t u r e  is 
de te rmined  by the spec t r a l  cha r ac t e r i s t i c  of the sensi t iv i ty  of the photocathode s(k), anddepends on the e m i s -  
s ivi ty of the object  e(k, T), where  T is the t rue t e m p e r a t u r e  of thebody.  

To der ive  the re la t lonbe tween  the "photoemiss ion"  t e m p e r a t u r e  Tp,  m e a s u r e d  by the stopping of the 
photocurrent ,  and the t rue  t e m p e r a t u r e  T,  we define the "stopping" wavelength k s as the shor tes twave length  
whose content in the nonmonochromat ic  radiant  flux of a heated body for  a chosen value of the in i t i a l cu r ren t  I 0 
is suff icient  to produce the min imum m e a s u r a b l e  photocurrent  c lose to the potential  for  complete  stopping of 
the photocurren t .  This  wavelength is analogous to the threshold  wavelength or " red  threshold"  ko, but is m e a -  
sured  in the shor twave length  pa r t  of the spec t rum,  and in con t ras t  with k0, is not a cha r ac t e r i s t i c  of the m a t e -  
r ia l ,  but depends on the t e m p e r a t u r e  of the ob jee tand  the initial cu r r en t  I0. 

qSO 

q ~20 0 

AT 

35 

3o 

25 

8 /2 I~ k 

Fig.  3. 1) k s in Izm, a n d 2 ) s y s -  
t emat ie  e r r o r  AT as functions 
of the ra t io  of cu r ren t s  k at 
T = 2000~ 
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Fig.  4. Nomogram for determining the systemat-  
ic e r r o r .  For  example, a t a  measured  tempera-  
ture Tp =805~ and0 =0.65 the systemat ic  e r r o r  
AT =24~ and the true tempera ture  T =805 -- 24 = 
781~ 

In order  to find the systemat ic  e r r o r  and to determine its dependence on the tempera ture  of the body AT = 
f(T), it is necessa ry  f i r s t  to find the relation between Xs and Tp: 

~'s = f (Tp) (6) 

and then to determine 

Tp = / ( r )  for ks=const. (7) 

Since the emissivi ty  of many mater ia ls  is nearly temperature  independent over a wide range of tempera tures  
( e .g . ,  it var ies  by 5% from 1600-3000~ for tungsten), we assume e does not depend on the tempera ture .  Sub- 
stituting T andthe corresponding values of X s f rom (6) into (7), we obtain the t empera tu re  Tp for each value 
of the true temperature  and determine the sys temat ic  e r r o r  AT. 

In the absence of a stopping potential the photocurrent  produced by the radiation era blackbody at t empera -  
ture Tp and proportional  to the luminous flux @ is 

~0 

Xo= Is(~.),-oB, 7 p ) d ~ .  (s) 
~min 

At this same blackbody temperature  and for a potential Us = Umax at which the current~produeed by the 
radiation of wavelength ~'s is stopped, the cur ren t  through the PEP has its threshold value 

$ 
x t -- f s (~) r0 B,  T t,) d~. x~. (9) 

The ratio 
~o 

Io "~min k (10) 

It Ss(k)ro(;L Tp)d~ .  

Lmi n 
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is the re la t ion  X s =f(Tp).  Assigning a s e r i e s  of values of the t e m p e r a t u r e ,  we ob ta in for  each of them a c o r r e -  
sponding value of ks for  a given constant  value of the ra t io  k.  

To obtain f rom this same  photocathode a cu r r en t  I 0 f rom an actual  body, the body m u s t  have the t e m p e r a -  
ture  T for  an emi s s iv i t y  s(X, T) .  Equating the cu r ren t s  f rom theac tua l  andblackbody s o u r c e s w e  obtain 

ko ;~o 
Io-~ js(i~)ro(i~. Tp) d~ = ts(~,)e(i% T)ro(~,, v)e~,, (11) 

krnin J, 

where Tp is the blackbody photoemiss ion  t e m p e r a t u r e  and T is the t rue  t e m p e r a t u r e  of the actual  body. In a 
s i m i l a r  way, for  the complete  stopping of the photocurrent  we write 

~$ ~,S 

~'min kmin 

Dividing (11) by (12) we obtain 

T) r o (~,, T) d;~. (12) 

S s (i~) ro (;~, Tp) d~, S s (;~) e (~,, T) r 0 (~,, T) d~, 
kmin ~rnin 

;~$ ks 

j s(Z)ro(~, Vp)dZ j s(Z)~(~, T)ro(Z, V)d~ 
~, ~. �9 

(13) 

The le f t -hands ide  of this equation is equal to k. Tak ingas  t heuppe r  l im i to f  the integral  in the denominator  on 
the r ight -hand side any value of the wavelength f rom the range of values of ks =f(Tp) obtained, we choose a value 
of the t e m p e r a t u r e  T in the neighborhood of Tp so tha t  the ra t io  on the r ight-hand side of Eq.  (13) is a l soequa l  
to k. The difference Tp -- T will be the sys t ema t i c  e r r o r  of the method for  the given value of Tp.  

Table  1 l is ts  the t e m p e r a t u r e s  Tp of tungsten calculated for  three  types of photocathodes,  and p resen t s  
for  compar i son  the color  t e m p e r a t u r e s  m e a s u r e d  by the usua lmethod  of the r e d - - b l u e  ra t io  [5]. 

The sy s t ema t i c  e r r o r  inc reases  for  an increase  in the range of sens i t iv i ty  of the photocathode.  Inaddi -  
tion, it depends on the value of k -- the ra t io  of the initial cu r r en t  I 0 to the threshold  cu r r en t  It, which r e su l t s  
f rom the dependence of the wavelength k s on k. Fo r  k_>10 the sys t emat i c  e r r o r  is p rac t ica l ly  constant  (Fig.  
3). 

F igure  4 is a nomogram for  de termining the sys t emat i c  e r r o r  AT in using a P E P  with a mul t ia lka l iphoto-  
cathode. The p a r a m e t e r  0 = a l l  is d e t e r m i n e d f r o m  the spec t r a l  cha r ac t e r i s t i c  of the emis s iv i ty  e(k) as the ra t io  
of the p a r a m e t e r  a ,  de te rmin ing  the slope of the c h a r a c t e r i s t i c  e(~), to the value of the emiss iv i ty  in the middle  
of the spec t r a l  range s(0.65) = l .  The p a r a m e t e r  a is defined as a = [S(Xmi n) -- e(k0)]/(X 0 - -  ~.min) for  a l inear  
approximat ion  of the functions(X). The sys t emat i c  e r r o r  AT and the t rue t e m p e r a t u r e  T =Tp -- AT a re  d e t e r -  
mined f rom 0 for  the m e a s u r e d t e m p e r a t u r e  Tp .  

It is easy  to cons t ruc t  a device for  m e a s u r i n g  t e m p e r a t u r e  by the method descr ibed  above.  The photo- 
emi s s ion  method of m e a s u r i n g  t e m p e r a t u r e  pe rmi t s  the construct ion of a qu ick - re sponse  p y r o m e t e r  having a 
la rge  ape r tu re  and a smal l  sys t emat i c  e r r o r .  The use of such a p y r o m e t e r  is m o s t  p romis ing  for  m e a s u r i n g  
rapidly  varying t e m p e r a t u r e s  of m ic roscop i c  objects  or  for  scanning a heated sur face  with a resolv ing  power  
of the o rde r  of tens of mic rons .  Our photoemiss ion scanning p y r o m e t e r  ensu re s  a m e a s u r e m e n t  of t e m p e r a -  
tu res  inthe 600-1300~ range with a spat ia l  resolut ion of 40/~m and an ins t rumenta l  e r r o r  of 0.2 to0.05% 
depending on the construct ion of the photoelect ronic  device used.  

N O T A T I O N  

Wma x, m a x i m u m  kinetic energy  of a photoelectron;  e, charge  of e lect ron;  Umax,  potent ia ld i f fe rence  
between photoeathode and anode to stop the cu r r en t  in the ex te rna l  c i rcui t ;  h, P lanck ' s  constant;  v, frequency;  
v0, threshold  frequency; r0(~, T), spec t r a ld i s t r i bu t ion  of blackbody radia t ion density; T, t rue t empera tu re ;  
Tp,  t e m p e r a t u r e  m e a s u r e d  by photoemiss ion method; E, intensity of illumination; kmin, )'0, shor t  and long 
wavelength l imits  of range of spec t r a l  sensi t iv i ty  of photocathode; @, luminous flux; Us, voltage producing s top-  
ping field in in tere lec t rode  gap; I0, photocurrent  at Us = 0; s()Q, re la t ive  spec t r a l  sensi t iv i ty  of photocathode; 
AT =Tp --  T > 0, sys t emat i c  e r r o r  of photoemiss ion method o f m e a s u r i n g  t empera tu re ;  ks, shor tes twave length  
in emi s s ion  spec t rum  of a heated body for  which the radia t ion energy  density is sufficient  top roduce  t h e m i n i -  
mum m e a s u r a b l e  photocurren t  for  iU s ]~[Umax I; s(k, T),  emiss iv i ty ;  It, photoeurrent  for  U s =Umax; k =r0/I t ,  
coefficient;  (~, p a r a m e t e r  determining se l ec t iv i tyo f  emiss iv i ty  of object  in spec t r a l  sensi t iv i ty  range of 
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photocathode; l ,  emiss iv i ty  in middle of spec t r a l  sens i t iv i ty  range of photocathode; 8 = s / l ,  p a r a m e t e r  ch a r ac -  
t e r i z ing  deviation of emiss iv i ty  of object  f rom that of a blackbody.  
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O P T I M A L  GAS D I S C H A R G E  T H R O U G H  C R Y O G E N I C  

F L O W  I N L E T S  IN R E F R I G E R A T O R  C O O L I N G  O F  

S U P E R C O N D U C T I N G  M A G N E T I C  S Y S T E M S  

Y u .  L .  B u y a n o v  UDC 536.483 

A re la t ionship  connecting the d ischarge  of the gas-cool ing  cryogenic  flow inlets to the d ischarge  
of the gas re turn ing  in the r e v e r s e  flow is obtained, forwhich  the co td-produc t iv t tyof  the r e f r i g -  
e r a to r ,  which is requi red ,  is a m i n i m u m.  

Cryosta t ing the t u rnso f  superconduct ing magnets  (SM) with large working volumes is accompl ished,  as 
a rule ,  by using helium re f r ige ra t ion  appara tus .  In the ma jo r i t y  of c a se s ,  the quantity of l iquidhel ium needed, 
which is de l ivered  to the SM cryos ta t ,  is produced in the r e f r i g e r a t o r  and the r e f r i g e r a t o r  cold-product iv i ty  
is l a t e r  used to mainta  in a given level  of liquid hel ium by compensat ing  for  the heat  influxes into the l ow - t em-  
pe ra tu re  zone. 

P a r t  of the cold gas  in the r e f r i g e r a t o r  cooling of SM is ord inar i ly  supplied to cool the flow inlets (this gas 
flow is heated to the t e m p e r a t u r e  of the envi ronment  and is not d i rec ted  Into the r e v e r s e  flow of the r e f r i g e r a t o r ) .  

A d iagram of the lower pa r t  of the r e f r i g e r a t o r  including the J o u l e -  Thomson  heat  exchanger  1, throt t le  
2, and the SM c ryos t a t  3, is shown in Fig .  1. The flow inlet channel being cooled 4 is a lso  shown. 

The liquefiable pa r t  M l of the gas flow M~ pass ing through the thrott le  compensa tes  for the dec rease  in 
the liquid helium in the c ryos ta t ,  while the unliquefied helium goes together  withthe s a t u r a t e d v a p o r  being fo rmed  
because  of the to ta lhea t  influx ZQ to the c ryos ta t ,  into the r e f r i g e r a t o r  r e v e r s e  flow M 2 and into cooling the flow 
Inlets M 3. The total  heat  Influx is compr i s ed  of the c ryos t a t  background Qbgd (the heat  influx to the c r y o s t a t f r o m  
di f fe ren thea t  sources) ,  the heat  influx over  the flow inlets being cooled Qcld (M3)' and the additional heat  influx 
Qadd, which can be considered as the r e f r i g e r a t o r  power r e s e r v e ;  i .e . ,  

~Q ~ Qbgd ~ Qcld(M~) ~ Q-add . (i) 

The max imum r e f r i g e r a t o r  power requ i red  in o rder  to cool the SM is defined by the re la t ionship  

If 
Or= ~O + O~-7-/- ~ --Q~, (2) 

where Q3 =Mar is the cold used to cool the flow inlets and the t e r m  Q3 ( l f / l r )  in (2) is the r e f r i g e r a t o r  co ld -p ro -  
ductivity ensur ing a supply of liquid hel ium in the amount  M s . 

Using the notation ~ , = r [ ( l f / l r )  --  1], we have 

Or= ZQ + 7M 3. (3) 

T rans l a t ed  f rom Inzhenerno-Fiz ichesk i i  Zhurnal ,  Vol.  35, No. 2, pp. 266-271, August,  1978. Original  
a r t i c le  submit ted Ju ly  16, 1976. 
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