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We repor t  a temperature c o n t r o l l e r  working i n  the range bet-  

ween 77 OK. and 300 OK by continuous heat ing o f  the m e t a l l i c  mass. I t  was 

designed t o  prevent o s c i l l a t i o n s  around the equ i l i b r i um temperature and 

then i t  i s  p a r t i c u l a r l y  useful  when large increases i n  the temperature 

are needed dur ing experiments. 

Apresentamos um contro lador de temperaturas no i n te rva lo  dos 

77 aos 300 OK por aquecimento contínuo de uma massa metál ica . Foi dese- 

nhado para e v i t a r  osci lações ao redor da temperatura d e e q u i l í b r i o  quan- 

do mudanças grandes na temperatura são necessãr ias durante os exper imen- 

tos.  

Most heat ing systems based on continuous cont ro l  o f  the elec-  

t r i c a l  power use ampl i f ie rs ,  and the e r r o r  i n  temperature i s  inversely 

proport ionisl t o  the ampl i f ie r  gain. The i r  main problem i s  t hesa tu ra t i on  

o f  the ampl if i e r  when large increases of the equi 1 ibr ium temperature are 

needed. During the sa tura t ion  time, the m e t a l l i c  mass i s  heated w i t h  a 

constant voltage, and the system fo l lows a temperature law s i m i l a r  t o  

t ha t  shown i n  f i g .  3.  When the temperature o f  the thermometer i s  near 

the equ i l i b r i um value To the amp l i f i e r  becomes l i nea r ,  but  a t  t h i s  time 

the temperature a t  the ca le fac tor  i s  h igher than T o ,  because o f  thetem- 

perature gradient  between ca le fac tor  and thermometer. I f  the amp l i f i e r  

has a convéinient h igh gain, i t  saturates again i n  the opposite sense, 

and the system cools fas t .  This s i t u a t i o n  repeats and the system o s c i l -  

la tes .  
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F i g .  1 - 24 GHz EPR c a v i t v  controlled wi th  our sys tem.  

We a r e  r e p o r t i n g  a system t h a t  avoids t h i s  inconvenience by 

connect ing an i n t e g r a t o r  i n  p a r a l  l e l  wi t h  t h e  f i r s t  ampl i f  i e r  stage. The 

t ime cons tan t  o f  the  i n t e g r a t o r  i s  g r e a t e r  than the  c h a r a c t e r i s t i c  res-  

ponse t ime o f  the  system t o  be c o n t r o l l e d ; s o ,  du r ing  the  hea t ing  p e r i o d  

b e f o r e  t h e  s t a b i l i z a t i o n ,  energy i s  supp l ied  t o  t h e  system i n  such a r a -  

t e  t h a t  no p a r t  o f  i t  becomes warmer than  the d e s i r e d  e q u i l i b r i u m  tem- 

p e r a t u r e  To. When the system warms up t o  temperatures near To, the  am- 

p l i f i e r  operates,  and the  whole system works l i k e  a normal c o n t r o l l e r .  

The F i g  . I  shows the  c i  r c u i t  o f  our  device; t h e  regu la ted  po- 

wer s u p p l i e s  a r e  n o t  shown, because they a r e  conven t iona l .  The i n t e g r a -  

t o r  ( P ~ )  and t h e  f i r s t  ampl i f  i e r  (r2) a r e  connected i n  p a r a l  l e l  and re -  

c e i v e  the c o n t r o l  s i g n a l  f rom a br idge;  a cons tan t  c u r r e n t  supply  ( I 5 ,  

and t h e  2 ~ 4 2 2 0  t r a n s i s t o r )  feeds the  b r i d g e .  The Pt t h e r m m e t e r  i n  se- 

r i e s  w i t h  a v a r i a b l e  h i g h  accuracy r e s i s t e n c e  a r e  a branch o f  t h e  b r i d -  

ge. l n  t h i s  way we g e t  u n i f o r m  s e n s i t i v i t y  i n  t h e  whole temperature ran-  

ge. 

We i nc luded  i n  t h e  c i r c u i t  a  p r o t e c t e d  inst rument ,  which f u l -  

f i l s  a11 the  necessary measurements. I t  measures t h e  ze ro  p o i n t s  o f  t h e  



amp l i f i e r  and in tegra tor  i n  pos i t ions  1  and 2 o f  the funct ionswitchS1; 

i t  al lows the d i r e c t  temperature measurement w i th  the bridge, w i t h  the 

power disc:onnected i n  pos i t i on  3 o f  SI;  i t  indicates the a r r i v a i  t o  the 

equ i l ib r i i im o f  ternperature i n  p o s i t i o n  4, and measures the i n t e g r a t o r  

output, proport ional  t o  the e l e c t r i c a l  power, i n  p o s i t i o n  5. 

The time constant o f  the in tegra tor  must be selected accord- 

ing the system whose temperature have t o  be cor i t ro l led ,  i t s  thermal con- 

d u c t i v i t y  and s p e c i f i c  heat. I n  p rac t i ce  we choose i t  emp i r i ca l l y  i nou r  

apparatus. We used two microwave c a v i t i e s  f o r  EPR experiments; one o f  

them i s  shown i n  Fig.  2. F ig .  3 shows the ra te  o f  growth o f  the tempe- 

ra tu re  as a  f unc t i on  o f  time i n  F ig .  2  cav i t y  system, i n  f r o n t  of a  

constant vol tage exc i t a t i on .  This can be approximated t o  an exponential 

func t ion  w i t h  time constant r = 5.5 minutes f o r  one cav i t y  and 10 minu- 

tes f o r  the o ther .  We obtained i n  t h i s  way the in tegra tor  constant; we 

selected a value which i s  good f o r  both c a v i t i e s .  I n  t h i s  s i t u a t i o n  the 

equ i l  ibr ium time obtained f o r  an increase o f  130 O K  and f o r  temperatu- 

res ra is i r ig  between 160 and 260 O K ,  was about 30 minutes f o r  both cav i -  

t i e s .  

F i g .  2 - The electronic circuitry. A I 1  the resistances are 1/2 watt ty- 

pe, except speci f ied . 





We cooled our c a v i t i e s  by enclosing them i n  a vessel contain-  

ing an exchange gas and the vessel i s  i n  a dewar container f i l l e d  w i t h  

l i q u i d  n i t rogen; the 7 ohms ca le fac tor  i s  c o i l e d  i n  a non- inductive way. 

The P t  thermometer was ca l i b ra ted  using the method described 

by P r a t t  e t  aZ. l .  Other thermometers d i f f e r e n t  from P t  resistance can 

be used; we t r i e d  a copper thermometer2 w i t h  good resu l t s .  

A permanent dispiacement bT from To was observed, co inc ident  

w i th  the permanent er.ror ca lcu la ted i n  the design. The l a t e r  i s  neces- 

sary t o  miintain the in tegra tor  "memory". I t can be corrected when read- 

ing the temperature by d i r e c t  measurement on the instrument. I n  a11 ca- 

ses t h i s  permanent displacement was l e s ~  than 0.2 OK. 

The average displacements from the equ i l i b r i um p o i n t  To - AZ' 
i n  one hoiir o f  work are  less than 0.02 OK ( r ea l  e r r o r  o f  T) f o r  the who- 

l e  range of temperatures . 

This system has a l so  proved t o  be usefu l  t o  cont ro l  a c o l d  

f i n g e r  apparatus f o r  research i n  nuclear physics w i t h  s i m i l a r  r .  I t  can 

be used, w t b  a few modi f icat ions i n  the sensor and power amp l i f i e r ,  i n  

the range o f  4.2 t o  77 OK, using l i q u i d  helium. 
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