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An e v a l u a t i o n  procedure  f o r  c h a r a c t e r i z a t i o n  o t  i n d u s t r i a l  p la t inum r e s i s t a n c e  
thermometers  (IPKT’s) f o r  u s e  i n  t h e  t empera tu re  r a n g e  -120OC to  16U0C was 
i n v e s t i g a t e d .  T h i s  e v a l u a t i o n  procedure c o n s i s t e d  of c a l i b r a t i o n ,  thermal  s t a b i l i t y  
a n a  h y s t e r e s i s  t e s t i n g  o t  f o u r  s u r f a c e  measuring IPKT’s. F i v e  d i r f e r e n t  c a l i b r a t i o n  
schemes were i n v e s t i g a t e d  f o r  t h e s e  s e n s o r s :  IPTS-68, Callendar-Van Dusen, two 
Z f u n c t i o n  c a l i b r a t i o n s ,  and a second degree polynomial  w i t h  a d e v i a t i o n  f u n c t i o n .  
The IPTS-68 t o r m u l a t i o n  produced t h e  most a c c u r a t e  r e s u l t s ,  y i e l d i n g  a v e r a  e s e n s o r  

s e n s o r s  were checked f o r  t h e r m a l  s t a b i l i t y  by s u c c e s s i v e  thermal  c y c l i n g  between 
room t e m p e r a t u r e ,  and e i ther  160°C or b o i l i n g  p o i n t  o t  n i t r o g e n  (-195.8 C). The 
s e n s o r s  were also checked f o r  thermal h y s t e r e s i s  by s u c c e s s i v e  tliermdl c y c l i n g  
between room t e m p e r a t u r e ,  160°C, and b o i l i n g  p o i n t  ot  n i t r o g e n .  
s u f f e r e d  from i n s t a b i l i t y  and h y s t e r e s i s .  

s y s t e m a t i c  error of 0.02 and rdndola error  (one s t a n d a r d  d e v i a t i o n )  ot  f O . l  ti C. The 

All the IPKT’s 

INTKODUCT ION 

The c a l i b r a t i o n  and s t a b i l i t y  of f o u r  i n d u s t r i a l  p l a t inum r e s i s t a n c e  
the rmoue te r s  h a s  been i n v e s t i g a t e d .  T h i s  work was mot iva ted  by t h e  need to r  a n  
o v e r a l l  e v a l u a t i o n  procedure  f o r  r e s i s t a n c e  thermometers.  Such data could  be used 
f o r  a s s e s s i n g  t h e  performance of thermometers f o r  s p e c i f  i c  a p p l i c a t i o n s .  

An o v e r a l l  e v a l u a t i o n  of a r e s i s t a n c e  thermometer would i n c l u d e  c a l i b r a t i n g  t h e  
s e n s o r ,  checking  i t s  s t a t i c  and dynamic thermal  s t a b i l i t y ,  checking  ttie i n s u l a t i o n  
r e s i s t a n c e ,  and de te rmin ing  i t s  t h e r m o e l e c t r i c  e f f e c t ,  s e l f  h e a t i n g ,  and time 
c o n s t a n t  ( r e f .  1). C a l i b r a t i o n  and thermal  s t a b i l i t y  were cons ide red  s u f f i c i e n t  f o r  
c h a r a c t e r i z i n g  t h e  thermometers used i n  t h i s  s tudy .  

The known, a c c u r a t e ,  and r e p r o d u c i b l e  te tuperature  dependence OL‘ t h e  r e s i s t a n c e  
of  p l a t inum h a s  10% been u t i l i z e d  for  thermometry.  Two d i f f e r e n t  c l a s s i f i c a t i o n s  
o f  p l a t inum r e s i s t a n c e  ttiermoueters (PKT’s) e x i s t .  The s t a n d a r d  version--SPKT--is 
used to  d e f i n e  t h e  I n t e r n a t i o n a l  P r a c t i c a l  Temperature  S c a l e  (IPTS) o v e r  t h e  r a n g e  
from 13.81 K t o  903.09 K (ref. Z), because o t  i t s  h igh  r e p r o d u c i b i l i t y  and 
p r e c i s i o n .  A SPKT u s e s  v e r y  pure plat inum wire inourited i n  such  a way t h a t  i t  is 
f r e e  t o  expand and c o n t r a c t  re la t ive  t o  i t s  i n s u l a t i n g  s u p p o r t s .  T n i s  i m p l i e s  that  
the p la t inum wire remains as s t r a i n  t r e e  as p o s s i b l e  o v e r  i ts  o p e r a t i n g  t empera tu re  
range.  Because of t h i s  del icate  c o n s t r u c t i o n ,  SPKT’s are v e r y  s u s c e p t i b l e  t o  
v i b r a t i o n  and mechanical  shock ,  t h u s  oiily s u i t a b l e  f o r  l a b o r a t o r y  environments .  The 
i n d u s t r i a l  v e r s i o n  ot  pla t inum r e s i s t a n c e  therrnoineters--1PKT’s--are u t i l i z e d  f o r  
rugged inechanical  environments .  These employ doped p l a t inum M i r e  which is f i x e d  t o  
t h e  s u p p o r t i n g  s t r u c t u r e  by d i rec t  bondint; o r  close-packed i n s u l a t i n g  powder. These 
f u l l y  suppor t ed  eleluent windings may l e a d  t o  wire con tamina t ion ,  and w i l l  i n e v i t a b l y  
r e s u l t  i n  some s t r a i n  on t h e  plat inum wire o v e r  ttie o p e r a t i n g  t empera tu re  range.  



These strains are caused by t h e  d i f f e r e n c e  i n  t h e  the rma l  expans ion  rates of 
p la t in tnn  and t h e  suppor t ing  material on which i t  is mounted. 
i r r e g u l a r i t i e s  and i n s t a b i l i t i e s  i n  t h e  r e s i s t a n c e - t e m p e r a t u r e  r e l a t i o n s h i p ,  which 
l i m i t  t h e  p r e c i s i o n  and r e p r o d u c i b i l i t y  of t empera tu re  measurement. Thin and t h i c k  
f i l m  r e s i s t a n c e  thermometers a l s o  s u f f e r  rrom similar s t r a i n  e t f e c t s .  

These s t r a i n s  c a u s e  

The purpose of t h i s  s t u d y  was t o  i n v e s t i g a t e  t h e  c a l i b r a t i o n  of IPRT’s as w e l l  
as t n e i r  s u s c e p t i b i l i t y  t o  changes i n  r e s i s t a n c e - t e m p e r a t u r e  r e l a t i o n s h i p  caused by 
s t r a i n  e f f e c t s  dur ing  t h e r m a l  t r a n s i e n t s .  
t empera tu re  range ,  are a v a i l a b l e  i n  a v a r i e t y  of s i z e s  and shapes ,  and are f a i r l y  
rugyed. 
s t a b i l i t y  of IPKT’s i n  t h e  t empera tu re  range  of -120°C t o  16OoC is  p resen ted  here. 
Knobler  e t  a l .  ( r e f .  3) have s t u d i e d  t h e  s t a b i l i t y  and c a l i b r a t i o n  or s e v e r a l  wire 
wound IPKT’s i n  t h e  range  from 77 K t o  300 K. T h u l i n  ( r e f .  4) has  a l s o  i n v e s t i g a t e d  
t h e  s t a b i l i t y  and c a l i b r a t i o n  of  wire wound IPRT’s i n  t h e  r ange  from -5OOC t o  
100°C. Carr ( r e f .  1) has p r e s e n t e d  a n  o v e r a l l  e v a l u a t i o n  procedure  of IPKT’s i n  t h e  
range  from O°C t o  65OoC. 
wire wound and f i l m  t y p e  IPKT’s i n  t h e  range from 4 K t o  273 K. C h a t t l e  has  
cons ide red  t h e  s t a b i l i t y  and c a l i b r a t i o n  of wire wound and t h i c k  f i l m  IPKT‘s 
( r e f s .  6 and 7 ,  r e s p e c t i v e l y ) .  The s t a b i l i t y  and d i f f e r e n t  c a l i b r a t i o n  t echn iques  
f o r  wire wound IPRT’s i n  t h e  range  from -2OOOC t o  42OoC have been i n v e s t i g a t e d  by 
Actis and Crov in i  ( r e f .  8 ) .  Connolly ( r e f .  9)  has  s t u d i e d  t h e  s t a b i l i t y  and 
c a l i b r a t i o n  of wire wound IPRT’s o v e r  t h e  t empera tu re  range  O°C t o  25OoC. 
the rma l  h y s t e r e s i s  of IPKT’s has  been addres sed  by C u r t i s  ( r e f .  10) i n  t h e  ranbe 
-196OC t o  196OC. 
c a l i b r a t i o n  of  IPKT’s i n  t h e  range  from 77 K t o  273 K. Verpek ( r e f .  12) and Mangum 
( r e f .  13) have s t u d i e d  t h e  s t a b i l i t y  of IPRT’s i n  t h e  r anges  77 K t o  273 K and 273 K 
t o  533 K, r e s p e c t i v e l y .  D e s p i t e  t h e  a v a i l a b l e  l i t e r a t u r e ,  t h e r e  is s t i l l  some 
confus ion  abou t  e v a l u a t i o n  o t  IPKT’s, e s p e c i a l l y  t h e i r  c a l i b r a t i o n .  The re fo re ,  i t  
was dec ided  t o  perform t h i s  i n v e s t i g a t i o n  t o  compare d i f  t e r e n t  c a l i b r a t i o n  
p rocedures ,  and s tudy t h e  effects of S t a b i l i t y  and h y s t e r e s i s  t o r  t h e  s p e c i f i c  
s e n s o r s  used i n  t h i s  s tudy .  

IPKT’s are g e n e r a l l y  u s a b l e  o v e r  a wide 

A b r i e f  summary of t h e  a v a i l a b l e  l i t e r a t u r e  on t h e  c a l i b r a t i o n  and 

S i n c l a i r ,  e t  a l .  ( r e f .  5) have s t u d i e d  t h e  c a l i b r a t i o n  of 

The 

Besley and Kemp ( r e f .  11) have i n v e s t i g a t e d  t h e  s t a b i l i t y  and 
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a, 8 ,  6 ,  y c a l i b r a t i o n  c o n s t a n t s  

THE tU4OME TE R DES CK I P T I ON 

Four i n d u s t r i a l  p l a t i n n  r e s i s t a n c e  thermometers  were i n v e s t i g a t e d .  These 
IPRT’s were s u r f a c e  t empera tu re  thermometers.  The l i s t i n g  of t h e s e  IPRT’s and some 
g e n e r a l  i n f o r m a t i o n  a b o u t  them is conta ined  i n  t a b l e  1”. These IPKT’s were chosen  
~ n l y  bezaiiee of t h e i i  ~ ~ a i k i b i l f t y  a i  i h e  tfiiie ut tile expe r imen t s  a n a  t n e y  do not 
n e c e s s a r i l y  r e p r e s e n t  t h e  b e s t  a v a i l a b l e  s e l e c t i o n  f o r  t n i s  purpose.  All YKT’s had 
nominal  ice p o i n t  r e s i s t a n c e  (KO, r e s i s t a n c e  a t  t h e  Lreez ing  p o i n t  of water) of 
100 ohms. Three of t h e  thermometers were wire wound, w h i l e  one was of t h i n  t i l m  
c o n s t r u c t i o n .  T h e i r  nominal s p e c i f i e d  o p e r a t i n g  r a n g e  was from -200°C t o  400OC. 
The t w o  lead-wire  thermometers were modif ied i n t o  f o u r  lead-wire  c o n f i b u r a t i o n  by 
s o l d e r i n g  two copper  l e a d s  to e a c h  of t h e  e x i s t i n g  l e a d s  as close t o  t h e  s e n s o r  as 
p o s s i b l e .  

CALIBKATION 

The u s e  of  a p la t inum r e s i s t a n c e  thermometer i n v o l v e s  r e l a t i n g  t h e  r e s i s t a n c e  
of t h e  thermometer t o  t e m p e r a t u r e  using i n t e r p o l a t i o n  e q u a t i o n t s ) .  The 
i n t e r p o l a t i o n  e q u a t i o n  is thoroughly d e f i n e d  by c a l i b r a t i o n  01 the YKT a t  a 
s u f f i c i e n t  number o t  p o i n t s  i n  o r d e r  t o  e v a l u a t e  t h e  c o n s t a n t s  i n  t h e  i n t e r p o l a t i o n  
e q u a t i o n .  The c a l i b r a t i o n  c o n s i s t s  o t  measurint; t h e  r e s i s t a n c e  or t h e  PKT a t  a 
number o t  r e p r o d u c i b l e  e q u i l i b r i u u  states Whose teinperaturecj are w e l l  d e t i n e d .  A 
few of t h e  p r e s e n t  c a l i b r a t i o n  procedures  f o r  PKT’s are suuunarized h e r e .  

IPTS-b8 c a l i b r a t i o n . -  T h i s  c a l i b r a t i o n  procedure  is t h e  iuost r e c e n t  y roceaure  
u t i l i z e d  f o r  t h e  I n t e r n a t i o n a l  Practical Teupera tu re  S c a l e  ( re i .  2 ) .  I t  c o n s i s t s  of  
p r e c i s e  r e a l i z a t i o n  oi t o u r  e q u i l i b r i u m  states t o r  t h e  t e m p e r a t u r e  range  trou 
90.188 K to  903.89 K. These c a l i b r a t i o n  p o i n t s  are l i s t e d  i n  t a b l e  2. The v a l u e s  
of  t h e  I n t e r n a t i o n a l  P r a c t i c a l  Teupera ture  a s s i g n e d  t o  t h e  e q u i l i b r i u m  states used  
as c a l i b r a t i o n  p o i n t s  are p r e s e n t e d  i n  table  3. The i n t e r p o l a t i o n  e q u a t i o n  f o r  t h e  
t empera tu re  range  90.188 K < T < 273.15 k; is: 

W(T) = W*(T) + AW(T) (1) 

where W(T) is t h e  r a t io  of t h e  r e s i s t a n c e  of t h e  PKT t o  its ice p o i n t  r e s i s t a n c e ,  
W(T) = K(T)/Ko. W*(T) is a r e s i s t a n c e  r a t i o  g i v e n  by t h e  r e f e r e n c e  f u n c t i o n :  

*The couunercial equipments ,  i n s t r u m e n t s ,  or materials i d e n t i f i e d  in t h i s  
r e p o r t  do n o t  e i t h e r  imply recoinmendation by t h e  a u t h o r s ,  o r  that t h e y  are t h e  
b e s t  a v a i l a b l e  for  the purpose.  These i d e n t i t i c a t i o n s  are only to r  a d e q u a t e  
s p e c i t i c a t i o n  of t h e  expe r imen ta l  procedure.  

3 
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an  W*(T) + 3.28 20 
T -  X 

i -  1 a I  i 3.28 

AW(T) r e p r e s e n t s  tne d e v i a t i o n  between t h e  a c t u a l  and r e f e r e n c e  t u n c t i o n  r e s i s t a n c e  
r a t i o s .  The d e v i a t i o n  f u n c t i o n  f o r  t h e  s p e c i f i e d  t empera tu re  i n t e r v a l  is: 

(3) 
3 AW(T) = b4 (T - 273.15) + e4 (T  - 273.15) (T  - 373.15) 

where t h e  c o n s t a n t s  b4 and e4 are determined by t h e  measured d e v i a t i o n s  a t  t h e  
b o i l i n g  p o i n t  of oxygen ( o r  t r i p l e  p o i n t  of a rgon)  and t h e  b o i l i n g  p o i n t  of water 
( o r  f r e e z i n g  poin t  of t i n ) .  For t h e  tempera ture  i n t e r v a l  273.15 K < T < 903.89 K, 
t h e  i n t e r p o l a t i o n  e q u a t i o n  is: 

- 1) t’ t’ t‘ t‘ 
419.58 - ’)(630.74 t =s t’ + 0.045 (-)(- - 100 100 

where t’ is a n  apparent  tempera ture  de f ined  by t h e  equa t ion :  

t‘ (5) 

where a and 6 a r e  determined from measurements a t  t h e  b o i l i n g  p o i n t  of water ( o r  
f r e e z i n g  p o i n t  oi t i n )  and t h e  t r e e z i n g  po in t  of z i n c .  Equat ion 5 c o u l a  a l s o  be 
p re sen ted  i n  t h e  €allowing s i m p l e r  form: 

W ( t ’ )  = 1 + At’  + B t a 2  ( 6 )  

The IPTS-68 c a l i b r a t i o n  procedure  is rather compl ica ted ,  but when a p p l i e d  t o  SPKT’s 
is c a p a b l e  of producing 1 I& p r e c i s i o n  i n  colnparison w i t h  t h e  Therinodynamic 
Temperature  Sca le  (ref. 2) .  Thermodynamic scale is based on f u n c t i o n s  t h a t  are 
d e r i v e d  from t h e  t i r s t  and second laws of theruodynamics,  and g i v e s  v a l u e s  of 
te inpera ture  c o n s i s t e n t  w i t l i  the e n t i r e  s y s t e m  of l o b i c  ( thermodynauics)  ( r e f .  14) .  
Actua l  measureinents ot tempera ture  on t h i s  s c a l e  are very  d i f f i c u l t  expe r imen ta l ly .  
T h e r e f o r e ,  P r a c t i c a l  Scales have been developed t o  p rov ide  more e a s i l y  p roduc ib le  
t empera tu res  as c l o s e  t o  the  Thermodynamic Sca le  as p o s s i b l e .  

Callendar-Van Dusen C a l i b r a t i o n . -  Th i s  c a l i b r a t i o n  procedure was u t i l i z e d  lor 
t h e  I n t e r n a t i o n a l  P r a c t i c a l  Temperature Sca le  u n t i l  1968 ( r e f .  15). It c o n s i s t e d  or 
p r e c i s e  r e a l i z a t i o n  ot f o u r  e q u i l i b r i u m  s ta tes  t o r  the tempera ture  range from 
90.18 K t o  903.65 K. These c a l i b r a t i o n  p o i n t s  a r e  l i s ted  i n  t a b l e  2. The 
i n t e r p o l a t i o n  equa t ion  f o r  t h e  whole tempera ture  range is; 

- 
w i t h  B = 0 f o r  t > O°C 

where a, 6 ,  and fl are determined by c a l i b r a t i o n s  a t  b o i l i n 6  p o i n t  of water, f r e e z i n g  
p o i n t  of z i n c ,  and b o i l i n &  p o i n t  oL oxygen, r e s p e c t i v e l y .  Th i s  e q u a t i o n  could  a l s o  
be p re sen ted  i n  t h e  fo l lowing  s i m p l e r  form: 

4 

2 3 t  W ( t )  1 + A t  + B t  + C t  (-- 1) 100 



While IPTS-68 f o r m u l a t i o n  is  t h e  most a c c u r a t e  c a l i b r a t i o n  procedure  t o r  SPKT‘s, t h e  
maximum tempera tu re  d i f f e r e n c e  between t h e  Callendar-Van Dusen and IPTS-08 
f o r i n u l a t i o n s  is 0.034 K i n  t h e  r a n g e  from 90.188 K t o  273.15 K,  and u.182 i n  t h e  
r a n g e  from 273.15 K t o  903.89 K ( ref .  2 ) .  

Second degree polynomial  w i t h  d e v i a t i o n  func t ion . -  T h i s  c a l i b r a t i o n  procedure  
has been proposed by A c t i s  and C r o v i n i  ( r e f .  8 ) ,  and resembles t h a t  of IPTS-68. i t  
c o n s i s t s  of c a l i b r a t i o n  a t  f o u r  e q u i l i b r i u m  p o i n t s  which are l i s t e d  i n  t a b L e  2 .  The 
i n t e r p o l a t i o n  e q u a t i o n  for t h e  r a n g e  from -lOO°C to  42OoC is: 

1) 
t t = t’ + y (-)(- t t  - l)(i- l)(- - 

100 tl 2 630.74 

where t’ is a n  a p p a r e n t  tempera ture  def ined  by 

W(t’) = 1 + At’  + b t N 2  

t l  and t2 are t h e  c a l i b r a t i o n  tempera tures  to r  de te r iu in ing  h and B. 
C r o v i n i  have proposed u s i n g  t h e  b o i l i n g  p o i n t  of water and t r e e z i n g  p o i n t  of  z i n c  
f o r  t l  and t2 ,  and de te rmin ing  y by c a l i b r a t i o n  a t  t h e  & r e e z i n g  p o i n t  of t i n .  
c a l i b r a t i o n  procedure  is r e p o r t e d  t o  provide a c c u r a c i e s  o t  fO.O1S0C. 
c a l i b r a t i o n  method w i l l  be r e f e r r e d  t o  as t h e  Actis and C r o v i n i  iuethod. 

A c t i s  and 

T n i s  
T h i s  

Z t unc t i0ns . -  S u b s t a n t i a l  e r fo r t  h a s  oeen devoted  t o  i n v e s t i g a t i n b  two-point 
c a l i b r a t i o n  of PKT’s o v e r  a wiae t e u p e r a t u r e  rdiige. ‘Tliese procedures  i n v o l v e  u s i n g  
ra t ios  os r e s i s t a n c e  d i f t e r e n c e s  c a l l e d  Cra60e’s Z f u n c t i o n s .  The L r u n c t i o n  
normalizes the r e s i s t a n c e  v e r s u s  tempera ture  r e l a t i o n s h i p  tor t h e  PKT, and i s  
claimed t o  cancel r e s i d u a l  resistances which are n o t  tempera ture  dependent  ( r e f .  b ) ,  
t h u s  e n a b l i n g  g e n e r a t i o n  of u n i v e r s a l  L f u n c t i o n s  r o r  all PKT’s. 
e q u a t i o n  is: 

Tile i n t e r p o l a t i o n  

w i t h  T1 < T < T2 

where K(T1) and K(T2) are  r e s i s t a n c e  v a l u e s  a t  c a l i b r a t i o n  t e m p e r a t u r e s  T1 and T2, 
r e s p e c t  Cvely . 

Two t y p e s  of Z f u n c t i o n s  were cons idered  i n  t h i s  s t u d y .  One is by S i n c l a i r ,  
e t  a l .  ( r e f .  5) who have produced a t a b l e  of u n i v e r s a l  Z f u n c t i o n s  u s i n g  d a t a  from a 
f e w  PKT’s. T h i s  c a l i b r a t i o n  procedure r e q u i r e s  c a l i b r a t i o n  a t  t h e  Doilint;  p o i n t  or 
n i t r o g e n  and f r e e z i n g  p o i n t  of water f o r  c o v e r i n g  t h e  t e u p e r a t u r e  range  between tile 

t w o  c a l i b r a t i o n  tempera tures .  
S i n c l a i r ’ s  Z f u n c t i o n  method. 

T h i s  c a l i b r a t i o n  method w i l l  be r e f e r r e d  t o  as 

The second Z f u n c t i o n  used is t h a t  proposed by Besley and Kelnp ( r e t .  11). ‘They 
have provided  a f u n c t i o n a l  r e l a t i o n s h i p  between Z and t e m p e r a t u r e  based on t h e i r  
s t u d y  ot 27 IPKT’S f o r  the temperature  range  f r o u  YU.188 K t o  L73.15 K: 

5 



(i - 1) 9 

i= 1 
Z(T) - C ai T 

T h i s  r e q u i r e s  c a l i b r a t i o n  a t  t h e  b o i l i n g  p o i n t  of oxygen and t h e  f r e e z i n g  point of 
water. It h a s  been r e p o r t e d  t h a t  a measurement a c c u r a c y  of 35 mK can  be o b t a i n e d  
us ing  t h i s  technique ( r e f .  11). It has  a l s o  been sugges t ed  t h a t  t h e  u s e  o t  t h e  
b o i l i n g  p o i n t  of n i t r o g e n  i n s t e a d  of t h e  b o i l i n g  p o i n t  of oxygen w i l l  n o t  i n t r o d u c e  
e r r o r s  greater than 30 mK when t h i s  method is used. 

C a l i b r a t i o n  P rocedure  

Exac t  r e a l i z a t i o n  of some of t h e  c a l i b r a t i o n  p o i n t s  l i s ted i n  t a b l e  2 such as 
t h e  f r e e z i n g  p o i n t s  o f  z i n c  and t i n ,  and t r i p l e  p o i n t  of water i s  expens ive  and t i m e  
consuming, and most l a b o r a t o r i e s  l a c k  such c a l i b r a t i o n  t a c i l i t i e s .  C a l i b r a t i o n  a t  
t h e  b o i l i n g  p o i n t  of oxygen i s  u s u a l l y  avo ided  due  t o  t h e  satety haza rds  invo lved .  
T h e r e f o r e ,  i t  i s  u s u a l l y  common p r a c t i c e  t o  coinparison cal ibrate  IPKT’s w i t n  a SPKT 
i n  a t e m p e r a t u r e  c o n t r o l l e d  ba th  a t  t e m p e r a t u r e s  close t o  t h e  s p e c i f i e d  c a l i b r a t i o n  
p o i n t s .  The I P K T ’ s  used i n  t h i s  s t u d y  were comparison c a l i b r a t e d  w i t t i  a SPKT 
( c a l i b r a t e d  by t h e  N a t i o n a l  Bureau of S tanda rds )  a t  t h e  t o l l o w i n g  t e m p e r a t u r e s :  
b o i l i n g  p o i n t  of n i t r o g e n ,  -120°C, -9O0C, -60°C, -3OoC, O°C, 4U°C, 8U°C, lUO°C, 
12OoC, and 160OC. 
more conven ien t  c a l i b r a t i o n  a t  t h e  b o i l i n g  p o i n t  of n i t r o g e n  (IPTS-bt) h a s  
recommended u s i n g  t h e  t r i p l e  p o i n t  of a rgon  f o r  t h i s  purpose) .  The c a l i b r a t i o n  a t  
t h e  b o i l i n g  p o i n t  of n i t r o g e n  was performed i n  a l i q u i d  n i t r o g e n  b a t h  exposed t o  
a tmosphe r i c  c o n d i t i o n s .  A l l  t h e  o t h e r  c a l i b r a t i o n s  were conducted i n  a w e l l  
s t i r r e d ,  temperature  c o n t r o l l e d  Rosernount 913AB o i l  ba th .  I sopen thane  o i l  was used 
f o r  t h e  temperature  r ange  trom -150OC t o  -4OoC, and Dow Corning 200 o i l  was used f o r  
t h e  reinaining te tuperatures .  The u n i f o r m i t y  of t empera tu re  i n  t h e  bath was e s t i m a t e d  
t o  be around 5 mK. The oil ba th  t e m p e r a t u r e s  were measured w i t h  t h e  SPRT. The 
r e s i s t a n c e  r ead ings  of t h e  SPKT and IPKT’s were measured w i t h  a Neil Brown ATB-120 
a u t o m a t i c  a. c. bridge. 

C a l i b r a t i o n  a t  t h e  b o i l i n g  p o i n t  of oxygen was r e p l a c e d  w i t h  t h e  

Comparison of C a l i b r a t i o n  Methods 

The IPKT’s were cal ibrated us ing  t h e  f i v e  s p e c i f i e d  c a l i b r a t i o n  p rocedures .  
The i n t e r p o l a t i o n  e q u a t i o n s  s p e c i f i e d  i n  each c a l i b r a t i o n  procedure were used,  but 
t h e  c o n s t a n t s  of  the i n t e r y o l a t i o n  equat ior is  were e v a l u a t e d  a t  the mod i f i ed  
c a l i b r a t i o n  p o i n t s  l i s t e d  i n  t a b l e  4 ,  s i n c e  i t  was n e i t h e r  d e s i r a b l e  nor p o s s i b l e  t o  
r ep roduce  t h e  exact  c a l i b r a t i o n  p o i n t s  s p e c i f i e d  i n  t h e s e  c a l i b r a t i o n  p r o c e d u r e s ,  
I t  shou ld  be noted that t h e  c a l i b r a t i o n  a t  the t i n  p o i n t  t o r  t h e  Actis atid C r o v i n i  
method was dropped, and consequen t ly ,  two v a l u e s  ol; y were used: y = U.056 which is  
r e p r e s e n t a t i v e  of t h e  IPKT’s used by Actis and C r o v i n i ,  and y = 0.045 which is t h e  
v a l u e  s p e c i t i e d  i n  IPTS-68 €ormula t ion .  

I n  o r d e r  t o  Cneck  t h e  p r e c i s i o n  o t  t h e  c a l i b r a t i o n  p rocedures ,  t h e  t empera tu re  
of each  LPKT w a s  c a l c u l a t e d  u s i n g  its i n t e r p o l a t i o n  e q u a t i o n  a t  t h e  c a l i b r a t i o n  
p o i n t s  t h a t  were not used i n  e v a l u a t i n g  i t s  i n t e r p o l a t i o n  c o n s t a n t s ,  and then  
compared w i t h  SPKT t empera tu re  i n d i c a t i o n s  a t  t h e s e  p o i n t s .  These d e v i a t i o n s  f o r  
e a c h  PKT for  t h e  f i v e  d i f f e r e n t  c a l i b r a t i o n  schemes are shown i n  f i g u r e s  la-d, and 
summarized i n  table 5. It should be noted t h a t  a l l  t h e s e  d e v i a t i o n s  were w i t h  
r e s p e c t  t o  t h e  SPKT t empera tu re  i n d i c a t i o n s .  It w a s  found t h a t  A c t i s  and C r o v i n i  
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methods u s i n g  t h e  two s p e c i f i e d  va lues  of y r e s u l t e d  i n  cornparable r e s u l t s .  
The re fo re ,  on ly  t h e  r e s u l t s  p e r t a i n i n g  t o  y = 0.056 are p resen ted  h e r e .  

From t h e  r e s u l t s ,  i t  can be seen t h a t  IPTS-68 f o r m u l a t i o n  produced t h e  b e s t  
c a l i b r a t i o n  f o r  t h r e e  of t h e  thermometers,  IPRT’s d e s i g n a t e d  as 1, 2,  and 4. The 
o t h e r  thermometer,  which w a s  t h e  only t h i n  f i l m  thermometer,  w a s  b e s t  s u i t e d  w i t h  
Callendar-Van Dusen equa t ion .  The Ac t i s  and Crov in i  f o r m u l a t i o n  and S i n c l a i r ‘ s  
Z f u n c t i o n  produced comparable a c c u r a t e  r e s u l t s .  
and Kemp was u n s a t i s f a c t o r y  l e a d i n g  t o  d e v i a t i o n s  on t h e  o r d e r  of 5OC, and t h e r e f o r e  
t h e s e  d e v i a t i o n s  are no t  shown i n  f i g u r e  1 and are o n l y  p re sen ted  i n  t a b l e  5. 
t h e  r e s u l t s  of t h i s  exper iment ,  i t  appears  t h a t  both IPTS-68 and Callendar-Van Dusen 
f o r m u l a t i o n s  provide  t h e  b e s t  c a l i b r a t i o n s .  Even though t h e  c a l i b r a t i o n s  were n o t  
performed a t  t h e  e x a c t  p o i n t s  def ined  by t h e s e  two procedures ,  t hey  s t i l l  y i e l d e d  
t h e  most a c c u r a t e  r e s u l t s .  

The Z f u n c t i o n  proposed by Besley 

From 

Fur thermore ,  t h e  wide tempera ture  range covered by both  f o r m u l a t i o n s  (90.188 K 
t o  903.65 K) is a ve ry  d e s i r a b l e  f e a t u r e .  Both fo rmula t ions  r e q u i r e  implementa t ion  
of computers f o r  c o n v e r t i n g  r e s i s t a n c e  r ead ings  t o  t empera tu re ,  e s p e c i a l l y  Delow 
0OC. 
t h e  tested IPKT’s a t  t empera tu res  below -15OoC due t o  u n a v a i l a b i l i t y  o t  mediums f o r  
producing s t a b l e  t empera tu res  i n  tha t  range.  However, i t  is be l i eved  t h a t  t h e  
inaccuracy  of PKT’s w i l l  i n c r e a s e  with d e c r e a s i n g  te rupera tures  i f  PKT’s are 
c a l i b r a t e d  a t  t h e  b o i l i n g  p o i n t  of n i t r o g e n  i n s t e a d  o t  t h e  b o i l i n g  p o i n t  of 
oxygen. A c t i s  and Crov in i  (ret .  8 )  have shown t h a t  c a l i b r a t i o n  a t  these two p o i n t s  
can n o t  be in t e rchanged  wi thout  i n c u r r i n g  systematic d i f f e r e n c e s  a t  amounts up t o  
-fO.l°C. 
Z f u n c t i o n  proposed by BesLey and Kemp was very  i n a c c u r a t e  f o r  t h e  s e n s o r s  used i n  
t h i s  s tudy .  S i n c l a i r ’ s  Z f u n c t i o n  i s  in t ended  t o r  t empera tu res  below O°C, and i t s  
e x t r a p o l a t i o n  t o  t empera tu res  above 100°C sometimes r e s u l t e d  i n  large e r r o r s  
(-1 O C  a t  16OOC). 
“look-up“ tables  f o r  t h e  Z v a l u e s .  Actis and Crovin i  uethod is l i m i t e d  t o  
t empera tu res  above - lOO°C,  and t h e r e f o r e  no t  d e s i r a b l e  € o r  c ryogen ic  a p p l i c a t i o n s .  

It w a s  no t  p o s s i b l e  t o  check t h e  accu racy  of t h e s e  c a l i b r a t i o n  procedures  on 

T h e  o t h e r  t h r e e  c a l i b r a t i o n  procedures  d i d  not  seem desirable. The  

The o t h e r  problem w i t h  t h i s  method is  t h a t  i t  r e q u i r e s  use  ot 

STAPLLLTY AND HYS‘IEKESXS 

The s t a b i l i t y  of a s t a n d a r d  r e s i s t a n c e  thermometer is such t h a t  i ts ice p o i n t  
r e s i s t a n c e  (R,) does  no t  change by more than  4.E-6*Ro when s u b j e c t e d  t o  thermal  
c y c l i n g  ( r e f .  1 4 ) .  This  requirement  is  not  u s u a l l y  met by t h e  less expens ive  and 
u o r e  r o b u s t  i n d u s t r i a l  p la t inum r e s i s t a n c e  thermometers.  IPKT’s employ p la t inum 
wires which are f i x e d  t o  a suppor t ing  s t ruc ture  by d i r e c t  bonding o r  c lose-packed 
i n s u l a t i n g  powder. Th i s  type  of c o n s t r u c t i o n  might l e a d  t o  some s t r a i n  on t h e  
p l a t inum wire over  t h e  o p e r a t i n g  tempera ture  range,  caused by t h e  d i f f e r e n c e  i n  t h e  
the rma l  expans ion  rates of plat inum and t h e  substrate .  These the rma l ly  induced 
stresses w i l l  p o s s i b l y  cause  i r r e k u l a r i t i e s  i n  t h e  r e s i s t a n c e - t e m p e r a t u r e  
r e l a t i o n s h i p  of t h e  element .  T h i s  will l l lanifest  i t se l f  as a change i n  t h e  
c a l i b r a t i o n  of t h e  IPRT. T h e s e  i r r e g u l a r i t i e s  may even l e a d  t o  the rma l  
h y s t e r e s i s .  That is ,  t h e  IPKT may have a d i f f e r e n t  but r e p r o d u c i b l e  r e s i s t a n c e -  
t empera tu re  r e l a t i o n s h i p  depending on t h e  t h e r m a l  h i s t o r y  of t h e  e l emen t ,  and 
whether  i t  is being cooled  o r  heated.  IPKT’s are a l s o  s u s c e p t i b l e  t o  changes i n  
r e s i s t a n c e  tempera ture  r e l a t i o n s h i p  a f t e r  long  p e r i o d s  o t  s t o r a g e  under  c o n s t a n t  
env i ronmen ta l  c o n d i t i o n s  ( s t a t i c  s t a b i l i t y ) .  
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Mangum (ref. 1 3 )  has i n v e s t i g a t e d  t h e  s t a b i l i t y  of small wire wound IPRT’s 
a f t e r  h e a t  t r e a t m e n t  a t  235OC. 
t o  t h i s  h e a t  treatment ( t h e  s e n s o r s  r e s i s t a n c e s  were lneasured a t  O°C, 20°C, 4OoC, 
6OoC, 8OoC, a n a  100°C a f t e r  e a c h  h e a t  treatment): 

He h a s  r e p o r t e d  t h r e e  d i s t i n c t  t y p e s  of behav io r  due 

1. Decreas ing  resistances by amounts e q u i v a l e n t  t o  2 mK - 900 mK. It has  been 
s u g g e s t e d  t h a t  these r e s i s t a n c e  d e c r e a s e s  were due t o  s h u n t i n k  as a result  of  
wetness. 

2 .  I n c r e a s i n g  r e s i s t a n c e s  by anOuntS e q u i v a l e n t  t o  1 mK - 120 mK. 

3 .  S c a t t e r  but no d i s c e r n i b l e  d r i f t .  

These d i s t i n c t  p a t t e r n s  have oeen g e n e r a l l y  c o n s i s t e n t  f o r  each PKT a t  a l l  o t  
t h e  measurement tempera tures .  Large changes i n  t h e  r e s i s t a n c e - t e m p e r a t u r e  
r e l a t i o n s h i p  of IPKT‘s upon e i t h e r  heat or cold t r e a t m e n t  w i l l  l e a d  t o  e r roneous  
t empera tu re  measurements i f  t h e s e  changes i n  c a l i b r a t i o n  are riot accounted  for.  

C u r t i s  ( ref .  8 )  h a s  s t u d i e d  t h e  thermal  h y s t e r e s i s  of SOW wire wound and f i l m  
t y p e  IPKT’s. H e  has  r e p o r t e d  t h a t  t h e  thermal  h y s t e r e s i s  of PKT’s is v e r y  
r e p r o d u c i b l e ;  and t h a t  t h e  magnitude of t h e  h y s t e r e s i s  is p r o p o r t i o n a l  t o  t h e  
t empera tu re  span ,  w i t h  t h e  l a r g e s t  d i f f e r e n c e  o c c u r r i n g  a t  midspan. He has s t u d i e d  
t h e  thermal  h y s t e r e s i s  of IPKT’s a t  t h e  ice p o i n t  upon s u c c e s s i v e  exposures  t o  
-196OC and 196OC, and h a s  found v a r y i n g  d e g r e e s  of h y s t e r e s i s  among d i f f e r e n t  
IPRT’s. 

Test Procedure  

The thermometers were checked tor  s t a t i c  s t a b i l i t y  by measuring t h e i r  ice p o i n t  
r e s i s t a n c e s  a f t e r  s t o r i n g  them f o r  120 d a y s  a t  room teruperature .  Then tlie s t a b i l i t y  
of t h e  IPKT’s upon n i n e  thermal  c y c l i n g s  betweeri  l i q u i d  n i t r o d e n  t empera tu re  and 
room te inpera ture  were cnecKed. Each c y c l e  c o n s i s t e d  ot t h e  kOLlOWing s t e p s :  
c o o l i n g  IPKT’s t o  l i q u i d  n i t r o g e n  tempera ture  by iiniaersing theu i n  a l i q u i d  n i t r o g e n  
b a t h  tor tnree minutes;  removing theln trom l i q u i d  n i t r o g e n ,  expos in& thein t o  tlie 
room tempera tu re  environment  l o r  15 uiiinutes, and blowinb room t e m p e r a t u r e  a i r  o v e r  
them t o  w a r m  them to  toou t e iupera ture  and reinove any m o i s t u r e  p r e s e n t ;  p l a c i n g  thein 
i n  a n  ice o a t h  t o  measure t h e i r  ice p o i n t  r e s i s t a n c e s ;  reuoving  them trom ice b a t h ,  
and blowing room te iupera ture  a i r  over  t h e u  t o  relnove any moi s tu re  p r e s e n t .  
Af te rwards ,  t h e  s t a b i l i t y  or t h e  LPKT’s upon e ight  thermal c y c l i n g s  between lbO°C 
and room tempera ture  w a s  ana lyzed .  Each c y c l e  c o n s i s t e d  o t  h e a t i n g  t h e  1Pk’l’’s t o  
160OC by p l a c i n g  t h e m  i n  a n  oven main ta ined  a t  l W o C  f o r  IC, minutes;  removink thein 
frow t h e  oven, and expos ing  them t o  trie room tempera tu re  environment  t o  cool t h e i n  t o  
room tempera ture ;  p l a c i n g  them i n  a n  ice ba th  t o  measure t h e i r  ice p o i n t  
r e s i s t a n c e s ;  removing thein rrom t h e  ice b a t h ,  and blowing roou te inpera ture  a i r  over 
theln t o  remove any p o s s i b l e  m o i s t u r e  p r e s e n t .  Each of t h e  s p e c i f i e u  c y c l e s  would 
t a k e  a b o u t  two hours ,  wi th  most ot t h i s  t i m e  s p e n t  on a c h i e v i n g  thermal  e q u i l i b r i u m  
f o r  t h e  s e n s o r s  i n  t h e  i c e  ba th .  F i n a l l y ,  t h e  IPRT’s were checked for ther inal  
h y s t e r e s i s  upon e i g h t  thermal  c y c l i n g s  between l i q u i d  n i t r o g e n  tempera ture ,  room 
t e m p e r a t u r e ,  and 160OC. 
above--thermal c y c l i n g  between l i q u i d  n i t r o g e n  and roou  t empera tu re  and between 
16OoC arid room temperature .  

Each c y c l e  c o n s i s t e d  of per forming  t h e  t w o  c y c l e s  s p e c i f i e d  



The oven used was a Delta Design Type 111 oven. The ice p o i n t  ueasurements  
were performed i n  a dewar f i l l e d  w i t h  a t a p  water and ice s l u s n  mix tu re .  The 
t empera tu re  of t h e  ice b a t h  was monitored by a c a p s u l e  t y p e  s t a n d a r d  p l a t inum 
r e s i s t a n c e  thermometer c a l i b r a t e d  by t h e  N a t i o n a l  Bureau of S tanda rds .  The IPRT’s 
were a l l  p l aced  i n  t i g h t l y  s e a l e d  p l a s t i c  bags purged of a i r ,  and t h e n  p laced  i n  t h e  
ice ba th .  
r e s u l t  i n  l e n g t h e n i n g  t h e  t i m e  r equ i r ed  f o r  t h e  s e n s o r s  t o  a c h i e v e  thermal  
e q u i l i b r i u m  i n  t h e  ice ba th .  
t h e  p o t e n t i o m e t r i c  method ( r e f .  14) .  A Fluke v o l t a g e / c u r r e n t  c a l i b r a t o r ,  
Model 382A, was used t o  supp ly  t h e  one mi l l i amp  c u r r e n t  r e q u i r e d  by t h e  PRT’s. The 
v o l t a g e  d r o p s  a c r o s s  t h e  thermometers were measured w i t h  a Fluke  d i g i t a l  mu l t ime te r ,  
Model 8840A. A s c a n n e r ,  Racal-Dana, S e r i e s  1200, was used f o r  s w i t c h i n g  t h e  
a p p r o p r i a t e  p o t e n t i a l  l e a d s  f o r  t h e  PRT’s t o  t h e  d i g i t a l  mul t imeter .  The c u r r e n t  
t h a t  passed  through t h e  PKT’s was monitored by measuring t h e  v o l t a g e  d rop  a c r o s s  a 
100 ohm Honeywell s t a n d a r d  resistor t h a t  was connec ted  i n  series wi th  t h e  PKT’s. 
The measurements were automated by i n c o r p o r a t i n g  a H e w l e t t  Packard Model 216 
p e r s o n a l  computer.  

Th i s  was done t o  avoid  mois ture  a b s o r p t i o n  by t h e  IPRT’s, bu t  would a lso 

The r e s i s t a n c e s  of  t h e  s e n s o r s  were de termined  u s i n g  

P r e s e n t a t i o n  of R e s u l t s  

The r e s u l t s  of t h e  s t a t i c  s t a b i l i t y  tests are p resen ted  i n  table b. The s h i f t  
i n  t h e  ice p o i n t  r e s i s t a n c e s  o t  t h e  PKT’s a t te r  120 days  of s t o r a g e ,  a l o n b  w i t h  t h e  
co r re spond ing  t empera tu re  e r r o r s  are l i s t e d  i n  t h i s  table. Some oL t h e s e  
d i f f e r e n c e s  might be r e l a t e d  to :  using d i f  t e r e n t  i n s t r u u e n t s  and p o s s i b l e  d i t t e r e n t  
h e a t  g e n e r a t i o n  e f t e c t s  from t h e  o r i g i n a l  c a l i b r a t i o n ,  as w e l l  as g e n e r a l  
e x p e r i m e n t a l  u n c e r t a i n t y .  It  can be s e e n  t h a t  a l l  t h e  thermometers  s u t f e r  More or 
less from s ta t ic  i n s t a b i l i t y ,  w i t h  I P K T  1/3 e x p e r i e n c i n g  t h e  least  change. 

The r e s u l t s  of t h e  dynamic s t a b i l i t y  tests are p resen ted  in t a b l e  7 and 
f i g u r e  2. T a b l e  7 c o n s i s t s  of t h e  r e s i s t a n c e  s h i f t s  a f t e r  each  c y c l e  i n  comparison 
w i t h  t h e  ice p o i n t  measurement a f t e r  t h e  120 day s t o r a g e  p e r i o d ,  w h i l e  f i g u r e  2 
d e p i c t s  t h e  co r re spond ing  tempera ture  e r r o r s .  The cycles d e s i g n a t e d  as one through 
n i n e  co r re spond  t o  t h e  n ine  thermal  c y c l i n g s  between l i q u i d  n i t r o g e n  and room 
t e m p e r a t u r e s ,  whi le  c y c l e s  des igna ted  as 10 through 1 7  cor respond t o  t h e  e i g h t  
t he rma l  c y c l i n g s  between 16OoC and room tempera ture .  
t h e  ice ba th  t empera tu re  was maintained a t  -0.01 f O.OLoC th roughout  a l l  t h e  
s t a b i l i t y  tests. It can be seen  t h a t  a l l  t h e  thermometers s u f f e r e d  from i n s t a b i l i t y  
due  t o  l i q u i d  n i t r o g e n  c y c l i n g .  IPKT #3  had t h e  least  amount of i n s t a b i l i t y .  
IPRT 112 expe r i enced  a permanent ice  po in t  r e s i s t a n c e  s h i f t  of abou t  180 mi l l iohms 
(0.45OC) upon f i r s t  exposure  t o  l i q u i d  n i t r o g e n ,  which was n o t  r e c o v e r a b l e  w i t h  h e a t  
t r e a t m e n t s  a t  16OoC. The o t h e r  t h r e e  IPKT’s had a lmost  complete  recovery  troln t h e i r  
ice  p o i n t  r e s i s t a n c e  stiitts upon exposure t o  16OoC. 
showed s i g n s  or‘ i n s t a b i l i t y  a t te r  lbO°C c y c l i n g s ,  the inat;nitude of their  i n s t a b i l i t y  
was much less i n  comparison wi th  the  i n s t a b i l i t y  caused by l i q u i d  n i t r o k e n  
c y c l i n g s .  
compared to  t h e  o t h e r  therlnoineters. I t  should  be noted  t h a t  when a thermometer I s  
h e a t e d  o r  cooled  r a p i d l y  (as was t h e  case w i t h  the LPKT’s used i n  t h i s  S tudy) ,  i t  
e x h i b i t s  s h i f t s  i n  t h e  ice p o i n t  r e s i s t a n c e  which are much l a r g e r  i n  magnitude t h a n  
would be p r e d i c t e d  r o r  the long  term d r i f t  rates. I t  should  a l s o  be noted  t h a t  
e r r a t i c  behav io r  i n  s t a b i l i t y  t es t s  of PKT’s migh t  be r e l a t e d  t o  badly  s o l d e r e d  o r  
h e a v i l y  o x i d i z e d  lead j u n c t i o n s  (rets.  1 and 3). Some of ttie changes i n  t h e  ice  
p o i n t  r e s i s t a n c e s  may have been due to t h e  expe r imen ta l  t echn ique  or small 
mechanica l  de tor lna t ion  of t h e  y l a t i n u l n  wires caused  by hand l ing  (ret .  13). 

It  should  be mentioned t h a t  

Even though t h e s e  t h r e e  s t i l l  

I t  is e v i d e n t  that  IPKT 1 3  showed iuore s t a b i l i t y  upon 16OoC c y c l i n g s  
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The results of the thermal hysteresis tests are presented in table 8 and 
figure 3.  
comparison with the ice point measurement after the 120 day storage period, while 
figure 3 shows the corresponding temperature errors. 
this figure was the same as the cycle designated as "17" in figure 2. It can be 
seen that all three IPRT's (#l, 3, and 4 )  suffered from thermal hysteresis. The 
magnitude of the hysteresis for IPRT 93 was the least in comparison with the other 
thermometers. IPRT 12 did not recover from its permanent resistance shift after 
exposure to hysteresis testing. At the end of the hysteresis testings, the 
thermometers were subjected to two additional 160°C cycles (cycles designated as 
17 and 18 in table 8 and figure 3)  to see whether they could recover from the 
resistance shifts caused by the hysteresis testings. IPRT's /I1 and 14 managed to 
recover, while IPRT 13 did not fully recover. It seemed that IPRT #3 needed heat 
treatment at higher temperatures for recovery. 

Table 8 includes the ice point resistance shifts after each cycle in 

The cycle designated as "0" in 

It appeared that the stability and hysteresis tests used in this study were 
sufficient to characterize the behavior of the thermometers in applications with 
rapidly changing environments. Even though most applications would not require such 
harsh and rapid environmental changes, it is preferable to have an indication of the 
uaximurn temperature error that may be experienced when IPKT's are exposed to such 
environments. 

CONCLUSION 

An evaluation procedure for IPKT's in the temperature range -12OoC to 160°C was 
investigated, and proved to be sufficient for characterizing the IPKT's. This 
evaluation procedure consisted of calibrating, and evaluating the thermal stability 
and hysteresis of IPRT's. The IPTS-68 formulation was found to provide the most 
accurate calibration scheme for the IPRT's used in this study, yielding average 
sensor systematic error of 0.02 and random error (one standard deviation) of fO.l°C. 
The Callendar-Van Dusen formulation also proved to be suitable, yielding average 
sensor systematic error of -0.01 and random error (one standard deviation) of 
f0.25'C. It was found that by thermally cycling the IPKT's between room 
temperature, and either 160°C or liquid nitrogen, the thermal stability of sensors 
could be fully characterized. It was found that IPRT'Y suffer from varying degrees 
of instability and hysteresis upon thermal cycling. Thermal cycling between room 
temperature, 16U°C, and liquid nitrogen proved to be sufficient for characterizing 
sensor hysteresis. 

Langley Research Center 
National Aeronautics and Space Administration 
Hampton, VA 23665-5225 
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TABLE I e-  DESCRIPTION OF THERMOMETERS 

Operating 
IPRT NO. Manufacturer Model No. Sensor Type Temperature Range 

~~~~~~ 

1 Rosemount 118 MF Wire -26OoC to  4OOoC 

2 Ros e m 0  un t 118 MG Wire -260°C to tiOO°C 

-2OOOC to  5OO0C 3 Omeka TDF-M Thin F i l m  

4 iqinco SLui wire -zoo"(; to 5,O"C 
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TABLE 11.- LISTING OF C A L I B U T I O N  POINTS R E Q U I R E D  BY DIFFEKENT 
CALIBRATION SCHEMES 

C a l i b r a t i o n  Scheme C a l i b r a t i o n  P o i n t s  

IPTS-68 ( r e f .  2) b o i l i n g  p o i n t  of oxygen ( o r  t r i p l e  p o i n t  or a rgon) ,  t r i p l e  
p o i n t  of water, b o i l i n g  p o i n t  of water ( o r  f r e e z i n g  p o i n t  
of t i n ) ,  f r e e z i n g  p o i n t  of z i n c  

Cal lendar -  
Van Dusen b o i l i n g  p o i n t  of oxygen, t r i p l e  p o i n t  or water, b o i l i n 6  
( r e f .  15) p o i n t  ot water, f r e e z i n g  p o i n t  of z i n c  

A c t i s  Q Crov in i  b o i l i n g  p o i n t  or water, i r e e z i i i b  p o i n t  o t  t i n ,  i r e e z i n t ;  
( r e f .  8 )  p o i n t  of z i n c  

Z f u n c t i o n  
( S i n c l a i r ,  e t  al.) b o i l i n g  p o i n t  of n i t r o g e n ,  f r e e z i n g  p o i n t  oi water 
( r e f .  5) 

Z f u n c t i o n  
( B e s l e y  & Kemp) b o i l i n g  p o i n t  of oxygen, i r e e z i n 5  p o i n t  ot  water 
( r e f .  11) 



TABLE ILL.- TEMPEKATUKE VALUES ASSIGNED TO 
CALIBRATION POINTS 

Value of International 
Practical  Temperature 

- 
Equilibrium States  T(K) t(OC) 

b o i l i n g  point ok nitrogen 77.344(") - 1 Y  5 .&Ut5 

Boil ing point ot  oxygen YO. 188 -162 . Y b Z  

T r i p l e  yoiiit 01 water L73.  lb 0.01 

Boiling point ot water 373. II, LOO. 

Freezing p o i n t  ot t i n  505.1161 231.9681 

Freezing point ot z inc 692.73 41Y .58 

(a)Except for the t r i p l e  points ,  the assigneu values ot temperature are for 
equilibrium s t a t e s  a t  standard atmospheric pressure (101325 Pascal) 



TABLE I V e -  LISTING OF CALIBRATION POINTS USED I N  THIS STUDY 
FOR DIFFERENT CALIBRATION SCHEMES 

Calibration Scheme Calibration Points  

IPTS-68 boi l ing  point of nitrogen, O'C, IOOOC, 16OoC 

Callendar-Van Dusen boi l ing  point of nitrogen, O°C, 100°C, 16OoC 

A c t i s  h Crovini OOC, lUO0C 

Z function 
(S inc la i r ,  et a l . )  boi l ing  point of nitrogen, OOC 

Z function 
(i3esley h Kemy) boi l ing  point o t  nitroben, UOC 
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TABLE V.- PRECISION OF THERMOMETERS BASED ON DIFFERENT 
CAL IBRATION SCHEMES 

Average Deviation Between Respective 
Thermometers and a SPRT (OC) 

Calibration Temperature 
Schemes IPRT #1 IPKT 42 IPKT #3 IPRT #4 Range 

I PTS- 68 +o . OlfO .Ol +o .06fLJ. 11 -0.07fo.08 W.OSf0.09 -120 t o  16OoC 

Callendar- 
Van Dusen -0.01f0.02 -0.2 1M. 38 -0.02-fO.02 -0.15M.32 -120 to 160°C 

Actis 6 
Crovini -0 O l M  03 +O. 0 6 M  .42 -0.Olfo.02 -0.1of0.33 -90 to 16OoC 

Z function 
(Sinclair, 
et al.) -0.08*0.25 +0.09*0.19 -0.28f0.57 +0.01f0.16 -120 to 16OOC 

Z function 
(Besley h 
Kemp) +5.18f2.62 +5.Olf2.56 +5.26*2.63 5.17f2.63 -120 to ooc 
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TABLE VI..- RESULTS OF THE STATIC THERMAL STABILITY TESTS 

IPRT #1 IPKT #2 IPKT #3 IPRT # 4 

Orisinal i c e  point  resistance (Q) 100.030 101.566 99.847 LOO. 533 

Ice point resistance a f ter  
120 days of storase (Q) 100.146 lOll.5Yb 99.872 YY.bY5 

Shi f t  i n  ice point resistance (0) W . 1 1 6  -0.97 +O .025 -0.838 

Corresponding temperature error 
(OC) w.29 -2 .41  W.Ob -2.12 
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TABLE VI1.- RESULTS OF THE DYNAMIC THERMAL STABILITY TESTS 

S h i f t s  i n  I c e  Point Resistance ($2)  

Cycle 
NO Description of Cycles IPRT #1 IPRT #2 IPRT #3 IPKT #4 

1 

2 

3 
-I 

4 

5 

6 

7 

8 

9 

Liquid Nitrogen cycling 111 

Liquid Nitrogen cycling #2 

-0.064 -0.174 -0.020 

-0 -035 

-e-eLz 

-0.028 

-0.099 

-0.113 -0.174 

-0. i b ?  

-0.175 

-0.185 

-0.183 

-0.177 

-0.176 

-0.176 

-0.176 
fO. 005 

-0.183 

-0.185 

-0.196 

-0.185 

-0,180 

-0.099 

-0.115 -0.080 

-0.091 

-0.103 

Liquid ilitrogen cycling $5 

Liquid Nitrogen cycling #6 

-0.033 

-0.046 

-0.116 

-0.130 

Liquid Nitrogen cyclinb r i 7  -0.082 -0. 044 

-0.027 

-0.114 

-0.117 Liquid Nitrogen c y c l i n h  fftl -0.053 

Liquid Nitrogen cycling d9 -0.092 -0. u42 -0.111 

-0 .074 
fO .020 

Mean 
Standard Deviation 

-0 A32 
f O . O 1 l  

-0.113 
fO .009 

16OoC cycling #1 10 

11 

12 

1 3  

14 

15 

16 

17 

-0.001 0.018 

-0.019 

-0.032 

-0.020 

-0 A 1 7  

-0.019 

-0.016 

-0.023 

0.004 16OoC cycling 1 2  0.003 

16OoC cycling #3 

16OoC cycling #4 

-0 .009 -0.008 

0.012 

0 .OOd 

0.004 

16OoC cycling U 5  

16OoC cycling $6 

0.025 

0.016 

0.015 

-0.180 0.029 

160% cycling 1 7  

lbO°C cycling #8 

-0.187 0.059 

0.018 -0.185 -0.017 0.020 

Mean 
Standard bevia t ion  

0.008 
f U  .u09 

-0.185 
f0. u05 

-0.015 
fU.014 

0.014 
f 0  .025 
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TABLE V I I 1 . -  RESULTS OF THE THERMAL HYSTERESIS TESTS 

S h i f t s  i n  Ice Point Resistance (Q) 

Cycle 
NO Description of Cycles IPKT $1 IPKT /I2 IPKT !I3 IPKT 14 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

Liquid Nitrogen cyc l ing  #I 

16OoC cycling #l 

Liquid Nitrogen cyc l ing  112 

1bO0C cycling 42 

Liquid Nitrogen cyclin, 113 

16OoC c y c l i n g  43 

Liquid Nitrogen cyc l ing  #4 

160OC cycling #4 

Liquid Nitrogen cyc l ing  # 5  

16OoC cycling # S  

Liquid Nitrogen cyc l ing  16 

16OoC cycling 86 

Liquid Nitrogen cyc l ing  #7 

160OC c y c l i n g  47 

Liquid Nitrogen cyc l ing  #8 

16U°C cycling Ut3 

160OC cycling #!I 

l6OoC cycling I10 

-0.08% 

0.021 

-0.074 

-0.002 

-0.084 

0.002 

-0.078 

0.003 

-0.010 

0 .004 

-U ,076 

-0.006 

-0.086 

0 .O14 

-0.074 

0.006 

0.003 

0.012 

-0.189 

-0.181 

-0. 167 

-u .I80 

-0.171 

-0.174 

-0.178 

-0.179 

-0.169 

-0.170 

-0.172 

-0.184 

-0.17b 

-0.171 

-0 . lb5  

-0.1S8 

-0.180 

-0.182 

-0. 053 

0.009 

-0. 040 

-0.032 

-0.051 

-0.030 

-0.050 

-0.031 

-0.052 

-0.033 

-0.052 

-0.040 

-0.047 

-0. 026 

-0.046 

-0.019 

-0 .026 

-0 .029 

-0.101 

0.043 

-.0b9 

-0.020 

-0. 123 

0.020 

-0.094 

0.007 

-0.105 

-0.004 

-0.098 

-0.034 

-0.106 

-0.005 

-0.123 

-0.01b 

0.001 

0 .005 

I 20 
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