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of the IPTS itself. In reply to an earlier question of Mr. Bedford as to 
whether this was necessary in view of the availability of assorted similar 
documents and books, he believes that it would be an extremely useful 
c ntributio n, in particular becau e il can be periodically upda tcd by the 
CCT. Mr. Coa te poin ts utlha t, in addition to this the WG2 publica tio n 
wo uld g-ive, a nd ho uld place 1 ecia l empbasi n, a ppr vcd procedures for 
secondary realizati ns o f the lPTS that wo uJd n L appea r elsewhcre. 
Mr. Jones comments thaL the C T is as.ling WG2 < L perform a massive 
task ». There are severa! suggestions from the members asto how WG2 can 
proceed : Mr. Coates recommend that initially only a few areas be 
considered ; Mr. Schooley sugge, ts that a complete table of contents be 
included even if severa! of the topics are not discussed in early drafts; 
Mr. Crovini says that available information can be summarized and 
recommendations given, together with references to the original work and 
that, as with the SRP's, the accuracies of secondary realizations should be 
assessed or at !east categorized . 

Mr. Bedford asks if there should be additions to or deletions from the 
topics suggested for i_nclusi n_ by W 2. Mr. C r vini recommends th àt 
special attention be pa id to the nume rous contributions to indust rial 
p.la tinum res is ta nce Lherm o metry th a t we re presented a t the 
6th Tcmpera tme Symposium . Mr. Coatc suggests Lhat a clear di stinct·io n 
be drawn belween ccondary reali zations and calibra tions, a nd tha L the 
latter be excluded from the monograph. In reply to a question of 
Mr. Bedford as to the difference between them, Mr. Coates replies that a 
calibration is in terms of a thermometer which is traceable to the IPTS 
(either by fixed points or by a compa rison whereas a secondary realiza tion 
involves only the use of fixee! points. For example, liquid-in-glass 
thermometers are always ca/ibrated (by comparison) and so need not be 
discussed in the monograph. Mr. Schooley disagrees with such an exclusion, 
expressing Lhe opinion that liquid-in-glass thermomctcrs are so widely used 
that recommendations for their proper use should be included . The 
President concurs. There follows considerable discussion among the 
members on the question of whether the subject of liquid-in-glass 
them1ometry should be addressed by WG2. 

The President suggests tina lly that WG2 use the information provided 
to make its own assessment. He asks that a first draft of the WG2 
document be prcsented at the next session of the CCT, and hopes a final 
edition will be available by 1987. Further discussion of the WG2 report is 
withheld until agenda item 7. 

3. Working Group 3 

(i) Interpolation below 0 oc 
Mr. Rusby starts the discussion by saying that he supports the 

annroach of WG3 that the PRT-ra nge of the new IPTS should have single 
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specified definitions below 0 oc and above 0 OC. In his opmwn, the 
question of the lower limit of the PRT is still an open one. Further, 
Mr. Rusby points out that, below 0 oc, a !east-squares method for deriving 
the interpolation equations rather than the exact method, proposed by 
WG3, should be considered because the results of the exact method are 
very sensitive to errors at the fixed points. 

The President remarks that in the WG 1 report !east-squares fitting, 
which gives automatically a check on the fixed point realizations, is 
recommended. Mr. Kemp points out that such checks could be made 
anyhow; he feels that there is not much difference in reproducibility 
between the exact and the !east-squares methods. Mr. Rusby holds to his 
opinion that !east-squares fitting, with weighting of the data according to 
the inverse of the sensitivity of the PRT, would decrease the influence of 
errors at the fixed points by a factor of two. He and Mr. Kemp will clarify 
this matter privately (much of the information is given in document 82-3 
from NPL, document 82-21 from CSIRO, and two graphs distributed by 
Mr. Kemp which show the non-uniqueness for various interpolation 
procedures). 

The President suggests that the uniqueness could be improved by 
putting further restraints on the quality of the thermometers. 

Mr. Bedford states that both Mr. Kemp and Mr. Rusby apparently 
make no provision in their calibration schemes for using a thermometer 
between 273 K and 90 K without calibrations at lower temperatures. 
Mr. Crovini replies that primary calibrations in restricted ranges were 
considered in the first draft of the WG3 report but they were dropped later 
because they would decrease the reproducibility of the scale. Calibrations 
restricted to the range from 90 K to 273 K would fall into the category of 
secondary realizations of the scale, which would really be sufficient for the 
use of long-stem thermometers in this range. In its report, WG3 avoided 
multiple definitions of the scale. Mr. Kemp, Mr. Rusby, and Mr. Coates 
agree with the opinion expressed by Mr. Crovini, but Mr. Bedford 
mentions that in an NRC paper of severa! years ago a method was 
suggested by which a primary calibration in a restricted temperature range 
was possible without degrading the scale. 

Mr. Quinn remarks that the interpolation scheme 3 in document 82-3 of 
Mr. Rusby, in which only three law-temperature fixed points (the triple 
points of Ne, 0 2 , and Ar) and the triple and boiling points of water are 
used for obtaining the calibration between 24.6 K and 273 K, gives 
astonishingly small irreproducibilities at 30 K (among 35 thermometers a 
maximum difference of± 0.8 mK and an average difference of± 0.3 mK) 
and asks whether the differences are as small at the higher temperatures. 
Mr. Rusby thinks that the differences at higher temperatures are not much 
larger and, in effect, Jess serious in a relative sense than at 30 K. Mr. Quinn 
feels that the very simple interpolation procedure proposed by Mr. Rusby 
is a very strong argument for restricting the use of the PRT to temperatures 
above 24.6 K. Mr. Rusby states that at 30 K the additional 



- T 99 -

irreprodudbilitics due to ~.:rrors at the fixed point · arc 2.5 times the crrors 
at the 0 1 triple point and 1.8 times the error at the Ar triple p int. 

Mr. Kemp püints (ut thal belo\ 30 K the R v · T relation or the PRT i · 
very dependent on the imp-urity content or the rlatinum and tJwt 
ca librations below 24.6 K , where impurilies pla a still I<U·ger role. will b~..: 

necc , ary to ucco unt for the ir inlluence above 24.6 K. 
FinaUy, Mr. Scho ley draws attention to the advantage of using a 

sealed cel! with ru re llmn one gas in it, as proposed by Mr. Bonnier, 
providing this does not decrease the precision of the realizations. 

(ii) Interpolation above 0 oc 
Mr. Crovini remarks that a compari<>on of PRT's between 0 oc and the 

Zn point i necessary. New type of PRT's have been introduced and the 
oxidation el'fect has been discovered and it is not sure whether the deviation 
function between the quadratic equation and IPTS-68 is the same for ali 
thermometers. The President answers that there is a possibility of such an 
intercomparison as a cooperati ve projecl b tween NRC and NB . 
Mr. Kemp remarks that Mr. McAIIan at SLRO ha checked calibratcd 
PRT's al the Cd point for ma ny years. The result were compared with 
Lhose presented by other people at the 6th Temperature Symposium and 
differen e bctween thermometers are belicved to be not grealer tban a re\ 
tenths of a millikelvin. 

Taking up the que tion of the upper limit of the PRT-range, Mr. Jones 
remarks that compari. on between the PRT and the optical pyrometer 
should be extended to temperatures above this upper limit in order to 
ensure smooth first and second derivatives at the junction point. Mr. Jones 
feels that this is an additional reason for taking the Ag point as the upper 
limit of the PRT-range. Mr. Thomas says that Mr. McAilan, at the 
6th Temperature Symposium, <tl ·o preferred the Ag p int a. the upper 
limit, because this would place a lesser clemand on the pr perües of the 
HTPRT. Mr. Bedford and Mr. oates. on the contrary, fee! thal 
comparisons of the PRT and the optical pyr meter up to the junction point 
should be sufficient. The President adds that the choice of the upper limit 
of the PRT-range will depend on the behaviour of the HTPRT's which are 
available. 

(iii) Selection of fixed points in the P RT-range 

Mr. Pavese. r rerring t lhe classil'ication of t:ixed p( inrs in the report of 
WG3 sugErcst. thal the N e trip le point be ela · ·ifieù as «very g od » and 
not (<iso tope sensiti e ». On the other ha nd, the intercompari on f sea led 
cells uggests that the 0 2 triple po int shou ld b ela siued a · « goo 1 » 
ins tead of« very good ». (« Good }>in the rer rt o f WG3 meant worse thru1 
0.2 mK but beLLer than 0.5 mK.) Also, Mr. Pavee wishes l know the basis 
for classifying the e-H 2 boiling points as «very good », which means better 



- T 100 -

than 0.2 mK. Mr. Kemp points out that the classification of the fixed 
point ÎJl the report of WG3 wus based on data obtained with pen cells . 
Mr. Sch oley add th aL the 2 triple point measured with open ·e lis was 
rnuch mo re r ' prodm:ihl than with the call:d cells. Mr. Kemp sa s Lhaltbe 
da. ificarion f the.: e- 1-1 2 boiüng p int was ba cd on expcrimenlul work a t 
CSIRO. Mr. Pavese remark thal the intcrcompari n of PRTs by Ward 
and Compton at NPL showed differences of 1 mK at the 0 2 triple point , 
which is not better than the re ult !> for sealed cells, and differences of the 
same order for the c-1-1 2 b iling points. 

The President answers thal, in his opinion, the reproducibilities for the 
lixed points given in the r port of WG3 are mean! t b potential 
reproducibilities whcn practicc i. as pcrfect as po. sible. Mr. Sch oley 
would. in this re::;pect, like the work on sealcd cells to be c nlinued . 
Mr. Bedford i f ù1e opinion that sorne f the Jess go d re ·ults oblained in 
Lhe inter ompari s n of sealed cells arose from Lhe use f gases r Jess than 
the highest ava iJ able purity for fi lling the c cells . . ince the o riginal intention 
was merely to pr luœ stable transferable temperatures . 

Mr. Bonnier ugge ts that a set of sealed cells of the highest possible 
qua li ty be kept al BIPM. 

To the question fromM r. .rovini a. rorhe eiTect on the reproducibility of 
the sca le of replacing the 0 2 triple point by Lhe N 2 triple point, Mr. Rusby 
;mswers lhat in bis simple schcme with only three low-temperature reference 
points the uncertainty of th· N , triple point should be les than one half tha l 
of the 0 2 triple p int fore iL\ uld be w rth using. 

Finally, Mr. Schooley points to the imp rtance of accurately 
deterrnining the thermodynamic tempera ture. of the defming rLXed point. . 

(iv) The lower limit of the P RT-range 

The President states that there are two possibilities under consideration 
for the lower limit of the PRT-range: 24.6 K and 13.8 K. 

Mr. Kemp suggests that the PRT be used down to 13.8 K but that there 
could also be alternative definitions of the scale in the range 13 .8 K to 
24.6 K. Mr. Rusby remarks that use of the PRT to 13.8 K implies the use 
of e-H 2 boiling points as fixed points. Mr. Schooley, however, refers to 
wock n the 0 2 tripl e point by Mr. McCon ille at the Mounù Laborator y; 
there may be a po. ibiJity f overcoming tl1e problem of contumina Li ou of 
D 2 with 1-1 2 • the contami11 a tion probably arising from absorption of the 1-I2 
from the wa.ll s of the container. Anyb dy interestc.d can co ntact 
Mr. McConville who has available a supply of D 2 stored in a special 
stainless steel container. Mr. Bedford, commenting on Mr. Kemp's remark, 
asks whether overlapping definitions a rc desirable in the IPTS. Mr. Crovini 
and Mr. Coates remark that WG3 has. in its recommcndations, excludcd 
overlapping definitions. 

The President sul!gests that the CCT break for tea and take this topic 
1n" '..lrr ~l in nnriPr itP.m 11 . 
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(v) Thermodynamic temperatures ahove 14 K 

The President opens the discussion by saying that the replacement scale 
should be so close to thermodynamic temperatures that subsequent 
corrections will be virtually invisible to general users . Thus the question of 
the determination of thermodynamic temperatures is one of the most 
important of the meeting. At the next meeting, final decisions on 
thermodynamic temperature values will have to be made if the CCT wants 
to adhere to the proposed time table; at the present meeting, the main 
concern is that work that needs to be done in this field be identified. 

Mr. Schooley remarks that Mr. Guildner and Mr. Edsinger at NBS 
intend to continue their gas thermometer measurements up to 800 ·c. A set 
of HTPRT's constructed at NBS is available for this work. Gas 
thermometer temperatures will be recorded on the PRT's and the technique 
will be to go to 800 ·c and come down in steps of 20 ·c to 50 ·c. Ali parts 
of the apparatus work satisfactorily, except, possibly, the diaphragm. The 
expected accuracy with the gas thermometer is about 10 mK at 800 ·c. In 
answer to a question by the President, Mr. Schooley says that he is not able 
to give a time table for this work, but Mr. Schooley will strongly 
recommend that the measurements be continued. Mr. Coates emphasizes 
the importance of extending the gas thermometer measurements up to as 
high a temperature as possible. The optical pyrometer measurements have 
now to be referred to the Zn point, which results in the uncertainty at the 
Au point being about 0.1 ·c. If gas thermometer temperatures were 
available at 800 ·c with an accuracy of 10 mK, the accuracy of the optical 
pyrometer data might improve to about 0.03 K at the Au point. 

In answer to a question by the President, Mr. Crovini says that the Cu­
Ag eutectic temperature, measured with PRT's, is reproducible to within 
5 mK to 10 mK. 

Mr. Quinn gives a résumé of the total radiation measurements at NPL. 
Measurements have been made between - 30 ·c and 90 "C. The results 
between 50 "C and 90 ·c differ slightly from those of Guildner and 
Edsinger (by - 4 mK at 90 ·c ). At - 30 "C the results show a departure 
from T68 of about + 5 mK. The work is being continued, at first to fill the 
gap between 0 ·c and 50 ·c and subsequently up to 230 ·c. Above this 
latter temperature there is a technical problem - the black-body coating 
decomposes at about 270 ·c. The long-term plan is to continue to the Zn 
point. Measurements could be extended downwards from - 30 ·c but this 
is probably not justified in view of the pro ba bk higher accuracy of the gas 
thennometer in this range. In answer to a question by the President, 
Mr. Quinn adds that the expected accuracy of the measurements is rather 
better than 5 mK at 230 ·c and that it is hoped to have results up to this 
temperature weil within two years . Mr. Rusby is somewhat more cautious 
with respect to the time table : before going above 90 "C, smaller apertures 
have to be put in and checks must be made to see if they give the same 
results . Mr. Rusby is not certain that the measurements up to 230 ·c will be 
completed before the next meeting of the CCT. 
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Coming to the range below 273 K, Mr. Kemp comments on gas 
thermometer measurements at CSIRO and KOL between 4 K and 100 K 
reported at the 6th Temperature Symposium. Since then, the CSIRO and 
KOL results have been recalculated to the same reference temperature 
(20.2 K on NPL-75) and the same viriat coefficients. An agreement between 
the two sets of data between 20 K and 90 K of better than 1 mK was 
obtained in this way. At CSIRO, and probably at KOL, the measurements 
will be extended up to 273 K. There is thus sorne hope that new gas 
thermometer results will be available over the entire range from 4 K to 
273 K before the next meeting of the CCT. Provisional results at CSIRO 
support the result of the total radiation measurements at - 30 oc. 

Mr. Thomas reports that gas thermometer measurements are in 
progress now at PTB. Preliminary values have been obtained at the 0, 
boiling and triple points which differ by a few mK from the CSIRO and 
KOL results. 

6. Discussion of the text of the monograph 
on Supplementary Information 

Mr. Schooley commends WG 1 for the high quality of the document. He 
comments that the section (now missing) on HTPRT's should not affect 
publication plans because it is not relevant anyway to the IPTS-68 or the 
EPT-76. Mr. Rusby would Iike the historical information in the 
Introduction to be deleted. The President replies thal WG 1 included it 
large) y in anticipation of its removal from future texts of the IPTS; in the 
opinion of WG 1, it is better placed in the Supplementary Information. 
Mr. Schooley concurs. The President concludes the discussion by 
emphasizing that WG 1 will meet in June and that any suggestions for 
changes in the Supplementary Information should be submitted in written 
form to WG 1 bef ore that time. 

7. Discussion of the proposed monograph 
on Secondary Thermometry 

The President opens the discussion by recalling that the CCT decided 
sorne years ago to try to assist those users who require measurements of 
less than the highest accuracy. There are many adherents to the Convention 
du Mètre who do not require the highest possible accuracy, but, 
nevertheless, do require assistance. Mr. Thomas reports that severa) 
official organizations wish to bring to the attention of the CCT that the 
highest accuracy provided by the IPTS is seldom required - many 
pra ctitioners reqlLÎre a lesser degre~ or accuracy that is Jess expensive and 
mn re readily o blained. The WG2 monot,rraph should help meet thi s 
....l ...... ~~- • ., ...... ....l 
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Mr. Coates emphasizes that for many users who require only moderate 
accuracy, or perhaps only traceability to the IPTS, a calibration by 
comparison is likely to be more suitable than a secondary realization. This 
should be emphasized in the monograph. He also questions the suitaoility 
of the title of the monograph. Severa) members discuss the title and it is left 
to WG2 to devise a suitable one. Mr. Bedford, Mr. Coates, 
Mr. Bloembergen, and Mr. Quinn debate the difference between obtaining 
a representation of the IPTS by «calibrations » and by « secondary 
realizations ». In the former case one uses a calibrated thermometer, and in 
the latter case one uses fixed points. Mr. Schooley points out that when the 
platinum/rhodium thermocouple is removed as a defining instrument for 
the IPTS, it will no longer be possible to produce a secondary realization 
according to Mr. Coates's definition. Mr. Hudson suggests that, for 
clarification of the discussion, a definition of severa) of these terms is 
required and that a subcommittee to draft such definitions be appointed. 
The President agrees and appoints Mr. Hudson to chair a subcommittee 
consisting of Mr. Coates, Mr. Bedford, and Mr. Bloembergen, which will 
prepare such a lexicon for the following day. 

There follows a lengthy debate amongst severa! members regarding the 
subjects to be included in the monograph. Apparently it should emphasize 
secondary realizations, but not exclude discussion of calibrations and 
advice on the proper use of thermometers. Mr. Crovini suggests that the 
secondary realizations discussed in the monograph should be assigned a 
position on a scale of priority; the preferred realizations would be those in 
widest use. There may, for example, be sorne that, although very precise, 
are seldom used and thus need little attention. Mr. Schooley would like a 
discussion of the use of the nuclear quadrupole resonance thermometer 
included. In reply to a question of Mr. Bedford as to who will write this 
section, Mr. Schooley replies that someone at NBS will be happy to do so. 

The President closes the discussion on item 7 by emphasizing that 
members of the CCT and their colleagues who wish particular topics to be 
treated in the monograph should send written versions to the WG2 
Chairman for consideration. Suggestions unaccompanied by written 
material are of limited usefulness. 

8. High temperature platinum resistance thermometers 

The President remarks that this item is open for discussion on the whole 
subject of HTPRT's. In particular, he would like to discuss suggested 
experiments with, and the disposition of, the ten thermometers provided by 
the Chinese delegation from NIM. He suggests that the CCT rather than 
the BIPM staff should have final authority as to the disposition of the 
thermometers. On behalf of the CCT, he thanks the Chinese la bora tory for 
having so generously supplied the thermometers, and thanks Mr. Ling and 
Mr. Li, in particular, for their efforts in transporting the thermometers to 
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Paris. Mr. Ling remarks that he had originally hoped to supply 
20 thermometers for long-term Joan, but the impracticality of transporting 
so many to Paris prevented it. In addition to the ten in Paris, three (seriai 
numbers 18227, 18236, 18237) were left with NBS in Washington. He says 
that the remaining thermometers are availab1e in Beijing; he hopes that 
arrangements to transport them can be made. He introduces (document 82-
44) sorne data obtained at NIM on the performance of these thirteen 
thermometers. He would like any data obtained on these thermometers by 
the laboratories to be sent to NIM. 

In response to the President's question as to which laboratories are 
prepared to test the thermometers in groups of at !east three, the delegates 
of NPL, PTB, NRC, IMGC, CSIRO and BIPM indicate that their 
laboratories are interested. Of these, Mr. Kemp says CSIRO bas already 
arranged to obtain three of the group left in Beijing, while NRC and BIPM 
are prepared to wait for another delivery la ter in the year. Th us, of the ten 
thermometers, it is decided three will go to each ofNPL, PTB and IMGC, and 
the ether one will remain at BIPM as a spare. * 

The President then asks for suggestions as to how the thermometers will 
or should be tested, emphasizing that the results must be available for the 
!5th Session of the CCT in 1984. Mr. Bedford (forwarding the suggestions 
of colleagues from NRC and CSIRO) sa ys sorne of the thermometers should 
be su bjected to rapid cycling ( 100 cycles in a short ti me) from both the Ag and 
Au points and tested for stability (up to 500 hours) at these same points. 
Mr. Quinn thinks that there may already be enough information on the latter 
point, but recommends calibration at metal freezing points up to and 
including gold to test the ability of the thermometers to carry a temperature 
scale. Mr. Crovini says IMGC will test theirs for high-temperature stability ** 
and also will intercompare them at high temperatures in a pressure­
controlled beat pipe. Mr. Schooley sa ys Mr. Evans of NBS will check their 
repeatability and their uniqueness in defining a temperature scale, as well as 
test their insulation resistance at high temperatures. Mr. Rusby sa ys NPL will 
test their high temperature stability using a vertical furnace, then compare 
them with an optical pyrometer in a horizontal furnace. Severa! members 
remark that thermometers of different manufacture will also be included in 
their experiments. 

Mr. Bedford and Mr. Quinn question Mr. Ling regarding the heat 

* The seriai numbers and distribution of the thermometers are as follows : 

PTB: No 80168, 80159, 18234 
IMGC: No 18213, 18233, 80166 
NPL: No 18210, 18221, 18228 

Thermometer 18224 was found to be broken so was replaced with 18210 
originally left as a spare at BIPM. 

** See Temperature Measurement 1975, Institute of Physics Conference Series 
No. 26, Institute of Physics, London, 1975, pp. 107-116. 


































































































