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Abstract: Measurement of a self-heating effect (SHE) of ain calibration of platinum resistance thermomet@RTS),
platinum resistance thermometer (PRT), which isb® which should be performed under the real experiadent
performed under real experimental conditions, i€ thconditions. It means that for gauge block measurgsne
trickiest part in the calibration procedure of PRaisprecise PRTs should be calibrated on the gauge block sesfac
temperature measurements of material artifacts. Newmcluding the measurement of the self-heating (8f@ct.
double-channel synchronous detection techniqueble@n In the first paper presented at the Congress [8]dascribe
developed for precise measurement of the SHE of #the new procedure of high-precision temperature
resistance thermometer, located on the surfacenaditarial measurement, which is performed by a couple of
artifact. With new technique, we demonstrate thd&RI'  thermometers without a contribution of temperagnadient
modifies the temperature distribution in the adifaand the in the experimental set-up and the velocity errdhe
SHE of a PRT measuring a selected point on théaefrti measurements were performed with the use of twudata
surface, is shown to depend on the distance froe tlplatinum resistance thermometers (SPRTS) in a alheci
thermometer to the selected point, the heat flinditions in  designed double Dewar system (DDS). In order td fime

the artifact, and on the temperature rate, recotdedhe temperature of a material artifact from the measuatio of
thermometer. New approach, based on the use o péir the resistance of the SPRT to the resistance efadrature
specially calibrated thermometers, which are iteaht a stabilized standard resistor, it is necessary twkthe SH
fixed distance on the artifact surface, realizesperature effect of the SPRT under the particular experimenta
measurements of the artifact surface without teatpeg  conditions. The SH measurement is the most coniplica
gradient and velocity error. The demonstrated uao#y in  part of the developed method of calibration of PRiken
temperature measurement of gauge blocks inside owe measure the temperature of a particular pointhen

interferometers is at the level below LK. artifact surface [4], as the SH value on the astifzan be
much smaller than the temperature variations ofatttiéact
Keywords: self-heating, artifact, gauge block, heafiux. during the time interval, which is necessary toagbtthe
stationary temperature distribution in the artifafter the
1. INTRODUCTION corresponding increase of the measurement curretitd

PRT. To overcome this problem we have developed a
Precise temperature measurements are of paramowlouble-channel synchronous detection techniqueaf,the
importance for length metrology, as the dissemimatif the  application of this technique to SH measurement®I
Sl length unit in all advanced countries is perfednhrough and on gauge block surfaces are presented inrdiepéirt of
calibration of material length standards (gaugecksd in  this paper. In the second part, we describe tertyrera
terms of wavelengths of standard radiations usiptical measurements of gauge blocks inside INMETRO
interferometry. A typical resolution of a long gauplock interferometers, that are realized without veloeityors and
comparator is about 4 nm [1]. For 500-mm steel gaugdevastating effect of temperature gradients.
block, this corresponds to the temperature resoiutf ~0.7
mK of that “optical thermometer”. Meanwhile, thesudts of 2. SELF-HEATING MEASUREMENTS OF PRTS
the recent CIPM Key Comparisons CCL-K2 [2] showttha INSTALLED ON ARTIFACTS
the average uncertainty in temperature measurements
500-mm blocks, achieved nowadays at the World tepdi  The effectiveness of our double-channel syrobus
National Metrology Institutes, is about 6 mK. ThiBows detection technique in measurements of the SH te¥ét
that the progress in high-precision temperaturde demonstrated first by experiments performed@SDin
measurements of material artifacts will result imast the this case, as a result of well controlled experitaen
same level of progress in the uncertainty of theconditions [3], the obtained uncertainty in SH meaments
dissemination of the SI length unit for the lengthis approaching the corresponding uncertainty of SH
measurements in the range of 500-1000 mm.. measurements achieved in water triple point cellse
standard procedure of SH determination, developad f
The advances in precise temperature measursnoént temperature standards, cannot be used, as thedimeter
material artifacts cannot be realized without inygiments modifies significantly the temperature regime isea@f an



artifact. The corresponding effect in the aluminumThe SPRT under measurement is connected to the

equalizing block of our DDS is demonstrated in Eigiwo
SPRTSs, connected to the ASL-bridge (F18) and Mdidpi
(Model 6015T) were installed inside the block. Atet
beginning and at the end of the experiment, theeats in
both thermometers were equal to 1 mA, and the bleak
cooling down. Then the current in ASL-bridge waamted
from 1 mA to 2 mA, and the other SPRT was moniigptime
block temperature. It follows from Fig.1 that themas an
obvious change of the temperature regime even large
equalizing block, when 8QW of power were dissipated in
the block as a result of current change in ondnef3PRTSs.
To find precisely the SH value from the upper traody is
not, evidently, possible, but it is a rather easycpdure if
we have an additional second channel, thus reglizn
differential temperature measurement. In the deezlo
technique for SH measurements [4], we use two eafsr
channels equipped with thermistors and HP multyenset
On one hand, the thermistor channels have betiealsto-
noise and resolution in comparison with channeisijpped

with SPRTs. On the other hand, thermistors have hmuc 300
smaller dimensions than SPRTs, and this of primary

importance for measurements on gauge blocks.
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Fig.1. Variation of the temperature regime of the qualizing block in
DDS with the increase of the measurement current ithe SPRT.

Guildline-bridge (Model 9975) and is run under #tendard
current of 1 mA, which corresponds to the abserita o
signal in synchronous technique. Thermistors, et
R6 and R2 and connected to HP-multimeters 34584, ar
installed in the neighboring holes of the equatizivlock,
filled with bath oil (Fig.2, Position 1). These sy1%1s act as
reference channels, which track the temperaturatians

of the block. The readings of both systems are roszb
simultaneously by a special computer program. R t
standard current of 1 mA, the relation betweenrdaglings

of the measuring and the reference channels isdfanra
form of linear regression dependence (regressina In
Fig.3, with squares for data points). This dependers
based on the data obtained before and after theentur
increase to 1.41 mA. As it follows from Fig.3, gigal
spread of the data points in the measurement channe
relative to the linear regression line is about 87
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Fig.3. Self-heating measurement in DDS, using doubichannel
technique.

Then the current in the SPRT is increased to theevaf
1.41 mA, which corresponds to the double powerigig®on

in the thermometer. This regime corresponds tgptksence
of the signal in the synchronous technique. Whea th

Now we shall describe the procedure of the SHiationary thermal distribution is installed in thqualizing
measurement for our reference SPRT in the expetsmeny .k (that is about 1 hour after the current éase)

performed in DDS [3].
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Fig.2. Thermometers positions inside DDS and the nesponding SH
values of the SPRT with reference to different seinss.

simultaneous measurements are performed for both
channels. The difference between the recorded satuthe
measuring channel and the linear regression vatixained

for synchronous measurement results of the referenc
channel, gives the SH value for the SPRT. We ptesen
results of the measurements of the SH effect, shaswvdots

in Fig.3. Each data point was obtained as a resutalf an
hour averaging, with the time interval between theta
points of about 45 minutes. The measured values wer
313.06pK and 315.3:K for the reference channel, equipped
with thermistor R6. For the other reference witbrthistor
R2, the simultaneously measured SH values werédd3 1K

and 312.53uK. The summary of the results in Position 1 is
presented in Fig. 2. The comparison of these daias that
almost stationary temperature distribution in theck was
realized, and the corresponding uncertainty in SH
measurements was at the level of a fddv

The developed technique is very sensitive and atsflény
variations in the experimental set-up. For examtile, SH
measurements were performed for the SPRT locatidhe



neighboring hole with the smaller diameter (10 mm i mean temperatures and temperature rates, recoydedch

position 2, instead of 12 mm in position 1). Theoreled SH

value decrease was about gR. At the same time, the
difference between the reference channels resudteased
from 1 puK in position 1, to 3uK in position 2. This was the
result that the thermistor R6 was located in thaewhole in

position 2.

When summarizing the results of the SH measents

sensor. We shall designate as position 1 the locaif the
thermometers on the gauge block, when thermistoaiitb
Caps.1 are located at the left-hand side of the &Bthis
end the temperature of the chamber was somewhhéhig
as a result of the temperature distribution in l&t@oratory.
The location of the sensors Caps.1 and R6 on ¢jte nand
side of the block, with the environment of lower
temperature, will be called as position 2.

in DDS, we are to remind that the temperature field

variation (temperature gradient) between the looatiof the
SPRT in positions 1 and 2 is only a fa¥ [3]. Meanwhile,

In the first experiment, we determined the ibas
parameter in these series — the spatial thermldl\fariation

the SH value is about 3QK. Under these conditions, the along the axis of the GB, or temperature gradienitds

propagation of the heat wave, generated by the excessive often called in

current of 1.41 mA in the SPRTSs highly symmetric, as it
follows from the SH results, obtained by differeeterence
channels. This result is in strict agreement witie t
predictions of the existing theory of thermal coctility

[5a].
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Fig.4. Results of the first experiment on the SH n@surements on the
gauge block surface.

Incomparably much more difficult and interegtiawre the
studies of SH effect performed on gauge block seda
inside INMETRO Kdsters interferometer.
were performed with the use of a 12-inch steel gehlgck,
installed inside the pressure tight aluminum chanafehe
interferometer, with the wall thickness of about02@m.
The ultra-cryostat of the interferometer was in ragien,
stabilizing the temperature of a copper block at ltlottom
of the chamber. Several thermometers were instaltethe
upper (narrow) side surface of the gauge block (GB)
schematically shown in Fig.4. At the center, we put

reference  SPRT, which was equipped with aluminu

adapter insuring a reliable thermal contact wita 8B. The
SPRT was connected to the Guildline-bridge. On Isadbs

of the SPRT, we put 100 Ohm capsule PRTs (Capgsdl a
H

Caps.2), which were connected to the most preciBe

multi-meters (Model HP 3458A). The stability of the

response of the multi-meters was calibrated, bedackafter
the temperature measurement with the PRT, witthéhe of
temperature stabilized 100 Ohm Guildline standesistors.
At the end of the GB, close to Caps.1, we put lieenhistor
R6, also connected to HP multy-meter. A special mater
program [3,4] realized synchronous measurementthef

These stsidie

m

literature. For this we performed
measurements of the temperature differences betwreen
thermistor R6 (in positions 1 and 2) and the SPRT
temperature. The value obtained was 480at the whole
length of the block, or 1.mK / mm. The left side of the
block, as shown in Fig.4, had higher temperature.tife
thermal conductivity through the ball suspensionihef GB

in the interferometer is absolutely negligible, ke to a
tiny area of the contact and a small temperatuiferdnce
between the locations of the balls, the spatiahtian arises
due to thermal radiation of the chamber and aiveotion
inside it. Bearing in mind the value of the tengiare
gradient, we are to analyze the results of SH nmreasnts
for the SPRT and Caps.1l PRT, presented in the stadfle
Fig.4. Comparing the SH values of the SPRT meashyed
Caps.1l and R6 sensors, located at different distafrom
the SPRT, we find that SH of the thermometer, ledain
the artifact surface, depends on the distanceetaetference
point occupied by the auxiliary thermometer. The \&itue
increases with distance. For example, in positidmelSPRT
SH value, with reference to R6 sensor locatedetlistance
of 155 mm, was measured to be 424, in comparison
with 378 uK measured with the reference to Caps.1 at the
distance of 93 mm. The increase of the SH effedh wi
distance has a simple physical explanation: the Wweae,
generated by the excessive (1.41 mA) current in the
thermometer, is loosing energy, as a result of at he
exchange with the chamber, when it propagates albeg
artifact. The new experimental result of these isgjdhat is
of paramount importance both for theory and expenitnis
that the propagation of the heat wave in the artifact, that is
generated by the measurement current of PRT, is not
symmetric, when there is a spatial temperature variation in
the artifact, which amplitude is commensurable with value

of the SH effect. Thus, the gauge block with a spatial
temperature variation, induced by powerful enesgurce
with very low internal heat resistance (i.e. theiferometer
chamber delivering energy to the block through riar
radiation) acts as a non-linear switch, which reitistes the

rénergy of the heat wave (generated by thermometead)

steers more energy along the thermal flux, existinghe
artifact. The asymmetry in the propagation of teathwave,
generated by the excessive current of the SPRT, was
detected by all thermometers (Caps.1, Caps.2 ahdvRén
we changed the positions of the thermometers froim 2.
The effect is increasing with distance from thetlseairce to
the reference point on the gauge block surfaces Tdsult



follows from the comparison of the SH measurementanA, so that the heat dissipation in the sensor ovdg 26
performed with R6 sensor. In case of the SPRT SHW. The PRT Caps.2 was used in a switched on mottee at
measurement, the asymmetry was abouts@t the mean current value of 0.707 mA, realizing practicallymayetric
level of 390uK, when the distance between the centers ofype of heating of the GB surface by thermometerg.dBut
the thermometers was about 150 mm. Meanwhile, ththe results were the same: measurements of theaBlé,v
asymmetry was about 18 at the mean level of 246K for  performed with reference to the sensor located calibre
the distance of ~50 mm, when we measured SH eiifect heat flux in the GB, were smaller, relative to Bid values
Caps.1. obtained against the heat flux. In position 2 (for
measurements along the flux), the SH values ofSBRT,

>0 obtained with reference to Caps.1 and R6, werep®9and
300 306 pK, respectively. Meanwhile, in position 1 (for

- measurements against the flux), the SH values 842K
100 (Caps.1 reference) and 3dR (R6 reference).
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Fig.6. Results of the last experiment on the SH msarements on the

Fig.5. Demonstration of the variation in the GB terperature AT=195 K
distribution, caused by measurement current in capgde PRT.
gauge block surface.

The other aspect of the SH problem is illustlaby
Fig.5. Here we show that the energy, dissipatedhim
Capsule PRT at the current level of 0.707 mA, fdant to In the last experiment, thermistor R6 Wasqju$e to the
change significantly the temperature distributiaside the edge of the SPRT adapter, so that the distanceebetthe
gauge block. To demonstrate this, we plot the diffee  centers of the thermometers was about 53 mm (Fig.6)
between the temperature of the Caps.1 PRT in poslti  ynder these conditions, the time constant in thiecity
and the temperature of the SPRT as a function Bh@  error equation is below 1 minute (see Fig.4 in,[@hd the
adjustment of the ultra-cryostat stabilization temsure, velocity error was not affecting, practically, thesults of
which can be used for very delicate adjustment haf t the self-heating measurement, as the temperatties i
temperature gradient inside the GB. The data painB8g.5  thjs study were about a couple jdf / minute. Thermistor
were obtained during four days, with almost staign R2 was used to compensate the temperature gradiéme
temperature field distribution achieved in each M}Ihe GB, arising due to the measurement current heam&on
measurement. The upper linear trend correspondieo in the thermistor R6. Both thermistors were chagdimeir
temperature difference between Caps.1 and the SRREN  positions relative to the SPRT, while PRT Caps.1s wa
the other CapSUle PRT is switched off. The lowendr a|WayS kept in the same position. It was Connemme
corresponds to the regime, when both capsule PRFs iw  Mi-bridge, and monitored the stability of the caiwtis in
operation. When we switched on Caps.2, an additibfa poth parts of the experiment. To decrease further 3H
uW of power were delivered to the GB at the locatifthe  yalue of the SPRT, a special paste with high therma
sensor, and the arising temperature gradient in G2  conductivity was used to ensure better contact @etwthe
resulted in the decrease of temperature differdratween spRT and adapter. With all these precautions, we amore
Caps.1 and the SPRT of about 8&. This is not a detected the asymmetry in the heat wave propagation
negligible value. Thus, the heat dissipation due tQreated by the excessive measuring current in BiRTSand
measurement current in the resistance thermonsetere of  the increase of the SH value with the distance he t
the important factors, which can limit the accuraity reference point. For measurements against theflugathe
temperature measurements. SPRT SH value was 19K with reference to R6, and for

measurements along the flux the SH values were (K75
The effect of asymmetric heat wave propagationhe t with reference to R6, and 208 with reference to the
presence of a heat flux in the artifact is so ingar for  fyrther located Capsl.
precise temperature measurements and for thedretica
description of the heat conduction, that we pergarsome The discovered physical effect of asymmetric heatev
additional testing experiments. Again we interclehghe propagation inside artifact, when there is a spatisiation
locations of the sensors Caps.1 and R6 on the Gc&) of the temperature field in it, makes the studiéshe SH
when meaSUring the SH effect of the SPRT, thUSZIBgI effect in a PRT to be the most Compncated para d;ﬁgh_
the positions 1 and 2 of Fig.4. The main differen@es that precision calibration of the PRT under real experimal
the PRT Caps.1 was connected to MI- bridge (6015Tkonditions. The SH measurement has to take intotextdn
realizing more accurate temperature measurementsain the explicit way:
channel. The current value in Caps.1 was reduced.50



Thermal interaction of an artifact with the envinoent,
that results on the SH dependence on the distarbte t
reference point.

Spatial distribution of a thermal field inside theifact,
which redistributes the energy flux generated ey th
PRT, thus resulting in the dependence of the
propagation parameters on the direction of propagat
The velocity error effect [3], as the measurement
procedure is based on the use of two thermometers o
the artifact surface.

3. HIGH-PRECISION TEMPERATURE
MEASUREMENTS OF GAUGE BLOCKS

Now we shall describe the procedure of prenisio
temperature measurements of GB using
thermometers. For
reference SPRT, we need the SH value of the theeteam
determined on the GB surface inside the interfetemé&he

most accurate SH measurement of the SPRT is rdalize

when we use relatively large capsule thermometén wai
small measurement current and small heat dissipd26
MW). When the capsule PRT is located at a largeaniist
from the SPRT, then the effect of the perturbatidrihe
temperature field by the auxiliary thermometer
diminishing. But at the large distance, the velpaitror
component in uncertainty of the SH measurementviag
large contribution. Besides that, the necessaryirements
to the stability of the temperature gradient in BB are
very difficult to fulfill. The solution to the prdbm can be
found in the configuration of Fig.7, where two $6aBPRTs
and one auxiliary sensor are located symmetricatiythe
artifact surface. This configuration is kept unafeeh both
for the calibration procedure during SH measurememid
in the following temperature measurements of the @iBen
optical measurements of its central length areoperéd.
The symmetric position of SPRTs relative to theileary
sensor automatically cancels the effect of tempesat
gradient in the artifact and the effect of the eélperror for
measurements of the temperature of the point, éedupy
the auxiliary sensor. The effect of asymmetry ted heat

wave propagation in the presence of the temperatur-
in the first

gradient in the GB also cancels out,
approximation. Indeed, from Fig.6 we find that fdose
location of the sensor R6 relative to SPRT, theatffof
asymmetry in propagation results in the SH valued9b
uK (for measurements against the heat flux) anduk for
measurements along the flux), So, the variationhef SH
value is +10 pK relative to the value of 185K,
corresponding to the zero temperature gradiertienGB. If
we increase the temperature gradient by 10%, tisé $iH
value will increase by 1K, and the other will decrease by

calibrate
measurements performed with the

uncertainty in SH measurements as (K (assuming it
equal to whole effect of asymmetry in wave prop@gaof
Fig.6), we shall find that the combined uncertaiitythe
temperature measurements of a particular pointhenGB
surface is about 6pK, while the uncertainty in calibration
of the SPRT in the Gallium and WTP temperaturedstess

is around 64uK. This example shows at what astonishing
level the design of the famous Kdsters interfer@métas
been performed from the point of view of temperatur
measurements.
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Fig.7. Thermometers configuration for precise calibation, and precise
temperature measurement of a particular point on tle GB surface.

is

Now we shall demonstrate some applicationshefriew
methods to gauge block measurements. The expesment
were performed with the primary level interferometesed
for the realization of the Sl length unit in Braizilthe range
of 1-100 mm [7]. In the first experiment, the longiinal
temperature variation of a 100 mm tungsten carlfide)
block was measured, using a pair of thermistoribized
on the GB surface and located at the opposite ehdise
GB. The results of the measurements during the wgrk
day time are presented in Fig.8. The mean valueé®uK
with the maximum deviation of 18K, only. For the
temperature expansion coefficient of TC, this terapge
gradient corresponds to the length variation of40rin,
only. Thus a single thermometer, located at theéecesf the
GB surface, gives a quite accurate result of thearme
temperature value on the surface.
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the same amount (obeying the law of the energyig.s. Measurements of an axial temperature variatin on the GB

conservation), so that the mean value will staystamt.

Consequently, if we change the positions of the BPR
relative to auxiliary sensor in Fig.7, measure

corresponding SH values for both positions, anc ttie
mean value for each SPRT, we shall remove thetaifdbe
propagation asymmetry from the measurement resilt,
least at the level of a couple pK. If we estimate the total

the

surface inside interferometer.

In the next experiment, a couple of thermonsgter
calibrated in accordance with the described abevknique,
were located symmetrically at the centers of thposjie
narrow side surfaces of a 100 mm steel gauge blask.
discussed above, the couple of thermometers medisere



temperature of the symmetrically located point lestw
them without the velocity error, without the cohtriion of
the temperature field variation in the verticalediion, and
without the contribution of the effect of anisotyom the

temperature gradients, velocity error, and withiiat effect
of anisotropy in heat wave propagation.

It has been shown experimentally in this study thabH

thermal wave propagation in the presence of spatialalue at the same distance from the thermometargsr for

temperature field distribution. Besides, this cguofation

the heat wave propagation against the heat fluxhim

realizesmode matching between resistance thermometry andsample, and it is smaller for measurements alopgfltix.

“optical thermometer”,
temperature at the axis of the GB, in agreemertt libe
principle known in length measurements. The rexfitthe
measurements are presented in Fig.9.
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Fig.9. Demonstration of the time stability in lengh measurements of a
100 mm steel GB at the level of 0.058 nm.

It shows that the reproducibility of length measoeats for
100 mm steel GB, observed at the time interval obaple
of weeks, was at the level of 58 pm, when charaetdrby

when both are measuring theThis means that the amplitude damping factor, deisg

the decrease of the heat wave with the distance fthe heat
source, is larger for the measurement against ¢ fiux,
and is smaller for the one along the flux. Fromttiesory of
thermal conductivity it follows that for periodiernperature
perturbation both the velocity and the amplitudenpimg
factor are both proportional to the square root tlodé
frequency of the perturbation. Taking this into @out, we
are coming to the conclusion that experiment givedear
indication that only high frequency Fourier computseof a
stepwise thermal perturbation, which have high eigjo
values, can propagate against the energy bargsoceated
with the temperature field distribution. Meanwhiléhe
lowest frequency components of the heat perturbatio
which are giving the main contribution to the h&ansfer
(See Fig.1 in [3]), cannot overcome the energyi®aand
are reflected by it into the heat flux directionhus, in
agreement with the experiment, the larger parhefenergy,
generated by resistance thermometer, propagatel wit
smaller damping factors along the thermal flux, akhis
created by the interferometer chamber. So, we havan-
linear device which redistributes the thermal energy
generated by the PRT. (The system is analogoushedo t
vacuum tube, which distributes the flux of electamhen
voltage signal is applied to its grid.) As it isnan-linear
device, the Green function method [5a] cannot tdiegh: it

the maximum deviation from the mean value. This ids explicitly based on the symmetric propagatiorih& heat

unprecedented result in length Metrology. The déwiaof
58 pm corresponds to the agreement in indicatibptical
and resistance thermometers at the level qftgQonly.

4. CONCLUSIONS AND DISCUSSIONS

For precise SH measurements of PRTSs, instalfethe
surface of material artifacts, we developed a newbte-
channel synchronous detection technique. This tgakn
was used for the studies of the local overheatinthe GB
surface, resulting from the power dissipation indige PRT.
As the PRT affects the temperature distributiortrenblock
surface, and the GB interacts through thermal tidizand
air convection with the enclosure of the interfeeden, the
SH effect is found to depend on the distance taeference
point on the GB surface. The experiment also shthas
when there is a temperature distribution inside @i the
propagation of the heat wave, generated by the unement

current of the SPRT, becomes asymmetric, when morhe

thermal energy propagates along the flux and lessgy
propagates against the flux. The developed proeeddr
calibration of PRTs together

wave, and, consequently, it is not in agreemenh wlite
energy conservation principle. It follows from theesented
studies that the thermal conductivity constant usetieory
[5b], is in reality a tensor, showing anisotropioerties in
the heat propagation, and it is a complicated fancof all
three coordinates, that is associated with the iapat
distribution of the temperature field in the artifaSo, the
ideas dealing with the presentation of the solutam a
product of one-dimensional solutions are not wagkas a
result of nonlinearity of the system. As it is dgjly
emphasized in [5b], the thermal conductivity ecuatis
based on the analysis of the result of #ieady-state
experiment of the heat propagation in a long slab. In this
particular case, the thermal conductivity coeffitieis,
indeed, the constant. So, the results of a stanttemdnal
conductivity theory are limited to stationary sodus and
are not applicable to time-dependent processesoist iwf
the experimental cases. Besides that, the apprtirimaf
boundary conditions with isothermal surfaces
surrounding the artifact under study is too roughstudies
of the transients, when the internal heat resigtamicthe

with the measuremendifferent sources is to be taken into account, hes heat

technique, based on the use of a couple of therresme sources are competing with each other in estahliskiie

calibrated under real experimental conditions,

ensu thermal distribution inside the artifact.
temperature measurements without devastating efiéct



ACKNOWLEDGEMENTS

The authors have pleasure to acknowledge thpostiof
these studies by Prof. J. A. H. Jornada, Prof. &hBrand I.
B. Couceiro. The technical support of all of thafisbf the
Temperature division of INMETRO, and especially the
contributions of P. R. Santos and S.G. Petkovioh highly
appreciated. The work was financially supporteddNPq
and FINEP, grant 22.01.0465.00.

REFERENCES

1. H. Darnedde, “High-precision Calibration of Longuge
Blocks Using the Vacuum Wavelength compaitato
Metrologia, 199229, 349-359.

2. A.J. Lewis, CIPM Key Comparison CCL-K2
“Calibration of long gauge blocks”, Metrologia, Z)0
Tech. Suppl. 04004.

3. A Titov, I. Malinovsky “High-precision temperature
measurements of material artifacts”, XVIII IMEKO
World Congress, September 17-22, 2006, Rio-de-
Janeiro, Brazil.

4. A Titov, I. Malinovsky “Nanometrology and high-
precision temperature measurements under varying in
time temperature conditions” , Proc. SPH8B79,Recent
Developmentsin Traceable Dimensional Metrology, ed.
by J.E.Decker , Gwo-Sheng Peng, pp. 11-22, San
Diego, CA, USA, 31 July-1 August, 2005.

5. E.R. G. Eckert and R. M. Drake, Jr. “Analysis efh
and mass transfer”, International Student Edition,
McGraw-Hill Kogakusha, Ltd, Tokyo, 1972, pp 138-
143 [5a]; pp. 208-216 [6b].

6. A. Titov, I. Malinovsky “Precise certification of
temperature measuring system of the original Késter
interferometer and ways of its improvement” Proc.
SPIE,5879,Recent Developmentsin Traceable
Dimensional Metrology, ed. by J.E.Decker , Gwo-
Sheng Peng, pp. 42-52, San Diego, CA, USA, 31 July-
August, 2005.

7. A. Titov et al, “Primary level gauge block
interferometers for realization of the Sl lengthtyn
Proc. SPIE5190,Recent Developmentsin Traceable
Dimensional Metrology, ed. by J.E.Decker , N.Brown,
pp. 34-42, San Diego, CA, USA, 4-6 August, 2003.



