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ABSTRACT 

This work presents kmettc hmtts for conductlon calonmeters taken from expenmental data and gwen 
m reduced units (VT,) Two different cntena are proposed concemrng ctther a fuli reconstructton of a 
rectangular heat pulse (used in cahbratlon procedures) or a complete separation of elementary pukes to 
prowde a fan reconstruction of the thermogencsls These upper hmlts are qven for several stgnal to notse 
ratios 

INTRODUCTION 

The study carried out recently on conduction calorimeters has focussed on a 
numeric and electronic approach to thermogenesis, presentmg, for instance, com- 
parative results gven by inverse filters [ 1,2], analytic approximations to the transfer 
function (TF) of the system [3-S] and harmonic analysis. Calorimetric models have 

allowed an analysis of the effects introduced by the existence of experimental noise 
and the consideration of an upper frequential limit in the deconvolutive calculus 

WI. 
The kinetic possibilities of a calorimetric device depend on the frequential 

characteristics of the response to a Dirac pulse, on the spectrum of the signal which 
is to be deconvoluted and, finally, on the signal to noise ratio. 

Taking for granted a relative scale representation both in time and frequexzcy, this 
work puts forward quantitative criteria to reconstruct fairly an arbitrary thermogen- 
esis. These criteria allow an estimate of the kinetic possibilities of several conduction 
calorimeters in terms of their first time constant. 
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IDENTIFYING THE PATTERN OF -l-HE THERMOGENESIS 

Once the linearity of the calorimetric device has been well established we may 
take into account the superposition principIe: the feasibility of reconstructing an 
arbitrary thermogenesis- sampled with a period T-depends on the performance of 
the calorimeter in reconstructing rectangular heat dissipations (Fig. 1A). 

The spectrum of a rectangular puke is represented by its Fourier integral. If we 
have a sequence of pulses, it is easiIy represented by a Fourier series (Figs. 1B and 
1C). The Fourier transformation of a rectangular pulse of height W and width T is 

IlW =J- w {sin(wT) + i(cos(wT) - 1)) 
VzG o 

The Founer series for the sequence of pulses 1s 

whose characteristic frequencies are (see arrows in Fig. 1C) 

Y - l/V; 3/2T; 5/2T; . . . ; (2)~ + 1)/2T 
0- 

The quality of the resultant thermogenesis depends on the amplitude of the 
spectrum considered in the deconvolution. A firute inverse transform yields a 
periodic ripple superimposed on the thermogenesis that can be suppressed using an 
adequate averaging technique [5]. Figure 2A makes evident that in order to obtain a 
fair thermogenesis we must consider a high enough cut-off frequency ZJ= ( pc = Av,, v. 
= 1/2T). Figure 2C presents the reconstruction corresponding to A 2 9. With this 
chorce of the cut-off frequency the uprise from 10% to 90% of the total height of the 
pulse takes place in less than T/10. 

However, if one only needs a complete separation of the pulses and their intensity 
(Fig. 2B), it is enough to consider a cut-off frequency vc > 3vo. 

Fig 1 A) Decomposition of an arbitrary heat power dxslpauon W(t) m elementary rectangles. The 

samphg period IS T El) Rectangular pulse or width T (solid line) and sequence of pulses (dashed hne) 0 
Modulus of the Founer integral of the puke The arrows represent the frequencies which appear in the 
Fourier series of the sequence of pulses 
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Fig 2 A) Reconstructton of a pulse of T= 8 s considering successtve terms of Its Founer Seneb - 
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terms, ( ). 6 terms; - - - - -, 41 terms B) Reconstruction of a pulse of 7~40 s ( ve =O 013 Hz) by 

means of the FFT The sohd hne represents a fmlte Inverse transform utth v, =O 042 I-Iz=3u0 Avcragmg 
this curve gtves that represented by a dotted lme C) Reconstruction of the same pulse with 8; =O I I2 

Hz= 9ve Agam the dotted curve IS averaged 

PRACTICAL CUT-OFF FREQUENCIES 

The thermogenesis, within the context of the harmonic analysis, is obtained by 
means of the Fast Fourier Transform (FFT). Thrs routme handles N points in such a 
way that N=Zna_ This fact limits the number of data used dependmg on the 
available computer. 

In our case, we have M= 10, 11, 12 (N = 1024,2048,4096). There is an upper 
bound for the frequency to be used in the deconvolutive calculus, us,,, Shannon 
frequency, related to the sampling period: v Sh = l/At. Frequencies are discrete. 
Av = vsr.,/N and, consequently, the choice of the cut-off frequency is not arbitrary 
especially when a simple suppression of the ripple is intended. Figure 3 shows two 
easy averagmg possibilities to suppress the ripple through the expression 

Fig. 3. Two averaging possibihttes whether the penod of the ripple is a multiple of 2 or not. (A) shows a 
penod of 6A t and correspondmgly k = 2. Conversely, (B) corresponds to a penod 7A I where k = 1. 
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TABLE I 

N is the number of pomts handled by the FFT routine: (A’, - I)bv IS the cut-off frequency. where NC can 
be obtamcd using :Vc =lV/n+ I ahere n is an Integer. (X12L)ir IS the penod of the nppie and on (*) 
means that k= 1. othemxe X =2 

IV 

1024 .V, 513 342 257 206 172 147 129 115 103 94 
L I 1’ 2 2’ 3 3’ 4 4. 5 5’ 

204s N 

LC 

1025 684 513 411 342 294 257 229 206 i87 
I I’ 2 2’ 3 3’ 4 4* 5 5* 

3096 IVY 2049 !366 1025 820 684 586 513 456 411 373 
L 1 I* 2 2* 3 3* 4 4* 5 5* 

with L=3andk=2itlFig.3AandL=3andk=l mFig.3B. 
Now the deconvolution may be carrred out easrly by means of the FFT. The 

symmetry of the spectrum around Iv/2 + 1 allows 

Re[~&)] =2Re[&,)] 

fm[&,)] =2Lm[&,)] 1<1<1v/2+ 1 

and to annul1 Re[j’(w,)], Im[p(w,)] for i> NC. NC corresponds to the cut-off 
frequency selected Y‘ = (NC - 1)Av. Table 1 presents several cut-off frequencies 
whtch elnnmate simply the aforementioned ripple. 

RESULTS 

1. To ascertain the kinettc possibibtres of actual calonmetric systems we have 
studied dtfferent calorrmeters represented by their TF plotted versus a relatrve 
frequency scale (~7,) up to the lunit imposed by the ratio signal/noise. Figure4 
clearly shows that the frequency range attainable by any conduction calorimeter is 
not actually much larger than that of the calorimeter JLM-El. We have focussed our 
analysis upon the TF of this calorimeter considering, though, two drfferent heat 
dtssipations: either near to the axis of the cellule (measurement LS8) or near to the 
detector system (measurement L89). The TF’s have been obtained from thermogene- 
SIS whose maximum ordinates are 170926 nV (L88) and 184754 nV (L89). Noise 
ranges around = 5 nV (m both cases). (signal/noise = 85 dB). Then we have 

V” z 0.08 Hz (axial) Y” = 0.33 Hz (co-axial) 

or in reduced units: 

~~7~ 1: 16 (axial) ~“7, = 64 (co-axial) 

2. We have used rectangular heat dissipations of 2, 4, 8, 16, 32, 64 s (Fig. 5) to 
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Fig 4 Modulus (dB) vs a reduced frequency scale (VT,) of several calonmeters . ---. 

calonmeter JLM-El contammg skcone 011 (see Fig 1, ref 5). 8, 0. large capacity Tlan-Calvct calonme- 

ters contammg Hg (see Table 1, rcf 4) correspondmg to different locauons of the sources. q . Cl. 

calonmeter Ttb contammg Hg (Table 1. rcf 3): A, A. Ttan-Calvct calonmctcr. ccl1 bolumc I5 cm’ and 
contams Hg (Table 1. ref 3). +. X, Txu&alvet calonmeter. IS cm3 wth H,O and sulphur respcctlvcly 
(Table 1. ref 3) 

determine the kinetic limits of the calorimeter (Table2). This table also mcludes 
those frequencies which allow a fair reconstruction of the thermogenesis. The 
deconvolution of the thermogram is presented in Figs. 6 (axial dissipation) and 7 
(co-axial or near the detectors), The cut-off frequencies selected are 171A.v = 0.083 
Hz (~7, = 16) and 683Av = 0. 333 Hz (VT, = 64), respectively. Both frequencies are 
related within a factor 4 which means that a deconvolutive calculus considering 
pulses of width T and T/4 would be equivalent (see, for instance, Fig. 6B and B’ and 
Fig. 7A and A’). According to the identification cnterium we are able to separate 
pulses whose period is, at least , 2 8 s (axial) and 2 2 s (co-axial) (see again Fig. 6B 
and B’ and Fig. 7A and A’). On the other hand the reconstruction critenum yields: 
2 32 s (axial) and Z 8 s (co-axial) (see Fig. 6C and C’ and Fig. 7B and B’). Figures 
6A and A’ correspond to cut-off frequencies less than 3v, and the deconvolution 
fails to separate different pulses. Conversely, Figs. 7C and C’ correspond to a vc 
greater than 9~. 

Fig 5. Sequence of pulses defined ID Table 2 
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TABLE 2 

Elcpenmental data correspondmg to Fogs 6 and 7. Cut-off frequencres requred IO reconsttuct or separate 
pulses of wdth T 

Measurement (zxtal) L91 L91 L96 L96 A3 A3 

Heat (mW) pouer 63 25 63 25 IS 76 1576 3 956 3 956 
Measurement (co-=& L97 L97 L99 L99 A4 A4 

Heat (mW) power 3931 39.3 ! 1008 1008 5 696 5 696 

Pulse’s wtdth, i-(s) 2 4 8 16 32 64 

1, =1/2T 0 0 250 0 12.5 0062 0031 0016 0008 

Sepurufron 

3 ( Hz) q, 075 0 375 0 188 0 094 0047 0 023 

3 PO71 144 12 36 18 9 45 

Rrcrwrrruciron 

9~0 (Hz) 2 25 I 125 0 563 0281 0 141 0 070 

91’07, 432 216 108 54 27 135 

Fig 6 Deconvoluhon by means of the FFT of a sequence of pulses generated in an ax& resistance In the 
calor;metric vessel, measurements L91 (A and A’), L96 (B and B’) and A3 (C and c’) NC = 172 in ali cases 
and the primed Ietters mean that the thcrmogenesis has been already averaged The arrows mdxate the 
power actually dkpated 
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Fig 7 Deconvolutton by means of the FFT of a sequence of pulses generated in a co-axal resistance 
placed near the detector system, measurements L97 (A and A’). L99 (B and B’) and A4 (C and C’) 

N, =684 m all cases and the pnmed letters stand for the same thermogenesls after havmg been averaged 

KINETIC LIMITS 

Inspection of Fig. 4 makes it evident that depending on the ratio signal/noise 
there are hmits on the attainable frequencies once the location of the heat dissipation 
1s given (Table 3). 

From these frequencies we have obtained E, = 
(w~),,~ = E,/‘and (YT~& = EI .f (Table 3). 

( YT,),“~( ~7,)~~ and f. Roughly 

TABLE 3 

Relative kmeuc krmts (VT,) (taken from expenmental data, Fig 4) for signal/noise ratios ranging from 40 

to 100 dB and the widths (m a relauve trme scale) of the rectangular pulses which can be etther 
reconstructed or _xparated once the frequenual hmits are known (*. extrapolated) 

- 
VT1 / t T/r, ) V/r,) 

reconstruct senarate 

40dB 25 10 5 2 0.90 030 

60 dB 55 30 13 23 035 0 12 

80 dB 10 60 24 24 0.19 006 

IOOdB 20 100’ 45 22 0 10 003 



- 
v’r, yrelds information about the kinetic possibilities according to different 

signal/noise ratios. This value applies to rll calorrmeters being independent of the 

position of the source and the matenal contained in the laboratory cell (good or 
poor conductor). When a good conductor IS involved, the dispersron in the TF’s 
corresponding to different locations of the dissipation dimmishes considerably and 
the values of y”i, group around (YT~ )_, ( f z 1). 

The different performances in reconstructing rectangular pulses. in terms of z,, 
arr: summarized in Table3, either in obtainmg a fair reproduction of the pulse or 
being simply able to separate different signals and to obtain the power dissipated. 

REMARK 

The remaining ripple after havmg averaged the thermogenesis is due to: a) 
signal/noise ratio being lower in an actual thermogenesis (= 10%) than that of the 
TF for sequences of width greater than &s; b) (unimportant in this case) the 
thermogram noise which produces a 0.2 PW noise on the thermogenesis. 

CONCLUSIONS 

1. The reconstructron of the pattern of a rectangular pulse of width T/T, requires 
a relative frequency ran,se in the deconvolutive calculus extending beyond G, > 
97, /2T_ 

2. A full separation of pulses separated by T/r, needs frequencies higher than 
z, > 37, /2T. “Separation” includes the value of the power dissipated. One needs to 
consider relative frequencies for the criterium only ensures the obtaining of correct 
points of the thermogenesis separated by T//T,, so defining a new sampling period 
for the final result even though the sampling period was A.t(At - T, /300). 

3. The kinetic possibilities of a conduction calorimeter, within a large domain of 
cell contents and effective cell volumes, depend on the ratio signal/noise. The 
average upper bounds are v7,(40 dB) = 5, f(40 dB) -z 2; y1,(60 dB) 2 13, f(60 
dB) = 2.3: G,(SO dB) = 24, f(80 dB) = 2.4. The extreme values (taking into account 
the different locations of the sources) may be obtained from (~7,)~~ = E, -f; 

(7 )ml” =y'r,/f. 
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