
- 1 -

Huygens Institute - Royal Netherlands Academy of Arts and Sciences (KNAW)
 
 
 
Citation:
 
Siewertsz van Reesema, N.H., The Use of the Thermopile of dr. W.M. Moll for Absolute
Measurements, in:
KNAW, Proceedings, 20 I, 1918, Amsterdam, 1918, pp. 566-572 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This PDF was made on 24 September 2010, from the 'Digital Library' of the Dutch History of Science Web Center (www.dwc.knaw.nl)

> 'Digital Library > Proceedings of the Royal Netherlands Academy of Arts and Sciences (KNAW), http://www.digitallibrary.nl'



- 2 -

Chemistry. - "The Use of the The1'mopile of Dr. W. M, MOLL 

for Absolute Measurements." By N. H. SlEWERTSZ VAN REESEMA. 

(Oommunicated by Prof. J. BÓESEKEN). 

(Communicated in the meeting of SE'pt. 29, 1917). 

For a numher of Photochemical researches, carried out in the 
Phys. Ohem. Lab. of the Technical University of Delft, use was 
made of the, Thermopile and the Galvanometer of Dl'. Mon. 

In order to be able to expL'ess the measnred light absorptions in 
an absolute measure, it proved necessary to gauge the thermopile: _ 
What follows here is a preliminary t'ommllnication about the 
measurements /'eferring to this, the partlCulars of which will be 
published in my Thesis for lhe Doctorate. 

The idea to gauge the thel'mopile by means of a Hefner-Iamp or 
anothel' normal lamp or also hy an 'incandescent lamp tested e.g. 
by the "Physikalisch Technische Reichsanstalt" was relinquished. 
A direct method was IJreferl'ed, (without ,use being made of auxilial'y 
light sources, Hef'ner-lamp Ol' other normal lamp), which could be 
carl'Ïed out by the investigatol' himself in a simple way, independent 
of' the meaSUl'ements of otheL's made in other laboratol'ies. 

Besides it would be possible, as wil I appear, to avoid the 
measurement of illuminated surfaces (here thet'efore a thin line of 
light on the thermopile) and the measurement of the distance from 
illuminated surface to light SOll'l'Ce, which becomes necessary in the 
use of a normal lamp in the indir'ert method. 

At first it was my intention to make use of the compensation 
Pyrheliometel' of ANGST Ról\i Ol' of a simplified application of the 
principle on which it is based. 

The course of' procedure would luwe been as follows. A quantity 
of light in the fOl'1t1 of a thin streak of light is made to fall on the 
platinum plate of the Pyrheliometer, and the electrical equivalent by 
compensation is measured: An electl'ic current is namely conducted 
through anothel' plate of the same shape. Behind the plates thel'e 
are found thermo-elements, which have been adjusted in such a way 
that theil' electric forces work in opposite directions. Thermo-elements 
and plates are of the same shape. lf the quantity of absorbed light 
in one plate is eq\lal to the quantity of heat generated by the 

.! 
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electric cm'rent in the other plate, tbe two E.M.F. must neutralize 
each otber, and tIJen we may wl'ite: 1 = i2 1', in whicb 1 repl'esents 
the quantity of light absorbed per time unit, i Ihe electric current, 
l' the electrie resistanee in the plate. When I has been rneasured 
in this way, the pYl'heliometer is removed and tbe thermopile is 
put in its place. ~ 

If U I is the deviatioll that the galvanometer gets in consequence 
of this, then: 

iS r 
k U I = I = i' '1', hence k = - , 

UI 

Ic lb a constant. In Ihis way the pile and the galvanometer are 
gauged, !c indieates tbe quantity of energy falling on the thermopile, 
which canses tlle unity of deviation. 

In a conversation on this subject Dr. MOT,L suggested a great 
simplifieation in December 1915. Instead of the pyrheliometer ft. 

blaekened platinum plate might be placed immediately before the 
\ \ 

vile. Then no special apparatus is requil'ed fol' the gauging, but a 
plate is simply slid before the pile, whicb plate is subsequenlly 
illu minated, then an electl'ic current is passed through it, while the COlTe­
sponding devlations in the galvanometer are measured. 

Dl'. MOLI, was so kind as to give me a quantity of Wolla!:'ton 
plate, for whieh I express my indebledness to him here, and thl'ough 
which he enabled me to work out and apply his excellent idea. 

The mode of procedure was now as follows: 
A plate was slid before the pile, an eleetric CUl'rent was conducted 

tbrough it. 
Let us then eaU tIJe deviation in the gal vanometer belonging to 

the thermopile, UI' 
The strength of the CUlTent led through the plate, i. 
lts resistance r. 

We th en wl'ite: 

Ui k' = i' '1'. • • . . . (1) 

Then a beam of light origillating from some constant sonrce of 
light or othel', fol' which in my case a Nel'nst-lamp sel'ved, was 
thrówn on the pla.te. 

I.Jet us eaU the dèviation of the galvanometer 0'1 and put t(he 
quantity of light = l, then: 

U'r k'= [ ... (2) 

Now the quantity of light has been gauged, Ic' is eliminated from 
(1) and (2) and we get: 
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U' 
I=i'r_l 

UI 
. . . . . . . (3) 

Then the plate is removed, and the same [ is thrown directlyon 
the thermopile. Wethen get: 

1= Ulk . . . . . . .. (4) 

if U1 denotes the deviation which the galvanometer now gets. 
From (3) and (4) now follows: 

i'r U'l 
k=-- .. 

UI Ui 
• . . (5) 

in which k again represents the quantity of e~ergy required to 
impart the unity of deviation to the thermopile. 

Now the thermopile and the galvanometer have been gauged. 
As now the sensitiveness of Dr. MOLL'S thermopile is variabie over 

the width of the pile, it must be defined at the gauging of the pile 
which spot has been gauged. For the same reason it is not indiffer­
ent with what width of beam of light we work. To obtain an idea 
on both points, the sensitivity of the pile was determined as function 
of the width of the pile, and at the same time of the length of 
the pile. 

For this purpose a ,very narrow beam of light, 0.2 mmo wide and 
5 mmo long emitted by a Nernst-lamp, was thrown on the pile. 

The rays fell at right angles to the latItudinal dir'ection of the pile. 
The latter stood on a heavy block of wood, which could be displaced 
in a direction normal to the direction of the rays. A simple arran­
gement was applied to measure the displacements. 

At e\'er~7 position of the piece of wood a numbel' of readings were 
made of the deviation given to the galvanometer, when the beam 
of light feil on the pile. Then the pile was shifted verticaIly, so that 
another spot in the longitudinal direction of the pile could be treated. 
Also for the new longitudinal position the function of the latitude 
was determined. 

At last the lines were obtamed which are adjoined here. 
The thermopile was made in 1he year 1914 by ,the firm KIPP 

and SON at Delft (May, year 1914) . 
• The thermoelements were made of copper-constantan. The pile was 

± 20 mmo long a'nd 8 mmo wide. The pile had to be repaired onee, 
but showed still a sufficient uniformity. 

It follows from the stèep course of' the curves how greatly the 
sensitiveness of the thermopile depends on the latitudinal direction 
of the pile. 
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Lower part of the thermopile. Middle part of the pi Ie. 

Displacement i~~v-T-I I I I I I I I I I I I 
normal to the direction 1 

of the rays of light. 13\ 14115 16\17\18117.5 1912021 \1311411516: 11118117.5 19120 
I - -

I 
Deviations of the gal-I I I 1I1 I 1 1 11I 11 1 11 I 1 vallometer in mmo 0l±l 418271281 ~613 0 ±1 416

1
2828 31 16 3 

I 

Upper part of the pile. Part between the top I
1 

and the mlddie. 

I / / / / I I / / / / I I 1 

va~~~:~~~nfn o~~e gal-I I 111261261291_10111 J_I_I 1281281 30_1 _11 

I DispJacements in mm./ 
normal to the direction 1 

1 1 1
17

1
18 17 .51191 I I I I 1

17 17.51 1 of the rays of light. 18 

J • 

.---_/' 
IS 14 15 16 17 " 

lower part of the thermopile 
middle part of the thermopile 
upper part 
part between toppart and middle. 

Horizontally the shiftings are indicated in 
mmo 

Vertically the deviations ofthe galvanometer 
through the illumination ofthe pile,likewise 
in mmo 
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The neeessity of sharp adjustrnent at a deflnite spot is very evident 
here. If e.g. we have gauged the therrnopile at adjustrnent 16, and 
if we use the pile later at adjustmenr 17, lt foJlows from the table 
that errors can be made of the order ot 50°1°' at. least when agai.n: 
bearns of 0.2 mmo are lIsed. 

Henre a displacement of only 1 mmo ean aIl'eady have a great 
influenee. It is also clear that the de\'iation is gl'eatly dependent on 
the width ot' the used beam of light. 

When we consider e.g. 2 beams that send the same quantity of 
energy to the thermopile per second, the centres of which coincide 
in the maximum of sensitivity of the piltl, bnt the widths of which 
differ, and may be successive]y 1 and 3 mm., it follows from the 
table that in the case of the narl'OW beam a devlation IS obtained 
about 20% gl'eatel·. In thiS calclliatioll the mean values ofthe sensi­
tlvities have been used. 

It follows furthel' from the graphical repl'esentation {hat the ther­
moplle has been made ver)' uniform. The maXImum sensitlvlties all 
lie at 17,5 mmo Thls uniform and sharp appearance of the sensitivJty 
maximum enables us no", to use this af:> cl'iteJ'ion of adjustrnent. 

The procedure in this is as follows: The funetion of width is 
detel'mined with the beam to be llsed, as bas been done above; 
from th is it is possible to detel'mme accUl'ately with what adjustrnent 
the beam can show the gl'eatest deviation. Then we adjust the thel'mo­
pile in the requil'ed position, aftel' which we carry out the desil'ed 
measurements. 

This opel'ation, whieh can take place quickly, is C'arl'ied out 
befûre the gauging as weil as before the use of the thel'mopile. 1

) 

In this wa,}' the difiieulties with the adjustment have been solved. 
With regal'd to the width of the beams it may be observed that 

in these experiments use was made of a blackened 'platinum plate 
1 mmo wide, which was at a distance of 1 mmo fl'om the thermopile. 

This plate call now be used in a simple way to make also the 
beams of light about 1 mmo wide. 

In the gallging the used beam of light was obtained by cutting 
out by means of a screen from a larger pal'allel beam of lightlol'igin­
ating f'l'om a Nel'nstlamp. The screen is provided with screen dool's, 
so that the beam to be used can be made broader and smalle!'. 

i) With rpgard to this adjusfment Dr MOLt informed roe lately, that fol' relative 
meaSUl'ements he also works with the greatest sensillveness, by rotating the thermo­
piIe to and fro. As a very aCCUl'ate adjustment is necessary for the gauging, I 
pref er to àetermine for this the function of width in order 10 detet'mine the maxi. 
mum adjustment graphically fr om the, differenL' points th at have been found. 
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When first we make the beam fall over the edges of the plate 
that is placed immediately befOl'e the thermopile, we see on the 
thel'mopile. besides the illuminated plate. 2 lioes of lighr, vrith the 
shadow of the plate between them. 

We now slide the doors towards each other, till the two lines of 
light have Just disappeared from the thermopile, which ean be very 
sharply observed. Accordmgly the beam of light now falls exclmiively 
on the plate befOl'e the pile. 

When the thermopile is used the width is made equal to about 
one mmo in a corresponding way, only instead of sereen ooors use 
is made here of a cylinder lens. 

With regard to the accuracy we observe that it follows from the 
table that 2 beams of equal intensity, but of the widths 1 and 0,5 
mm., both adjllsted at the maximum, will show about a difference 
of deviation of 2.5 010' It follows from thlS that if we perhaps make 
the widths equal to abont 0.1 mmo III this way, no great errors wil! 
henceforth be made with this eithe)". 

The questlOn whether the above given fOl'mulae may really be 
applied here, is fuUy entered into in my Thesis for the Doetorate. 
Nor will the c'onstructions be discussed here, which were executed to 
my great satisfaction by the chief instrumentmaker of the labol'atory, 
..\IIr. JOH. DE ZWA;\.N. 

As a, furthel' elllcidation of the investigation we shall proceed to 
I 

give a numerical example. 

Voltage of I 
source of light 

U' / I 
U/ 

\ 

I U'//u/ 
I 

m~an value I I 

110 Volt 14.1 m.M. 112 m.M. 0.436 0.434 
I 

106 
" 

61.0 
" 

137.5 
" 

0.451 

102 11 41.3 11 109.0 11 0.434 

j 
98 

" 
36.2 

" 
86.8 

" 
0.411 

I Ui 
Generated heat l"2rXO.24. cal. 

mean ~alue I In cal. per sec. ---In--I 

I 
Ul 

mmo 
- 12 rXO.24 
-

0.015 amp. 119.9 m.M. 0.0152 X 2.47 X 0.24 i.42X 10-7 7.40 X 10-7 

0.020 
" 

324.4 
" 

0.0202 X 2.47 X 0 24 1.30 X 10-7 

0.025 
" 

500.4 
" 

0.0252 X 2.47 X 0.24 1.49 X 10-7 

0.030 11 720 
" 

0.0302 X 2.41 X 0.24 1.41 X 10-7 

---
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By making the Nernstlamp burn at different tensions, the gauging 
could always be cal'ried out for different intensities of light. IJikewise 
different intensities of _CUl'rent were always used. These were measured 
in a milliampère meter of "Koeler". The resistance of the platinum 
pl~te was measmed with the Wheatstone bridge. 

The vallles 2,43 Q, 2,50 Q, and 2,48 Q, hence on an average 
2,47 .Q were found for r, the electric resistance. 

i'" U/I 
k=-X- , 

UI Ui 
. (5) 

= 7.40 X 10-7 X 0.434= 3.2 X 10-7 cal. per second. 

i.e. that a deviation of 1 mmo is caused by 3.2 X 10- j cal. pel' 
second. It should be stated hel'e th at the distance -from tbe galvano­
meter mil'l'or to the lath amounted to 174.3 mmo iu-these measmements. 

) owe a few words of cordial thanks to -Prof. Dl'. W. REINDEns, 
who enabled me to carry out this imestigation in tbe Phys. Ohem. 
Lab., and tor the encouragement h~ gave -me during jhe woi·k. 

Delft, July 15, 1917 . 

. I 


