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??? INTRODUCTION. In a report, issued by the Dutch Committee for photometry forthe I. C. I. (1931) a method was described for measuring spectralintensities, on which the definition of the light unit can be based ( 1 ).For reasons of principle, defining the light unit with the aid of amethod, by which the spectral energy distribution can be determinedin an absolute measure, is to be preferred to fixing it by means ofa standardized light source as e.g. the black body. For, as a generalrule, one must, in fixing units, define the unit in question, if atall possible, by means of already established standard values. Inthe case of the light unit, this can be done by choosing as a unitthe flow of energy characterised by a definite number of erg/sec,and a spectral distribution, both of which are to be agreed uponby general consent. During the discussions at Cambridge in 1931 concerning thelight unit stress was laid on the condition that only when

themeasuring method for objective spectral photometry should havereached an accuracy of 0,1 %, the spectral energy distributioncould serve as a basis for the definition of that unit. On account of this condition, investigations have been carriedout in the Utrecht laboratory, with a view to increasing theaccuracy. The problem involved, has been treated in two parts, firstly therelative measuring in the spectrum has been worked out to thehighest possible degree of accuracy, and secondly the precisionof an absolute energy measurement has been investigated. The present thesis deals with the former part, for the latter part,the reader is referred to the thesis written by J. wouda. In the first chapter the measuring method is described in detail.In the second chapter the method is applied to the determinationof the relative energy distribution in black radiation at the meltingtemperature of gold, from which as a further result the value

ofPlanck's constant c2 is deduced.



??? CHAPTER L Determination of the relative spectral distribution of energyaccording to the monochromator method. Â§ 1. Principle of the method. In a paper on the measurement of intensity ratios betweenspectral lines at great distances from one another, L. S. Ornsteinhas shown the principle of the method of measuring which we shallexplain by means of a schematic figure (fig. 1) of the arrangement(2, 3). With an auxiliary lamp Q, a tungsten band lamp, and a mono-chromator M, images of a definite colour are obtained of the back- ] p 0 r^ 0 â€? 0 L,nbsp;S, L, P L, Sp. Fig. 1. slit of the latter instrument in P. The proportions of the energy inthe coloured images in P are measured by a non-selective radiation-receiver. Once these proportions known, the images play the partof a primary standard source of light with which a lamp to bestandardized is compared for various wave-lengths by

means ofa spectral apparatus Sp. To this end the proportions of the intensityin the image P and the source of light to be standardized placedalso at P are measured for various wave-lengths. This must be carried out in such a way that the percentage ofenergy lost by the light on its way from P to the receiver behindthe spectral apparatus is the same for the coloured images andfor the lamp to be standardized for each wave-length, since in thatcase only, the measured intensity ratio will indeed be the trueintensity ratio. In order to meet these requirements the followingconditions must be borne in mind. 1. Those parts of the spectral apparatus actually traversed by



??? the hght when it is illuminated by the images P and by the lampto be standardized must be identical. 2. The light emerging from the monochromator is partlypolarized. The ordinary light from the lamp to be standardizedis thus compared with the polarized light of the images P, whichmay give rise to errors, owing to the fact that the power of trans-mission of the spectral apparatus for various wave-lengths isdependent on the polarization of the light falling upon it. The following contrivance suggested by W. J. D. van DycKenables us to satisfy both these conditions at the same time. Imagesare formed of the images at P and of the lamp to be standardizedon a diffusely reflecting white surface W (magnesium oxide) which,as a secondary light source, radiates on to the spectral apparatus.The polarized light is thus depolarized by the diffuse reflection;the light therefore, which the images at P as well as the lampcast on to the

apparatus is ordinary light which, moreover, traversesthe instrument in both cases along the same paths. We want to measure the relative spectral distribution of the lampto be standardized, that is, the intensity, measured in an arbitraryunit, radiated per spectral region of 1 A, as a function of thewave-length. It is, therefore, necessary to find out the energy ofthe images per A. The relative energy per A of the images P isfound from the energies measured and from the knowledge of thewave-length regions let through. From the above it is seen that a determination of the spectraldistribution of energy in light sources requires the three followingmeasurements: a.nbsp;The measurement of energy of the coloured images. b.nbsp;â€žnbsp;â€žnbsp;â€ž the wave-length regions. c.nbsp;,,nbsp;â€žnbsp;â€ž ,, ratio of intensity in the images Pand the lamp to be standardized, at various wave-lengths. In the following paragraphs we give

first a brief description ofthe arrangement used, followed by a detailed description of themethods of measuring and the apparatus employed, in which wediscuss as well the various sources of errors. The accuracy withwhich a spectral energy-measurement can be carried out is discussedin the last paragraph.



??? Â§ 2. Short description of the arrangement. A tungsten bandlamp provided with a vertical band, serves asthe auxiliary lamp in fig. 1. A compensating arrangement is usedfor the accurate testing whether the strength of the electric currentis constant. It is further necessary to ascertain whether the radiationis constant for constant current. The measurements carried out tothis purpose are described in Â§ 7. For these experiments a double monochromator, after vanCittert (4) has been used. A bolometer has been selected as aradiation receiver. An image of the back slit of the monochromatoris formed, by means of a combination of two Zeiss Tessar lenses L2on to a horizontal bolometer strip of the vacuum bolometer placedat P. In this way we measured the energy with small slit-height.This offers advantages as regards the curvature of the images ofthe front-slit ; reference will be made to

this point in further detailin the description of the double monochromator (Â§ 7). For measuring the wave-length regions (Â§ 4) an image of theback slit is formed by a rectangular prism and a microscope objectiveaa on the slit of a Hilger spectroscope placed perpendicularly tothe path of light behind the monochromator. As light sources, ofwhich the spectral distribution of energy is measured, we chosetungsten band lamps. In order to get the band exactly in point P(the place of the illuminated bolometer-strip) we used a telescopewith cross-wires, placed as perpendicularly as possible to thedirection of the light-path behind the monochromator. The lightreflected by the bolometer-strip is just sufficient to focus thetelescope accurately on P. The band-lamp to be standardized ismounted on a stand which allows of small displacements in threemutually perpendicular directions. By lens L^ an

image of theimage P, respectively of the band-lamp, is formed on the whitesurface. Since the comparison between the spectral distribution of theenergy of the lamp, to be standardized, and of the images P, ismade via a white surface, it is necessary to measure weak intensities.The photographic, photo-electric and the spectral-pyrometricmethods, can, therefore, be applied. In our measurements we madeuse of the last mentioned method.



??? Â§ 3. Measuring of the energy of the coloured images. In our measurements we must concern ourselves with the totalenergy-current in the direction of the width of the images. For theenergy per surface-unit in different parts of the image of theback-slit is not constant but diminishes towards the smaller wave-lengths. The radiation receiver, therefore, must collect the radiationof the whole image in its full breadth, and be of a homogeneoussensitivity in that direction. A bolometer, of which the strip isplaced perpendicular to the images, meets with this requirement.We made use of a vacuum-bolometer provided with two bolometer-strips. (See description of bolometer in Â§ 7). Two kinds of disturbances occur in the use of the bolometer,those, namely, due to changeable fields and to sudden extraneoustemperature changes. The same disturbances occur with thermo-elements. In this respect the vacuum-bolometer with two strips

hasa decided advantage over the thermo-element, for both kinds ofdisturbances can be compensated by its construction and by itselectrical connecting system. The changes in the resistance, caused by the radiation on to oneof the strips, is measured in a Wheatstone bridge. The electricalarrangement is shown in fig. 2. The heating-current is supplied byan accumulator which is regulated by a resistance-controllerWj. The constancy of the current is checked by a compensatingarrangement. C^ and C2 are constant resistances of about 60 Ohm ;they are two arms of the connecting-system of the bridge, while Fig. 2. the bolometer-strips Bi and 82 are the two others. The relay-galva-nometer of Moll and Burger is used as reading instrument (5). A rectifier cell of which the sensitive layer is divided into twoparts by a scratch, and which is arranged as indicated in fig. 3



??? acts as relay. The deviation of the primary galvanometer is increasedto such an extent that the disturbances due to Brownian movementamount to about 0.2 mm, which corresponds to an E. M. F. in theprimary galvanometer circuit of 5 X 10â€”lo volt. The changes in the resistance dW arising from the exposure ofone of the strips to the radiation causes a difference of potentialidW between the points P and Q. This difference is compensatedby applying a E. M. F. between A and B. In order to take intoaccount a slow change of zero we proceeded as follows : The resistance W2 (precision rheostat) is chosen in such a waythat the potential difference between P and Q is almost compensatedand is subsequently changed by successive steps until a deflectionof the opposite sign is obtained. The deflections are registered while after every 3 or 4 deflections zerois registered. A registrogram

isthus obtained which is schemati-cally shown in fig. 4. It will beclear that a slight change in zerocan be brought into account bytracing a dotted line through theregistered zeros. In order toincrease the accuracy of ourmeasurings we have photogra-phed on the registrogram, with the drum at rest, equidistant linesof reference, which indicate the direction of the deflection. Whenmeasuring the deflections the measuring-rule is held parallel to theline of reference. Particularly in the case of considerable changesin zero the accuracy of the measuring is greatly increased by theuse of these lines of reference, as without them there would be adecided tendency to put the measuring-rule perpendicular to thezero-line. Accuracy in the measuring. In order to eliminate the effects of fluctuations in the auxiliary-lamp Q (fig. 1) during our investigation of the properties and theaccuracy of our arrangement, we

have included a constant andreproducible E. M. F. in the circuit PABQ of fig. 2 (cp. fig. 5).



??? The resistance is varied in steps in such a way that we obtain adeflection to the right and to the left of zero. The relay is adjustedin such a way that during dead current the secondary galvanometer,too, reads zero. We found that for deflections up to 4 cm to theright and left of zero the reading is linear. Furthermore, we haveinvestigated whether the sensitivity is dependent on the changesof zero. To this end the sensitivity was measured for the case thatwith the contactors S^ and S2 open, the secondary galvanometertoo is deflected relatively to its own zero. (This means, therefore,that the image reflected by the mirror of the primary galvanometerfalls asymmetrical with relation to the scratch on the rectifier-ceU).It then appeared that the sensitivity is not dependent on the asym-metrical position of the image relatively to the scratch, so long asthe degree of asymmetry corresponds to deflections of the secondarygalvanometer

smaller than 1.5 cm 1). In order to investigate the accuracy of measuring we made ourregistrations with a constant resistance of 10500 Ohm at a and a B G A 0,010 10500 n St Fig. 5. resistance in b, which starting from 11000 Ohm, was diminishedin steps of 100 Ohm down to 10400 Ohm, while after every 3 or 4 The amount of this deflection counts only for the arrangement as used by us.



??? deflections zero was registered. We repeated this registration7 times. From each of them we obtained the E. M. F. which com-pensates the voltage supplied by AaB (fig. 5). From these values we calculated the mean error of a single observation ]/forwhich we found 0,4 %. n â€”1 Â§ 4. Determination of spectral regions. In order to deduce the energy per A from the measured energyof an image P, it is necessary to know the spectral region letthrough, that has contributed to it: more precisely, the trans-mission curve for the wave-length adjustment of the monochro-mator associated with that region. We understand by quot;trans-missionquot; for a spectral line with a given adjustment of themonochromator, the ratio between the energy let through with thatadjustment, and the energy let through when the adjustment ofthe monochromator corresponds exactly to the wave-length of theline.

The transmission-curve can be determined by means of a directexperimental method, viz. the method of crossed prisms, or, it canbe calculated from the dispersion-curve. For various reasons whichwe shall mention at the end of this paragraph we chose the firstmethod, using a line light source. Method of the crossed prisms with line light source. An enlarged image of the back-slit of the monochromator Mis formed by means of an aa-microscope object-glass on the slit,of a Hilger spectroscope. The latter instrument is mounted in sucha way that the axis of the eye-piece is vertical. By this arrangementthe slit of the spectroscope and the image of the back-slit aremutually perpendicular. The images of the back-slit jaws runparallel to the direction of dispersion, in the field of the spectros-cope. The latter is provided with a micrometer eye-piece. Let us now observe what is shown in the

spectroscope whenthe front-slit of the monochromator is illuminated by a line light



??? source. A number of monochromatic images of this front-sht isformed in the plane of the back-slit. We adjusted the monochro-mator, in such a way, that a monochromatic image of the front-slitcoincides exactly with the back-slit. In this case one observes in the spectroscope a small rectangleof which the edges, parallel to thedirection of dispersion, are the imagesof the right and left jaw of the back-slit of the monochromator (See fig. 6type b). The width of the rectangleis determined by the slit-width of thespectroscope. The wave-length ad-justment of the monochromator maybe such, however, that the back-slitis not quite filled and part of the monochromatic image is cut offby the left jaw. In the spectroscope one sees then a rectangle, typea, as in fig. 6, whereas monochromatic images cut off by the rightjaw are rectangles of type c. When the front-slit of the mono-chromator is illuminated by a light-source in which many lineslie

close together the spectroscope shows all three types describedat the same time. From our definition of transmission it will be clear that with agiven reading of the wave-length index of the monochromator, thetransmission is equal to the ratio between the actual height of therectangle and the maximum height that can be obtained by movingthe wave-length index. When the adjustment is such that thespectroscope shows two small rectangles of type a and b, (fig. 6),the transmission for the spectral line a for that adjustment will hb Now, the transmission-curve is found from the heights, measuredwith the eye-piece micrometer of the various monochromaticrectangles arising from the illumination with a line hght-source. The measuring of the heights of the various spectrum-lines is,however, tedious and takes a long time ; by the following deviceit can be considerably shortened. An object micrometer withdivisions of 0,1 mm is attached

to the slit of the spectroscope. rightjaur h dL. leftjaw Fig. 6.



??? In the latter instrument one sees then, dark lines corresponding tothe scale divisions at right angles to the spectrum-lines (fig. 7).Adjustment for longer wave-lengths will lengthen the spectrum- Bi 5 6 7 Bj _______ ...S2.....5 . -- - '2..... -9i- ..... - -- -92-- â€” y R-fl T X rt P-a. A, 1 2 3 2 Fig. 7. lines 5, 6 and 7 and shorten the lines 1,2,3 and 4; now, one canadjust to a high degree of precision the wave-length index so thateither the upper or the lower edge of a spectrum-line coincidesexactly with one of the scale divisions of the object micro-meter, or that a line is on the point of appearing at A^ or ofdisappearing at Bo, or that the end of a line just touches b in Bor begins to shorten at A2. We can find the connection betweenthe position of the wave-length index and the true wave-length when the various spectrum-linestouch innbsp;and in A2P2Q2P2S2B2gt; taking care toturn the screw in the

same direc-tion all the time to avoid back-lash. Curves, showing this con-nection are given in fig. 8. Thedistances between the divisionsp and s and the edges of theimages of the back-sht jaws, i.e.the distances bs and ap in fig. 7 are measured with the eye-piece micrometer.



??? For a given reading of the vi^ave-length index the transmissionas a function of the wave-length is then found from the curvesA^Pi etc. of fig. 8, by simply reading from them the value for A,associated with this reading. For, the transmission for that wave-length of the curve Qj^ is proportional to 0.5 mm ap. When the image of the front-sht is of the same size as the Fig. 9, back-sht, one can represent the transmission D;. approximately asa function of the wave-length by two sides of a triangle. This would be rigidly true if the secondD derivate of the dispersion-curve werezero; as it is, one finds for D;. anasymmetrical figure relatively towhen /io denotes the wave-length ofmaximum transmission (see fig. 9a).When the size of the front-slit imageis not the same as that of the back-sht, the transmission as a functionof the wave-length can be repre-sented approximately by three sidesof a trapezium (fig. 9b). B / /^ â€” C B = C Fig 10. D

A Method of crossed prisms and continuouslight source.Van Alphen (3) applied themethod of crossed prisms for mea-suring the wave-length region while working with a continuouslight-source. In this case the spectroscope shows a parallelogram



??? (fig. 1 Oa). It will be clear that the wave-lengths A, B.C and D in thatfigure are the same as those denoted by the same letters in fig. 10. The measuring of the wave-length at the vertices of the parallelo-gram must be done by means of reading the drumhead of theHilger-spectroscope; the highest accuracy obtainable by thesereadings is 1 ?„. This means that for a region of 100 ?„ the precisionis at most 1 % to 2 %. One could perhaps obtain a higher precisionphotographically. From the dispersion-curve and the sli t-w i d t h. A very usual method of determining the transmission-curves forvarious wave-length adjustments of the instrument is from thedispersion-curve and the known slit-width. This is done as follows:For a certain wave-length adjustment Xq of the monochromator,the monochromatic image of the front-slit coincides exactly withthe back-slit for the wave-length -Iq- For this

wave-length D;.,, isput arbitrarily equal to 1. The points A and D of the transmission-curves (see fig. 9) are formed by reading from the dispersion-curvethe wave-lengths at distances b to the right and left of Xq, equalto the slit-width; the image of the front-slit and the back-slit arehere supposed to be of the same size. The shape of the transmission-curve is then found by reading the wave-lengths to the right andleft of Xq at various distances y, where Dx is proportional tob~y {ij^b). The precision attainable in the determination of Dxis in this case dependent on the precision with which the width ofthe back-slit and the width of the front-slit image can be measured.By means of a comparator it is possible to measure a width of0,5 mm with an error of 0,02 mm; now, assuming the error inmeasuring the front-slit image to have the same value, the resultis that it is impossible to determine the wave-

length region letthrough with an error smaller than 1 or 2 %. Comparison of the methods. From a comparison of the three methods here described it willbe apparent that the method of crossed prisms with line light sourceillumination offers various advantages, namely: 1. The shape of the transmission-curve as a function of thewave-length can be determined wholly by experiment.



??? 2.nbsp;The wave-lengths of the lines used can be looked up withsufficient accuracy in the international tables. 3.nbsp;The slit-width of the spectroscope cannot be a source oferrors. 4.nbsp;Index errors of the monochromator play no part. (By indexerrors we understand, in the case of our double monochromator, thedifferences between the readings of the wave-length index and thetrue displacements of the intermediate-slit.) Â§ 5. Energy of the images per a. For the spectral comparison of the intensities of the lamp to bestandardized with the images P (Â§ 6) it is necessary to know thebrightness per A of the images. To this end the energy of theimages is measured and also the transmission as a function of thewave-length at the corresponding index readings. From thesemeasurements the brightness per A (in an arbitrary measure) isobtained in the following way: The energy incident on the bolometer-strip is determined by

theintegral: E, D, b s dX here /' and denote the limits of the wave-length region let throughfor a definite adjustment of the monochromator, D), the transmissionas defined above, E), the energy pro unit of surface and pro A ofthe image at P, h the width of the image and 5 the width of thebolometer-strip. When the size of the images P is independent of the wave-lengththe indication of the bolometer is proportional to : ?’ El Dx dl. The integral is computed easily as follows: For a given adjustment the shape of the transmission-curvecan be represented with very good approximation by a trapezium(fig. 4) i.e. expressed mathematically: 1'



??? D). = 1 ~ for the wave-length region â€” ^i' where x = X â€” and a = â€” 2]Dx = 1 from ^2 to Ij D).â€” \--from A3 to , where y = l â€” and fe = /I4 â€”13. In the case of continuous light source illumination the energyof the image jE^ is given by 0nbsp;A3nbsp;6 Et=ajnbsp;E,.dX anbsp;. (1) A,nbsp;0 where the reducing factor a is supposed to be independent of thewave-length over the region /I4â€” If we have equi-energy distribution in our continuous light-source,we can write: In this case the energy per A in the images is equal to themeasured energy divided by the wave-length region (a 6) â€” This is what we shall call in future the quot;effectivequot; wave-length region. For our energy measuring we used a continuous



??? light-source for illuminating the front-slit, namely, a tungsten bandlamp of which the distribution of energy can be described by acolour temperature of 2800Â° K. On developing we can write for the energy in the image: 0 ?’ (1 el^ X ei^ x^) (^1 ^ j dx dy jeiy 0 J^ hEiEl where: 2 ^ PT 1 6C2 C2 15 2E, 12^/ Eb~a El., a .{2) } 3 V.nbsp;^ J For small wave-length regions we have approximately: E,^-aEi,U{a b) (X,-X,)].....(3) We have used formula (2) for computing the correction to beapplied when the energy per A is determined as the quotient ofthe energy measured and the effective wave-length region. Forthe computation of these corrections the values of the quantitiese] and e] introduced above, must be known for 2800Â° K. Thesevalues computed with C2 â€” 1.432 X lOS (A degrees) are collected intable 1 ; where the wave-lenght is given in A, the temperaturein degrees Kelvin.



??? TABLE L Wave-length Colour temperature 2800Â° K e} 4000 A 20.5X 10-^ 1.27 XlO-6 4500 ., 14.2X10-4 0.56 XlO-6 5000 10.5 X 10-4 0.23 XlO-6 5500 â€ž 7.8X 10-4 0.08 XlO-6 6000 â€ž 5.9X 10-4 0.007 X 10-6 6500 â€ž 4.4X10-4 -0.03 XlO-6 7000 â€ž 3.2X 10-4 -0.046 X 10-6 A few remarks on the use of the doublemonochromator. We must mention here a complication, occurring when a doublemonochromator is used. In this instrument an image of the front-slit is formed on the intermediate slit and again an image of thelatter on the back-slit (Â§ 7). Now the widths of these three slitsmay be combined either in such a way that the width of the mono-chromatic images at the back-slit is larger or in such a way that itis smaller than the width of the back-slit itself. We must inquiretherefore, how the widths of the various slits must be combined,in order, to make an accurate determination

of the brightness per Aof the images possible. Suppose the width of the back-slit to belarger than that of the monochromatic images, the energy, incidenton the bolometer-strip is then given by: ( amp; Da bx s dl. where bx denotes the width of the images. With the aid of themethod of crossed prisms (Â§ 4), b)_ must then be measured as afunction of the wave-length, so that in computing the brightnessper A, one can take into account the change of bx with the wave-length.



??? That this complication is not a superfluous refinement of thecomputation, is proved by the fact that for our double monochro-mator bl appeared to be indeed dependent on the wave-length. It will be clear, however, that for the sake of accuracy, thiscomplication must be avoided. It is advisable, therefore, to choose the widths of the three slitsin such a way that the width of the back-slit is smaller than themonochromatic images in the plane of the latter. Â§ 6. Spectral comparison of a lamp to be standardized withthe coloured images. For the spectral comparison of a lamp to be standardized withthe images as explained in Â§ 1 a white surface is essential. Owingto diffuse reflection due to that surface we are limited to weakintensities; the following three methods are, therefore, indicated: a.nbsp;the photographic, b.nbsp;the spectral pyrometric, c.nbsp;the photo-electric. In the region 4800 Aâ€”6800 A the intensity comparisons

werecarried out with the aid of a spectral pyrometer. This involves thevisual adjustment on equal brightness, it can, therefore, not becalled an objective-method. In visual monochromatic photometry themean error of one measurement amounts to 1 % ; using the photo-graphic method, taking every precaution, it amounts to 1 %. Toform an opinion of the precision of photo-electric intensity measure-ments in the case of weak intensities (with which we are hereconcerned) we have compared the sensitivity of the photo-electricarrangement as described in the thesis of H. C. Hamaker (6), withthat of the spectral pyrometer. From this comparison it appearedthat by the photo-electric method one can attain in our case aprecision of 0.1 What induced us to choose the spectral pyrometric method ratherthan the photographic and the photo-electric methods, was its greatsimplicity. If, however, one wishes to either work objectively or to

covera greater spectral region, or to attain a higher precision, the photo-electric method is, without doubt, the most suitable. In carryingout the energy comparison of the lamp to be standardized with the 2



??? images, the following must be taken into account. The energyper A at various wave-lengths of the coloured image on the diffusewhite surface is proportional to Eiq Dxm if Exq denotes the energyper A of the auxiliary lamp Q in fig 1, and the spectral trans-mission associated with a given adjustment of the monochromator.Now, when the brightness is measured by means of the spectralpyrometer and the latter is adjusted to the same wave-length Xq forwhich the transmission of the monochromator is a maximum, wehave, for equal adjustment: aanbsp;a(, aa axâ€žJ ExaDxMDxsOxdXi-.) j ExpDxsOxdl Ao-aanbsp;aâ€ž-aa where axâ€ž denotes the reducing coefficient of the monochromator,Exp the energy per A of the pyrometerlamp, Dxs the transmissionof the spectral apparatus of the pyrometer and Ox the sensitivity-factor of the eye. For small wave-length regions we have: ao a-

lnbsp;a; aa a;,, Ex^q j Dxm Dxs OxdX{-.) Exâ€žp J Dxs Oa dlao-aanbsp;aâ€ž-aa where Ey^Q for which we shall write denotes the energyper A of the coloured image. With the lamp to be standardized, radiating on to the whitesurface, we have, on adjusting on equal brightness, the relation : a(, aanbsp;aâ€ž aa Exâ€žx J Dxs Ox dX{:) E'xâ€žp J Dxs Ox dX. ao-aanbsp;aq-aa Ex^ denoting the energy per A of the lamp to be standardized.Now, it follows from the method of standardizing of the spectral-pyrometer that: Exâ€žP=niâ€žExâ€žP aâ€ž aanbsp;aâ€ž aa J DxsOxdX(:)dxâ€žEx,B j Dxm Dxs Ox dl . . (1) aâ€ž-aanbsp;ao-aa For the computation of Ex^x from this formula it is necessary



??? to know the transmission of the monochromator Dim as well asthe transmission Das of the spectral apparatus of the pyrometer atthe wave-length adjustments concerned. One can, however, avoidthe transmission-measurings of the latter instrument by makingthe front-slit of the monochromator so widei) that the transmissionis the same for all wave-lengths in the region let through by thespectral pyrometer. In this case the transmission curve of themonochromator can be represented by three sides of a trapezium,fig. 11, in which I2 â€” must at least be equal to the region letthrough (fig. 12) by the spectral pyrometer. In formula 1 wehave then Dgt;,m= 1 and one finds for the various wave-lengths: Egt;.â€žx(:) UIq E).â€žB. When a double monochromator after VAN CiTTERT is used wecan avail ourselves of the fact that by removing the intermediateslit the emergent light is white, so that here the above-mentioned condition

which the wave-length regions, let through by the mono-chromator and the spectral apparatus, must satisfy, no longer holdsgood. Similar considerations apply to the photographic and thephoto-electric methods, only, the sensitivity-factor of the eye must 1) A wider back-slit would serve no purpose here, for one must rememberthat the spectral-pyrometer measures surface brightness and that, therefore, themonochromatic images on the white surface must coincide for the various wave-lengths, for which C;.jvr=nbsp;occurs, in fact, when the front-slit is wider thanthe back-slit.



??? then be replaced by that of the plate and of the photo-cellrespectively. Â§ 7. Description of the instruments. 1.nbsp;The light sources. Annealed tungsten band lamps with vertical band served as light-sources. The hght of the auxiliary lamp Q (fig. 1) should remainconstant during the measurings ; the light of the lamp to be stan-dardized should be constant and reproducible. The sources actuallyemployed by us were selected as follows. In the first place thebehaviour of the current was checked by means of a compensation-connection. From this test it appeared that the electric-current ofvarious lamps was subject to irregular fluctuations. The secondtest consisted in lightly tapping the bulbs of the lamps in orderto see if this had any effect. Those lamps whose electric currentshowed irregularities and which were at all effected by the tappingwere excluded from the third test. The latter was

concerned withthe constancy of the energy radiated at 6200 A. In order to findthis the radiated energy was measured every quarter of an hour forthree hours at a stretch, taking care to keep the strength of thecurrent accurately adjusted at the same value throughout. Fromthese measurements it appeared that in the course of a three hours'running of the lamps the radiated energy had not changed. Themean error of these measurements amounted to 0.5 %o- Finallywe investigated whether switching on again after dead current theradiated energy attained the same value, measuring the energy15 minutes after switching on. Here, too, the deviations did notexceed the amount which can be reasonably expected from themeasuring errors. 2.nbsp;The monochromator. We used the double monochromator after van cittert, whichconsists of two similar monochromators A^j and M2 placed symme-

trically relatively to the place of the slit S2 (fig. 13). By movingS2 in the plane of the image of Si one can make the various coloursemerge from the instrument. The movable slit S2 must be consideredas the front slit of the second monochromator which forms an imageof S2 in 53. Owing to scattering and reflection in the first monochro-



??? mator there will pass through S2 not only light of the spectralregion, determined by the slit width and the dispersion, but alsolight of different wave-lengths, the so-called stray light. Thisstray light, however, forms a spectrum in the plane of S3 and can,therefore not emerge from the back-slit. The jaws of the intermediate slit are curved ; their curvature is the same as that of the mono-chromatic image of in green.The image which the secondmonochromator forms of thecurved slit S2 on the slit S3 isagain straight and rectangular.By this device, a greater lightintensity is obtained when a linelight source is used, and when acontinuous source is used it hasthis advantage that the wave-length region let through remainsthe same along the height of the N V v' lt;0 D â€” S3 Fig. 13. back-slit. We checked this for that part of the slit, which is focussedon the bolometer strip. The lenses A, B, C and D can be adjusted separately. By

meansof a telescope focussed on infinity, A and C have been adjustedonce and for all at distances equal to their focal lenghts for yellowfrom the slits Si and S2 respectively. The focussing of S^ on S2and of S2 on S3 for the various wave-lengths is done by adjustingthe lenses B and D. To examine the qualities of the monochromator we used thesame arrangement as for measuring the wave-length regions. Thespectroscope shows the back slit magnified about a hundred times.The adjusting of the monochromator is accomplished as follows: The front slit is illuminated by a line light source, for instancea //e-vacuum tube and an image of the back-slit is thrown on tothe slit of the spectroscope by means of the microscope object glass;whereupon the intermediate slit is made narrower than the third one.By adjusting lens D, the slit S2 is focussed on S3 for the variouswave-lengths. From these adjustments it appeared that the

lensesof the monochromator were badly corrected both for spherical



??? as well as for chromatic aberration. The wavelength region letthrough can only be accurately measured according to the methoddescribed, when the images in the field of the spectroscope aresharply defined. The van Cittert monochromator has lenses onboth sides of the intermediate slit. Since better images of the slits,however, are obtained by removing these lenses, we carried outour measurements without them, but the use of a diafragm remainednecessary. The size of the aperture of the diaphragm should besuch that sharp images are formed in the spectroscope and thatat the same time the light intensity is still sufficient for an accurateenergy measurement. A diaphragm of 1.5 cm diameter appearedto meet both requirements. Finally, when an image of is formedon Sg then, by adjusting B, an image of is formed on 52 afterthe latter has been opened wide i). Scattered light. A

careful examination of the monochromatic images of the back-slit in the spectroscope will reveal the existence of weak wings as indicated in fig. 14 which must beri^hi jawnbsp;ascribed to scattered light of the double â€”nbsp;monochromator. These wings showparticularly clearly whenever the wave-length adjustment is such that a mono-chromatic image of the back-slit is onthe point of appearing or of disappe- â€”nbsp;aring. Since the energy per A is foundUftjauf as the quotient of the measured energyFig- 14.nbsp;and the effective wave-length region, we investigated to what extent ourdetermination of the energy per A is affected by neglecting the Owing to the chromatic aberration of the lenses, one must focus for eachspectral region separately. When high precision is required, one can thereforenot make use of the fact, that, on removing the intermediate slit, a white imageis formed in

P, of which the spectral energy distribution is known. This propertyof the double monochromator was applied by van Alphen. It has greatadvantages when the lamp to be standardized is photographically compared withthe images. When, however, the photo-electric or the spectral-pyrometric methodis used, there is not the least objection to focussing for each spectral regionseparately. T I



??? wing energy. To that end, we measured the ratio between thebrightness of the wing and of the rectangular image as follows :an image of the back-slit of the double monochromator wasformed on the filament of a small standardized lamp (of whichthe intensity as a function of the current strength is known) andof this filament an image was formed on the slit of the hilgerspectroscope. The latter showed then the continuous spectrum ofthe filament, at right angles to the monochromatic images of theback-slit. The ratio between the brightnesses of the wings and ofthe rectangles was then measured by us for the red and the yellowHe-line, taking care to measure the brightness of the wing asclosely as possible to the rectangle. In this way we found for theintensity ratio 1 : 10^. In the green and blue regions this ratio ismore favorable. For an effective wave-length region of a ?„, the energy of theradiation incident on the bolometer-

strip, when a continuous lightsource is used for the illumination, is proportional to aEgt;., if theenergy contribution of the wing is neglected; Ei denoting theenergy per ?„ of the auxiliary lamp. Assuming the wing to cover one tenth of the back-slit widthwith the same intensity as measured at the edge of the rectangularimage in the spectroscope, the energy contribution of the wing willbe proportional to a X 0.1 X 0.001 Ei. Owing to the wing, there-fore, the result of the energy measurement will be 0.1 o/qq too highso that our determination of the energy per ?„ of the images, willalso give a value 0.1 ^loo too high. 3. The vacuum bolometer. After a few preliminary investigations we chose platinum as themetal for the bolometer-strips. The blackening of the strips, whenthe electrolytic method of lumivier and Kurlbaum is employed,is largely dependent on the strength of the current applied. Weobtained a satisfactory blackening by using a

current of 12 milli-amperes during 4 minutes. The energy-measurements were carried out with a bolometer,provided with 2 Pt. strips, 1 jx thick and 0,5 mm wide. The shape of the bulb must be such, that, once the instrumentis ready for use, the degree of blackness can be measured as often



??? as may prove advisable. To this end it should be possible, when theincident hght is perpendicular to the strips, to measure the reflectioncoefficient at various angles. This condition led to the constructionshown schematically in fig. 15. side uizurnbsp;fvoni uiziv Fig. 15. Measurement of blackness. To determine the degree of blackness of the bolometer-strips, wecompared the reflected energy with the incident energy by meansof the arrangement shown in fig. 161). An image of a tungstenbandlamp B. L. is formed, by means of lens L. on the bolometer-strip B, which is placed perpendicularly tothe incident beam of hght. The lamp, lens and bolometer can revolve together round thecentre of the strip. To measure the incident energy we put in Ba white surface (MgO), of which the intensity l(X, a), expressed Owing to the construction of our bolometer, we could not employ themethod of

measuring the power of reflection as worked out by HAMAKER. (6).



??? in an arbitrary measure, was determined at various wave-lengths asa function of the angle. The influence of the glass window of thebolometer was eliminated by placing a glass plate between L and B in such a way, that the lightincident on the white surface,passes through the glass but thatthe intensity measurements aremade on reflected light whichhas not passed through it. Fur-thermore, we measured the ratiobetween the brightness f{X, a) ofthe strip and the white surface asa function of a at various wave-lengths ; this time the influenceof the glass window waseliminated by placing a glass plateimmediately in front of the white surface. The total amount ofenergy of a given wave-length, reflected by the white surface perunit of area, is (fig. 17): J V ^ \\ \ \ \ \\ % \\\ \\ \ i Â? / / y i/t/Y Fig. 17. 1. i ^nbsp;(1, a) sin a cos a da = jtJ (A, a) sin 2 a da. 0 0For the bolometer-strip this amount is therefore given by: I Db.gt;. =nbsp;Â?) Iw Â?)

sin 2 a da. Assuming that the white surface does not absorb any energy at allthe power of reflection of the bolometer-strip is given by: Db.i From measurements in the wave-length region from 5000 A to6800 A it appeared that f(2, a) does not depend on X. The con-struction of the bolometer and the way it was mounted permittedus to carry out measurements over a range of a from 15Â° to 70Â°.To investigate the behaviour of f(a) for a smaller than 15Â° we



??? have measured its value after placing the bolometer-strip at anangle of 80Â° to the incident light. Its behaviour proved the sameas with perpendicular incidence. For small angles too, [{a) isindependent of 1. As regards 7^(2. a), its values appeared to change at the variouswave-lengths in a way similar to a. Column 3 of table 2 showsthe behaviour of I^H a); the value of 1^(1 10Â°) is put arbitrarilvequal to 100. With the aid of the data given in table 2 we can compute thetotal power of reflection of the bolometer-strip ; the result is 2,51 %.Its power of absorption is therefore 97.49%. The white surface,we assume here, does not absorb at all; this assumption caninfluence only the absolute value of the power of reflection of thebolometer-strip. The selectivity, of the power of absorption of MgOin the spectral range considered, is not more than 1 %. This givesfor the selectivity of the power of

absorption of the bolometer-stripan error of 0.25 o/qq. The values given for [(a) and Iw{a) areaverages of six measurements, the mean error is smaller than 1 %. From these measurements we can therefore conclude, with aprecision of at least 0.5 o/q^ that the power of absorption isindependent of the wave-length in the range from 5000 A to 6800 A. The method described above of measuring the reflection of thebolometer-strip can be applied to wave-lengths ranging from 4600 Ato 6800 A. For smaller wave-lengths one can use the photo-electricmethod. TABLE 2. Angle fW) iwM 10Â° 0.0530 100 20 0.0377 100 30 0.0270 99,4 40 0.0225 97.2 SO 0.0195 93.2 60 0.0165 86.8 70 0.0145 74.3



??? Sensitivity. The sensitivity of the bolometer depends on the temperature ofthe strips. To determine the sensitivity as a function of the heating-current we used the arrangement shown in fig. 2, reading thedeflection of the galvanometer at various current strengths, whileone of the strips was exposed to constant radiation. From thesemeasurements (fig. 18) it appears that the sensitivity is a maximumwhen the current strength is 100 m A. But on investigating the behaviour of zero in the arrangement shown in fig. 2 this turnedout to be decidedly better when a current of 50 mA was used thanone of 100 m A. This must be ascribed to the fact that an accumu-lator will stand the drain of a current of 50 mA with great con-stancy for quite a long time, but not the drain of a current of100 mA. Moreover, the precision of the measurements with a currentof 50 m A is higher than with one of 100 m A, notwithstanding thesmaller sensitivity.

This was our reason for always using a currentstrength of 50 mA for our energy-measurements. Linear Dependence. We checked the proportionahty between the galvanometer deflec-tions and the incident energy by varying the amount of energyover a range from 1 to 100. To this end, images were formed on



??? the bolometer-strip, of a white surface of which the brightness wasaltered in known ratios by variation of distance. The precision ofeach measurement in this experiment did not exceed 0.5 %. Thedeviations from direct proportionality are, therefore, of the sameorder as those which may be expected from measuring errors.Higher precision might be obtained by varying the distance of thewhite surface more carefully. In the meantime it has appeared froma mathematical treatment (not yet published) by WoUDA of the typevacuum bolometer mentioned, that the linear connection betweenincident energy and deflection is guaranteed up to 1 o/q^ so long asthe incident energy does not exceed 5 X 10â€”4 Watt/cm2. In carryingout our measurements we took proper care to keep the deviationsfrom direct proportionality down to 0.2 at the most. 4. The spectral pyrometer. The pyrometer principle

of Holborn-Kurlbauiw is the basis onwhich the spectral pyrometer is constructed (7). An image of theobject, whose brightness is to be measured, is thrown on the filamentof a pyrometer lamp ; equal brightness of the image and the filamentis then obtained by varying the strength of the current. In orderto compare the image and the filament monochromatically thefilament is placed in front of the front-slit of a monochromator.Looking into the back slit the filament and the image are seen inmonochromatic light. The apparatus is shown schematically in ZD Lo \L Li V Fig. 19. fig. 19. As spectral apparatus we used a Hilger spectroscope,provided with two slits. The slit-height was chosen in such a waythat the troublesome diffraction and reflection phenomena which



??? occur just whenever the brightness of the filament is almost equalto that of the background and which, therefore considerably interferewith the precision of the measurements are entirely absent (8, 9). Scattered light. To investigate the influence of scattered hght we measured thebrightness of a white surface of constant brightness, of which wevaried the extent of the reflecting area by means of a diaphragm.From these measurements we found between the results for a smalland a large area, differences of 1 % to 2 %, which must be ascribedto scattering. The amount of scattered light on the spot where the image of the pyrometer filament is formedwill be nearly proportional to the size ofthe object. It is, therefore, very necessarywhen using a spectral pyrometer to employfor brightness measurements objects ofthe same size as for standardizing. Asecond effect of scattering consists inthe fact that the light emerging fromthe

back-slit contains also wave-lengths20.nbsp;differing from those determined by sht-width and dispersion ; this is a source of errors wheneverthe spectral distribution of the pyrometer lamp and of the object,to be tested by the pyrometer, differ largely. The amount of thisstray light is nearly proportional to the illuminated area of theback lens of the spectroscope. To eliminate its influence we placeda rectangular diaphragm D, of the same size as the image of thewhite surface W in fig. 1. Standardizing. In order to measure the power of reflection of the bolometer-stripthe standardizing was accomplished with the aid of a band lampof which at various wave-lengths the energy is known as a functionof the current strength. The bandlamp radiated on to a whitesurface of which the brightness was altered in known ratios byvarying the current strength. We measured the strength of theelectric current of the pyrometer lamp, which made the

filamentdisappear at known brightness of the white surface. This method



??? of standardizing is, however, too inaccurate for the comparison ofthe spectral energy of the band lamp to be standardized, with theimages of which the energy is known; we proceeded, therefore, asfollows: A sector diaphragm was placed in front of lens Z-g with its centreon the optical axis of the lens. This contrivance for reducing thehght has the advantage, that the reduction is the same for everywave-length and that, moreover, the amount of the reduction canbe very precisely measured in the region of the longer wave-lengthsThe error in the reduction over a range from 80 % to 10 % issmaller than 0.5 %. To eliminate errors which might possibly arisefrom differences between the optical behaviour of the varioussectors of the lens, the diaphragm was made to revolve rapidly. The spectral pyrometer was standardized with the aid of sectordiaphragms; as hght source we used a tungsten band lamp

ofwhich the light corresponds to a colour temperature of 2800Â° K andwhich was placed in P (fig. 1). The measurements were carrfedout for various wave-lengths lying between 6800 A and 4800 A andwith intensities varying from 1 to 10. In this way a set of curveswith the wave-length as parameter was found which represent theintensity as a function of the pyrometer current. The largestdeviation of the points actually observed from the smooth curvedrawn through them is 1 %. Each measurement of brightness isthe mean of 3 observations. We measured the strength of thepyrometer current in compensation connection. Influence of sli t-w idth and effective wave-length. When the brightness of the filament of the pyrometer lamp isadjusted so as to be equal to that of the background we get theequation: Jquot; Eu.OxDxdX Aâ€ž-a iâ€ž anbsp;â€” 1 EpxOxDi dX



??? where: Eu. denotes the brightness of the background,Epx ,, â€žnbsp;â€ž â€ž â€ž filament. Ox gt;' quot; sensitivity factor of the eye,Dx lt;gt; quot; transmission of the spectral pyrometer, ,, â€ž central wave-length of the region let through,2a ..nbsp;wave-length region let through, i) When Elx changes in a similar way as Epx with the wave-lengthin the region from (Aq â€” a) to (.^q s), one can infer from thisequation that Elx^ = Epxâ€ž- When, however, the energy distributionElx differs from Epx over the range 2a one might compute thecorrection to be apphed to the equation En^ â€” Epxâ€ž- Usually,however, one computes in the case of pyrometric measurements theso-called effective wave-length, . The simplest way of definingthe latter is by the mathematical equation: ElxOxDxcII jquot; Xâ€ž-a (1) Epx^ - ;.â€ž a Epx OxDx dl Aq â€” a When the energy distributions of the object to be investigatedby the pyrometer, and of the

filament, can be described with thetemperatures Tl and Tp one can write for (1), as an elementarybut rather lengthy computation would show: ^ZP a' ,2nbsp; Ae â€” â€” g where the e's are the coefficients in the development of: xp 0, = 0,Jl o',x ofx'). 1) For those wave-length regions under consideration (max. 100 A) thetransmission as function of the wave-length may be taken to be represented bythe two sides of an isosceles triangle.



??? We computed Xgâ€”lg for those cases in which, when adjustedfor equal brightness, the object to be measured and the filamenthad the colour temperatures 2800Â° K and 1200Â° K, 2800Â° K and1400Â° K, 2000Â° K and 1200Â° K and 2000Â° K and 1400Â° K respec-tively, while the wave-length region let through was 200 A. Withthe aid of the table given below we can then easily compute 4â€”^for the various other cases, TABLE 3. Ae â€”Xo }.o 2800Â° K-1200Â°K 2800^ K-1400Â°K 1 2000Â° K-1200Â° K 2000Â° K-1400Â°K 0 o O 0 0 6800 A -10.2A 10.4 A â€” 9.8A - 9.9A 6600 - 7.3 - 7.5 6400 â€” 4.6 - 5.2 - 4.4 - 4.6 6200 â€” 3 - 3.2 6000 - 1.2 â€” 1.5 - 0.6 - 0.9 5800 2 3 5600 2.4 1.9 2.9 2.4 5400 4.3 4.3 5200 4- 7.4 7.4 8.2 7.4 5000 10.2 10.2 4800 11.5 11.5 11.5 11.5 Â§ 8. The precision of the relative iweasurements. We shall now discuss, in a short survey, the various factors onwhich

the precision of a relative energy measurement depends.Errors in the results of such measurements of a tungsten bandlamp arise from two sources : 1.nbsp;Errors in the energy per A of the coloured images. 2.nbsp;Errors in the comparison of the intensities of the lamp to bestandardized with those of the images.



??? 1. The energy per ?„ is computed from the measured transmittedenergy and the wave-length region let through (See Â§ 5). Now, systematical errors can arise in energy measurements froma variety of causes, as, for instance, because the bolometer readingis not proportional to the incident energy. The energies actuallymeasured lie within an intensity range for which the maximumdeviation from direct proportionality amounts to 0.2 o/qq. Theenergy of the auxiliary lamp Q of fig. 1 is sufficient to enable oneto measure the energy of the images in the region from 6800 ?„ to4800 ?„ with a mean error in a single observation of 0.5 o/qq- In thisconnection we may remark that the relative energy measuring isreduced to the measuring of an electromotive force supplied by avoltage source and a precision rheostat (see fig. 2) i). In addition to the error just mentioned, of 0.5 o/^q, a systematicerror, for which a safe estimate is 0.1 o/q^ can

arise from errors inthe resistances of the rheostat. To form an opinion concerning the precision of measuring forsmaller wavelengths, we registered the deflections of the relaygalvanometer while the monochromator was adjusted on 4200 ?„and the effective wave-length region was 100 ?„. This deflectionwas 3 cm with a mean error of one single observation of 5 o/qq.The selectivity of the absorption of the bolometer is determined(see Â§ 7 sub. 3) in the region from 6800 A to 4800 ?„ with a precisioof 0.5 o/oo- By the photo-electric method this determination can beextended to 4000 ?„ with the same precision. The measuring of the transmission curve belonging to a givenmonochromator adjustment was accomphshed to the methodexplained in Â§ 4. The precision is influenced by the occurrence ofa weak wing on the monochromatic rectangular images in thespectroscope (Â§ 7 sub. 2), To investigate whether the wing givesrise to

systematic errors in the adjustment, the transmission curvesbelonging to various wave-length adjustments were measured bytwo observers. It appeared then that systematic errors did notoccur; the highest difference between the measurements of the As a source for the E. M. F. we used an accumulator, checked as to itsconstancy by means of a normal element. All precision rheostats are manufacturedby O. Wolff.



??? two observers in the effective wave-length region (200 A) amountedto 2 o/oo* The amount found for the energy when influenced bythe wing is at the most 0.1 o/oo too high (see Â§ 7 sub. 3). The resulting error in the determination of the energy per A ofthe images is, therefore, composed of the following factors : a.nbsp;energy measurementnbsp;0.5 O/oq- b.nbsp;effective wave-length regionnbsp;1 o/oq* c.nbsp;scattered lightnbsp;0.1 o/po- d.nbsp;selectivity of the bolometernbsp;0.5 o/qq. e.nbsp;direct proportionahty of the bolometer 0.2 o/qq. f.nbsp;precision rheostatsnbsp;0.1 %o- The errors under a. and b. are of a fortuitous character; it is,therefore, possible to attain a higher precision by increasing thenumber of observations. The errors sub c. d. e. and f. are syste-matic ; their combined influence is smaller than 1 o/qq. 2. The spectral intensity comparison of the lamp to be standard-ized with the

image of which the energy is known was carried outwith a spectral pyrometer in the region from 6800 A to 4800 A. Theprecision of the mean of three measurements amounts in this caseto 5 o/oo- As described in Â§ 6 the photo-electric method can beapplied in the region from 6800 A to 4000 A ; the precision is then1 o/qq. For the intensity comparison we have thus an objective andsufficiently precise method at our disposal. When comparing the energy of the lamp to be standardized withthe images for various wave-lengths, the degree of weakeningsuffered by the radiation of the images and by that of the lampto be standardized, on the way from P to the receiver behind thespectral apparatus, must be the same. The contrivance of the whitesurface eliminates the influence of difference in the filling of thespectral apparatus and that of the degree of polarisation of thehght from the images P (see Â§ 1).

The tungsten band lamp to bestandardized is put in its right place by the aid of a telescopedirected slantingly on to the light path (see Â§ 2). The error in theposition of the band is at most 0.05 mm, and this influences thebrightness of the white surface. A computation showed us that anerror of 0.05 mm in the position of the band gives rise to an errorin the brightness at the centre of the image on the white plane.



??? amounting to 0.5 o/qq ^ its influence on the changes in the bright-nesses as function of the wave-length is smaller. We have, we believe, shown by the above that a relative energymeasurement of the tungsten band lamp with a precision of 1 %ois possible. For a detailed discussion of the measuring results werefer the reader to the next chapter, where we give the measurementof the spectral energy distribution of a black body at the meltingtemperature of gold.



??? CHAPTER IL The measuring of Planck's constant Co. Â§ 1. A FEW REMARKS ON THE VARIOUS DETERMINATIONS OF Ca- The investigation, carried out with a view to testing the law ofradiation and to determining the constants, occurring in that law,are very numerous. On a close examination of the work of manyinvestigators in this field, one can not help doubting, whether thevalues, actually obtained, are entirely free from systematic errors.Indeed, considering.the variety of such errors to which this kind ofwork is liable, the agreement between the values, found by thevarious writers, is a matter of some surprise ! In table 4 we give a list of values of c^ together with the namesof those, who obtained them i). From a comparison of these valueswith the one, adopted by the 7th ,,Conf?Šrence g?Šn?Šrale des Poidset Mesuresquot; (c2= 1.432 cm degree) the impression will mostprobably result that

the choice of the latter value is more or less anarbitrary one. The investigators, mentioned in table 4, obtained their values forC2 from intensity measurements on the radiation of a black body,of which the temperature was determined by means of the gasthermometer. C2 was then computed, either from the energy ratioof the radiation, for one and the same wave-length at two differenttemperatures, (the isochromatic method) or the wave-length Aâ€žâ€ž forwhich, at one and the same temperature, the radiated energy wasa maximum, was computed from the change of the energy per A(the isothermal method) according to the first method C2 is givenby the formula : . T2 . Tx , E2 the second method gives for C2 the expression : C2 = 4,9651 T. Reprinted from an article by coblentz. (10).



??? TABLE 4. Observed value and the probable value of the constant C2. Observer Date Xml observed 1 ImTcorrected c2 c2 , probable value inmicron deg. Paschen 1899 2891 2891 14360 2907 2907 LuMMER and 1900 2921 2894 Pringsheim 1900 2879 2879 14290 2876 2876 2940 2882 H310 14300 Warburg and 1911 14200â€”14600 Collaborators 1912 14300-14400 1912 14360 1913 14370 1915 14250 1915 14300-14400 14300 Coblentz 1913 2911 14456 1916 2894 14369 1920 14311-14318 14318 Value adopted by the 7th. â€žConf?Šrence g?Šn?Šrale des Poids et Mesuresquot; 14320 We confine ourselves here to the simple statement of the prin-ciples, underlying the methods which were used, it is not our aimto criticise the values, so obtained, or to discuss once more, themany sources of error, which, doubtlessly, have influenced theresults of these investigations. For such a discussion we refer thereader to the

original pubhcations, to the handbooks and to a verycomprehensive article by Coblentz (10). The new value of C2, computed by us, is obtained from the



??? measured energy-distribution in the spectral region from 0.68 fj. to0.50 ju, of the radiation of a black body at the melting temperatureof gold. For the quantitative description of this energy distribution,we used, instead of Planck's law, wlens well-known formula: hxTâ€”-- That Wien's expression yields in our case a very good approxi-mation, is clear from the following : denoting the energy, at thewave-length 2, radiated according to Planck's- and to Wien'sformula by Ep and Ewgt; respectively, their ratio is given by: cnbsp;â€” Ep Ew ^ which depends solely on IT. E Putting IT =1400, we find ^ =1,00004. Now in our actual Ew measurements, we have IT lt;i\400, which means that, in our case, Ep is even smaller still. Ew We can re-write Wien's formula in the form:log (ExtI^) = log c, IT' plotting, therefore, the lefthand member against we obtain A straight lines which, by their inclination, give a value for

since, moreover, the melting point of gold is known from measurementswith the gasthermometer, we find in this way the value of C2. However, a new determination of C2 will only be of any useif the method used, enables one to reach a higher accuracy thanthe methods hitherto used. Now, in order to form an opinion of the accuracy attainable, letus compute C2 from the ratio between the energies, radiated atand which is given by:



??? From this formula it follows that dV _V â€? 1 Putting ^2 = 5000 A and /i = 6800 A, we get:dc2 = i^ .3.5X10' (A. degree). This means, that an error of 1 % in the determination of theenergy ratio, will cause an error of 0,003 (A, degrees) in the valuefor 02- It will be clear from these considerations, that thanks to themethod of measuring energy ratios, explained in Chapter 1, weare indeed in a position to determine the value of C2 to a veryhigh degree of precision. Â§ 2. The method of measuring. dC2 = â€? The energy distribution in the radiation of a black body at themelting point of gold was measured with the aid of a primarilystandardized hght source, viz. the images in P (fig. 21). Now, theobvious way to proceed in measuring the black body radiation in 1 9 question would seem to place the body in P, as was done also instandardizing the tungsten band lamp, and then to carry out thecomparison of the energy distribution by

means of a spectralapparatus Sp (fig. 21). In the present case, however, this procedurewould lead us into unsurmountable difficulties. Indeed, the bright-nesses of the light sources to be compared, are now so widely



??? different (in yellow e.q. they differ by a factor of about 1000), thatthe brightness of the images in P can no longer be put in line withthe brightness of the black body at the melting-point of gold, bysimply weakening sufficiently the strength of the current in theauxiliary lamp Q (fig. 21), for in this way it would no longer bepossible to measure the energy of the images at P with the requiredprecision. We succeeded, however, in reducing the brightness of the imagesm P to a sufficient extent, to make it comparable with the brightnessof the blackbody at the melting point of gold, and we were at thesame time able accurately to take into account the change of thespectral energy distribution in the images, due to the method ofreduction, by the following contrivances. In the first place, adiffusely reflecting white surface, with a known reflective powerwas placed in P. The images on this surface serve as a

primarilystandardized light source; in the red region of the spectrum thebrightness of the images is now about the same as that of theblack body. It was, in the second place necessary as a furthercontrivance, to use in the green region a smoked glass reducer, witha transmission power of about 20 %, which was applied in frontof the monochromator. The brightness of the images on the whitesurface was measured for various wave-lengths, with the aid of aspectral pyrometer by altering the brightness in known ratios bymeans of standardized sector reducers. In this way the connectionbetween the pyrometer current and the relative brightness wasobtained. The pyrometer current belonging to the brightness of theblack body at the melting point of gold, was then also measured,so that the relative brightness of the black body was found as afunction of the wave-length from the established connection,

justmentioned. From this we obtain finally the value of cg, in themanner, described in Â§ 1. Apart from serving as a reducer, the white surface is an essentialfeature in our arrangement in another respect as well; for itsdiffuse reflection and depolarising action bring about, that thehght, radiated on to the spectral apparatus either by the images orby the black body is ordinary hght, which, moreover, travels, in bothcases, along identical paths through the apparatus (c.f. Chapter IÂ§ 1).



??? The spectral pyrometer is mounted vertically so that the imageon the white surface and the wire are observed in the instrument asis indicated in fig. 22a, whereas they show as in fig. 22b, when the pyrometer is in a horizontal position i). It follows from the above, that apartfrom the measuring of the spectral energydistribution in the images in P, it isquot;nbsp;Fig 22 ^nbsp;necessary to carry out the following measurings as well: 1.nbsp;of the pyrometer current, on adjusting for a brightness, equalto that of the black body at the melting temperature of gold. 2.nbsp;of the reflective power of the white surface, and of thetransmission curve of the smoked glass. 3.nbsp;of the transmission of the sector reducers. The method of determining the spectral energy distribution inthe images was already explained in detail in Chapter I, as wasalso the spectral pyrometer. We shall, therefore, now proceedto give particulars of the black body

used by us, and the completeseries of measurements, which have served to obtain the valuefor C2. Â§ 3. The black body. Our black body consisted of nickel and was of the Lummer andKurLBAUM type. It was heated in an electric Heraeus furnace,(length 30 cm, aperture 6,5 cm). In order to obtain an even temperature throughout the furnace,the heating platinum band was wound closer together in the centrethan at the ends. The way, in which the black body is mounted inthe furnace is shown schematically in fig. 23. For the determination of the temperature of the black body, atthe melting point of gold we used the so-called â€žwire methodquot;,according to this method a thermo-element (Pt, Pt~Rh), fitted with 1) Since, for the sake of accuracy, the pyrometer wire and the slit of thespectral instrument must be at right angles to each other ; a horizontal positionof the spectral pyrometer (i.e. slits of the monochromator vertical and

pyrometerwire vertical) is in our case excluded. Of these two positions the former allowsof the better adjustment.



??? a gold 1) wire between the Pt, and Pt~Rh wires (see Au in fig 23),is inserted in the interior of the black body. There is still anotherthermoelement, inserted in it, which, however, is not shown inthe figure. Pt With the aid of an electrical connecting-system, as shown infig. 24, the E. M. F., of the two elements are measured, with thetemperature slowly increasing, as a function of the time. Onenotices the moment, at which the temperature in the furnace has Au PI, Pt-Rh.......quot;Pt....... reached the melting point of gold, by the fact that, from thenonwards, the E. M. F. of the gold-wire thermoelement remains The gold, used in our experiments, was supplied by the Royal Dutch Mint,at Utrecht. Our sincere thanks are due to the mint-master Dr. v. heterenfor his courteous help in this matter.



??? constant for a few minutes, where upon the circuit is suddenlyinterrupted by the melting of that wire^) whereas in the meantimethe E. M. F. of the second element continues to increase slowly(see fig. 25). This element, once standardized by the above procedure, for10,25 10,20 mV â–  Pi-Au-PtRh 2 4 6 8 10 12 14 16 18 20 22 Tnin.Fig. 25. the melting temperature of gold, serves for heating the black bodyto that temperature again later on. The temperature and the temperatur e-d i f f e- rences in the black body. In order to make the actual radiation comply with the definitionof black radiation, the radiating body must satisfy two conditions,viz , its coefficient of absorption must be equal to 1, and the wallsof the enclosure must possess the same temperature throughout.As regards the first condition, the observation may suffice here,that part of the radiation, incident in the enclosure, may eventuallyfind its way out of it, in which

case the absorption coefficient would 1) The actual interruption of the circuit takes place at a higher temperatureof the furnace. The latter is at the melting point of gold, at the moment, theconstancy of the E. M. F. sets in; this means that the temperature of the black-body, yielded by the method of melting a gold wire is too low.



??? differ from 1. As for the second condition, there are two causes,from which an uneven distribution of the temperature over thewalls can arise. There is. first, a wrong way of heating, and, con-sequently a temperature gradient in the length direction of theblack body, and there is, secondly, the fact, that the part of theblack wall, radiating outwards through the diaphragms, will beat a lower temperature, owing to the fact that the radiation, emittedby that part, must be completed again by radiation and conductionfrom parts of the wall at a higher temperature. To form an opinionof the temperature gradient along the black body, we may remark,that with a heating velocity of 0,1Â° to 0,2Â° pro minute, the eyecan no longer distinguish the diaphragms from the rear wall. Now,the eye is able to notice a difference of 1Â°, at the melting-pointof gold ; it is, therefore, quite safe to assume that the drop in

thetemperature over the whole length (6 cm) is less than 1Â°. Various investigators have computed an upper limit for thedeviation of the radiation in an enclosure from the theoreticallydefined black radiation, so e.g. Fleury in his quot;Etalons Photo-m?Štriquesquot; and Ribaud in his quot;Pyrom?Štrie Optiquequot;. On applyingthese considerations to our case, it follows that the deviation fromthe theoretically black radiation in the visible region of the spec-trum, amounts at the most to 0,1 %. The deviations in our spectralenergy distribution, are therefore, certainly less than 0.1 %. Â§ 4. The ivieasurings concerning the white surface, the smoked glass reducer, and the sector reducer. The white surface. As explained already in Â§ 2, we must know the spectral energydistribution in the images in P. Now, in our experiments, thissurface (magnesium oxide) is placed in P at right angles to the hghtpath, and the

brightness of the images is measured by means of aspectral pyrometer, of which the optical axis makes an angle ofabout 20Â°, with the light path behind the monochromator. It istherefore, necessary to measure the selectivity of the reflectivepower of the surface under the same conditions i.e. for hght,incident at right angles and reflected at an angle of 20Â°. Thiswas done in two steps. First, the reflective power was measured,



??? according to the method of Hamaker (6) as a function of thewave-length, in the case of perpendicular incidence. This gives theratio between the total amount of the reflected light and the incidenthght. Secondly, we measured, for various wave-lengths the brightnessof the white surface as a function of the angle of reflection, fromwhich it appeared that, in the visible part of the spectrum at leastthe connection between the brightness and the angle of reflection,was not influenced by the wave-length i). These twofold measurements teach us, that, with perpendicularincidence, the reflective power, in the case of an angle of reflectionof 20Â°, is proportional to the numbers measured, according to themethod of Hamaker. In Â§ 2, we mentioned already the essential part, played by ourwhite surface owing to its depolarising action. Now, in our arran-gement, the vibrations of the polarised light, which has travelledthrough the double

monochromator, are at right angles to thevibrations of the light, which has passed through the monochro-mator of the spectral pyrometer. One may expect, therefore, that,if the degree of polarisation of the former vibrations should dependon the wave-length, a non complete depolarisation by reflection onthe white surface, would be a source of errors. In order to make this out, we measured, with A -, A the aid of the arrangement,shown in fig. 26, the bright-ness, for various positionsof the nicol N, of the imageof a tungsten band lamp Q,on the white surface W.vl.The brightness appeared, for the various wave-lengths, to beindependent of the position of the nicol, from which we can infer. \Wvl 1) One can not dispense with the measuring of the brightness as a functionof the angle, because it is by no means self-evident, that the relation betweenthe reflective power and the angle of reflection, is independent of the wave-length.If a

dependence should exist, the functional relation between the reflective powerand the wave-length in the case of perpendicular incidence and reflection at anangle of 20Â°, would be different from that relation in the case of perpendicularincidence and the total amount of reflected light.



??? that a non complete depolarisation caused by the reflection on thewhite surface does not occur. The smoked glass reducer. In measuring the transmission curve of this reducer, the com-plication arises, that the arrangement used in measuring the energyof the images in P, in which the bolometer-strip is perpendicular to the length-direction of thebohplernbsp;27a) is not sensi- tive enough to secure accurate bolometerstrip p 1 q 1 results. The bolometer-stripwas, therefore, placed parallelto that direction (fig. 27b). ^nbsp;^nbsp;As mentioned already, the smoked glass reducer serves toweaken the brightness, in the green region of the spectrum, of theimages on the white surface, sufficiently to make a direct comparisonpossible with the brightness of the black body, at the melting pointof gold. Now, when the reducer is inserted in the lightpath, thebrightness of the images is computed from the

measured energy,and the transmission of the smoked glass. In doing so, however,one must not overlook the fact, that in measuring the energy, therelative position of bolometer-strip and image, is as shown in fig. 27a,whereas, when the transmission is measured, it is as shown infig. 27b. Now, it will be clear, that in our case, we must know inparticular the transmission of the smoked glass, corresponding tothat part (viz. pq) of the image, which radiates on to the bolometer-strip in the orientation of fig. 27a, and one must admit the possi-bility, that the transmission of the smoked glass corresponding tothe various parts of the image, is different from the transmission,corresponding to its central part (p, q), for the paths of the light-rays, belonging to the various points of the image, are different.In order to make sure about this, we measured the transmissionfor various heights of the slit, using red light, since

the accuracyof measuring attainable, with this part of the spectrum, is amplysufficient. It appeared, as a result from these measurings, that asystematic change of the transmission with the height of the slit,was absent.



??? As an instrumental detail, we mention here, that the reducer isfitted with a revolving and arresting arrangement, so that it canbe inserted in the lightrays, in front of the double monochromator,in a position, which is reproducible at will. The sector reducers. These reducers, placed in front of lens Lo fig. 22. serve to varythe brightness of the images in P over a range, which includes thebrightness of the black body at the melting point of gold. The useof these sector reducers has the important advantage, that thetransmission is independent of the wave-length. It is, therefore,possible to measure the transmission with red light, which allowsof a high precision. During the measuring, bolometer-strip and image,are at right angles to each other. It appeared to be necessary tomount the stand and holder of the reducers in such a way that themechanical vibrations, arising from the rapid rotation, can not havea disturbing influence on the

bolometer-strip. When for example,the stand, which carried the reducers, was fastened on to the sametable, on which the bolometer was placed, the zero of the relaygalvanometer showed rapid unsystematic fluctuations of about 3 mm.These fluctuations, which made an accurate determination of thetransmission impossible, must be ascribed to the induced vibrationsof the bolometer-strip. The construction of the stand and of the revolving holder wassuch as to prevent an arrangement, which would make the positionof the sector reducers in the path of the light reproducible at will.It was, therefore, necessary, contrary to the adjustment of thesmoked glass reducer, to measure the transmission of the sectorreducers anew, each time they were inserted in the light path. Â§ 5. Account of the course of the measuring. From the above it will be clear that the determination of C2requires : 10. The measurings of the current running the

pyrometerlamp,when the latter is adjusted for a brightness, equal to that of theblack body at the melting temperature of gold. 2ÂŽ. The standardizing of the spectral pyrometer with the aid of



??? the images in P (fig. 21) i.e. the relative standardizing of thebrightness. 1Â°. In order to determine the pyrometer current correspondingto the brightness of the black body, at the melting temperature ofgold, we proceeded as follows : While the temperature was made to increase at the rate of 0,1Â°per minute, the pyrometer current was determined, for the variouswave-lengths, as a function of the heating time, as were also theE. M. F.'s of the two thermoelements. Now, at the moment, theconstancy of the E. M. F. of the gold wire element sets in, theblack body has reached the melting temperature of gold; the pyro-meter current in question, is therefore found for the various wave-lengths from the known connection pyrometer current-time byinterpolating to that moment. Table 5 gives for the various wave-lengths the pyrometer currentscorresponding to the brightnesses of the black bodyi). TABLE 5. o

J. in A 6605.0 6499^6406.5 6004.5 5805.0 5610.5 5404.5 5301.5 1 5198.5 Pyrom.current inm. amp. 261.00 1 1 ! 260.981260.72 11 259.82 259.40 258.95 258.45 258.25 258.00 As regards sub. 2, the condition must be satisfied that the bright-ness of the auxiliary lamp Q remains constant during the relativestandardizing of the spectral pyrometer. In order to obtain aconstant energy radiation, the current was, therefore, adjusted forunvarying strength bij means of a compensating arrangement, whichmade it possible to reach an accuracy of 0.1 o/qq in the constancy 2).However, since the constancy of the current is not a sufficientguarantee for the constancy of the radiated energy, it was stillnecessary to check the latter during the relative standardizing of thespectral pyrometer. As already mentioned in Â§ 4, the sector reducerscould not be inserted in the lightpath in a reproducible position, andtheir

transmission must, therefore, be measured each time a new. We observed, in a few cases that the E. M. F. did not remain constantduring the melting, but showed a slight decrease. 2) A fluctuation of 0,1 quot;/oo in the current means a change of 0,3 quot;/oo in theradiated energy for the type of lamp, used in our case.



??? It follows from the above, that the bolometer-strip and the whitesurface must alternately be put in P (fig. 21) in a reproducibleway. In order to make this possible the bolometer and the whitesurface are each mounted on a stand, of which the legs end in sharppoints, resting on three metal blocks. Of the latter, one is plane,one has a groove in it, and the remaining one has a hole in it. Thethree blocks are fastened on to the same iron plate, which carriesthe whole of the arrangement. The adjustment of the white surface and of the bolometer isthen effected as follows : The white surface is placed in P, in such a way, that the imageson it, are sharp, and its position fixed by means of a telescopeprovided with cross threads, which is put, as nearly as possible, atright angles to the lightpath behind the monochromator. Thebolometer-strip is then, in its turn, adjusted with the aid of thetelescope. The stands, which carry them, make small

displacementsin three mutually perpendicular directions possible. Each time, thebolometer-strip and the white surface were inserted in the light path,their positions were checked by the telescope, and the experimentsproved that this way of proceeding was indeed successful forobtaining reproducible adjustments. In order to eliminate errors, arising from slight changes in thearrangement which preliminary experiments had shown actually tooccur, we tried to obtain the values for the required quantities fromobservations, which were, as nearly as possible, simultaneous. We shall now give the complete set of measurings, to be carriedout, which is involved in our method of proceeding : 10. Of the selectivity of the reflective power of the white surface, Â§ 4, and of the bolometer-strip, Ch. I, Â§ 7.20. of the transmission of the smoked glass reducers, Â§ 4, andof the bolometer window (bolometer-strip parallel to the lengthdirection of the

images).30. of the wave-length regions, let through by the spectral pyro-meter, Â§ 4, and besides, measurings for the determination ofthe connection, wave-length-reading â€” true wave-length.40. of the regions, let through by the double monochromator, Ch. I.Â§4.



??? 50. of the energy of the images, Ch. I, Â§ 3 ; measurings from whichto deduce the connection brightness-pyrometer current, Â§ 3, andthe measuring of the transmission of the sector reducers, Â§ 4.(bolometer-strip at right angles to the length-direction of theimages). 60. the checking of the measurings sub. 4, by repeating them.70. the checking in the same way of no. 3.80. the checking in the same way of no. 2.90. the checking in the same way of no. 1. A few points ask for more elucidation. For the determination ofthe transmission of the bolometer window, a glass plate was used,cut from the same plate as the window itself. The measuring of the wave-length-regions, let through by thespectral pyrometer, is required for the determination of the effectivewave-length ; a high accuracy is not necessary in this case. As regards the check measurings sub. 6 and 7 preliminary experi-ments showed them

to be absolutely necessary; it has actuallyoccurred, for example, that the adjustment of the slits had for someunknown reason, suddenly changed by which, of course, theregions, let through, as well as the energy of the images, werealso altered. The measurings sub. 5 require an alternate determination of theenergy and the brightness of the images in P; the order of thenecessary manipulations is here chosen in such a way as to maketheir number a minimum. In table 6 we give the measurements referring to the measuringprogramme mentioned sub. 5. The measuring ot the energy of theimages is carried out for wave-lengths, lying close to those forwhich the brightness was measured. The transmission of the sector reducers was measured in the redregion, the reading of the wave-length adjustment being 14.70. By the arrangement of the measuring programme as given above,we are in a position to

check the constancy of the radiated energy,during the relative standardizing of the spectral pyrometer, andto measure the transmission of the sector reducers, when insertedin the light parth.



??? Energy measuring of the images Wave-length reading of the doublemonochromator Resistance in W2 19.90 38000 lt;i â€” 36000 .lt;2 (steps 500 S) 20.00 38000 a - 36000 lt;2 (steps 500 ii) 14.70 7500 a-7300 .lt;2 (steps 50 .lt;2) Sector reducers in light path, measuring of the transmission 14.70 8600 .lt;2 â€” 8400 J2 (steps 50 a) Brightness measuring, with sector 1 in light path Wave-length reading sp. pyr. Pyrometer current in m. Amp. 6060 26635 6140 26275 6230 2605 Smoked glass reducer in light path 5380 25965 5200 26295 5110 2655 Sector 1, replaced by 5 5110 25825 5020 26135 5200 25575



??? TABLE 6. (Continued). Smoked glass reducer out of light path 5720 26885 5890 26275 6060 25715 Energy measuring, sector 5 in the light path Wave-length reading double mon. Resistance H.70 13400 ii â€” 12800 a (steps 200 a) Sector reducer out of light path H.70 7500 ii â€” 7300 2 (steps 50 a) Energy measuring of the images 1520 8600 ii - 8400 a (steps 50 a) ___ Â§ 6. Results of the measuring. The resuhs obtained from a series of measurings which servedto deduce the value of Cg are collected in table 7. The measurements,from which the relative brightness of the images per a was com-puted, are given in the last column. The relative brightness per A of the images is determined as thequotient of the energy obtained and the effective wave-length-region. As already explained, however, in Ch. I, Â§ 5, a correctionmust be applied to the value, so computed, owing to the changeof the

energy with the wave-length in the auxiliary lamp. Besides,there is still another correction required, due to the fact, that theshape of the area, covered by the transmission as an ordinate overthe wave-length-region, let through, differs slightly from a trape-zium. These corrections were computed from the approximate values



??? Wave-length readingdouble monochromator Effect,wave-length-region Energyimage Rel. brightn.pro A 14.70 6590 A 330.2A 13452 203.5 14.90 6511.5 318.3 12722 199.8 15.- 6474.0 312.6 12405 198.5 15.15 6418.0 304.1 11865 195.1 15.25 6381.5 298.5 11483 192.4 15.70 6227.0 273.9 9990 182.4 15.80 6194.5 268.7 9738 181.1 16.35 6023.0 241.9 8172 168.9 16.45 5993.5 237.5 7928 166.9 17.00 5842.5 215.7 6713 155.6 17.10 5816.0 212.8 6496 153.2 17.85 5628.5 187.1 5209 139.2 17.95 5606.0 184.3 5044 136.8 18.80 5424.0 162.5 3855 118.5 18.90 5403.5 160.3 3745 116.8 19.35 5316.0 150.7 3249 107.7 19.45 5297.5 148.4 3135 105.3 19.90 5216.5 140.2 2732 97.4 20.00 5199.5 139.4 2653 95 .'8 of the relation energy pro A, given in column 5 of table 7. Thelatter was computed according to the formula: where A denotes the measured energy of the image, A/l thecorresponding effective wave-length-

region andnbsp;the energy per A, belonging to Xq â€”, i.e. the wave-length corresponding tothe apex of the triangle (point B. fig. 10) when the transmission



??? area has a triangular shape, and to the centre of the shorter parallelside, when it has the shape of a trapezium. The correction factor [ was determined for the various wave-lengths by means of a graphical solution of the equation : Aquot; where Ex denotes the approximate value for the energy per A,given in Column 5 of table 7. In table 8 the values for /, obtained in this way for the variouswave-lengths. TABLE 8. o ;.in A 6800 6200 5600 5000 1.0006 1.0007 1.0008 1.001 Since we have to deal, in our case, with relative energymeasurements, the maximum error, which can arise from neglectingthis correction, amounts to 0,4 o/qq. Each time a sector reducer was inserted in the lightpath, theenergy was measured anew, for which the red part of the spectrumwas used (with the wave-length reading of the double mono-chromator at 14.70). The values, so obtained, which give an accountof the

behaviour of the energy radiated during the standardizingof the spectral pyrometer, are collected in table 9. TABLE 9. No.measuring 1 2 3 4 5 6 7 8 Energy 13462 13452 13464 13420 j 13454 13425 13450 13469 Table 10 gives the values, found for the transmission of thevarious sector reducers.



??? No.sector 1 2 3 1 4 5 6 7 Transmission in O/o 86.8 70.8 60.5 57.2 42.0 41.1 29.3 For the comparison with the brightness of the black body, at themelting point of gold, the brightness of the images was measuredover a range, which, was reduced so as to include the formerbrightness, by the use of the smoked glass- and sector reducers.In table 11 are given the pyrometer currents, measured for thiscomparison. From the connection pyrometer current-transmission of sectorreducers, found in measuring the brightness of the images, weobtained, by interpolating to the pyrometer current, belonging tothe brightness of the black body at the melting point of gold, thereduction factor r. (last column of table 11), which must be applied inorder to make the brightness of the images on the white surfaceequal to that of the black body. In this way, therefore, we arrive at a brightness of the images,as observed in the spectral

pyrometer, which is equal to that of theblack body at the melting point of gold, likewise observed in thespectral pyrometer. This equality is expressed mathematically by: P Ebi Di Ox dk = J^Bza Di Ox dl. Here, A' and Iquot; denote the limits of the spectral region, let throughby the spectral pyrometer, Ebx the brightness of the images on the white surface, Ezgt;. the brightness of the black body at the melting point of gold, fx the reduction factor, Dx the transmission of the spectral pyrometer,Ox the sensitivity-factor of the eye.



??? TABLE IL Adjustment J Pyrometer currents in m amp. occurring with the reducers Sp. Pyr. e No Smokedglass 1 2 3 4 5 6 7 r in O/o 5020 5198.5 2624* 2613.5* 2571* 2573* 43.7* 5110 5301.5 2655' 2621.5* 2593.5* 2582.5* 2539* 56.0* 5200 5404.5 2629.5* 2596.5* 2571.5* 2557.5* 68.2* 5380 5610.5 2618 2596.5* 2557* 85.0* 5550 5805 2545.5 2683.5 2618 25.7 5720 6004.5 2688.5 2623.5 2563 35.6 5890 6206.5 2638 2627.5 2574 2567.5 2511 50.0 6060 6406.5 2663.5 2616.5 2584.5 2571.5 68.8 6140 6499.5 2661.5 2627.5 2593.5 78.1 6230 6605 2632 2605 2562 90.4 *) For these measurements, the smoked glass and the sector reducers were together inserted, at the same time in the Hght path. iJi0^



??? In Ch. I, Â§ 7, we explained already how from this equation thebrightness per A of the black body is computed at the effectivewave-length; the latter being defined as that particular wave-length,for which the energies per A of the images and of the black bodyare equal. We obtained the effective wave-length from the data of table 3and the measured spectral region, let through by the spectralpyrometer. The results are given in table 12. TABLE 12. tvx Wave-length adjustmentSp. pyr. Wave-lengthregion gt;â€?0 Effectivewave-length 6230 244 A 6615.5 A 6605. OA 6140 6507.5 6499.5 6060 218 6412.5 6406.5 5890 6209.5 6206.5 5720 180 6005.5 6004.5 5550 5805.0 5805.0 5380 148 5609.0 5610.5 5200 5402.5 5404.5 5110 120 5299,0 5301.5 5020 5196.0 5198.5 For the relative brightness per A of the black body at themelting point of gold, we have the expression: 1 Ezgt;. = Egt;. r dx where Ez). denotes the

brightness per A of the black body.Ex denotes the brightness per A of the images,r the reduction factor given in table 11,dx the transmission of the smoked glass,wx the reflection coefficient of the white surface,bx the transmission of the bolometer window.



??? The values for these quantities are collected in table 13, whereone finds besides in column 7 and 8 the values for â€” and forlog. Ej^^ P respectively. TABLE 13. Xe r dx quot;A h 'A. 5198.5A 95.70 43.70/0 18.300/0 9I.8OO/0 92.OOO/0 1.9236xl0-t 2.471 5301.5 105.5 56.0 17.84 91.76 91.94 1.8862 2.644 5404.5 116.8 68.0 18.12 91.71 91.87 1.8502 2.821 5610.5 138.5 85.0 20.52 91.59 91.70 1.7832 3.128 5805.0 152.2 25.7 â€” 91.46 91.42 1.7227 3.412 6004.5 167.6 35.6 â€” 91.29 91.18 1.6653 3.669 6206.5 181.6 50.0 - 91.09 90.84 1.6112 3.923 6406.5 194.2 68.8 â€” 90.88 90.48 1.5609 4.161 6499.5 199.3 78.1 â€” 90.73 90.30 1.5385 4.259 6605.0 208.0 90.4 â€” 90.56 90.10 1.5140 4.376 To the computation of the value for C2 which is obtained from the inchnation of the linenbsp;the method of least squares was applied. The result was C2= 1,4277 X 108 (A, degree). From a second series of measurements, we

obtained the value C2= 1,4336 X 108 (A, degree). As a final result from our measurements, we can therefore takeC2 to be the mean of these two values, i.e. C2= 1,4306 X 108 (A, degree). Some remarks on the accuracy attained.



??? As already explained in Â§ 1, an error of 0,003 in the value for c^from an error of 1 % in the value for the measured energy ratio,and in connection with what was said of the high accuracy ofthe relative energy measuring, one would probably expect a closeragreement between our two separate results for C2. The explanationof this discrepancy, however, is, that one must distinguish, in ourcase, between the method as such, and the apparatus, at ourdisposal. As regards the latter, it is more in particular the reliabilityof the double monochromator, in its present construction, whichfalls decidedly short of what is required of it.
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??? STELLINGEN I. Russell vervangt in zijn berekeningen de werkelijke ster-atmosfeer door het model van schuster-schwarzschild, daarbijde â€žeffectieve dieptequot; van de fotosfeer constant aannemend. Hier-door kunnen aanzienlijke fouten ontstaan. H. N. Russell, Ap. J. 78, 239, 1933. II. Een betere en meer economische wegverlichting is te verkrijgen,indien de bouw van de lantaarns aan de reflectie-eigenschappenvan het wegdek aangepast wordt. III. Alvorens de monochromatische wegverhchting algemeen toe tepassen, behoort o.a. onderzocht te worden, of de m?Šrites van ge-noemde wegverlichting ook voor kleurenblinden gelden. IV. Voor de vraagstukken van dag- en avondverlichting is eensystematische studie der lichtverstrooiende en lichtrichtende mate-rialen noodzakelijk. V. De gevoeligheid van spectraal fotometrische meetmethodesvolgens het

beginsel der gelijktijdige waarneming, is kleiner danvan de methodes volgens het beginsel van successieve waarneming.



??? Het is gebruikelijk de temperatuurschaal aan de smeltpunten vanverschillende stoffen vast te leggen ; als zoodanige stof is Palladiumniet geschikt. VII. Er is verband tusschen electronen emissie en licht emissie.
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