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RESUME. — On a determine* au moyen de photometres a filtres placets a bord de fusses, les flux ultraviolets (a 2200 et 
2600 k) de 180 etoiles A et B. 48 de ces etoiles ont ite mesurees plus d'une fois et Vanalyse des donnees indique une 
incertitude inferieure a 20 %. En tracant le diagramme indice de couleur U-V en fonctiondeB- V pour des etoiles de 
classes de luminosite III, IV et V et de faible rougissement, on trouve un taux de correlation compatible avec les 
erreurs. Les rdsultats semblent etre d'une qualite suffisante pour qu'on en deduise les temperatures des Etoiles B et les 
courbes de diffusion interstellaire. 

ABSTRACT. — Ultraviolet fluxes at 2200 and 2600 A have been measured for about 180 B and A stars using filter photo* 
meters in rochets. Forty-eight of these stars have been observed more than once, and an analysis of these data show 
the uncertainty of a single observation to be less than 20 %. A U-V color versus B-V plot of luminosity class III, 
IV and V stars with little reddening shows a degree of correlation consistent with the observational uncertainty. The 
data appears to be of sufficient quality for use in deriving B star temperatures and interstellar scattering curves. 

Pe3ioMe. — Ilpn nocpeflCTBe $oTOMeTpoB c $HJiKrpaMH, noMemeHHLix na 6opTy paKeT, 6HJIH onpe^ejieiibi 
yjIBTpa^HOJieTOBLie nOTOKH (OT 2 2 0 0 # 0 2 6 0 0 A ) 1 8 0 3Be3fl A H B . 4 8 H3 3THX 3Be3# 6HJIH H3MepeHBI 
neoflHOKpaTHO H aHaJiH3 flaHHtix yica3HBaeT Ha HefloaroBepHOCTL MeHLine 20 %. IIOCTPOHB ^narpaMMy 
noKa3aTejia]n;BeTa U-V B 3aBHCHM0CTH OT B-V #JIH 3Be3# KJiaccoB CBeraMocTH I I I , IV H V H co cJia0HM 
noKpacHeHHeM, Hafi#eH KoppejiHijHOHHHfi K03$$Hn;HeHT coBMecTHMHfi c oinnQKaMH. Pe3yjibTaTH, 
KaK (Jyffro, KaqecTBeimo flocTaToraH, ^TOGBI H3 HHX BLiBecTa TeMnepaTypH 3Be3s B H KpnBLie 
Me^KSBesanoro pacceHHHii. 

Ultraviolet astronomical observations have suf
fered due to limitations in detector systems, limi
tations in photometric standards, the problem of 
obtaining precision data with miniature instru
mentation in the rocket environment, and the 
inability to select the stars to be observed. I t is 
these restrictions which have dictated the kinds of 
observations that have been made. The first 
program to be undertaken was broadband ultra
violet colour and flux measurements using small, 
simple photometers that scanned the sky with the 
rocket motion. This data is of value in its own 
right and also has been particularly useful in the 
design of more sophisticated experiments. As 
instrumentation techniques improved, it became 
possible to fly medium resolution objective grating 
spectrometers to record ultraviolet flux distribu
tions. This data is discussed in the following 
paper. Now that rocket pointing systems are 
becoming available, a relatively high resolution 
scanning spectrometer is being designed to study 
selected stars in greater detail. 

Perhaps the two greatest difficulties associated 
with the work done to date are tha t the rockets 

could not be pointed and that the equipment is 
destroyed after each flight. Because of the inabili
ty to point the rockets, an essentially random selec
tion of stars is obtained on any given flight, and it 
is necessary to combine the data from a number of 
flights to produce a. useful set of observations. 
But here the second difficulty is encountered. 
Since the instruments are destroyed at the end of 
flight, the internal consistency of the results is 
totally dependent upon the maintenance of labo
ratory photometric standards which can be used 
to calibrate each set of rocket instrumentation and 
to transfer the calibration from one flight to the 
next. Because of the emphasis tha t has been 
placed on these standards, and because they can be 
maintained only by repeated absolute calibration, 
the uncertainties in the absolute calibration of the 
data are generally smaller than the random uncer
tainties within the observations themselves. Only 
by paying careful attention to these calibrations 
and by demonstrating their consistency from one 
flight to the next can it be argued tha t the data is 
worth interpreting. My principal aim here is to 
state what kind of accuracy has been achieved. 
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in obtaining the filter photometry data, two 
wavelengths have been used : 2600 and 2200 A ; 
and the photometers have been flown in pairs : 
one with a 2600 A filter and one with a 2200 A 
filter. The photometers in a pair have parallel 
optical axes so that simultaneous flux measure
ments are made at both wavelengths. Originally 
60 mm diameter quartz or calcium fluoride lenses 
were used as objectives ; more recently 150 mm 
diameter Cassegrain telescopes have been employed 
as collectors. In either case, the filter is placed 
behind the collector, a field stop and field lens are 
placed at the focal plane, and a quartz windowed 
photomultiplier is used as a detector. The filter 
characteristics are shown in Figures 1 and 2. 

The first filter has an effective wavelength of 
2200 A with a 210 A effective width. I t is a 
first order interference filter and exhibits a long 
wavelength tail which contributes significantly to 
the transmitted energy. On the short wave
length side the tail is chopped by the transmission 
of the optical system. Since the long wavelength 
tail extends into the bandpass of the 2600 A filter, 
its effect on the 2200 A flux can be allowed for by 
subtracting a fixed percentage of the flux seen by 
the 2600 A filter. This procedure is accurate to 
within a percent or so for a wide range of spectral 
gradients. The filter shown in Figure 2 is a 
sandwich of lead doped potassium bromide-potas-

1900 2 0 0 0 2100 2200 

FIG . 1. — Response curve for 

sium chloride and nickel sulphate hexahydrate 
crystals together with various high silica glasses. 
I t has an effective wavelength of 2600 A with 
a 250 A bandpass. The calibration of the photo
meters is fairly straightforward. The transmis
sion of the optical train is measured with a spectro-
photometer, and the relative spectral efficiency of 
the photomultiplier is compared against a known 
phosphor. Since both filters pass the 2537 A 
line of mercury, this line can be used conveniently 
as an absolute standard in an inverse square law 
calibration. The mercury standard is maintained 
by periodically using a thermocouple to compare it 
to the total radiation from a tungsten lamp cali
brated by the National Bureau of Standards. 

Three pairs of photometers are flown in a rocket, 
each pair looking in a different direction in order 
to cover as much sky as possible. As the rocket 
spins and precesses, the photometers scan the sky, 
typically seeing an individual star for about two-
tenths of a second. In four flights some 300 two 
colour observations on about 180 different stars 
have been recorded. Forty-eight of these stars 
have been observed with more than one pair of 
photometers. Therefore, there are approximately 
120 observations, covering forty-eight stars, from 
which the internal reliability of the data can be 
judged. Of these forty-eight stars, all observa
tions clustered within 20 % for forty of them, 
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FIG . 2. — Response curve for 2600 Angstrom photometer. 

within 10 % for seventeen. The uncertainties in 
this data should be representative of the accuracy 
of all the observations, so that even for those stars 
observed only once the data should have an uncer
tainty of less than 20 % 

Tt is interesting to see the colours derived for the 
48 well observed stars, and to compare them with 
conventional B-V colours. Here again, one is 
subjected to a severe selection process. When the 
selection is restricted to those whose B-V is avai
lable, to luminosity classes I I I , IV, and V, and to 
those with colour excess of .02 magnitude or less, 
only thirteen of the original forty-eight stars are 
left, and they are shown in Table I and Figure 3. 
P Per and (1 Oep are variable, but the variability 
in (B-V) is small compared to the uncertainty in the 
ultraviolet colours, e UMa is a peculiar star 
showing chromium and europium lines ; however, 
with such a small group of stars to work with, 

TABLE I 

ULTRAVIOLET COLOURS 
OF STARS WITH LITTLE COLOUR EXCESS. 
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beggars can't be choosers. Finally, [xx Soo and 
[i2 Sco appear in the photometer field together and 
this observation must be considered the average of 
the two stars. Since they are similar in spectral 
type and colour, the observation should still have 
weight. 

The ultraviolet colours listed are absolute. 
That is, they represent true ratios of the 2200 A 
and 2600 A fluxes. I t is fortuitous that early A 
stars have roughly equal fluxes at these two wave
lengths, making the zero point of the ultraviolet 
colour scale nearly correct. The curve drawn in 
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Fia. 3. — Colour-Colour diagram for well observed stars 
of luminosity classes III, IV, and V having E < .02. 

Figure 3 is arbitrary. However, all but three of 
the stars are within one-tenth magnitude of that 
curve, and those three are within two-tenths. 
This degree of correlation appears to be comparable 
to the accuracy of the data. Such a correlation is 
very encouraging. I t means, for instance, that it 
should be possible to derive information on inter
stellar scattering in the ultraviolet, and, of course, 
to derive a temperature scale for the B stars based 
on the observed ultraviolet spectral gradient. 
This phase of the work is just starting, but STECHEB 
will describe some of the first attempts in the 
following paper in connection with the spectro-
pbotometric data. There again, the matter of 
calibration is all important. Fortunately there 
are seven stars in common between the broadband 
and the spectrophotometric data, so that spectro-
photometrio fluxes a t 2200 and 2600 A can be 
compared with fluxes from the filter photometry. 
The seven stars are e and TJ UMa, y Cas, (3 Cep, T, 
£ and n Sco. The two sets of data, which are 
obtained by quite different techniques, agree 
within 20 % for all seven of these stars, and for 
four out of the seven there is agreement within 10 %. 
In other words, we are now at the stage where the 
observations are sufficiently reliable to be used 
with confidence in deriving information on stellar 
atmospheres and interstellar scattering, 

Manuscrit re$u le 27 septembre 1964. 
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