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Abst rac t . (1) T h e m i n i m u m measured br ightness of the n ight sky (in t he visual region) is a b o u t 
100 s tars of the 10th m a g n i t u d e per s q u a r e degree near the galact ic poles . 

(2) T h e ra t io of fluxes in the u l t rav io le t (2300-3000 A) and visual regions is approx imate ly in 
agreement with expected theore t ica l d a t a based o n the mode l s of s te l lar a tmosphe re s for spectral 
classes B0 to G 5 a n d on the d i s t r ibu t ion of s tars of t he different spectral classes over the sky. 

(3) T h e na tu re of possible devia t ions ( theory minus observa t ion) is discussed. 

The survey of night sky brightness was designed more than 5 years ago to obtain from 
space observations the following: (1) Data about the limiting magnitudes of night 
sky brightness, which are important not only for the choice of cosmological models 
of the Universe, but mainly for having an idea about the penetrating power of space 
telescopes. (2) Information about the ultraviolet radiation and possible sources in 
a sky which is free of the influence of the Earth's atmosphere. The preliminary com­
munications were made in [1]. 

The measurements of night sky brightness were made twice with the aid of photo­
electric photometers installed on spacecrafts Kosmos 51 (December 1964) and Kos­
mos 213 (April 1968). The necessary data about these satellites and the character of 
the observations are presented in Table I. The device consists essentially of two similar 
tubes especially designed to reduce the scattered light to minimum ( 1 0 " 5 in the case of 
the solar beam making the angles larger than 70° with the axis of the photometer) and 
having a photometric half-width of the field of view equal to 18° (see Figure 1). 
Behind these tubes there is a disk, common for both photometers with two circular 
diaphragms with the ratio 7.6 for the transmitted flux. For absolute calibration of 
brightness we have also the small circular area covered by radioactive luminofor 
(Carbon-14). Each cycle of observation consists of successive settings of the disk in 

T A B L E I 

D a t a a b o u t exper iments 

D a t a K 5 1 K 213/212 

D a t e 
Per iod of revolut ion 
M a x . d is tance 
M i n . d is tance 
Inc l ina t ion 
Stabi l iza t ion 
Per iod of observat ion 
T y p e of informat ion 

D e c e m b e r 10, 1964 
9 2 m 5 
554 k m 
264 k m 
4 8 ° 8 
N o 
D e c . 10 -31 , 1964 
Direc t te lemetry 

Apr i l 15, 1968 
8 9 ^ 1 6 
291 k m 
205 k m 
5 1 ° 4 
a r o u n d sun-satel l i te axis 
Apr i l 17-22, 1968 
T a p e 
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four positions: first diaphragm ('large' sky), the second one with reduced flux ('small' 
sky), the radioactive standard, and 'darkness' (no diaphragm). All this is done by 
motor ; the duration of the cycle is 15 sec. 

To stabilize the electronic system we have a rotating disk with four equal dia­
phragms producing fast modulation of the light (120 cycles per second). Just behind 
these disks we have two photomultipliers, the first one sensitive to the ultraviolet 
(2000-3000 A) and the second to the visual part of the spectrum. The general view 
of the photometer can be seen in Figure 2. 

Cf)3y-16 1 - 0 * 6 V 

| — - p o w e r s u p p l y 

- h i g h - v o l t a g e c o n t r o l 

y » » 0 - 6 V 

Fig. 1. Scheme of the p h o t o m e t e r : Bit £ 2 , visual and ul t raviolet p h o t o m e t e r s resp . , M = mo to r s 
dr iving the p rogramme-d i sk P a n d m o d u l a t i n g disk M. C = electronics for B\ a n d Z?2-photometers. 

i i § § 

Fig. 2. Gene ra l view of the p h o t o m e t e r . 
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The most difficult and laborious task in the whole experiment is the calibration of 
the photometers. In the first experiment with Kosmos 51 the following procedure was 
adopted (see Figure 3). For the U photometer we measured first the spectral charac­
teristic of a hydrogen lamp and of the double-monochromator with the aid of sodium 
salicylate, and green-blue filter transmitting the luminescent radiation of sodium sali­
cylate (the quantum yield of this material is constant for A ̂ 3200 A). With the aid 
of the same monochromator the response of the U photometer was recorded in the 
same spectral region. Comparing responses in channels I and II we obtain the spectral 
sensitivity cpx (X) of the U photometer. 

The same procedure was used for the visual photometer. We used a tungsten-
filament lamp. Besides, we simply measured the response of channel II and compared 
it with the known spectral characteristics of the hydrogen lamp in the region 
3000-4000 A and with the measured spectral sensitivity of the photomultipliers 
(in the region 4000-7000 A). Additional measures in the interval 3000-3200 A of 
the visual channel with sodium salicylate were also used. This procedure gives us 
the spectral sensitivity (p2(ty of the visual photometer as well as the ratio of the maxi­
mum transmissions bu and bv in the U- and K-regions (about 0.08). With these data the 
telemetry reading (in volts) and the ratio U/V can be transformed into the ratio of 
fluxes. A somewhat different procedure of calibration was adopted for the second 
experiment with Kosmos 213. The spectral characteristics for both experiments are 
presented in Figure 4. 

l a m p 

M o n o c h r . 

S o d . S a l 3 C - 8 

— ^ — ^ g _ c p 3 y - i 6 ( S b Cs) - I 

i f| 0 - i i 

A F - 3 
Fig . 3. Scheme of ca l ibra t ion (see text) . 
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Fig. 4 . T h e response curves of the pho tomete r s for bo th exper iments . 
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Luckily we had a chance to calibrate the ratio UjV also on board the spacecrafts, 
because in the first experiment we saw Jupiter, and in the second Kosmos 212 receding 
after junction. As the albedos of both objects are known in the region 2000-3000 A 
we have no difficulty in calibrating ( / /Kfrom actual observed values of UjV and the 
distribution of intensity in the solar spectrum. In the first case we get the value bjbv 

which is not quite reliable (because of the absence of reliable values for the albedo of 
zodiacal light in the region 2000-3000 A), but still this value is only 30% lower than 
the experimental one. For the second case we found a value which is in very good 
agreement with the laboratory calibration. 

In Figures 5 and 6 we show examples of telemetry records for both experiments, 
as the Milky Way at the boundaries of the constellations Lyrae-Cygnus passes across 
the field of view of our photometers and the corresponding increase of the ratio U/ V in 
these regions. In the first experiment a great amount of recordings was accumulated, 
but as we did not have any stabilization the identification is extremely difficult and 
laborious. It is still not completed. In the second case when partial stabilization 
existed (the only rotation was around the Sun-satellite axis) we could easily identify 
the band on the sky crossed by the field of view, and this band is shown in Figure 7. 
It includes also the Milky Way, the constellations Lyra, Cygnus and Aquila and other 
southern parts of the sky. 
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Fig. 6. The same as in F igure 5. T h e example of te lemetry is at t he b o t t o m a n d the reduced readings 
are a t the t o p . By ' E a r t h ' is deno ted those intervals of t ime when the 

p h o t o m e t e r was directed to the Ea r th . 

1 9 6 8 , A p r i M 7 , 1 6 h 5 8 m - 1 7 h 4 3 m M O C K . 
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Fig . 7. T h e region o n the sky crossed by the view-field of t he p h o t o m e t e r (in the d i rec t ion of a r row) 
for t he second exper iment ( K 213). 

As the telemetry gives us the deflection against the radioactive standard, the bright­
ness of the night sky in the visual region can be evaluated. (The phosphor was cali­
brated in the number of 10th magnitude stars per square degree at the Earth, by 
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comparing the brightness of two different regions of the sky at equal zenith distances 
with the brightness of the phosphor.) We can see from Figures 5 and 6 that at some 
places the brightness of the sky is very low (even on the day-side of the Earth). The 
minimum brightness (near Draco) in the first experiment was estimated to be 

/(visual) = 85 10th magn. stars/square degree. 

If we reduce this for zodiacal light (about 50-70 stars at least) we have the very low 
value of about 15-35 10th magnitude stars. 

In the second experiment the same value is estimated at 100, but here we had a loss 
of sensitivity in the K-channel and this value is more uncertain. 

The calculation of expected (theoretical) ratio of fluxes UjV was made by the actual 
counts of stars of different spectral classes and different magnitudes in the H.D. 
catalogue and their corresponding contributions to the flux in the regions of U- and 
K-sensitivity of our photometers according to the formula 

I Iv4(m)10-°-' 
U 

V 

' I I v t ( » . ) 1 0 - M " 

m < 0 k 

<pvFk(k)&k+ Uz 

q>2Fk(A)dk+Vz 

( 1 ) 

A 0 

where summation is over all magnitudes m (up to 8th) and spectral classes k with the 
weighting function vk(m), characterizing the relative abundance (percentage) of stars of 
different spectral classes (determined in [2]), and Uz and Vz are the contributions due 
to zodiacal light. The energy distributions for different spectral classes were taken 
according to [3], where the scale of effective temperatures was adopted as given in 
Table II. 

T A B L E II 

Te(K) Te(K) 
( adop ted ) ( M o r t o n - A d a m s ) 

34000 30900 
B5 18000 15600 
AO 10000 9600 
AS 7000 
F0 6000 
F5 5000 

Denoting the sum by U* and V* we have in the region with large U/V the following 
approximate expression: 

U buU* 1 

V = h,. V* " V ' ( 2 ) 

i + : 
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because the contribution of zodiacal light in £/-flux is negligible (type G) as compared 
to that of the stars. The relation (2) permits us approximately to exclude the influence 
of zodiacal light by taking V* (in numbers of 10th magnitude stars per square degree) 
and Vz (in the same units) from [4] and [5] correspondingly. 

The comparison of such calculations with the observations is shown in Table III. 
The calculated U/V are not reduced for interstellar reddening, because according to 
[6] there is no essential interstellar absorption for stars brighter than 10th magnitude 
in the regions considered here. 

We see from Table III the satisfactory agreement between O and C in the limits of 
Am = ±0.15 A for the Lyra/Cygnus-area, but there is some ultraviolet deficiency for 
Sirius and the surrounding stars, which is larger than the probable errors of obser­
vations (Am~ ±0.15) (compare with [7]). The most gratifying result is that the data 
from both experiments in Kosmos 51 and Kosmos 213 are in good agreement. 

If, however, we take into account that the Morton-Adams scale of Te is more 
adequate for U region data (and thus that (U/V)c should be diminished), the conclu­
sion about the existence of some ultraviolet excess in the Milky Way seems to be 
inevitable. (The influence of faint stars and the Milky Way itself on C-values can lead 
only to the decrease of the ratio V\ V, because the mean contribution of the Milky Way 
to U is much smaller than to V if calculated according to the mean spectral type of our 
Galaxy.) Further investigations should probably explain the nature and the source of 
such ^/-excess. 
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Discussion 

Malaise: Y o u ment ioned s o d i u m salyci la te for ca l ibra t ing your U V c h a n n e l ; th i s is a l abora to ry 
t ransfer s t a n d a r d . W h a t did you use as t h e p r imary s t anda rd for ca l ib ra t ion in the U V ? 

Severny: W e used a hydrogen l a m p ca l ibra ted with the aid of a b l ack-body a n d a lso a tungs ten b a n d 
l a m p cal ibrated in the same way. T h e ca l ib ra t ion of the radioac t ive asc in t i l la t ion was m a d e by c o m ­
pa r ing two areas o n the sky at the s ame zeni th dis tances and k n o w i n g the difference in br ightness of 
t h e out -of -a tmosphere c o m p o n e n t s . 

Humphries: I would l ike t o r epor t a m e a s u r e m e n t ob ta ined by S u d b u r y wi th t he spec t ropho tome te r 
which he described yesterday. T h e b a c k g r o u n d levels of app rox ima te ly 2000 counts / sec give a 
measu red upper l imit for t h e br ightness of a n ight sky in a b r o a d b a n d from 1700 A to 2500 A. T h e 
va lue near the galact ic poles was equiva len t t o tha t from a 6.5 visual m a g n i t u d e , ear ly B-type s tar 
in a 200 A band in this spectra l r eg ion ; th i s is equivalent t o a b o u t five 10th m a g n i t u d e B-type s tars 
per squa re degree. Th i s may inc lude zodiaca l l ight and s t ray l ight con t r i bu t ions bu t the n a t u r e of the 
var ia t ions a r o u n d the sky seems to indica te a largely galact ic or ig in . 

Severny: I wish t o emphazise t ha t the influence of zodiacal l ight can be very significant even in the far 
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ul t raviole t because somet imes we have apprec iab le enhancemen t of UV-emiss ion of the S u n d u e t o 
flare act ivi ty and zodiacal l ight can p r o b a b l y reflect these va r ia t ions . 

Campbell: (a) Cou ld you repeat t he fields of view of you r p h o t o m e t e r s ? (b) Is it poss ible t o define 
t he effective passband of the 2700 A p h o t o m e t e r s ? (c) W h a t is the abso lu t e sensit ivi ty of you r p h o t o ­
me te r s ? 

Severity: (a) t he p h o t o m e t r i c ha l f -wid th of t he field of view of o u r p h o t o m e t e r s was large, ~ 18°. 
(b) T h e effective passband of o u r U V p h o t o m e t e r was a b o u t 600-700 A. (c) I t h i n k we a re n o t 
p repa red at the present t o specify the abso lu t e values of flux in ergs c m - 2 s - 1 . (We have m a d e the 
es t imates but we shou ld check t h e m . ) But we have m a d e es t imates in t e rms of t he n u m b e r of s tars 
of 10™0 per square degree (on the scale of visual magni tudes) and I have presented in my talk the min­
imal br ightness of the stel lar c o m p o n e n t in the vicinity of t h e ecl ipt ic pole as 15 s tars of 1 0 m 0 p e r 
squa re degree. 
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