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TELBVISIOH TEOHHIQUB IS ASTHOHOMY 

CFollovißÄ is -the  complete translation of 
tfcs book % Hlfcolai J• Eoprovioix entitled 
"Telsvlfliomiajra. Tsfefenij£S. Istronowli", (EEL- 
glisb,, version abo¥©)f Moscow, 1568» pages 

The possibility of using television apparatus .for 

astronomic observations is considered In this brochure» 
j 
j The brochure is intended for radio amateurs interested in 

problems concerning different applications of radio» 

electronics* 
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BRIEF SUMMARY OF THF HISTORY' OF THE -DEVBLOPMEWT OF 

ASTRONOMIC INSTRUMENTS  - 

Astronomy is the science of celestial bodies In 

.the universe. Us±&g the accomplishments of mathematics, 

physios, ana engineering, it studies the unbounded 

universe, surrounding us», which includes our .own planet 

the earth« This science was horn in the deep antiquity 

I to satisfy practical human needs» 

I '     The history of the development of astronomic 

| knowledge is closely related with the history of progress 

i of astronomical observation instruments and methods of 

observations, At first, before the invention of the 

astronomical telescope, all the observations were with 

the unaided eye» Under these conditions, an experienced 

observer could distinguish and count on the sky up to 

3500 sufficiently bright stars* 

The invention and use of the telescope in 1610, 

*fcy the Italian scientist Galileo Galilei, increased the 

number of stars available for observation, and has made 

it possible to disclose the moonhs landscape, sun spots, 

the satellites of the planet Jupiter, etc» The Galileo 

itmmw'**#mi&<^^ 
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telescope consisted of a paper tube 102,5 em long with a 

i lens 6C2 cm in ■diameter* 

The development of astronomic instrument building 

has followed the path of increasing both the diameter of 

the objective and its focal distances and consequently? 

the dimensions of the entire instrument» 

The widest application have gained reflector tele- 

i K, O PJ~.- w> ft   iw .!   '^- .'.> .J, i--!. curved mirror is used. Xfl    .L/.U. 

j T~ Herschel constructed a reflector telescope o„l meters long] 

I with a. mirror VI cm in diameter« Six years later he 
s ' 

Jtr^H a telescope 12.2 meters long with a mirror 122 cm 

| in. diameter*    Trie next large telescope -was built  in 1.85+5 
i' 
[ 

by the Irish amateur astronomer Ross« ' The telescope uas 

läo motors long and had a mirror 183 cm in diameter» 

1 U -fo. 
•K-n'l r lila ana was 5n us a ay 

the largest aatronomical instrument«, 

The use of photography in astronomy has begun in 

l8y6o A photographic plate has many significant ad van- 

/-, ra ^,     Wb     tr *p fl a     ci o n c- "t 1,1 T' £1     n o "ft 

■ only to  vie idle licht, but aieo to the ultraviolet and 

infrared, to which the eye does not respond„ By prolom 

exposure,,  the photographic plate can accumulate light 

energy and makes it possible to detect brightly growing 

Dstial bodies, which the eye cannot see even in the 
WWym^^.^yj^WU^ 
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telescopeo 

The farther a celestial body is from us, the less 

light from it reaches the observer, and therefore astron- 

omers strive to increase the diameter öf the' mirror, 

whose area determines the penetrating po^er of the 

telescope, i.e., the ability to observe remote and weakly 

visible celestial bodies« 

At the end cf 19V? ? construction was completed in 

the USA of the Palcraar telescope, with a mirror 5 m In 

dianeter» The constructIon took 20 years and cost 10 . 

million dollars. Ihis telescope is for iho time being 

j the greatest, in the -world in its size and technical 

| equipment« A certain idea-of its size can be gained from 

the following figures» the mirror weighs iSS  tone, the 

tube'150 tons^ and the rotary equipment; approximately  v 

500 tons« It ie possible to observe with this telescope 

| celestial bodies more than 500 million light years auay 

1 from us (a ■ light year is a diet»nee which a beam of 

' light covers within a year at a speed of 300,000 Wsee). 

To make possible the observation of even more 

remote objects, a further increase in the telescope 

| dimensions is necessary, and at the present level of 

I technology this entails great practical difficulties. 

.^»«w»«*«»^»«^^ 
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Do there exist at present real possibilities of 

increasing the penetrating power of a modern telescope 

without increasing its dimensions? It-appears that they 

do. For this purpose use must be made of more sensitive 

light receivers than a photographic plate« One of such 

light sensitive receivers is the photocathode of a photo- 

cell. 

THF. PHOTOCELL AS A LIGHT SENSITIVE RECEIVER 

There exist different types of photocells, namely 

those with the external photoeffect, with a barrier layer, 

. and photoresistancss. All' are extensively used in science 

anö technology. The choice of any particular type depends 

on the task and on the requirements Imposed on the light 

receiver when measuring the radiant energy» In astronomy, 

the most widely used are photocells based on the external 

photoeffect. 

The photocell is Intended to convert light energy 

into electricity. The illumination may be different at 

different points on the photocathode of the cell. In the 

bright places of the image, more electrons are produced 

than in the dark ones. All these electrons strike the 

anode and form a certain total photocurrent. Thus, the 

wf'f»*iw*w*m*ji*iW'^i,'W»w*^w»^wf' ii nji»1 <■' 'I*1" 



photocell cannot replace the photographic plate to record 

a pjetare behind the telescope. 

The photographic plate can he replaced by an 

eDeetron-optical converter of light (or, as it is also 

called« an electron-optical image converter) or a tele- 

vision transmitting tube.  In either case, the radiation 

receiver is also a photocathode. Under the influence of 

the light on the surface of the metal or a semiconductor, 

an .electronic image is produced« With the aid of electric 

and magnetic fields it is possible to control the electron 

flov. and to convert it again into an optical image. 

M»^M;'»i>i)^"'W.**i.^jtf^wpi *|W«WW it ■iipHw '!iWH1HWK»W»Mi">|i»WM' >M 

A >~        ":■■■': '• nT" t' o I"! 4-  nhf.Tif; )prtr-urt cnaraccenstie m   a  pnotocatnoae is 

its spectral characteristic, i.e., the dependence of the 

photocurrent on the wavelength of the light (color) 

incident on the photocathode.  The spectral characteristic 

indicates the limits of the color sensitivity of a given 

photocathode, and also ehe light wavelengths, at which 

it escorts no longer sensitive to light (the lcng~v:ave 

~:f\u   ^\ix'.  hii>..ii X-V:B.ve senO-L11 -Ji i.y x±mi L.S,'» 

j. .Lie     .. iJiiuv'iili^      ,V;..'fet3    OJ      J.Ji.1 (wJ L JC ti v.. i J OuO-~>    cw 6     useu     XXi 

practice:     i;     antimony-cesium, "with a msocirrium sensitivity 

to   :lue  light;   2)     oxygen-cesium,  which has  two 

sensitivity maxima-in  the   blue  and  in  the  infrared 

regions   (when operating with  the  second  maximum,   this 



«"&a*se^#*yjMfl^^i Tmjwaw«q3#*»>«nft^ 

photodathode makes it possible to detect infrared rays 

which the eye does not see)} and 3)' osygen-blsmuth-cesium 

with a maximum sensitivity in the green, similar to the 

spectral sensitivity of the human eye* The spectral 

characteristics for different semi-transparent .photo- 

cathodes are given in Fig. X* 

Another important characteristic of the photo» 

.cathode is'its quantum yield» which "defines the number 

of electrons radiated by the pliotocathode under the 

influence of one quantum of light incident on Its surface. 

The quantum yield will be 100$ if each quantum of light. 

causes the emission of one electron« However, all the 

' existing, photocathocles with external photoeffect have a 

yield vrtiich is much less than lOC^L The quantum yield is 

different for different materials and different 'wave- 

lengths of light. The greatest yield is obtained from 

an antimony-cesium pliotocathode, and amounts up to 30$ 

''at the maximum sensitivity, relative to the theoretical 

I value* Oxygen-cesium photocathodes have a much lower 

yield (approximately 0*3 - !#)• 

In order to compare the sensitivity of a photo- 

cathode and a photoplate as light receivers, it is 

necessary to have for the two common qualitative indices, 

***wi*'^ww>^ 
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Pig*  1» -Spectral characteristics of semi- 

transparent photocathocles, 

, :*1 ~~ antimony-cesium;  2 — oxygen-cesium; 

Is .ÄÄfges^Msmuth-css I urn * 

1) relative sensitivity    2}    curve of sensitivity 

of the eye    3)   Wavelength A. 
I   t 

amwww«»^' 

Fig, 2,- Electron-optical light converter-, of Hoist* 

Ä — objective 5  $> 

U ■•»- accelerating voltage» 

photocathode;  3 — screen*' 

v 
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Such a common index Is the equivalent quantum yield. For 

a sensitive photographic emulsion it is necessary to have 

1000 quanta to produce one .grain of metallic silver, 

which appears when the photographic plate" is developed• 

Therefore the quantum yield, of a photographic plate is 

approximately 0.1#. If the average quantum yield of a 

photocathode Is taken at 10$, its Sensitivity Is assumed 

to be 100 times greater than the sensitivity of a. 

photographic plate« This means that the efficiency of 

a telescope with a photocathode as a light receiver- 

becomes considerably greater. Thus, for example, a 

telescope with a 5 m mirror provided with a photocell, 

is equivalent to a telescope with a 50 m  mirror using a 

photographic platen 

ELTOTRON-OFTICAL LIGHT CÖNVFTITERS 

The electron-optical light converter consists of a 

semi-transparent photocathode and a fluorescent screen, 

which is maintained at a relatively high positive poten- 

tial relative to the photocathode« if a light image is 

projected, on the photocathode, the same image is dupli- 

cated on the screen by the phot©electrons that travel 

from the photocathode and bombard the screen« Electron- 

optical converters with high-efficiency screens- 
^j!Bw.in»iMä5y**i)iTOiW^^ &&oma&tt*i*'ua* HPtmaiMUtr* 
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luminophorsj operating at high voltages (oh the order of 

10,COO volts) act as light amplifiers. 

The simplest type of converter known in the 

literature as the Hoist cup (or converter), named after 

the first to use such an instrument In 193^-» is shown in 

Fig. 2aa The converter consists of a glass cylinder-tube 

with flat walls, from which air is pumped out« On the 

inner side of one of the walls is coated a semi- 

transparent photocathode <£>  . On the opposite vail of 

the tube, at a distance of approximately 20 mm from the 

Photocathode, is a fluorescent screen 3 . Between them 

and the photocathode is applied an accelerating voltage 

TJ s 3—i*. kv. 

Under the effect of the light from the optical 

image, projected on the photocathode, the latter emits 

| electrons. More electrons are emitted from the bright 

| .spots of the image than from the dark ones. This electron 

image is very rapidly transferred to the screen and 

strikes it» Part of the energy of the impact of the 

electrons is converted into thermal energy, and part into 

light energy, A visible image is produced on the screen, 

similar to the primary (optical) iwage projected on the 

photocathode of the converter. ■ 

10 
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■ Sometimes the photocathode of. the converter is 

made sensitive to infrared. One can then see with such 

a converted the images of objects illuminated with infra- 

red rays, or celestial objects uhich radiate these rays 

in.largerramounts .'compared-with visible rays» In other 

words, In this case once can see images -which are invis- 

ible to the unaided eye« 

The"'image on the screen of the Hoist converter is 

not sufficiently sharp» This is due to scattering of 

electrons when the electron energy is transferred from 

the photocathode to the screen, something that is un- 

avoidable because of absence of electron, focusing* 

Figure 2b shows schematically how a point A of the- imago 

■on the photocathode is converted., owing to lack of 

focusing, into a blurred spot A» on the screen of the 

converter. Increasing the accelerating voltage increases 

the sharpness arid the brightness., but in this case the 

light produced by the screen strongly illuminates the . 

photocathode, and a bright background appears» ÄÄ.the , 

voltage- is increased, the brightness of the background 

increases to such'an extent, that the image has low 

' contrast and soon disappears. For this reason the Holts 

converter operates usually at relatively low voltages, 

|wMWi,««a»*«^:'&»««^^ pwpwawwii^Miwawjy^^ 
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not greater than 3 kv, and produces images with low 

sharpness and lov "brightness. 

A further development in the construction of 

electron-optical converters has followed the path of 

increasing the accelerating voltage and improving the 

focusing of the electron iisage. In modern constructions 

of converters, the accelerating voltage usually does not 

exceed 17-—2C kv  (further increase in the voltage in- 

creases relatively little the 'brightness of the image, 

but increases the danger of breakdown of the installation 

Inside the tube). It -was found useful to cover the 

serein with*a thin film of aluminum (0,08 nm thick}« 

This increases the brightness of the screen by a factor 

of twos destroys the background; completely, and increases 

the contrast of the image* 

'A diagram of a modern converter vith electrostatic 

focusing is shovn in Pig* 3« The optical image on its 

photoe&thode #' is "larger than that produced on the 

screen 3  . Thus, vlien focused, the electron energy 

so to speak, becomes denser, -which increases additionally 

the brightness' of the image on the screen of the converter], 

Electrostatic focusing introduces certain dis- 

tortion in the image« To compensate for this distortion, 

the surface of the phötoeathode is wa.de spherical. To 
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focus  the  electric  Imago?   additional electrodes of com- 

plicated  forK are  placed  inside the  converter   (electronic 

lenses  JI      )«    A foe us im-:  volta.ee lb   <v,   5 'fcv is  aoolieci 

1 to these electrodese    The screen cf the  converter is 

Such  a converter can  produce a brightness  araplifi- 

| cation  of 30—UO times*   if  the  accelerating  voltage  is 

ü    ss 20 kv  and  an  antircoav-eesium  ohotocaihocle  is  used«. 
I  y - 
I A  smaller  arnolif icatlon  of  brightness   (approximately 
I 
[ J.0 times; is obtained with an oxygen-cesium photocathode* 
I 
|      The converter can give a much greater brightness 

amplificatlon» if the scale o: 

on the screen is less l i'} 1 ,-* n 13 n "^ t" v «  T n 1" n Is' <? ^ - ^ t* h o i *<r <.> r? 

than the primary image projected on the photocathode» 
e 

f Thus 5 in a. magnification; scale 10 %  1« the density of the 
i 

| electron linage is increased by a factor of 100«  Upon 
i. 
[transfer of the electron image, the gain In brightness 

| reaches 10--20»  Thus, the total magnification, of the 

brightness is increased to 1000—-2000, bach an instrument 

I is convenient for visual observation (with the aid of an 

eyepiece)« 

The above figures concerning the amplification cf 

on en tones: pertain  to  the  ea^e when a photographic  plate 

|«VKSI k j.«n .FHwtrui» ;w»yi3»«««^o*wW«trTisc4i;*»n SIBt.mp'V uMymffrmu. 
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(if the image is photographed) is placed flat against the 

rear wall of the bulb, where the screen is deposited. 

However, the wall of the bulb is .not less-than 2—3 mm 

thick, arid this causes a certain'blurring of the image 

on the photograph«, ■  . 

To,obtain a sharp photographic image, it becomes 

necessary to use an optical system, so that the real 

amplification is reduced,» Thus, if an objective with a 

relative aperture 1 s 1 is usecl? then only 8%  of the total 

light flux strikes the photographic plate, compared to 

■what is produced by the converter screen. Depending on 

the material of the screen, its glow may be green, blue, 

or violet« Green glow is used in visual observations, 

since the eye is more sensitive in this region of the 

spectrum. In photography, on the other hand, blue or 

violet glow is used (the photographic plate is usually 

most sensitive in this region of the spectrum). In this 

case the real amplification of brightness past the 

converter reaches 7» 

The efficiency of the converter can be considerably 

increased by replacing the screen vith a photographic 

plate. In  this case the electrons which travel with 

very large velocity from the photoeathode will bombard 

the.photoemulslon and produce a photographic effect in It, 
•*mnci<t*X!to*wn^ yiffi, ■ m »"' «■■ »tin wnift—^a«" 
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Fig. 3, Electron-optical-.light converter-with 

electrostatic focusing, 

S ■•»» photocathodej j|  —« electron lenses; 

3   «« screen? XL 
to focusing voltage?  II   — aeeelera* 

■. ting voltage, 

it-"*" el 9$ 
9   I 

Pig» l'e*   Electron-optical converter of light with 

intermediate vacuum* 

* — photo cathode j M — metallic film?  JJ 

photographic plate; 0 — windows* 1—3 — converter 

sections« 



similar to the action of light. Such a method makes it 

possible to decrease considerably the exposure time of . 

the photographic plate (by a factor of 50--100, vhlch is 

equivalent to an Increase in brightness by the sanie ,-.:■.. 

amount).. This method vas proposed by the French astron- 

omer L'Allemand in 1936 as a ms ans of reducing the 

exposure'-whon photographing celestial bodies* However, 

this method has a great shortcoming in that the number of 

photographs is limited. In such a converter the photo- 

graphic plate is in a sealed glass vessel together -with 

the photoeatbode» To remove the plate, it is necessary 

to break the vessel and destroy the converter« 

A farther improvement of this methol has maöe it 

possible to use several photoplaies, mounted on a rota- 

ting cassette« The nraa'ber of plates reached 12. The 

cassette was rotated by an external electromagnet« This 

made it possible to obtain 12 photographs, after which 

the converter still hafl to be broken up (when the photo- 

plates were removed for development )» 

The latest construction of this instrument, used 

'.for astronomic purposes, ■ has been greatly improved. It- 

makes it possible to insert and remove the photoplates 

without destroying the glase bulb. The diagram of such 

a converter is shown in Figo *+» 

VtM^nSwMWRnMKt*"**1 tuwe**iu*E*«««wwWft?*»^^^ 
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The converter consists of three sections» The 

first is & high-vacuum ehÄjfttoeav in it, as. usualj is placed 

I thft photoeathode $ » Instead of a photographic plate, f 

I • •• i 
I a thin metal film M Is inserted (up to several microns \ 

thick), so. as to retain the vacuum in the section and at j 

'the same time tv&ntmiz  the electrons from the photoeathode1 

i to the ühotcplate n  * mounted behind this filan Between 
."■."" I 
the film ahö the photoeathode is applied an accelerating  | 
" -I 
voltage on the order of 30 h?« This ensures a high     | 

velocity of motion of the electrons, and consequently theyi 

readily pass through the metal filia and bombard the- photo-1 
I 

emulsion» 

The second and third sections have an.intenaeälat© 

vacuum, ana communicate with each other and the cuter air 

; through tightly sealed windows 0# .The photoplate is first 
i          ■ - 

| inserted in the third saction. the outer window is tightly 
| ■ 

| closed, and th*> air is pwaped out from this section» 
t 

|When afi identical vacuum is produced in the second and 

third sections, the window is opened, the photoplate is 

placed in the second section and is pressed against the 

metal film. After photography, the photoplate is trans- 

ferred in the reverse sequence to tile third section, anch . 

is then removed from the Instrument. All these operations 

are carried out with the'aid. of an external electromagnet. 
i 
l.^u^^ww/^sw^w«^*»«**^-'-«»^^ 
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The process of transferring the photoplate from the 

converter necessitates each tlroe the evaluation of the air 

from the third section. However, all these difficulties 

are offset by the high grade of the image obtained on the 

photoplate» 

Another -way of increasing the brightness is to use 

I several converters connected in cascade»  In this case the 

Image from th« screen of the first converter is projected 

by a high aperture objective on the photocathode of the 

second, and the image from the screen of the second, con- 

verter is photographed« Such a scheme of connecting the 

I converters will produce theoretically an amplification up 

j to 50, but the real amplification usually does not axcesd 

10 or 12,  In addition, o^ing to a largo number of lenses 

[ in the objective, and also owing to the grainy structure 

! of thft screfjjis, the  scattered light is increased and the 
j   
I sharpness of the image is reduced« 

A considerably greater amplification can be obtain» 

' p-A  bv us-tpp two converters without an intermediate 
't 

j optical system* For this purpose a common thin glass 

j'plate is used, on one side of -which is coated the ma- 

terial of the screen of the first converter, and on the 

ier- side the semi-transparent photocathode of the tne:i 

fvwaft'irf.ittia« -pif(i«tfflS)Pa^f«wiiWi«i,,#^^ HHn«l#«ni*Mi«W 
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second converter* In order not to deteriorate the sharp- 

ness of the image, the thickness of the cornrron plate must 

not  exceed  0,1 rarrt.     A eoltaee  of 30-..-3y lev is needed  to 

j  äUiJplv   tucfl   a   ,roc,s      1!l61,iifej1^"   "'^"^T^  "^ 
1  tfiined  on   toe  phot opiate  is  approximately  ii;u—x'tu» 

! There  exist   also  converter  constructions  with 

mfaanotie   focusing.     In  such   a üystep,   tho  converter  is 

placed   usually in  a long   cyiindr:! cal  core  nith  a large 

f nur-hor  of  turns,   carrying; electric  current»     The  current 

is  experimentally  chosen  in accordance eitn  the  host 

sharnuess  of  the   image  on   the  converter  screen» 

Converters aifh magnetic   focusing   produce  sharper 

| images  than  those veith  electrostatic  focusing.    This  is 
It 

Particularly noticeable in uutti"-sf egy- converters, where 

the distortion of the individual stages adds up, 

the number of stages could at first plane© las increased 

■without limit,.  This is hindered, however, by tne 

\r<tpT'naI noise In the converter (.noise due to, therno"- 

i  !:i- 
?rter vit'h  antioony-'Cerium  photoeatbode, 

\ -f ight  haoocprouna,  -wnicn  is made   un  o;r   ?. *Ko nunbor of 

bright pointy, moving at random e^er tire entire area of 
u- 

'? 
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the s-creen (each bright point is the result "of the 

■striking of one or several electrons against the screen). 

Consequently, ä gain of approximately 100,000 is the 

limit. At such a gain, one can. hardly distinguish the 

image, if its brightness on the photo-cathode is not lower 

than 10  lux;* A satisfactory image is obtained when the 

signal prevails over the noise by &  factor of 10, For 

this case the illumination of the Imput Image should be 

10 - lux, and thft amplification lO^OOO, These figures 

should be considered as defining the sensitivity of the 

image» 

Ths interval of illumination of the Images« -with 
i 

which one deals In astronomy, is very large. Thus, for 

example', a star of first magnitude produces an lll.umln.a~ 

tion on the pupil of.the eye of 8.3 x ICT7 lux» A dif~ 

ference of one stellar magnitude corresponds to a change 

In illumination by a factor of 2.^12, while a change in 

five stellar magnitudes corresponds to a 100-fold change 

In Illumination. Stars brighter of those of first magni- 

tude are-designated vlth negative stellar magnitudes,'and 

■weaker ones with positiv« magnitudes. Table 1 gives an 

ld$a of the illuminations on the surface of the earth, 

produced by different celestial bodies« 

w -gtftytoW'iww Wr^^ff^Wwihi!» w»«»£y?«Mjwm!H if» ■ W' ■»"»■««—'JHtwiuawi. 
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The Illuminations of the Images on the photographic 

iplate dcipenä on the brightnesses of the celestial objects 

Ithemselves, on their angular dimensions, on the diameter of 
.... i 

{the input aperture of the telescope, and its focal dis- 

tance»- Table 2 lists the dimensions of images of certain 

{celestial bodies and their illumination past'' the telescope 
I 
|(at a telescope, aperture diameter of 500 mm  and a focal 

distance of 20 m). 

w;Aflr«*H)W^w««w»3«w«»«»p iMttBTOIW^^ 



Table  1 

Jim» {aoa»ofly»«e) 
LQ 

-26.7 

-12,6 

tin ««"-«#?<• 
KOSH» 

ng>HMa<«:*»8 

J0OOÖÖ 

0,24 

&43Ä3 

MOCTM    HSBöopyjJieHH&sa 

MSooTBetctsyeT     oca«- 

CBCTOS    aa   paccToaHHB 
| 2,8 A» 

»1 

8,3.10-* 

8.10- u 

t^Yo »ce  ita  paccroBHUH 
1,1   KM 

'""^O  JK«    H3   paCCTOSHHI! 
il if.« 

Sftc o ace  H3  paccToautiB 
5 100 KM 

S-SaesM (rpamma o6aa- 
pysK«:{Hä ap« oowoiu« 
Ä^HTe.-iLHOfo (jKJTorpaif'K- 
posaH.ua B MoiuaMe 'fe.'se* 
CKORbi) 

1) Celestial body 2} Stellar magnitude, m 

3 3 Produced illumination on the surface of the earth, lux 

k)    Remarks  5) Sun 6) Full moOK ?) Star 

.8} Star (threshold of visibility .with the Raided, eye) 

9) Star (threshold of detection with the aid of prolonged 

photography and powerful telescopes) 10) Corresponds to 

an illumination produced by a candle at & distance of ' 

' 2.8 w 11) The same at'a distance of 1*1 km 12) The same■ 

at a distance of 11 ton  13) The same at a distance of 

13.00 ton» 
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Table' 2 

I. KeSecsoe *<&»» 

JIJM 
BöHepa 
fOmtep 

BejEB?5S«U! 

M 

I BOO 
84 
50 

tlgft SKJ4S* t 

0,24 
8-10-* 

1,5-10-* 

.jEBeiaCBHOCTl. 
ssofipeaw»«!« 

C'rtBK*, 

181 
6,2 
4,8 
0S06 

8,5? 
2,6 
0,075 

5,440-» 

1}    Celestial body    2)  .Maximum atfgular dimensionsf 

seconds of an are'   3) Maximum Illumination* on. the earth's 

surfaces  lux    k)    Diameter of image past the telescope $ arail 

55    Illumination of the image on the photographic plate»     I 
'S .      I 

'lux    6)    Moon, Venus,  Jupiterf Star- of 21-st magnitude.       I 
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TFLEVIüIrtN  APPARATUS AD  A KP ANS  OF  IKTTlT£>IPYING 

TSF MttGHTjJT&C.  AnD SHARPNESS   HF Tlffi  IMAGE < 
i 

Television  techniques can Toe  used in astronomy for    | 
i 

two purposes! 1) increase the brightness of the image   • 

past the telescope, and 2) compensation for shifts in the j 
i 

image'(quiver of the iiaage), due to atmospheric Interfer- | 

ence„ ; 

.In the first case the television system can be I 

considered in principle as an electron-ootical amplifier | 

of light, in -which the pfaötocathode and the screen.are i 

separated» ,The transmission of the image in a television ! 

system is carried out successively In time from point to ; 

point» The scanning of the'Image in a horizontal direction; 

is by lines, and in a vertical direction by frames» In j 

I certain cases one can use circular scanning of the image, , 
i 

along a spiral. Such a scanning simplifies the apparatus, ; 

but the. brightness of the image is uneven (It; is greater  j 

at the center of the screen). \ 

Compared vlth the usual electron-optical converter j 
i 

of lights a television system as a light amplifier has th 

following advantages; 1) the image from the telescope 

can be transmitted to a sufficiently large distance, 

afording In some cases convenience in observation 5  2) it 

<*"'/ — 



Is possible to obtain on the television screen a magnified 

Image (many tines greater than the dimension of the optical 

image on the photoeaihode of the transmitting tube)?" 3) it; 
i 

is possible to control continuously the scale, the con« [ 

trast, and the brightness of the image for an identical ; 

exposure line during photography from the television j 

screen;  b)  in some cases it is possible to "accumulate" J 

the image on the target of the transmitting tube« ; 

Ajnooe t>~e shortcomings of the television method of ; 
"           '" i 

amplification of brightness are the following: 1) con- '. 

siderahle complexity of the eouinmeiit (compared with < 

electron-octical lieht converters)* 2) lower light sensi- • 

tivitv vhen ordinary television uines, suen as are use'.. 

for television.broadcasting,-are used; exception is tele- 

! vision eauipment in which very sensitive transmitter tubes 

.re used, especia.ii.; designed for weak illumination l.sucn 

tubes are successfully used In foreign practice for astro- : 

node observation); 3) a lover limit on the reduction of the 

3'xposure time when the triage is photopranhed from the    j 
1 

television screen: in this case the minimum exposure is   | 
■   '  ! 

öeterrnined not only by the brightness of the image on the 

.screen, but also by the duration of the transmission, of 

the television frame;  if turn vertical sweep of the inage 

is nroduced in 1/50 of a second, the exposure in photo- 

&*> 



granhy cannot be shorter than this time; for ex ans pie, at . 

; an exposure of 1/1.00 sec only part of the image will be 

I recorded on the photograph (all this pertains to ordinary 

kinescopes, -with a sna.ll afterglow of the screen —not 

greater than 1/25 sec)* 

TELEVISION TRANSMITTING TJBZ& 
i 

Transmitting tubes of different types arc used in  j 

television practice« Those'widely used are; 1) ico.no- j 

scopei 2.) iconoscope with image transfer (supericonoseope) |j 

'-0 vidicon (tube with photorcsistor); and if) orthicon with j 

image transfer (supe-rorthicon). Let us consider briefly j 

the arrangement and the capabilities of application of \ 

these t?pes of tubes in astronomy» . j 

In a transmitting tube, use is made of the principle.. 

of- charsre storage'» The electron image in them, produced \ 

by the phot-ocathode, is transferred to the target, which | 

can be an insulator or a semiconductor, Electric charges j 

are accumulated on the target, and their magnitude and 

shape are determined by the character of the transmitted 

, image. 

The sharpness of the image, as is well known, 

depends on the number of elements (smallest sizes of 

details can be distinguished on the kinescope screen)« 

(7&> 
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For the standard television scanning of 625 lines, the 

; number of image' elements reaches 521,000. On each 

element of the image the charges are accumulated slowly 

during the transmission of each frame Cin our case 

1/25 sec)» During the time of'scanning, as the electron 

beam.moves along the target, each element is rapidly 

discharged during the transmission 'time of one element 

•'(approximately 1*3 x l(f7 sec)« Thus, the electron "be«an 

iremoves'the ch&rces from that part of the target, over 
I 

^ JwHeh it passes. The remaining part of the target sc- 

^  1 ct&II&tfss the charges anfing the entire time« ' Therefore 

the process of accumulation of charges insures the- pro- 

duction of a large signal at a relatively small brightness 
i   ■ 

of optical image on the photocatheße of the tube. 

The first television tube, in which charge storage 

S*as used ^&s  constructed in 1932 and. was called an icono» 

Uco'ne,  Its efficiency is sufficiently lo*w and amounts 

to approximately %  compared with' the theoretical ideal 

tube, for vhich the use of the principle of accumulation- 

can he considered 10C$. For normal operation of the 
I 
{iconoscope,  illumination of  approximately 50 lux is 

[necessary for the Image on the photocathode. 

Iconoscopes are  used  at  the  present  time in tele- 

vision studios  for the transmission of motion picture films 

>1 
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iIn this case the law  sensitivity of the iconoscope is not 
t 

decisive« As to the sharpness of the transmission, the 

Iconoscope is Still the best öf all the existing trans- 

mitting tubes« 

The iconoscope can be used in astronomy to transmit 

bright images In infrared light, for example when in- 

vestigating sun spots and studying the structure of the 

surface-of the sun on a large scale* In 1939 attempts 

were made in the USA to employ the iconoscope for oh» _ 

servations of the solar corona apart from eclipses. For 

this purpose a non-eclipse coronograph was used, after 

which the optical image of the solar corona \»as projected 

on the iconoscope and viewed on the screen of the kine- 

scope» 

! Further improvements in the iconoscope (addition of | 

{ the transfer section), has led to the development of the 

I supericonoscope. 

The arrangement of the supericonoscope is shown in 

[Fig, 5« The optical image Is projected by objective 0 

j on  the semi«transparent photocathode <&  » The electron 

image past the photocathode is accelerated and is trans- 

ferred to a target M. To focus the image, a magnetic 

field of a short focusing coll <&K is produced. In this 

case the magnetic field is not homogeneous^andjäfja  

P-f 



Fig®  5»    Diagram of stipe riconoscope 

0 — objective|      *     ~-  photoeathoele\       ©K   — 
focusing coil;    A -» anode|    M — mosaic?    K — cathode; 

OK — deflecting coilsj    1 — first stage of video 

amplifier. f 

**% 

"fig, 6„ External view of superorthicon 

1. — section of image transfer; 2 — section of 

image sweep; 3 — section of video-signal amplification. 

>f 
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result of this, as the electron image is transferred, it 

is increased in dianster by approximately four times (the 

target diameter is also four times tho diameter of the 

photooathocie)* 

Whs« the iraage is transferred, the electrons bombard 

the target' and knock out from its surface the secondary 

electrons,; Positive charges are produced on the target» 

The bright portion of the corresponding optical image on . ( 

the photoeathode will lose more electrons on the target 

thaa the dark one, and the potential of the target on this- 

portion vill be found to be more positive than the 

potential'of the'dark portion of the image. -Thus, a 

potential relief is produced on the target» 

The depth of the potential relief depends on the 

coefficient of secondary emission of the target material. 

With increase in this coefficient, an increase occurs in 

the depth of the relief and consequently also in the 

sise of the signal past the tube. 

The target is made of a thin mica plate with a 

coating of creolite placed on one side, having a suffi- 

ciently large coefficient of secondary emission. The 

second, side is covered with a metal layer, forming the 

signal plate* The latter has an external lead to con- 

nect it to the amplifier'circuit through a. load resist» 

36 
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The image  is scanned with  an. electronic' prelector, 

located  in  a glass  tube,  sealed to.the bulb at  an angle of 

30°.    On  the tube  are  placed  a focusing coil  (not de- 

signated in the figure) to contract the electrons in a 

narrow bearc   (approximately 0,1 mm in diameter)  and  the 

f coils  for the vertical ano1  horizontal deflection of the 

1 electron 'beam» 

The super!conoscope is  5—7 times more' sensitive 

than the iconoscope.     It  is  characterised, however,  by 

additional distortion produced during the  transfer of the 

electron  isiage  fron the photocathode  to the target« 

Consequently only the center part of the photocathode, 

i„.„it em2 in area is used  in the supericonoscope. 

An electronic InßtruRont called MtelecrosccpeM 

ivas constructed in 19^0 in the USA.    The instrument  is 

[ designed  for compensating the  shifts in nany stellar 

^Äf/^, oi;? to strcoapherle interference.    The  teleero« 

fccope is a supersconascopo,  in which there is  a small 

I hole in the  center of  the  target,    Behind  the hole is 

placed a four-face metal prism-pyramid,    Around the 

pyramid .are placed the srnitters of four electron multi- 

pliers.    The entire device  is contained  in the  ordinary 

glass bulb of the oupericonoscope,    '_  

2/ 
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j      The image of a series of stars? -which enter into 
j ! : the field of view of the tele scope5 are projected on the 

j photocathode of sucii a supericonoscope»  Any of the stars I 
i 

can he projected unto the hole in the target and serve as j 

the "control" star. The  electronic image of this star* 

passing through the hole-* strikes the vertex of the 

pyramids The electrons are reflected from the planes of 

the pyramid in four directions and enter into four 

ielectron multipliers., located in each plane.» When the 

electronic irnage of the control star is at the center of 

; the hole In the target (on  the vertex of the pyramid),, 

| the electron fluxes at the input of the multipliers are 

| the Barney and the output currents are also tho same* 

j      The outputs of the multipliers are connected to 

I four coils, located at the photocathode (in the image» 

: transfer section) of the supericonoscope..  The coils 

displace by means,  of their magnetic fields the electron 

! image in two mutually-perpendicular directions.  Thus* 
-j   "' 
| vihen the input electron fluxes in the multiplier are 

! Oiiral,, the electronic image of the star remains on the 

4" ,-v -y-, *■* ^ 4->- 

\ If the optical ioage on the photocathode has 

shiftedj then the electron imago on the pyramid also 

i shifts* This makes the currents in the four coils un* 

3£ 



eai juaü. By choosing a'suitable phase shift and size of 

the current in the coils, the electron image of the star . 

e&n le again Drought hack to  the center of the target* j 

After the working conditions for the amplification j 

in tie electron, multipliers are suitably chosen, the j 

else-ron Image rensins almost stationary or; the target« j 

The jotwitial relief on the target-is then picked off I 

and "orns in the us.ua! manner the television image. The ; 

: stab .9 imaee of the stars is viewed on the screen of the j 

kins scope / j 
i 

The action of the ti-nsnittinp tubes described j 

abov9 is based on the  use of a. photocathode with external j 

,    i     j> c  „+•       r-,  '< c-.t({)'t o<v trpn^pj ttine tubes have •  \ 

appeared vith ohotoreeistors? frequently called «.vidlcons'ij 

These tubes are exceedingly simple in construction, have j 

a lurgo quantum yield In the photooathode»photoresistance j 

(tin quantum yir-ld reaches .10$, something that cannot j 

yet be' obtained fro* a photocathode with external photo- j 

I   ,f, Pth   «nd  can be manufactured to operate  in any 

I   r,nr;5:;n of  the  soeatran   (both  the visible  part  of  the 
i    ! 

spe strum and  in the intrai *ed» much farther than can be 

obt uood with tubes  using the external effect  of  the 

phoiocathode). 

l_ 
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However* photoresistor tubes still have a serious 
i 
i • 

| shortcoming5 that at low illuminations ofi the photocathode 

they have an excessively long electric "nercory".(inertia)* 

This shortcoming ms.nife.sts Itself strongly in the trans- 

mission of moving images« In this ease the image may 

become blurred or may have "tails1,1 accompanying certain 

| details'of the image* Thus, for a Russian type LI-18 

photoresister, tube, the inertia Is 1 sec, and in some ' 

cases it reaches 10 sec» The inertia can he reduced In 

^principle, "but-this i« accompanied 'by a reduction In the 

sensitivity of the tube* 

The dimension of the working part of the photo- 

resistance in the tube, i.e,s the dimension of the frame, 

is 9 x 12 mm. However, in spite of such a relatively 

small area of the output image, the tube insures sharpness 

In-transmission of not less than 600 linos In the center 

of the frasie. The Illumination of the Image on the photo- 

jcathode must in this case be not less than 5 lux» 

!     Tubes vith photoresistences have found wide 
t 
[application In commercial television and In devices for 

[scientific research* In astronomy these tubes are not 

used for the time being» Hovever, their spectral 

capabilities,' small size, and simplicity of construction 

ensure that they will be widely used in the near future 

3? 



I in astronomic practice« The tubes can be used in the far 

hnfrarfid region to study the spectra of .bright stars, the 
• I 
| sun, and its surface«, 
* ' ■ i 

The most sensitive of all the transmitting tubes is j 

the superorthicon. This tube is used for television | 

broadcasting from outside the studio. The sensitivity of | 

an ordinary superorthicon is greater than the sensitivity j 

of an iconoscope by approximately 500 times. At a small j 

reduction in sharpness in the transmitted image, this gainj 
i      ■   ■    •      ■ • 

can be raised to lOuO or more» 

j      The external view of the superorthicon is shown in 

| Pig. 6, and its schematic arrangement is shovn in Pig. 7* 

I Structurally the tube is divided into three parts: 

j 1) the image-transfer section5 2) the image scanning 

I sect5on; and 3) the video-signal amplification, section.  j 

\ ■     THP transfer section consists of a ssni-transparent] 
i      "" " \ 
I photocathoäe, vhich accelerates the electrode,and a 
I " ■' 

I target made of thin (5 microns) semiconducting glass film 

( sealed to a glass ring. The specific electric resistivity 

1 of-the target (3 x 10U — 1012 ohs/cm at 20°C) depends 

} strongly on the temperature.. 'When the target is heated 

1 its resistance decreases, and when it is cooled it in- 

I creases« For normal operation of the tube, the target 

L 
temperature should range-fron 35 to 6o°C 

«<*»«CT(W#«<pa*«M«n«#*-ri«)a»M»Y''W 
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Located In front of the target is a'fine-structure 
i 
imetal grid, called the grid of the target» Its purpose is 

to control the operating conditions of the target« For 

orthlcons designed for an tÄ»gö;'il3LraaftnRiIlon of 0,1 lux on 

the photocathode and upwards? the distance between the 

grid and the target is 0.008—0,01 mm» while for tubes 

designed for lower values of illumination9 this distance 

reaches 1—1 »5 xura. The target grid has' up to *+0 openings 

per millimeter* Its transparency amounts to 50 or 1%» j 

.The optical image Is projected on the photocathode, j 

The electronic image is transferred from the photocathode 

to the target and la focused by a homogeneous magnetic 

field produced by 3 long cylindrical coil and an electric | 

field in the gap between the photocathode and the target, j 

The tube is placed in the confer of the coil. 

Transfer of the electron image to the target pro- \ 

duces a potential relief, which is transmitted to its 

other side, where if is scanned by a beam of slow electrons 

[which have almost .zero velocity» The electron "beam is 

h?ro<:meeä "by an electron gun located en the other end of 

I the tube (in the amplification section). As the beam 
* 

of electrons moves along the target, the potential relief 

is cancelled cut. And since the electron beam carries a 

constant amount of electrons-and random returns and strikes 

3 <* 
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Fig. 7* Diagram of Superorthiöon. 
!K—-■ cathode„ BJ — secondary-.electron multiplier. 311 — 
.electron gun. A — Anode. -Kll — eoanautating beam. 

OH — Backward: beam. VLXi   —  metallic coating, ft -- 
!target. TK — ßlöwliig-down ring.  CM —■ target grid. 
$ — photocathode, 0 ~« objective .y3 — Accelerating - 

eleatroäe*. KK -- correcting coil« 0K-- deflecting 

:»oiI, QK  — focusing opil.  I —       Image-transfer 
section, 2 --- ±iaa,ge-sweep section. 3 -- video-signal 

atnplifiöation section. 

1) input, 2) 300 volts 
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the amplification section« 

The charges' are distributed differently in different 

points of the target> ana therefore the number of electrons 

gathered by the target from the beam during the scanning 

process varies*' Accordingly3 the current of the backward ; 

beam also changes« Thus5 the electron'beam becomes      j 

modulated by the signal of the image» It then enters the j 

electron multiplier, located in the amplification section, ' 
i 

where it is amplified by a factor of 500 or 1000,        j 
i 

A five-stage electron multiplier amplifies the videoi 
i 

signals almost without adding any intrinsic noise, and the j 
i 

signal past the tube exceeds considerably the intrinsic   j 

noise of the following vacuum tube amplifier* The load   j 
i 

real stance past the electron multiplier (input resistance ' 

of the amplifier) usually does not exceed 20—30 kilohms. ; 

;The voltage of the signal on the resistance, upon trans- j 

mission of sufficiently large details of the image, amounts; 

to  0.1 volt  on the average.    For yeak illumination,  this      j 
i 

voltage can drop to 0.01 volts, and in transmission of    ; 

fine details -with increasing video-signal frequency, its  ; 

value decreases still further. Thus, when transmitting a i 

picture element corresponding to a sharpness of 625 lines, 

the signal decreases by another factor of 10--15» There- 

fore, to obtain a sharp image on the kinescope screen it 

t \ 
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1 becomes necessary to employ an additional stage, called j 
i * 

'the upper-frequency corrector«, This stage gives an in- 

creased video-signal voltage gain at high frequencies5 J 
j 

causing an increase in the definition in the transmission j 

of fine details of the image, j 
j 

Figure 8 shows a diagram of a video-signal amplifier, 

usually mounted near the transmitter tale, i.e., in the 

transmitting terminal. All the amplifier stages incorpor- j 
i 

ate complicated corrections in the low and high frequency | 
i 
! 

ranges, A third stage, which serves as a corrector lor   , . 
i 

high frequencies, gives a reduction in gain in the low and • 

medium frequency region by a factor up to 100* 1 

Tie overall voltage gain at the high frequencies of ! 
i 

video signals for the superorthicon to the modulator of thej 

kinescope is usually not less than 10,000—30,000. For   I 

a scanning definition of 625 lines at 25 frames per second,; 

the amplifier should transmit a frequency band from 50    ! 

fvdps to 6*5 Kcs without distortion» ; 

Figure 9 shows an anoroximate supply circuit for   ' 

the individual elements of the superorthicon« All the 

voltages on the circuit are given relative to the zero 

voltage on the cathode of the electron gun* 

The type LI-17 superorthicon produced by our 

industry, under normal illumination of 0»5 lux on a photo- 

' Ö 
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I cathode, ensures a sharpness of image in the center of a 

! 625 line fraise. When the illumination drops to 0.1 or   t 

0„05 lux, the 'definition drops to 550—500 lines» 

The superorthicon has a sufficiently high overall 

intrinsic noise, and therefore'to obtain good quality of 

the image' it becomes necessary to increase the illumination 

of the transmitted object or to introduce an additional 

fine-structure metal grid on the side of the scanning of ■ 

the electrons- "(the grid is located near the target}* The 

presence' of a second grid reduces the intrinsic noise of 

the tu%f 'and broadens the linear part of the light 

characteristic .(i.e., the dependence of the signal on the 

value of illumination of the Photoeathode)* 1 
■ " ■  i Owing to the large complexity of the superorthicon { 

and the interdependence of the different sections -which  ! 
i 

are linked together by a-common magnetic field, the choice j 

of the best operating conditions necessitates the con-   i 

j sua.ption of a. rather long time, The operation of the    j 

I tube depends strongly on the temperature of the target»   j 

I At a temperature leas than 3ö°C the target resistance 

becomes relatively large, producing in it an excessive 

accumulation of negative charges* In this, case, vhen the 

bright spots are displaced,' "tails'* appear on the moving 

image, so to speak left by the moving bright images* 
~vft. w^l»<I.J.Ii|Mrt>H«-,^H'"<* ~* 
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At a temperature above 60°C,  on the- other- hand,  the con 

ductivity of the target increases5  and this leads to a 

reduction in the sensitivity of the tube and a loss in 

sharpness in the  transmitted  image.    Thus,  the interval 

of working temperatures of the target ranges 35—?? or 

60°C, 

For preliminary heating of the tube, an electric 

heater is used. It is located, in the image-transfer     ; 

section (inside the focusing coil). Temperature is con- 

trolled by changing the current through the heater» 

In addition to superorthicons, designed for medium 

photocathode illumination (0.5-0.1 lux:), there exist 

tubes for low illumination» Thus, a superorthlcon 

(type 68^9} is produced In the TE.k with a threshold 

sensitivity of 0,0001 lux, 

The addition of several stages of electron-optical 

'amplification of light to a superorthjeon has leä, to the 

development of a supersensitive tube. Such a tube gives 

a satisfactory image with a photocathode illumination as 

IC"5—1CT6 lux. Its threshold sensitivity is limited only 

to noise due to thennoelectronic emission of the photo- 

cathode» 

The superorthlcon has come to be used in astronomy 

only recently (195l+). It is used as a light recover ^ 
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in television apparatus for amplifying the brightness of 
i   ■  •■ ■ • ■ ■ 

| images. Recently (1957) the superorthicon has come to he 

applied also-In apparatus for compensation against atmo- 

spheric noise in astronomic observations« 

ATMOSPHERIC NOISE II ASTRONOMIC OBSFRTATIOKB 

The', stars are located at distances so large, that 

the light takes a century,'and sometimes many thousands of, 

years to reach us. -We are therefore justified in con- 

sidering that.the light rays coming from the stars.are 

parallel5 and that their vave front is plane. Earth's ■ 

atmosphere is not homogeneous in its optical-properties, 

.since it-in never at rest over its entire extent« Volumes 

of j&Ir» of different density, humidity, and temperature 

are In constant motions are carried by the wind, and 

change their contours. Thus, the plane front of the 

incoming light 'wave becomes wavy in accordance with the 

changing operating properties of the sections of the 

atmosphere through -which it passes. The light rays 

| travelling from the star no longer are parallel, hut 

become either convergent or divergent.   ■ 

All this is explained in Fig* 10. Here the shaded - 

layer is the region vhere the change' in the optical 

properties of the atmosphere takes place* The plane light 
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Fig. 10. Displacement <f the path of straight rays of 

light from  stars under the lnfuence of the earth's, atmos- 

phere 
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■wave I-Ij after passing through this layert becomes 

deformed into a 'wave II-II, the perpendiculars to which 

are now light rays which travel, from the star. At the 

points A on the earth's surface the light energy becomes 

denser, since more light rays will strike this surface 

than at the point Ba blnee the irihomogerieities in the 

atmosphere are aiivhv! .n motion, the rays corresponding 

to point A and point B will alternately enter into the 

observer's eye, and the star will arnear to flicker« 

In addition to the flicker of the star imago, 

i.e., the change in Its brightness, one observes also 

a rapid geometrical displacement? called the quivering 

of the triage* 

All these atmospheric noises canoe great deteri- 

oration in the qualify of the image of the celestial 

objects, Vhhen observing a planet, two points on its 

disc, separated by an angular distance c several 

secondsj experience each independent oscillations 

-UJÖ  X: it is subjected during the entire 

time to irregular and random deformations in different 

directions. Some parts expand and some contract» The 

disc of the planet will appear weo-y or blurred, and the 

image so to speak ,5 boils."  Atmospheric noise increases 

if the nlanet is near the horizon, and decreases if it 

Hk 



is  in the zenith,  I.e.,   above the  observer's head. 

With increasing scale  of the itnage  past  the tele- 

scope,  i.e., when  using a long-focus optical systpw ,   .        j 

(focal distance  of 20—30 in) or a large magnification, ' 

the atmospheric noise manifests itself in an even stronger; 

manner. The illumination of. the image past the telescope j 

decreases with increasing scale in proportion to the j 

square of the magnification of the diameter of the image, j 

It  therefore becomes very difficult to obtain a good j 

photographic .picture of the planet  on  a large scale» j 

Thus,  tvjo opposing conditions  are  produced 5 j 

1) the reduction in the illumination of the image calls- j 

for  an increase  in the exposure curing the  photography;       j 

2) an increase In the exposure, on the other-hand, causes . 

blurring of the details of  the  lEage. : 

When using light receivers which are more sensitive: 

than thft photographic plato, such as an electron-optical | 

converter or a television tube, the time of exposure can i 

be considerably reduced. This so to speak decreases the j 

effect of the atmosphere on the quality of the astronomic j 

picture, since on individual Instantaneous photographs * 

it is always possible to obtain a better image than on 

a photograph taken with  a long exposure. 
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FIRST RESULTS  OF THT ÜSF, OF ELECTRON-OPTIC AL 

CONVERTERS AM) TEP TELEVISION METHOD  IK ASTRONOMY 

The  use of the new electronic"techniques in 

astronomy began relatively recently«    The  first applica- 

tion of electron-optical converters for the photography 

of celestial objects should bo dated  191*9.    The converters! 
f 
1 

were used to photograph celestial objects in the infrared ! 
i 

region of the spectrum* I 

The sensitivity of photographic plates to infrared ! 

*&ya" is considerably less than to visible rays, and     ! 
t ) 

decreases considerably at weak illuminations. For.objects] 
■1 

with very low luminosity (weak nebulas, etc), exposures 1 

of: tens of hours may be useless. In this case, no image I 

would be produced, at all on the photographic plate»      j 

On the other hand, the sensitivity of the electron-! 

optical converters is much higher than the sensitivity of ; 

the photographic plate, It remains constant also for ! 

weak illuminations« Therefore the use of converters for j 

photography of objects will low luminosity is very | 

effective» In this case one can photograph celestial 

objects the image of which cannot be obtained by ordinary' 

means' on a photographic plate. 

The use of electron-optical converters has made it 

H%   — 
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possible to obtain in infrared rays the spectra of the 

weak-glow of the night sky* to discover new spectral lines 

in this region, and to detect new star clusters and 

nebulas» 

Experiments on the application to astronomylof..the 

| television rcethoä of amplifying brightness of the image 

wore begun at the Cambridge Observatory (England) in 1952. 

The results of some of the work pertain to a later period 

anfl were published in a series of 'Journals in 1956, 

Independent of these investigations, at the main 

astronomical observatory of the Academy of Sciences USSR 

(also starting with 1952), work has began on the use of 

the television method in astronomy* The first publice>_c 

tioas on these works also appeared in 1956* 

The diagram of the television apparatus used in \ 

•Cambridge is shown in Fig, 11» Tho image of the celestia^ 

object is projected through the eyepiece of the telescope! 

on the photocathoda of the superorthlcon. The video- j 

signal is amplified and is made to fall on a kinescope 

with a screen diameter of 35 cm. The image- is photogra- 

phed from the screen on a. motion picture film. 

To focus the optical image on the photocathode, 

it is possible to bring the superorthlcon together with 

its magnetic system (focusing coils and deflecting coils) 
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Fig. 11. Block diagram of television apparatus öf the 

Cambridge Ob &ervstory.. 

1 — supersjrthicon, 2  ---» preamplifier. 3  ->-. output 
amplifier. 4 —  kinescope. 5 -- photographic 

camera» 6 --  electric motor. 0 7 -- 'control panel for 

optical focusing, 8 -- vertical and horizontal generators. 

9 — target blocking stage. 10 -- synchronizing generator. 

Fig. 12. Diagram of superorthlcon- with additional 

Image amiifier. 

0 ~~  light. <$> -~ photocathode. TS  ~~  amplifier screens. 
M — target. 37 —  electron multiplier. K— collector. 

3n -- electron gun. BC — output signal. 
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] closer or farther.away from the eyepiece of the telescope» 

I The displacement Is hy  means of an electric motor control-j 
! • I led from the optical focusing panel * ! 
I ; * ' 1 I      Interlace«! ^canning Is used in the apparatus» The j 

!.synchronizing pulses are obtained .-.from a "synchrogenerator 

j The number of frames per second is 25? and the number of 
I 
sweep lines, is 625« 

f "    The transmitting tube together with its magnetic 

system and the preamplifier for the video-signal are 

mounted on a special holder» This block is secured- on 

the telescope* The television, apparatus together with 

the reflector telescope (mirror diameter 250 km) -were 

used to photograph the moon's surface» 

The television apparatus "was sd&pted to a horizon- 

tal solar telescope (mirror diameter 250 mm). Using 

filters transmitting the ultraviolet or infrared rays of 

the sun's light to the photocathode of the transmitting 

tube, the sun's surface v?as observed in these rays» A 

f specially constructed solar epeotrograph using tslevision 

I apparatus--aas employed for spectral observations» Bare 

I phenomena that take place on the sun's surface, 'which 

previously could not be observed by direct optical means, 

have now come to be examined on the screen of a kinescope 

| and. photographed. ^^    _ 
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In 195^? in the Love 11 observatory (USA) experi- 

ments have been mäße on observing planets with-the aid of 

a specially sensitive superorthicon (Fig. 12) „ In such 

a tube a two-stage electron-optical light converter is 

mounted between the photoeathocie ana the target. The 

optical image/as usual $ is projected on the'semi » 

transparent photocathode« The electrons leaving the 

photoeathocie are focused at each amplifying stage* This i 

is done by rasans of combined magnetic and electrostatic j 

focusing« The magnetic field'is produced by a long i 

cylindrical coil, in the center of vhich is placed a tube,! 
i 

while the electrostatic field .is produced by an interstage 

accelerating voltage of 10 kv» j 

Each stage consists of a thin glass film, covered i 

on the photoeathocie side by a fluorescent material (phos- ' 

phor) which produces a blue glow« Placed on the phosphor J 

is a thin filiB of aluminum, -On the other side of the [ 

screen is placed a semi-trans parent photocathode -which j 

has a maximum spectral sensitivity in the blue light» j 

Each stage produces a current gain of not less than 10. 

Thusj the gain past the second stage is 100 „ 

The electron image is next focused on the target, 

where it produces a potential relief. The presence of a 

large gain in the transfer section greatly reduces the. 
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internal noise  of the tube when an linage with lo"w lumin- 
1 

= osity is transmitted.  In th:ss case the riain noise is due 

to fluctuations of the ferrrnonie omission of the first    | 
t 

cathode* In an ordinary superorthicon, on the other hand,! 

the intrinsic noise is determined by the low modulation of ; 

the return electron beam,, which strikes the electron     ! 

multiplier. j 

The high sensitivity of tne suoororthicon with    , 

additional amplification in the transfer section makes it j 

possible to transmit images with a photoeathode illumine- ; 

tion of lo"^—ICf6 lux at a definition of bCO lines»  It  ' 

must be noted that the definition depends not only en the i 

number of scanning lines, but also on the properties of   : 

the transmitting tube itself and on the illumination of 

the image on the photoeathode.  The threshold sensitivity . 

of a tube with additional amplification in the transfer 

section is approximately the same as in a multi-stage    ; 

electron-optical converter* ! 

Television apparatus with high-sensitivity super- : 

orthicon together with a 600 run telescope vias used to j 

photograph Mars during the time of its opposition in ; 

195bj Trfhen its angular diarieter vas 20 seconds of an arc* 

The optical image of Mars past the telescope, 

additionally amplified through a dianeter of 10,5 mm, 



i ' 

was projected on the  pbotocathode of the tube.    The 

calibration apparatus,was Resigned for 1029 interlaced 

scanning lines at 30 frames  a second,,    The ' video-signals 

■were amplified -with a low-noise amplifier.    The image was 

viewed and  photographed  from the  screen of a kinescope 

25 cm in diameter by means of-a Leica camera*    The ■ 
I 

diameter of the image of Mars on the photographs    was j 

lk mm.    The picture produced v?as  quite sharp» j 
! 
| 

Figure 13 shows the block diagram of the television.' 

setup in the Pulkovo bservatory (USSR)* The electric   j 

diagram of the apparatus of this setup somewhat simplifiedJ 
■ '    ■ ■    I 

compared with the circuitry used in television stations»  j 

The interlaced scanning is replaced by fine scanning<,    ! 

In this ease the image is svept during a frame time of 
i 

1/50 sec* This makes it possible, to insure relatively   ! 

simply exposure of 1/50 sec upon photographing the kine- \ 

scope screen, and in addition, no synchrogenorator is    , 

necessary, -which in itself is very complicated« The     j 

apparatus operates at a definition of 625 lines, which   ; 

offers certain advantages, since it makes it possible 

to use an ordinary television set 'With slight, modification. 

The sveep generators are designed for a smooth a 

variation as possible of the line frequency from 15 to 

22 kcs« This pertains both to the transmitting camera . 

V 
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Fig. 13. Block diagram of television apparatus of the 

Pulkovo observatory. 

1 — superorthicon, 2 — prea'orplifler, 3 — final amplified 

k ~~  kinescope, 0  5 ~- stabilizer, 6 -- rectifiers* 7 — 
sweep block, 8 — shaping block,, 9 -- television-set power 

supply block, 100— television-set synchronising and sweep 

block. II -— voltage stabilizer, 12 ~~ photographic camera 

13 ~™ electronic shutter« 

trs- 



"I 
and to the television set,, The change In the line      1 

frequency contributes to a choice of optimum conditions  ! 

for operation of the super-orthicon, as necessitated by   i 

the uneven resolving ability of different specimens of 

transmitting tubes» 

The frequency characteristic 'of the video channel 

starting -with the output of the transmitting tube to the 

kinescope, is sufficiently uniform up to 9.5 Mes, vhere 

a certain rise is observedj followed, bj  a drop« At & 

line scanning frequency of 20 kcs and band -width of 

9,5 Mcs, one can insure a horizontal definition up to 

950 lines* The real definition/ however,, is limited by 

the resolving ability of the superorthicon and for suf- 

ficiently bright objects (moon) it does not exceed 

600—625 lines * 

Images from the telescope are projected on the 

photocathode of the superorthicon» The electrical "signals 

proceed from the transmitting tube to a pre «"amplifier and 

then to the output amplifier, after 'which they are fed to 

the picture tube of the "Zenit11 television set* The tele-' 

scope of type 31LK2B? vith a screen dimension 180 x 2**0 mm, 

gives a sufficiently uniform definition of the image over 

the entire area and is quite suitable for photography with 

a miniature camera» 



As usual, the entire apparatus is fed, from the ac 

line. The voltage is kept constant by means of stabi- 

lisers. Rectifiers produce direct current both for the 

transmitting tube and for all the blocks of'the apparatus. 

The television set has its own power supply, 

scanning and,synchronization block, and line-voltage ' 

stabiliser, The television set circuit has been partially 

modified. The band width of the video channel has been 

increased to 9.5 Mcs» a do restorer network is incorpor- 

ated, ana the linearity of the line sweep is increased. 

Also modified is the synchronisation circuits the pulses 

can be applied either directly to blocking generators 

through individual channels, or separated from the general! 

television, signal» i 

The image from the screen of the kinescope is    : 
r 

photographed by the miniature reflex earners. An electron-| 

ic synchronised shutter Is used In the photography,     ! 

ensuring precise exposure of 1/50 sec. This is a 

delay-sweep generator, operating when a triggering pulse 

is applied by pressing a special button. The syn.ahroni.zed 

shutter unblocks the electron beam of the kinescope 

during the time of passage of one frame* During the rest 

of the time the electron beara Is blocked, 
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It should he noted that to obtain a good photo-   j 
i 

graph with an exposure of 1/50 sac without a synchronised 

shutter is a'difficult matter» In practice it is im- 

possible to open accurately the shutter of the camera 

•at the beginning of the frame sweep and close it at the 

end of the'frame, Ä small error in time will cause the 

appearance 'of white or black strips on the photograph 

(the white strip is produced -whim the exposure is less 

than 1/50 sec and the dark one when, it is mora)» 

Let us -consider now the optical part of the 

television setup» In  ordinary.television cameras, the 

I optical image is projected in different scales on the 

phoioeathoäe of the transmitting tube with the aid of 

interchangeable lenses, The greater the focal distance' 
i 

I of the Ions, the greater the scale of the optical image  : 
! 

on the photocathoae, and the larger the image on the     j 
i 

screen of the kinescope« The focal distance of an      I 
1 

objective in a camera rarely reaches 1 m  {it is usually . 
1 

less}» To photograph a celestial object on a large scale,!' 

; such a lens is not suitable» For a lens with, a focal 

distance of 1 m* the diameter of the moon's image does 

not exceed 9 mm» More remote planets would be circles 

with even smaller diameters* Therefore in astronomical 

observations one uses lenses with focal distances_of  
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i 18--20, and sometimes even ?C nu ' 

I      The choice of a focal distance or the magnification 

of the image scale is determined by the quality of the 

astronomical image* A large image scale is used in the 

case of small atmospheric noise, i«e«? in the, case of 

good images« When the- image quality is poor, it is     j 

useless to use large magnification» j 

Experiments at photographing the surface of the | 

moon on a.large' scale using television techniques were . j 

carried.out in Pulkovo in 1956* The apparatus was j 

placed in the housing of the large horizontal solar .    j 

pavilion, a section through which is shown in Fig, !**•• 

There is no special tube here«, and its role is assumed j 

by the housing itself, which is approximately 50 m long. • 

Glass alurainised mirrors are mounted on ; 

foundations and are moved along special rails». This is • 

necessary to focus the optical image past the telescope  ; 
i 

unto the corresponding light receivers, the choice of    j 

i which depends on the particular scientific 'problem solved.; 
i 

Light from the celestial object, in this case from 

the moon» strikes first the plane mirror 1, 500 mm in 

diameter» The mirror is provided, with a clockwork 

mechanism, so as to follow the displacement of the 

celestial object» The light from it strikes an additional 
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.tionary mirror,, also plane, 650 ram in diameter.  The 

;ht reflected from  the additional mirror Is directed 

o  curved mirror 2 of the telescopef which serves as 

objective (500 rmi diameter. 16 m focal distance)* 

• inage of the moon at the focus 3 of this mirror 

iSures Ilf»5 cm (in disneter)« To increase the image, 

■ latter is projected on an additional convex mirror 5* 

ise two mirrors jointly yield a focal distance of 56 m. 

•■  image of the noon in the second focus 6 has a dial- 

er of approximately 520 mm. 

The television camera is Installed either in the 

■st or in the second focus« The dimension of the 

:ical image on the phctocathode of the superortnicon 

28 mm, and the image on the serem of the klne™ 

■ ISO x 2n0 ram* Consequently, the image on the 

oS 
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DV almost 6«5 times*  One sees on the screen only part 

of the moon's surface, corresponding to a diameter of 

9e ) mm  for the first focus and 3 »2 n for the second« 

The quality of the image of the rnoon when viewed 

on the television screen is not always satisfactory»  In 

sc :?e cases the optical and the electronic focusing 

increase but little the definition of the individual 

*ts of the image,  OVJIHE to the large scale and 
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atmospheric noise, the Image always'vibrates and is wavy. 

It should be noted that at an optical focus of 

16 m and a scale magnification of 6« 5 times' in the. , . . 

electronic apparatuss the equivalent focus of the entire 

system (telescope »» television, apparatus) amounts to 

lOU m  (image diameter 9if0 mm)f t For the second focus this 

number increases to 36]+ sn (image 3*6 m)*  Instantaneous 

photography (1/50  sec) helps greatly under these con- 

ditions. Not all the instantaneous photographs, however, 

are of equal quality; in some the sharpness of the image 

is greater and in others it is less* It is therefore 

necessary to take tens of pictures and to choose the best 

among -then. 

The brightness of the' image of the moon depends on 

its phase. During the first quarter,for a diameter of 

1U45 cm (focus of 16 mlths illumination of the image iS 

approximately 0.05 lux.  In the second focus of the tele- 

scope it decreases to O.OOU lux. Direct photography of 

the moon at an image illumination of C.05 lux" on motion 

picture film with a sensitivity of 65—70 GOS? units 

yields negatives 'With hardly noticeable densitys if the 

exposure does not exceed 1/50 sec The illumination of 

the image on the television screen is SO—^O lux. The 

'gain in the brightness of the image reaches in this case 

LI 
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I 6ÖÜ~»80ö. This makes it possible to obtain negatives 

j "With normal, "density at an expos irre of 1/50 sec with a 

1 J 3 * 5  lens« 

.      By way of aß example. Fig,  15 shows a photograph 

of part of, the moon's surface   (region near the Kare j 

nectaris),  obtained from a television-set  screen«    The        | 
i 

transmitting camera was -mounted In the first focus of the j 

telescope.   , j 
i 

In 1958;'there vas completed at the Pulkovo 0bserva-| 
■ i 

;*f|f.. the installation'of an experimental television tele- j 
'''**.-■ j 

'ficcsp*.. -lit- is based on the Cassegrain optical system,    | 
i 

but with large magnification of this image« This scheme J 

ensures small losses of light In the optical system, j 

since only two reflecting mirrors are used (the principal. ; 

is -concave and.the second is convex), large scale of • 

| image, and small dimensions of the entire -telescope* j 

: The main mirror is 285 mm in diameter. The second ; 

mirror is intftrohangeable. Setting the mirror to differentj 

convoxiti.es it 3 s possihle to change the focal distance j 

of the telescope from 20 to 5^.and 120 m. ' With this, the 

dimension of the telescope tube does not exceed 2 m. 

Mounted on the telescope is a light-weight tele- 

vision transmitting camera, using a LI-17 superorthlcon. 

This tube can ooerate both in the ordinary television 
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sweep mode (for instantaneous photographs of images from 

the television screen)* and in the mode'öf prolonged 

accumulation of the potential relief on the target (for 

several tens/.cfc-^eccnda). In the- last case the sensiti- 

vity of the tube greatly increases (in approximate pro- 

portion to. the accumulation time)« After th@ .potential-:.. 

relief-Is accumulated on the target, it is swept by the 

electron beam» The image on the 'television screen is ■ 

seen in'this case for several tens of seconds« 

The first experimental observations have shewn 

that in the .©ode of storage for 6 sec (for a focus of 

20 in) one can photogaraph stars up to 10-th magnitude. 

The illumination on the photocathode öf the tube under 

these conditions is no more than 0*001 lice, ana the gain 

in brightness reaches 30,000»»H-G9000» 
i 

j      Using an optical focus of 120 m and. an electron 

| magnification in the apparatus of approximately 9? it is 

1 possible to obtain an equivalent focus of 1080 m 'for the 

I entire apparatus. -At  so long a, focus one observes 

I clearly the definitions of Images of stars, aye to atmas« 
f  . 
phsrie noise* 

In 195? in the Dotier Observatory  (USA) a corn» 
I 

pensator was installed for atmospheric noise, using tele- 

vision techniques.    The installation vas ^esignedj^r  
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Fig. 16. Block, diagram of television apparatus with . 
compensator- for atmospheric    noise,, 

1 —  telescope.,  2 negative lens. sirror. 
4 ■-•»• superorthlcon, 5 ~ coBpens'atcr, 6 - photomultipllers 

7 ~ de amplifiers, 8 — kinescope, 9 — power pack for 

tube, 10   synch generator,, 11 — sweep generators, 3 2 
generators for synchronizing and fcDioMna tsulB£*a 
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observation of Jupiter, Venus, and Mars* 

Figure 16 shows the 'block diagram of this appara- 

tus* It consists of a Gassegrain telescope with a. mirror 

diameter of 60ö ms« To increase the scale of the image 

past the telescope, a negative lens is used» The optical i 

image of Jupiter reaches 12 mm (in diameter)* The light j 

passing through the lens strikes a color-selective filter | 
! 

(mirror). Part of the light C6C$) is reflected and forms j 
t 

an image ori the photocathode of the superortb'leon. The  [ 

remaining part of the light passes through a filter and  1 

forms the image of the planet on two mutually- r 
j 

perpendicular slits of the compensator,, Behind the slits I 

| are located two nbotonuiitipliers* Thrir outputs are     ; i -        .   _ I 

connected to do amplifiers» The output signals of the 

amplifiers feed two pairs of coils, located about the    • 

transfer section of the tub«. These coils are mutually- ; 

perpendicular. , : 
1 

A shift in the optical image on the slit changes  I 
i 

the light flux on the photocathodes of the multipliers   I 
i 

and increases or decreases the magnetic field in the coils j. 

A change in this field shifts the electronic image on the J 

target of the tube* By a suitable choice of the phase 

and the current in the coils it is possible to displace 
j. 

j the electronic Image    in a direction opposite jfco_the ^'_ 
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als placement of the  optical image on the slits in the I 

photocathode of  the tube»     Under suitable  adjustment  of       I 

the  gain   (in the photocerrent  amplifiers)  the  electronic     ! 

teage  on  the  target,  and   consequently also on  the  screen     j 
i 

of the kinescope remains  stationary« j 

To increase  the  sensitivity of the orthicon«  one       j 
i 

can  increase  the tine  of charge accumulation on the  tabs     \ 

target within the  limits  fron  1/15--Lf/1? sec»    The ttee       '■ 
i 

of single  scanning of a frame5  curing vbieh one can ; 
i 

photograph the kineecope screen,  is  1/30 sec* \ 

The definition of  the transmission of the image  in  , 
\ 

vision«,  It ensures the fullest use of the resolving power' 

of the telescope*  The definition of the Individual small 

details on the image of the planet is greater than in 

direct viewing through an eyepiece. 

In addition to the aforementioned blocks, the 

anraratus includes a power sueelv for the tube« a 

synchronising generator} a 'Sweep generator, and a gener- 

ator for synchronising and blanking pulses* 

Modern television tubes are unable to accumulate 
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the potential relief on. the target for a long time, owing \ 

to a certain conductivity of the target material, In 

order to retain the charges on the target for a' lotig' t'iite. 5 

it must he made of an insulator« For ordinary television 

transmission* a tube with such a target 'would he of 

little U3b Coving to the very large inertia), hut for 

registration of images v.'ith very  lav  illumination unöer 

prolonged accumulation of the potential relief (several' 

; hours)s it -would he quite useful« 

Work has been carried out in England on the 

development of a transmitting tube for prolonged accumula- 

tion of image charges« The tube is designed for use in 

the photography of exceedingly weak stars, on the order 

of 2n-th magnitudei and lower,. These stars are so far 

away from us and hare such lou illumination, that even. 

In a 5 m  telescope they cannot ho detected on a photo- 

graphic plate. An incroase in-the exposure time in photo- 

graphy is of little help* The reason for this is the 

scattered light from the sun sky (the sky background). 

Since the brightness' of a 2h-th magnitude star differs 

little fror the brightness of the background of the sky 

| (small contrast" of the iiiage), prolonged photography 
I 
causes the plate to become' darkened (fogged) and there 

is no image of the star.  __.._  

?■>•?& 



The construction of the new tube* is almost the 

same as that of a süperorthicon* but its target made of 

a non-conducting glass can be rotated by 18Ö „ The side ■ 

of the target facing the photocathode is treated with 

cesium and. also is an insulator. The opposite side has 

a-conducting layer« 

Oncer prolonged projection (several hours) of a 

weak optical image on the photocathode of this tube, as 

in an ordinary"&üperorthicon} the potential relief is 

produced on the insul&ting target» Charges are accumula- 

ted theifeby from the iraage of the star and from the sky 

background» 

;   ;To cancel out the background« the Photocathode of 
i - 

the tube -is illuminated •uith scattered light* by applying 

the positive potential on the conducting layer of the 

target, The electrons pass through the photocathode and 

reach the target at lot? velocities, thereby cancelling 

out the positive charge on It and uniformly discharge its 

surface.- This elimlrU;.te& the effect of zhe  background 

due to tha.glcM of the night sky« The charge on the 

target due to the image of the star will also become 

weaker, but it vlll still be noticeable* 

One next projects on the tube the image of the 

gtar again, and the background is again removed, After 

bl 
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I',"  "'Fig.  18.    JÖlägrem showing arrnngssieat of linage nniltt- 
j'pllep. 

I — photocathode, £ — thin films, 3 — lays?* of luralno- 
! phor. 
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such a prolonged process of accumulation, the potential 

relief clue to the image of the star becomes sufficiently 

large« 

The target is then rotated 180 and the potential 

relief is -piokefl ott\    the target by the sweeping . 

beam of slow electrons,-ao in the ordinary superorthleon. 

She image on the kinescope screen can he viewed only for 

several frames, after which the potential *«llef disappears, 

(is completely removed)« 

Brief information on the "EMcop?« tube and the 

«Image multiplier" tube have appeared In the press. 

■The sensitivity of the "EMcon" is 100 times 

preater than the sensitivity of modern transmitting tubes. 

This tube is different from an ordinary superorthleon in j 

its target construction and in the absence of.  sxi  electron ; 

multiplier (Fig, 17). The target consists of a screen   | 

having a large number of cells, covered with a layer of  j 

aluminum 0,1 microns thick, and a semiconductor layer 

several microns thick« The electrons radiated by the 

photocathodo are accelerated by a 20 kv voltage and are 

transferred to the target. Upon striking the target, 

the electrons produce in the semiconductor secondary 

electrons (i.e., an excited conductivity). A potential 

relief is produced on the target. When this relief^  

*7/ 
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j scanned by an electron beam, a signal appears, which is 

j picked off the load resistance R, There is still no 

detailed information regarding this tube. 

The-', image multiplier has been developed especially 

for weak illuralnaiion, This instrument makes it possible 

to detect .'linages ^ith a brightness of 0*0005 lux* It is 

assumed that a combination of an "E'bicon" with a multi- 

plier 'will permit detection of images with illumination 

of approximately 0.00001 lux* 

The multiplier (Pig» 18) consists of a series of 

1 ret j ciliated grids covers! with potassium (thin films). . 
i 

An accelerating voltage of approximately 3 ky Is applied 

between the grids. Owing to secondary electron emission 

of the screens, a gain of approximately ten- per stage is 

obtained, and since four such stage? are'contained in the 

j multiplier, the overall gain is 10,000. The electronic 
i 

[ image is focused inside the amplifier itself by. means of 

a magnetic field* 

The image multiplier, provided with a fluorescent 

screen, makes it possible to view directly the image 

projected on it by the photocathode. In this case the 

instrument becomes an electron-optical converter, dif- 

ferent from ordinary types of converters only in the 

construction of the amplification stages« 



These instruments could successfully in astronomy» 

'but they are still in the development stage« It is 

possible- , naturally5 that other electronic instruments 

will appear f combining high sensitivity with good defini- 

tion of the transmitted image* 
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