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In a rticle s  on tbs efficien cy of speotro graphs, generally very l i t t l e  consider

ation baa bean given to the influence of tra ilin g  the image; the present paper re

v ises this problea with spaoial consideration of th is fact*

Pour oases can bo oonsidaredi

I *  I t  is  nsoessaxy to t r a i l  the objeot whose speotrogram is  to be taken,along 

tbs s l i t  of the speotrograpb (Small dispersion).

I I .  the objeot is  kept steady over the s l i t ,  giving a speotrw of sufficien t 

width (Medium dispersion).

I I I .  The objeot is  kept steady over the s l i t ,  giving a spsotrum much wider 

than neoassary (High dispersion).

IT . The objeot has a considerable diameter (Kabular speotrograpb)

Tbs parameters used in the present dlsoussion axes

a) Parameters of telesoopei 

B  ̂ -  B la s t e r  of primary mirror 

f  -  fooal length of telesoope

P ■  f/B^ -  relative aperture of telesoope 

S -  206265"/f ■  soale on fooal plans of telescope

b) Parameters of speotrograpb*

d. -  theoretical diameter of oolllmator beam (1)

d -  real diameter of oolllmator beam ▼
f  -  theoretical fooal length of oolllmator 

ot
f  » real fooal length of oolllmator 

ot .
p ■  f  /d. •  theoretical relative aperture of collimator 

ot ot t
P _  -  f  _/d -  real relative aperture of oolllmator 

ot o r  v
f  > focal length of oamera perpendloular to s l i t  (direotion of dispersion or 

o
length of spsotrum)
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f a - focal length of camera parallel to s l i t  (width of spectrum) 

a «  aperture of s l i t  projected on plate 

h > linear aperture of s l i t  on focal plane of telesoope 

hH - angular aperture at s l i t  on focal plane of telescope

b - height of s l i t  projeoted on plate

P »  linear height of s l i t  over focal plane of telescope 

P" «  angular height of s l i t  over focal plane of telesoope 

s »  diameter of s te lla r  image

I t  oam be easily deduced that

'  - - f ' V  f . A (1)

I f  we define

. *ct
» i  \ t  ■ 4A  • —  Di (2)

then

4t  • "o t- ■ —  ” l (3)

Te easily  obtain!

*ot
• ot 5 f 5

(4)

hn - h.S (5)

and from (2)
a » * « "

Ct f 5
I f  fo r  a given telesoope and grating we can introduce the quantity!

|t - a . ■ 206265KOX (7)

Then

I f  we f ix  a, 1^,

h" -  _ J L _  
f 6

f  5 and h", the neoessaxy diameter of grating and oollimator

can be deduced!
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it" . 2».
(3)

. f

S - a . 206265"

Is  only gratings of certain diameters are produced) the only possib ility le f t  

is  to increase the focal length of collimator} as one of the authors has done with 

the SIMP (2 ).

Equation (8) shoes that the diameter of collimator grows in linear sense with 

the diameter of the primary mirror and with the focal length of the spectrograph 

camera. This leads us to oonaider that there is  no major gain in increasing the 

diameter of the primary mirror of a teleeoope i f  the theoretical collimator can

not be provided at the same time with the necessaiy gratings and the case may 

cosie up -  fo r  a certain camera -  that the largest grating or set of gratings 

existing has only a very small fraction of the necessary theoretical diameter in 

a large telescope and, on the other hand, is  quite an acceptable fraction in a 

smaller telescope. We therefore see that the absolute effic iency of a spectro

graph may not increase i f  we simply enlarge the diameter of the primary telescope 

mirror. This problem can he made easily comprehensible comparing a telescope hav

ing a medium sized primary mirror (1 metre) with one that has a giant primary 

(5 metres) .

In  figure 1  the values of (ordinate) are given in metres fo r  these exam

ples, giving the dispersion (hyperbolas) fo r  the abscissa or the focal length of

the camera in metres (straight lin es ). The enormous difference between both teles,
0 / ~oopss is  olearly visib les For a dispersion of 10 A / mm in a camera with focal

length of 1,60  metres, d. w ill be 0,78 m por tbs f i r s t  and 3,88 m fo r  the seoond
* *

telescope. I f  these values were desired fo r 1 A/mm, we would have to multiply 

by a factor of 10, as in the equation (8) ,  is  linearly dependent on f^ . The 

values in the graph have been calculated taking the following values fo r  the 

parameters« a «  0,000 02 m (20 microns)} hn «  2H.

The width of the spectrum can be calculated with the following equation«

0" .  b

P a b

206265»a * .ct ^ a

F - *
eta
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and to oalculate the s l i t  area illuminated by the star we have

. « . h « .  - a . » . . » 2,  (206g65)gct .
f o f 5

Let ub consider the f i r s t  case (snail dispersion)t we assume the effic iency to 

be proportional to the telescope diameter and inversely proportional to the factor 

of tra ilin g . I t  can easily be deduced that the factor of tra ilin g  is  inversely 

proportional to the telescope diameter, so that we defin ite ly  have nowi

h ".I hH.D2 ,
<P -  ■ ■ ■ ■ — ■ ■ ■ - • hM.DJ (as long as hH < s)

tra ilin g  tra ilin g

where 9 expresses the effie lenoy. Although h" is  also inversely proportional to 

D, the faot that we have to t ra il i t ,  s ign ifies that hN can have a computed,value * 

higher than the diameter of the s te lla r  image and the effic iency is  not propor

tional to hM any more.

In the example, i f  h" fo r  the larger telescope is  of the order o f s, i t  w ill 

be larger fo r  the smaller one, but we have not enough image to illuminate i t ,  so 

that the equation ( 9) w ill be reduoed to

9 ■ (as long as h" < s) ( 10 )

We shall now consider the third oase (high dispersion), as the seoond oase may 

be a combination of I  and I I I ,  and w ill always be a value comprised between fo r 

mulas (10) and (11). In high dispersion, the tra ilin g  is  no longer necessary and 

h" is  inversely proportional to D| as there is  always enough image to illtaninate 

the whole s l i t ,  so that the equation (9) w ill be reduoed to

9 «  h" . D2 -  D (11)

The larger telescope w ill give a D times wider spectrum but of the same inten

s ity  as the one given by the smaller telescope, and i f  the smaller one gives a 

su ffic ient value of b, the larger telescope has no advantage although its  cons

truction and maintenance is  more expensive.

The second case is  Interpolated between the f i r s t  and third, as we said before| 

to oompare the effic iency o f two telescopes, formula (9) oan be used, but remem

bering the lim itation of hn and tra ilin g  as already shown. Let us explain i t  with
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an example *

*4 "
hi • *1

( t r a i l i n g ^
-3 • *5

<P .  ------------------
3 ( t r a i l in g )

(12)

<p ,  f  rap re sen t the e ff io ie n o y  o f  the sm alle r  and la r g e r  te le sc o p e s  xespeo-
* J

t iv e l 7 J l e t  u s suppose th a t with the la r g e r  te le sco p e  no t r a i l i n g  o f  the s t a r  i s  

neeessaxy while with the sm alle r  one i t  i s .  I t  w il l  he seen th a t the in crease  o f 

e f f ic ie n c y  w il l  he in term ediate between the r a t io  (o f  diam eters o f t h e ir  ob jec

t iv e s )  and i t s  cube* Lot u s suppose the s u f f ic ie n t  width o f the sp ec tra#  h >10 a )
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i f  the s l i t  o f  tb s  sm alle r  h" c o v e n  an im portant f r a c t io n  o f  the s t a r  diam eter 

(h M -  £  s )  tb s  t r a i l i n g  neoessaxy in  the sm alle r  t s lse o o p s  « i l l  be f i n  tim es 

the diam eter o f tb s  s t a r ,  from which r e s u l t s  th a t the e f f ic ie n c y  o f the sm a lle r  

f s  1 2 , 5  tim es sm a lle r  than th a t o f  the la r g e r  one«

Summing up, the equation  (12) can be u sed  in  a l l  o a se s  always talcing in to  

account th a t hN < s ,  (o therw ise the value o f s  has to  be used In ste a d  o f  1 " )  

and the t r a i l i n g  of the te le so o p e  might not be neoessaxy»

The oase o f  the n ebu lar speotrograph  in  IV  p re se n ts  the se r io u s  problem o f 

having to  reach a  la r g e r  a n a  o f  sky a s  in  the s t e l l a r  o a se ; a s  we see by ( 8 ) ,d ^  

i s  d ir e c t ly  p rop ortio n al to  h” , so  th a t In cre a sin g  hH we g e t l e s s  favou rab le  con

d it io n s  than in  the s t e l l a r  o a se , whioh in  gen eral i s  compensated ta k in g  f  very
o

sm all»

The e ff io le n o y  can be m odified  in trod u cin g  sp e c ia l  d e sign s o r  astigm atism  in  

the oamerae, in  t h i s  oaae hN and the t r a i l i n g  in  evexy sp e c ia l  oase h as to  be 

c a lc u la te d , accord in g to  the c h a r a c t e r i s t i c s  o f the m o d ifica tio n  introduced . In  

oase  p h o to e le c tr lo a l scanning i s  employed the c r i t e r i a  o f e f f lo ie n p y  are  d i f f e r 

e n t . A width o f the speotxum which would be e x c e ss iv e  f o r  photographio p la t e s  

would be advantageous f o r  p h o to e le o tr lo a l scanning ( 3 ) .
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