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In articles on ths efficiency of speotrographs, generally very little consider-
ation has beer given to the influsnce of trailing the image; the present paper re-
views this prodlea with speoial ocomsideration of thie fact.

Four oases can b oonsidared:

I. It is necessary to trail the objeot whose speotrogram is to be taken,along
the elit of the speotrograph (Small dispesrsiom).

IXI. The objeot is lmpt steady over the slit, giving a speotrum of sufficient
width (Medium dispersion).

III. The objeot is kept steady over the slit, giving a epeotrum much wider
than necassary (High dispersiom).

IV. The objeot has a consideradle diameter (Nebular speotrograph)

The parameters used in the present disoussiom ayes

a) Paranmeters of telesoope:

Dl = Dimmeter of primary mirror

f = fooal lengkh af telescope

P e t/Dl = relative aperture of telescope

B = 206265%/f = scals on fooal plans of telescope

b) Parsmeters of speotrographs
4, = theoretical diameter of oollimator bemm 1)

d' » real dismeter of oollimator beam
rot' theoretical fooal length of oollimator
£ = real f'ooa.l length of oollimator

ov

r.- r‘n/at e theoretical relative aperture of collimator

’ov - ton.' = real relative aperture of oollimator

f& e focal length of ocamera perpendioular to slit (direotion of dispersion or

length of speotrum)
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' 4 = focal length of camera parallel to slit (width of spectrum)
= aperture of slit projected on plate
= linear aperture of elit on focal plane of telescope

h* = angular aperture of slit on focal plane of telescope

b = height of slit projected on plate

[ = linear height of slit over focal plane of telescope

B" « angular height of slit over focal plane of telesoope

8 = diameter of stellar image

It oan be easily deduced that

Feor - f/Dl - fet/dt (1)
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1f for a given telesoope and grating we can introduce the quantity:
bee.m . 206265" (n
Then
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If wo fix a, Dl’ fb and h", the necessary dismeter of grating and oollimator
ocan be deduced:
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A8 only gratings of certain diameters are produced, the ocnly possibility left
is to increase the focal length of collimator; as one of the authors has done with
the DIMP (2).

Bquation {8) shows that the diameter of collimator growe in linear sense with
the diameter of the primary mirror and with the focal length of the spectrograph
camera. This leads us to oonsider that there i3 no major guin in inoreasing the
diameter of the primary mirror of a islescope if the theoretical collimator can-
not be provided at the same time with the necessary gratings and the case may
come up - for a certain camera - that the largest grating or zet of gratings
existing has only a very small fraciion of the necessary theoretical diameter inm
a large telescope and, on the other zand, is quite an acceptable fraction in a
smaller telescope. We therefore see that the absolute efficienoy of a spectro—
graph may not increase if we simply enlarge the diameter of the primary telescope
mirror. This problem can be made easily compreheneidble comparing a telescope hav-
ing a medium sized primary mirror (1 metre) with one that bas a glent primary
(5 metres).

In figure 1 the valuss of d.)‘ {ordinate) are given in uetres for these exam-
ples, giving the dispersion (hyp‘rbolas) for the sbsoissa or the focal length of
the camera in metres (stralght linee). The enormous difference between both teles
oopes is olearly visibles Por a dispersicn of 10 1 / m in a camera with focal
length of 1,60 metres, dt will be 0,78 m por t):o first and 3,88 m for the seoond
telescope., If these values were desired for 1 A/ln, we would have to multiply
by a factor of 10, as in the equation (8), dt is linearly dependsnt on fb . The
values in the greph have been oalculated taking the following values for the
parameters: a = 0,000 02 m (20 microms); 2" « 2%,

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

" 206265"
B ab . mot . fa
b4

B ab.P b, —

cta Lo
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and to oalculate the slit area illuminated by the star we have

2
o"e " , =a.b.. 02 206265
ct
2 tb
Let us consider the first case (emall dispersion): we assume the efficiency to
be proportional to the telescope diemeter and inversely proportional to the factor
of trailing. It can easily be deduced that the faotor of trailing is inversely
proportional to the telescope diameter, so that we definitely hawve nows
h".I h".])2

9 = - - h".l)3 (ae long as 1" ¢ 8)
trailing trailing

where ¢ expresses the offioionoy. Altbough bh" is also inversely proportional to
Dy, the faot that we have to trail it, signifies that h" can have s camputed value-
higher tbhan the diameter of the stellar image and the efficiency is not propor-
tional to b" any more.

In the example, if h" for the larger telesoope is of the order of s, it will
be larger for the emaller one, but we have not encugh image to illuminate it, so
that the equation (9) will be reduced to

- »’ (as long as k" < 8) (10)
We shall now consider the third oase (high dispersion), as the seoond ocase may
be a combination of I and III, end will always be a value comprised between fore
mulas (10) and (11). In high dispersion, the trailing is no longer necessary and
h" 48 inversely proportional to D; as there is always enough image to illuninate
the whole slit, so that the equation (9) will be reduced to
e=b" .0 uD (11)
The larger telescope will give a D times wider spectrum but of the same inten-
sity as the one given by the emaller telescope, eand if the smaller one gives .a
sufficient valus of b, the larger telescope hae no advantage although its cons-
truction and maintenance is more expensive.
The second case is interpolated between the firet and third, as we said beforej;
to oompare the efficiency of two telescopes, formula (9) can be used, dut remem-
bering the limitation of h" and trailing as already shown. Let us oxplaifn it with
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? 4 [] 3 represent the effioiency of the emaller and larger telescopes respeo-—

(12)

tivelys let us suppose that with the larger telescope no trailing of the star is
necessary while with the smaller one it is. It will be seen that the increase of
efficiency will be intermediate between the ratio (of diameters of their objeo-

tives) and 1ts oube, Let us suppose the sufficient width of the spectrum b =10 aj
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if the slit of the amaller h" covers an important fraotion of the star diameter
(" = 4 8) the trailing necessary in the smaller telssoope will be five times
the diemeter of tbs star, from which results that the efficiency o& the amaller
s 12,5 times mmaller tban that of the larger one.

Sunming up, the equation (12) can be used in all oases always taking into
socount that h* ¢ s, (otherwise the valus of @ has to be used instead of B")
and the trailing of the telesoope might not be necessary.

The oase of the nedular spectrograph in IV presents the serious prodlem of
having to reach a larger area of sky as in the stellar case; as we eee by (8),dt
is directly proportional to h™, so that increasing h" we get less fazvoura.blo con-
ditions than in the stellar oase, whioh in general is ocompensated taking fb very
szall,

The effioienoy can be modified introducing special designs or astigmatimm in
the ocameras, in this ocase h* and the trailing in every special ocase has to be
calculated, according to the characteristios of the modificatiom introduced. Im
oase photoelectrioal scanning ie employed the criteria of efficiency are differ-
oent, A width of the speotrum which would be excessive for photographio plates
would de advantagsous for photosleotrioal scanning (3).
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