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1919 EDDINGTON EXPEDITION — SOBRAL: THE 4-INCH TELESCOPE WITH 8-INCH COELOSTAT

{ Purpose: photograph stars near the eclipsed Sun to measure gravitational deflection of light. }

KEY TO PARTS

LIGHT FROM

8-inch coelostat mirror
SUN AND STARS

(tracking mirror)

e Clock drive for coelostat
(rotates slowly to keep the
reflected beam on the
fixed telescope)

0 4-inch (10.2 cm) objective
lens (Cortie lens)

@ 19-ft (5.79 m) wooden
telescope tube
(fixed — does not move)

6 Focusing and breech
assembly (adjusts focus
and squares the plate)

@ Plate holder
(10 x 8 inch glass plate)

OPTICAL PATH (SIDE VIEW - NOT TO SCALE) WHAT MOVES?
3 Only the coelostat mirror (1)
Light from Objective lens Focusin g / breech >
S e l(4-inch) ASANE ] assembly moves, driven by the clock (2).
% ) Photographic The telescope tube and all
Inclined /‘H‘I 7/ plate other parts remain fixed.
coelostat - [ () (10 x 8 inch)
mirror \V —
Telescope tube (fixed) SPECIFICATIONS
L > (CE;T(I?'_:;‘) « Objective aperture: 4 inches (10.2 cm)
« Focal length: 19 ft (5.79 m)
NOTES « Coelostat mirror: 8 inches (20.3 cm)
« The coelostat reflects the light from the Sun and surrounding stars « The long focal length gives a large scale: 1 arcsecond = 28 microns * Plate size: 10 x 8 inch
into the horizontal telescope. on the plate. * Typical exposure: ~60 seconds
« As the Earth rotates, the coelostat turns, keeping the image fixed « This was the instrument that provided the successful Sobral results.
on the photographic plate.

As a little test for the reader, can you spot the error in the
above graphic?

Also the optics were designed so that stars across the plate
come to focus as nearly as possible on the same plane. An
ordinary refractor optimised for visual use does not
necessarily provide such a well-corrected photographic field.

Another important feature was that it was stable in order to
keep the angular separation on the sky across the plate.
Remember, instead of an observer looking through an
eyepiece, a glass photographic plate was placed precisely
at the telescope's focal plane, and everything was designed
with the photographic response of the plates in mind and to
minimise aberrations that would distort the positions or
Shapes of stellar images.
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The point about image scale is particularly important
because it was effectively a precision angular measuring
instrument. It converted tiny angular separations in the sky
into measurable distances on a photographic plate.

The valuable precision components transported from
Greenwich and Oxford were therefore principally the lens
assemblies. Temporary telescope structures were
constructed specifically for the expeditions.

Let's learn more about an astrograph

Firstly, it is important to distinguish an astrograph in general
from the very specific Carte du Ciel astrographs whose
object glasses were used in the 1919 experiment. By 1919
the Greenwich and Oxford instruments were already about
thirty years old, but they had originally been designed for
precision photographic astrometry, i.e. recording a relatively
wide field of stars on glass plates so that their positions
could subsequently be measured accurately. This made
their optics particularly suitable for the eclipse experiment,
although the instruments had not themselves been designed
for eclipse observations.

A classical late-19th-century refracting telescope was
principally designed for the human eye. It normally had an
achromatic objective, a relatively restricted useful field, and
an eyepiece. The observer looked through it, perhaps with a
micrometer, and measured individual objects.

An astrograph was designed instead as a precision
astronomical camera. The crucial difference was that the
entire optical system was optimised to form measurable
stellar images on a photographic glass plate. The standard
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Carte du Ciel instrument had a photographic objective of
about 33 cm (13 in) aperture and 3.43 m focal length, giving
approximately 1 arcminute per millimetre on the plate. A
standard plate was about 16 x 16 cm, recording roughly a
2° x 2° field.

The objective was a photographic doublet. This mattered
because photographic emulsions were most sensitive
toward the blue/violet part of the spectrum, whereas an
ordinary visual achromat was optimised for wavelengths to
which the human eye is most sensitive. A visually excellent
telescope could therefore have its photographic focus in the
wrong place or produce poor images across a large plate.

The British Carte du Ciel astrographs were Grubb
instruments (he manufactured seven astrographs for the
international programme). Importantly, these were not
simple single lenses. Each object glass was a specially
designed photographic doublet, with two large optical
elements, one crown glass and one flint glass, accurately
figured, spaced and mounted together in a metal cell. The
two 1919 objectives were nominally built to the same Carte
du Ciel specification, about 13 inches (33 cm) aperture and
3.43 m focal length, but they were not optically identical:

» Greenwich: crown-glass element in front, flint behind.
» Oxford: flint-glass element in front, crown behind.

Crown glass and flint glass are two types of optical glass
with different refractive and dispersive properties. Crown
glass has a relatively low refractive index and low
dispersion. So it bends light moderately and separates the
colours relatively little. Traditionally it was an alkali-lime
silicate glass. Flint glass has a higher refractive index and
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higher dispersion, and it bends light more strongly and
separates different wavelengths more strongly. Historically it
contained substantial lead oxide.

Because a single lens suffers from chromatic aberration. Its
refractive index depends on wavelength, so blue light is bent
more strongly than red light and the colours come to focus
at different distances. An achromatic doublet combines two
elements with opposite optical powers. The crown provides
most of the required focusing power. The flint, because its
dispersion is greater, can be given the opposite curvature so
that it cancels much of the crown's colour separation without
cancelling all of its focusing power. So two selected
wavelengths can be brought to essentially the same focus,
with the remaining wavelengths much closer than with a
single lens.

THE CARTE DU CIEL ASTROGRAPH OBJECTIVE USED IN THE 1919 ECLIPSE EXPEDITIONS

Oxford and Greenwich astrographic objecte glasses by Howard Grubb, Dublin
Aperture: 13 inches (33 cm) Focal length: 3.43 m  Type: Photographic doublet

1. OPTICAL DESIGN: PHOTOGRAPHIC DOUBLET 2. TWO VARIANTS (SAME SPECIFICATION)
Each objective consists of two large lens elements - a crown glass and a flint glass - GREENWICH OBJECTIVE OXFORD OBJECTIVE
accurately figured and mounted in a brass cell. (used at Sobral) (used at Principe)

Front element:
I FLINT glass

Front element:
CROWN glass

Rear element:
CROWN glass

- Rear element:
fi FLINT glass

5 Focal ¢ Aperture: 33 cm (13 inches)
First (front) Second (rear) Bf“ cell aJnd tube. plane « Focal length: 3.43 metres
Sement element (curved ¢ Designed for wide field photographic astrometry (flat field, minimal distortion)
(see vari iants (see variants ) Manuf: ed and figured by H d bb, Dubli 7-1889
A slightly) ¢ Manufactured and figu y Howard Grubb, Dublin (c. 1887-1889)
t right) atright) ¢ Mounted in a brass cell; both elements carefully centred and spaced
¢ Not a multi-element system: only two lenses (a photographic doublet)
3. PHOTOGRAPHIC PLATE HOLDER (FOCAL PLANE ASSEMBLY) KEY POINTS

Holds the glass photographic plate precisely at the focal plane of the objective. ¢ The plate is a glass photographic plate,

typically 16 x 16 cm (some series 13 x 18 cm).

‘ ~ ¢ The holder ensures the plate is perfectly flat
| and exactly at the focal plane.
== ™ ¢ It must be rigid, light-tight and reproducible,
S = so that s taken at different times can be
-——— | measured accurately.
| ¢ During an exposure, the dark slide is withdrawn
to expose the plate, then replaced.
P il ! | , ~
s . 9 IN USE DURING THE 1919 ECLIPSE EXPEDITIONS
Dark slide Photographic Pressure frame  Felt light seal Back of holder Thelabjontivellana(inits steciRibe) was matmtad at
-~ (light-tight cover plate (holds the plate (prevents light (attaches to telescope e frorj\t of the expedition telescope (illuminated by

d duril I Isi fi leak: fi / field
Sliding plate drawer o d (glaes/embislon et) oaks) o e a 16-inch coelostat). At the rear, this focal plane

handling) side toward flattener assembly)

(inserting / e telosa o) assembly held the photographic plate during the
withdrawing = exposure. After exposure the plate was removed in
direction) a dark tent and replaced with the next one.
L

For the astrograph, this was particularly important because
you wanted tiny, sharply defined stellar images on a



Wednesday, 12 August 2026 Eddington's Experiment Page 27 of 53

photographic plate. A star is broadband light; without
chromatic correction, its different colours would focus at
different planes and produce a larger blurred stellar image,
seriously degrading precision astrometry.

There is useful evidence of how valuable such an object
glass was. Grubb was responsible not merely for buying
glass but for figuring and finishing the optical surfaces and
mounting the elements in their cell. Contemporary
Greenwich documentation for other Grubb refractors shows
just how specialised this was. Large optical glass blanks
could be supplied by several different firms, but it was
Grubb that figured the lenses, assembled them and made
the final optical adjustments. The surviving sources
consulted do not give a separate purchase price for the
object glass, nor have | found firm evidence identifying the
manufacturer of the raw glass blanks.

A rigid glass plate coated with photosensitive emulsion was
inserted into a plate carrier at the focal plane. The rigidity of
glass plate was extremely important for astrometry, since
the subsequent measurement depended upon the
geometrical positions of stellar images being preserved. The
Carte du Ciel plates could also carry a réseau, a precisely
defined grid of lines at 5-mm intervals, providing a
geometrical reference when stellar positions were
subsequently measured.

Check out https://www.royalobservatorygreenwich.org/
articles.php?article=1057 The Greenwich astrographic
telescope was actually a paired instrument. The
photographic telescope was paired with a slightly smaller
visual guiding telescope (10-inch objective and 3.43 m focal
length). Both were rigidly connected on the same German
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equatorial mounting. There was additionally a smaller 3-inch
guiding telescope.

The immediate ancestor of the standard astrograph was
developed at the Paris Observatory by the brothers Paul
and Prosper Henry in the mid-1880s. Their logic was that
when their survey reached the extraordinarily dense Milky
Way, visual plotting became impractical. The success of this
work helped to promote the enormous international
photographic survey which became the Carte du Ciel/
Astrographic Catalogue. At the international Paris
conference in 1887, astronomers agreed to divide the sky
between participating observatories and adopted a
substantially standardised photographic telescope. Initially
18 observatories undertook zones of the sky.

This standardisation is important. It was effectively a late-
Victorian attempt to build a worldwide network of compatible
astrometric instruments. By 1915 there were 20 participating
observatories, and they had produced more than 22,000
plates.

Two manufacturers dominated, Gautier in Paris, and Grubb
in Dublin (ours were from Dublin). A Gautier astrograph
together with its macromicrometre measuring machine cost
about 35,000 French francs (perhaps €1 million or more
today). A contemporary account cited in a recent historical
study compares that with an annual salary for a French
astronomer of roughly 300 francs.

Neither expedition transported a complete astrographic
telescope. The Greenwich and Oxford astrographic object
glasses were removed from their permanent observatory
instruments and each was installed in a specially
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constructed two-section steel tube for the expedition. At
Sobral a second, independent 4-inch photographic
telescope was also used; unlike the astrographs, this
retained the square wooden tube in which it had previously
been used for eclipse photography.

Remember - They removed probably the most optically
sophisticated and valuable component of each permanent
astrograph, packed it separately, kept it under the observers'
personal care during the voyage, and built a new telescope
around it at the expedition site.

How an expedition astrograph was constructed

1919 EDDINGTON EXPEDITION EQUIPMENT - SOBRAL, BRAZIL

Astrographic telescope used to photograph stars close to the eclipsed Sun

PRINCIPLE OF THE COELOSTAT

The plane mirror reflects sunlight
(or starlight) into the fixed
telescope. By turning slowly
about a vertical axis, the mirror
keeps the Sun centred in the
field during totality.

Astrographic objective 8-inch stop Focusing Photographic

3 ) Sun or
M starlight (13-inch, /6.8) (where ussd) (helical) plate

A circular diaphragm movemen

at the objective cell

reduces the effective

@ aperture to 8 inches
e

focal length

COELOSTAT DRIVE

SIDE ELEVATION (ot to scale) SUMMARY OF OPTICAL TRAIN
Thelmirroriislcarriedlon alclogke The telescope, objective and plateholder remained fixed. Sun or starlight
work drive about a vertical axis. Only the coelostat mirror moved during totality.
i Vi 16-inch coelostat mirror (plane)
un
8-inch stop at objective (where used)
locl PLAN VIEW (from above) PHOTOGRAPHIC PLATE (at focus) 1 *
h: - i Goro
mechansm [ ] e — a: A e S | Astrographic objective
I S—— Igt FTPHeLORNehE (13-inch, focal length 3.43 m)
Driving — ?8 /e 10% inches)
weight ‘ ; \ held in a light-tight ‘ Focus at photographic plate
L - ' + slide. | (in telescope focal plane)
Weight falls slowly and — ———— — 5 4 |
turns the clock. > \ J |
J \\ 4 After the exposure NOTES
~S- o telescope the slide was « Sobral expedition used the 16-inch coelostat
lostat mirror . I withdrawn in built by Grubb.
rotates slowl . S - darkness. A 4-inch coelostat of similar design was used
(about ution 1o = at Principe.
in ~1 ho in; S A
Th e : ) + Totality at both sites lasted about 6 minutes.
hdwth shutter that could Fine focusing * The 8-inch stop reduced s ph ical aberratior
o opened diiring totality adjustment — | | and improved defin E eclipse e
Sources: A. Crommelin, C. R. Davidson and A. S. Eddington, “Report on the Observations of the Total Eclipse of May 29, 1919," Note: Dimensior approximate.
Phil. Trans. R. Soc. A, 220 (1920). Diagrams based on descriptions in the report. Drawing not to scale.

Each astrographic object glass was attached to one end of a
specially made steel telescope tube.



