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Abstract

The present article is based upon an invited talk delivered at the occasion of the inaugu-
ration of the 4m International Liquid Mirror Telescope (ILMT) which took place in Devasthal
(ARIES, Uttarakhand, India) on 21st of March 2023. We present hereafter a short history of the
liquid mirror telescopes and in particular of the 4m ILMT which is the first liquid mirror tele-
scope entirely dedicated to astrophysical observations. We discuss a few preliminary scientific
results and illustrate some direct CCD images taken during the first commissioning phase of the
telescope. We invite the reader to refer to the series of ILMT poster papers published in these
same proceedings of the BINA3 workshop for more details about the instrument, operation, first
observations, performance and scientific results.
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1. A brief history

The concept of a liquid mirror telescope can be traced back to the XVIIth century when
Isaac Newton demonstrated that the surface of a spinning liquid takes the shape of a paraboloid,
the perfect surface of reference to focus into a single point a beam of parallel light rays.

However, it was not until 1850 that an Italian astronomer, Ernesto Capocci - then director
of Naples's observatory, revived the idea to use a rotating container filled with mercury as the
primary mirror of an astronomical telescope (Capocci 1850). But at that time, the concept was
not taken seriously, mainly because a mercury mirror cannot be tilted to track moving objects.
Indeed, because of the Earth’s rotation, astronomical objects would produce long streaks in-
stead of stellar images on the photographic emulsions previously used in astronomy. Let us
immediately point out that the advent of charge coupled devices (CCDs) in the 1970s changed
the situation. CCDs enable a technique, called time-delayed integration (TDI), to compensate
for the Earth’s rotation (Gibson and Hickson 1992). This is done by electronically shifting the
electronic charges on the surface of the CCD at the same speed as the stellar images drift in the
focal plane of the telescope, thereby yielding sharp images. TDI has revived scientific interest
in liquid mirrors.

But it was not until the end of the XIXth century that anyone tried to build a liquid mirror
(LM). In 1875, Henry Skey (New Zealand) built in the laboratory a ~ 35cm LM. In 1909, Robert
Wood constructed at the Johns Hopkins University (Baltimore, USA) a 51 cm prototype, and
made first sky observations but annoying ripples were produced at the surface of the mercury
because of vibration transmission and the difficulty to keep constant the angular rotation of the

mirror.

Starting in the early 1980s, scientists mostly in Canada have been engaged in significant
development work in the laboratory and observatories. Researchers first demonstrated the fea-
sibility of large liquid optics and developed the basic technology behind it. Optical shop tests
of liquid mirrors with diameters as large as 2.5-m had shown diffraction-limited optical quality.

For instance, in 1982 Ermanno Borra found a solution to some of the technical challenges
encountered by Robert Wood. The former suggested dampening the vibrations that caused the
ripples by using a pressurized air-bearing to sustain the dish. He also suggested pouring a liquid
resin on the dish surface first, letting it dry into the right shape, then pouring reflective liquid
onto it as a coating, diminishing at the same time the amount of mercury needed.

In 1994, Paul Hickson, Ermanno Borra and their colleagues, built an experimental 2.7-m
diameter liquid mirror telescope at the University of British Columbia (UBC) near Vancouver
(see Fig. 1 and Hickson P. et al. 1994). Paul Hickson also worked with NASA on a 3-m liquid
mirror telescope in New Mexico to observe space debris (see Fig. 2 and Potter and Mulrooney
1997). In the early 2003, Hickson built the 6-m Large Zenith Telescope (LZT) to extend LM
technology to larger apertures (see Fig. 3 and Hickson P. et al. 2007). Liquid mirrors have
also been used by atmospheric scientists for LIDAR applications (Sica R. et al. 1995; Wuerker
2002). For instance, the LZT has been used to study with an unprecedented spatial and temporal
resolution the structure and dynamics of the Earth’s mesosphere and lower thermosphere. The



Figure 1: The UBC-Laval 2.7-m liquid mirror built in 1994.

LZT was de-commissioned in 2016.

All these LMTs were first-generation instruments that either were not optimized for astron-
omy or not located at high-quality astronomical sites. The ILMT has strongly benefited from all
the previous technology developments and it has been developed specifically for astronomical
research from a good astronomical site.

The ILMT project was first proposed during the Science with LMTs workshop organized
by Prof. Ermanno Borra on April 14-15, 1997 at the Marseille Observatory (France).

It finally emerged from a scientific collaboration in observational astrophysics between
the Liege Institute of Astrophysics and Geophysics (Liege University), several Canadian uni-
versities (British Columbia, Laval, Montréal, Toronto, Victoria and York) and the Aryabatta
Research Institute of observational sciencES (ARIES, Nainital, India). Meanwhile, several col-
leagues from the Royal Observatory of Belgium, the Poznan Observatory (Poland), the Ulugh
Beg Astronomical Institute of the Uzbek Academy of Sciences and the National University of
Uzbekistan, and the Indian Space Research Organization (ISRO) have also joined the ILMT
project (Surdej J. et al. 2018, 2022).

After several years of design work in Belgium and construction in Belgium and India, com-
missioning began in April 2022, and the telescope achieved first light on 29 April 2022 (Kumar
B. et al. 2022). The 4-metre ILMT is located on the ARIES site of Devasthal (Uttarakhand, In-
dia, Longitude = 79°41’07.08"E, Latitude = 29°21’41.4"N, Altitude = 2378m). Its inauguration
took place on the first Spring day of 2023, i.e. on 21st of March.

After this brief history on LMs' and the ILMT project, we describe the very special type
of optical corrector that is required for such a telescope and we also present some first scientific
results.

! A more detailed and general account on the history of LMTs may be found in Gibson (1991)
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