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Abstract

Typically large telescope construction and operation costs scale up faster than their collecting area. This slows
scientific progress, making it expensive and complicated to increase telescope size. We review the argument that a
metric that represents the capability of an imaging survey telescopes, and that captures a wide range of science
objectives, is the telescope grasp—the amount of volume of space in which a standard candle is detectable per unit
time. We show that in a homogeneous Euclidean universe, and in the background-noise dominated limit, the grasp
is: sµ W +- A t t teff
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E D( ), where Ω is the telescope field of view, Aeff is the effective collecting area of the
telescope, σ is the instrumental or atmospheric seeing or the pixel-size, whichever dominates, tE is the exposure
time, and tD is the dead time. In this case, the optimal exposure time is three times the dead time. We also introduce
a related metric we call the information-content grasp, which summarizes the variance of all sources observed by
the telescope per unit time. We show that, in the background-noise dominated regime, the information-content
grasp scales like the grasp. For seeing-dominated sky surveys, in terms of grasp, étendue, or collecting-area
optimization, recent technological advancements make it more cost effective to construct multiple small telescopes
rather than a single large telescope with a similar grasp or étendue. Among these key advancements are the
availability of large-format back-side illuminated CMOS detectors with 4 μm pixels, well suited to sample
standard seeing conditions given typical focal lengths of small fast telescopes. We also discuss the possible use of
multiple small telescopes for spectroscopy and intensity interferometers. We argue that if all the obstacles to
implementing cost-effective wide-field imaging and multi-object spectrographs using multiple small telescopes are
removed, then the motivation to build new single large-aperture (1 m) visible-light telescopes which are seeing-
dominated, will be weakened. These ideas have led to the concept of the, currently under construction, Large-Array
Survey Telescope.
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1. Introduction

Some astronomical studies depend on maximizing the
number of sources (of some kind) that a telescope can observe
per unit time, or maximizing the signal-to-noise square (i.e., the
variance or information content) of all sources observed per
unit time. Alternatively, we may be interested in specific
objects, resolution or depth, and in this case, either maximizing
the resolution, or/and the collecting area is required. The first
approach may be regarded as a survey telescope, and it is likely
that most astronomical telescopes on Earth are used for this
purpose (even if they are observing one target at a time). The
second approach is applied, typically, by large collecting area
telescopes—e.g., with adaptive-optics systems, or other unique
instrumentation.

Benefiting from technological advancement (e.g., large
format CCDs), numerous new wide field imaging survey
telescopes were recently constructed, and new machines are
being built. Examples include, the Palomar Transient Factory
(Law et al. 2009), the Pan-STARRS survey (Chambers et al.

2016), MASTER global robotic network (Gorbovskoy et al.
2013), the All-Sky Automated Survey for Supernovae (ASAS-
SN; Kochanek et al. 2017), The Gravitational wave Optical
Transient Observatory (GOTO; Dyer et al. 2018), the Zwicky
Transient Facility (Bellm et al. 2019b), and the Large Synoptic
Survey Telescope (LSST; Tyson et al. 2001). However, there is
wide room for expanding and diversifying the global array of
survey telescopes. One reason is that some science cases
require systems that are capable of accessing the entire sky at
any given moment, while a typical ground-based observatory
can access only ≈6% of the sky, with airmass below 2, at any
given time. Among such science cases are gravitational wave
events (e.g., Abbott et al. 2017), fast transients (e.g., Cenko
et al. 2013), and exoplanets (e.g., Charbonneau et al. 2000;
Nutzman & Charbonneau 2008; Swift et al. 2015). These, and
other science cases, call for around-the-globe, wide-field, high-
cadence survey telescopes. Therefore, it may be beneficial to
inspect observing systems design in light of recent technolo-
gical advancements.
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Comparing the discovery potential of survey telescopes can
guide us in the design of new survey telescopes. A common
comparison metric used in the literature is the étendue, which is
proportional to the amount of flux a single telescope receives
from all sources. The étendue is given by AΩ, where A is the
collecting area and Ω is the field of view (e.g., Tyson et al.
2001). Tonry (2011) suggested another metric which he called
the survey capability and is proportional to å S Ni i

2( ) , where
(S/N)i is the sources signal-to noise. This definition, with some
minor differences, is similar to the information-content grasp
we introduce in Section 2.7. Here we derive the information-
content grasp analytically as a function of the telescope
parameters, and we also show that the information content
grasp is equivalent to the grasp.

Djorgovski et al. (2012) suggested a figure of merit which is
based on the inverse of the telescope limiting flux (see
Equation (2)). Pepper et al. (2002) and Bellm (2016) advocated
the use of a volumetric rate metric (for which we adopt the
name grasp), which is equivalent to counting the number of
sources, with a constant space density in an Euclidean universe,
that a telescope can observe per unit time.

Pepper et al. (2002, 2003) analyzed the following problem:
Given a single telescope with a fixed focal ratio and detector
size, what is the optimal aperture size for conducting a survey
for hot-Jupiter transiting planets. They concluded that in order
to maximize the number of detected hot-Jupiter transiting
planets around bright stars, it is best to use a 1 inch diameter
telescope. This paper likely inspired the design and construc-
tion of some successful surveys based on small telescopes
aimed at detecting and characterizing transiting planets (e.g.,
HAT, Bakos et al. 2004; WASP, Pollacco et al. 2006). In fact,
the approach of multiple small telescopes for sky surveys is
becoming very popular. Such telescopes are used for multiple
objectives, including transiting planets (e.g., EvryScope,
Law et al. 2015; Next Generation Transit Survey (NGTS),
Wheatley et al. 2018); transients (e.g., ASAS-SN, Kochanek
et al. 2017; GOTO, Dyer et al. 2018; ATLAS, Heinze et al.
2018; MASTER, Gorbovskoy et al. 2013), low-surface
brightness galaxies (DragonFly, Abraham & van Dok-
kum 2014; Danieli et al. 2018), and asteroids (e.g., Heinze
et al. 2018).

Bellm (2016) clearly identified the volumetric rate as useful
for comparing survey telescopes, and calculated it from the
limiting magnitude for various sky surveys. Furthermore,
Bellm et al. (2019a) used the volumetric rate to optimize the
Zwicky Transient Facility observing schedule.

It is likely too simplistic to describe different science cases
with a single metric like the grasp. For example, sometimes we
care about cadence, and not only the volume of space probed.
This, however, can be addressed by assuming that we are
running out of sky after some fixed amount of time (see e.g.,
Section 2.3). Other complications include the geometry of the

universe, and the nonconstant space density of sources (see
e.g., Section 2.5). In some cases, we may be interested in the
information content (i.e., variance) of all the observable sources
—for that reason, we also introduce the information-content
grasp (see Section 2.7). Such details should be taken into
account when comparing survey performances. Nevertheless,
we argue that the grasp is an informative metric, as it gives us a
rough scaling of the number of sources a survey telescope can
detect per unit time.
Here we derive the volumetric-rate (grasp or survey speed)

formula and the information-content-grasp formula. We derive
an analytic expression for the optimal integration time, given
the dead time, and we extend the grasp formula to diffraction-
limited telescopes. We explore several variants of these scaling
relations, including the limit where the survey is running out of
sky and the effects of a non-Euclidean universe. We mainly
deal with the simplest form of the grasp and how it scales with
the various system parameters. We define the cost-effectiveness
of a survey telescope as its grasp per unit construction cost (and
alternatively, maintenance cost). We argue that due to the
recent availability of large format CMOS detectors with small
pixels well suited to sample standard seeing conditions at focal
lengths of  103( ) mm. it is possible that (arrays of) small
telescopes are becoming considerably (about an order of
magnitude) more cost effective compared to most existing and
planned wide-field imaging telescopes.
In Section 2, we derive the grasp formula analytically,

along with several variants including the information-content
grasp. In Section 3, we define the survey cost-effectiveness,
with practical considerations discussed in Section 4. In
Section 5, we briefly discuss the possibility of using multiple
small telescopes for spectroscopy and interferometry, and we
conclude in Section 6.

2. The Grasp

The grasp of a telescope system is proportional to the
volume the telescope can probe per unit time. The actual
volume depends on the intrinsic luminosity of the sources, but
if we care about comparing two optical systems, or analyzing
the grasp scaling with various parameters, the intrinsic
luminosity or the shape of the luminosity function becomes
irrelevant.1

The grasp formula can be derived by inspecting the signal-
to-noise (S/N) ratio formula. For source detection or,
alternatively, at the limit of a background-dominated noise,
the S/N of a circularly symmetric Gaussian point-spread

1 As long as the power-law index of the luminosity function is the same over
the relevant luminosity range.
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function (PSF) is given by2:

ò p
p s

ps

=

=

s¥ -
rdr

F A t

BA t

e

FA t

BA t

S

N
2

4

4
. 1

r

0

2
eff
2

E
2

eff E
2 4

eff E

2
eff E

2 2

( )

( )
⎜ ⎟⎛
⎝

⎞
⎠

Here, S/N is the signal-to-noise ratio required for source
detection or for some measurement in the background-noise
dominated regime, F is the flux of the source in units of number
of photons per unit time per unit area, Aeff is the aperture
effective3 collecting area, tE is the integration time, B is the sky
background in units of number of photons, per unit area, per
unit time, per unit solid angle of the sky, and σ is the width of
the Gaussian PSF (e.g., imposed by the atmospheric seeing,
optical abberations, the detector, or the angular size of the
object of interest). We note that for a measurement process
(rather than detection) in the source-noise-dominated limit
(e.g., exoplanet searches), or the read-noise dominated limit,
Equation (1) is no longer correct (see general formula and
derivation in Zackay & Ofek 2017a). The source-noise
dominated case is discussed in Section 2.6.

Next, we can isolate F to find the limiting flux of the system:

p s= -F B A t4
S

N
. 2lim

1 2
eff E

1 2( ) ( )⎜ ⎟⎛
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⎞
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Since d∝F−1/2, where d is the distance to the source, the
distance to which we can detect a standard candle is

sµ
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and the volume in which we can detect sources is
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Here, Ω is the field of view of the telescope.
Next, we are interested in the volume per unit time (i.e., the

grasp; = + V t tE D( )), where tD is the dead time (e.g., slew
time, readout time), which is given by
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Hereafter, we will refer to this as the Grasp Equation.
It is important to note that the Grasp Equation is valid under

the assumptions mentioned earlier. For example, for a system of
small telescope with small enough dead time (and hence short
optimal exposure), the telescope may not be able to detect even
the brightest target of some class (e.g., supernova). Since
telescopes which are large enough to be seeing dominated, have

aperture area ranging over 2–3 orders of magnitude, in order to
compare the smallest telescope to the largest telescope, our
assumptions about the continuity of the luminosity function,
source homogeneity, and Euclidean space must be valid over the
appropriate range. In some of the next subsections, we consider
more complicated cases.

2.1. The Optimal Ratio between the Exposure Time and
the Dead Time

In the case that we are interested in observing the sky at
some cadence, and assuming we are not running out of sky
(e.g., Section 2.3) and given a dead time tD, the Grasp Equation
has a maximum in respect to the exposure time tE.
Given Equation (5), with an arbitrary power-law of aA teff E( ) ,

we can calculate the optimal exposure time (to maximize the
grasp) in units of the dead time. Since

a a
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the optimum integration time that maximizes the observed
volume per unit time is (for 1>α>0)

a
a

=
-

t
t

1
, 7E,optimal
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and in the special case of α=3/4, we get

=t t3 . 8E,optimal D ( )

For α approaching 1, tE,optimal/tD approach infinity, see
Section 2.6 discussing Non-Euclidean geometries.

2.2. The Diffraction-limited Case

In the diffraction-limited case, where the collecting aperture
is circularly symmetric (see, however, Nir et al. 2019),
σ∝A−1/2 and we get

µ W
+

- A B
t

t t
. 9eff

3 2 3 4 E
3 4

E D
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Therefore, a diffraction-limited sky survey grasp grows
considerably faster than A. The reason is that while the
background contribution to the source increases with A, the
background area contributing to the source decreases with A.
We note that not every telescope that provides diffraction-
limited imaging will have a grasp scaling like Aeff

3 2. For
example, speckle-interferometry-like methods (Labeyrie 1970;
Bates 1982; Zackay & Ofek 2017b) effectively combine the
light from multiple speckles, but also combine the background
from these speckles.

2.3. Running Out of Sky

There are two ways to increase the volume probed by
multiple (N) small telescopes. They can either observe the same
field of view, in which case the grasp will increase like N3/4, or

2 The (S/N)2 is an additive quantity (e.g., Zackay & Ofek 2017a). Therefore,
we simply integrate over the (S/N)2 of each pixel in the PSF.
3 The effective area is proportional to the actual collecting area, filter width
and system throughput.
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they can observe different fields, in which case the grasp will
increase like N.

If we choose to maximize the grasp, we will need to cover
more sky area. However, at some point, a system of small
telescopes will run out of sky, and in this case, the efficiency
will transition from being proportional to N to being
proportional to N3/4.

For a system in which Ω1 is the field of view of a single
telescope, N is the number of telescopes, and we observe
different fields until we run out of sky4 (Ωsky), we can write:

s
µ

+
´

W W < W

W W
W


A

B
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t t

N Nif
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For some systems (e.g., EvryScope; Law et al. 2015; Ratzloff
et al. 2019) the transition will happen very quickly.

2.4. Source Density Function

So far, we assumed the sources have a uniform density with
distance. Next, we assume that the source density has some
power-law distribution with distance:

r r= bd d d , 110 0( ) ( ) ( )

where ρ0 and d0 are the density and distance normalization, and
β is the power-law index of the density distribution.

Integrating over d, for β>−3 (for a smaller β, the density
diverges), the grasp is given by
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We see that, in an Euclidean universe, for β>1, the power-
law dependence on Aeff becomes steeper than the power-law
dependence on Ω (i.e., +1).

2.5. Non-Euclidean Universe

All the scaling relations we derived so far assume a universe
with an Euclidean geometry and no time-dilation. However,
these assumptions break down quickly when the redshift z of
the sources we are interested in is large. In addition, some
cosmological sources have a density function with a steep
dependency on redshift (e.g., the star formation rate; Cucciati
et al. 2012). To parameterize the effect of cosmology, we
approximate the power-law dependence of the grasp on the
collecting area using a power-law with index α—i.e.,

µ W
+

a
a

 A
t

t t
, 13eff

E

E D
( )

where α is the power-law index of (AefftE). In Figure 1 we show
a numerical estimation of α as a function of redshift. The solid
line shows α assuming a constant source density (and no
luminosity evolution), while the dashed line assumes the source
density follows the star formation rate (e.g., Cucciati et al.
2012) but disregards any evolution in the luminosity function.
We stress that the power-law representation over a wide range
of telescope sizes, is only a rough approximation. In addition,
for some redshift ranges α<0 and our approximation breaks.
We have to be careful not to over interpret this plot. In reality,
there are several additional complications. For example, for
transient sources (e.g., supernovae), the rate of events further
decreases like 1/(1+z), due to the time dilation of the
transient rate. Moreover, this plot ignores the fact that the
luminosity function of sources may change with redshift.

2.6. The Source-noise Dominated Case

So far we have discussed the background-noise dominated
regime. For bright sources (e.g., exoplanet transit detection
around FGK stars), the source noise is the dominating noise
term. The criterion for this case5 is given by comparing the
numerator and the square of the denominator in Equation (1):

p sF B4 , 14t
2 ( )

Figure 1. α (the power-law index of AefftE) as a function of redshift (solid line),
assuming Planck cosmological parameters (Planck Collaboration et al. 2016).
The solid line represents α in the case of sources with a uniform number per
comoving volume, while the dashed line is the approximate α when we
introduce the measured evolution in the star formation rate (Cucciati
et al. 2012). This plot ignores the evolution in the luminosity function, redshift
of the spectrum, and time dilation. For example, the time dilation may be
important for transient sources.

4 In a similar manner, we can introduce running out of time—e.g., if we are
interesting in observing the sky in a specific cadence. 5 For cases in which the readnoise is sub dominant.
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where Ft is the flux above which the transition from
background-noise to source-noise occurs. For example, for
σ≈0 28, 1″, 2″, 10″, the transition between background-
noise dominated and source-noise dominated occurs at about 0,
2.7, 4.2, and 7.7 mag below the sky surface magnitude (in units
of magnitude per square arcseconds), respectively.

In the source-noise-dominated case:

= FA t
S

N
. 15eff E ( )⎜ ⎟⎛

⎝
⎞
⎠

Repeating the steps in Section 2 with Equation (15) we find
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This suggests that deep in the source-noise-dominated case,
and for constant S/N, larger telescopes are preferable, while
the seeing is not important.

2.7. The Information-content Grasp

For some applications we care about measuring some
properties like the flux (e.g., exoplanets search), first moment
(e.g., astrometry), or shape (e.g., weak lensing), as precisely as
possible. Assuming that we are limited by Poisson noise, we
can define the information-content grasp, as the sum of
variances6 of all sources in the field of view.

For sources with a flux density function of the form

µ z-dN

dF
F , 17( )

where N is the number of sources, F is the flux, and ζ is a
power-law index, the volumetric information content integrated
between the flux limit (Flim) and some upper-flux bound (F ;max

e.g., saturation limit) is
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Here S N m
2( ) is the variance of a measurement process (see

general formula in Zackay & Ofek 2017a). For simplicity we
will treat only the background dominated case, in which
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Note that in the background-noise dominated case, the S/N for
detection and measurement are the same. Plugging Equation
(19) into Equation (18), setting ºx F Fmax lim, and integrating,
we get (for ζ≠3) the information-content volume
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Here x can be regarded as the dynamic range of the observations,
and we assume that we are in the background-noise dominated
regime in the entire dynamic range. To get the information-
content grasp, we plug Equation (2) into Equation (20) and
divide by the exposure time plus the dead time.
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In the case of an Euclidean Universe with a homogeneous
source density (ζ=5/2), and in the background-noise domi-
nated limit, the information-content grasp grows like s- A3 2

eff
3 4.

I.e., the information-content grasp scales like the grasp.

3. Telescope Cost-effectiveness

We define the cost-effectiveness of a survey telescope as the
grasp per unit cost. According to van Belle et al. (2004), the
cost of telescopes grows like ∼A γ, with γ≈1.15, but the
exact power-law ranges from γ≈1 to 1.5, and depends on the
telescope details. Furthermore, with newer telescope design,
segmented mirrors and shorter focal-ratio implemented in new
large telescopes, it is possible that γ for large telescopes is
slightly smaller than 1. Adopting the basic grasp formula, or
even the étendue, suggests that for seeing-dominated survey
telescopes, multiple small telescopes have the potential to be
more cost-effective than one single large telescope with the
same grasp (i.e., W = WN A A ;S S L L

3 4 3 4 subscripts S and L
correspond to small and large telescopes, respectively). For
such equivalent systems,7 the cost-effectiveness of a small
telescope system, compared to a large telescope with the same
grasp, is proportional to ~ W W g-N A AS L S L

3 4( )( ) . This
suggest a factor of a few at most between the cost effectivness
of small and large telescopes. It is possible, however, that a
larger factor in cost effectivness of small versus large
telescopes hides in mass production, and the use of products
which are not unique for professional astronomy.
Given the fast development and progress in detector technology,

optics manufacturing technology and computing, as well as the
large-scale market economy, when designing a new system, it is
worthwhile to compare the capabilities of large versus small
telescopes. This comparison depends on the details of our science
goals.
Our rough analysis suggests that the cost-effectiveness of

some small telescope systems (e.g., GOTO, Dyer et al. 2018;
ATLAS, Tonry 2011; Heinze et al. 2018) is probably8 higher
by a factor of about 3 compared to some of the other small or
big survey telescopes. An important question is: Can we further
improve the cost effectiveness of telescopes? We argue that
technological development of the past several years have likely

6 The Fisher information of a random variable is proportional to the variance
of this random variable.

7 One possible difference between large and small telescopes is that the seeing
of large telescope maybe better by about 10% (e.g., Martinez et al. 2010).
8 Based on information available on the Internet.
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made it possible to increase the grasp-based cost-effectiveness
of seeing-limited imaging survey telescopes by about an order
of magnitude. One such development is the fast progress made
in the quality of CMOS detectors, which are considerably less
expensive than CCD-based cameras, and are available with
small pixels (see Section 4).

4. Practical Considerations

In order to maximize the cost-effectiveness of seeing-limited
survey telescopes, given the strong dependence of the grasp on
the image quality, it is desirable that the system will be limited
by the seeing.9 For a 20 cm telescope, the visible-light
diffraction limit is about 0 7, so our first requirement is for
telescopes with a diameter D20 cm. Next, we require optics
that provide an image quality comparable to the seeing and a
pixel size that critically samples the PSF.10

Since we would like to maximize the field of view, systems
with a short focal length are required. This means that in order to
critically sample the PSF, we need small pixels. For example,
with a 30 cm f/2 telescope, 3 μm pixels are required in order to
have a pixel scale of 1″ pix−1. Most importantly, such large-
format back-side illuminated CMOS detectors with small pixels
have only now become available. Another important point is that
CMOS devices are considerably less expensive than equivalent
CCDs, and that CMOS technology is maturing fast. Therefore,
utilizing CMOS technology has the potential to further increase
the cost-effectiveness of survey telescopes. The pixel-size
requirement means that fully utilizing the cost-effectiveness of
small telescopes has only recently become possible. Another
important factor is that small telescopes and cameras have a huge
market, and this has an important impact on their availability,
and cost-effectiveness.

The multiple-small-telescopes-for-sky-survey approach has
several challenges. First, operating and analyzing data from a
large number of telescopes requires considerable computing
power and data storage. Saving all the raw data from a large
( 1000[ ]) number of telescopes is challenging. However, a
possible solution is to process the data and save selected data
products. Second, multiplicity usually comes with some
complexity (e.g., maintenance). Therefore, we require a proof
that the small telescope approach has the potential to increase
the cost-effectiveness, of existing and planned sky-survey
systems, by an order of magnitude.

5. Comments about Spectroscopy and Interferometry

So far we have focused on imaging surveys. It is of interest
to consider extending the multiple-small telescope approach to

spectroscopy and maybe intensity interferometers (Brown &
Twiss 1956, 1957, 1958). Applying this approach to spectrosc-
opy was already discussed in the literature (e.g., Eikenberry
et al. 2019).
The grasp formula represents a special case in which we are

interested in all, or a subset, of objects in a volume of space.
However, in spectroscopy we are typically limited to a fixed
number of targets per exposure. Therefore, when discussing
spectroscopy, we ignore the grasp formula. Nevertheless, it is
interesting to understand if constructing a telescope for spectrosc-
opy may be more cost-effective using multiple small telescopes
compared to a single telescope with the same collecting area.
Spectroscopic observations using multiple small telescopes

requires either a spectrograph per telescope, or combining the light
from many telescopes into a single spectrograph (e.g., Eikenberry
et al. 2019). Furthermore, one may consider a single object
spectrograph, or a multi-object spectrograph. For the spectrograph-
per-telescope option, since a single efficient spectrograph may be
at least an order of magnitude more expensive than a 20 cm class
telescope, the optimum cost-effective system may require a larger
telescope (e.g., 0.5–1m class). The second option, of efficiently
combining the light from multiple small telescopes into a single
spectrograph, is challenging. Among the possibilities to combine
the light from multiple telescopes is using a variant of the optical
multiplexer (Ben-Ami et al. 2014; Zackay & Gal-Yam 2014).
Another light-combining method was suggested for the Poly-
Oculus project (Eikenberry et al. 2019).

6. Summary

We define the grasp as the relative volume of space that can
be observed by a telescope system per unit time (i.e., survey
speed). We argue that the grasp of a seeing-limited imaging-
survey telescope, even in its simplest form, is a good
representation of the scientific return from the system. We
derive the grasp formula, and discuss it mainly in the limit of
seeing-dominated surveys assuming an Euclidean universe
with a uniform source density. We also discuss a related
quantity we call the information-content grasp that measures
the variance of all sources in the field of view, per unit time.
We argue that, given the power-law dependence of the grasp

on the telescope collecting area, combined with recent
technological developments, it is now likely more cost-
effective to build multiple small telescopes than a single large
telescope, with the same grasp and even with the same
collecting area. Specifically, the availability of high-quality
backside illuminated CMOS devices with small pixels, a large
format, and a fast readout may be a game-changer in the near
future. Furthermore, these CMOS devices are typically a factor
of a few less expensive per unit area, have simpler electronics,
and consume less power, compared with the CCD technology.
Adopting this approach in astronomy, has the potential to
increase the cost-effectiveness of seeing-dominated survey

9 One possible exception is the case in which we are interested in extended
sources (e.g., Abraham & van Dokkum 2014).
10 The Nyquist frequency is not well defined for a Gaussian PSF. However, for
practical purposes, we suggest using a pixel scale of about 2.3 pixels across the
PSF full width at half maximum (see e.g., Ofek 2019).
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telescopes by an order of magnitude, which eventually may
enable faster astronomical research progress. We argue that if
all the obstacles to implementing cost-effective wide-field
imaging and multi-object spectrographs using multiple small
telescopes are removed, then the motivation to build new single
large-aperture (1 m) visible-light telescopes which are seeing-
dominated, will be weakened.

In order to test this ideas we are constructing the the Large-
Array Survey Telescope (LAST) project (S. Ben-Ami et al.
2021, in preparation). A LAST node will be constructed from
48, 27 cm f/2.2 telescopes. Each telescope, equipped with a
back-side illuminated CMOS device, will have a field of view
of about 7.4 deg2 and pixel scale of 1 2. So a LAST node is
equivalent to a 27 cm telescope with field-of-view of about
355 deg2, or a 1.9 m telescope with field-of-view of 7.4 deg2.
The goal of the LAST project is not only to conduct scientific
investigation, but also to provide a proof-of-concept that it is
possible to increase the cost-effectiveness of survey telescopes
by an order of magnitude, compared to existing and under-
construction systems.
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