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Why build space telescopes?

● To access all the other wavelengths… (gamma, x-ray, UV, IR, LWR)
● To remove contaminating foregrounds (New Horizons)
● To achieve stable observations (BRITE, Kepler, TESS, Euclid)
● To resolve beyond the seeing limit (HST, Roman)
● To build a high-efficiency observatory (Swift)
● To increase field-of-regard and sky coverage (All of them)
● To Discover…and Inspire!
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How do we break the Space Spiral for astronomy?

● Build non-unique telescopes. 
○ But who wants them?

● Need science capabilities sufficient to interest a large user 
community
○ Demand from community must be large enough to justify 

building large numbers of telescopes
● So…telescope has to be pretty good (likely not a CubeSat)
● Design a mission explicitly for mass production
● Accept sub-optimal science on first try

○ At sufficiently low cost, failing faster is better
○ Integrated mission cost over multiple tries can still be cheaper 

than one-off with irreducible risk
● Either need a telescope thats sufficiently attractive that every 

astronomer will want one, at a cost that is accessible…
● Or a science case for an array that requires large number of units



150 people, From Hawaii→ Japan 
3 workshops



















No High-Performance 

Low-Cost UV/Optical 

Camera System



Astronomy-grade space cameras

Are ****** expensive! This means less astrophysics.

Why so expensive?

Dominated by recurrent engineering, qual, cert costs, and then incumbent market 
advantage charging for ‘heritage’

We need to get this cost lower if we want a future of abundant space telescopes!

Other parts of the (small) system (spacecraft, optics) have begun to drop in cost, 
but the camera systems haven’t met cost scaling requirements yet.



(we) LUVS 
Telescope(s)



LUVCam
Kindling the romance for space telescopes

Resolution 16 MP (4096x4096)

Pixel size 9x9 microns

Optical format 36.8 x 36.8 mm

Shutter type Rolling

Read noise <3.5 e-

Dark current 0.05 e-/pixel/s @ -30C

Power <1.4 W

Full well capacity 39k/74k e-





Real friends give you space 
on their spacecraft…(with 6 months 
to deliver)

Space for the CMOS sensor, readout 
electronics, and associated temp+hk 
sensors. Tech Demo



But Side Access Panel 
unused in +Y

Baselined for radiator plate, 
but tempting to add an 
optical path for the CMOS 
to see space

What could a little (~2cm 
aperture) UV optic do?



Last UV survey of bright stars was in 1973 (TD-1)

GALEX had bright limit of 9th mag in NUV

31,215 sources down to NUV mag 12 in 
TD-1

Even in Galactic center source density < 
2/deg2 



Optical design (240-300 nm)
20mm aperture

Front aperture bandpass filter

Folded optical path

70mm EFL

26.5” pixel scale

7.5 x 7.5 deg (1024 x 1024 pix)

Only 2 refractive elements reqd to 
get PSF << ADCS jitter

Triplet design gets spots ~2.5x 
smaller (EE 60% < 2 pix radius 
across field)



(0.85)42cm 
aperture

Filter transmission Transmission/reflect
ance of 4 elements

Camera QE



Projected performance
Assumptions: 

● Optical characteristics as previous 
slide

● Jitter 0.15 deg 1-sigma
● Read noise 3.7 e-/pix
● DC: 0.1 e-/pix/s at 0 C
● Circular aperture at 60% EE
● Imaging in eclipse only
● Bkg as → 







Quick UltraViolet Imager for Kilonovae (QUVIK)

35 cm, 5 deg2, 2” pixels in (at least) 2 simultaneous UV channels



The Future is Bright (and full of telescopes)

… if we will it



Starlink Example
● SpaceX needs revenue stream to fund Highway to Mars
● Conventional satellite industry (EO, etc) insufficiently large to keep up with 

increasing capacity and falling launch costs 
● SpaceX (temporarily) saturated the market for launch demand, but only worth 

~$2B/yr …
○  not nearly enough for Mars
○ Not much more money to be made in excessively undercutting competition

● Need more cash for huge rocket with no customers…

So:
● Needs product with such overwhelming large consumer base to buy many many 

launches and subsidize new rocket
● Product should require launches, provide sufficient revenue stream
● Become their own customer, saturate launch capacity



Starlink Example
Communications/Internet provides the massive 
customer base

But this customer base only exists if cost is low 
enough (to compete with terrestrial ISP at the 
margins)

Leverage cheap launch, unique access

Low-orbit simultaneously provides lower latency, 
lower sat cost, but also launch demand for 
continuous replenishment

Shorter orbital lifetime decreases 
survivability/engineering requirements typical of 
GEO sats

Break paradigm of low #, high cost GEO sats by 
building thousands, iterating quickly on design flaws, 
get to mass production to control costs



Starlink contd.

● ~300 kg (v1.5)
● ~3.2 x 1.6 x 0.2 m (stowed)
● 6 kW power generation
● Ion thruster 
● Onboard autonomy
● Optical (laser) comms x 2
● 4 phased array, 2 parabolic antennas
● >20 Gbps throughput
● Development cycle ~3 months

Cost per unit?



Starlink contd…

credit : u/starwalker

<$300,000 
After first 50



Image simulations

80s on Orion Nebula Jitter dominates



Jitter/Pointing Stability is a sensitivity and resolution limiter up SmallSat Class
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