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Angular resolution of an astronomical telescope

angular resolution —
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Archimedes’ adaptive optical system using segmented mirror
elements.
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Archimedes burning mirror?m— . 212 B.C.

First eyeglasses 1245
Inventlon of telescope 1606
First reflecling telescope 1663
Isaac Newton's "Oplics” 1704
Fizeau Velocity of Light 1849
1854
1888
100-inch reflector . 1516
1935
200-inch refiector 1947
Babeock “seeing” compensation —— .. 1953
1953
Invention of Laser 1960

Actlve mirror liguré control ——. .. . 1966
Phase conjugate COAT (Rockwell) ~——— 1968

Multi«dither COAT (Hughes)} 1870
Pradetection image compensation (itek) 1973
Next generation telescope ?
Laser fusion ?

Maxwell's equations
Hertzian waves

Radar experiments

Adaptive antennas

PUBLICATIONS OF THE
ASTRONOMICAL SOCIETY OF THE PACIFIC

Vol 65 October 1953 No. 386

THE POSSIBILITY OF COMPENSATING
ASTRONOMICAL SEEING

H. W. Bascock

Mount Wilson and Palomar Observataries
Carnegie Institution of Washington
California Institute of Technology

The severe limitations imposed upon nearly all astronontical
observations Ly “seeing”—the effects resulting from passage of
light rays through the turbulent atmosphere of the earth—are
familiar to every ubserver. With a small instrument the effect may
appear largely as a continual shifting and scintillation of the
image of a star, but with a large telescope poor seeing usually
manifests itself mainly as an enlargement and blurring of the
image. The reason for this difference becomes apparent when
one makes a knife-edge test with a large telescope on a bright
star. The turbulent elements of the atmosphere appear as shifting
dark and bright areas on the image of the objective. In general
these turbulent elements or waves have dimensions of the order
of a foot or two—small compared to the aperture of a large re-
flector. Thus the integrated effect of a number of turbulent ele-
ments leads to an unsteady énlargement of the image, perhaps
with some irregular shifting in position. The setiousness of this
is evident when one realizes that ideally the 200-inch Hale tele-
scope is capable of giving diffraction images of stars about Yo of
a second of arc in diameter, yet the size of the “seeing image”
produced is in the range 14 second to perhaps § or 10 seconds,
being about 2 seconds in diameter on the average, Only rarely
are images as stnall as 14 second observed, and one may consider
himself fortunate to experience one hour out of 1000 of the finest
seeing, even at the best [ocations.
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Principle of Adaptive Optics

complex phase aberration

(7, t) — 14(7,t)

image quality: Strehl ratio S

peak trradiance tn the focal plan
peak irradiance dif fraction limaited

'® @

adaptive correction

_a(7 1) +ipAlRt) U0

phase-correction function
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Performance of an Adaptive System
degrees of freedom
D\? Radi
adiance, L
~ ('_‘) Source Angular subtense o
Ta u
~ X12/5 Propa- Spatial and temporal disturbance
faser e
cos
( ’7) il l-—.-Aniaoplnnalic error
wavefront correction range - z’f;:ggg:jt —-=Wavefront fitting error,o_
5/6
T
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A
~ 10 Wavefront .
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Modal control concept

quasi-Zernike polynomial

W=k -r™-cos(nd® + qO)

(7W = \ a j constant J
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Wavelength (um)
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Theoretical curves showing the normalized Strehl resolution
R/Rp., a5 a function of D/ry, the ratio of the telescope diameter aver
Fried's seeing parameter. YR pay is the stellar image central intensity
normalized to unity for an infinitely large uncompensated telescope.
Curves are for several degrees of compensation. The vertical scale on
the right side gives the improvement over the uncompensated case in
stellar magnitude. The upper scale indicates the wavelength depen-
dence of D/ry. Itissetfor D = 3.6 m (CFHT) and a seeing value of 5, =
14.4 em at 0.5 pm and it can be moved horizontally according to seeing
conditions. For example, if r, = 36 cm at 0.5 wm (which occasionally
occurs) then the wavelength scale is shifted to the left with 0.5 um setto
Dirq = 10. The dotted curve in the lower right corner shows a statislical
distribution of D/r, observed at 0.5 nm atthe CFHT and it can be mowed
horizontally to show the statistical distribution of D/r, at a diffesent
wavelength as pointed by the arrow.
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[m] Reguiremsnts for an
10? active/adaptive system
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'PRINCIPLE OF THE ESO

88 | ACTIVE OPTICS SCHEME
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Principle

ADAPTIVE
MIRROR
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CONTROL
SYSTEM

LIGHT FROM THE
TELESCOPE

ABERRATED
WAVEFRONT

WAVEFRONT
SENSOR

of Adaptive Optics
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CORRECTED
WAVEFRONT
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HIGH RESGLUTION
IMAGE

Wavefront Correction Device

e Segmenied mirrors

— Piston only

— Piston and tilt

Continous thin-plate mirrors

— Discrete position actuators
— Discrete force actuators

— Bending moment actuators

Monolithic mirrors

Membrane or pellicle mirrors.
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Deformable Mirrors
DS 89/161/333
for astronomical use

lt:lr?ulence compensation in the
visible and IR wavelength range
up to 400 Hz

_actuator himorph mirror made by tred
cd Forbe: et al. 19890 1t ~hos the contiv. « 2
s the mirror figure re: potse ohtained with 2 /-
ither the et~} electrode left) or
curvature senscr sige R
d vet.

Back side view of a 3%

Forbes at NOAD tFr
trodes. Underneath i
inter{zrometer when exciting €
adjacent electrode tright) Figure 13 shows ilie
in both cases. Edge control has nat been impleticiie
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‘2> Der Wellenfrontsensor >U

Detect 16 _
flr Labor und Praxis

Cirvatng e SCHSING consiaty of tiking the Diference hetwesn
the allnmnution, observed i twa planes such s Prand Pty distance €
from the teleye ope focal plune £

o : aeyf -
------ == el
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P A i SN

Examples of curvature signals obtained by taking the differ-
ence betwepn svmmnetrically defucnsed imakes recorded o, 4 CcCD
camnera iRoddier et al. 1987, The deformable bimerph mirror shown in
Fiaure 10 was gsed 1o deform 2 plane wavefront. A single electrode was

excited in euch case, the central electrode tleft) or ap adjacent electrode
{right).

Welienfrontbestimmung
durch Gradientenfeldmessung
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Shearing-Interferometer
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Telescope
Pupil
plane Detector
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+1 order
Rotating
grating

Zero order

-1 order

Elements of an

Adaptive System

Shearing-Interferometer
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Requirements for Adaptive Correction in

Astronomy
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