Physics 1901

k]
Experimental Astronomy —

Graduate Cour,
Autumn (Apr-May. 2
Assoc. Prof. Andrew I. Sheinis Prof. Joss Bland-Hawthorn
Australian Astronomical Observatory  Sydney Institute for Astronomy

.
L
: e




Some questions:
(which you should be able to answer

at the end of the course)
* What are the parts of a spectrograph

 Why are spectrographs so big?

 What sets the sensitivity?
* How do | estimate the exposure time?
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ABCD Matrix Concepts
* Ray Description //\\ /] |

— Position 4
— Angle

* Basic Operations
— Translation \/

— Refraction ~
] _ Ray Vector Vi = ( Ozl )
* Two-Dimensions 1
— Extensible to Three  Matrix Operation Vout = MVm

System Matrix Mas = R5TasR4T34R3T23



Cascading Matrices (1)

/
Generic Matrix: M = mi1 M9 (iz ) — R, (gg)
ma21  M22
- (82) =T "
Determinant (You can show that 2 o
this 1s true for cascaded matrices)
/
Ly | 1
Det M=-— <aa>R1<a1>
n

! 72 ) = RyToaRy (&1
TR =y (@)

Light Travels Left to Right, but
Build Matrix from Right to Left My = RoTioRy



The Simple Lens (Matrix Way)

Front Vertex,V Back Vertex, V'

Index =n Index = n; Index = n’

le—— Z]2 —]

Myvi =RoTi2Rq



Building The Simple Lens Matrix
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Myvr=RiTi2Ra

)
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The Equivalent Lens, Using the System
Matrix to get everything you need!

Here is what we did last time for a lens system

Front Vertex,V Back Vertex, V’

Index =n Index = n; Index =n’

le—— 712 —)]

Myvi=RaT12R



The Equivalent Lens, Using the System
Matrix to get everything you need!

Object plane

/

X1

1

Index =n

O

\

Index = n;

\
/

Now consider going to/from object/image

[

Image Plane

y
X;
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Moi = 732R27721R1771



The Equivalent Lens, Using the System
Matrix to get everything you need!

Now consider going to/from object/image

Object plane Image Plane

‘:’% / \ |
X Index =n System Matrix for Index =n’ %,
\ equivalent lens .

: R —
Moi = 732R27721R1771




The Equivalent Lens, Using the System
Matrix to get everything you need!

/A B
"/

Mai = 732R27721R1771



The Equivalent Lens, Using the System
Matrix to get everything you need!

/h G
\

x, = Hx+ Gy
)/;l =Fx+ Ey

Mai = 732R27721R1771



Where

H=A+iC

G=—-0-10C+B+o0oD
F=C

E=D-Co



Using the System Matrix
Case 1: E=0

Output angle independent of input angle xn — HX + G)/

<

A

\/

)/,',l=Fx+Ey

Front focal distance!




Using the System Matrix
Case 2: H=0

Output height independent of input height .
Output height proportional to input angle Xn = Hx + G)/

)/,'1=Fx+Ey

Back focal distance!




Using the System Matrix
Case 3: F=0

Output angle independent of input height .
Telescope condition! X, = Hx + G)/

A
\/

y =Fx+Ey
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Angular magnification
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Using the System Matrix
Case 3: G=0

Rays emitted at a fixed height .
arrive at a fixed height independent of angle X, = Hx + G)/

é /\; y =Fx+Ey
\/ Object and image distances!
._Ao-B - B+Di

! O

D-Co ~ A+Ci



Now you can use the matrix representation to solve
for Entrance Pupil and Exit Pupil for any system!

Field stop l
Object > < Image
Entrance pupil ‘ Exit pupil
(image) Aperture stop (image)

Metal or glass

COLD for NIR



Now can calculate the exit pupil.

POWER: +57.8% +58.3% -68.8% +46.57% +18.4% -12.2%

| S-LAM6E
I-FPLETY

CaF?2

BaF2 S-LAM66E

CaF2

* % *x DO NOT BUILD * * *

FIGURE 1



Geometric Theory of Aberrations
(Eikonal analysis, what’s an eikonal?)
Z real p=\/X2+Y2

dAz _ slopeangle(radians)

dp

Yint ercept = f

Z -Z. =Sp*-CyYp’+Ay’Y’+Ky’p’ + DyY

real [




Geometric Theory of Aberrations
(Eikonal analysis)

Zreal_Zideal =Sp4—Cpr2+Ay2Y2+Ky2p2+Dy3Y

Where 7 = OPD

dA_Z = slopeangle(radians)

S= Spherical dp
C=Coma

A=Astigmatism

K=Field Curvature
D=Distortion



AW=p> cosé




Spherical Aberration



Longitudinal and Transverse Spherical Aberration

Paraxial
Peripheral Circle Focus
of Least

Confusion
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Spherical Aberration

Coma




Field Curvature



Diffraction Meridional)
Pattern ocal Plane

Airy l Tangential

Astigmatism Aberration
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Astigmatism

Curvature of Field
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Axial Chromatic Aberration

Single Lens

Achromat Figure 3
Doublet



How to “fix” aberrations

0 0 0 0
Zreal_Zideal =SIO4 _?/pz +?/Y2 -I%pz +7//Y

* On-axis > y=0

Zreal o Zideal = Sp4
Z2 - AIZreal - A2p2 = AS

real

This is a parabola. Perfect image quality, zero field.



How to “fix” aberrations

Zreal o Zideal = SIO4
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real Zideal = SIO4 = (n — l)T
=p" 1 (S(n-1))
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1 meter Blue Camera

Red Camera

IR Camera )
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End lecture 2



