
Lecture 20

from Gray 2005

suggested readings:

Lena, Lebrum & Mignard, Observational Astrophysics, pg. 204, 256
Gray, pg. 26



Spectroscopy  

 sampling
& 

PSF 

D(λ) =

F (λ)×W 1(λ)×W 2(λ)∗I (λ)

ℱ [D(λ)] =

d (σ)=f (σ)∗w1(σ)∗w2(σ)×i(σ)

PSF = I (λ)



 Spectroscopy  

Aliasing
& 

Nyquist limit

σNyq =
1
2Δλ

X

(modified from Gray 2005)



 Spectroscopy  

PSF sampling
& 

Nyquist blurring

σNyq =
1
2Δλ

(from Gray 2005)
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 The Optimal Wiener filter (ϕ) ~S ' (ν) =
f ´ (ν)×ϕ ´ (ν)

I ' (ν)

∫
−∞

∞

|
~S (λ)−S(λ)|d λ = ∫

−∞

∞

|
~S ' (ν)−S '(ν)|d ν

∫
−∞

∞

|[S ' (ν)+r ' (ν)]ϕ ' (ν)

I ' (ν)
−
S ' (ν)

I ' (ν)|
2

d ν

∫
−∞

∞

|I ' (ν)|
−2 [|S ' (ν)|

2
|1−ϕ ' (ν)|

2
+ |r ' (ν)|2|ϕ ' (ν)|2 ]d ν

all (pure noise) x (signal) terms integrate to 0

f ' (ν)=S ' (ν)+r ' (ν)

filtered estimate of true S’ (ν)

that most closely resembles the noiseless spectrum transform S’ :



 The Optimal Wiener filter (cont.)

∂ [|S ' (ν)|
2
|1−ϕ ' (ν)|

2
+ |r ' (ν)|

2
|ϕ ' (ν)|

2 ]
∂ϕ '

= 0

minimizing variance against ϕ’

ϕ ' (ν) =
|S ' (ν)|

2

|S ' (ν)|
2

− |r ' (ν)|
2



need for composite 
ϕ’ (ν) :

- Optimal (Wiener)
+

- low pass

High (>~ 300) S/N is 
required to “gain” 
over instrumental 
resolution.

 Numerical Recipes, Press et al. 1995, pg 547
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PSF deconvolution
of a spectral line







varopt (λ) =
1

∑
r

(PSF2(r ) / var [counts(r ,λ) ])

varsum(λ) = ∑
r

var [counts(r ,λ) ]

∑
r

PSF (r) = 1

(for 1D spectra see Horne, K., PASP,1988)
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