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Week 5 Tuesday
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Today’s Agenda

• Equilibrium / blackbody spectrum

• Telescopes

• Making measurements

• Observing “invisible” light

Announcements / Reminders

• Read Chapter 6.1, 6.4-7, 7.1, 8.1-2, 11.1-2

• HW 4 due September 24th at 11:59pm via 

Canvas upload


• HEAP talk at 4pm over Zoom (only)

• Gravitational Wave detection with asteroids


• Colloquium at 2pm in JFB auditorium & Zoom

• Deep Underground Neutrino Experiment 

(DUNE)
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Local Thermodynamic Equilibrium (LTE)
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x ≫ λmfp

ΔT ≪ T
Follows avg. statistics


Max.-Bolt. dist.
No time 

dependence
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LTE —> Blackbody/Planck function
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1. Photons & massive particles 
have a high number density


2. System is optically thick
Iν(T)dν =

2hν3

c2

dν
ehν/kT − 1

Iλ(T)dλ =
2hc2

λ5

dλ
ehc/λkT − 1

Iνdν(ν → ν + dν) =
Iλdλ(λ → λ + dλ)

ν =
c
λ

dν = −
c
λ2

dλ
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Integrate BB over all freq. & angles
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F =
2π5

15
k4

c2h3
T4 = σSBT4

Flux

(energy per area per time)

Stephan-Boltzmann 
constant

σSB = 5.67 × 10−8 J s−1 m−2 K−4
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What is the total energy emitted?
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Assume star is spherical

L = F ⋅ A* = F ⋅ 4πR2
*

L = 4πR2
*σSBT4

R⊙ = 6.96 × 108 m

T⊙ = 5780 K

L⊙ = 3.8 × 1026 W

Compare to the Sun:

L = 1 L⊙ ( R
R⊙ )

2

( T
T⊙ )

4

}
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Collecting Light
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Telescopes collect (often by focusing) light
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θ

F

D

Focal length

Plate scale =  (arcsec/mm)
θ
r

θmin = 1.22
λ
D

Our eyes are telescopes!
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Image Resolution
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θmin = 1.22
λ
D

In ideal case, resolution determined by size of mirror


Often, mirror imperfections (misalignments, roughness) or 
atmospheric effects make the actual resolution worse

Why stars 
twinkle
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Imaging versus Spectroscopy
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CCD 
Charged Coupled Device

pixel (picture element)



ASTR/PHYS 3070: Foundations Astronomy Fall 2021: Week 05a

Detectors
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CCD Photomultiplier tube
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“Color” Imaging
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Phone Camera
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True 
color

False 
color
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Making Measurements 
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Photons arrive randomly — # detected not necessarily # “should” detect

Poisson Distribution  —> # “should” detectμ

Pr
ob

ab
ili

ty
: P

(x
,μ

)

x (# actually detected)

P(x, μ) =
μx

x!
e−μ

Width of the distribution, which gives 
the uncertainty (or error) of the 

measurement, is σ = μ
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3 Misconceptions about Telescopes in Space
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• From space, objects can be observed continuously, even during the day


• The sky is much darker in space than on the Earth


• Observations from space are not affected by weather

Hubble’s orbit
Chandra’s orbit JWST’s orbit


