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Measuring Distances
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ASTR/PHYS 4080: Intro to Cosmology

Week 6

HWs 1-3 graded and returned 
Midterm 1 grading in progress 

HW 4 due on Thursday 

Today: 
Different Model Universes (finish Ch. 5) 

Measuring Cosmological Parameters (start Ch. 6)
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How do we measure the distances to 
astronomical objects?
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Practical Distance Measures
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Luminosity Distance Angular Diameter Distance
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dL and dA in a universe with curvature
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Robertson-Walker Metric
flux affected by area of 
expanding shell of light

angular extent affected by 
curvature of geodesics
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How distances are affected by underlying 
cosmology
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Luminosity Distance Angular Diameter Distance
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Distance Ladder
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megamasers 
gravitational wave sources

dL ≈
cz
H0 (1 +

1 − q0

2
z)

dA ≈
cz
H0 (1 −

3 + q0

2
z)

q0 = Ωr,0 +
1
2

Ωm,0 − ΩΛ,0
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Magnitudes (alternative units of flux)
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m ≡ − 2.5 log10( f/fref) fref = 2.53 × 10−8 W m−2

M = m − 5 log10 ( dL

10 pc ) = m − 5 log10 ( dL

1 Mpc ) − 25

Combine:

M ≡ − 2.5 log10(L/Lref) Lref = 78.7 L⊙  at 10 pcm = M

m − M ≈ 43.23 − 5 log10 h + 5 log10 z + 1.086(1 − q0)z
Substitute expression for :dL

h =
H0

68 km s−1 Mpc−1
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Measurements of H0
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Supernovae Luminosity Distances 

Megamaser Potential 

Promise of GW sources as 
“standard sirens”
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Distances are hard, estimating  is hardH0
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