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Moving up the Distance Ladder…
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Trigonometric parallax

Moving clusters

Secular and statistical parallax

Main Sequence fitting

Baade–Wesselink method!!
Current distance 

range:
~133 pc to ~50 kpc



Baade & Wesselink

Walter Baade
• Spent most of his career at 

Mount Wilson Observatory
• Distinguished two different 

types of Cepheids
• Suggested method of 

measuring distance to 
Cepheids in 1929

2cambridge.org



Baade & Wesselink

Adriaan Wesselink
• Calculated the mean radius of 

Delta Cephei
• Expanded Baade’s methods in 

1946
• Baade–Wesselink Method
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Cepheid Variable Stars

• Classical radial pulsator
• Pulsation driven by 𝜅-mechanism in 

the partial ionization zone
• Period depends on timescale to 

restore equilibrium

4Lamers & Levesque (2018)



Radial Pulsations
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• R and T are (almost) anti-
correlated
• Minimum R occurs just 

before maximum T



Methods
Radius, angular diameter, and distance are related:

6Kudritzki (2015)
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Methods
Photosphere is approximated as a spherically expanding shell:

7Kudritzki (2015)
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Surface Brightness vs. Interferometry

8Kervella et al. (2004)

• Two methods to measure Δθ:
• Surface brightness (SB) 

relationship
• Interferometry 



Surface Brightness vs. Interferometry

9Kervella et al. (2004)

1. Measure the color
2. Use  SB–color relationship
3. Solve for angular diameter

• Two methods to measure Δθ:
• Surface brightness (SB) 

relationship
• Interferometry 

𝑆𝐵 = 2.656 + 1.483 𝑉 − 𝐾 + 0.44(𝑉 − 𝐾)2

𝜃 𝑚𝑎𝑠 = 100.2(𝑆𝐵−𝑉)



Surface Brightness vs. Interferometry

10Mérand et al. (2005)

• Two methods to measure Δθ:
• Surface brightness (SB) 

relationship
• Interferometry 



Comparing the Two Methods
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Line: SB–color 
relationship

Points: 
Interferometric 
observations



Measuring ΔR
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• Determining the expansion 
velocity is more complicated
• Radial velocity from spectral lines 

is not equal to radial expansion 
velocity

• Also need to account for limb-
darkening

• Solution: adopt a projection 
factor
• 1 < p < 1.5

Kudritzki (2015)



Current Research
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• Nardetto et al. (2023) obtained 
high spectral resolution 
observations of Cepheids
• Aimed to quantify the impact of 

SB–color relationship on 
projection factor

Nardetto et al. (2023)



Current Research

• Often used as a calibrator for other distance methods
• Particularly used in the 2000’s-2010’s for determining an independent 

distance to the Magellanic Clouds

14Benedetto (2008)



Current Research

15Benedetto (2008)

Current: 𝜇 = 18.476 ± 0.002



Limitations

• Instrumental limitations in photometric and radial velocity 
measurements

• Limb-darkening effects
• Calibration of p-factor
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Summary

• Baade–Wesselink method relates the changing radius and angular 
size of a Cepheid to its distance
• Valid for distances around 133 pc (Polaris) to 50 kpc (LMC)

• Angular size can be determined photometrically or 
interferometrically

• Calibrations to SB–color relationships and p-factors are still being 
made
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Thank you!
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