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Introduction & Motivation 

• Cosmic Distance Ladder has been successfully applied in 
extragalactic astronomy & observational cosmology 
• Cepheid variables: bridging the local parallax and distant SNIa methods

• Large Magellenic Cloud (LMC): very good for detailed studies and 
calibration work
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Cepheid variable light curve



Objectives

To calibrate/derive Cepheid Period-Luminosity 

(PL) relation using well measured distances of  Galactic 

Cepheids then use it to estimate distance to LMC

3

- Dust extinction in optical 

and NIR bands 

- Wavelength dependent PL 

relation Period-

Luminosity-Colour (PLC) 

relation

- Scatter of  estimated 

distances in different bands  



Knowledge and topics 

 Star & Stellar Properties
 Method of  distance determination
 Cepheid variable & PL relation
 Luminosity & magnitude 

 Stellar System & Galaxy
 Interstellar medium and Galactic absorption 
 Luminosity & distance determination

 Elementary Cosmology
 Cosmic distance ladder

 Multi-wavelength & space astronomy

 Data and statistical analysis skill
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Task 1 (D1.1)  

• Derive PL relation from Galactic 
Cepheids using data in V- and K-band 
(36.5/75 marks)
• Using Accurate parallax measurements 

(~0.2mas) from Hubble Space 
Telescope  distance to 10% acc.

• Given Data (Table 1), period, average 
apparent magnitude, extinction correction, 
parallaxes of  5 MW Cepheids

5



Task 1 (D1.1) contd.  

• Cepheid PL relation 

• log L is related to absolute magnitude (MX) via

• Calculate distance using parallax and then MX and its 
error
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Task 1 (D1.1) contd.  

• Plot graphs (with error bars) of  log P vs. Mx for each 
band and estimate slopes with uncertainties

• Compare the values for V- and K-band
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V-band K-band

Slope = -2.5 +/- 0.2 Slope = -3.4 +/- 0.2



Task 2 (D1.2)  

• Derive PL relation of  same dataset as 
(D1.1) but for Wesenheit magnitude 
• Introducing wavelength dependent PL, i.e. 

PLC relation, and reddening-free 
bandpass, Wesenheit, WVI

• Calculate WVI, MWVI and its uncertainties

• Plot graph and draw the expected straight 
line similar to (D1.1) and estimated slope 
and uncertainty

• Compare and conclude if  the derived 
slope is more consistent with V- or K-band 9
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WVI-band

Slope = -3.4 +/- 0.2

14.5 / 75 Marks



Task 3 (D1.3)  

• Calculate distance to the LMC 
(24/75 Marks)
• Using the PL relations for V- and 

WVI-band derived in D1.1 & D1.2 to 
calculate distance moduli and 
distances to LMC 
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Need to go back to estimate this 

from plots in (D1.1) & (D1.2)



Task 3 (D1.3)  

• The intercepts estimated using plots and “Best-fit” lines in 
previous sections  

• Given data: 5 LMC Cepheids (Periods, average extinction 
corrected apparent mag., V- and WVI-band)
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Task 3 (D1.3)  

• Calculate mean distance (accurate to the nearest 100pc) 
and scatter (RMS) in each band 

• Make a few conclusions on consistency of  distance                  
and accuracy estimated from different bands
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dLMC = 49.97+/-0.2 kpc (Pietrzyński et al., Nature, 2013)



Thank You


