12: Our Place in the Universe, Questions, Short Answer, Practice, doppler effect Doppler shifts in astronomy

	Question 55S: Short Answer
	


Calculating speeds and changes of wavelength 

You are given data for a number of astronomical objects, relating their speed of approach or recession to shifts in the wavelength of light they emit. 

Doppler shifts 

As long as the relative radial velocity v of an object is small compared to the speed of light c, then because of the Doppler effect, light of wavelength from the object will be shifted in wavelength by an amount , where 
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The wavelength increases if the object is receding and decreases if it is approaching. The speed of light c = 3.00 108 m s–1. 

The Crab nebula is the remains of a supernova which exploded in 1054 AD, being seen as a new bright star by Chinese astronomers. Now it is a cloud of rapidly expanding gas, with a neutron star (pulsar) at the centre. The gas is expanding with a radial velocity of 1300 km s–1. 

1.
Calculate the shift in wavelength of the red hydrogen line at 656 nm. 






2.
Calculate the shift in wavelength of the blue hydrogen line at 486 nm. 







3.
What is the percentage change in wavelength in the two cases? Why is it the same for both? 








4.
Estimate the present width of the gas cloud in light years. What probably false assumption do you have to make? 







An undistinguished-looking star unglamorously called P-Cygni, in the constellation of Cygnus (The Swan), turns out to be one of the brightest stars ever seen, brighter than two million Suns. So violent is it that it is throwing out matter at the rate of 10–4 Suns per year. The speed with which gas is thrown out from the star can reach 3% of the speed of light. The spectrum of P-Cygni shows lines from ionised gas, with a dark absorption line on the blue-side of each line. The absorption comes from the light being partly absorbed by the fast moving gas thrown out of the star. The absorption line is shifted to the blue because of the Doppler effect, being absorbed by gas moving towards us.

5.
The emission line from ionised helium at 438.8 nm has an absorption line next to it at 425.6 nm. Calculate the change in wavelength due to the Doppler effect. 






6.
Express the change in wavelength as a percentage. 






7.
Calculate the velocity of the absorbing gas. 






8.
There is another emission line from ionised helium at 400.9 nm. At what wavelength will its absorption line appear, if the same mechanism applies? 






Atoms and molecules in hot gases move randomly at speeds of the order of hundreds of metres per second. A particle emitting a photon may be travelling in any direction, towards or away from the observer. As a result, narrow spectral lines become broader, due to Doppler shifts.

9.
Explain why the spectral lines are broadened. 






10.
Make an estimate of the width of the line as a percentage of its wavelength, due to this thermal broadening. 






11.
Suggest how observing widths of spectral lines could be used to estimate the temperature of the gas in a distant star. 
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