elestial Distances

Chap%er 19




Stellar Distawnces

o It is actually rather hard to measure distances to
stars. That may seem surprising since distance is
usually easy to measure, but that is for things we can
travel to.

o Since stellar distances are so large there is o
Possibit&?zv of traveling there, nor of bouncing Light
off of a source and waiting for it to reburn.
Determining the distances to stars is hard,



Measuring the time it toolk
Venus ko cross the sun from
different Latitudes on Earth
was one of the early ways to
measure iks distance.




- Now cisz we Con pre&%y eo\suy measure
the distances to objects in the solar
svsﬁem using radar.

Radio waves are emitted from Earth
make it to the planet and then bounce |
back. We time how Long it tales. '

Since we know the speed of Light, ¢ =
3 X 105 km/s, the time qgives us the
distance.

1AU is 1.8 X 10% km, takes Light soos
to travel. Thus the light travel time to
the edges of the solar system, 30AU is
30 X §00s5 = 15,0005 or 4.16 hours.

However, the nearest star is 4.3 Light
years away so it would take ¥.6 years

for a single ko bounce back if we
could detect it.




o The mwain way to wmeasure diskances i space Ls using &riav\gum&mw

o This is the mebthod used bj Surveyors on Earkth to wmeasure
diskance.

o The concept is to measure an angle from one location, then move
to o different location and measure the angle to the same thing.
The change n angle gives you the distance.

o For astronomical observations to move to a different Location we
Just have to wait & months and the Earth has moved 2AU or 300
million km,






Sky as seen from B o
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When btrianqgulation is done
with the Earth’s orbit it is
called measuring parallax.

Sky as seen from A



Measuruing Parallax

o Parallax is a gqood way to measure disktances, but ik is
rather hard. The closest stars have parallaxes of 1
arcsecond, which is the width of a hair at arms
length,

o In addition, the atmosphere causes stars to twinkle
which varies their Location bv aboubk 1 arc second (0.5
under the best conditions). So measuring the parallax
for stars from the gqround is extremely challenging.



Measuruing Parallax

o Since Parati.ax ts Ehe main way astronomers measure
distance they came up with a new unit of distance
Ehat worlkes well with Parai.i.axﬂ This unit is the parsec
and it is close to 3.3 Light Years,

o The advantage of the parsec is that i you know an
ijeat&s parattax then the diskance in parsecs is Just:

distance fparse&] = 1/parallax [arcsecond ]



o Today the issue of measuring
distances to skars has been
solved by using special space
missions designed to qet _.
ncredible high angular ACCUTACY, |

The mission Hipparcos Launched
A 19%9 s&ar&ej this qetbin
parallaxes to thousands o? stars
with accuracies of 10%-20%.

~ Luminosity (Lg,,)

The successor mission, Grala, was
Llaunched i 2013 and has an
accuracy of a few millionths of
aln arcsecond. It has measured
distances ko a billion stars as
far as 30,000 Light Years away




Variable Skars

o Even i we can measure parallaxes to most of the
stars i our galaxy, we are still far from measuring
the distances to objects oulside our galaxy,

o The main WAY we measure disktances ko nearb
galaxies is by using variable stars. These are stars
whose Lumma-s&%v oscillabes in a skead Po&&erm

o Most importantly, measuring the period of the
oscillations allows one bto estimabe their lumihnosities
and thus determine bhier diskances.



Pulsating variable stars change their Luminosity
because &k@.ﬁg are qetting bigger and then smaller.

The size of the star can change bv 10%-20% which
LS Qa &hav\fﬂe LA brig%mess bv as much as §0%.
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Lj rae and Ce

Measuring the pulsation time
or these stars gives a gqood
measure of their Luminosity,

Cepheids A ¢
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Measuring their apparent .°
brigk%mess Ehus tells you Eheir '
distance. .

‘ Th@.j are also very Luminous
so can be seen from far

&M&j‘n

The Omtfj roblem with Ehese

stars for finding distances is 030510 3 5 10 3050 100
that they are rare. | |

__Period(days)



ctral T:j Distance

A alternative method of qebting distances is to use the
HR diagram.

Like the period-luminosity relation for pulsating variables,
the HR diagram gives us luminosity as a function of
temperature.,

However, stars at a given temperature can have many
Luminosities. One also needs to know the pressure oh the
star to determine if the star is main sequence or a glant,

This method worlks okay, buk omi.fj gives distances that are
accurate to about 25%. But it works for every star for
which you can talee spe&%ro\q
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Distawnce

Parallax 4-30,000 Light years (1 pcmlewpc)
RR Lyra Stars 300,000 Light years (1001.fpa::)
HK Diagram 1,200,000 Light Years (O«4Mp€)

Cephiod Stars 60,000,000 Light years (ZOM[M)




