Distances and Brightness

Learning Objectives

The invisible 3@ dimension in the sky: depth (distance) and how we
measure it;

« Distance ladder and its first step: parallax;
«  Familiarity with combining magnitudes;

« Stellar motions: true and apparent.
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THE SUN'S CLOSEST NEIGHBORS

WISE 0855-0714

(distance 2014)

6 LIGHT YEARS WISE 1049-5319

(distance 2013)

Barnard’s Star

(distance 1916) Alpha Centauri
A LIGHT YEARS ’()distance 1839)

‘ Proxima

Centauri
(distance 1917)




Parallax

Na



Motion Parallax




Moon

Earth

e

distance to Moon



Lunar Parallax

2006-08-05 3:00 UT @ Roeland Fark, K5




Montreal, Quebec, Canada
Latitude 45.5000N, Longitude 73.5830W

- 5 ': 3
Selsey, West Sussex, United thg(i_om"
Latitude 50.7340N, Longitude 0.7880W
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Montevideo, Uruguay, South America
Latitude 34.9167S, Longitude 56.1667W

Image: Visible Earth, NASA

This image is a composite of three images of an eclipsed
Moon taken at the same time (03h30m +11s UTC) from
three distant locations on the Earth - Montreal - Quebec -
Canada, Montevideo - Uruguay - South America and
Selsey - West Sussex - UK.

The Moon being ~400,000km distant shows a
‘parallax-shift’ when the three images are superimposed
in this manner. The surface (great-circle) distance

between the imaging sites is:
Feter 6/‘%/7’”M0”ﬁf€d/' édm”/d ) - A-B: 5,220km, A-C: 9,121km, B-C: 10,967km
Gerardb Addiégo, Monteyideo. Urngnay. Sonth America

Lunar Parallax Demonstration Project - Update 2004 October 28
http://www.DigitalSky.org.uk/lunar_parallax.html

Upper Moon - Gerardo Addiego Pete [awrence,
Lower-left-hand Moon - Pete Cleary

Background stars, lower-right-hand Moon and image composition - Pete Lawrence gé/é’éy, MK
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Annual Parallax

If the Earth moved,
the stars would

show a parallax.

Photo taken now

Earth
now

Baseline: A Photo taken
the diameter of ’ 6 months
the Earth’s orbit from now

Earth
ax months

from now
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Annual Parallax — Star at Ecliptic

A LINE!




Annual Parallax — Star at Ecliptic Pole

A CIRCLE!




Annual Parallax — star at arbitrary ecliptic latitude

v )y Earth’s orbit
E S yd (edge on)




Annual Parallax

. Earth

. Star’s shifted position
. Star’s true position

« The shift follows the Sun’s apparent motion
« The shift is along the line connecting the Sun and the star
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Astrometric Accuracy during 2000 Years
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End of Class 1 of parallax (Sept 3rd, 2019)

What didn’t work: going through the elliptical was beyond the point.
| could have solved an exercise or gone through the other types of parallax.



Proper Motion

Barnard's Star



How do we measure proper motion?
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Stellar velocity components

Sun — Velocity components of a star
M
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Stellar velocity components

Sun Velocity components of a star

We see the transverse velocity as a star's “proper motion’,
which changes its position in the sky.



Stellar Motions

Barnard's star

of 5\93""""
\'\(\e.'____.--""’
Sun ) 7 Velocity components of a star
Mg
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1950 2000

Largest proper motion - 10.3 "/yr

Proper motion is measured in (crosses half the moon in a human lifetime)

arcsec per year.

Typical proper motion: 0.1 "/yr




Stellar Motions

Proper motions of stars at the vicinity of the Big Dipper

Constellations change over time



Stellar Motions

Constellations change over time

100000 BC




Stellar Motions

Constellations change over time

100000 BC




Solar Orbit

Copyright © Addison Wesley



Solar Apex and Anti-Apex

T™W Hyd rae Bona Fide Members (Malo et al. 2013)
Apex and Anti-apex
aesemme T ITERERSOHRRRL e Solar Apex and Anti-apex
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Moving Cluster Parallax
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Secular Parallax
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Magnitudes

Hipparchus or Ptolemy (sources vary)
thought it a good idea to come up with
the following scheme :

- The brightest stars we see are of first magnitude
- Stars not so bright are of second magnitude
- The faintest stars we can see are of fifth magnitude




Magnitudes

Hipparchus or Ptolemy (sources vary)
thought it a good idea to come up with
the following scheme :

- The brightest stars we see are of first magnitude
- Stars not so bright are of second magnitude
- The faintest stars we can see are of fifth magnitude

Bright — Magnitude 1
Dim — Magnitude 5

The scale is reverse.
(It's a ranking system)




Magnitude
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Sun
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Venus at brightest
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Polaris

Naked-eye limit at dark site

50mm binocular limit

Visual limit of 3-in telescope
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18-hour exposure with HST
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The Moon is 500,000 times dimmer than the Sun as seen from Earth

Yet one can read with nothing but moonlight



The Moon is 500,000 times dimmer than the Sun as seen from Earth

Yet one can read with nothing but moonlight

Because of the huge DAY-NIGHT constrast,
our eyes evolved to adapt to a WIDE RANGE in brightness



Magnitudes

A difference of five magnitudes amounts to a factor 100 in brightness
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Magnitudes

A difference of five magnitudes amounts to a factor 100 in brightness

100f f

Brightness F — % % } % % %
i L 1 ] 1 L L
Magnitude m I I I I I I
1 2 3 4 S 6

m=—25logF +C

m - What Hipparchus came up with
F - What has physical meaning

€’ - Constant that makes the two systems match

The system is defined so that the magnitude of VEGA is zero
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As distance increases, the same energy
spreads through a larger area
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Johnson UBVRI photometric filters

UBVRI Photometry Passbands
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Infrared filters

Transmission of Earth's atmosphere
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The Distance to the Pleiades
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10

M67

—log(age) = 9.54
Z = 0.017




The Andromeda galaxy is visible in the night sky as a diffuse cloud of 4th mag-
nitude (V = 3.44, where V stands for magnitude in the visible waveband.)

(a) Several ways to estimate the distance to Andromeda agree on the value of
~ 780 kpc. Show that the absolute magnitude of the Andromeda galaxy in
the same band 1s My ~ —21.

(b) Assume that the radiation coming from Andromeda is all due to solar-like
stars (My, = 4.83). How many stars are there in the Andromeda galaxy
according to this approximation?




