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How Do We Know

• Distances 

• Sizes

• Compositions

• Temperatures

• Power output-Luminosity

• Mass

• Much of what we know about  stars is based on 
observations and analysis of  their electromagnetic 
radiation

• Over the range of the electromagnetic radiation 
spectrum

• Visible light

• Ultraviolet light

• Infra red light

• X-rays

• Microwaves
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How Do We Know

• Current understanding has been built on the work 
of  many people over many  years:

• The “naked eye astronomy” of ancient 
peoples

• Isaac Newton’s laws of motion and gravity

• Kepler's laws of orbital motion

• Galileo's observations with the telescope

• Modern Astronomy

• Optical

• Radio

• X ray

• Einstein’s theory of relativity

• Planck’s and others quantum theory

• Earth based telescopes
• Optical

• Radio

• X-Ray

• Space based observations

• Hubble Telescope

• Hipparions Telescope

• Gaia Telescope

• Developments in theoretical physics 
experimental physics

• Countless advances in applications of 
technology  to:

• Astronomy 

• Astrophysics 

• Physics in general

3OLLI Winter 2021



How Do We Know- Distance to the Sun

• We measure the distance from the Earth to some 
other body, such as Venus- Radar

• Then we use what we know about the relations 
between interplanetary distances to scale that to 
the Earth-Sun distance

• Since 1961, has been used radar to measure 
interplanetary distances

• Before radar, astronomers had to rely on other 
(less direct) geometric methods

• There are two places where the Sun-Venus-Earth 
angle is 90 degrees

• These two points indicate the greatest 
elongation of Venus and are the farthest from the 
Sun that Venus can appear in the sky

• Earth-Sun distance, a = roughly 150 million km
(~93,000,000 miles)

• Defined as one astronomical unit (AU)

OLLI Winter 2021 4



How Do We Know-Distances-Units

• Astronomical Units:

• Distances in the solar system are often measured 
in astronomical units (AU). 

• An astronomical unit is the average distance between 
the Earth and the Sun:

1 AU = 1.496 x 108 km = 93 million miles

• Pluto is about 39.5 AU from the Sun

• The Sun is about 1.7 x 109 AU from the center of the 
Milky Way

• Light-Years:

• A light-year (ly)is the distance that light travels in a 
vacuum in one year at 299,792,458 meters/second

1 ly = 9.5 x 1012 km = 63,240 AU

• Proxima Centauri nearest star to Earth is 4.2 light-
years away

• Its light takes 4.2 years to reach  Earth

• Parsecs:

• Astronomers use parsecs (pc) to measure distance to 
stars

• A parsec is the distance at which 1 AU subtends an 
angle of 1 arcsec (1,296,000 arcseconds in a circle)

1 pc = 3.09 x 1013 km = 3.26 ly

• For even greater distances, astronomers use 
kiloparsecs (kpc) megaparsecs (Mpc)

1 kiloparsec = 1 kpc = 1000 pc = 103 pc

1 megaparsec = 1 Mpc = 1,000,000 pc = 106 pc
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How Do We Know- Size (Diameter)

• Once the distance between Earth and Sun is 
known, the diameter of the Sun can be calculated

• The Sun, as seen from Earth, has an angular 
diameter of about 0.5 degrees

• Using trigonometry, the radius or diameter of the 
Sun can be calculated from the distance between 
Earth and Sun, d

• 2×Rsun = tan(0.5 degrees) × d

• Since the time it takes the Earth to go once around 
the Sun (P = 1 year), and the distance traveled by 
the Earth in this process is approximately 
2πd(Earth’s orbit is nearly circular

• The average orbital speed of Earth is

• v = (2πa)/P
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• Earth-Sun distance, a = roughly 150 million km
(~93,000,000 miles)

• Defined as one Astronomical Unit (AU)
• Radius of the Sun, Rsun = roughly 700,000 km

(~435,000 miles)

• Orbital speed of Earth, v = roughly 30 km/sec
(~67,000 miles/hour)



How Do We Know-Distances- Parallax

• Astronomers use an effect called parallax to 
measure distances to nearby stars

• Parallax is the apparent displacement of an object 
because of a change in the observer's point of view

• Another way to see how this effect works is to hold 
your hand out in front of you and look at it with 
your left eye closed, then your right eye closed

• Your hand will appear to move against the 
background

• This effect can be used to measure the distances to 
nearby stars

• As the Earth orbits the Sun, a nearby star will 
appear to move against the more distant 
background stars

• Astronomers can measure a star's position once, 
and then again 6 months later and calculate the 
apparent change in position

• The star's apparent motion is called stellar parallax

• The distance d is measured in parsecs and the 
parallax angle p is measured in arcseconds

• This simple relationship is why many astronomers 
prefer to measure distances in parsecs

7

d = 1/p
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How Do We Know-Distances-Parallax From Space

• The Hipparions satellite (launched by the 
European Space Agency in 1989) measured 
precision parallaxes to an accuracy of about 0.001-
arcsec. 

• Hipparcos measured parallaxes for about 100,000 
stars 

• Got 10% accuracy distances out to about 100 pc 

• Good distances for bright stars out to 1000 pc. 

• Gaia is a European mission launched in 2013, that 
began science operations in July 2014

• Gaia is undertaking an all-sky survey of the Galaxy 
that build up high-precision angular measurements 
through repeated measurements

• Mission Goals: 

• Measure positions and motions for about 1 Billion Stars 

• Measure parallaxes for >200 Million Stars 

• Max precision of 10 microarcseconds

• This means 10% or better distances out to 10,000pc 
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How Do We Know-Distances- Limitations of Parallax Method

• Parallax angles of less than 0.01 arcsec are very 
difficult to measure from Earth because of the 
effects of the Earth's atmosphere

• This limits Earth based telescopes to measuring the 
distances to stars about 1/0.01 or 100 parsecs 
away

• Space based telescopes can get accuracy to 0.001, 
or 1000 parsecs 

• This has increased the number of stars whose 
distance could be measured with this method

• Most stars even in our own galaxy are much 
further away than 1000 parsecs, since the Milky 
Way galaxy is about 30,000 parsecs across
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How Do We Know-Luminosity –Power Emitted by Stars

Energy radiated per second is luminosity or power

10

Josef Stefan       Ludwig Boltzmann
1879 1884

Stefan-Boltzmann law: the total 
radiant heat power emitted from a surface 
is proportional to the fourth power of its 
absolute temperature
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How Do We Know-Flux- Power Emitted  per Unit Area 

• Sun’s flux is ~1,367 watt/square meter at the Earth

• r is 1AU (~150 million km)
• Flux is luminosity divided by area of a sphere of 

radius r
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How Do We How Do We Know-Distances-Cepheid Variables

• Luminosity is power emitted by star

• Flux is  the power per unit area measured at Earth

• Cepheid variables stars vary in brightness

• They pulse –getting brighter and fainter 

• Over a period of typically a few weeks

• Cepheid’s average luminosity can be predicted 
from their period of pulsations

• Discovered by Henrietta Leavitt in 1912

• Stars that pulse more slowly are intrinsically more 
luminous
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How Do We Know-Distances-Cepheid Variables

• Cepheid variables are stars that vary in brightness

• They pulse –getting brighter and fainter 

• Over a period of typically a few weeks

• Cepheid’s average luminosity can be predicted from 
their period of pulsations

• Discovered by Henrietta Leavitt in 1912

• Stars that pulse more slowly are intrinsically 
luminous

• Some Cepheid stars are close enough to determine 
their distance by parallax measurements

• We can determine their luminosities

• Luminosity is linked to the pulsation period

• We use the period-luminosity relationship to 
calculate distance to the star
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How Do We Know-Distances-Supernovae

• Certain categories of exploding stars Supernovae 
all have nearly the same peak luminosity

• Type 1a Supernovae nearly all explode with same 
energy

• Measuring the color and duration of the afterglow 
can determine luminosity within a few percent

• Type 1A supernovae have been found in nearby 
galaxies that contain Cepheids

• The faster the explosion fades, the lower the peak 
luminosity

• Measuring the rise and fall of really distant Type 1a  
supernovae and comparing to the luminosity –
duration chart provides an estimate of the peak 
luminosity

• Luminosity and flux allow estimates of distance 
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How Do We Know-Distances
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Finding Properties of a Nearby Star

Apparent Parallax  (p) Apparent brightness (b)

Radius

(R)

Spectral type
Chemical composition

Spectrum

Surface temperature (T)

Luminosity (L)

Distance (d)

d=1/p
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Finding Properties of a Distant Star

Apparent brightness (b)

Luminosity class

Radius

(R)

Spectral type Chemical composition

Spectrum

Surface temperature (T)
H-R diagram

Luminosity (L)

Distance (d)
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How Do We Know-Mass
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How Do We Know –Mass of Stars-Binary Stars

• The physics that govern the stars’ orbits in a 
binary system were developed by Newton and 
Kepler

• It can be summarized in the relatively simple 
equation

• P is the orbital period of the system

• r is the separation between the two stars 

• (m1+m2) is the added mass of the two stars in 
the system

• From the definition of the center of mass

• Center  of mass sits closer to the more massive 
star

• The more massive star has a shorter orbit

• m1=0.54 Msun

• m2=1.62 Msun
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Using spectroscopy, it may be possible to find 
the velocity of one or both of the stars in the 
system



How Do We Know –Mass of Stars-Binary Stars-Doppler Effect-Star Velocity

No Doppler shifts occur 

Star A's light is redshifted. Star 
B's light is blueshifted

Star A's light is blueshifted. 
Star B's light is redshifted. 

No Doppler shifts occur

The period of time from redshift to 

blueshift back to redshift again is the 
orbital period
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Next Session

Composition of stars
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