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1 In 1969 the Apollo 14
astronauts left a laser reflector
on the Moon

2 Trigonometric parallax

4 The Hyades star cluster in
the constellation of Taurus; the
bright stars in a V shape all lie
within the cluster

6 The light curve of a type Ia
 supernova

7 A type Ia supernova and 
Cepheid variables in 
the galaxy UGC 9391

5 The period–luminosity
relationship for Cepheid
variables

Distances in the inner solar system 
can be found by timing laser pulses 
and radar (1). Kepler’s second law 
of planetary motion describes how 
orbital radius, r, depends on period, T :

T 2 = kr 3

Together, Kepler’s law and radar 
measurements of distances to Venus 
provide a value for Earth’s average 
orbital radius, the astronomical unit 
(AU): 

1 AU = 1.4960 × 1011 m

The uncertainty in the value of the 
AU is just a few metres.

As Earth orbits the Sun nearby stars appear to move relative to a background of 
very distant stars (2). The trigonometric parallax angle, ϕ, can be used to determine 
distance, d:

d = 
r

tan ϕ
 = 

1 AU
tan ϕ

 

A parallax angle of 1 second of arc (1 arcsec = 1°/3600) defines the distance of 
1 parsec (pc):

1 pc = 3.0857 × 1016 m

Any uncertainty in the AU also affects the value of the pc.
Over 100 000 stars lie within a few hundred pc of the solar system. Their 

parallaxes were measured in the 1990s by the Hipparcos satellite mission (3). The 
Hubble telescope has extended the scale to about 5 kpc (5000 pc).

Stars in clusters (4) move randomly 
within the cluster. Their speeds 
towards/away from us can be found 
from the Doppler shift in their 
radiation. Motion across our line 
of sight is shown by changes in the 
positions of images. By assuming that 
the stars’ average speed is the same 
in all directions, the displacements 
can be used to calculate the distance 
to the cluster. This does not rely on 
knowing the value of the AU or the pc.

The intensity, I, of an object’s radiation 
(power per unit area) measured on 
Earth is related to its luminosity, 
L (output power) by an inverse-square 
law:

I = 
L

4πr 2

A standard candle is a type of object 
whose luminosity has already been 
established through measurements 
of I and d. If astronomers observe 
other objects of the same type, they 
can use measurements of intensity to 
calculate distance.

Cepheids are variable stars whose 
luminosity depends on their period 
of variation (5). Distances to nearby 
Cepheids have been found using 
trigonometric parallax or methods 
involving clusters. Other Cepheids 
can then be used as standard candles, 
using the luminosity deduced from 
their period.

Cepheids are very bright, so they 
can be observed far beyond the Milky 
Way galaxy (which has a diameter of 
about 30 kpc). They have been used to 
determine distances of galaxies out to 
about 50 Mpc (50 × 106 pc).

A supernova is a dramatic explosion 
involving an entire star and 
producing a vast output of radiation. 
The luminosity of one type, a type 
Ia supernova, always varies in the 
same way  (6). Observations of such 
supernovae in galaxies at known 
distances (7) have shown that the 
luminosity always reaches a peak 
value of about 1010 times that of the 
Sun.

Type Ia supernovae can be used 
as standard candles, though they are 
rare events — one or two per century 
in galaxies similar to the Milky 
Way. Type Ia supernovae have been 
identified that exploded more than 9 
billion years ago (a distance of about 
3 Gpc, 3 × 109 pc). These are helping 
astronomers to study the universe 
when it was much younger than its 
present age of about 13.8 billion years.

3 The Hipparcos satellite was 
an important mission that
measured trigonometric parallax
with unprecedented accuracy

The measurement of distances to remote astronomical 
objects involves a series of steps known as a distance ladder. 
When a step builds on previous ones to extend the scale to 
larger distances, uncertainties in measurement accumulate
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