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While every one of us knows perfectly well where their home is located in their country, city, or town,

scientists are exploring the Universe to understand what’s out there to improve our knowledge about

what surrounds us. In order to do this, measuring the distances between our planet and the astronomical

objects of our Universe is fundamental. Astronomers have developed a variety of tools to evaluate these

data with precision. In this article we will explore some of their most important applications.

Parallax The first tool we will use is called parallax. It is a simple concept that can best be explained

by an example shown in Picture 1 : if we hold a pencil vertically and look at it with one eye, first our left

and then our right, we can see that it moves in relation to the background. We can also notice that it

moves more if it is close to our eyes and less if it is far away from them.

Picture 1: Apparent movement of a pencil.

To quantify the distance of the pencil from our eyes, we can use this formula:

d =
p

tanα
(1)
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In equation 1 , d is the perpendicular distance between one of our eyes and the pencil, p is the distance

between our eyes and finally, α is the parallax angle: the angle that the pencil forms in our viewing field

while we switch from one eye to the other. Picture 2 shows the parallax angle α between the positions

of the pencil’s apparent movement, measured from our eyes.
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Picture 2: Parallax scheme.

By the same principle (shown in Picture 3 ), some satellites are constantly scanning our skies to photograph

many objects -mainly stars- at intervals of six months1, to calculate their parallax angles and then evaluate

their distance using formula 1 above2.
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Picture 3: Measurement of planet distances scheme.

Even though this method is widely used to measure the distance of stars and objects up to 10.000 light-

years3, measuring farther distances would require measurement instruments to be incredibly precise, so

other methods are used to measure the distances on a bigger scale.

Standard Candles Sometimes Nature helps us in unexpected ways with our research. In this context,

astronomers have discovered some astronomical objects -called Standard Candles- whose brightness is

predictable4. We can determine their distances by comparing the expected and the measured brightness.

Like the previous method, this technique cannot be used to determine the distances of the objects of

the whole Universe; as these Standard Candles can be too far away or too rare to provide complete

measurements of our surroundings.

1So it is possible to maximize the distance between the points of observation to obtain more precise data.
2Even if the distances involved are bigger. In this case the distance between the points of observation is above 300

million kilometers.
3The light-year is the distance traveled by the light in the empty space in one year; it corresponds to 9.460.730.472.580.800

kilometers.
4For more detailed information on these topics, see Cepheid variable and Type Ia supernova
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https://en.wikipedia.org/wiki/Cepheid_variable
https://en.wikipedia.org/wiki/Type_Ia_supernova


Redshift Another method commonly used is strictly linked with one of the most mysterious topics

of Astronomy: the expansion of the Universe. According to our current models, we know for certain5

-but we don’t know why- that distant regions of the Universe6 are moving away from each other at a

computable speed, directly proportional to their distance according to the Hubble formula.

v = H0D (2)

In formula 2, v is the speed of the object, D its distance and H0 ≈ 2, 19 · 10−18 1
s
7. As a consequence,

to calculate the distance of many distant objects8, we only need to know their speed; but how can we

compute it? Once again we use a trick to achieve our ends: when an object moves away from our eyes at

high speed, the light we see appears more red because the light waves are decompressed9. The images in

Picture 4 below, show how a Rubik’s cube (on the right) would appear while departing from us at high

speed.

Picture 4: Redshift example.

This phenomenon is called redshift and since we have precise formulae to measure this redshift, we are

able to compute the relative astronomical distances via the Hubble formula.

Conclusions The studies on the Universe, in particular those mentioned in this article, have revealed

to humanity that Earth is just a little blue dot in an incomprehensible, cosmic expanse. And even if we

know very little about the cosmos, there will be crucial questions that drive us onward to uncover the

secrets of Nature and push the limits of our knowledge.

5See Metric expansion of space
6From one million to 13 billion light-years. Pretty big numbers, aren’t they?
7Our knowledge of the value of H0 has changed since 1929. During the last two decades, our probes and telescopes

have found more precise approximations for H0. Since we can deduce the age and the dimension of the Universe from this
number (whose value changes in time), it turns out to be very important.

8Mainly galaxies or quasars in this case.
9See Doppler effect
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https://en.wikipedia.org/wiki/Metric_expansion_of_space
https://en.wikipedia.org/wiki/Galaxy
https://en.wikipedia.org/wiki/Quasar
https://en.wikipedia.org/wiki/Doppler_effect

