
Exploration: The Sun

• Sending spacecraft close to the Sun is very hard, due to the extreme 
heat and radiation, which can damage the spacecraft in seconds if 
it’s not shielded correctly.

• Helios-A was launched in 1974 and Helios-B in 1976.
• They got within ~46.5 and ~43.5 million km of the Sun respectively.

• The Parker Solar Probe was launched in 2018.
• It will get within ~7 million km of the center of the Sun.
• Still very far, but Earth is ~150 million km from the Sun (1 AU) and the Sun 

itself has a radius of ~0.7 million km.

• It is also the fastest human-made object. At its closest approach to 
the Sun, in 2025, it will move at ~690,000 km/h.



The apparent size of the Sun as seen from Parker Solar Probe at perihelion (closest approach to the Sun) compared to its apparent size as seen from Earth
Credits: Maringaense (Wikipedia)



Video

• This video describes the Parker Solar Probe and some interesting 
discoveries made by it so far.

• The video can be found at this URL:

https://youtu.be/LkaLfbuB_6E

https://youtu.be/LkaLfbuB_6E


Origin of the solar system

• Astronomy isn’t only about studying how things work in the 
present, it’s also about figuring out their past and future.

• By observing patterns in the solar system objects, we can deduce 
how the system originally formed.

• For example, we know that the planets all lie on the same plane and 
revolve in the same direction around the Sun.

• The Sun itself also spins in the same direction around its own axis.

• This provides evidence that the Sun and planets formed together 
from a spinning cloud of gas and dust that we call the solar nebula.



Artist's impression of the solar nebula
Credits: NASA



Origin of the solar system

• We also know that the inner planets are composed mainly of rock 
and metal, while the other planets are composed of light gases and 
ices.

• The reason seems to be that planets closer to the Sun feel more 
heat. Rock and metal can survive heat, but ice and gas evaporate. 
The outer planets are in a much colder environment.



Origin of the solar system

• We cannot look back in time to the formation of our own solar 
system.

• However, we can learn about its origins by observing other 
planetary systems that are currently forming.

• We see many solar nebulas or circumstellar disks in our galaxy: 
flattened, spinning clouds of gas and dust surrounding young stars.



Planetary nurseries in the Orion Nebula as seen by the Hubble Space Telescope
Credits: Modification of work by NASA/ESA, L. Ricci (ESO)



Origin of the solar system

• We often see circumstellar disks around very young stars, 
suggesting that disks and stars form together.

• Computer simulations show that solid bodies can form from the 
gas and dust in these disks as they cool.

• The smaller objects, which are precursors of the planets, are called 
planetesimals.



Arrokoth, in the Kuiper belt, was the farthest object visited by a spacecraft (New Horizons) in 2019. It is composed of two planetesimals 21 km and 15 km across.
Credits: NASA/Johns Hopkins University Applied Physics Laboratory/Southwest Research Institute/Roman Tkachenko.



Origin of the solar system

• Millions of small planetesimals gathered together under their 
mutual gravity to form the planets we see today.

• This was a violent process, with planetesimals crashing into each 
other.

• Due to those violent impacts, all the planets were heated until they 
were composed of liquid and gas.

• This allowed for differentiation, the process where the planets 
separate into layers of different materials.

• Heavier materials sink to form a dense central core, and lighter 
ones float to the surface to form a crust.



Origin of the solar system

• The solar nebula model can explain many of the regularities and 
patterns we find in the solar system.

• However, the random collisions of massive collections of 
planetesimals could be the reason for some exceptions.

• For example, Uranus and Pluto spin on their sides, and Venus spins 
slowly and in the opposite direction.

• This can be explained by enormous collisions that changed the 
planes and/or directions of their spins.



Origin of the solar system

• The formation of the solar system began ~4.6 billion years ago 
with the gravitational collapse of part of a giant molecular cloud.
• Gravitational collapse is when an object collapses (shrinks in size) under 

its own gravity.

• A molecular cloud is a cloud of gas, plasma, and dust which has the right 
density to allow for the formation of molecules like hydrogen (H2).

• Most of the collapsing mass collected in the center, forming the Sun.

• The rest flattened into a protoplanetary disk out of which the 
planets, moons, asteroids, and other small bodies formed.



Origin of the solar system

• We can estimate the age of objects by observing their surfaces.

• One way to do so is by counting impact craters. This works because 
the rate of impacts has been roughly constant for several billion 
years.

• So the number of craters is proportional to the length of time the 
surface has been exposed.

• However, major changes in the surfaces themselves can modify or 
erase craters.

• Therefore, this is not a precise method. It can only tell us that a 
more heavily craters surface is generally older.



Origin of the solar system

• We can also measure the age of individual rocks using radioactive 
decay.

• Some atomic nuclei are not stable. They can decay spontaneously 
into smaller nuclei.

• It’s impossible to predict when a decay will happen, but it is 
possible to predict how many decays will happen over a period of 
time.

• The half-life of a material is the time required for half the atomic 
nuclei in it to decay.



An illustration of half-life
Credits: OpenStax Astronomy



Origin of the solar system

• If I have 1 kg of a radioactive material with a half-life of 100 years:
• After 100 years, I will have 1/2 kg.

• After 200 years, I will have 1/4 kg.

• After 300 years, I will have 1/8 kg.

• After 400 years, I will have 1/16 kg.

• And so on.

• However, the material does not disappear. Instead, the radioactive 
atoms are replaced with their decay products.

• By comparing the quantity ratio of a radioactive element to its 
decay products in a rock, we can learn how long ago it was formed.



• Here are some examples of radioactive elements used to date rocks.

• The number after each element is its atomic weight, the number of 
protons plus neutrons in its nucleus.

• This specifies the isotope of the element. Different isotopes have 
the same number of protons but a different number of neutrons.

Radioactive
Element

Decay
Product

Half-Life
(billions of years)

Samarium-147 Neodymium-143 106

Rubidium-87 Strontium-87 48.8

Thorium-232 Lead-208 14.0

Uranium-238 Lead-206 4.47

Potassium-40 Argon-40 1.31



Origin of the solar system

• With radioactive dating, it was determined that the age of Earth is 
~4.5 billion years.

• Radioactive dating was also performed on rocks brought back by 
astronauts from the Moon. It turns out the Moon formed around 
the same time as Earth.



Conclusions

• In this lecture, we learned about our home, the solar system, and 
many of the objects in it.

• We will continue learning about it in more details in the next 
lecture.

• Reading: OpenStax Astronomy, chapter 7.

• Exercises: Practice questions will be posted on Teams.


