Anw Chapter 15
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Ancient Greek believed the earth was a sphere. They saw the earth’s circular shadow on during a moon eclipse and the North Star was higher in the sky as you go further north. Also the masts were seen first when a ship arrived from the open sea. 
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Stars remain in the same pattern, except for the “wanderers” or the planets; we can see 5 planets with the naked eye: Mercury, Venus, Mars, Jupiter and Saturn. 
Around 500 BC, followers of Pythagoras believed the earth was the centre of a set of crystalline spheres carrying the stars. Then Aristotle made a model of 55 spheres, based on the model of Eudoxus, with earth at the centre. 
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Apollonius believed the planets moved in small circles whose centre rotates round a larger circle with the earth at the centre. Ptolemy developed this even further, he suggested planets change speed and the spheres are perfectly circular. He wrote a book: Almagest, the book described a model so complicated that people no longer believed in the spheres, it was only useful to calculate the positions of the planets. 

[image: image5.png]


[image: image6.jpg]ure 15.8),

jested
which
hem.
t for the
370 BC,

spheres, as HlS Was regarded as the
ing to Aristotle, are perfect and unchanging

Equal and opposite rotation
once in Earth's year to explain
Rotation once retrograde motion
in 24 hours

Rotation once.
in planet's year

Planet embedded
in this sphere

Planets move siowly against the
stas. Occasionally a planets path
fora time it moves backwards re

:

[
| Aristotle’s model is a g
one - the Earth is at th

Figure 159 |

Eudoxus’s model has sets of sphe
inside the other. Each rotates i
together this produces the moti

Figure 15.10. |

n Ptolemy's model, each planet
small circle, whose centre crcls
combination of these two moti
effects we observe - including r




[image: image7.jpg]Figure 15,10 |

In Polemy's model, each planet moves ound a
smoll icle, whose centr circles the arth. The
combination of these two motions produces the

|| effects we observe - inclucing retrograce motion

Planet embedded
in this sphere

ith 55 spheres, this

uld not predict the exact
, of the planets. Then,
)30 BC, Apollonius of
oposed another idea. He Planet
.d that each planet moves
all circle, whose centre
round a larger circle with
th at its centre (Figure
The effect is a bit like a Goroy et
und ride with cabins that
xes, while

n a larger

Issues in the physical sciences




[image: image8.jpg]


Thomas Aquinas combined religion with the ideas of Aristotle. Copernicus believed the sun was the centre, heliocentric; the earth is just another planet which orbits around its axis creating day and night. This model could explain the retrograde motion, as the earth overtakes a planet further from the sun, it seems to go backwards. He wrote a book but didn’t want to publish it because he thought his ideas would be ridiculed by other astronomers. 

There are some arguments against the heliocentric model: 

· The earth feels like it is fixed

· We rotate every day so why don’t we feel strong winds

· If you throw something straight up, we are still able to catch it on the same spot

· If you observe planets now and in 6 months it should be in a different position which it is not

There are three people who developed and found more evidence to support the heliocentric model, these people were: Brahe, Kepler and Galileo.
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At the age of 13 Brahe wanted to become an astronomer when he observed a solar eclipse. Later he observed an eclipse between Saturn and Jupiter, the prediction was several days off, Brahe wanted to improve Ptolemy’s model to make predictions more accurate. He got support from the Danish king; he had awesome instruments making his data very accurate. He didn’t believe in the heliocentric model, but he did oppose the idea of crystalline spheres. He observed a supernova for a few weeks; this opposed the idea of the unchangeable background of stars. He also observed a comet going through the different paths of the planets; this meant crystalline spheres didn’t exist. He made his own model, he believed the moon and sun move around the earth and the other planets moved around the sun. 

Kepler wanted to become a Lutheran minister; he became more interested in astronomy. He believed in the heliocentric model. He fled from Austria because of a conflict between Catholics and Protestants, he became Brahe’s assistant. Kepler inherited all the data when Brahe died. His task was to work out the orbit of mars, it took 8 years to find out it was not possible according to Copernican model; it was off by 6 minutes. He found out the orbits of the planets weren’t circles but ellipses. He also found out each planet moved round its orbit so the line joining it to the sun sweeps out equal areas in equal times and the time for each planet to orbit the sun (T) is related to its average distance from the sun (R), R3/T2 which is the same for every planet.

Galileo strongly believed in the heliocentric model, he developed telescopes and discovered the mountains on the moon. He also discovered the moons of Jupiter. The Copernican model was only allowed to be used as a calculating instrument not as model of the actual solar system. Galileo went to Rome to convince the church he was right about the solar system. He said the tides where directly related to the movement of the earth. He was given house arrest by the church and he had to renounce all his Copernican views. 

From this moment we know the planets orbit the sun, we just don’t know why. This all changed when Isaac Newton came up with his Laws of Motion. He discovered gravity, making the moon go around the earth in a circle and not a straight line. 

When a new planet was found, Uranus, people had doubt whether the heliocentric model was right, because the laws of motions seemed to be off for this planet, somebody suggested there was another planet interfering. Neptune was discovered. When Uranus flies towards Neptune, the gravitational force of Neptune speeds up Uranus, when Uranus is passed the force of Neptune slows Uranus down. 




Between the 70’s and 80’s, 4 planets happened to be on the same side of the sun making us able to study them up close using the Voyager. Voyager 1 passed Jupiter and Saturn and Voyager 2 passed all 4 outer planets. 
Chapter 16
Stellar parallax: 

Used to measure the distance of the closest stars, this can be done by calculating the angle from Earth to the star. 
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Other methods: 

To measure the distance of stars further away, another method was needed. This distance is calculated by comparing the intrinsic and apparent brightness of a star.

Intrinsic brightness: how bright a star actually is

Apparent brightness: how bright it looks to us 

One way to find out the intrinsic brightness of a star is by looking at its spectrum colour. A huge catalogue of stars was made, and a pattern was found in that. 

Another way is by looking at stars that are Cepheid variables. These stars pulse in brightness. Henrietta Leavitt found a pattern in this: the brighter the variable star, the longer its period. This discovery is important, because you can calculate the intrinsic brightness if you know a star’s brightness. 

Nebulae (plural, singular: nebula) (fuzzy, cloud-like structures): 

The Milky Way is one. They are all galaxies, but they are not all the same. William Herschel suggested five different kinds, and later it was found out that his basic idea of differences in nebulae was right. Nebulae are stars at different stages in the process of formation.

By using the Cepheid variables, the distance of many nebulae was measured. It was found that these nebulae formed a huge sphere. The centre of this sphere is the centre of our galaxy. Our solar system is towards the outer edge of this sphere. 

The Doppler effect: 

The Doppler effect applies to both sound and light waves. When a source of light is moving towards us, the wavelength will decrease and the object will looker bluer (more blue?). When the source of light is moving away from us, the object will look redder. 

Red shift: objects moving away from us in the universe (eventually they become infrared)

Blue shift: objects that approach the Earth.  


Hubble’s evidence for the big bang:

He looked at the Cepheid variables of different stars in different close galaxies. 

For galaxies further away he looked at the brightest star in the galaxy. 

He found that the brightest star in each galaxy had almost the same intrinsic brightness.

When he knew how far away a galaxy was he looked at the red shift. 

When he knew the red shift he could calculate the velocity of the galaxy. 

He found a correlation between the distance from Earth and the velocity of the galaxy.

When he knew how far away the galaxies are and how fast they move, he could calculate the age of the universe (we now think it is around 13.8 billion years). 

In 1964 two radio astronomers, Wilson and Penzias, picked up radio noise when studying a supernova remnant. They found that it was constant in all directions, so it couldn’t be from Earth. 

At the same time a group at Princeton University started to look for radiation which was left from the big bang. When these two things were combined there was evidence for the big bang theory. 

It is very hard to imagine an expanding universe and what was like before the big bang. What you must understand is that the universe isn’t expanding into space, it is space itself expanding. Scientists are not sure if the universe will keep expanding. If it is large enough, the gravitational attraction will eventually slow the expansion down and perhaps reverse it. 
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