
P7 – Drawing Ray Diagrams





Many objects are so far away they are thought of as just dots of light, of which the rays are effectively parallel by the time they reach earth. 


Point source – mark the focal point on the principle axis. Draw three parallel rays from the star [or object], one towards the centre of the lens, one towards the top and one towards the bottom. Only draw the rays going as far as the middle of the lens. The middle ray doesn’t get refracted, so extend this ray past the focal point of the lens. Draw in the rest of the top and bottom rays, making them meet the middle ray at the focal point. The image is formed at this point, and will be a real image as all the rays actually meet there.


Extended source – this is similar to the above method, but is used for objects such as galaxies. Treat two opposite edges of the object as point sources. Draw the parallel light lines from edge 1, then draw the parallel lines form edge 2. As before, the parallel rays for each edge will meet in line with, or at, the focal point of the lens. A real image is formed between the two points where the rays meet.  


 





P7 – Telescopes





A simple refracting telescope is made up of two convex lenses, an objective lens and an eye lens. The lenses are aligned to have the same principle axis and are placed so that their focal points are in the same place. The objective lens converges parallel rays of light from space to form a real image between the two lenses. The eye lens is much more powerful than the objective lens. It acts as a magnifying glass on the real image and makes a virtual image where the light entering the eye lens appears to have come from. The angular magnification of the telescope can be calculated from the focal lengths of the objective lens and the eye lens;


magnification = objective lens focal length / eye lens focal length


Most astronomical telescopes use a concave mirror instead of a convex objective lens. Concave mirrors are shiny on the inside of the curve, so parallel rays of light shining on a concave mirror reflect and converge. The centre of the mirror’s surface is called the vertex, halfway between the centre of curvature and the vertex is the focal point, which lies on the axis. Rays parallel to the mirror’s axis reflect and meet at the focal point. 








 





 








P7 – Astronomical Distances and Brightness





The distance to nearby stars can be measured by parallax. The parallax angle is half the angle moved against the distant background stars over 6 months. The nearer and object is, the greater the angle, which is often measured in arcseconds rather than degrees;


1 arcsecond = 1’’ = (1 / 3600)°


The distance to a star can be calculated with this equation;


distance (parsecs) = (1 / angle)


The intrinsic brightness of a star depends on how big the star is and how hot it is. The bigger and hotter it is, the more energy it gives out, and so the brighter it is. As a star moves away, it appears dimmer because the energy reaching us gets less. Therefore the observed brightness of a star seen from earth depends on its intrinsic brightness and distance away it is.


A group of stars called cepheid variables pulse in brightness, and this pulse is related to their intrinsic brightness – the brighter the star the longer the time between pulses. If two cepheid variables with the same apparent brightness pulse at different rates, the longer pulsing one must be brighter.  





P7 – The Scale of the Universe





In the 1920’s there was a debate about the size and structure of the Universe, led by two astronomers, Harlow Shapley and Heber Curtis.  








 




















Shapley was correct that the solar system is far from the centre of our galaxy, but Curtis was right that there are many galaxies in the universe. Curtis was also correct about the spiral nebulae; Hubble showed that they are far away. The debate didn’t end until the 1930’s, when better telescopes meant that the nebulae could be seen clearly. 





Shapley’s Argument


- believed the universe was just one large galaxy


- thought sun and solar system were far from the galaxy centre


- believed that nebulae were large clouds of gas and dust, relatively nearby and part of the Milky Way





Curtis’ Argument


- thought the universe was made up of many separate galaxies


- believed galaxy was smaller than Shapley suggested and the sun was near the centre


- thought spiral nebulae were other very distant galaxies








