S90 U5 Topic 4:
Bigger, Smarter Telescopes  p. 385 – 392
To look deeper into the universe astronomers design bigger, and better telescopes. With each of these advancements we make better observations and discover new things. 
	The Next Discoveries


• 1773, Sir William Herschel built a large reflecting telescope and discovers a new planet: Uranus! Pronounced: “YOOR a nus” (Uranus is the ancient Greek deity of the Heavens, the earliest supreme god.)
• Late 1800s the largest refracting telescope in the world is made near Chicago.  Gerald Kuiper discovers methane gas in Saturn’s moon, Titan, and 2 new moons of Uranus.

	Combining Telescopes


• Now powerful computers can combine images from 2 or more telescopes (interferometry). The two separate telescopes act like one large telescope the size of the total distance between the two telescopes!  This provides great resolving power.  The twin Keck telescopes in Hawaii have such a high resolving power they can distinguish each headlight on a car 800 km away! (p. 385)
	Adaptive Optics


• Why do stars twinkle?  Why is this a problem for astronomers?  The Earth’s atmosphere refracts starlight in random directions so astronomers can’t see stars clearly.

•  How do astronomers correct this problem?  They use adaptive optics: computers process the images and remove the blurring effect of the Earth’s atmosphere.  The software “adapts” as the Earth’s atmosphere changes.

•  What is light pollution? Why is this a problem for astronomers?  Light pollution is the glow in the sky at night caused by all the artificial lighting found in and around cities.  Astronomers can see only the brightest stars.  

•  How do astronomers deal with air pollution? 

They locate telescopes in remote areas (i.e. up north or on a mountain top). 
	How far away are stars?  How do astronomers measure this?


• to measure the distance to a far away object or star we can use triangulation ( also called parallax).     
  In triangulation the distance of an object is measured indirectly by making an imaginary triangle 
  between the you, the observer, and the object (i.e. star) whose distance you want to measure.  Make a 
  baseline with the object to be measured in between the 2 points A and B.  The larger the 
  baseline the more accurate the distance you calculate.  Make a line from the two points to the object    
  and measure the two angles A and B. 
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Triangulating a Star: the diameter of the Earth is the baseline and we view the star from one point on the Earth 6 months apart (i.e. in December and then again in June), lining up the star to distant stars as the frame of reference.  Because of the shift from point A (Dec) to B (June)  the star “lines” up with a different star in when we look from A vs. B.  This apparent shift in position of the star is called PARALLAX (it is really the Earth’s shift in position not the star)


	How Big is Big?


• since the solar system is so large we need a large unit of measurement bigger than km to make calculations easier.  
1)  the astronomical unit: 1 AU is the distance from the Earth to the Sun = 150 million km 
· the nearest star to the Earth is Proxima Centari, 272 000 AU
· The nearest galaxy to the milky way is Andromeda: 2 million light years away.

· The visible universe (from telescopes) has a diameter of 28 Billion light years
2)  But the universe is so much larger than our solar system, using AU outside our solar system is impractical (it would be like using mm to measure distances across Canada).  So astronomers created the light year: the distance light travels in one year (63 240 AU).  

•  Light travels at 300 000 km/s.  1 light year = 9.5 trillion (9.5 x 1012) km.  Calculate how many 
   light years Proxima Centauri is from Earth.  ___________
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(  Do the online Topic 4 quiz
(  Keep up with your checklist.
(  Check your vocabulary.
•  Next, make a scale diagram (i.e. 1 cm = 10m) on a �    piece of paper. Draw the baseline of the imaginary �    triangle to scale. In the example to the left, S = �    baseline.�•  Using a protractor, draw in the angles at A and B.


•  Draw the sides of the triangle – where they meet is �    where your object is.�•  Measure the distance (D) from the center of the �    baseline to the object.�• Determine the true length of D using your scale. 








Learning Checks  �(  Do the practice sheet “Triangulation �      Worksheet” #1 – 3.   


Hint for # 2:   


% error = ((calculated value – measured value) /measured value) x 100.


�( Triangulate the goal post or flag pole.








