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1. We live in exciting times for solar system astronomy; Curiosity is wandering over Mars, New 

Horizons is reaching Pluto, and Philae has landed on a comet. Another comet (Lovejoy) is 

currently visible in the night sky.  

a) Consider the pictures below of the Moon and a planet, as viewed from Earth. In each case, 

which planet could this be? Write all possible answers in the boxes provided.  

  

A.                 B. 

 

     

 

 

 

 

Briefly explain your reasoning.  

 

 

 

Naked-eye planets in order of distance from the Sun: 

I. Mercury II. Venus III. Mars  IV. Jupiter V. Saturn 



b) Consider the pictures below of the Moon and a comet, as viewed from Earth. Circle the 

letter(s) by the picture(s) that are possible. 

 

A.     B.     C. 

    
    

D.     E.     F. 

     

 

Briefly explain your reasoning.   

 

 

 

  



2. This year, 2015, is the International Year of Light. Here are some questions regarding the 

nature of light. 

a) The two pictures below were each taken with the same automatic single-exposure digital 

camera and with the same interior lighting. The pictures were taken from the same position 

facing a window, one hour apart from each other, in early January. What observations can you 

make? What explanations can you give? Check all boxes next to correct statements.  

     7am            8am 

      

 Bright light on one side of the glass stops weak light on the other side of the glass from getting 
through. 

 It is difficult to see outside from a lit room when it is dark out. 

 The window behaves like a mirror when it is lit predominantly from the observer side. 

 The glass is a one-way mirror that only responds when there is less illumination behind the 
mirror side. 

 The glass reflects a small fraction of the incident light which is only visible if the exterior 
illumination is low. 

 The glass refracts a small fraction of the incident light which creates an image in the glass if 
the exterior illumination is low. 

 Multiple refraction of light in the glass causes an image to form against the dimly illuminated 
exterior. 

 At 8am, the rising sun has warmed the glass, allowing light to pass through. 

 The automatic focus camera focused on the glass in the first picture because it was dark 
outside.  

 The photographer does not have steady hands. 

 There are multiple images in the 7am picture because the window is (assumedly) double 
glazed. 



b) The first picture below is taken using visible light and the second (of the same person) is 

taken using thermal infrared. Infrared radiation is emitted by any body with a non-zero 

temperature (with more emission from warmer objects). What can you deduce about visible 

light and infrared light? Check all the boxes next to correct statements.  

     

         Visible Light       Thermal Infrared 

 

 Spectacle lenses absorb infrared light. 

 Spectacle lenses transmit infrared light. 

 Spectacle lenses absorb visible light. 

 Spectacle lenses transmit visible light. 

 Spectacle lenses emit infrared light. 

 Spectacle lenses emit visible light. 

 The order of temperature from highest to lowest is: skin, lens, clothing. 

 The order of temperature from highest to lowest is: skin, clothing, lens. 

 The order of temperature from highest to lowest is: clothing, skin, lens. 

 

 

 



3. As the Earth’s climate warms, we are increasingly concerned with the effects caused by large 

amounts of material changing its state: e.g. ice melting, water condensing and evaporating, gas 

dissolving and coming out of solution, etc.  

a) For each of the following situations, how many states of matter are present (not counting the 

surrounding air)?  Circle ONE number. 

 
I) Ice cubes floating in a glass of water 

 
0 1 2 3 4 

 
 
II) Aqueous salt solution at room temperature containing 3% salt by weight. 

 
0  1  2 3 4         

 
 
III) The contents of an unopened bottle of soda water.  

 
0 1 2 3 4         

 

 

b) What is inside the bubbles seen in water that has been continuously boiling for 5 minutes?  

 

 

 

 

 

c) Ice floats on water. Using your knowledge of the structure of liquids, solids and gases, explain 

briefly why this is called an “anomaly”. 

 

  



d) The figure below shows pure ice floating in pure water in a glass vessel.  The measuring stick 

is marked in mm. Given that the density of pure water is 1000 kg/m3, deduce the density of 

the ice. No prior knowledge of density calculations is needed for this question.  

 

 

 

Show your reasoning:  

   

 

 

 

e)  Assuming the gap between the vessel and the ice is very small, what will the water level be if 

the ice melts? Why? 

  



f) Arctic ice is very pure water but when it melts it does so into salty water. To figure out what 

will happen to the sea level, consider an exaggerated case below where the ice is pure but the 

water is very dense.  Assuming the gap between the vessel and the ice is very small, what will 

the water level be if the ice melts? Use the ice density you found in d).  

 

 

 

 

 

Show your reasoning:  

   

 

 

 

 

 

  



4. In order to monitor the health of the biosphere and how it is coping with human impacts, it is 

important to understand how all the elements of the natural world interact with each other. 

Consider the following example. In 2000, a group of biologists determined the biomass of each 

species present in an ecosystem. This table displays their results:  

Species Biomass (kg) 

A 1200 

B 300 

C 200,000 

D 10,000 

E 15,000 

F 800 
 

a) Construct a food web using the skeleton provided by drawing arrows between the species to 

indicate the flow of energy through the ecosystem. Assume each species will only eat another 

species on a trophic level one below theirs. 

 

 

  



b) The species recorded in the ecosystem were: mice, foxes, lizards, butterflies, cougars, and 

apple trees. What could each species in the table above possibly have been? 

A:  B:  

C:  D:  

E:  F:  
 

c) Data were collected again in the same area in 2010.  

 

 

 

 

 

What could have caused the change in species E? Give one natural and one human disturbance. 

Natural Cause: 

 

 

Human Cause: 

   

 

 

What did you notice about the differences between the 2000 and 2010 data? 

   

 

Species Biomass (kg) 

A 1200 

B 200 

C 250,000 

D 11,000 

E 8000 

F 600 


