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Theoretical round 

Text of these problems is 

Problems to solve 

 
 
 
available also       in other languages

 . 

 
To solve every problem you may use constants and well-known values you know by heart. 

 

Group A (juniors, < 16 years old). 

 
1. The apparent diameter of the Moon, as seen from the Earth, is 31'. What is the image diameter in the 
objective focal plane if its focal length is 254 cm and the objective diameter is 40 cm? Draw a figure (a few 

figures) to explain your calculations. 

 
2. A photometer is mounted on a 125 cm (focal length) telescope. Can you observe a star with magnitude 

 

a. 5
m

 

b. 10
m

 

c. 15
m

 

 

in a cluster if a count from a star of a similar spectral type with magnitude 8
m 

gives 4000 counts/second? 

The level of white noise of the photometer (instrumental noise) is 500 counts/second; the upper limiting 

value for observations is 200000 counts/second. Explain your calculations. 

 

Group B (seniors, > 16 years old). 

 
1. One star peaks at 2000 A. Another peaks at 10000 A. Which one emits more radiation at 2000 A? Which 

one emits more radiation at 10000 A? What is the ratio of the total radiation emitted by the two stars? 

Consider the stars as black bodies. 

 
2. Engineers from the Simferopol University describe a new method to utilize old military ships: to construct 

very small black holes from their material (patent yzarc-048UA7). Estimate the diameter of a black hole 

constructed using this patent from a ship with the mass of 5000 tn (1 tn = 1000 kg). What physical object 

has a size of the same order of magnitude? Describe propagation of visible light near this black hole. 
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Other problems (3-9) are for the both (A and B) groups: 

 

Theoretical round 

3. Where (on the Earth) and when is it possible to observe the sunrise with the longest duration? Estimate 

its duration. 

 
4. Usually we consider that there are about 6000 stars in the whole sky which are visible by our eyes. 

Estimate, how many visible stars are circumpolar (which means that they never set): 

 
a. if you are placed 1 from the North Pole. 

b. if you are placed 1 from the Equator (to the North). 

 
Note: formula for sphere's area calculation: S = 4R2. 

 
5. An airship started from a cosmodrome located near the equator of the earth at the moment of a sunset. 

A pilot of the airship wants to continue to observe the sun on the horizon. What should the speed of 

moving of the airship be? Describe in detail the motion of the air ship. 

 
6. Suppose that a total solar eclipse is observed from a place at the equator when the sun is in zenith. Also, 

suppose that the shadow of the moon moves along the equator. Calculate the speed of the shadow relative 

to the observer. 
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