
         
        

 
 
 
 

 
 

MATHEMATICS 
 
A rectangle is called inscribed in a given triangle when all four vertices of the rectangle belong to the 
sides of the triangle (see an example in the figure) 
 
 

 
 
 

a) Given a triangle construct the rectangle inscribed into it which has the largest area.  
 
b) If the area of a given triangle is S what is the area of the maximal rectangle inscribed into it? 
 
 
 
 

PHYSICS 
 
A bullet of mass m hits a back of a swivel chair of mass M>>m and gets stuck inside. In one case the 
bullet hits a point located on the centerline (point A), while in the other case it hits closer to one side 
(point B). 

Qualitatively describe the resulting chair motion in both 
cases. In which case it will travel faster with respect to the 
floor? Where does the momentum of the bullet go? Where 
does its energy go?  

Assume that the back of the chair can freely rotate with 
respect to the base, which in turn can freely roll along the 
floor. The bullet can be assumed travelling horizontally, and 
hitting the chair head-on. Point A can be assumed to be the 
center of mass of the chair. 
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CHEMISTRY 

 
We know from experiments that 22.4 L of every gas at room temperature and atmospheric pressure 
contain 6×10!" molecules. We also know that baking soda, when mixed with acids, for example, 
with acetic acid, produces one molecule of carbon dioxide gas per one soda molecule according to 
the following equation: 
 

NaHCO3 + (some acid) = CO2 + (some salt) 
 
Can you propose an experiment that would allow you to find the number of sodium atoms in one 
teaspoon full of baking soda?  
 
You can use any standard equipment you can find in your home: rulers, compass, toys, Coke 
bottles, citric acid, vinegar, lemon juice, balloons, latex gloves, electric tape, screw drivers, pliers, 
scotch tape, etc (of course, you don’t need to use all of that).  If you have electronic scale in your 
kitchen, you can take not a teaspoon full, but 10 grams of soda.  
You may just describe the experiment, or perform it (of course, in that case, you will get more 
points). In the latter case, please send a photo of your experimental setup. 
 
IMPORTANT! Although you will be dealing with ordinary substances, not with lab chemicals, 
please, wear goggles during the experiment. 

 
 

 
 

BIOLOGY 
 

The dawn chorus is one of the most conspicuous vocal behaviors of birds. Near sunrise, birds often 
sing more loudly and vigorously than they do at other times of the day. 
 
Why do you think this is the case?  
What are the potential benefits of such behavior? 
 
Please, provide as many explanations as possible.  

 
 
 
 
 
 
 
 
 
 
 



 
COMPUTER SCIENCE 

 
Hi, if you never wrote a line of code in your life but are curious to see if it's fun to program, please 
go to the following web page that will let you write and execute Java programs right in your favorite 
Web browser: 
http://ideone.com/ 
 
There you can put your code below the line 12 and click on the 'run' button to execute it. 
For the first assignment you would learn about variables and how to display results to the screen. 
You can consult many tutorials available on the Web or can just start by copy-pasting the following 
example lines. The meaning of these lines should be  clear from the comments (the lines that start 
with a double slash: // ) and just see how the program runs: 

 
              // Here is how we print in java: 
    System.out.println("It's fun to program! "); 
 
   // printing a variable of type String 
    String mys = "I actually like writing code..."; 
    System.out.println(mys); 
 
    // Before we use a variable we need to declare it 
    int var1;  // var1 will hold an integer 
 
    // Let var1 be 10 
    var1 = 10; 
    // let's declare some more variables 
    int var2,sum; 
 
    var2 = 30; 
    sum = var1 + var2; // now sum should be 40, let's see.  
               // The println method can only print strings, 
    // so we convert an int to a String 
    System.out.println(" sum = " + Integer.toString(sum)); 
 

Run the above code by clicking the 'run' button, look at the output it produces in a stdout window, 
try to modify it, play with it by adding more variables of different types (read for example 
http://www.tutorialspoint.com/java/java_basic_datatypes.htm ). 
 
When you understand what is going on, add the following 4 lines to the code and ALSO in the 
'stdin' field under the code window  
type 2 things: an integer on the first line and some name on the second line. That would be your 
program input. 

 
               Scanner input = new Scanner(System.in); 
     int age = input.nextInt(); 
  String name = input.next(); 
     System.out.println("Hi " + name + "you are "  + Integer.toString(age) + " year old " ); 
 
 



Look at the program output. 
  

OK, now you are ready for the October POM: 
 
1) 8 points 
Write a Java program that takes 2 integers (int1 and int2)  and a string (some_name) as an 
input and produces the following output: 
 
Hey, some_name, everyone knows that int2 + int2 = sum 
 
Here the “sum” should be equal to the sum of the given integers int1 and int2. 
 
For example: For the following stdin: 
125 50 Harry 
 
Your program should print: 
Hey, Harry, everyone knows that 125 + 50 = 175 
 
2) 2 points: 
Run your program with the following integers: 
 
1000000000          2000000000 
 
and try to figure out what went wrong. 
 


