MOG


 PREPARATION QUESTIONS 

June 2011
The aim of this sheet is to stimulate mathematical thinking and introduce some of the ideas useful in MOG and BMO type questions.  The questions are NOT designed to be of BMO standard.
1.
Prove that  
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  if  x > 0 in as many non-calculus ways as you can.

2.
Find the minimum value of   
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   if  a, b, c > 0.

3.
Prove that   
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     if  x, y, z > 0.

4.
The diagonals AC, BD of the cyclic quadrilateral ABCD meet at P.  

Prove that  
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5.
Two circles are internally tangent at a point T.  A chord AB of the outer circle touches the inner circle at the point P.  Prove that TP bisects (ATB.

6.
In (ABC, the internal and external bisectors of (A meet BC in D and E respectively.  M is the midpoint of DE.  Prove that MA is tangent to the circumcircle of  (ABC.

7.
How many positive integers less than 2002 are divisible by 3, 5 or 7?

8.
Ten points are marked on a line, and 11 points are marked on another line parallel to the first one.  How many triangles are there whose vertices are at three of these points?

9.
What is the highest power of 3 that divides into 100!  ?

10.
Use the pigeon-hole principle to prove that there exist two perfect cubes which differ by a multiple of 2002.

11.
Prove that  
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  for any real numbers  x, y, z.

12.
Find all integers n such that  
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 is divisible by  n ( 3.

13.
Find all functions f, whose domain is the set of real numbers excluding 0 and 1, which satisfy the equation
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   for all x in the domain.

14.
If 
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,  prove that  
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15.
A square number has four digits.  When each digit is increased by 1 another square number is obtained.  What are the two square numbers?

16.
Prove Heron's formula: The area of triangle ABC is given by 
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where a, b, c are the side lengths and s is the semi-perimeter.
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