
Rishi Valley School

Age group: Grade 7 to Grade 8 28-03-2018

Invitation to Russian Mathematical Circles: An introductory collection of problems

1. Please attempt to work out solutions with all important details.

2. Discuss the questions and answers with your friends.

1 Some puzzles

1. A number of bacteria are placed in a glass. One second later each bacterium
divides in two, the next second each of the resulting bacteria divides in two again
and so on. After one minute the glass is full. When was the glass half full?

2. Ann, John, and Alex took a bus tour of Disneyland. Each of them must pay 5
plastic chips for the ride, but they have only plastic coins of values 10, 15 and 20
chips (each has an unlimited number of each type of coin). How can they pay for
the ride?

3. Jack tore out several successive pages from a book. The number of the first page
he tore out was 183, and it is known that the number of the last page is written
with the same digits in some order. How many pages did Jack tear out of the
book?

4. There are 24 pounds of nails in a sack. Can you measure out 9 pounds of nails
using only a balance with two pans?

5. A caterpillar crawls up a pole 75 inches high, starting from the ground. Each day
it crawls up 5 inches, and each night it slides down 4 inches. When will it first
reach the top of the pole?

6. In a certain year there were exactly four Fridays and exctly four mondays in
January. On what day of the week did the 20th of January fall that year?

7. Cross out 10 digits from the number 1234512345123451234512345 so that the
remaining number is as large as possible.

2 Logical Problems

1. Peter said : “The day before yesterday I was 10, but I will turn 13 in the next
year.” Is this possible?

2. Pete’s cat always sneezes before it rains. She sneezed today. “This means it will
be raining,” Pete thinks. Is he right?

3. The son of a Professor’s father is talking to the father of the professor’s son, and
the professor does not take part in the conversation. Is this possible?

4. Three tablespoons of milk from a glass of milk are poured into a glass of tea, and
the liquid is thoroughly mixed. Then three tablespoons of this mixture are poured
back into the glass of milk. Which is greater now: the percentage of milk in the
tea or the percentage of tea in the milk?

5. Exploratory Problem: a) How many boxes are crossed by a diagonal in a
rectangular table formed by 199 × 991 small squares?

6. Exploratory Problem: b) Distribute 127 one dollar bills among 7 wallets so
that any integer sum from 1 to 127 dollars can be paid without opening the wallets.
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3 Russian Literature: Mathematical Circle, Middle School

Compilers: A.L. Kanunnikov, S.L. Kuznetsov, I.I. Osipov

This is a recent compilation by Moscow state university for middle school. It is
arranged in a set of tasks and the “teachers” are urged to only guide the students with
“hints” only and only if necessary. The idea is that children should enjoy thinking and
proceeding towards their own solution. No order needs be maintained and the students
attempts problems as per his/her choice.

Beginning Tasks

1. Is it possible to arrange along the walls of a rectangular room a) 8; b) 10; c) 12
stools so that along each wall there are three stools?

2. Collector Neznayka collects stickers and pastes them in album. Before him on the
table lies (see the picture) several triangular stickers, identical in shape, but one
of them is still different from the others. Which one?

Figure 1: Stickers

3. After seven washings, the length, width, and height pieces of soap have decreased
by half. How long does the remaining piece last? (Each wash consumes the same
amount of soap.)

4. Count exactly how many steps are at the stairs in the figure on the right.

Figure 2: Question 4: Staircase Figure 3: Question 6: Vase

5. A mountaineer stands on top of a steep cliff height of 100 m with a ledge at a
height of 50 m. He there is a 77-meter rope and a knife. At the top of the rock and
on the ledge, pegs are hammered into, to which one can tie a rope. The climber
wants to have time for lunch to get to the camp at the foot of the cliff. How can
he descend from a rock (of course, without jumping)?
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6. The vase depicted in the picture on the left is made up of six identical quarters
of circles. a) Cut it into pieces that can be reassembled into a square. b) Do this
by cutting the vase into not more than three pieces.

4 Russian Literature: Home Olympiads

N.B. Vasiliev, V.L. Gutenmacher, J.M. Rabbot, A.L. Toom.

The authors have collected problems which can generalise and be followed up for
significant results and insights. Again relatively recent edition is 2011, Moscow.

First acquaintance

1. Is it possible: From a sheet of paper torn from a school notebook to cut through
a hole in which an adult can crawl through ?

2. In the equation,

(x2 + . . . )(x + 1) = (x4 + 1)(x + 2)

one expression is erased and replaced by dots. Find the erased expression if it is
known that one of the roots of this equation is equal to 1.

3. Petya spends 1/3 of his time on classes in school, 1/4 - for playing football, 1/5
- for listening to music, 1/6 - on watching TV, 1/7 - on the solution of tasks for
mathematics. Is it possible to live like that?

4. Four numbers were stacked in pairs and received six sums. The four smallest of
these sums are known: 1, 5, 8, and 9. Find the two remaining sums and the
original numbers themselves.

5. What is the greatest number of Sundays that can be there in one year?

6. Four girls - Katya, Lena, Masha and Nina - participated in the concert. They
sang songs. Each song was performed by three girls. Katya sang 8 songs - most
of all, and Lena sang 5 songs - less than all. How many songs were sung?

7. Three merchants - Olympia, Sosipatra and Poliksenapili have tea.

If Olympia drank 5 cups more, then she would drink as much as the other two
together.

If Sosipatra drank 9 cups more, she would drink as much as the other two together.

Determine how many cups each has drunk and identify their middle names, if
you know that Uvarovna drank tea equal to the number of cups of tea drunk by
Titovaya multiplied by three, and Karpovna drank 11 cups.

8. The lady handed over the luggage at the counter: a sofa, a suitcase, a bag, a
picture, a basket, a cardboard box and a small dog.

The sofa weighed as much as the suitcase and carpetbag together, and as much as
the picture and the cardboard together. The picture, the basket and the cardboard
were weighed equally, each of them larger than the dog.

When they unloaded the luggage, the lady stated that the dog was not the same
breed.

On a check it has appeared, that the dog outweighs a sofa, if a suitcase or bag is
added to it.

Prove that the lady’s claim was fair.

9. The motorcyclist and cyclist left simultaneously from point A to point B. After
a third of the way, the cyclist stopped and went on only when the motorcyclist
covered 2/3rd of the way to B. The motorcyclist, after reaching B, immediately
drove off back. Who will arrive before: a motorcyclist at A or the cyclist in B?

10. The lengths of the legs of a right triangle are a and b. On its hypotenuse on the
outside of the triangle a square is constructed. Find the distance from vertices of
the right angle of the triangle to the center of the square.
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11. During the spring Oblomov lost 25%, then over the summer he added in weight
20%, for autumn has grown thin by 10%, and for the winter added 20%. Has he
lost weight or recovered in that year?

5 Russian Literature: Parity

JI. E. Mednikov: Parity

This is book written to help teachers plan their “extracurricular” lesson on Parity,
a simple topic that students understand well but the problems can range from simple
to very difficult. There are connections down the line.

5.1 Introductory Chapter

In the beginning, the main ideas are parity of sums and products. The ideas can and
perhaps should be developed “formally” as well.

• odd+odd=even

• odd+even=odd

• even+even=even

• even × odd = even; even × even = even

• odd × odd = odd

A few tasks to set the ball rolling,

1. Determine the parity of mn(m + n) where m and n are two integers.

2. The sum of three numbers is odd, how many terms are odd.

3. Determine the parity of the sum of numbers from 1 to 1999.

4. On the board are written 613 integers. Prove that, that you can erase one number
so that the sum of the remaining numbers will be even. Is this true for 612
numbers?

5. All numbers from 1 to 1998 are written out in a row. Required put the signs
“+” and “-” between them, so that the final expression value is zero. Can this be
done?

6. Can the numbers 1, ..., 21 be divided into several groups so that in each of them
the maximum number is equal to the sum of all the others?

6 Russian Literature: Constructions and weighings

The following problems could develop the following skills,

(a) constructing an example, this may sometime serve as a complete solution to a
problem.

1. There are two egg timers: one for 7 minutes and one for 11 minutes. We must
boil an egg for exactly 15 minutes. How can we do that using only these timers?

2. There are two buttons inside an elevator in a building with twenty floors. The
elevator goes 13 floors up when the first button is pressed, and 8 floors down when
the second one is pressed (a button will not function if there are not enough floors
to go up or down). How can we get to the 8th floor from the 13th?

3. The number 458 is written on a blackboard. It is allowed either to double the
number on the blackboard, or to erase the last digit. How can we obtain the
number 14 using the operations?

4. Cards with the numbers 7, 8, 9, 4, 5, 6, 1, 2 and 3 are laid in a row in the indicated
order. It is permitted to choose several consecutive cards and rearrange them in
the reverse order. Is it possible to obtain the arrangement 1, 2, 3, 4, 5, 6, 7, 8, 9
after three such operations?
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