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the surface of a torus (see the Császár polyhedron, for example). 7 points are marked on
the side of a mug. We want to connect each pair of points with a curve, so that the curves
have no interior points in common. What minimum number of these curves need to lead
across the handle of the mug? (6 points)

New problems – competition A (see page 96): A. 716. Let ABC be a triangle
and let D be a point in the interior of the triangle which lies on the angle bisector of
∠BAC. Suppose that lines BD and AC meet at E, and that lines CD and AB meet
at F . The circumcircle of ABC intersects line EF at points P and Q. Show that if O
is the circumcenter of DPQ, then OD is perpendicular to BC. (Proposed by: Michael
Ren, Andover, Massachusetts, USA) A. 717. We say that a positive integer is lazy if
it has no prime divisor greater than 3. Prove that there are at most two lazy numbers
strictly between two consecutive square numbers. (Proposed by: Zoltán Gyenes and Géza
Kós, Budapest) A. 718. Let R[x, y] denote the set of two-variable polynomials with real
coefficients. We say that the pair (a, b) is a zero of the polynomial f ∈ R[x, y] if f(a, b) = 0.
If polynomials p, q ∈ R[x, y] have infinitely many common zeros, does it follow that there
exists a non-constant polynomial r ∈ R[x, y] which is a factor of both p and q?

Problems in Physics
(see page 122)

M. 375. Measure how the force exerted by the prongs of a clothes peg depends on
the angle between the prongs.

G. 625. A spider is crawling at a uniform speed of 1 mm/s along the 1.5-metre
minute hand of the tower clock, from the centre of the clock towards the end of the
minute hand. The spider starts exactly at 12 o’clock. a) What is the time shown by the
clock, when the spider reaches the end of the minute hand? Reaching the end of the
minute hand the spider descends on a self-made thread attached to the end of the minute
hand. b) At what rate should the silk of the thread be made in order that the spider
reach its starting position exactly at 13? c) How far was the spider from the centre of
the clock at 12:45? G. 626. What is the period of that simple pendulum of length ℓ the
thread of which bumps into a peg at the midpoint of the thread when the bob passes
the equilibrium position? (The maximum angle that the thread differs from the vertical
is small.) G. 627. At what height above the surface of the Earth will the gravitational
force exerted on an object be exactly the same as that of on the surface of the Moon?
G. 628. At the same time every morning it can be observed that Venus gets closer to the
Sun. Where eventually will Venus pass the Sun,

”
in front of” or

”
behind” it?

P. 5001. Same as exercise G. 628. P. 5002. The centre of the Earth moves along
a bit wavy elliptical path about the Sun. a) What is the reason for this waviness?
b) Approximately what is the amplitude of the wave? P. 5003. Two simple pendulums,
both having a length of ℓ can swing in parallel, vertical planes, one right behind the
other. Their shadows are projected perpendicularly to a wall, and every once in a while
the shadows cross each other. Both pendulums are displaced by the same (small) angle
and they are released at a time difference of t0. (t0 is smaller than the period of the
pendulums.) a) When do their shadows meet first? b) When does the n-th encounter
occur? P. 5004. The two ends of an 8-meter-long flexible thread are fixed at the same
height at a distance of 4 m from each other. A 0.5 kg object is strung on the thread and
can move frictionlessly along it. The thread is held tight and the object is released without
initial speed such that the starting point and the ends of the thread are collinear. What is
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the tension in the thread when the object is moving at the greatest speed? P. 5005. One
of two alike cylinder-shaped, unopened soft drink cans is frozen in the freezer. Then they
are released at the same time next to each other from the top of a slope. Which one reaches
the bottom of the slope first? P. 5006. A 200 g beach ball is strongly thrown downwards,
onto the ground. When the ball is in its most compressed state, it touches the ground
along a circle of diameter 10 cm, and the pressure in the ball is 110 kPa. a) What is the
greatest acceleration of the centre of mass of the ball, if the ground is dry and a little bit
lumpy? b) Would the value of the acceleration be different if the ground was wet and flat,
and therefore there was no air left below that part of the ball which was in contact with
the ground? (The ambient air pressure is 100 kPa.) P. 5007. A laser beam is incident on
a prism of vertex angle of 70◦. The angle of incidence of the beam is the same as the angle
at which the ray emerges from the prism. The laser beam is deflected from its original
direction by an angle of 50◦. What is the refractive index of the material of the prism?
P. 5008. A sample of monatomic gas is heated in such a way that during the process
its molar heat capacity is the same as the universal gas constant R. By what factor does
the volume of the gas change if its temperature is doubled? P. 5009. A very thin thread
pendulum of length ℓ = 0.8 m is placed in vacuum. The pendulum is also in a region of
uniform, horizontal magnetic field of induction B = 2 T; it is displaced horizontally in
the plane which is perpendicular to the induction B, and then released without initial
speed, as shown in the figure. a) What amount of charge should the pendulum bob of
mass m = 0.1 g be given in order that the tension in the thread when the bob is at the
lowermost point of its path is 99% of the value of the tension without magnetic field?
b) What is the ratio of the values of the tension in the case of two consecutive passes?
P. 5010. In a cyclotron the frequency of the voltage used to accelerate protons is 10 MHz.
What is the necessary frequency when deuteron, singly ionised helium or doubly ionised
helium atoms are accelerated? P. 5011. The two thinnest strings of a steel-string guitar
(E and B) are made of great tensile strength steel. The thinner E string is overstrained
until its pitch reaches sound G (a whole tone below the 440 Hz normal A sound) and it
snaps. a) At which sound would string B snap if it was also overstrained and it was made
of the same tensile strength steel as string E? b) What was the tensile strength of the
material of string E? c) The strings which have been used for a long time usually break
at the bridge or at the tuning peg. Why? d) From what other materials could the strings
be made? Look for appropriate materials on the Internet or in tables. The length of the
oscillating part of the string is 64 cm, the density of the material of the steel string is
7.8 · 103 kg/m3.

Problems of the 2017 Kürschák competition

1. Let ABC be an arbitrary triangle and pick points A′, B′ and C′ independently
with uniform distribution on sides BC, CA and AB, respectively. For a point Z in the
plane let p(Z) denote the probability that the triangle formed by lines AA′, BB′ and CC′

contains Z. Determine the inner point Z of the triangle ABC that maximizes p(Z).

2. Do there exist polynomials f(x) and g(x) with real coefficients, such that the
polynomial f(x)3 − g(x)2 has degree one?

3. We filled in a number in each field of an n× n table T such that no number
appears twice in the same row. Prove that it is possible to rearrange the numbers in T
in such a way that each row of the rearranged table T ∗ contains the same numbers that
the corresponding row of T contained, moreover, no number appears twice in the same
column of T ∗.
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