Math and Physics Contest “Phystech School 2021”

Problem Set 3 — recommended for grade 9 and above

Math problems

1. (2 points) Vitamin C constitutes 0.06% of the mass of an orange. How much of vitamin C is contained
in an orange having a mass of 150 g?

2. (3 points) While getting ready for an exam, a 9" grader first solved % of all possible exam versions.

Then he solved another version, and the number of all solved versions reached % of their total number.

How many versions for this exam exist?

3. (6 points) Hanna is rolling a die. It is a cube with each of its six faces marked with a
different number of dots from one to six. Calculate the probability of getting a total of 7 points
in exactly three rolls.

4. (8 points) During a computer class, students were asked to type a passage. Alex completed this task 15
minutes faster than Helen. If Helen typed for the first 18 minutes, and Alex typed for 6 minutes afterward,

together they would have completed % of the passage. How long did it take Helen to type the passage?

5. (12 points) Maxim is standing at point A, and he wants to get to M
point B (see the picture). AB = 10 m. If he walks in a straight line, S K
at point D he will be 0.5 m away from Peter, who stands 0.5 m to p /\ D , N
\‘ ‘
/ \B

the right, at point C. CD L AB,AD = 5 m. We consider Maxim and 'A W

Peter as point particles. Maxim maintains social distancing and |

keeps himself at least 1.5 m away from other people in the street. \ C I
That is why he walks! straight from point A to point M, then follows \ /
an arc MK, and then walks straight from K to B, where AM and BK \ - _ - /

are tangents to a circle centered at point C with a radius of 1.5 m.
What is the length of Maxim’s trajectory?

6. (12 points) Tony, Roma, Natalie and Julia decided to spend their Sunday visiting all the 5 halls of a
cinema. Movies in every hall start at 9 am, 11 am, 1 pm, 3 pm, 5 pm, and 7 pm. For every showtime Tony
with Natalie were going to one of the halls, while Roma with Julia were choosing a different one. Both
couples always stayed in the selected halls until the screening was over. By the end of the day, the guys
realized that each of them had visited all the 5 movie halls. Prove that for every hall on that day there was
at least one showtime such that none of the four friends were present.

LIt could be shown that Maxim chose the shortest possible route satisfying the specified social distancing requirement of 1.5
m. A proof of a more general statement may be found on pages 233-247 of the textbook «Variational Methods in
Optimization» by Donald Smith, published in 1974. The proof is based on Calculus of variations. This is a college-level subject.



Physics problems

1. At a running competition, Lena and Kate ran along straight parallel tracks. At some point of time, t;,
Lena lagged 10 meters behind Kate. By that time Kate was tired, and therefore from that moment until the
finish line she was running at a speed of 4 m/s. At the same time, Lena was running at a speed of 23.4
km/h. At the moment when Lena finished, she was ahead of Kate by 5 meters. In how many seconds from
the moment t; did Lena

1) (2 points) catch up with Kate?
2) (2 points) reach the finish line?

2. (2 points) Lightning struck a tree. The average lightning current was 100 kA, and the charge passed
from the clouds to the tree was 100 C. Calculate the duration of the lightning.

3. (8 points) To determine the density of a piece of cork weighing 1.2 g, Masha tied it to an iron nut
weighing 11.7 g with a density of 7.8 CT% . Then she immersed the cork with the nut in water with a a

density of 1 Cfn;y The dynamometer showed that the combined weight of the nut and the cork was 64 mN.

Find the density of the cork. Consider the acceleration due to gravity to be 10 :n—z

4. (10 points) Exactly at noon a passenger of a yacht in
equatorial waters suspended a lens with a diameter of 4
cm at a distance of 10 cm from the deck so that the main
optical axis of the lens was perpendicular to the plane
of the deck. On the deck under the lens, he saw a view
schematically shown in the provided picture. What was
the optical power of this lens? Indicate at least one
possible option.
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