LATVIJAS 48. ATKLATA FIZIKAS OLIMPIADE
Form 9—10

Snow on benches (3 points)

This winter inhabitants of Aluksne
noticed regularly distributed heaps of snow
on the benches around the local open-air
stage (see the photo). Local authorities also
shared photos showing how these heaps
were changing in time. Propose and justify
a mechanism that would describe forma-
tion of such heaps of snow.

Quadcopter (2 points)

At the start of a bicycle race, the
reporter started off a quadcopter to follow
contestants of the ride at close distance.
Assuming the bicyclists are riding on
a straight highway with a constant speed v =
30 km/h, calculate how far from the start
the quadcopter will be able to continue fil-
ming the race if the reporter

(@) stays back at the start;

(b) drives a car to the point on the
highway L = 20 km away from the start and
waits there.

The battery of the quadcopter holds
enough charge to last for t, = 30 min of
flight independent of the speed. The re-
porter knows the distance to the quad-
copter at all times. The quadcopter returns
to the reporter with the speed u =50 km/h.

Arockinice (3 points)

A rock of mass 1 kg is frozen into an
ice floe of mass 20 kg drifting in an ocean.
The floe receives 10 ] of energy every second
from various sources. After what period of
time will the floe start sinking?

Latent heat of fusion and density of
ice are 244 kJ/kg and 0.925 g/cm?, respec-
tively. Densities of seawater and rock are
1.024 g/cm?® and 2.5 g/cm?, respectively.

Images in mirrors (4 points)

Two plane mirrors form an angle a =
100°. A point light source S is located on the
bisector of this angle. How many images of
the source S will such an optical system
produce? How many of these can one see
looking from a large distance to mirrors?
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Water supply (4 points)

In the house, original hot water sup-
ply system is deployed. It consists of a large
reservoir from which hot water is distribut-
ed to the rooms and a device that automati-
cally maintains water level in the reservoir
by pouring in boiling water. At usual con-
sumption rate, the temperature of water in
the reservoir is T; = 60 °C. What will the new
stationary water temperature be if con-
sumption rate is doubled? The temperature
of the environment is To = 20 °C. The rate of
heat loss from the reservoir to the environ-
ment is proportional to the difference be-
tween the temperature of water in the re-
servoir and the temperature of the environ-
ment.

Resistance of the wire (3 points)

Two mutually isolated paraellel wires
span the length of a L = 20 m long hallway.
The wires are connected to the Uy = 12 V
voltage source, which is located at one end
of the hallway. An incandescent lamp of
nominal power P, = 60 W designed for the
voltage of 12 V can slide along the wires.
One can note that when the lamp is at the
further (with respect to the source) end of
the hallway, its light becomes dimmer, as
the voltage across it is U = 11 V. Determine
the resistance of each metre of the wire and
the power of the lamp at the further end of
the hallway. Assume that the resistance of
an incandescent lamp is proportional to the
square root of the voltage across it, R ~ VU.

Crate on a wedge (4 points)

A crate is sliding down the light
wedge of incline angle «, which is located
on the horizontal floor. Friction factor be-
tween the wedge and floor is uo. What mini-
mal value can the friction factor u between
the wedge and the crate have in order for
the wedge to remain at rest? Neglect the
mass of the wedge.

Tesla (3 points)

A battery of the electric car can store
50 kWh of energy, and when fully charged
will let the car cover 500 km at 100 km/h.

(@) Assuming the efficiency of the car
to be 80% - that includes electric-to-
mechanical energy transformation as well
as losses in transmission — determine the
power of the electric motor.

(b) What volume of gasoline would
have been consumed by an identical car but
with an internal combustion engine if its
efficiency would have been 25%? Energy
density of gasoline is 34 MJ/{.

Balanced scale (3 points)

A flask with water on a scale is balanc-
ed by a counterweight. A metal cylinder of
mass m, height h and density p is hanging
on a string in such a way that it barely
touches the surface of water. The cylinder is
then immersed in water by half of its
height. What is the mass M of an addition-
al counterweight that one needs to add to
the left side of the scale in order to keep the
scale balanced?

The height of the cylinder is less than
the height of water column in the flask, i.e.
h < H. Water density is po. Neglect the ver-
tical displacement of the platforms of the
scale.
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Multiple choice questions (5 points)

For each question there is one correct
answer. Justify your choice. Answers with-
out justification will receive zero marks.

o-1 Two bodies are moving on a straight
line. The positions of the bodies at succes-
sive 0.2-second time intervals are repre-
sented in the table below.

t,s X, m X5, M
0.0 0.2 0.0
0.2 0.4 0.4
0.4 0.7 0.8
0.6 1.1 1.2
0.8 1.6 1.6
1.0 2.2 2.0
1.2 2.9 2.4
1.4 3.7 2.8

Do the bodies ever have the same speed?

No.

Yes,att=0.2sand t=0.8s.
Yes,att=0.2s.

Yes, att=0.8s.

Yes, at some time between t=0.4 s
andt=0.8s.
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0-2 A hollow toy boat is floating in a bath.
If you take a teaspoon full of water out of
the bath and put it in the boat, what hap-
pens to the water level in the bath?

®  Thelevel goes down.

The level goes up.

©  The level stays the same.

(@  There is not enough information
to say.

0-3 The following represents a position-
time graph (x—¢t-diagram) for an object. The
x axis is pointing to the right. Which of the
following describes the motion best?

X

The object always moves to the right.
The object always moves to the left.
The object moves to the right at first.
Then it moves to the left.

The object moves down an inclined
plane.

® 0@

0-4 What is the total resistance of the cir-
cuit?

® 11R/6 3R
© 6R/1 ® R/3

o-5 What is the current at the point X (see
the diagram from the previous question)?

® 2U/@R)
© U/6BR ®

6U/(11R)
3U/(1R)

0-6 When a metal bar is cooled it con-
tracts. Which of the following is true?

®  The mass remains constant,
the density decreases.
The density and mass increase.
©  The mass remains constant,
the density increases.
(@  The density and mass are unchanged.

0-7 A hot air balloon is descending at a
steady speed of 11 m/s. The pilot drops a
sandbag, which takes 7 s to fall to the
ground. What was the height of the balloon
when the sandbag was released?

@ 168 m
© 322m ®

245 m
528 m

0-8 A cube of metal has sides of length x.
The electrical resistance between opposite
faces of the cube is ...

® directly proportional to x.
inversely proportional to x.
©  directly proportional to x2.
® independent of x.

0-9 A 3.6 V mobile phone battery can pro-
duce 0.70 A of current for an hour. This can
be charged using a square solar panel 25 cm
on each side. What time is needed to charge
the battery assuming an efficiency of 10%
and an incident solar power of 1.0 kKW/m??

® o,10h
© o,0h ®

0,28h
1,5h

o-10 A light dependent resistor is connect-
ed to an ideal 12 V source and placed in the
open on a horizontal surface in the middle
of a desert. When is the power dissipated in
the resistor the highest?

®  Atdawn.
At mid-morning.
©  Atnoon.

® At midnight.
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Snow on benches (3 points)

This winter inhabitants of Aluksne
noticed regularly distributed heaps of snow
on the benches around the local open-air
stage (see the photo). Local authorities also
shared photos showing how these heaps
were changing in time. Propose and justify
a mechanism that would describe forma-
tion of such heaps of snow.

Helicopter (3 points)

Estimate the power of the engine that
is required to hover a helicopter of mass m =
500 kg if the length of its propeller blades is
L =3 m. Assume that below the blades, air is
moving down in a uniform flow.

Tap water (4 points)

A vertical water stream is flowing
from the tap. The diameter of the stream
decreases from D=3 mm to d =2 mm when
flowing through L = 3 ¢cm height difference.
Determine the volume of water that flows
out of the tap per second.
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Achromatic lens (5 points)

Refractive index of glass, and thus
also the optical power of lenses, depends on
the wavelength of light. Due to that chroma-
tic aberration can be observed. This pheno-
menon makes it hard to obtain sharp ima-
ges of coloured objects in optical systems.
In order to partly compensate for this draw-
back, lenses can be made up of two tightly
sealed glasses of different types.
Calculate optical powers Dx and D of lenses
made of two types of glass — crown glass
BK7 and flint glass F2 — if, when combined,
they should make up a lens of the optical
power Dyr = 10 m ™! for both red and blue
light. Calculate the optical powers Dy and
Dy of both lens components for green light
(A = 550 nm). Optical power of a lens of the
given shape in air is proportional to (n — 1),
where n is the refractive index of the glass.

A, nm nx ne
480 1.5228 1.6331
550 1.5185 1.6237
700 1.5130 1.6126
Two coils (4 points)

Two identical wire coils are located
close to each other. One of them is attached
to the sine-wave AC voltage source in series
with an ammeter. The leads of the other coil
are connected to another ammeter. Read-
ings of ammeters are 1,0 A and 0,2 A. When
the circuit of the second coil is broken, what
will the reading of the remaining ammeter
be? Neglect the active resistance of coils.
Assume wires, ammeters and the source to
be ideal.

Falling pole (4 points)

A vertical telegraph pole of height H =
6 m starts falling on a level surface without
slipping.

(@) Determine the speed of the free
end of the pole when it touches the surface.

(b) Which of the points of the pole
will at all times have the same speed as an
object freely falling from the same initial
height?

Charging the battery (4 points)

A rechargeable battery of 40 A-h ca-
pacity is charged with rectified Ac current
(see fig.). An ammeter in the circuit shows
the current of 3 A. What time will it take for
initially empty battery to fully charge up?
Assume that all the current is used for
charging.

Capacity of a battery is the charge
that this battery can release during dis-
charge. An ammeter measures the RMS
value of current.
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Holding the atmosphere (3 points)

Estimate the minimal radius of a pla-
net that would suffice to hold carbon di-
oxide atmosphere for a long period of time.
Justify your solution. Average density of the
planet (not including the atmosphere) is
3.5 g/cm?, its surface temperature is 250 K.

Rebound in detail (4 points)

During a weak collision of a basket-
ball with a wall, it deforms as shown in the
figure, the deformation x of the ball is much
less than its radius R and it can be assumed
that air pressure p inside the ball remains
constant all the time. Estimate the duration
of collision between the ball and the wall
neglecting the elasticity of the shell of the
ball. Also, give a numerical estimate if the
mass of the ball m = 0.5 kg, its radius R =
15 cm, air pressure inside of it p = 200 kPa.
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Snow sparkles (4 points)

Fresh snow sparkles in the light of
winter sun. Estimate the average distance
between neighbouring sparkles assuming
that snow surface is covered by randomly
oriented flat crystals 1 mm in size. Angular
diameter of the Sun is 0.5°.



