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e The examination lasts for 5 hours. There are 2 problems
worth in total 20 points. There are two tables in your
disposal (in two neighbouring cubicles), the apparatus of
Problem E1 is on one table and the apparatus of Prob-
lem E2 is on the other table; you can move freely between
these tables. However, you are not allowed to move
any piece of experimental setup from one table to
the other.

Initially the experimental equipment on one table is
covered and on the other table is boxed. You must
neither remove the cover nor open the box nor
open the envelope with the problems before the
sound signal of the beginning of competition
(three short signals).

You are not allowed to leave your workingplace
without permission. If you need any assistance (mal-
functioning equipment, broken calculator, need to
visit a restroom, etc), please raise the corresponding flag
(“HELP” or “TOILET” with a long handle at your seat)
above your seat box walls and keep it raised until an or-
ganizer arrives.

Use only the front side of the sheets of paper.

For each problem, there are dedicated Solution Sheets
(see header for the number and pictogramme). Write
your solutions onto the appropriate Solution Sheets. For
each Problem, the Solution Sheets are numbered; use the
sheets according to the enumeration. Copy the final an-
swers into the appropriate boxes of the Answer Sheets.

There are also Draft papers; use these for writing things
which you don’t want to be graded. If you have written
something what youdon’t want to be graded onto the
Solution Sheets (such as initial and incorrect solutions),
cross these out.

If you need more paper for a certain problem, please raise
the flag “HELP” and tell an organizer the problem num-
ber; you are given two Solution sheets (you can do this
more than once).

You should use aslittle text as possible: try to
explain your solution mainlywith equations, numbers,
tables, symbols and diagrams.

Avoid unnecessarymovements during the experimental
examination and do not shake the walls of your cubicle -
the laser experiment requires stability.

Do not look into the laser beam or its reflections! It may
permanently damage your eyes!

The first single sound signal tells you that there are 30
min of solving time left; the second double sound signal
means that 5 minis left; the third triple sound signal
marks the end of solving time. After the third sound
signal you must stop writing immediately. Put all
the papers into the envelope at your desk. Youare not
allowed to take any sheet of paper out of the room.
If you have finished solving before the final sound signal,
please raise your flag.
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PROBLEM

Problem E1

Problem E1. The magnetic permeability of water
(10 points)

The effect of a magnetic field on most of substances other
than ferromagnetics is rather weak. This is because the energy
density of the magnetic field in substances of relative magnetic
permeability u is given by the formula w = %, and typically
w is very close to 1. Still, with suitable experimental techniques
such effects are firmly observable. In this problem we study the
effect of a magnetic field, created by a permanent neodymium
magnet, on water and use the results to calculate the magnetic
permeability of water. You are not askedto estimate any

uncertainties throughout this problem and youdo not

need to take into account the effects of surface tension.

The setup comprises of 1 a stand (the highlighted numbers
correspond to the numbers in the fig.), 3 a digital caliper,
4 a laser pointer, 5 a water tray and 7 a cylindrical
permanent magnet in the water tray (the magnet is axially
magnetised). The water tray is fixed to the base of the stand
by the magnet’s pull. The laser is fixed to the caliper, the base
of which is fastened to the stand; the caliper allows horizontal
displacement of the laser. The on-off button of the laser can be
kept down with the help of 13 the white conical tube. Do not
leave the Laser switched on unnecessarily. The depthof the
water above the magnet should be reasonably close to 1 mm (if
shallower, the water surface becomes so curved that it will be
difficult to take readings from the screen). 15 A cup of water
and 16 a syringe can be used for the water level adjustment
(to raise the level by 1 mm, add 13 ml of water). 2 A sheet of
graph paper (the “screen”) is to be fixed to the vertical plate
with 14 small magnetic tablets. If the laser spot on the screen
becomes smeared, check for a dust on the water surface (and
blow away).
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The remaining legend for the figure is as follows: 6 the point
where the laser beam hits the screen; 11 the LCD screen of
the caliper, 10 the buttonwhichswitches the caliper units
betweenmillimeters andinches; 8 on-off switch; 9 button
for setting the origin of the caliper reading. Beneath the laser
pointer, there is one more button onthe caliper, which tem-
porarily re-sets the origin (if you pushed it inadvertently, push
it once again to return to the normal measuring mode).

Numerical values for your calculations:

Horizontal distance between the magnet’s centre and the
screen Ly = 490 mm. Check (and adjust, if needed) the align-
ment of the centre of the magnet in two perpendicular direc-
tions. The vertical axis of the magnet must intersect with the
laser beam, and it must also intersect with 12 the black line
on the support plate.

Magnetic induction (magnetic field strength) on the
magnet’s axis, at a height of 1 mm from theflat surface,
By =050T

Density of water p,, = 1000 kg/m3

Acceleration of free-fall g = 9.8 m/s>

Permeability of a vacuum g = 47 x 1077 H/m

WARNINGS:
o The laser orientation is pre-adjusted, do not move it!

¢ Do not look into the laser beam or its reflections!

&

Do not try to remove the strong neodymium magnet!

&

Do not put magnetic materials close to the magnet!

o Turn off the laser when not used, batteries drain in 1 h!
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PROBLEM

Problem E1

Part A. Qualitative shape of the water surface (1 points)
When a cylindrical magnet is placed below water surface, the
latter becomes curved.By observation, determine the shape
of the water surface above the magnet. Based on this observa-
tion, decide if the water is diamagnetic (1 < 1) or paramagnetic

(n>1).

> .
Option A Option B Option C Option D
" T a
Option E Option F Option G

Write the letter corresponding to the correct option into the
Answer Sheet, together with an inequality p > 1 or p < 1.

For this part, you do not need to justify your answer.

Part B. Exact shape of the water surface (7 points)
Curving of the water surface can be checked with high sensit-
ivity by measuring the reflectionof the laser beam from the
surface. We use this effect to calculate the dependence of the
depth of the water on the horizontal position above the magnet.

i. (1.6 pts) Measure the dependence of the vertical position
y of the laser spot on the screen on the caliper reading = (see
figure). You should cover the whole usable range of caliper
displacements. Write the results into the Table in the Answer
Sheet.

ii. (0.7 pts) Draw the graph of the measured dependence.

iii. (0.7 pts) Using the obtained graph, determine the angle
g between the beam and the horizontal surface of the water.
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iv. (1.4 pts) please note that the slope (tan 5) of the water
surface can be expressed as follows:

cos?ag Yy —yo — (x — x0) tan ag
2 L0+I—I0

tanff = 3 =~ ,
where g is the vertical position of the laser spot on the screen
when the beam is reflected from the water surface at the axis
of the magnet, and x( is the respective position of the caliper.
Calculate the values of the slope of the water surface and enter
them into the Table on the Answer Sheet. Please note that it
may be possible to simplify your calculations if you substitute
some combination of terms in the given expression for the slope
with a reading from the last graph.

v. (1.6 pts) Calculate the height of the water surface relative
to the surface far from the magnet, as a function of z, and
write it into the Table on the Answer Sheet.

vi. (1.0 pts) Draw the graph of the latter dependence. In-
dicate on it the region where the beam hits the water surface
directly above the magnet.

Part C. Magnetic permeability (2 points)
Using the results of Part B, calculate the value of p — 1 (the
so-called magnetic susceptibility), where p is the relative mag-
netic permeability of the water. Write your final formula and
the numerical result into the Answer Sheet.
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