10. KrrcHEN PHysIcs (12 points) — Solu-
tion by Tudor Plopeanu, grading schemes by Eero
Uustalu, Mihhail Olentsenko and Uku Andreas
Reigo.

i) (6 points) The multimeter given is not pre-
cise enough to measure the resistance of the
aluminium foil coating as-is. To increase the
resistance, we cut it in a long, thin band
of approximately the same width. We also
scrape the ends of the band (with a sponge)
in order to improve the contact with the cro-
codile clips. We plug the multimeter into a
circuit with the aluminium band, and meas-
ure the resistance R = %l, where S is the
cross-section area and [ is the length of our
band. As S is the product of thickness ¢ and
the width w of our band, we find

L

t =
Rw

~ 6.3 pm.

Note: directly measuring the width of the

aluminium foil (for example by folding it a
few times first) would yield an inaccurate res-
ult due to the paper component of the mater-
ial.
ii) (6 points) First, we measure the thick-
ness of our plastic wrap by folding it enough
times to reach our equipment’s precision:
t ~ 13.5 um.

Then, we set the wrap between two alu-
minium foils, such that a measured surface
S of film is sandwiched between the alu-
minium foils (and, of course, the aluminium



foils do not touch or, otherwise, a short-
circuit is formed). Thus we have created a
capacitor. Its design is imperfect, as there
are air gaps in between the layers. In order
to minimize the airgaps, we will physically
press on the set-up using the wooden lamin-
ated plate (while adding some padding, for
the pressure to be distributed closer to uni-
formly).

All that is left is to connect the multi-
meter to the capacitor, by connecting each
crocodile clip to a different aluminium foil.

While the readings can be rather chaotic,
we shall consider the highest value displayed
on the multimeter, as it corresponds to the
lowest amount of air inside the setup.
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We repeat the experiment, perhaps also
considering different surface areas for our
capacitor.

Grading: (preliminary)

For the first part, solution through resist-
ance is graded.

+ The idea that resistance of foil strip can
be used to calculate thickness of the foil
(0.4 pts)

- The idea (or implication by specifying
length) that length has to be maximized
to achieve reasonably precise multimeter
measurements by cutting the material into
long strips (0.8 pts)

- The idea (or implication by specifying



width) that width has to be minimized
to achieve reasonably precise multimeter
measurements by cutting the material into
thin strips (0.8 pts)

- Width is large enough to be cut by hand
precisely and consistently: w > 8mm is
(1.3pts); 6mm < w < 8mm is (0.9 pts);
3mm < w < 6 mm is (0.5 pts)

- Length is large enough to give sufficient
resistance, bag height is not enough: | >
2mis (1.0pts); 1.4m < < 2m is (0.6 pts);
0.8m <!l < 14mis (0.3pts); 0.3dm <[ <
0.8 m is (0.1 pts)

- Correct formulae are used for resistance
and cross-section area (0.2 pts)

- Correct thickness value t is calculated:
Spm < t < 7.5um is (1.5pts); 4um <
t < 9pum is (1.0pts); 3pum < ¢t < 12um
is (0.5 pts)

If aluminium foil has not been properly
cleaned (can be seen from too high resist-
ance), points are halved and rounded up if
need be.

Through direct measurement, no correct
value of aluminium foil thickness ¢ can be
achieved due to paper layer, which makes
~ 90% of the foil total thickness. No points
are given, unless idea of separating the lay-
ers is proposed (0.4 pts); if folding of mul-
tiple layers is mentioned, additionally give
(0.8 pts)

For the second part, one solution can be
graded.

- Idea to use capacitor (it is not enough to
simply mention capacitance) (0.8 pts); if



no follow up ideas (why is the capacitor
used) is provided, or described capacitor is
inadequate for the task, give (0.4 pts)

- Idea to fold plastic wrap (at least 8 layers
required for maximum points) (0.6 pts)

- Thickness of plastic wrap ¢ is measured
correctly: 12pum < t < 15 um is (0.6 pts);
11 pm <t < 17 um is (0.3 pts)

+ Clean aluminium foil is used as plates of
the capacitor (0.4pts); if laminated foil
is used and lamination is mentioned as a
factor, give (0.2 pts)

- Idea that air between plates will decrease
capacitance due to increased distanced
between plates and decreased average per-
mittivity (0.6 pts)

- The correct execution of pressure applica-
tion to the capacitor to push out air bubbles
and straighten out the material (0.4 pts);
if done imperfectly, give (0.2 pts); if max-
imum surface area is desired and used (lar-
ger than wooden plate) and application of
pressure is impossible, give (0.4 pts)

- Cushioning foam is used to equally dis-
tribute pressure and avoid damage to the
materials (0.8 pts); if done imperfectly or
placed between the capacitor plates, give
(0.4 pts)

+ Correct formulae are used (0.3 pts)

- Correct answer is given in case of clean foil:
4 < e < 55is (1.5pts); 3 < ¢ < 6is
(0.9pts); 2 < ¢ < 6.5 1s (0.3 pts); in case
if laminated foil is used: 2 < ¢ < 2.51s
(1.0pts); 1.5 < e < 31is (0.4 pts)

Note: if answer is guessed or acquired
from wrongful idea, no points are given.



