9. Surface tension (10 points) — Solution by Jaan Kalda, grading schemes by ...

i) (8 points) The focal length can be found by adjusting the height of the plate holder;
adjust the height so as to achieve a sharp image of the ceiling lights at the screen
(either a sheet of paper beneath the holder, or the surface of the cap inside the holder.
The height can be measured precisely by caliper. The diameter of the drop can be
also measured by caliper, but it is more convenient to put the glass plate on top of
the graph paper and take the diameter reading from the millimeter grid of the graph
paper. A possible pair of data is f = 15.9mm and d = 5.8 mm.

Grading:

e Correct idea of searching for the focal length by adjusting the height of the plate
holder in order to achieve a sharp image of the ceiling lights (0.7 pts)

o student takes into consideration that the light source is at a finite length or
mentions in solution that it can be considered that the light source is at a very
large distance away. (0.3 pts)

o Correctly taken height measurements with a caliper (0.5 pts)

o Correctly taken diameter measurements of the drop using the caliper or using
the millimeter grid on the graphing paper (0.5 pts)

e The results should be roughly f = 15.9mm and d = 5.8 mm, but should later
give accurate « value. (1 pts)

ii) (2 points) Lensmaker’s equation can be used to relate the focal length to the cur-
vature radius:
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Those who don’t know the lensmaker’s formula can derive it easily from Snell’s law by
considering a beam which falls onto the lens parallel to the optical axis, and by using
small angle approximation, sinx ~ x. The water-glass contact angle can be found

using trigonometry:

d
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Grading:

e Correct idea of calculating the radius using the Lensmaker’s equation. Other
methods (for example using direct thickness measurement) only gives max 0.3
pts. (0.5 pts)

e The result should be around R = 5.3 mm, but should later give accurate « value.
(0.5 pts)

e Correct idea for determining the water-glass contact angle using previously cal-
culated values d and R. (0.5 pts)

o The result should be around « = 33.2°. Give max points for o = 28° —38°. (0.5
pts)

iii) (3 points) Increase the surface area of water covering the glass plate as much as
possible — in that way the mistake in calculations introduced by the edge effects (the
water surface is not flat near the edges of the water pool) is minimised. It is safe to
let the water reach the edges of the glass plate as long as there is a small part of the
perimeter where it does not reach the edge — this guarantees that the water surface
at the edges forms with the horizon an angle equal to the contact angle. However,
you shouldn’t let the water reach the edges of the plate over its entire perimeter
as in that case, the angle formed by the water surface can become larger than the
contact angle, due to the fact that at the edge, the direction of the glass plate’s surface



normal changes discontinuously; this would result in a thicker water layer (this cannot
happen if there is a part of the perimeter still not touching the edge as in that case,
instead of increasing the depth, the water would spread to fill the unoccupied parts
of the plate). It is also recommended to avoid water reaching the matte area as that
part is not guaranteed to be clean and may have a different contact angle value. With
water volume V' = 2.00 ml, the water fills almost the entire glossy part of the plate. By
putting the glass plate on top of the graph paper, one can count the squares of the grid,
resulting in A = 12.7cm?. The thickness of water layer is found as t = V/A ~ 1.57 mm.

Grading:
e Student understands that it is necessary to maximize the surface area of the
water. (0.5 pts)

e Student understands that the area of the water should not extend to the edges
of the glass plate. (0.5 pts)

o If measurement of water volume V' < 2.5ml. (0.5 pts)
o If measurement of the surface area of the water. A < 13.5cm? (0.5 pts)
o Correct formula to determine thickness of the water layer. (0.5 pts)

e The result should be around ¢ = 1.57 mm. Give max points for ¢t = 1.45mm —
1.70mm. (0.5 pts)

e if the thickness is measured directly max receivable points are 0.5 for a reasonable
result and 0.5 pts for a reasonable method if described as this has very poor
precision because the caliper can not touch the water surface and the water
surface has poor visibility.

iv) (2 points) Total potential energy of the water is U = 0 A(1 — cos ) + £V pgt. If we
plug in A = V/t, we obtain

_ 1 —cosa pgt
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Its minimum is easily found by equating dU/dt = 0, resulting in
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Grading:

o Surface energy is shown in the expression for total potential energy. (0.3 pts)

o Uyy is taken into consideration in the expression for total potential energy. (0.4
pts)

« Potention energy is shown in the expression for total potential energy. (0.3 pts)
o Minimum total potential energy is correctly found. (0.6 pts)

e The result should be around ¢ = 0.077Nm~'. Give max points for ¢ =
0.060Nm~! —0.094Nm~!. (0.4 pts)



