2020 £ RPIHEYIERE

Concurso de Fisica para Alunos do
Ensino Secundario de Macau 2020

S

Avancada

EAL ST SRS

Numero do Cartdo de Estudante

PERL 4R 55 -

Ndmero do Assento




BREBERER

I EHEARROERESE. SEARENRARCEES, THEHR
RBEGEE.

2. MEEABRHRART E T HEN. HEHAL, TEHSHEImN
EEAURS . HAEREAL, THEAZEREMAHEL (3517 £ 18
B HITHESATHE, HFHERTIHS AR ERE .

3. RIFEHEER, WEMHERK. EEAHEABNTR. HLE,
AT EEREEECHETHAEHNE.

4. RGAMESH 5 AT 5 . MR 10 7r. RIS 20
7. B3t 150 75,

Guidelines when answering the exam paper

1. Use blue or black pens to answer. If you use pencils or pens of other colors, those parts
might be ignored and considered blank.

2. Fill in your answers within the bounding boxes under the questions. If the space is not
enough, you can use the boxed spaces on the back. If that space is still not enough, you
can use the boxed spaces on the supplementary pages (pp. 17 and 18) and supply the
corresponding question number when you fill in the answers.

3. Keep the pages clean and use the provided scrap papers when needed. Do not use erasing
or covering materials on the exam paper. If necessary, strike out the improper filled
contents with cross lines.

4. There are 5 concept questions and 5 calculation questions. Each concept question is
worth 10 points while each calculation question is worth 20 points. The total number of
points counted in the exam is 150.



B M8 PART I: Concept questions

1. &R LCD BRI T/EJR 2R,
Briefly explain the working principles of a liquid crystal display panel.
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When a rubber tire is rolling down a slope, does friction exist during the motion? During
the process of rolling, do the kinetic and potential energies follow the law of conservation
of energy? Briefly explain.
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What is Lorentz transformation? Use one example to illustrate briefly.




4. B R S A IR

State the Huygens principle in brief terms.
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The period of a simple pendulum depends on the gravitational acceleration g and the
length [ of the string that suspends a weight. Consider the scenario where the plane of the
pendulating motion is not perpendicular to the ground, but rather forms an angle 8 with
the orthogonal plane. What is then the formula of the period?
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Consider a cube where each of its twelve edges is installed a capacitor of 10uF. What is
the equivalent capacitance across the two opposing nodes on the diagonal of the cube?
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As shown in the figure, a block of mass m slides down a smooth frictionless curve
surface of height h, enters a frictional horizontal surface of length L, and then slides up

another smooth frictionless curve surface. What

should the friction coefficient of the horizontal /
surface be if the block slides up a height of h/2? h L VY
Only static friction needs to be considered. 4 ';/ IE
D ol = B W L]
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The square CCD of a digital camera has edge length L = 24 mm and total pixel number
N = 3 Megapixels. The aperture number F = f/D of the camera lens is defined as the
ratio of the focal length f of the lens to the aperture diameter D. F can be set to 2, 2.8, 4,
5.6, 8, or 11. For a light beam of wavelength A = 650 nm going through a lens of focal
length 35mm, what is the best spatial resolution Axp;,? Is the CCD good enough to
capture an image of this resolution? If not, given the same size, what should be the
minimal total pixel number [Hint: use Rayleigh’s formula.]
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A satellite of mass m is orbiting about the Earth in a circular geosynchronous orbit.

Given the radius of Earth R; = 6370 km and the gravitational acceleration g = 9.8ms™?,
what is orbit radius 7 of the satellite? If the satellite mass is doubled, how would the orbit

radius change?
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A digital-analog-converter (DAC) is a device that converts a string of bits in discrete
voltage into an analog voltage. For example, using 0V (ground) to represent 0 and 1V to
represent 1, a 4-bit string 0110 connecting to 4 input ports of a DAC circuit can be
converted into 6/2* = 0.375V. It is equivalent to a base-2 number to base-10 number
conversion. One simple implementation of DAC is to interconnect a set of resistors of R
ohm and 2R ohm, where the value of R is arbitrary. Draw a circuit diagram of such a 4-
bit DAC and show that the voltage at the output port indeed satisfies the desired function.
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