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Oscilloscope.

Oscilloscope is an electronic device designed to visualize electric signal applied to its input. An
oscilloscope plots on its display a set of points separated by a small time interval related to the
oscilloscope sampling rate. At the automatic sweep mode the vertical coordinate of a point is
proportional to a current magnitude of the signal (appropriately scaled) while the horizontal
coordinate is equal to the ratio of the number of time intervals passed to the sampling rate. In so
doing, the oscilloscope plots on the display time dependence of the signal. An oscilloscope
inputs are usually referred to as «channels». In this experiment a two-channel oscilloscope is
used. It allows one to observe simultaneously time dependence of two signals applied to its
channels. Option of continuous signal recording is not provided by this oscilloscope, it displays
only a signal sampled over a limited time interval. In other words time dependence of the signal
is plotted only during this time interval. Its duration is set by a timebase control. When the
timebase is set to maximum the oscilloscope shows the plot of maximum duration, however the
sampling rate in this case is also the lowest. It will be not possible to display properly a signal
with a typical variation rate comparable to the sampling rate or even exceeding it. Therefore the
timebase must be properly set in order to observe the signal in detail. For instance, when a
repetitive signal is being studied several periods should be displayed. The oscilloscope trigger
menu is used to set the moment when the oscilloscope starts plotting the signal sample and the
period of its display.

For choosing the language use the page 1/4 of the menu «YTUJIUThI» (4 on Fig.3).

The synchronization menu allows to regulate the time of initiation of the signal processing and
the periodicity of its display. In the synchronization menu (denoted «CHHXP» 1 Ommuoka!
HcrouHuk cchbUIKH He HaiigeH..) press the button «MEHIO CUHXP» (2 on Fig.1) to adjust the
synchronization of the oscilloscope. By default the menu is set as follows: menu «Type» -
«Edge» (3 on Ommoka! McToYHMK CCHLIKH He HaiieH..),menu «Source» - «CHI1» (4 on
Ommoka! McToyHHK CCHLIKH He HaiineH..), menu «Slope» - «1» (5 on Ommoka! Ucrounuk
CCHUIIKM He HaiifeH..), menu «Mode» - «Auto» (6 on Omuoka! MCTOYHMK CCHUIKH He
Haiinen..). If the menu on your equipment is set differently, return it to the default settings using
grey buttons at the right side of the screen. Also there in the a menu « CHUHXP» you can change
the level of the signal by rotating the button «YPOBEHbB» (7 on Omu6ka! McToOYHUK CCHLIKH
He Haiinen..)). the rotation of that button may move the trigger mark on the left side of the
screen (8 on Ommo6ka! McTouyHuK cchbIKM He HaiiaeH..)). To Set the synchronization you have
to set the «YPOBEHD» so that it will be in the range of the signal of the first channel of the
oscilloscope.

To regulate the scale of the displacement of signal on vertical axes use the big turning buttons in
the menu «BEPTUK» (10 on Ommoéka! McTouyHuk cchliiku He HaiineH..). TO displace the
signals vertically use for each signal the turning buttons «CMEIIEHUE» (11 onOmmuéka!
Hcrounnk cchblJIKM He HaiiaeH..). The scale and displacements on horizontal axes are regulated
similarly by the buttons in the menu «'OPU30HT» (12 on Ommbéka! UcTOYHMK CCHLIKH He
HaW/IeH..).



The 1st International Olympiad of Metropolises
Physics. 6 September 2016

@~ B5B7KH

M50.0is MPos0.0018 CHI /-3.20v

AST=-BL08
AV =830V
500015
-840V
AT =BI.015
VAT =535KH
Brav=520v

o-uvseeve  (KCHENE.

CHi=5.00v CH2=50.0mV  MS0.0us MPos0.0015 CH1 /3207

Fig.2 «Manual» and «Track» regimes in the « KYPCOPbI» menu of the oscilloscope.
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To carry out measurements you may need a cursors menu denoted by «KYPCOPBI» 2 on
Oummoka! UcTouyHMK CCHUIKM He HalijaeH... You may choose yourself either «Manual» 3 on
Fig.2) or «Track» (4 on Fig.2) regimes in the menu «Mode» (2 on Fig.2).The second menu in the
regime «Manual» allows to regulate the cursor’s axes (5 on Fig.2)

In the «Voltage» regime the cursors will move along the vertical axes and will display the values
of voltages on the corresponding level. In the regime “Time” the cursors will perform similar
functions moving along the horizontal axes. In the regime “Track™ the cursors will move along
the channel chosen in the second or third items of the menu and will display values of the time
and the signal level of the corresponding point. The regulation of the positions of the cursors is
realized by turning button «YCTAHOBKA». To switch between the cursors use the two lower
grey buttons situated near
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Fig. 3 The averaging regime of the oscilloscope

In case your signal is polluted by noise and when its mean position is unstable, you can use the
menu collection of information denoted by the knob «CBOP HMH®» (1 on FigOmmoka!
Hcrounnk cchliikn He Haiien.) and choose the first menu  «Acquisition» the regime
«Averege» (2 on Ommoka! Ucrounuk ccpliiku He Haiimen.). In that case the signal on the
screen will be the average of several sets of signals. The averaged number signals can be chosen
in second menu «Avereges» (3 on Fig.3).

Generator

Generator supplies an alternating current of various waveform and frequency to input terminals
of electric circuit. Signal type is set by the buttons of sinusoidal, square, and sawtooth signal (1
on Fig.3). Signal frequency is adjusted by buttons «KFREQUENCY» and «FINE» (2 on Fig.3). A
frequency range is set within the menu «<RANGE» (3 on Fig. 3). Button «<AMPL/INV» (4 on
Fig.3) is used to adjust the signal amplitude. Button «<SYM» (5 on Fig.3) in the pull over position
allows one to adjust signal symmetry with respect to the point of maximum amplitude (it is
recommended to obtain the most symmetric output signal possible). Button «kDC OFFSET» (6 on
Fig.3) in the pull over position is used to adjust average displacement of the signal voltage with
respect to zero (using the button one must set the average voltage to zero). To extract the
generator signal to the external circuit, use the socket «OUTPUT 50Q».
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Fig. 3 Generator

Ultrasound receiver/transducer

The ultrasonic receiver and transmitter are completely identical, i.e. both can be used as receiver
and/or transmitter as well. A detector (see Fig.2) consists of a piezoelectric plate (1), a metal
plate (2), a resonator (3) glued to the metal plate, and a base (4) to which the detector is attached
by means of an elastic glue (5). The detector terminals (6) are attached to both sides of the
piezoelectric plate: directly from one side and through the metal plate to the other side. The
detector is rather fragile, the most vulnerable is the contact between the resonator and the metal
plate. Please be careful and do not tear the resonator away from the plate during experiment.
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Fig. 2. Piezoelectric receiver/transducer.
1- piezoelectric plate, 2 — metal plate, 3 — resonator, 4 — base,
5 — elastic glue, 6 — terminals.

Amplifier
It amplifies the magnitude and power of a signal by drawing power from the DC supply unit.
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Luxmeter (light intensity) meter

This instrument is designed to measure indoor luminosity. In the experiment it is used as a linear
photodetector, i.e. that the light meter readings are proportional to the integrated power of light
incident on the probe head. There is a nob “HOLD” on the head of the luxmeter which fixes the
reading while that button is in the lower position. To continue the measurements you have to
press that button once again to move it to higher position.
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1. Anoscilloscope.

2. A generator.

3. Anamplifier.

4. Connection wires.

5. Coaxial cables of oscilloscope. «Plus» of oscilloscope cable corresponds to the
retractable contact and «Minus» to the crocodile clip.

6. A coaxial cable of generator.

7. An ultrasound receiver and a transducer.

8. A rail for detector mounting.

9. A wooden sample on the support.

10. Pieces of wooden ruler.

11. A stand.

12. A flashlight.

13. Two linear polarisers.

14. A circular polariser.

15. Turntables for the polarisers.

16. A light meter.

17. Lasers: violet (wavelength of 405 nm), green (532 nm), and red (650 nm).

18. A power supply unit of the lasers and the amplifier.

19. Fixing gum

Preface

Anisotropy is the dependence of a substance property on direction inside the substance. In
this experiment you will study anisotropy of elastic and electrical properties of various
substances by means of sound and electromagnetic waves.

A sound wave is elastic mechanical wave propagating in a substance. Speed of propagation
of sound wave is determined by elastic properties of the substance (i.e. how it responds to
mechanical deformation) and its density. If the substance elastic properties are anisotropic, the
speed of sound depends on the direction of wave vector. In this experiment only longitudinal
sound waves are studied.
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Fig. 1 Direction of particles’ motion in longitudinal sound waves.
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Part 1. Sound waves. Measurement of speed of sound by phase
method.

Item 1-0 (not evaluated).

If you are not familiar with oscilloscope and generator, try to connect the generator and
oscilloscope directly. Obtain a stable shape on the display in «Auto» mode for various types of
signal from the generator. Try the same using «Single» mode as well.

Item 1-1

Mount the receiver and transducer on the rail so that their resonators are facing each other at
a distance about 10 cm. Connect the devices according to the circuit diagram shown in Fig.3.
Adjust the generator to produce a sinusoidal signal of maximum amplitude. Obtain a stable
shape on the oscilloscope display in «Auto» mode at the first channel (the channel connected to
the transducer). By varying generator frequency observe the ensuing change of the signal
amplitude at the receiver. Determine the generator frequency corresponding to the maximum
signal up to three decimal points.

N

_._"" +*
Val
3 4

Fig. 3. Experimental setup # 1.
1 — generator, 2- oscilloscope, 3 — transducer, 4 — receiver,
5 - channel 1, 6 — channel 2

Item 1-2

Try to move the receiver along the rail by holding the generator frequency constant at the
value found in 1-1. A signal shape at the receiver channel will move relative to the shape of the
transducer signal. By measuring their mutual displacement determine the wavelength of sound
wave produced in air by the transducer. At least 5 experimental points must be recorded.

Item 1-3

Write down the equation relating frequency and wavelength of a sinusoidal signal. Evaluate
the speed of sound in air using the measurement results.
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Item 1-4 (not evaluated)

Switch to the «Display» mode. On the second page of settings in the «Format» menu choose
XY mode. In this mode the horizontal coordinate of a sample point is proportional to the signal
at the first channel and the vertical coordinate to the signal at the second channel. Adjust the
scale to obtain equal amplitudes in vertical and horizontal directions.

Item 1-5

Distance variation between the receiver and transducer results in different types of
oscilloscope shapes called Lissajous figures. Sketch five different figure types displayed by
oscilloscope and determine a corresponding phase shift between transducer and receiver signals.

Part 2. Measurement of speed of sound by pulse method. Anisotropy
of speed of sound in wood.

Iltem 2-1

Switch the generator into the square signal mode. Set a frequency of 2.5 Hz and the
maximum amplitude of the signal. Mount the receiver and transducer about 5 cm apart. A small
signal from the receiver appears slightly delayed after the vertical slope of the transducer signal
(the rising slope of signal shape). Sketch the typical shape of received signal by setting the scale
so that the delay between the front slopes of the receiver and transducer signals is about 1/3 of
the display width. Indicate the vertical front slope of the transducer signal. Now increase the
separation between the receiver and transducer to 10 cm. Sketch the new signal shape in the
neighbour window of answer sheet at the same scale. Emphasise the main changes between the
second shape and the first one.

Item 2-2

Let us refer to an interval between the vertical front slope of transducer signal and the first
peak of receiver signal as time delay. Measure the dependence of time delay on a distance
between the transducer and receiver by working in «CURSORS» mode of oscilloscope. Measure
the time delay at least for 7 various distances between the transducer and receiver. Plot the
obtained dependence and determine graphically the speed of sound in the room air. Determine
the proper time delay between the transducer and receiver signals (i.e. at zero separation between
the transducer and receiver resonators).

Item 2-3

Insert a piece of wooden ruler between the transducer and receiver (make sure it is being
firmly hold in place). Be careful with the resonators since they are easily deformable under
pressure and may break away from the metal plates, which would spoil your results. Report to
lab supervisor if a resonator has been damaged. Connect the receiver to the amplifier input and
do not forget to connect the amplifier to power supply. Connect the second oscilloscope channel
to the amplifier output (see Fig.4). Check polarity and the amplifier «In» and «Out» terminals.
Verify that after the amplifier has been connected the amplitude of receiver signal increased. By
inserting various pieces of wooden ruler measure the time delay versus the length of a ruler
piece. Plot the dependence obtained. Determine graphically the speed of sound propagating in
wooden ruler and the proper time delay between transducer and receiver signals.
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Fig. 4. Experimental setup # 2.
1 - generator, 2- oscilloscope, 3 — transducer, 4 — receiver,
5 - channel 1, 6 — channel 2, 7 —amplifier, 8 — power supply.

Item 2-4

Measure and write down the diameter of a wooden sample. Mount the sample on the
support between the transducer and receiver. Carefully press the transducer and receiver to the
sample at opposite points against angular marks (0, 0 ). Measure the dependence of time delay
between the front slope of transducer signal and the first peak of receiver signal on the rotation
angle of the sample. Do the measurements with a step of 15 from 0 to 180 . Write down the
formula for the speed of sound in the sample assuming the proper time delay to be the same as
that one measured in item 2-3. Evaluate the speed of sound for different directions. Plot a speed
of sound versus rotation angle. Determine the minimum and maximum speed. Which directions
do these speeds correspond to: «along wood fibers» or «across the fibers»?

Part 3. Electromagnetic waves. Study of unpolarised and linearly
polarised light.

Electromagnetic wave is electromagnetic oscillation propagating in space, i.e. oscillating
vectors of electric (E) and magnetic fields (§). Electromagnetic wave is transversal for both

vectors, in other words vectors E and B oscillate perpendicularly to the direction of wave

propagation and they are orthogonal as well (see Fig.5). For convenience only vector E is
usually considered.
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Fig. 5.Electromagnetic wave.
E — electric field vector, B — magnetic field vector,

—

k —wavevector, A — wavelength.

In general light is a superposition of various electromagnetic waves, so the value of electric
field vector measured at any moment at some point in space is determined by the principle of
superposition. Therefore due to a large number of interfering electromagnetic waves the field
intensity varies chaotically. Such a light is called unpolarised. If a wave propagates in a certain

direction and its vector E oscillates along a certain direction as well, the light is called linearly
polarised. The plane defined by the direction of wave propagation and the direction of oscillation

of vector E is called polarisation plane. Linearly polarised light can be obtained from
unpolarised light by transmitting the latter through a linear polariser (LP). This optical device
transmits only the component of light wave polarised in a certain plane (i.e. LP is made of a
material which is anisotropic with respect to oscillation of electric field vector). The plane is
called the transmission plane of LP. The orthogonal component of incident light is absorbed by
the polariser. The diagram in Fig.6 illustrates operation principle of LP (the wave propagates
from left to right).
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Fig. 6. Transmission of light through linear polariser.
1 — linear polariser, 2 — transmission plane of polariser.

Here EO is electric field of a linearly polarised incident wave, EH is the electric field
transmitted by the LP, |E; | = |E, | - cos ¢, and ¢ is the angle between Ej and E.

According to theory of electromagnetic waves light intensity is proportional to the time
average of electric field amplitude squared. Therefore intensity of light transmitted by the LP
in Fig.6 is determined by intensity of incident light and the angle ¢ (Malus’ law):

Itrans = linc * €OS* @.
Item 3-1

Assuming a flashlight to be a source of unpolarised light you should be able to design (make
a sketch) and assemble a setup to verify Malus’ law. You have two LPs, a flashlight, a stand, and
a light meter. Measure the intensity of light transmitted by the optical setup as a function of the
angle between polarisation planes of LPs from 0° to 360° (there must be at least 10 experimental
points). Linearise the obtained dependence and plot the points. Verify Malus’ law. The
transmission plane of LPs provided is along the line 0°— 0° (see the marks on the LP casing).

Laser light is partially polarised since it contains both linearly polarised and unpolarised
components. To describe partially polarised light one can use the concept of degree of
polarisation:

Imax - Imin

p=-T4 T

Imax + Imin

where I,,,,, and I,,,;;, are maximum an minimum intensities of light transmitted by LP.

Item 3-2

Assemble the setup for measuring the degree of polarisation of light shown in Fig.7.
Measure the degree of polarisation of radiation emitted by the red laser and argue whether the
radiation can be regarded as linearly polarised. (Attention! To make sure the intensity of laser
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radiation has been stabilised and the laser is normally operating wait 5 min after the laser was
switched on).

Fig. 7. Experimental setup for measuring degree of polarisation of laser radiation.
1- laser, 2 — power supply, 3 — polariser, 4 - turntable for the polariser, 5 — light meter (the measuring head is
attached to the table surface using fixing gum)

Part 4. Study of elliptically polarised light.

Besides linear polarisers there are also circular polarisers (CP). A CP consists of a linear
polariser covered with a layer of anisotropic substance (for brevity we refer to this layer as
«crystal»). Incident light passes through the LP and the linearly polarised light then passes
through the crystal. A light wave in the crystal splits into two (ordinary and extraordinary rays)
with orthogonal polarisation planes. The linear polariser and the crystal are so aligned that the
intensities (and therefore the electric fields) of ordinary and extraordinary rays are equal. That is
transmission plane of the LP included in the CP is at the angle of 45° to polarisation planes of
ordinary and extraordinary rays. The crystal is anisotropic: ordinary and extraordinary rays
propagate at different speeds. Initially phases of both waves are equal and subsequently a phase
shift builds up because of different velocities.

Let Eo(t) and Ee(t) be electric fields of ordinary and extraordinary waves. Using the
diagram in Fig.8 consider how superposition of the fields depends on a phase shift between the
waves passed through the crystal:

{ E,(t) = E4cos O,
E.(t) = EA cos(0 + 6).
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Fig. 8. Superposition of ordinary and extraordinary waves.

Here EA and E£ are intensities of electric fields of ordinary and extraordinary waves, 6 = wt is
a phase of ordinary wave, w is angular frequency of light oscillations, and & is the phase shift
between the waves.

Item 4-1

Oscillation frequency of vectors E,(t) and E,(t) is the same. Which trajectory does the

vector E(t) follow? Draw all possibilities. What phase shift between ordinary and extraordinary
waves correspond to each trajectory?

Light passed through a CP is referred to as elliptically polarised.
Item 4-2

Determine the side of the provided CP on which LP is located. Determine the direction of
the LP polarisation plane. Sketch the necessary experimental setup and write a brief explanation
(English is preferred but you may use your native language as well). Determine orientation of the
transmission plane of the LP according to angular marks on the CP casing.

Item 4-3

Assemble the setup shown in Fig.9 (the LP-side of CP must face the laser!). Rotate the CP
until the light transmitted by the CP had maximum intensity. Remember to wait several minutes
after the laser power is to stabilise laser output intensity. For all three lasers measure intensity of
light transmitted by the system versus the angle between TPs of the LP and the LP built into the
CP. Change only LP orientation (for the green laser do the measurement only for maximum
and minimum intensities). Plot the dependencies obtained for red and violet lasers on the
provided polar coordinate paper for a normalised intensity and indicate laser colour at each plot.
Using the dependencies measured determine as best as you can the maximum and minimum light
intensity for all three lasers.
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Fig. 9. Experimental setup for study of elliptical polarisation.
1 - laser, 2 — power supply, 3 — circular polariser, 4 — linear polariser, 5 — light meter.

Item 4-4

Derive ordinary and extraordinary waves’ intensity values after passing through LP located
after CP. Derive the equation which describes dependencies measured in item 4-3 using the
equation which describes interference of two linearly polarised waves of equal frequencies.

Itrans = 11 + 12 + 2 1112 CoS 6,

where I;, I, — intensities of two waves polarised in the same plane, § - phase shift between these
waves.

Item 4-5

Using the maximum and minimum intensities (measured in item 4-3) derive the equation
which describes the ratio of elliptical trajectories’ semiaxises for all three lasers and calculate

. . . E . . .
numerical values, plot the analytical dependencies E—((p) schematically in polar coordinates
max

for all three lasers observing the semiaxes’ lengths ratio and their orientation. E,,,, is the

maximal modulus of E. Indicate a plot by the laser colour.

If trajectory of E(t) of a wave transmitted by CP is a circle, the wave is called circular
polarised and the CP is indeed circular for this particular wavelength.

Let & be a phase shift between ordinary and extraordinary waves which passed a CP. Let us
express & via time intervals it takes a wave to cross the anisotropic crystal:
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27C
6= a)(to - te) = T(to - te),

Here w is an angular frequency of the vectors F?o and F?e, and t, and t, are time intervals it
takes ordinary and extraordinary waves to pass through the crystal, 1 is a wavelength in vacuum

(air).
Item 4-6

Write down the equation for the phase shift § between ordinary and extraordinary waves
acquired on the way through the CP. The equation must include the already measured quantities.
Laser wavelengths are written on the equipment list. Evaluate § for every wavelength using the
data obtained in item 4-3. Plot a linearised dependence of the phase shift on a wavelength A and
find out for which A the CP is indeed the circular polariser.
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