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Experimental Competition

Saturday, June 30", 2001

Please read thisfirst:

Thetime availableis5 housfor the experimental competition.

Use only the pen provided.

Use only the front side of the paper.

Begin each part of the problem on a separate shed.

For each question, in addition to the blank sheets where you may write, there is an answer form

where you must summarize the results you have obtained. Numerical results shoud be written

with as many digits as are gpropriate to the given data.

6. Write on the blank sheds of paper the results of all your measurements and whatever else you
consider is required for the solution d the question. Please use as little text as possible; express
yoursdlf primarily in equations, numbers, figures and dots.

7. Fillinthe boxes at the top d ead sheet of paper used by writing your Country no and Country
code, your student number (Student No.), the number of the question (Question No.), the
progressve number of each sheet (Page No.) and the total number of blank sheés used for each
guestion (Total No. of pages). Write the question number and the section label of the part you
are answering at the beginning of each sheet of writing paper. If you use some blank sheets of
paper for notes that you do nd wish to be marked, pu alarge X acrossthe entire shed and do
not include it in your numbering.

8. Atthe end d the exam, arrange dl shedsin the following order;

» answer form

* used shedsin order

» theshedsyou do ndwish to be marked

» unused sheds and the printed question

aorwbE

Placethe papers inside the ewvelope and leave everything on your desk. You are not allowed
to take any sheets of paper and any material used in the experiment out of the
room.
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ROTATING LIQUID

This experiment consists of threebasic parts:
1. investigation d the profile of the rotating liquid’'s surface and the determination d the
acceleration die to gravity,
2. investigation d the rotating liquid as an optical system,
3. determination d the refractive index of the liquid.

When a cylindricd container fill ed with a liquid rotates abou the verticd axis passng through its
center with a uniform anguar velocity w, the liquid's surface becomes parabadlic (see Figure 1). At
equili brium, the tangent to the surface & the point P(x, y) makes an angle 6 with the horizontal such
that

2
W X
tan@ =

for [x| <R (1)
where Risthe radius of the container and g isthe acderation die to gravity.

It can further be shown that for w<wmax (Where wmax 1S the angular speed at which the center of the
rotating liquid touches the bottom of the @ntainer)

ot x=%0= -, y(%0)=ho @

J2

that is; the height of the rotating liquid is the same asif it were not rotating.

The profile of therotating liquid’'s surfaceis a parabola defined by the egquation

2

X
y:yo+z (3)

where the vertex is at V (0, yo) and the focus is at F(0, yo+C). When opticd rays paralel to the ais
of symmetry (opticd axis) reflect at the parabalic surface, they all focus at the point F (seeFig.1).
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%Apparatus

A cylindricd rigid pastic cup containing liquid glycerin. Millim etric scades are atached to
the bottom and the sidewall of this cup.

A turntable driven by a small dc dectric motor powered by a variable voltage supdy, which
controls the angular velocity.

A transparent horizontal screen on which you can pu transparent or semi-transparent
millimetric scdes. The locaion d the screen can be adjusted aong the vertica and
horizontal diredions.

A laser pointer mounted onastand. The position d the pointer can be aljusted. The head of
the painter can be changed.

Additional head for the laser painter.

A ruler.

A highlighter pen.

A stopwatch. Push the left button to reset, the midde button to seled the mode, and the right
button to start and stop the timing.

Transmisgon gratings with 500 @ 1000li nes/mm.

Bubbelevel.

Glasss.

IMPORTANT NOTES

DO NOT LOOK DIRECTLY INTO THE LASER BEAM. BE AWARE THAT LASER
LIGHT CAN ALSO BE DANGEROUS WHEN REFLECTED OFF A MIRROR-LIKE
SURFACE. FOR YOUR OWN SAFETY USE THE GIVEN GLASSES.

Throughout the whole experiment carefully handle the cup containing glycerin.

The turntable has already been previously adjusted to be horizontal. Use bubble level only
for horizontal alignment of the screen.

Throughout the entire experiment you will observe several spots on the screen produced by
the reflected and/or refracted beams at the various interfaces between the air, the liquid, the
screen, and the cup. Be sure to make your measurements on the correct beam.

In rotating the liquid change the speed of rotation gradually and wait for long enough times
for the liquid to come into equilibrium before making any measurements.
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EXPERIMENT

PART 1: DETERMINATION of g USING aROTATING LIQUID [7.5 ptg]

* Derive Equation 1.

* Measure the height hy of the liquid in the mntainer and the inner diameter 2R of the
container.

* Insert the screen between the light source and the cntainer. Measure the distance H
between the screen and the turntable (see Figure 2).

» Alignthelaser pointer such that the beam points vertically downward and hts the surface of

. : R .
theliquid at adistancexo=—— from the center of the mntainer.

J2
* Rotate the turntable slowly. Be sure that the center of the rotating liquid is nat touching the
bottom of the mntainer.

e Itisknown that at xo= R the height of the liquid remains the same & the original height

J2

ho, regardlessof the angular speed w. Using this fad and measurements of the angle 6 of the
surface a Xxo for various values of w, perform an experiment to determine the gravitational
accelerationg.

e Prepare tables of measured and cdculated quantities for each w.

¢ Produwcethe necessary graphto calculate g.

e Calculate the value of g andthe experimental error in it

* Copy thevalues 2R, Xo, ho, H andthe experimental value of g and its error onto the answer
form.
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PART 2: OPTICAL SYSTEM

In this part of the experiment the rotating liquid will be treaed as an image forming opticd system.
Sincethe arvature of the surface varies with the angular speed of rotation, the focd distance of this
opticd system depends on w.

2a) Investigation of thefocal distance[5.5 pts|

Align the laser pointer such that the laser beam is direded verticaly downward at the center
of the mntainer. Mark the paint P where the beam strikes the screen. Thus the line joining
this point to the center of the aupisthe opticd axis of this system (seeFigure 2).

Sincethe surface of the liquid behaves like aparabadlic mirror, any incident beam paral el to
the opticd axiswill passthrough the focal point F onthe opticd axis after reflection.

Adjust the speed o rotation to locae the focal point on the screen. Measure the agular
spedl o rotation w and the distance H between the screen and the turntable.

Reped the a@ove stepsfor different H values.

Copy the measured values of 2R and ho and the value of w at each H onto the answer form.
With the help of an appropriate graph d your data, find the relationship between the focd
length and the angular speed. Copy your result onto the answer form.

2b) Analysis of the“image’ (what you seeon the screen) [3.5 pts)

In this part of the experiment the properties of the “image” produced by this opticd system will be
analyzed. To doso, follow the steps given below.

Remove the head of the laser pointer by turning it courterclockwise.

Mourt the new heal (provided in an envelope) by turning it clockwise. Now your laser
produces awell defined shape rather than a narrow bean.

Adjust the position d the laser pointer so that the beam strikes at abou the enter of the ap
amost normally.

Put a semitransparent shed of paper on the horizontal screen, which is placed close to the
cup, such that the laser beam does not passthrough the paper, but the refleded bean does.
Observe the size and the orientation d the “image” produced by the source beam and the
beam refleded from the liquid when it is not rotating.

Start the liquid rotating, and increase the speeal of rotation gradually up to the maximum
attainable spead while watching the screen. As w increases you might observe different
frequency ranges over which the properties of the “‘image’ are drasticaly different. To
describe these observations complete the table onthe answer form by adding arow to this
table for each such frequency range and fill it in by using the gpropriate notations
explained onthat page.
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PART 3: REFRACTIVE INDEX [3.5 ptg]

In this part of the experiment the refractive index of the given liquid will be determined using a
grating. When monochromatic light of wavelength A is incident normally on a diffradion grating,
the maxima of the diffradion pettern are observed at angles o, given by the equation

mA =dsina,, 4)
where, m is the order of diffradion and d is the distance between the rulings of the grating. In this
part of the experiment a diffraction gating will be used to determine the wavelength o the laser
light and the refradive index of the liquid (seeFigure 3).

e Usethe grating to determine the wavelength o the laser pointer. Copy your result onto the
answer form.

e Immerse the grating perpendicularly into the liquid at the center of the ap.

« Alignthelaser beam such that it enters the liquid from the sidewall of the aup and strikes the
grating normally.

¢ Observe the diffraction pettern produced onthe millimetric scde dtached to the aup onthe
oppasite side. Make ay necessary distance measurements.

e Cadculate therefractive index n of the liquid by using your measurements. (Ignare the eff ect
of the plastic cup onthe path of the light.)

e Copy theresult of your experiment onto the answer form.
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Figure 1. Definitions of the bank angle 6 at paint P(x,y), the vertex V and the focus F for the
parabalic surface produced by rotating the liquid, o initial height hy and radius R, at a nstant
angular speed w aroundthe y-axis.
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Figure 2 Experimental setup for parts 1 and 2.

1. Laser pointer on a stand, 2. Transparent screen, 3. Motor, 4. Motor controller, 5. Turntable, 6.
Axisof rotation, 7. Cylindricd container.
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Figure 3 Top view of the grating in aliquid experiment.

1. Scded sidewall, 2. Grating onahadlder, 3. Laser painter, 4. Cylindrical container.
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Country no | Courtry code | Student No. | Question No. | Page No. Total
No. d pages

ANSWER FORM

1) Deter mination of g using arotating liquid

2R Xo ho H

Experimental value of g:

2a) Investigation of the focal distance

2R ho

Relation ketween focd length and o
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Country no | Country code | Student No. | Question No. | Page No. Total
No. d pages

2b) Analysis of the“image”

Use the appropriate notations explained below to describe what you see on
the screen due to reflected beam

wrange: For the frequency ranges only approximate values are required.

Orientation (in comparison with the objed beam as sen onthe transparent screen):
Inverted S INV
Ered 'ER

Variation of the sizewith increasing w:
Increases o

Deaesses :D

Nochange :NC

For the frequency ranges you have found above:

Write “R” if the screen is above the focd paint.
Write “V” if the screen is below the focal paint.

w Range Orientation | Variation | “image’
of thesize

w=0
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3) Refractive index

Wavelength =

Experimental valuefor n =




