IPhO2002

|. Determination of e/ks Through Electrolyss Process

Background Theory

The dectrolyss of water is described by the reaction :

HO® H" +0?
H'+26 ® H,; O°® %oz+2e'

The reaction tekes place when an dectric current is supplied through a par of
dectrodes immersed in the water. Assume that both gases produced in the reection are
idedl.

One of the gases produced by the reaction is kept in a test tube marked by abitrary
scade. By knowing the totd charge transferred and the volume of the gas in the test
tube the quantity ekg can be determined, where e is the charge of dectron and kg is
the Boltzmann condant.

For the purpose mentioned above, this experiment is divided into two parts.

Part A: Cdibration of the arbitrary scde on the test tube by using a dynamic method.
Thisresult will be used for part B

Part B: Determination of the physicd quantity ek g by means of water dectrolyss

Y ou are not obligedto carry out the two experiments (part A and part B ) in
aphabetical order

The following physical quantities are assumed:
Accderation of gravity, g = (9.78 + 0.01) ms™?

- Ratio of internd vs externd diameters of the tet tube, a = 0.82+0.01
Thelocd vaues of temperature T and pressure P will be provided by the organizer.

Lig of tools and apparatus given for experiment (part A & B):
Insulated copper wires of three different diameters:
1. Brown of larger diameter
2. Brownof amdler diameter
3. Blue
A regulated voltage source (0-60V, max.1A)
A plastic container and a bottle of water.
A block of brasswith plagtic damp to keep the eectrode in place without
damaging theinsulation of thewire.
A digitd sopwatch.
A multimeter (beware of its proper procedure).
A wooden tegt tube holder designed to hold the tube verticaly.
A multipurpose pipette
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A verticd gand.

A battle of white correction fluid for marking.

A cutter

A pair of scissors

A radll of cdlotgpe

A ded bdl

A piece of dainless sted plate to be used as eectrode.

A test tube with scales.

Graph papers.
Note that all scales marked on the graph papers and the apparatus for the experiments
(e.g. the test tube) are of the same scale unit, but not calibrated in millimeter.

EXPERIMENT

Part A: Calibration of the arbitrary scale on the test tube
Determine a dynamic method capable of trandating the arbitrary length scdeto a
known scde avalable.
Write down an expression that relates the measurable quantities from your
experiment in terms of the scale printed on the test tube, and sketch the
experiment set up.
Collect and andyze the data from your experiment for the determination and
cdibration of the unknown length scae.

Part B: Determination of physical quantity eks

- St up the dectrolysis experiment with a proper arrangement of the test tube in
order to trap one of the gases produced during the reaction.
Derive an equation rdating the quantities: timet, current |, and weter leve
difference Dh, messured in the experiment.
Coallect and andyze the data from your experiment. For smplicity, you may
assume that the gas pressure ingde the tube remains congtant throughout the
experiment.
Determine the vaue of ekg.
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ANSWER FORM

PART A

1.

State the method of your choice and sketch the experimental set up of
the method: [0.5 pts]

Write down the expression relating the measurable quantities in your
chosen method: [0.5 pts]. State all the approximations used in
obtaining this expression [1.0 pts].

Collect and organize the data in the following orders : physical
quantities, values, units [1.0 pts]

Indicate the quality of the calibration by showing the plot relating two
independently meas ured quantities and mark the range of validity. [0.5

pts]

Determine the smallest unit of the arbitrary scale in term of mm and its
estimated error induced in the measurements. [1.5 pts]
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PART B

1. Sketch of the experimental set up. [1.0 pts]

2. Derive the following expression:

2
ot =2 2P0r) oy [1.5 pts]
k, T

B

3. Collect and organize the data in the following format : physical
guantities (value, units) [1.0 pts]

4. Determine the value of e/kg and its estimated error [1.5 pts]
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II.OPTICAL BLACK BOX

Description

In this problem, the dudents have to identify the unknown opticd components indde the
cubic box. The box is seded and has only two narrow openings protected by red platic
covering. The components should be identified by means of opticd phenomena obsarved in
the experiment. Ignore the smdl thickness effect of the plagtic covering layer.

A line going through the centers of the dits is defined as the axis of the box. Apart from the
red plagic coverings, there are three (might be identicd or different) dements from the
following list:
- Mirror, ether plane or sphericd

Lens, ether pogtive or negative

Trangparent plate having pardld flat surfaces (so cdled plane-pardld plae)

Prism
- Diffraction grating.
The trangparent components are made of maerid with a refractive index of 147 a the
waveength used.

Appar atus available:
A lasr ponter with a wavdength of 670 nm. CAUTION: DO NOT LOOK
DIRECTLY INTO THE LASER BEAM.
An opticd rall
A platform for the cube, movable dong the opticd rall
A streen which can be dtached to the end of the rall, and detached from it for other
measurements.
A sheet of graph paper which can be pasted on the screen by cdllotape.
A veticd dand eguipped with a universd damp and a test tube with arbitrary scaes,
which areaso used inthe Problem I.

Note that al scales marked on the graph papersand the apparatus for the experiments are
of the same scde unit, but not calibrated in millimeter.
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The Problem
Identify each of the

three components and give its regpective Specification:

Possibletype of component

Specification required

mirror radius of curvature, angle between the mirror axis and
the axis of the box
lens* postive or negative, its focd length, and its pogtion indde the
box
plane-pardld plate thickness, the angle between the plate and the axis of the box
prism goex angle, the angle between one of its deflecting sdes and
the axis of the box
diffraction grating* line spacing, direction of the lines, and its pogtion indde the

box

impliesthet its planeis a right angle to the axis of the box

Express your find answers for the specification parameters of each component (eg. foca
length, radius of curveture) in terms o millimeter, micrometer or the scale of graph paper.

Y ou don't have to determine the accuracy of the results.
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2.

ANSWER FORM

Write down the types of the optical components inside the box :

denote each component with its code number in answver 1.
[0.5 pts for each correct position]

direction of the dit

[0.5 ptg

The cross section of the box is given in the figure below. Add a sketch in thefigure
to show how the three components are positioned inside the box. In your sketch,

axis of the box

direction of the dit
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3. Add dedled information with additiond sketches regarding arangement of the opticd
components in answer 2, such as the angle, the distance of the component from the dit, and
the orientation or direction of the components. [1.0 ptg
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4. Summarize the cbserved data[0.5 ptg, determine the specification of the optica

component no.1 by deriving the gpropriate formulawith the help of drawing [1.0 ptd,

cdculate the spedificationsin question and enter your answer in the box below [0.5 pts).

Name of component no.1

Specification
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5. Summarize the obsarved data[0.5 ptg, determine the specification of the optica

component no.2 by deriving the gppropriate formula with the help of drawing [1.0 ptd,

caculae the specifications in question and enter your answer in the box below [0.5 pts).

Name of component no.2

Specification

10
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6. Summarize the obsarved data0.5 ptg, determine the specification of the optica

component no.3 by deriving the gppropriate formula with the help of drawing [1.0 ptd,

cdculate the spedificationsin question and enter your answer in the box below [0.5 pts).

Name of component no.3

Specification

1




