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Introduction to the VNT project

Since experimental neufron scattering is mostly re-
siricted to large-scale facilities, not all students have ac-
cess to learning the technique at their home mnstitution.
Providing a freely accessible e-learning portal for neutron
scattering is therefore an important outreach task in order
to secure and educate the future usets and scientists at
neutron scattering facilities. This task and challenge has
been taken up by the Integrated Infrastructure Initiative
for Neutron Scattering and Muon Spectroscopy (NMI3).

Tn 2010, we initiated nvestigations into the possibilities
for e-learning neutron scattering. Subsequently, a pilot proj-

ect started in 2011, through co-funding from the University
of Copenhagen, that is now (2012) growing to a full-scale
4-year international e-learning project called Virtual Neu-
trons for Teaching (VNT) [1] with support from NMI3-11
via the “E-learing neutron scattering” work package. The
collaborators in the project are based at the University of
Copenhagen and the research reactors FRM-IT (Technical
University of Munich) and TLL in Grenoble.

The people involved in the collaboration span a broad
range of competences from didactics and teaching in
physics, through neutron scattering in theory, simulation
and experiment to programming and web-design. We aim
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Figure 1. The tools of interaction belween the leacher, student and material in the VNT e-learning project.
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to offer online teaching material to university students
and their teachers as well as scientists from other fields
wanting to learn about neutron scattering techniques.

The didactic triangle for e-learning

Any learning situation can be schematically described
in general terms by the interactions between threc parts
{topic, teacher and student) in the so-called didactic trian-
gle. In a pure e-learning situation the means of interaction
are not the same as in a face-to-face class-room situation;
some tools are missing while others are gained. The chal-
lenge in any learning situation is to balance the interactions
on the sides of the triangle in order to optimise the cutcome
for every student. In Figure 1, we have shown schemati-
cally some of the neutron e-learning tools we are develop-
ing for VNT and how they fit into the didactic triangle.

The three legs of VNT
The VNT project is moving on three legs:

* A neutron scattering wiki textbook (VNT-wiki)

* Invited and contributed specialised interactive lessons
{VNT-lessons)

* A live simulation web portal (VNT-livesim)

A wiki is an online encyclopaedia which allows users
to add, modify or delete its content via a web-browser.
The VNT-wiki is structured tike an introductory textbook
and is primarily built on our own notes which are used in
the class-room neutron scattering course at the Univer-
sity of Copenhagen called ‘Neutron Scattering in Theory,
Simulation and Experiment’ (NSTSE). Some sections are
contributed by invited scientists and moderated in terms
of syntax and seamless integration into the wiki by the
VNT team. Besides text and web-applets/animations the
wiki contains exercises with hints and solutions embed-
ded by a show/hide functionality that enables student
controlled differentiated teaching. One example of the
show/hide function is shown in Figure 2. The wiki also
contains a series of Monte Carlo (MC) simulation proj-
ects intended for the students to learn how to use MC
simulation to build a virtual instrument in order to inves-
tigate properties of existing or generic neufron scatter-
ing instruments. In the NSTSE course the students build
virtual copies of three different neutron scattering instru-
ments located at the Paul Scherrer Institute (PSI} in Swit-
zerland, and are thus well equipped to participate directly
in scientific projects when they go for practicals at PSI in
the last week of the course,

Neutron News

BLAKE INDUSTRIES, INC.,

Your complete source for:
Goniometer Heads
Huber Components
Complete Difiractometers
Custom Designs

6+2 - Circle SI - Diffractomeater

More than 4500 professionals at over 1400
research locations have chosen Blake Industries
for their X-ray diffraction instrumentation.

Let us put our experience to work for you.

BLAKE INDUSTRIES, INC.. .~

660 Jerusalem Road -~ " 0
Scotch Plains, New Jersey 07076 USA -

Tel: +1908 2337240
Fax: +1 908 233 1354

E-mail: blakedxray@ait.net

Volume 24 « Number 1 + 2013




Problem:Fourier transform

Mathamatically the scattering ampliude 15 the Fourias transform of the distribution of scattering
centers [nuchei, elecirons, spins) weithin the material, The scattered intensity {the seattering function) is
ihe square of the scattering amplitude.

The Fourier transform of a function plr) is wiritten as

Fig) = fp[r} exp(igridr,
where p{r] is the fanction in yeal space given by positions 7, and g is a coordinate in Fourier space {which Tn scattering terms usualty i cated "reciprocal space’). p(r) &
i case of scattering theory the postion sensitive scaltering length density within the sample.

We will corekier 3 one-gimensional space, L. all partic les {scattering centers) are positoned on a line, and correspondingly enty calculate the one-dimessioni Fourier
transform. Ve assue further that all particles are points [size = o).

Cantants |show}

Quastion L

Caleulate

{he Fourser trarsform and the scattering intansity of a sample with enly one particle, and plot the noemalized scattered intersity £{g) = ]F(q}]‘e sz versus i

1]

Problem:Fourier transform

Vathematically tha scattering amplituds is the Fourier transfors of the distribution of scattering
centers [miclel, electrons, spins) within fhe material. The scattered intensity (the scattering function) i
the square of the scattering amplitsde.

The Faurier transform of a Ranction p{r) is viritten as

Pla) = [ otr)eplirién
where p{r] i the hunction in real space given by pesitions 1, and g is a coprdinate jn Fourker space {wehich in scattering terms wsually is calied *reciproal space’ ) plrlis
in case of scattering theery the position sersitive scattering length density within the sampie.

We il consider a one-dimessionsl space, ie al parbrles {scattering centers) are positioned on a line, and correspondingly enly calculate the ore-dimensional Fourier
transform. Ve assume further that all particles are points {size = Oh

Contents jsuow)

Questlon 1
Catculate the Fourler transform and the scattering interaity of a sample viith only one p
A point-particie may mathematic

Joteisesde= e

article, and plot the normalized scatiered intensity T{g) = |Fi‘q:||2 /N 2 versus gR

Wer

ally be described as a Dirac J-function with the property

HinE et

Place the partic

Fouriér ﬁ'ansiorm: _
Flg) = [ 5(0)op (iaridr = exp(0) = 1.

Seattering intensity: ) S
Hgh= Fig) =2 = L.

1

0.8

g

Figure 2. Example of a wiki-problem with hints and solution hidden (top} and shows {bottom),
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For those who are not interested in learning how to
program MC simulations in terms of building their own
virtual instruments on their personal computer, but still
would fike to learn by visualisation of virtual experiments
[2-5], we provide some pre-defined, but tuneable virtual
instruments via a live-simulation web-portal which is
accessible by browser. The web-portal is connected to a
small cluster-grid that runs the MC ray-tracing software
McStas [6-8] behind the user~interface. The user can log
in and run a live-simulation of an experiment, visualise
the ray-tracing in the instrument from any angle, down-
foad the synthetic data and plots from the *detector’ or
share them via a static link, see Figure 3.

Purthermore, interactive special topical quiz-lessans
will be prepared in collaboration between contributing
scientists and the didactics researcher in the VINT team,
see Figure 4. The responses from the students can be,
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e.g., clicking on pictures or typing in numbers, formulae
or essays. Feedback is given automatically for every stu-
dent answer and can be adapted to the nature, content and
quality of the particular answer.

‘We are planning to collect these and more features,
such as classical neutron scattering books, notes and ma-
terial from, e.g., summer-schools in a common learning
management system (LMS). Although entry assessment
and grading of students’ work for certificates is pos-
sible to make within the LMS frame it is not the scope
of the current project. We do, however, intend the portal
to be valnable and educational to students from differ-
ent backgrounds such as bio-physics, chemistry, physics
and engineering, either as stand-alone or complementary
material for neutron scattering courses. It will address
students starting from bachelor level and a well-chosen
structure will guide more experienced students with a
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Master of Science or PhD> degree to find the appropriate
level to start the training,

Perspectives

E-learning offers a wide range of possibilities for
evaluation and directly measuring how the students use
the material and learn. This is made possible since all
clicks and replies in quizzes etc. are stored in a database
on which web analytics tools can be applied.

The VNT features are tested by integrating them into
the NSTSE course at the University of Copenhagen as
they are developed and we observe, evaluate and analyse
them through the students” use online and in the class-
room taking account of the students’ varied backgrounds
from a palette of physics, chemistry, bio-physics, nano-
science, engineering and even compulter science.

We are currently developing a method to identify stu-
dent roles through their online behaviour in each session
based on network and clustering analysis [3]. We hope
through our didactical research to be able to identify pa-
rameters which can enable targeted e-fearning in neutron
scattering for a wide range of students’, teachers’ and sci-
entists’ backgrounds. Furthermore we intend to use the
web analytics tools, feedback from interactive lessons,
discussion fora and feedback forms for continuous im-
provement of the VNT.

Invitation to collaborate

Our goal is to improve existing tools for educating
students and new neutron users by employing state-of-
the-art e-learning methods and by drawing upon existing
expertise. We aim the efforts to be of value for universi-
ties and facilities alike, and we invite everyone to con-
tribute material or join in the development and usage of
the new e-learning portal.
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