IOP Institute of Physics QuVis: The Quantum Mechanics Visualization Project

Antje Kohnle!, Cory Benfield?, Donatella Cassettarit, Tom Edwards?, Aleksejs Fomins?,

Alastair Gillies!, Georg Hahner?, Christopher Hooley!, Natalia Korolkova?, Joseph Llama?, Bruce Sinclair? %?Kigsrig;;f
1School of Physics and Astronomy, University of St. Andrews, Scotland, United Kingdom
°School of Chemistry, University of St. Andrews, Scotland, United Kingdom 600
YEARS
INTRODUCTION ANIMATIONS FOR CHEMISTRY STUDENTS
Animations and simulations can help students build mental Over the past year, through modifying existing animations and
representations of physics concepts through high levels of developing new animations and resources for chemistry
interactivity, prompt feedback and multiple representations of instructors, we have started to extend the resource to be more
physics concepts, including microscopic processes that cannot be useful to chemistry students studying introductory quantum
directly observed. By choosing particular interactive elements and mechanics (see www.st-andrews.ac.uk/~gmanim/chemistry and
limiting their ranges, students can be implicitly guided in their Fig. 2). We have carried out initial evaluation of these animations
exploration [1-3]. in a level two St Andrews chemistry module. The evaluation
Since 2009 we have been developing and evaluating visualizations consisted of a student
and animations (collectively called animations in what follows) for survey and individual
the teaching and learning of gquantum mechanics concepts at observation sessions with T ()
university level [4,5]. This resource builds on existing education 13 chemistry student [
research as well as our teaching experience. The animations are in volunteers interacting
many ways complementary to other resources: Each animation with previously unseen B &
shows a situation aimed at clarifying a particular concept and animations. The results
includes a step-by-step exploration that explains key points in are being used to revise
detail. Animations include interactive elements such as sliders, the level and detail of i
buttons, play controls and check boxes that encourage exploration explanations. We plan to | —
and investigation. Evaluation work guides the design and content substantially increase the e
of the animations. Evaluation used includes queStionnaireSz d number of animations Fig 2 Sereenshotiofsthen Sphericalllarmonics” animation,
diagnostic survey to evaluate learning gains, observation sessions available for chemistry 3?e°VVVY‘”g RS R -Step Exploration
with a small number of student volunteers and observations students.

during a workshop in which students interact with animations.
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Fig. 1: Screenshot of the website www.st-andrews.ac.uk/~gmanim, showing topics of the . : : Beam
animations available so far. anlmathnS fOr thIS ,/” splitter 1 \\\' zr:]i?t?: /," splitter 2 \\\
L, oy : | | roject (see Fig. 3).

Many animations include instructor resources consisting of FI\)/Ia’JceriaIs(wiII begfreel) _ T s ‘ :
worksheets with full solutions. Animations and instructor ~vailable R o IOI»DI )
resou rces are freely available at WWW.St-andrEWS.aC.Uk/Nq manim’ WebSite in Summer Useihebfﬂtonstoﬁreaphoionandtoinsertorrerrtoved:hephase-shiﬂer.Useiheslideriochangethephase-shiﬂerihickness.
and can be played or downloaded from this site (see Fig. 1). 5013 e | . s
Animations (50 in total) are available on a wide range of topics '
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The Finite WAl EXAMPLE: REVISIONS TO THE FINITE WELL ANIMATION DUE TO EVALUATION OUTCOMES
animation was devel- Colored tabs (2011) Color in Improved graphics, using colored
oped in summer formulas (2012) curves (2011)
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slider for the well depth.

re S e a rC h O u tC O m e S Of — ZCO ; | | . There is no solution in closed form, but the equations can be

(2012)

solved graphically as the intersection points of the curves. This
is shown in the two figures on the left.

the PhET team in
these revisions [1-3].
In  summer 2012,
further revisions
addressed  student
difficulties during a

Use the slider to change the depth of the well. Use buttons on
top of the slider for better precision.
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