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STUDENTS’ CONCEPTUAL DIFFICULTIES IN QUANTUM MECHANICS:
POTENTIAL WELL PROBLEMS

OGRENCILERIN KUANTUM MEKANIGINDEKi KAVRAMSAL ZORLUKLARI:
POTANSIYEL KUYU PROBLEMLERI

Ozgiir OZCAN", Niliifer DIDIS™ , Mehmet Fatih TASAR™

ABSTRACT: In this study, students’ conceptual difficulties about some basic concepts in quantum mechanics like
one-dimensional potential well problems and probability density of tunneling particles were identified. For this aim, a
multiple choice instrument named Quantum Mechanics Conceptual Test has been developed by one of the researchers of this
study and administered to 95 upper-class undergraduates and 15 graduate level students at physics education and physics
departments at three universities in Turkey. In addition, in order to be able to gather more information about how students
understand these concepts, semi-structured interviews were conducted with selected five undergraduate and five graduate
students. Common student difficulties which are deemed to stem from thinking based on classical mechanics were
determined. These difficulties should be taken into account by instructional strategies that focus on improving student
understanding of potential well problems and quantum tunneling concepts.

Keywords: Conceptual test development, potential well problems, probability density, tunneling effect, quantum
mechanics

OZET: Bu ¢alismada 6grencilerin kuantum mekaniginin temel konularindan olan bir boyutlu potansiyel kuyu
problemleri ve tiinelleyen pargaciklarin olasilik yogunluklartyla ilgili kavramsal zorluklar tespit edilmistir. Bu amacla bu
calismanin arastirmacilardan biri tarafindan ¢oktan se¢meli Kuantum Mekanigi Kavramsal Testi gelistirilmis ve Tiirkiye’de
ii¢c farkl tniversitenin Fizik Egitimi Anabilim Dali ve Fizik Boliimiinde 6grenim goren ve 95 lisans ve 15 lisansiistii
ogrencilerine uygulanmistir. Ayrica, bu kavramlar1 dgrencilerin nasil anladigiyla ilgili daha detayl1 veri toplamak amaciyla
secilen bes lisans ve bes lisansiistii 6grencisiyle yar1 yapilandirilmis 6grenci goriismeleri yapilmistir. Ogrencilerde yaygin
olarak goriilen klasik fizige dayali diisiince big¢iminden kaynaklanan anlama zorluklari tespit edilmistir. Bu zorluklar,
ogrencilerin potansiyel kuyu problemleri ve kuantum tiinelleme kavramlarini anlamalarin1 gelistirmeye odaklanan 6gretim
stratejileri ile gozontine alinmalidir.

Anahtar sozciikler: Kavramsal test gelistirme, potansiyel kuyu problemleri, olasilik yogunlugu, tiinel olay1, kuantum
mekanigi

1. INTRODUCTION

Quantum theory is a successful theory of physics which describes, correlates and predicts the
behavior of (Merzbacher, 1998) subatomic systems. It caused fundamental changes (a paradigm shift)
in human ideas concerning the laws of the nature and subsequently leads to immense technological
revolutions. However, for the most, conceptually understanding of the fundamentals of the new
paradigm has not been any easier.

One of the major goals of physics education researchers is to identify student difficulties in
learning conceptual and mathematical basis of physics. For undergraduate level physics students, it
seems more difficult to learn concepts of the quantum theory because of many reasons such as the
probabilistic approach for determining the position of a particle, uncertainty relations between
observables, non-physical abstract wave function which carries all information about particle, collapse
of wave function, and usage of advanced mathematics and different notations. However, learning of
the quantum mechanical concepts are important (Penrose, 1989), since it provides scientists the ability
to make calculations and conduct experiments and thereafter to create new technologies based on the
behavior of atomic scale objects (Faye, 2002).
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The purpose of this study was to determine students’ conceptual difficulties in quantum
mechanics by focusing on one-dimensional potential well problems and the probability density of
tunneling particles.

2. LITERATURE REVIEW

Quantum mechanics differs from classical mechanics in many characteristics. One of the
obvious differences is its complicated mathematical notation. Strnad (1981) explained that learning
difficulties at high school level stem from the fact that there was an over emphasis on classical physics
which leaves little or no space for teaching quantum concepts. On top of that students are not
adequately trained to meet the necessary mathematical pre-requisites. For an effective learning of
quantum mechanics, numerous mathematical manipulations and deep understanding of the conceptual
structure are equally important and inevitable.

While trying to understand the abstract concepts from their definitions, misconceptions are
unavoidable for quantum mechanics. Physics education research groups study for the same aim to
provide conceptual learning of all branches of physics. For this reason, researchers tried to understand
students’ conceptions in quantum mechanics (Cataloglu, 2002; Ireson, 2000; Miiller & Wiesner, 2002;
Niedderer & Bethge, 1995; Styer, 1996; Wittmann, Morgan, & Bao, 2005). Common misconceptions
of quantum mechanics differ from misconceptions in classical mechanics, since, visualizations of its
concepts are almost impossible in daily life. In quantum mechanics, some misconceptions such as
quantum states, measurement, identical particles and some other concepts are more frequently
encountered as compared to others. Styer (1996) and Wittmann et al. (2005) reported some
misconceptions about wavefunctions and probability densities. Moreover, our macroscopic world is
well explained by classical theories while quantum theory describes the relationships between
microscopic quantities. Some researchers reported that the students’ mathematics scores correlated
highly with their physics scores (Hadzidaki, Kalkanis, & Stavrou, 2000). On the other hand, Roussel
(1999) explained that the mathematical ability was one of the several variables which were necessary
for understanding physical concepts. However, taking and passing typical introductory mechanics and
calculus courses are not sufficient indicators of conceptual understanding of physics for college
students. Students may show misconceptions even after taking courses and graduating from
universities. In the literature there are also some studies that shown that students do not possess well
defined mental models about tunneling of the particles (Morgan, Wittmann, & Thompson, 2004;
Redish, Wittmann, & Steinberg, 2000; Wittmann & Morgan, 2004).

3. QUANTUM MECHANICAL BACKGROUND

The concept of potential energy diagrams has great importance in quantum theory (Jolly,
Zollman, Rebello, & Dimitrova, 1998). Because of insufficient energy of the particles to overcome the
barrier, they can never appear at x>a classically which is not the case in the quantum realm, i.e.
particles can penetrate through the barrier. This situation is called quantum mechanical tunneling.
Classically, particles can never be observed in the forbidden region (0 < x < a) where the ‘a’ is barrier
width, however in quantum mechanics they can tunnel through that region and they can be observed at
x>a (Krane, 1996, p.164).

Sometimes, the tunneling effect of a particle can not be considered as a physical event since
students can not find any actual corresponding event to consider. In quantum mechanics lectures, the
example of alpha decay (escape of alpha particle from nucleus) (Krane, 1996, p.164) should be given
as a physical example during learning the tunneling concepts. Also the working principles of tunnel
diode and scanning tunneling microscope (Krane, 1996, p.164) should be mentioned in quantum
mechanics courses.
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4. METHODOLOGY

4.1. Data Collection

This study is composed of two parts: development and application of a conceptual test and
conducting semi-structured interviews with selected students. During the development of the
instrument, firstly a questionnaire with five open-ended questions covering the basic properties of
quantum mechanics concepts was administered to identify students’ level of knowledge. Each of the
questions in the final test was prepared by considering the students’ common difficulties which were
identified with the open-ended questions. For some of the items students were asked to provide
extended responses. The Quantum Mechanics Conceptual Test (QMCT) was developed in the light of
these data. The test was examined and evaluated by three physics professors in order to establish the
content and construct related evidences for the validity of test results. Moreover, the consistency of
mathematical, verbal and visual elements of the test was examined by experts. In the pilot study, this
test was administered to 80 students. And some items were excluded by consulting faculty members
from the departments of physics and physics education. The reliability coefficient a of the multiple
choice test was calculated to be .79 which is considered good by the standards of test designs (Nitko,
1996) and the point bi-serial discrimination coefficients were determined to be between 0.3 and 0.8 for
all questions.

For the second part of the study a total of 10 participants were selected purposefully according
to their test results for semi-structured interviews (Maxwell, 1996, p.70). For the aim of obtaining
more detailed and accurate information and determining the difficulties about participants’ reasoning
the students who answered some questions correctly but explained their reasoning incorrectly were
also selected in this group.

The possibility of reliably administration to large samples in a short period of time and the
easy data analysis procedures may be cited as an advantage of using objective type item tests. Also,
objective type item tests may indicate the general tendency of large numbers of students about
concepts. However, in order to get detailed information about students’ reasoning, interviewing is a
good data collection method.

4.2. Participants of the Study

Final form of QMCT contains 20 questions. It was administrated to 95 upper-class
undergraduate and 15 graduate students in physics education and physics departments of three
universities. Ten interviewees (five undergraduate and five graduate students) were selected in this
sample and semi-structured interviews were conducted.

4.3. Data Analysis

Both quantitative and qualitative data were collected and analyzed. The descriptive statistics
were done by using Statistical Package for the Social Sciences (SPSS) and the qualitative data (open-
ended questions and the translation of the student interviews) were analyzed by the researchers both
individually and collectively.

S. FINDINGS

The purpose of this study was to investigate the students’ understanding of basic concepts of
quantum mechanics including one-dimensional potential well problems and probability density of
tunneling particles. Below interview excerpts are given in order to illustrate student’s level of
understanding of what a potential well is and their conceptual difficulty on this concept.

One of the 4th grade level pre-service physics teacher students who completed a quantum
mechanics course defined the potential well problem after test administration as follows:
Student (S) : Mmm... Potential well, there is a deep well, and there is a small particle in it.
It cannot escape from there in classical mechanics, but it has a probability to escape from there
in quantum mechanics.
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Interviewer (I): Can you give an example for this situation?

S: For example... Mmm... Pull on an electron toward nucleus. There is such a potential, such
a force... I think that it is impossible to break off a particle from there. The escape of a particle
is very interesting.

The physics teacher candidate’s statements show that she thought a potential well as a “concrete
well”. In addition, her explanations about the possibility of a particle’s escape are based on
memorization (or low level understanding), since she has no clear explanations and specific examples
of this situation. The findings suggest that this student’ difficulty is related to qualitative
understanding. This result is similar to the one obtained by Singh, Belloni, and Christian (2006) which
explained students’ difficulties as not being able to answer questions verbally to reflect conceptual
understanding, although they could solve mathematical versions of the same problems.

One of the potential well questions from QMCT is shown in Figure 1 below.

Which one of the followings is frue for the tunneling of a particle with a foial energy E<Vy

A) Total energy in region I 1s the same as the total energy in region I1

B Kinetic energy of the tunneling particle 15 the same in region I and in region II
() Total energy in region I is less then the total energy in region I1

Iy Potential energy of the particle is decreased.

Vi)

E<Vp

Vo
E —_—

L
i

Region I 0 RegionII Region IT1

Figure 1: A barrier penetration question from the QMCT.

Results are given in Table 1 and in Table 2. The main intention in this item was to probe
students’ ideas about the energy of a tunneling particle. In introductory quantum mechanics textbooks
the solution of the Schrodinger equation in both regions are given and often the transmission
coefficient and the wave function of the particle are discussed. However, students’ responses to this
item, as seen in Table 1 and in Table 2, clearly show the most of the students (37 out of 95
undergraduate and six out of 15 graduate students) do not understand the energy concept (potential,
kinetic and total) of the tunneling particle in different region very well. Most of the undergraduate
students (58 out of 95 undergraduate students) selected the correct answer of the potential barrier
question (see Figure 1). However, some of these students (13 out of 58 undergraduate students) had an
incorrect reasoning about the energy loss of the tunneling particle. They stated that the wavelength of
the tunneling particle has the same value in region I and in region II. Because of the same reason, 12
undergraduate students selected the incorrect answer which included the kinetic energy of the particle
as same in region I and in region II. On the other hand, 25 out of 95 undergraduate students claimed
that the particle must lose a part of its total energy to pass through the potential barrier. Moreover,
several students have written expressions that can be paraphrased as “the particle should use some part
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of its potential energy therefore the kinetic energy of the particle must be constant during the tunneling

process”.

Table 1: Distribution of Undergraduate Level Students’

Tunneling Particle in Different Regions.

Answers to the Energy of

Students’ Total energy in Kinetic energy of the | Total energy in region
Major region I is the same tunneling particle is I is less then the total
as the total energy the same in region I energy in region II
in region II and in region I1
N f N f N f
Physics
(N=50) 35 70 % 5 10 % 10 20%
Physics Education
(N=45) 23 51% 7 16% 15 33%
Total (N=95) 58 61% 12 13 % 25 26%

Table 2: Distribution of Graduate Level Students’ Answers to the Energy of Tunneling

Particle in Different Regions.

Students’ Total energy in Kinetic energy of the | Total energy in region
Major region I is the tunneling particle is Iis less then the total
same as the total the same in region I energy in region II
energy in region II and in region II
N f N f N f
Physics 7 70 % 1 10 % 2 20 %
(N=10)
Physics Education 2 40 % 2 40 % 1 20 %
(N=5)
Total (N=15) 9 60 % 3 20 % 3 20 %

Almost all of the interviewed students’ gave similar responses to each other for the energy of a
tunneling particle. Each of the five undergraduate students mentioned that the energy was definitely
lost during the tunneling process. A typical interview excerpt explaining this situation and taken from
the interview with an undergraduate student is given below. This result is also similar with others
obtained in earlier studies (Morgan et al., 2004; Redish et al., 2000).

I: What kind of an energy the particle has in region I (see Figure 1)

S3: Mmm... Kinetic energy...

I: Ok. How do you compare the total energy of the particle, in both regions?
S3: Mmm... In region II the total energy is less then in region 1.

I: How do you explain this result?

S3: Mmm... the particle must spend a part of its kinetic energy to pass through the potential
barrier. The particle has only kinetic energy in region I. Because of this reason, in region I the
momentum of the particle is larger than in region II.

In this interview we probed the student’s thinking about what kind of energy is being lost in the
tunneling process. According to the QMCT results (see Table 1 and Table 2) many students who
thought the energy was lost, did not have a clear idea of which energy was being lost. By means of this
interview we elicited the student’s idea about the relationship of potential, kinetic and total energy in
the context of the tunneling. Other interviewed students (four of the five undergraduate students)
mentioned that the potential energy is being lost during the tunneling of a quantum particle.
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Another interview excerpt taken from an interview with graduate students was as follows:

I: As you see, the kinetic energy of the particle is less than the barrier potential in region I. Can
this particle pass through this potential barrier?

S1: Sure... but if we think this process as quantum mechanical...
I: Ok. What do you mean with quantum mechanical, can you explain that further?

S1: Mmm.... In quantum mechanics there is a duality principle. The particles can behave
sometimes as a particle and sometimes as a wave. Tunneling of a particle can only be explained
with quantum mechanics, because quantum mechanics can describe the microscopic systems.
The solution of the Schrodinger equation gives the transmission and reflection coefficients
which cannot be obtained in classical physics.

I: What can you say about the wave function amplitude in both regions?

S1: Mmm...the amplitude of the wave function in region II is smaller than the amplitude in
region .

I: So then, what do you think about probability finding of the particle?
S1: Mmm... In region II the probability finding of the particle is less in region I.
I: Could you describe that a little bit further?

S1: Ok... Mmm...the kinetic energy of the particle is larger in region I. Because of this reason
the momentum of the particle is larger than in region II.

In another item (item 17) in the test, we asked students to determine the correct wave function
for a given linear potential well (see Figure 2). Here, the question aimed to probe the students’
knowledge of the relationship between the kinetic energy and the probability distribution of a moving
particle in one-dimensional potential well and the graphs included the answer choices should be
interpreted as follows:

Graph I: The probability density of the particle takes the biggest value in the middle of the
potential well. Moreover, the wave function behavior must be symmetrically relative to the center of
the potential well and the wavelength of the particle decreases when it moves towards the ends of the
potential well.

Graph II: The students’ should know the relationship between the wave number and the kinetic
energy of the particle. The larger kinetic energy in the right and left sides results in a larger number of
waves. Moreover, in this graph the wavelength of a moving particle is constant with time.

Graph III: The probability density of the particle is zero in the middle of the potential well.
Because of the smaller kinetic energy, the particle must spend more time around the middle of the
potential well. The amplitude of the wave function must be larger than the left and right sides of the
potential well, if this graph was the correct answer.

More than 50 % of the students in both departments failed to give the correct answer for this
item (see Table 3). The most commonly given incorrect answer by graduate students of both
departments was choice D. It now emerges as the distracter for this item. Although choice D is similar
to the correct answer (choice A), it reflects a constant wavelength with time. This shows that these
students did not consider decreasing wavelength of moving particle with increasing momentum with
time. Five out of 10 graduate physics majors (50 %) selected choice D as their answers and 3 out of 5
graduate students in physics education departments (60 %) also selected this choice. Some students
(20 %) in both departments chose answers that included constant wavelength (see choice C) showing
their difficulty in understanding the concept of probability of the wave function. Another possible
reason for students not selecting the correct answer of this item could be their poor understanding of
the relationship between probability density and the momentum of the particle. In a follow-up
interview some of the students argued that the smaller kinetic energy in the middle gives smaller
amplitude to the wave function. This reasoning can be interpreted as resulting from students’
knowledge of the classical wave phenomena. This result constitutes another example of students using
their classical knowledge for explaining quantum mechanical concepts. It is very ordinary for the
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students to use the classical models to explain the quantum mechanical phenomena since they may not
be familiar with or provided an appropriate quantum mechanical model.

The plot below shows potential energy fimction Vix) versus x, of a symnetnic nfinite
well. The nfinite well is of width Za and Vix)@=Vy-[(1+x)a]. for x between (-a, 0) and
Vix)FEVy-[(1-x)a], for x between (0, +a).

Which one(s) of the figures below iz/are most likely to be a physically acceptable energy
eigenstate solution(s) for the ime-independent Schridinger equation for this well?
A Only I B) Only II

C)y Omly III D31 and IIT
Explain your choice:

() [

=

-—a

IT

() [

\nﬂ/\i/\\

-a

L
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Figure 2: A linear potential well question from the QMCT.

Table 3: Distribution of Graduate Level Students’ Answers to the Probability Density of a
Particle in a Given Linear Potential Well.

Students’ Distribution of the graduate students’ responses
Major
Only I Only 1T Only III Iand IIT
N f N f N f N f
Physics 2 20 % 1 10 % 2 20 % 5 50 %
(N=10)
Physics Education 1 20 % - 0% 1 20 % 3 60 %
(N=5)
Total (N=15) 3 20 % 1 7 % 3 20 % 8 53 %
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Only two of the interviewed graduate students were able to explain the correct reasoning for
item 17. Below are the excerpts from those interviews.
S3: ...I am not sure, but I think the probability amplitude of the wave function must be
decrease with time, while the kinetic energy of particle increasing...
S4: ...the momentum of the particle takes the minimum value in the middle of the potential
well. For this reason, the probability amplitude must take the biggest value...

We have determined similar incorrect results for this item (item 17) among undergraduate
physics and physics education majors (see Table 4). Most of the students (39 out of 95 undergraduate
students) picked the distracter (choice D). This shows that the students have many difficulties with
associating the wave function with the kinetic energy of the particle which is moving in the given
potential well. In interviews we encountered that the most of the students were not able to elucidate
the qualitative reasoning based on time and momentum. On the other hand, some undergraduate
students do not know the relation between the wave number and the kinetic energy of the particle.
Because of this reason 19 students selected the incorrect choice B where the probability density is
Zero.

Some undergraduate students (28 out of 95), who used a semi-classical argument in answering
the item 17, marked the correct choice. According to this argument the particle has smaller kinetic
energy and velocity around the middle of the potential well causing to spend more time in this region.
Because of this reason, the amplitude of the wave function is larger than the left and right side of the
potential well.

Table 4: Distribution of Undergraduate Level Students’ Answers to the Probability Density of
a Particle in a Given Linear Potential Well.

Students’ Distribution of the undergraduate students’ responses
Major
Only I Only I Only III Iand IIT
N f N f N f N f

Physics 18 36% 6 12 % 2 4 % 24 48 %
(N=50)

Physics Education 10 22% 3 7 % 17 38% 15 33 %
(N=45)

Total (N=95) 28 30% 9 9% 19 20% 39 41%

Due to the non-linear potential well, the velocity of the particle is not constant with time. The
larger kinetic energy in the right and left sides results in a larger wave number and smaller wavelength
for the wave function. Therefore, the wave function behavior must be symmetrically relative to the
center of the potential well and the wavelength of the particle decreases when it moves towards the
ends of the potential well.

6. CONCLUSION

Our investigation including a multiple-choice test and semi-structured interviews shown that
students had various common conceptual difficulties about the potential well phenomenon and
probability density of tunneling particles concepts covered in the upper class quantum mechanics
courses. Independent of their educational levels (graduate-undergraduate), students share similar
difficulties with fundamental concepts such as kinetic energy and total energy of tunneling particles,
solution of Schrodinger’s equation in quantum mechanics. In this study, the most common student
difficulties were based on the classical mechanics concepts had been identified. These results are
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comparable with the study of Morgan (2006) which identified students’ main difficulties in tunneling
concept were the ideas which had some traces about classical physics reasoning. Quantum mechanics
differs from classical mechanics with its complicated mathematical notation and conceptual scheme.
On the other hand, five undergraduate students mentioned that energy was definitely lost during the
tunneling process. This result is well known from earlier studies of Morgan et al. (2004) and Redish et
al. (2000). Instructional strategies that focus on improving student understanding of quantum tunneling
concepts should take these difficulties into account.
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APPENDIX

We reproduce here, as examples, one page from the latest version of the QMCT indicating the

standard format of the questions.

10. Assume that the wave function of a free particle isy/(7,¢) . What is the expression
‘l//(?, t)‘ ’ equal to?

A) Charge distribution of the particle

B) Probability amplitude

C) Position probability distribution

D) The probability for the particle to be at the position 7 at time t.

12. Which one of the following expressions is true for a particle moving in x direction with energy

E(V, as shown in the figure?

RegionI ~ O Region II Region III

A) Total energy in region I is the same as the total energy in region II

B) Kinetic energy of the tunneling particle is the same in region I and in region II
C) Total energy in region I is less then the total energy in region II

D) Potential energy of the particle is decreased.

20. The wave function of a particle is shown Y(x
in the figure (IxI>3a, W(x)—0). What is the
probability to find the particle between [-2a,-a] ? -
A) 121/161 .
B) 11/23 : —_— A
C) 121/229 —_— R SA
D) 11/26 i . N
E) 11/30 | | . | |
< ! ! ! i |
-3a -2a a +a +2a +3a
3A !
YN —
v
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GENIiSLETIiLMiS OZET

Kuantum mekanigi doganin yasalarina iligkin fikirlerde paradigma kaymasina sebep olan fizik
alanlarindan birisidir. Bu nedenle kuantum mekanigi kavramlarinin anlasilir bir bicimde 6gretilmesi
onemlidir (Penrose, 1989) ciinkii kuantum mekanigi bilim adamlarina atomik sistemler hakkinda
hesap ve deneyler yapma imkani saglayarak bilgi elde etmeyi ve nihayetinde yeni teknolojilerin
gelistirilmesine imkan saglar (Faye, 2002).

Kuantum mekanigi bir¢ok agidan Newton mekaniginden farklilik gosterir. Kavramlarin soyut,
sezgi karsit1 olmasi ve matematiksel formalizminin klasik mekanige gore alisilmisin disinda olmasi
kavramlarin anlasilmasinda zorluklara sebep olur. Ayrica kavramlarin giinliik hayatla baglantilarinin
kurulamamasi kuantum mekanigini tiniversitelerin fizik ile ilgili bolimlerinin miifredatlarinda en zor
derslerden birisi kilar. Bu alanda yapilan calismalar temelde kavram O&gretimine ve kavram
yanilgilarinin (Styer, 1996) belirlenmesine dayanir. Bu calismanin amaci 6grencilerin kuantum
mekaniginin temel kavramlarindan olan bir boyutlu potansiyel kuyu problemleri ve tiinelleyen
parcaciklarin olasilik yogunluklariyla ilgili kavramsal zorluklarini tespit etmektir.

Potansiyel enerji diyagramlarinin kuantum mekaniginde biiyiik énemi vardir (Jolly, Zollman,
Rebello, & Dimitrova, 1998) ciinkii bariyeri gecmeye yeterli enerjisi olmayan parcaciklarin bariyeri
gecmesinin miimkiin olmayist klasik mekanikte gecerli olsa da kuantum mekaniginde durum daha da
karmagiktir. Parcacigin bariyere niifuz ederek yasak bolgede gozlemlenmesi olayina tiinel olayr adi
verilir (Krane, 1996, p.164). Tiinel olay1 kendisine karsilik gelen bir olayin bulunamamasi fikriyle
bazen Ogrenciler tarafindan fiziksel bir olay olarak goriilmez. Alfa 1simasi bu konuda tiinel olayina
ornek olarak verilebilir. Ayrica bu konuda tiinel diyotu ve taramali tiinel mikroskobunun calisma
prensibinden de kuantum mekanigi derslerinde bahsedilebilir (Krane, 1996, p.164).

Bu calisma Kuantum Mekanigi Kavram Testi’nin (KMKT) gelistirilmesi ve uygulanmasi ve
uygulanan test sonuglarina gore segilen 6grencilerle miilakatlarin yapilmasi olarak iki temel kisimdan
olugmaktadir. KMKT secilen ii¢ iiniversitenin fizik ve fizik egitimi boliimlerinde 95 lisans, 15
lisansiistii Ogrenciye uygulanmistir. Orneklemden segilen 10 Ogrenci ile yari yapilandiriimis
miilakatlar yapilmistir. Toplanan nicel verilerin analizinde SPSS (Statistical Package for the Social
Sciences) paket programi kullanilmis olup, nitel veriler aragtirmacilar tarafindan kodlanarak bireysel
ve grup uzlasmali olarak analiz edilmistir.

Yapilan bazi miilakatlarda fizik 6gretmeni aday1 bir 6grencinin potansiyel kuyusunu somut bir
kuyu gibi algiladigi tespit edilmistir. Ayrica parcacigin kagma olasiligma iliskin agiklamalarinin
ezbere dayali oldugu ve bu konuda net agiklamalarinin bulunmadigr goriilmiistiir. Bu baglamda diger
bulgularla birlikte zorluklarin nitel/kavramsal anlamaya iliskin oldugu sdylenebilir. Bu bulgular Singh,
Belloni, ve Christian (2006)’ in ¢alismalarinda elde edilen bulgulara paraleldir.

Teste yer alan 17. soruya iliskin cevaplar Tablo 1 ve Tablo 2 de ozetlenmistir. Bu sorunun
amaci O0grencilerin tiinelleyen parcacigin enerjisi hakkindaki kavramsal zorluklar1 ortaya ¢ikartmaktir.
Bu tablolardan da goriildiigii gibi birgok 6grenci (37 lisans 6grencisi ve 6 yiiksek lisans dgrencisi)
tiinelleyen parcacigin farkli bolgelerdeki enerji kavramlarini (potansiyel, kinetik ve toplam enerji) tam
olarak kavrayamamislardir. Lisans Ogrencilerinin biiyiik bir kismi (95 lisans 6grencisinden 58’1)
potansiyel engeli sorusunu dogru olarak cevaplamislardir. Ancak bu ogrencilerin bir kismi (58
ogrenciden 18 lisans Ogrencisi) tiinelleme sirasindaki enerji doniisimiinii  yanlis olarak
yorumlamislardir. Bu 6grencilerin cevaplarina gore, tiinnelleyen parcacigin 1. ve II. bolgedeki dalga
boylar1 ayn1 degere sahiptir. 12 lisans 0grencisi de ayn1 nedenle pargacigin kinetik enerjisinin her iki
bolgede de aymi olacagi yorumunu yaparak soruyu yanlis cevaplandirmislardir. Ayrica 95 lisans
ogrencisinden 25’1 de parcacigin potansiyel bariyerini asabilmesi icin toplam enerjisinin bir kismini
kaybetmesi gerektigini iddia etmistir.

KMKT testinde bulunan baska bir madde yardimiyla ise, verilen lineer bir potansiyel kuyusunda

hareket eden bir parcacik icin en uygun dalga fonksiyonunun ne olmasi gerektigi sorulmustur (Sekil
2). Bu sorunun amaci, potansiyel kuyusu icinde hareket eden bir parcacigin kinetik enerjisi ile olasilik



O.0OZCAN-N.DIDIS-M.F.TASAR | H. U. Egitim Fakiiltesi Dergisi (H. U. Journal of Education), 36 (2009), 169--180

dagilimi arasindaki iliskinin 6grenciler tarafindan nasil yorumlandigini ortaya koymaktir. Fizik egitimi
ve fizik bolimi yiiksek lisans Ogrencilerinin % 50’sinden fazlast bu soruyu yanlis
cevaplandirmislardir  (Tablo 3). Ogrencilerin biiyiik bir kismi cogunlukla D  secenegini
isaretlemislerdir. D secenegi, dogru cevap olan A secenegine ¢ok benzemesine ragmen, grafige gore
zaman iginde sabit bir dalga boyu soz konusudur. Bu sonug, Ogrencilerin artan dalga boyunun
parg¢acigin momentumunun azalmasina neden olacagi yorumunu yapamadiklarint gostermektedir.
Ogrencilerin bu soruya dogru yanit verememelerinin baska bir nedeni ise, parcacigin momentumu ile
olasilik yogunlugu arasindaki iliskiye yonelik kavramsal zorluklara sahip olmalaridir. Test sonuglarina
gore secilen Ogrencilerle yapilan goriismelerde, parcacigin dalga fonksiyonunun olasi dagilimina
yonelik kavramsal zorluklarin oldugu tespit edilmistir. Goriismelerde Ogrencilerin potansiyel
kuyusunun ortasinda kinetik enerjinin en kiiciik degeri alacagi ve bu nedenle de dalga fonksiyonu
genliginin kiiclik olacagi yorumlarr 6grenciler tarafindan sikca dile getirilmistir. Bu sonuca bakarak
ogrencilerin kuantum mekaniksel sistemleri agiklamak icin klasik fizik kavramlarini kullandiklarini
sOyleyebiliriz. Fizik ve fizik 6gretmenligi lisans 6grencilerinin bu soruyla ilgili yanitlarinin dagilimi
Tablo 4 de verilmistir. 95 lisans 6grencisinden 39’u ¢eldirici sik olan D secenegini isaretlemislerdir.
Bu sonug lisans dgrencilerinin potansiyel kuyusunda hareket eden bir parcacigin kinetik enerjisi ile
dalga fonksiyonu arasindaki iliskiyi yorumlamada giicliik ¢ektiklerini gdstermektedir. Bu 6grencilerin
bazilar1 ile yapilan goriismelerde, parcacigin potansiyel kuyusunun farkli bolgelerindeki
momentumlar: ile bu bolgelerde harcadiklart zaman arasindaki iliskiyi nitel olarak muhakeme
edemedikleri tespit edilmistir. Ayrica bazi1 Ogrencilerin, dalga sayisi ile kinetik enerji arasindaki
iligkiye yonelik yanlis kavramsal bilgilere sahip olduklar1 da gézlenmistir.

KMKT uygulamasindan ve dgrenci miilakatlarindan elde edilen sonuglara gére &grenciler
potansiyel kuyu ve tiinelleyen parcaciklarin olasilik yogunlugu konularinda kavramsal zorluklar
yasamaktadirlar. Bu zorluklar Ogrencilerin lisans ya da yiiksek lisans egitim diizeylerinden
bagimsizdir. Bu c¢alismada 6grenci zorluklarinin bir kisminin klasik mekanik kavramlari temelli
oldugu tespit edilmistir. Ayrica, lisans Ogrencilerin tiinelleme sirasinda enerji kaybina iliskin
aciklamalar: da literatiirle uyum gostermektedir (Morgan, Wittmann, & Thompson, 2004; Redish,
Wittmann, & Steinberg, 2000). Bu nedenle, kuantum mekanigi derslerinde 6grencilerin bu konularda
yasadiklar1 kavramsal zorluklar goz oniine alinmalidir.



