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Abstract

The aim of this study was to determine whether alternative conceptions
about interference and diffraction do indeed exist, to identify the most
important of these conceptions and to determine whether these
conceptions relate to textbooks, as one of the main sources of students’
knowledge. An analysis of secondary level textbooks and tertiary level
non-calculus textbooks revealed that presentations of constructive and
destructive interference, diffraction and other related aspects are treated
inconsistently and in some cases contradictorily by different authors. The
research instrument was a Physical Optics test which Physics students of
the Technikon Pretoria wrote. This test reveaied that alternative
conceptions on elementary principles of interference and diffraction of
light do exist and that they relate to textbook presentations. This study
reveals that (i) the terms in phase and out of phase are not consistently
used in different textbooks; (i) the definitions of constructive and
destructive interference in terms of phases cause major alternative
conceptions; (i) the interrelation between interference and diffraction is
not clarified.
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MOTIVATION FOR THE STUDY

Personal experiences as a physics lecturer at the Technikon Pretoria
suggested that tertiary level students experience problems with the concepts
of interference and diffraction of waves.

In particular, in analytical chemistry, the diffraction grating is a fundamental
component of the spectrometer. The operation of the diffraction grating is
based on the fundamental principles of interference and diffraction of light.
This study investigates students' conceptualisations on interference and
diffraction to determine if these alternative conceptions could lead to
problems when applied to the diffraction grating.

The researcher is of the opinion that different textbook presentations of these
phenomena lead to alternative conceptions.

The aim of the study is to:

s determine whether alternative conceptions about interference and
diffraction do indeed exist;

= jdentify the most important of these alternative conceptions;

» consider whether textbooks, as one of the main sources of students’
knowledge, contribute to alternative conceptions.

it
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DEFINITION OF TERMS

The terms defined in this section are the researcher's definitions to clarify
their use in this study, except where otherwise noted.

Alf~-native conceptions: The wide range of ideas held by students, and
sometimes even by educators, that differ from the consensus model
deveoloped by the scientific community. The term afternative conceptions is
being used in preference to misconceptions. Modern science educators
believe that students' prior notions may have some utility in anchoring new
conceptions, while the term mis-conceptions implies that these ideas are
completely wrong (mis = wrong).

Optics: The study of fight subdivided into geometrical optics and physical
optics. For geometrical aptics the rectilinear propagation, described by the
ray model, is the principal characteristic of light needed for understanding.
This includes the formation of images by mirrars and lenses. For physical
optics the wave nafure of light is essential for complete understanding. This
includes the total effect of a number of waves arriving at one point.
Interference and diffraction, and therefore this study, focus on physical
optics.

Secondary education: The South African school system requires twelve
years of education. The first seven years are referred to as primary
education, and the last five years as secondary education. Secondary
education is completed at the end of grade 12 (previousty standard 10) by the
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writing of a public examination which gives the student a matriculation
exemption certificate, subject to certain minimum pre-conditions.

Tertiary education: Tertiary institutions in Scuth Africa include universities
and techinikons. This is an education level beyond grade 12. The
matriculation exemption cert'ificate is a prerequisite to study at a tertiary
institution.

Textboolk: A book designed for students (and teachers) as a written guide to
the subject content of a course of study. It presents data, explains the
relationships among presented data, iliustrates by means of graphs,
diagrams, photographs and drawings and evaluates by means of application
of concepts in exercises, study questions and practice materials (Deighton,
1971:210).

Wave motion: This includes the motion of all kinds of sinusoidal waves e.g.
water waves, sound waves and electromagnetic waves, which have a number
of properties in common. Although this study is about light, which is an
electromagnetic wave, it is sometimes helpful to refer to other types of waves
for better understanding.
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3.1

LITERATURE REVIEW

Origin and Sources of Alternative Conceptions

Children do not come to classrooms with empty minds, hecause they develop
beliefs about the things that happen in their surroundings from the very
earliest days of their lives (Driver, 1983).

The origin of alternative conceptions is experieiice and aobservation,
language and cultural influence, textbooks and traditionai teaching (Driver &
Head, 1986).

The textbook is the dominant teaching tool in colleges and secondary schools
(Ennis & Schlipf, 1966, quoted by Deighton, 1971:214). Since then several
studies reveal that science textbooks are one of the major influences on
students and teachers (Dall'Alba, Walsh, Bowden, Martin, Masters, Ramsden
& Stephanou, 1993; Potter, 1992, quoted by Whiteley, 1996:169; Whiteley,
1996:173).

Dall'Alba ef al. (1993) state that a single science textbook often provides the
syllabus for courses at upper secondary and tertiary levels, and may be used
as a principal source of information or explanation. In cases where students
rely substantially on a single text in developing their understanding,
misleading or inaccurate statements in textbooks may have considerable
impact. In his study on acceleration he found that some students'




5
Research Project

Alternative Conuetiras Sanceriing Intertei 15 and Diffraction of Light

3.2

understandings are incomgiete in ways that parallel misleading or inaccurate
textbook treatments.

According to The Encyclopedia of Education (Deighton, 1971:210-212) a
textbook is not the sole instrument of instruction. n the hands of pooriy
motivated teachers textbooks are capable of misuse. In the first place it is
not possible for any written record to be completely current and up-to-date.
Supplementary materials, current journale, magazines and reports are
needed to update textbook content. In the second place certain kinds of
learning experiences cannot be presented through the printed page. In the
third place textbooks are produced for a nation-wide market and cannot take
into accolint significant regional variations and student abilities within a given
grade level. The pragmatic answer to the problem is that the average
textbook be addressed to the large middle group in ability levels and that
teachers not rely on the textbook to do all the work but mediate, as
necessary, between textbooks and students.

Alternative Conceptions about Light

During the last decade educators and researchers have become increasingly
concerned about the prevalence of alternative conceptions in a number of
science subjects. Consequently alternative conceptions have become a
focus for studies in science education (Boyes, 1988; Jacobs, 1989; Rowell,
Dawson & Lyndon, 1990; Treaqust, 1988; Veiga, 1989). Research on
science education has been done in various topics of physics, e.g. force
(Galili & Bar, 1992), pressure (Rollnick & Rutheriord, 1993), energy (Duit &
Haeussler, 1994), electricity (Saxena, 1992) and optics (Driver, Squires,
Rushworth, Wood-Robinson, 1994; Guesne, 1993; Palacios, Cazorla &
Madrid, 1989; Pietersen, 1993; Watts, 1985).
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To date little research on students' ideas of physical optics has been done.
After a thorough literature search the researcher couid not obtain any
comprehensive research on students' ideas of interference and diffraction.
Some aspects of interference and diffraction are mentioned in the following
studies:

(i) Driver ef al. (1994:128) state that children develop ideas about natural
phenomena before they are taught science in school. The term light is one
of which all youngsters have some informal understanding from a very early
age (Watts, 1985). Seldom do teachers or pupil textbooks give a definition of
what light is beyond it being a form of energy. The nature of light is taken for
granted, whilst its properties are explored. Young people, then, are by and
large in the position of naving to construct their own conception of the nature
of light, unaided by scientific instruction. Common school textbooks do not
take into account the possibility of students having their own ideas. For
students to accept the correct scientific lieas, fiey must be intelligible,
plausible and fruitful (Hewson, 1981), in terms of their conceptions prior to
instruction,

(i) Watts (1985) mentions the example of the principle of superposition, that
must be introduced in such a way as to seem a reasonable trade for students’
own theories of how light works. He emphasises that the presentation and
language must at least be dealt with in a way that makes sense.

(iii) In a study done by Pietersen (1993) on students' conceptions of light, the
phenomena of diffraction and interference of light received some attention
as part of a concept map. In an interview a student mentioned that light does
diffract around obstacles in their path. He explained diffraction as follows:
When radiation strikes an obstacle in its path, part of the radiation is slowed
down, while the rest of the radiation stays at basically the same speed, which
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3.3

3.3.1

results in the bending of the light around an obstacle. The researcher did not
take this alternative conception on diffraction further.

(iv) In research done by Guesne (1993) on the rectilinear propagation of

light and shadow formation, diffraction is not even mentioned.

Beyond these peripheral references to diffraction and interference the
researcher is of the opinion that the importance of diffraction and interference

is neglected in research.

Interference and Diffracticn

Historical Development

The nature and properties of light have been a subject of great interest and
speculation since ancient times (Serway & Faughn, 1985:567).

Until the time of Newton (1642-1727) most scientists thought that light
consisted of streams of some sort of particles emitted by light sources (Sears,
Zemansky & Young, 1991:812). At about the same time it was suggested
that light might be a wave phenomenon. Diffraction effects were observed by
Grimaldi as early as 1660, but most scientists rejected the wave theory and
adhered to Newton's particle theory for more than a century (Serway &
Faughn, 1985:570). By contrast Christiaan Huygens was a firm believer in
the wave theory of light. In 1678 he stated his famous Huygens' principle,
which is a geometrical construction for finding from the known shape of a
wave front at some instant, the shape of the wave front at some later time
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(Miller, 1982:571; Sears, Zemansky & Young, 1991:830). This principle
reinforced a wave theory of light (Mulligan, 1991:620)!

in 1803 the historic double-slit experiment of Thomas Young showed that
light beamns can interfere with one another, which added further evidence to
the growing belief in the wave nature of light (Serway & Faughn, 1985:567).
In 1816, Augustin Fresnel presented to the French Academy a wave theory of
light that predicted interference and diffraction effects, although much of his
work had been done earlier by Young (Giancoli, 1980:569). In 1818 the
French mathematician Poisson predicted the existence of a bright spot in the
very centre of the shadow of a 3 mm diameter steel ball, and the diffraction
pattern was observed almost immediately after that by Arago (Sears,
Zemansky & Young, 1991:902). Littie opposition to the wave theory

remained!

The next great step was taken in 1873 by Maxwell, who predicted the
existence of electromagnetic waves and calculated their speed of
propagation. This development, along with the experimental work of Hertz
starting in 1887, showed conclusively that light is indeed an electromagnetic
wave phenomenon (Sears, Zemansky & Young, 1891:812).

The Michelson interferometer, named after the American physicist Albert
Michelson, played an interesting role in the history of science during the latter
part of the nineteenth century. In 1887, Michelson and Morley used the
Michelson interferometer in an attempt to detect the motion of the earth
through the ether (the medium in which it was belicved [at the time] that the
propagation of light waves occurred). This motion was not detected in the
Michelson-Morley experiment. This negative result baffled physicists until
Einstein developed the special theory of relativity in 1905 (Sears, Zemansky
& Young, 1991:898-500).




9
Research Project

Alternative Conceptions Concerning interference and Diffraction of Light

At the beginning of the 20th ceniury, Albert Einstein returned to the particie
theory of light in order to explain phenomena iike the photoelectric effect,
because the wave nature of light has its limitations (Serway & Faughn,
1985:667). Several phenomena associated with emission and absorption of
light reveal particle properties. These appareritly contradictory wave and
particle properties have been reconciled only since 1930 with the
development of quantum mechanical theory which accepts the dual nature of
light, having both wave and particle properties. Propagation of light,

I

interference and diffraction are best understood by the wave properties
(Sears, Zemansky & Young, 1991:812).

3.3.2 Textbook Presentation

According to Dall'Alba et al. (1993), textbocks present a variety of different
definitions of a concept, because a definition depends on the situation.
Therefore it is difficuit to give the ultimate definitions of interference and
diffraction.

3.3.21 South African Secondary Levei Textibook Presentation

Two different series of secondary school textbooks are investigated. The
reason for their choice is availability to the researcher from two secondary
schools in the vicinity. ’

These two series are:
(i) Brink B du P & Jones RC. Matuur- en Skeikunde (Standerds 8 & 9).

(i)  Heyns GF, De Villiers G, Gibbon DB, Jordaan AS, Naidoo LR & Fowler
WG. Physical Science 2000 (Standards 8 & 9).
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The phenomena of interference and diffraction are introduced in grades 10
and 11 (previously known as standards 8 and 9). In grade 10, these
phenomena are described as properties of waves. In grade 11, the
phenomena of interference and diffraction are explained in more detail.

in grade 10, Heyns et al. (1987:18-25) illustrate diffraction patierns around
barriers, followed by interference patterns from two point sources, with a
ripple tank on an overhead projector, which is projected on a vertical screen.
Diffraction is the bending of waves around the edges of an aperture. The
degree of diffraction depends on the width of the aperiure, relative to the
wavelength. Construcfive interference occurs where the waves arrive in
phase (where two troughs or two crests meet) and the amplitude is a
maximum. On the screen the very bright spots will represent constructive
interference due to the crests and the dark spots will represent constructive
interference due to the troughs. Destructive interference occurs where waves
arrive in opposite phase (where a crest meets a trough) and the resultant
amplitude is zero, because the disturbances cancel each other. On the
screen the grey spots will represent destructive interference. Interference is
a result of diffraction.

In grade 11 Heyns et al. (1989:87-82) start with the principle of superposition:
Whenever two or more waves cross each other, the resultant displacement of
the particles of the medium at any point and at any time is calculated by
adding up the instantaneous displacements which would be produced by the
individual waves if they were the only ones present. Interference is explained
by applying the principle of superposition, as well as the path length
differences of waves. Interference occurs when circular waves from two
coherent sources intersect. Constructive interference takes piace when two
pulses reinforce each other. When two waves are exactly in phase,
constructive interference will resuit.  Destructive interference takes place
when two pulses diminish each other. When two waves are exactly half a
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wavelength out of phase, destructive interference will result. Should the two
waves have exactly the same amplitudes, the two waves will cancel each
other out completely and there will be zero disturbance. Huygens was the
first person to realise that diffraction is actually a form of interference.
Diffraction is the phenomenon that the end of a wave that passes an obstacle
changes direction. Heyns et al. then discuss interference and diffraction
patterns of light in terms of double slit interference, while single slit diffraction
is also investigated. The interpretation of the interference pattern of light
waves in Young's double slit experiment differs from the pattern produced by
water waves in the ripple tank: The bright lines are due to constructive
interference, while the dark lines are due to destructive interference.

In grade 10, Brink & Jones (1986a:6-11) iliustrate interference patterns (not
diffraction) as a property of weves. Constructive interference is described as
the area of an interference pattern where maximum displacement occurs. A
bigger amplitude results when two crests (or troughs) meet. Destructive
interference is described as the area of an interference pattern where zero
displacement occurs. When a crest and a trough meet, they cancel each
other. When the amplitudes are equal, complete cancellation results, which
is destructive interference.

In grade 11, Brink & Jones (1986b:56-57) start with the principle of
superposition: When two waves in the same medium meet, the instantaneous
displacement of the medium at any point equals the algebraic sum of the
displacements of the individual waves. Here the conditions for constructive
and destructive interference are described as follows: Constructive
interference occurs when waves are in phase. Destructive interference
occurs when waves are out of phase, although cancellation is not complete.
Brink & Jones continue with diffraction in terms of Huygens' principle and as
a special case of interference. Interference patterns are explained in terms of
the path length differences of waves. To see fixed interference patterns, the
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importance of coherent sources are stressed. Then the wave properties of
light are introduced by means of the double siit interference and single slit
diffraction patterns. The diffraction grating is introduced as an instrument to

produce light spectra.

3.3.2.2 Tertiary Level non-calcuius Textbock Presentation

A study done by George (1994) lists the names of the nine most popular
textbooks used on one-year, non-calculus physics courses in American and
Canadian colleges and universities as follows. (The percentage indicates the

number of institutions using that particular textbook.)

(i) Serway RA & Faughn JS. College Physics. 27 %
(i)  Cutnell JD & Johnson KW. Physics. 21 %
(i)  Giancoli DC. Physics. 18 %

(iv)  Jones ER & Childers RL. Contemporary Coliege Physics. 8 %
(v)  Sears FW, Zemansky MW & Young HD. College Physics. 5%

(vi) Beiser A. Physics. 3%
(vii) Miller F & Schrorer JD. Coilege Physics. 2%
(vii) Mulligan JF. Introductory Coliege Physics. 2%
(ix)  Nolan PJ. Fundamentals of College Physics. 2%

Although not mentioned as one of the nine most popular textbooks, it is
worthwhile adding to these the presentation of interference and diffraction of

the foliowing textbook:

Halliday D, Resnick R & Walker J. Fundamentals of Physics.
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According to the above-mentioned authoritative tertiary level textbooks,
interference and diffraction and related concepts are presented as follows:

Sears, Zemansky & Young (1991:889) remark that for the understanding of
interference and diffraction phenomena, which are inherently wave
phenomena, the principles of physical optics are necessary. Whsan several
waves overlap at a point, their total effect depends on the phases of the
waves as well as their amplitudes.

Two common features of all waves are that a wave is a disturbance that
propagates with time from one region in space to another with a definite
speed, and a wave carries energy from one region in space to another
(Beiser, 1986:279; Cutnell & Johnson, 1995:483; Giancoli, 1980:286-287,
Jones & Childers, 1993:407; Nolan, 1995:321,323; Sears, Zemansky &
Young, 1991:479; Serway & Faughn, 1985:325).

(a) Interference

o Interference is described by Giancoli (1980:297) and Sears, Zemansky &
Young (1991:500) as the general term used to describe phenomena that
result from two or more waves passing through the same region at the
same time.

s Interference is the result of superimposing two or more waves on the
same medium (Mulligan, 1991:288).

¢ Interference between two waves results in amplitude variations as a
function of distance or as a function of time (Mulligan, 1991:308).

o Two sound waves of slightly different frequencies travelling through space
in the same direction cause beats, Beats occur because there is
constantly a change from a situation where the two waves interfere
constructively to one where they interfere destructively at a later time
(Mulligan, 1891:309).
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o The principle of linear superposition is used to determine the total
displacement at any point and at any instant of time (Sears, Zemansky &
Young, 1991:890).

e The principle of superposition governs interference (Beiser, 1986:650).

(b)  Linear Superposition

o The principle of linear superposition states that when two or more waves
of the same nature are present simultaneously at the same place, the
re! Jtant displacement at any point and at any instant may be found by

adding the instantaneous displacements that would be produced at the
point by the individual waves if each were present alone (Beiser,
1986:290; Cutnell & Johnson, 1995:522; Noilan, 1995:336; Sears,
Zemansky & Young, 1991:890; Serway & Faughn, 1985:330).

o Beiser (1986:283) describes what happens to the wave energy during
complete cancellation, when two pulses move along a string towards each
other, with one of the pulses inverted relative to the other. According to
the principle of superposition, if the pulses have the same sizes and
shapes, their displacements ought to cancel out when they meet, oniy to
reappear later on, after they have passed the crossing point. At the
instant of complete cancellation, the total energy of both pulses resides in
kinetic energy of the string segment where cancellation occurs.

e According to Jones & Childers (1993:42.2), if two pulses are started along
a rope at opposite ends, the waves will meet, pass through each other,

and continue their motion as if nothing had happened.

(c)  Constructive Interference

o Constructive interference or reinforcement results from the addition of

amplitudes of waves, from two or more sources arriving at a point in

e A———— S ATREYMAD
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phase (that is crest-to-crest or trough-to-trough) (Sears, Zemansky &
Young, 1991:891).

According to Beiser (1986:650) constructive interference refers to the
reinforcement of waves in phase with one another.

When two waves are in phase with each other, the waves are said to
exhibit constructive interference or a bright fringe (Nolan, 1995:338).
Serway & Faughn (1985:331) and Mulligan (1991:288) illustrate
constructive interferencs with two overlapping waves having the same
amplitude and frequency.

Serway & Faughn (1985:615) describe constructive interference as a
state where the amplitude of the resultant wave is greater than that of
either the individual waves.

The bright lines on the screen of Youag's double slit experiment are the
result of waves combining constructively (Serway & Faughn, 1985:617).
Sheuld two waves with the same wavelength come together in such a way
that crest meets crest and trough meets trough, the resulting composite
wave will have an amplitude greater than that of either of the origina!
waves and the waves interfere constructively with each other (Beiser,
1986:290).

When waves arrive at a point in the same part of their cycles, they
interfere constructively (Beiser, 1986:653).

According to Jones & Childers (1993:422) when two waves meet and the
displacement of the two waves are in the same direction, the resulting
wave has a larger amplitude. The two waves are said to be in phase, and
the resulting build-up of amplitude is called constructive interference.
Jones & Childers (1993:660) describe constructive interference as two
waves with the same frequencies arriving at the same point with the same
phase. The result is an amplitude that is greater than the amplitude of
either wave alone. The amplitude of the resulting wave is a maximum
when the two contributing wave crests (and subsequently the troughs)

arrive at the same time.
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» When two waves with the same frequency and amplitude are in phase,
they interfere constructively, since at every point the displacements
produced by the two waves add constructively (Mulligan, 1991:289).

o Giancoli {(1980:297) describes constructive interference with two wave
pulses on a string, both crests, travelling towards each other with the
same amplitude. In the region where they overlap the resultant
displacement ié the algebraic sum of their separate displacements. The
resultant displacement is greater than that of either pulse and the result is
called constructive interference. Where two sets of water waves interfere
with one another, constructive interference occurs where crests of one
wave meet crests of the other (and troughs meet troughs). The water
oscillates up and down with greater amplitude than either wave
separately. The two waves are in phase.

o When two sinusoidal ‘vaves of the same wavelength and amplitude meet
in phase, their interference is (fully) constructive (Halliday, Resnick &
Walker, 1993:496).

e The condition for constructive interference occurs whenever the path
length difference for two wave sources vibrating in phase is an integral
muitiple of the wavelength (Beiser, 1986:654; Cutnell & Johnson,
1995:524-525 870; Giancoli, 1980:567; Jones & Childers, 1993:660;
Muliigan, 1991:622; Nolan, 1995:813; Sears, Zemansky & Young,
1991:891).

(d) Dastructive Interference

o Destructive interference or cancellation results when waves from two
sources which are permanently it phase, arrive at a point exactly a half-
cycle (180°) out of phase (that is crest-to-trough), and the resultant
amplitude which is the difference of the two individual amplitudes, is zero.
The amplitudes are equal (Mulligan, 1991:289).
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Destructive interference occurs when waves are 180° out of phase and
the resultant wave is zero everywhere, thus producing zero light and a
dark fringe (Nolan, 1995:338,814).

According to Beiser (1986:650) destructive interference refers to the
partial or complete cancellation of waves out of phase with one another.
Cutnell & Johnson (1995:525) say that at locauu.s where neither
constructive nor destructive interference occurs, the two waves partially
reinforce or partially cancel.

Describing Young's double slit experiment, Sears, Zemansky & Young
(1991:894) again refer to destructive interference as complete
cancellation.

Serway & Faughn (1985:331) illustrate destructive interference with two
waves with the same amplitude and frequency where the resujtant wave is
seen to be a state of complete cancellation.

With sound waves Serway & Faughn (1985:352) illustrate destructive
interference where the two path lengths differ with half a wavelength, no
sound will be detected at the receiver. Later Serway & Faughn
(1985:615) describe destructive interfererice as the resultant amplitude
being less than that of either of the individuai waves.

The dark lines on the screen of Young's double slit experiment are the
result of waves combining destructively (Serway & Faughn, 1985:617).
Should two waves come together in such a way that crest meets trough
and trough meets crest, the composite wave will have an amplitude less
than that of the larger of the original waves and the waves interfere
destructively with each other (Beiser, 1986:290).

According to Jones & Childers (1993:422) when two waves meet and the
displacements are in opposing directions, these waves are said to be out
of phase, and their amplitudes tend to cancel. This effect is called
destructive interference.

When waves from two sources with the same frequency arrive exactly out
of phase, destructive interference occurs and the resulting wave is
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diminished. If the two sources have the same amplitudes, destructive
interference resuits in zero net amplitude (Jones & Childers, 1993:661).
Giancoli (1980:297-298) describes destructive interference as the result
when two wave pulses on a string travelling towards each other with the
same amplitude, one a crest and the other a trough. In the region where
they overlap the resultant displacement is the algebraic sum of their
separate displacements. The two waves oppose one another as they
pass by and the result is called destructive interference. Where two sets
of water waves interfere with one another, destructive interference occurs
where water actually does not move at all; that is where a crest and a
trough meet. The two waves are out of phase.

When two sinusoidal waves of the same wavelength and amplitude meet
out of phase their interference is destructive (Halliday, Resnick & Walker,
1993:496).

Partial destructive interference is the result in most areas wherg the
relative phases of two waves are intermediate between the two extremes
of constructive and destructive interference (Giancoli, 1880:298).

The condition for destructive interference occurs whenever the path length
difference for two wave sources vibrating in phase is a half-integer
number of wavelengths (Beiser, 1986:654; Cutnell & Johnson, 1995:525;
Giancoli, 1980:567; Mulligan, 1991:623; Nolan, 1995:814; Sears,
Zem- nsky & Young, 1891:891).

Diffraction

Diffraction is introduced by Sears, Zemansky & Young (1991:901-902)
with the complexity of the shadow casted by a point source of
monochromatic light. According to geometrical optics, if an opaque object
is placed between a point light source and a screen, the edges of the
object cast a sharp shadow on the screen. This ray modei of light is
inadequate to explain the phenomenon of diffraction, where a small
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amount of light bends around the edge, into the geometrical shadow,
which is bordered by aiternating bright and dark bands. Diffraction is the
resultant effect produced by a limited portion of a wave front, when part of
the wave is cut off by some obstacle. Because some light is found within
the region of geometrical shadow, diffraction is also defined as the
bending of light around an obstacle.

Serway & Faughn (1985:624) define diffraction as the deviation of light
from a straight-line path when waves pass through small openings,
around obstacles, or by relative sharp edges.

Mulligan (1991:632) and Nolan (1895;807) define diffraction as the
bending of waves into the shadow region when they pass through
apertures or around obstacles comparable in size to the wavelength. All
types of waves exhibit diffraction, but it becomes most apparent when the
wavelength is large compared with the size of the aperture or obstacle.
Giancoli (1980:299) refers to diffraction as the fact that waves spread as
they trave! and when they encounter an obstacle they bend around it
somewhat and pass into the shadow region.

Cutnell & Johnson (1995:880,889) define diffraction as the bending of
light around an obstacle or the edges of an opening. Diffraction patterns
of bright and dark fringes occur when monochromatic light passes through
a single or double slit. Diffraction is described as an interference effect
and is explained with Huygens' principle.

Nolan (1995:808) also explains diffraction with Huygens' principle.
Mulligan (1991:633) and Serway & Faughn (1985,626) explain diffraction
with Huygens' principle: By examining waves coming from various
portions of the slit, each portion of the slit acts as a source of waves.
Hence, light from one portion of the slit can interfere with light from
another portion.

Jones & Childers (1993:668) define diffraction as the spreading out of
light passing through a small aperture or around a sharp edge. The wave
fronts interfere with each other, according to Huygens' principle. Although
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light always spread out as it travels, diffraction effects become noticeable
only when light travels through a smail enough aperture or past a sharp
edge.

Beiser (198€:662) illustrates diffraction in water waves where the
diffracted waves spread out as though they originated at the gap, in
accord with Huygens' principle, Awith the following diagram:

Barrier

Stone dropped \
here
b \ .
I

Water wa res

Beiser (1986:662) explains diffraction patterns as the result of
interference between secondary wavelets from different parts of the same
wave front and not from different sources as in Young's double-slit
experiment. The wave fronts in a beam of unobstructed light produce
secondary wavelets that interfere in such a way as to produce new wave
fronts exactly like the old ones. By obstructing part of the wave fronts,
points in the shadow region are not reached by secondary wavelets from
the entire initial wave fronts but only from part of them, and the resuit is an
interference pattern.

if any type of wave encounters a barrier that has an opening of
dimensions similar to the wavelength, the wave will flare out into the
region beyond the barrier. In the case of light waves more than just flaring
occurs, because the light produces an interference pattern called a
diffraction pattern. This phenomenon is called diffraction (Halliday,
1993:1053,1076).

Huygens' principle is a geometrical method for finding, from the known
shape of a wave front at some instant, the shape of the wave front at
some later time. (Jones & Childers (1993:656) define a wave front as the
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surface formed by points of constant phase.) Huygens assumed that every
point of a wave front may be considered the source of secondary wavelets
that spread out in all directions with a speed equal to the propagatiori of
the waves. The new wave front is then found by constructing a surface
tangent to the secondary wavelets (Beiser, 1986:595; Cutnell & Johnson,
1995:880; Giancoli, 1980:563; Jones & Childers, 1993.656; Mulligan,
1991:620; Nolan, 1990:748; Sears, Zemansky & Young, 1991:830;
Serway & Faughn, 1985:573).

e Huygens' principle shows that plane waves remain planar and spherical
waves remain spherical as they move through space (Mulligan,
1991.620).

¢ Huygens' principle is useful in understanding a variety of optical
phenomena other than diffraction, like the laws of reflection and refraction
(Beiser, 1986:596; Giancoli, 1980:565; Jones & Childers, 1993:657,
Nolan, 1995:765; Sears, Zemansky & Young, 1991:831-832; Serway &
Faughn, 1985:583-585).

o Beiser (1986:596,” 19) emphasises that although it is both proper and
convenient to use rays in physical optics, an approach based exclusively
on rays does not reveal characteristic wave behaviour as diffraction; the
motion of wave fronts is what is really significant.

H Relation between interference and Diffraction Patterns

e The interference pattern resuiting from Young's double slit experiment
consists of bright lines where constructive interference cccurs and dark
lines where destructive interference occurs, At intermediate locations on
the screen the interference is only partial, so that the light intensity on the
screen varies gradually between the bright and dark lines. The bright
lines are actually extremely faint and relatively broad. Diffraction gratings
consist of a large number of parallel slits which overcome these difficulties
(Beiser, 1986:653,655).
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Interference of twa light waves will produce constructive or destructive
interference depending on the phase difference between the two waves
(Mutligan, 1991:621-622).

Beiser (1986:298-299) describes the maximum intensity periods and
minimum intensity periods of sound waves from two tuning forks with the

following diagram:

Maximum intensity (constructive interference)

Vo SN

DA A \/\/\,\v/\/\

V\/V\/\/\/\/ \/
N e

Minimum intensity (destructive interference)

Jones & Childers (1993:671) state that inferference and diffraction are two
phenomena which are inseparably linked and are not really different. The
pattern that results from diffraction by a single slit could be thought of as
the, self-interference of 'light passing through the slit. In double-slit
interference, the light is diffracted by each slit. Thus the patterns describe
both interference and diffraction at the same time. ’
Giancoli (1980: 566,570) describes the combination of interference and
diffraction as follows: Because of diffraction at each slit in Young's double-
slit experiment, the waves leaving the two small slits spread out to
produce the interference pattern. The diffraction pattern formed by a
round disc using a point source of light, are due to interference of waves
diffracted around different parts of the disk.

Mulligan (1991:637) describes both interference and diffraction as
superposition effects which depend on the addition of wave disturbances
at a given point, taking account of the phase differences between the
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superimposed waves. Interference arises from the superposition of a
finite number of waves coming from different coherent sources.
Diffraction arises from the superposition of an infinite number of Huygens'
wavelets arising from different places on the same original wave front. In
double slits and diffraction gratings both interference and diffraction
oceur,

o The theory of a diffraction grating is identical with that of Young's double
slit. Interference ciffects are shown. This device is called a diffraction
grating because diffraction effects are important in its full explanation
(Mulligan, 1991:624-625). Giancoli (1980:572) comments that the term
interference grating might be as appropriate.

{g) Coherency and Phase Relations

¢ The importance of coherent sources (sources which emit waves with a
constant phase relationship between them) to observe visible interference
patterns and to continue occurring at a point, is emphasised (Beiser,
1986:650; Cutnell & Johnson, 1995:868; Gianceli, 1980:568; Jones &
Childers, 1993:658,662; Mulligan, 1991:621-622; Nolan, 1995:815; Sears,
Zemansky & Young, 1991:892; Serway & Faughn, 1985:616).

s Serway & Faughn (1985.616) explain a constant phase relation as
follows: If one source emits a crest at some instant, so should the other.

o Mulligan (1991:288) defines the phase of a wave as the specific stage of
a cycle that a wave has reached at a particular e or at a particular
place.

+ Beiser (1986:650) emphasises that it does not matter whether the waves
are exactly in step when they leave the source, or exactly out of step, or
anything in between; the important thing is that the phase reiation stays
the same,

o Sears, Zemansky & Young (1991:508) describe out of phase waves as
waves arriving a half-cycle out of step at a point. Complete cancellation

Rehalemnin a4
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occurs when the positive crest and negative crest of two waves with the
same amplitude, meet at a point. The total amplitude there is zero.

e Serway & Faughn (1985.617) illustrate in phase waves with the set up of
Young's double slit experiment where the waves from a single light source
falis on two narrow paraliel slits, which serve as a pair of coherent light
sources because waves emerging from them originate from the same
wave front and therefore are always in phase.

o Serway & Faughh (1985:616) also emphasise the condition that the
sources must be monochromatic.

e Jones & Childers (1993.662) describe cohierency as two sources of
identical frequency and phase.

» Two waves are in phase if they reach their maximum amplitudes at the
same time, are zero at the same time and have their minimum amplitudes
at the same tima. Two waves are out of phase when their maximum, zero
and minimum displacements are not at the same place (Nolan, 1995:337).

3.3.3 Summary of Textbook Presentation

The presentation of interference and diffraction and related aspects as
discussed in paragraph 3.3.2 is now summarised.

Note that the numbering of the different presentations is used for cross-
reference purposes only, and not to indicate any order of preference.
3.3.3.1 Constructive Interference

i. When two or more waves meet in phase, they exhibit constructive
interference (Beiser, 1986:650; Heyns ef al., 1987:25; Jones & Childers,
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vi.

vii.

1993.660; Mulligan, 1991:289; Nolan, 1995:338; Sears, Zemansky &
Young, 1991:891).

When waves are in phase, their interference is (fully) constructive (Halliday,
Resnick & Walker, 1993:496).

Constructive interference is associated with reinforcement (Beiser,
1986:650; Heyns ot al., 1989:69; Sears, Zemansky & Young, 1991:891).
When the resultant displacement is greaier than that of either of the
individual waves, the result is called constructive interference (Giancoli,
1980:297; Jones & Childers, 1993:422; Serway & Faughn, 1985.615).
Where maximum displacement occurs, the waves interfere constructively
(Brink, 1986a:10; Heyns, 1987:25).

Constructive interference is associated with the bright fringes of an
interference pattern (Nolan, 1995:338; Serway & Faughn, 1985:617).

Constructive interference is illustrated with two overlapping waves with the
same frequency and amplitude (Mulligan, 1991:288; Serway & Faughn,
1985:331).

For two wave sources vibrating in phase, a path length difference which is
an integral number of wavelengths leads to constructive interference
(Beiser, 1986:654; Cutnell & Johnson, 1995:524-525, 870; Giarcoli,
1980:567; Jones & Childers, 1993.660; Mulligan, 1981.:622; Nolan,
1995:813; Sears, Zemansky & Young, 1991:891).

On an interference pattern from two point sources of a ripple tank on an
overhead projector, projected on a vertical screen, the very bright spots
represent constructive interference due to the crests. The dark spots
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viii.

3.3.2.2

il.

i

represent cu. “tructive interference due to the trouchs (Heyns et al.,
1987:21).

When two waves meet and their displacements are in the same directior or
in the same part of their cycles, the two waves are in riiase and
constructive interference results (Beiser, 1986:653; Jones & Childers,
1993:422).

Destructive Interference

When two or more waves meet out of phase, destructive interference
results {Giancoli, 1980:298).

When two or more waves meet 180° out of phase, destructive interference
results (Muiligan, 1991:289; Nolan, 1995:338,814).

When two or more waves arrive in opposite phases, destructive
interference resuits (Heyns ef ai., 1987:25).

Where two puises diminish each other, destructive interference occurs
(Heyns, 1989:69; Serway, 1985:615).

Destructive interference is the partial or compiete cancellation of waves out
of phase with one ancther (Beiser, 1986:290,650; Brink & Jones, 1086
b:57).

Destructive interference is the complete cancellation of waves, wiere the
resultant amplitude is zero and dark fringes appear on the screen (Brink,
19864a:10; Heyns et al., 1987:25; Mulligan, 1991:289; Nolan, 1995:338,814;
Sears, 1991:894; Serway, 1985:331,617).
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vii.

viii.

3.3.3.3

i,

Partial destructive interference occurs where the relative phases of two
waves are intermediate between the two extremes of waves which are in

phase and waves which are out of phase (Giancoli, 1980:298).

For two wave sources vibrating in phase, a path length difference which is
a half-integral number of wavelengths, leads to destructive interference
(Beiser, 1986:654; Cutnell & Johnson, 1995:525; Giancoli, 1980:567;
Mulligan, 1991.623; Nolan, 1995:814; Sears, Zemansky & Young,
1991:891).

On an interference pattern from two point sources of a ripple tank on an
overhead projector, projected on a vertical screen, the dark spots represent
constructive interference due to the troughs and the grey spots represent
destructive interference {Heyns et al., 1987:21).

At locations where neither constructive nor destructive interference occurs,
the two waves partially reinforce or partiaily cancel (Cutnell & Johnson,
1995:525).

Coherency and Phase Relations

Coherent sources emit waves with a constant phase relationship between
them (Beiser, 1986:650; Cutnell & Johnson, 1995:868; Giancoli, 1980:568;
Jones & Childers, 1993:659,662; Mulligan, 1991:621-622; Nolan, 1995,815;
Sears, Zemansky & Young, 1991:892; Serway & Faughn, 1985:61G).

Two sources are ccherent if they have the same frequency and phase
(Jones & Childers, 1993.:662).

1y wpkowow
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vi.

3.3.34

1IN

A constant phase relation exists between two waves when the two sources
emit crests (or troughs) simultaneously (serway & Faughn, 1985:616).

A constant phase relation does not mean that the waves have to be exactly
in step (or out of step) when they leave the source (Beiser, 1986:650).

Two waves are out of phase when their maximum, zero and minimum
displacements are not at the same place (Nolan, 1995:337).

Cut of phase waves arrive a half-cycle out of step at a point (Jones &
Childers, 1923:422; Sears, Zemansky & Young, 1991.:508).

Diffraction

Diffraction is defined as the bending of light around obstacles or small
openings, into the geometrical shadow region (Cutnell & Johnson,
1995:880,889; Giancoli, 1980:299; Jones & Childers, 1993:668; Mulligan,
1991:632; Nolan, 1295:807; Sears, Zemansky & Young, 1991:902; Serway
& Faughn, 1985:624).

Diffraction is the spreading out of light waves passing around an obstacle
or small opening (Beiser, 1986:662; Giancoli, 1980:299; Jones & Childers,
1993.668).

Diffraction is explained by Huygens’ principle: By examining waves coming
from various portions of a slit, each portion of the slit acts as a source of
waves. Hence, light from ane portion of the slit can interfere with light from
another portion, resulting in diffraction patterns (Beiser, 1986:662; " itnell
& Johnsaon, 1995:880,889; Mulligan, 1991:633; Nolan, 1995.808; Serway &
Faughn, 1985:623).
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3.3.3.5 Relation between Interference and Diffraction

vi.

vii.

viii.

Diffraction is an interference effect (Cutnell, 1925:880,889).

interference and diffraction are two phenomena which are not really
different. The pattern that results from diffraction by a single slit is due to
self-interference of light passing through the slit.  In double-slit
interference, the light is diffracted at each slit and the pattern describes
both interference and diffraction at the same time (Giancoli, 1980:566,570;
Jones, 1993:671).

Diffraction patterns of bright and dark fringes occur when light passes
through a single or double slit (Cutnell & Johnson, 1995:880,889).

The result of diffraction is an interference pattern (Beiser: 1986:662).

The result of diffraction is a diffraction pattern (Cutnell & Johnson,
1995:889).

Interference and diffraction are both superposition effects. Interference
arises from superposition of a finite number of waves coming from different
coherent sources. Diffraction arises from the superposition of an infinite
number of Huygens' wavelets arising from different places on the same

original wave front (Mulligan, 1991:637).

in double slits and diffraction gratings both interference and diffraction
occur (Mulligan, 1991:637).

When diffraction occurs, light produces an interference pattern called a
diffraction pattern (Halliday, 1993;1076).
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ix. The term interference grating might be as appropriate as diffraction grating
(Giancoli, 1980:572).

it is important to notice that most of these textbook presentations are
presented in a font that stands out, such as jtalic or bold. This contributes to
the association and assumption that a definition is presented, rather than an
example or description to explain the concept.

From this summary it is clear that constructive and destructive interference
and related aspects are treated inconsistently and in some cases
contradictorily by different authors.

The opinion of the researcher is that different descriptions and simplified
examples found in textbooks by different authors could misguide students in

a way which leads to alternative conceptions on interference and diffraction.

This study investigates these aspects!

I i
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4 RESEARCH QUESTIONS

The researcher is of the opinion that alternative conceptions on interference
and diffraction exist among students and that these different ideas are related
to textbvok presentations.  Different presentations lead to different

interpretations; therefore textbooks are a source of alternative conceptions.

This study investigates the following:

() Do students have alternative conceptions concerning
interference and diffraction of light?

(i) Do these alternative conceptions relate to the
presentation of interference and diffraction in textbooks?
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5 METHODOLOGY

5.1 Sample

5.1.1 Textbook

The South African secondary level textbooks and tertiary level non-calculus
textbooks described under the Literature Review (paragraph 3.3.2) are used
in this study.

5.1.2 Pilot Study

(i) Seven physics lecturers were asked to validate the test: four of the
researcher’s colleagues at Technikon Pretoria, two lecturers at the

University of the Witwatersrand, ancd one secondary school teacher.

Only five tests were raceived back: three from the Technikon Pretoria,
one from the University of the Witwatersrand and one from the

secondary school teacher.

(i)  The edited pilot test was administered to 27 Physics students at
Technikon Pretoria during the first semester of 1997; 14 Physics i
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students enrolled for B Tech in Chemistry; 13 Physics | students
enrolled for N Dip in Surveying.

Although the compbsition of the students were not investigated, it is worth
mentioning that the students used in this pilot study were from different
cultural backgrounds, and for most of them English was not their first
language.

5.1.3 Main Study

The test for the main study was administered to 191 Physics students
enrolled for different courses from three different groups and lecturers at the
Technikon Pretoria, during the second semester of 1997. Because these
courses are semester courses the students for the pifot study and the main
study were not the same students.

The three grcups were as follows:

99 Physics | students enrolled for different science courses i.e. N Dip in
Analytical Chemistry, Ceramics Technology, Chemical Engineering,
Geotechnology, Metallurgy, Plastic and Rubber Technology;

84 Physics | students enrolled for N Dip Electrical Engineering;

8 Physics Il students enrolled for B Tech in Chemistry.

All students completed the test at the end of their Physics course. Therefore
it was assumed that all students were familiar with basic interference and

diffraction principles.
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5.2

Physics | is a six month course which covers different sections of basic
physics, including interference and diffraction. Due to time constraints the
treatment of the varjous topics tends to be superficial, and so it is unlikely for
alternative conceptions formed by students prior to these Physics | courses to
be changed. Even the Physics Il course assumes that students are familiar
with basic concepts.

Students used in this main study were from different cultural backgrounds.
For most of thern English was not their first language.

Research Instrument: Test

The research instrument consisted of a single written test. See Appendix A
for the pilot version and Appendix B for the revised version for the main

study.

The tests were composed by the researcher, due to the lack of existing
research tests or questionnaires to investigate alternative conceptions on
interference and diffraction. Some of the questions were developed by the
researcher and other questicns were totally or partially from other sources, as
indicated in paragraphs 5.2.1 and 6.2.2.

The questions are multiple choice questions, based on possible alternative
conceptions from the researcher's experience as a lecturer, and misleading
or unclear statements in textbooks, as derived by the researcher through the
critical analysis of textbooks, as described in the Literature Review

(paragraph 3.3.2 ).
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Each multipie choice question is followed by an open-ended question where
the answer has to be motivated.

To serve as a motivation for the students to put in an effort to motivate each
question properly, marks were allocated to the students’ efforts. For each
choice a mark out of three was allocated and for each motivation a mark out
of two. These tests were therefore modified questionnaires where marks
were allocated.

The purpose of each question was to investigate the possible existence of

alternative ideas.

Note that these multiple choice items are NOT of the single response type.
More than one option can be correct. This was made clear to the students.

5.2.1 Pilot Study

The test contains a total of 21 questions, grouped into seven areas, where

each area investigates a possible alternative conception.

The questions are grouped into areas as follows: (The questions which were
not developed by the researcher are indicated with the source of the question
in brackets.)

(i) AREA 1: Constructive interference

QUESTIONS 1, 4, 5, 6, 19 (Houston, 1971:27), 21

i e LV
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(i)

(i)

(iv)

{vi)

(vii)

AREA 2: Destructive interference

QUESTIONS 2, 4, 6, 14 (Houston, 1971:12), 21

AREA 3: Diffraction

QUESTIONS 7, 9, 10, 18 (Damalin, 1978:3), 20 (Hawkins, 1970:21)

AREA 4: Superposition and interference

QUESTION 4, 9, 10, 17, 18, 20

AREA 5: Coherency and phase relations

QUESTIONS 6. 12, 13, 15 (Houston, 1971:5), 18, 17 (Damelin,
1978:89)

AREA 6: Light as a form of energy

QUESTIONS 8, 11

AREA 7: Wave nature of light

QUESTION 3 (Muller, 1976:145)
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5.2.2 Main Study

The following changes from the pilot were made:

(i)

(ii)

(iif)

The main test contains a total of 19 questions and not 21 as in the pilot
study. Questions 3, 4, 12 and 16 of the pilot study are left out from the
main study, and two additional questions, 18 and 19, are added to the
main study. Both these questions were set up by the researcher.

The questions are grouped into five areas and not seven as in the pilot
study. The area of the wave nature of light is left out in the main study,
because it was found to be inapplicable for the purposes of the
research. The questions under the area light as a form of energy are

allocated to other areas.

The amount of options is four for all the questions in the main study
and not five as in the pilot study. The option which was chosen the
least in the pilot study, was left out.

The order of the questions is changed to randomise the questions
more, and to fit long and sbort questions to pages.

See Table 5.1 (p. 38) for the questions associated with each area.
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AREA QUESTION NUMBERS OF CORRESPONDING
MAIN STUDY QUESTION NUMBERS OF
PILOT STUDY
1 : Constructive interference 1, 4,5 12,13, 16, 18 |1, 5, 6, 14, 19, 21, -
2 : Destructive interference 2,7,12,16,19 2,8, 14, 21, -
3 : Diffraction 6, 8,9, 15, 17 7,9,10, 18, 20
4 : Superposition and interference |8, 9, 10, 15, 17 g, 10, 13, 18, 20
5 : Coherency and phase relation |3, 5, 10, 14 17, 6, 13, 15

TABLE 5.1: QUESTIONS ASSOCIATED WITH EACH AREA

5.3 Procedure

5.3.1 Pilot Study

The test was scheduled as an assignment to complete in the library or at
home, after the theory was finished in class. Students were encouraged to
make use of the library and references other than the prescribed textbook.
They were firmly requested not to work together, or to copy any choice or
comment from other students.
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5.3.2 Main Study

For the main study the test was scheduled as the last test of the term and this
was the students’ last chance to improve their semester marks. This was an
encouragement for the students to put in an effort. It was an open book test.
They could bring any literature or textbooks with them to the test period.

For the three different groups involved (see 5.1.3), the researcher was in
control during the test sessions. The three groups wrote separately and at
different times.

For better control the test was completed under test conditions during normal
lecturing hours. The test was written during a three hours practical session
where they had enough time to finish. This was no test against time! Most of
the students arrived only with their prescribed textbook: Cutnell JD &
Johnson KW. Physics.

The test was only in English, although Afrikaans speaking students were
present in all the groups. Due to the bilingual nature of the Technikon
Pretoria, Afrikaans speaking students could ask for translations where they
did not understand terms and terminology. The only translation that was
asked for more than once was about the translation of coherency, which is
transiated as ‘koherent. These students still did not understand the

meaning!
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5.1

ANALYSIS OF RESULTS

Quantitative Analysis

Individual students' responses to the multiple-choice questions were
analysed quantitatively, because a fair mark had to be allocated to each
student for semester mark purposes.

Since many of the options of the questions are not obviously correct or
incorrect, and different textbook interpretations vary, the marking scheme was
difficult to compile. The marking was subject to the researcher's opinion,
taking into consideration different textbook interpretations, and the
presentation of the prescribed textbook. The motivations were difficult to
categorise accordiirg to marks, for the same reason.

The aim of the quantitative analysis was:

e To motivate the students to put in an effort to complete the test, because
marks were allocated.

o To allocate a fair mark io each student for semester mark purposes and
not for research purposes,

o To make a relative comparison of the complexity and difiiculty of the
concept(s) related to each question.

Each answer was assigned a mark of five, Three marks were allocated for
the choice(s) and two marks for the motivation:
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Choices: - 3 marks for the correct choice(s)
- 2 marks for a partly correct choice where only one of a possible
two obviously correct options was chosen.,
- 1 mark for a ‘grey’ choice, where the obviously correct choice

was not chosen.
Mativation: - 2 marks for a correct motivation

- 1 mark for a partly correct motivation

- 0 marks for no motivation or a motivation which is totally

inapplicable.

The final marks students obtained for this test are summarised in Appendix C.
The average mark for this test is 60%.
Figure 6 (p. 42) indicates the average mark for each question.
In descending order of complexity and difficulty the questions are found to be:
QUESTION 17(18%), 12(22%), 7(29%), 13(36%), 16(40%), 19(42%),
11(51%), 5(51%), 9(53%), 10(54%), 3(54%), 6(55%), 18(60%), 4(64%),
1(65%), 2(71%), 15(74%), 14(77%), 8(78%)
These marks were not used further in this study to make conclusions.

Although it might seem that this quantitative exercise was useless, it served
as a motivation for the students to put in an effort to complete the test,



FIGURE 6
Quantitative analysis of results
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6.2 Qualitative Analysis

The analysis is primarily qualitative, since many of the questions do not have
an obviously correct or incorrect answer, because of different textbook
interpretations.

The answers were sorted according to the choice(s), and then the open-
ended motivations were analysed and categarised for each question. See
Appendix E for the analysed and categorised test responses to each question
of the main study.

From the sorted, analysed and categorised test responses, four graphical
representations (a, b, ¢ and d) were drawn for each question to show the
distribution of data.

Figures ( a ) and ( b ) indicate distributions of options chosen by students.

Figure { a ) indicates the percentage of the 191 students who chose a certain
option (A, B, C, D or no option, indicated by ') or combinations of options
(e.g. options A, C and D were chosen as correct options, indicated by ‘ACD’).
These percentages add up to 100% within the limitations of rounding off.

Figure ( b ) indicates the total percentage of the 191 students who chose the
individual options A, B, C, D and *-. Because students could choose more
than one option, these percentages add up to more than 100%. In this
presentation a colour coding is used to distinguish between obviously coirect
options (green), obviously incorrect options (red) and ‘grey’ options (yellow).
If there is any doubt whether an option shiould be correct or incorrect, due to
different textbook interpretations, the option is categorised as ‘grey’.
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Figures ( ¢ ) and ( d ) indicate distributions of categorised mofivations.

Figure { ¢ ) indicates the percentage of the 191 students who motivated the
question with a certain motivation, independent of the option(s) chosen.
These percentages add up to more than 100%, because one answer could
be motivated with more than one statement, which falls in different
categories. In this presentation each motivation category is indicated by a
unique colour.

The motivation categories were drawn up from the data in Appendix D, which
contains the analysed and categorised test responses. All the motivations
marked with an asterix ™ in Appendix D are categorised under ‘motivations of
no use’. This is because the motivations do not make sense, or are
inapplicable or insignificant. Whers the motivation could be of interest, but is
of no use for this research, the motivation is also marked with an asterix.

Take note of the following:

¢ Not all the motivations are correct or necessarily make sensse, even some
of them which are not indicated by an asterix. In such cases these invalid
maiivations are of importance for the research, because alternative
conceptions are highlighted.

¢ Although ‘no motivations' and ‘motivations of no use’ are two categories
they are not included in these figures for practical reasons. This
information does not add to the aim of the study of what the students’
alternative conceptions are, and the more categories, the less clear the

graphical representation is.



45
Research Project

Alternative Conceptions Concerning Interference and Diffraction of Light

» Due to space limitations in the figures, the motivations are stated very
briefly. The motivation is expanded and clarified under the specific

question.

Figure { d ) indicates the distribution of zategorised motivations for each
combination of options. Each category is plotted as a percentage of the 191
students who used this specific motivation for each combination. The same
colour coding that is used in figure ( ¢ ), is used here. Because students
could motivate an answer with more than one statement which falls in
different categories, percentages may add up to more than 100%.

Some of the figures end up with bars where the colours are not clearly
distinguished, due to bars which are too narrow or too short. This is due to

two reasons:

o Narrow bars: large number of different combinations of options and large
number of motivation categories.
e Short bars: a distribution of data from very low percentages to very high

percentages.

Where possible all motivations are represented graphically.  Where
statistically very small percentages have a trivial visual impact, they are not
included in the graphs, but are mentioned in the discussion. They are
indicated with a double asterix “* in the discussion. Because questions
differ in the number of combination of options, number of motivation
categories and distribution of percentages, it is not practical to apply one rigid
rule of what is included and what is excluded.

These figures follow in paragraphs 6.2.1 to 6.2.19, where the analysis of

each of the nineteen questions is discussed separately.
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categories of Question 1, and how these categories relate to different
textbook presentations. Each textbook presentation refers back to the
paragraph in this report where it is discussed. The percentage of students
who used each category to motivate an answer appears in brackets after the
motivation category.

Figure 6.1.d (p. 47B) indicates the distribution of categories of motivations

for each combination of options.

CATEGORIES OF SUMMARY OF MOTIVATIONS CORRESPONDIMNG TEXTBOOK

MOTIVATIONS GIVEN BY STUDENTS PRESENTATIONS (3.3.3.1)

IN PHASE (685%) The waves are in phase or exactly in | i. When twa or more waves meet in
phase. phase.

IDENTICAL (32%) The waves are identical. The v. llustrated with two overlapping
amplitudes and/or wavelengths are | waves with the same frequency and
the same. amplitude.

REINFORCE (31%}) The resultant wave is reinforced or iii. Associated with reinforcement:
the amplitude has doubled. when the resultant displacement is

greater than that of either the
individual waves or when maximum
displacement occurs.

CRESTS AND The waves meet crest-to-crest and

TROUGHS (24%) trough-to-trough

SUPERPOSITION According to the superposition 3.3.2.2.b According to the

(3%) principle constructive interference superposition principle the resuitant
oceurs displacement is the addition of the

‘ instantaneous displacements.

*BRIGHT FRINGES | Bright fringes are formed on a iv. Associated with bright fringes of

(0,5%) screen. an interference pattern.

TABLE 8.1 ; MOTIVATION CATEGCRIES FOR QUESTION 1
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GRAPHICAL PRESENTATION OF RESULTS OF QUESTION 1

FIGURE 6.1.a
Percentage of students who chose a certain combination
of options
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8.2.2 Analysis of Question 2

See Appendix B for Question 2.

Figure 6.2.a (p. 50A) indicates the distribution of option combinations chosen
by students. They follow in descending order, with the percentage of students
who chose the verious combinations of options in brackets: D(43%),
AD(39%), C(6%), ACD(4%), AC(3%), B(2%), A(2%), BD(2%), AB(0,5%),
CD(0,5%).

Figure 6.2.b (p. 50A) indicates the distribution of individual opticn choices.
The percentage of students who chose that option is shown in bragkets.
D(87%) is the obviously correct choice, indicated in green. B(4%) is the
ohviously incorrect choice, indicated in red. The ‘grey’ options are A(47%)
and C(13%), indicated in yellow. i
Option D is correct, because it obeys L -3 criteria the textbooks state for
destructive interference. These waves are out of phase (exactly out of
phase), they cancel one another compietely, and their amplitudes and
wavelengths are identical.

Option B is incorrect, because the pulses are in phase (exactly in phase) and
constructive interference occurs.

L)

Option A is ‘grey’ because the pulses are not identical. A significantly lower
percentage of students chose thiis option (47%) than option D (87%).

Option C is ‘grey’ because the waves are not in phase (not exactly out of
phase), although they are identical and cancellation does cccur at some

instances.
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Figure 6.2.c (p. 50A) indicates the distribution of the motivation categories
used to motivate the question. Table 6.2 (p. 50) indicates the motivation
categories of Question 2, and how these categories relate to different
textbook presentations. Each textbook presentation refers back to the
paragraph in this report where it is discussed. The percentage of students
who used each category to motivate an answer appears in brackets after the
motivation category.

Figure 6.2.d (p. 50B) indicates the distribution of categories of motivatioris

for each combination of options.

B i L e e 1
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CATEGORIES OF

SUMMARY OF MOTIVATIONS

CORRESPONDING TEXTBOOK.

MOTIVATIONS GIVEN BY STUDENTS PRESENTATIONS (3.3.3.2)

OUT OF PHASE The waves are out of phase, i.Waves meet ouf of phase.

(57%) exactly out of phase, 180° out of ii. Waves meet 180° out of phase.
phase, not in phase. fil. Waves arrive in opposite phase.

v. The partial or complete cancellation of
waves out of phase with one another.

CANCEL (38%) The waves cancel each other. vi. The complete cancellation of waves

where the resultant amplitude is zero.

CREST-TO- The waves meet crest-to-trough.

TROUGH (33%)

IDENTICAL (13%) The waves are identical. The ii,vi The amplitudes have to be equal for
amplitudes, frequencies and/or complete cancellation when waves are
wavelengths are the same. 180° out of phase.

SMALLER The resultant wave has a smaller | iv. When two puises diminish each other.

AMPLITUDE (4%) amplitude.

PATH LENGTH (2%) | The path iength difference viii. For two wave sources vibrating in
between the waves is an odd phase, a path length difference which is
number of wavelengths. The a half-integer number of wavelengths,
wavelengths differ nof with an leads {0 destructive inerference.
integer number.

PARTIAL Partial destructive interference vii. Partial destructive interference occurs

DESTRUCTIVE (2%) | occurs at A and complete where the relative phases of two waves

destructive interference occurs at
D.

are intermediate between the two
extremes of waves which are in phase
and waves which are out of phase.
x.Where neither constructive nor
destructive interference occurs, waves
partially cancel or reinforce.

NOT IDENTICAL

The amplitudes do not have to be

%) the same.
*TWO TROUGHS Two troughs intsrfere ix. Dark spots represent destructive
(0,5%) destructively. interference.

TABLE 6.2 : MOTIVATION CATEGORIES FOP QUESTION 2

T




GRAPHICAL PRESENTATION OF RESULTS OF QUESTION 2

FIGURE 6.2.a
Percentage of students who chose a certain combination
of aptions
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FIGURE 6.2.b
Percentage of students who chose each option
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FIGURE 6.2.c
Percentage of students who used the indicated motivations
to motivate the question
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6.2.3 Analysis of Question 3

See Appendix B for Question 3.

Figure 6.3.a (p. 53A) indicates the distribution of option combinations chosen
by students. They follow in descending order, with the percentage of students
who chose the various combinations of options in brackets: B(49%), A(19%),
AB(7%), D(6%), ~(5%), C(5%), BD(3%), ABD(2%), BC(2%), ABC(0,5%),
AC(0,5%), AD(0,5%), CD(0,5%).

PR e

Figure 6.3.b (p. 53A) indicates the distribution of individual option choices.
The percentage of students wheo chose that option is shown in brackets.
B(63%) is the obviously correct choice, indicated in green. A(29%), C(8%)
and ~'(5%) are the obviously incorrect choices, indicated in red. The

114

‘grey’ option is D{12%), indicated in yellow.

Option B is correct, because constructive and destructive interference will not
continue to happen at the same piace when the two beams do not maintain a
constant phase relation.

Options A and C are incorrect, because interference and diffraction are
properties of all light waves. Even a single beam will undergo diffraction and
interference,

Option D is incorrect, because two incoherent waves can have the same
speed. The speed of light is a constant in vacuum and for all practical
reasons in air.

Figure 6.3.¢ (p. 53A) indicates the distribution of the motivation categories

used to motivate the question. Table 6.3 (p. 53) indicates the motivation
categories of Question 3, and how these categories relate to different

. U U —— -
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textbook presentations. Each textbook presentation refers back to the
paragraph in this report where it is discussed. The percentage of students
who used each category to motivate an answer appears in brackets after the
motivation category.

Figure 6.3.d (p. 53B) indicates the distribution of categories of motivations
for each combination of options.

RESEARCHER'S COMMENT:
o The double negative question makes it difficult to interpret the question
clearly.

¢ QOption D is not suitabie for this question.
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CATEGORIES OF SUMMARY OF MOTIVATIONS CORRESPONDING TEXTBOOK
MOTIVATIONS GIVEN BY STUDENTS PRESENTATIONS
PHASE RELATION The waves do not maintain a 3.3.3.3.i. Coherent sources emit waves
{39%) constant phase relation. with a constant phase relationship
between them.
INTERFERENCE Constructive and destructive
VARIES (18%) interference do not continue to
occur at a point.
COHERENCY Constructive and destructive
CONDITION {9%) interference result from coherent

sources.

NOT IN PHASE (7%)

The waves are not in phase. The
waves are ot of phase. Their
phases differ. They are not
exactly out of phase.

3.3.3.3.v. Tw) waves are out of phase
when their maximum, zero and
minimum displacements are not at the
same place.

WAVELENGTHS
DIFFER (7%)

Their wave characteristics
(wavelengths and frequencies)
differ.

3.3.3.1.v Constructive interference is
illustrated with two overlapping waves
with the same frequency and amplitude.
3.3.3.3.ii. Two sources are coherent if
they have the same frequency and
phase.

DIRECTIONS
DIFFER (3%)

The waves are from different
directions. The one wave is a
positive and the other a negative.

3.3.3.3.iii A constant phase relation
exists between two waves when the two
sources emit crests (or troughs)
simittaneously.

DESTRUCTIVE
INTHRFERENCE
(1%)

They undergo destructive
interference, because they are out
of phase.

3.3.3.2.i When two or more waves n.eet
out of phase, destructive interference
results.

3.3.3.3.vi. Out of phase waves arrive a
haif-cycle out of step at a point.

TABLE 6.3 : MOTIVATION CATEGCRIES FOR QUESTION 3

Lot



GRAPHICAL PRESENTATION OF RESULTS OF QUESTION 3

FIGURE 6.3.a
Percentage of students who chose a certain combination
of options
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FIGURE 6.3.b
Percentage of students who chose each option

FIGURE 6.3.¢
Percentage of students who used the indicated
moaotivations to motivate the question
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6.2.4 Analysis of Question 4

See Appendix B for Question 4.

Figure 6.4.a (p. 56A) indicates the distribution of option combinations chosen
by students. They follow in descending order, with the percentage of students
who chose the various combinations of options in brackets: B(72%), D(15%),
A(B%). C(5%), *-(1%), BC(1%).

Figure 6.4.b (p. 56A) indicates the distribution of individual option choices.
The percentage of students who chose that option is shown in brackets.
D(156%) is the obviously correct choice, indicated in green. A(6%), C(6%)
and '-(1%) are the obviously incorrect choices, indicated in red. The ‘grey’
option is B(73%) indicated in yellow.

Option D is correct, because two troughs meet at that point. The waves are

(exactly) in phase at that point.

Option A is incorrect, because constructive interference occurs at point X. At
point W the interference is riot fully constructive, because they are not exactly

in phase.

Option C is incorrect, because constructive interference does not occur at

point Z.

Option B is ‘grey’, because at point W the waves are not exactly in phase,
although reinforcement takes place. Constructive interference occurs at point
X.

Figure 6.4.c (p. 56A) indicates the distribution of the motivation categories

used to motivate the question. Table 6.4 (p. 56) indicates the motivation

e

Mo

"
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categories of Question 4, and how these categories relate to different
textbook presentations. Each textbook presentation refers back to the
paragraph in this report where it is discussed. The percentage of students
who used each category to motivate an answer appears in brackets after the
motivation category.

Figure 6.4.d (p. 56B) indicates the distribution of categories of motivations

for each combination of options.

RESEARCHER’S COMMENT:

» The waves which do not meet exactly in phase at point W are not very
clear, although the points are indicated. Some students could see these
points as being in phase, which would make option B a correct option.
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CATEGORIES OF
MOTIVATIONS

SUMMARY OF MOTIVATIONS
GIVEN BY STUDENTS

CORRESPONDING TEXTBOOK
PRESENTATIONS

REINFORCE (51%)

The waves reinforce each other.
The amplitude doubles.

3.3.3.1.iii. When the resultant
displacement is greater than that of
either of the individual waves, they
interfere constructively.

IN PHASE (36%)

The waves are in phase (exactly
or partially or 90%).

3.3.3.1.i. Wher two or more waves
meet in phase they interfere

constiuctively.

CRESTS AND Two troughs meet and two crests

TROUGHS (27%) meet.

IDENTICAL {4%) The waves are identical. 3.3.3.1.v. lllustrations with two
overlapping waves with the same
frequency and ampiitude.

Y AND Z Y and Z are destructive, due to 3.3.3.2.iv When two puises diminish

DESTRUCTIVE (3%) | positive and negative crests / each other, destructive interference

resultant wave is smaller. oceurs.

SUPERPOSITION The sum of the two waves gives a | 3.3.2.2.b Accoiding to the superposition

(2%) resultant wave. principle the resultant displacement is
the addition of the instantaneous
displacements.

PARTIAL W is partially constructive, partially | 3.3.3.1.1i. When waves are in phase,

CONSTRUCTIVE in phase. their interference is (fully) constructive.

(2%)

TABLE 6.4 : MOTIVATION CATEGORIES FOR QUESTION 4

e
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GRAPHICAL PRESENTATION OF RESULTS OF QUESTION 4

FIGURE 6.4.a
Percentage of students who chose a certain combination of
options
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FIGURE 6.4.b
Percentage of students who chose each option
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FIGURE 6.4.c
Percentage of students who used the indicated
motivations to motivate the question
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6.2.5 Analysis of Question 5

See Appendix B for Question 5.

Figure 6.5.a (p. 59A) indicates the distribution of option comibinutiors chosen
by students. They follow in descending order, with the percentage of students
who chose the various combinations of options in brackets: ABC(22%]),
A(19%), B(17%), AB(16%), D(9%), C(7%), AC(3%), BC(2%), ‘-'(2%), BD(1%),
CD(1%), ACD(0,5%).

Figure 6.5.b (p. 59A) indicates the distribution of inclividual aption shoices.
The percentage of students who chose that option is shown in brackets.
A(62%) and C(36%) are the obviously correct choices, indicated in green. To
make no choice, '-(1%), indicated in red, is obviously incoitect. The ‘grey’
options are B{59%) and D(12%), indicated in yellow.

Options A and C are correct, because when two troughs always meet, they
will be in phase. Waves which are in phase maintain a constant phase

relation and will therefore be coherent.

Options B and D are ‘grey’, because the question is not clearly stated. At
that point where the troughs always meet, constructive interference will
always occur. At different points constructive and destructive interference will

alternate.

Figure 6.5.c (p. 59A) indicates the distribution of the motivation categories
used to motivate the question. Table 6.5 indicates the motivation categories
of Question 5, and how these categories relate to different textbook
presentations. Each textbook presentation refers back to the paragraph in
this report where it is discussed. The percentage of students who used each

e
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category o motivate an answer appears in brackets after the motivation
category.

Figure 6.5.d (p. 59B) indicates the distribution of categories of motivations
for each combination of options.

RESEARCHER'S COMMENT:

o The question should read: ‘At the point where two waves with amplitudes
A and 2A always meet trough-to-trough, they:’.
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CATEGORIES OF SUMMARY OF CORRESPONDING TEXTBOOK
MOTIVATIONS MOTIVATIONS GIVEN BY | PRESENTATIONS
STUDENTS
SUMMARY OF Where more than one option
CHOICE (42%) . 1€ chosen, the motivation is
a summary of the choice
and statement in the
question (e.g. they are in
phase because they meet
trough-to-trough)!
REINFORCE (18%) The resultant wave is bigoer. | 3.3.3.1.1ii When the resultant displacement is
The amplitude doubles. The | greater than that of either the individual
. amplitude is 3A. waves, constructive interference results.
AMPLITUDES (12%) | Amplitudes may differ for
constructive interference to
OCCUr.
PHASE RELATION The phase relation stays 3.3.3.3.i Coherent sources amit waves with a
(10%}) constant. constant phase reladionshsp between them.
CREST AND Their crests will also meet. 3.3.3.3.iii A constant phase relation exists
TROUGHS (8%) when the two sources emit troughs
simultaneously.
IDENTICAL (9%) Frequencies, wavelengths 3.3.3.1.v For two overiapping waves the

and speed are the same.

frequency and wavelength are the same.,
3.3.3.3.ii Two sources are coherent if they
have the same frequency and phase.

CPTION (8%)

Anaother option is used o
motivate one option, without
choosing the other optionlti

PATH LENGTH (3%)

A difference of an integer
amount of wavelengths
{eads to constructive
interference.

3.3.3.1.vi For two wave sources vibrating in
phase, a path length difference which is an
integer aumber of wavelengths leads to
constructive interference.

PARTIAL
CONSTRLGTIVE
(0,5%)

When troughs are not in
phase, partial constructive
interference,

3.3.3.1.ii When waves are in phase, their
interference is (fully) constructive.

TABLE 6.5 : MOTIVATION CATEGORIES FOR QUESTION 5
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GRAPHICAL PRESENTATION OF RESULTS OF QUESTION 5

FIGURE 6.5.a
Percentage of students who chose a certain combination of
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FIGURE 6.5.c
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6.2.6 Analysis of Question 6

See Appendix B for Question 6.

Figure 6.6.a (p. 61A) indicates the distribution of option combinations chosen
by students. They follow in descending order, with the percentage of students
who chose the various combinations of options in brackets: B(52%), A(24%),
AB(6%), C(5%), AC(4%), D(3%), '-'(2%), BC(2%), ACD(1%), AD(1%),
ABC(1%), BD(1%), CD(1%).

Figure 6.6.b (p. 61A) indicates the distribution of individual option choices.
The percentage of students who chose that option is shown in brackets.
B(61%) is the obviously correct choice, indicated in green. C(12%) and ‘-
‘(2%) are the obviously incorrect choices, indicated in red. The ‘grey’ options
are A(36%) and D(6%), indicated in yellow.

Option B is correct. Diffraction depends on the ratio of wavelength of light to
slit width. This relation is too small to observe diffraction.

Option C should be regarded as incorrect. It is a rather general, non-specific
statement and does not explain the cause - effect relationship in the stem of

the question.

Options A and D are ‘grey’, because both ignore or minimise diffraction
effects with light.

Figure 6.6.c (p. 61A) indicates the distribution of the motivation categories
used to motivate the question. Table 6.6 (p. 1) indicates the motivation
categories of Question 6, and how these categories relate to different
textbook presentations. Each textbook presentation refers back to the
paragraph in this report where it is discussed. The persentage of students
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who used each category ta motivate an answer appears in brackets after the

motivation category.

Figure 6.6.d (p. 61B) indicates the distribution of categories of motivations

for each combination cf options.

T

™

™

CATEGORIES OF SUMMARY OF MOTIVATIONS | CORRESPONDING TEXTBOOK
MOTIVATIONS GIVEN BY STUDERNTS PRESENTATIONS (3.3.3.4)
BEND TOO LITTLE | The degree of bending is too

(23%) small to observe.

WAVELENGTH / Diffraction depends on the ratio

SLITWIDTH (15%) wavelength to slit width. Light

has a shorter wavelength than

sound.
LIGHT DOESN'T Light waves do not bend around | i. Diffraction is the bending of light around
DIFFRACT (12%) an open door, only around obstacles or small openings.
narrow slits. Light does not ii. Diffraction is the spreading out of light
diffract. waves passing around an obstacle or
small opening.
ALL WAVES All waves, also light, diffract.
DIFFRACT (10%)
HUYGENS’ According to Huygens’ principle | 3.3.3.4.iii Diffraction is explained by
PRINCIPLE (5%) sound waves diffract. Huygens' principle.
SOUND > LIGHT Sound waves diffract much
(4%) more than light waves.

TABLE 6.6 : MOTIVATION CATEGORIES FOR QUESTION 6
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GRAPHICAL PRESENTATION OF RESULTS OF QUESTION 6

FIGURE 6.6.a
Percentage of students who chose a certain combination
of koptions
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FIGURE 6.6.b
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6.2.7 Analysis of Question 7

See Appendix B for Question 7.

Figure 6.7.a (p. 63A) indicates the distribution of option combinations chosen
by students. They follow in descending order, with the percentage of students
who chose the various combinations of options in brackets: A(28%), D(27%),
C(17%), ‘-'(5%), BC(1%), BD(0,5%).

Figure 6.7.b (p. 63A) indicates the distribution of individual option choices.
The percentage of studenis who chose that option is shown in brackets.
A(28%) is the obviously correct choice, indicated in green. B(2%) and -'(5%)
are the obviously incorrect choices, indicated in red. The ‘grey’ optio... are
C(18%) and D{28%), indicated in yellow.

Option A is correct, because there is no energy in the dark fringes.

Option B is incorrect, because there is no light energy in the dark fringes.

Options C and D are ‘grey’, because destructive interference is presented
differently in textbooks. If the amplitudes differ, then there are problems with
deciding about destructive interference. Energy will still be present.

Figure 6.7.c (p. 63A) indicates the distribution of the motivation categories
used to motivate the question. Table 6.7 indicates the motivation categories
of Question 7, and how these categories relate to different textbook
presentations. Tach textbook presentation refers back to the paragraph in
this report where it is discussed. The percentage of students who used each
category to motivate an answer appears in brackets after the motivation

category.
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Figure 6.7.d (p.63B) indicates the distribution of categories of motivations for

each combination of options.

CATEGORIES OF SUMMARY OF MOTIVATIONS GIVEN | CORRESPONDING TEXTBOOK

MOTIVATIONS BY STUDENTS PRESENTATIONS

NO ENERGY IN DARK | No energy is present in dark fringes. No

(14%) light energy is present in dark fringes.

LAW OF According to the law of conservation of

CONSERVATION energy.

(12%)

ENER™' TO BRIGHT Energy is redistributed to bright fringes

(8%) where constructive interference occurs.

LESS ENERGY IN Dark fringes have less energy. Some

DARK (7%) energy is used for destructive interference.

ENERGY ABSORBED Some of the energy is absorbed. Dark

(5%) fringes absorb energy.

PATH LENGTH (4%} Constructive and destructive interference For two sources vibrating in phase, a

depend on path length difference. path length difference which is:

3.3.8.1.vi an integer number of
wavelengths leads to constructive
intetference,
3,3.3.2.viii a half-integer number of
wavelengths leads to destructive
interference.

CONVERT TO HEAT Energy Is converted to heat energy.

(3%)

YOUNG'S PATTERN Young's interference pattern shows the

(2%) redistribution of energy.

INTENSITY : ENERGY | Intensity of fringes is directly proportional to

(2%) light energy.

NO LIGHT, OTHER Because no light is present In dark fringes, | 3,3.2.2.ix Dark spots represent

FORMS (1%) conversion to other forms took place. constructive interference and grey

spots destructive interference.

TABLE 6.7 : MOTIVATION CATEGORIES FOR QUESTION 7
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GRAPHICAL PRESENTATION OF RESULTS OF QUESTION 7

FIGURE 6.7.a
Percentage of students who chose a certain
combination of options
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FIGURE 8.7.b
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FIGURE 6.7.c
Percentage of students who used the indicated
motivations to motivate the question
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6.2.8 Analysis of Question 8

See Appendix B for Question 3.

Figure 6.8.a (p. 65A) indicates the distribution of option combinations chosen
by students. They follow in descending order, with the percentage of students
who chose the various combinations of options in brackets: C(68%), B(23%),
A(6%), D(2%), *~(1%), AB(0,5%).

Figure 6.8.b (p. 65A) indicates the distribution of individual opticn choices.
The percentage of students who chose that option iz shown in brackets.
C(68%) is the obviously correct choice, indicated in graen. A(7%), B(23%),
D(2%) and '-(1%) are the obviously incorrect choices, indicated in red.

Option C is carrect. When light passes through each slit, diffraction occurs.
Due to interference of light from the two slits (now regarded as sources), an
interference pattern of dark and bright fringes form on the screen.

Options A, B and D are incorrect, because both interference and diffraction

occur.

Figure 6.8.c (p. 65A) indicates the distribution of the motivation categories
used to motivate the question. Table 6.8 indicates the motivation categories
of Question 8, and how these categories relate to different textbook
presentations. Each textbook presentation refers back to the paragraph in
this report where it is discussed. The percentage of students who used each
category to motivate an answer appears in brackets after the motivation

category.
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Figure 6.8.d (p. 65B) indicates the distribution of categories of motivations

for each combination of options.

CATEGORIES OF
MOTIVATIONS

SUMMARY OF MOTIVATIONS
GIVEN BY STUDENTS

CORRESPONDING TEXTBOOK
PRESENTATIONS

INTERF, PATTERN
(58%)

An interference pattern with dark
and bright fringes forms on the
screen.

3.3.3.1.iv Constructive interference is
associated with the bright fringes of an
interference pattern.

3.3.3.2.vi Destructive interference is
asscciated with the dark fringes.

COHERENT Waves from two coherent

SOURCES (24%) sources interfere.

LIGHT BENDS (22%) | When light moves through a slit, | 3.3.3.4.i Diffraction is the bending of light
it bends around the edges. around small openings.

DIFFRACT THEN After diffraction, constructive 3.3.3.1.iv Constructive interference is

INTERF, (6%)

and destructive interference
occurs.

associated with the bright fringes of an
interference pattern.

3.3.3.2.vi Destructive interference is
associated with the dark fringes.
3.3.3.5.vii In double slits both interference
and diffraction oceur.

PATTERN (1%)

with dark and bright fringes.

INTERFERENCE Diffraction is an interference 3.3.3.5.i Diffractien is an interference
EFFECT (4%) effect. effect.
WAVE NATURE Wave nature of light.
(3%)
YOUNG'S According to Young's double slit
EXPERIMENT (2%) experiment.
HUYGENS' According to Huygens' principle. | 3.3.3.4.iii Diffraction is explained by
PRINCIPLE (1%) Huygens' principle.
DIFFRACTION The result is a diffraction pattern | 3.3.3.5.iv Diffraction patterns of biight

and dark fringes ocour when light passes
through a single or double slit.

TABLE 6.8 : MOTIVATION CATEGORIES FOR QUESTION 8
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GRAPHICAL PRESENTATION OF RESULTS OF QUESTION 8

FIGURE 6.8.a
Percentage of students who chose a certain
cambination of options
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6.2.9 Analysis of Question 9

See Appendix B for Question 9.

Figure 6.2.a (p. 68A) indicates the distribution of option combinations chosen
by students. They follow in descending order, with the percentage of students
who chose the various combinations of options in brackets: A(49%), C(34%),
B(6%), D(7%), ~'(2%), BC(1%), AC(1%), AD(1%).

Figure 8.9.b (p. 68A) indicates the distribution of individua! option choices.
The percentage of students who chose that option is shown in brackets.
C(36%) is the obviously correct choice, indicated in green. A(50%), B(7%),
D(8%) and -'{2%) are the obviously incorrect choices, indicated in red.

Option C is correct. When light moves through a singie slit, diffraction
occurs. Di~ to Huygens' principle, different wavelets interfere to form a
diffraction pattern of dark and bright fringes on the screen.

Opticns A, B and D are incorrect, because both interference and diffraction

Qccur.

Figure 6.9.c (p. 68A) indicates the distribution of the motivation categories
used to motivate the question. Table 6.9 (p. 68) indicates the motivation
categories of Question 9, and how these categories relate to different
textbook presentations. Each textbook presentation refers back to the
paragraph in this report where it is discussed. The percentage of students
who used each category to motivate an answer appears in brackets aﬁer the

motivation categnory.
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Figure 6.9.d (p. 68B) indicates the distribution of categories of motivations
for each combination of options.
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CATEGORIES OF
MOTIVATIONS

SUMMARY OF MOTIVATIONS
GIVEN BY STUDENTS

CORRESPONDING TEXTBOOK
PRESENTATIONS

LIGHT BENDS
ARQUND SLITS (43%)

When 'ight moves through a slit, it bends
around the edges. The light spreads out.

3.3.3.4.i Diffraction is the bending of
light around small openings.
3.3.3.4.ii Diffraction is the spreading
out of light passing small openings.

INTERFERENCE
PATTERN (18%)

A pattern of alternating dark and bright
fringes forms on the screen. Constructive
and destructive interference ocaur.

3.3.3.1.iv Constructive interference is
associated with the bright fringes of an
interference pattern.

3.3.3.2.vi Destructive interference is
associated with the dark fringes.

NO INTERFERENCE
(17%)

Because there is only one light source, no
interference oceurs. No interference
pattern forms.

3.3.2.2.a Interference describes the
phenomena that result from two or
more waves passing through the same
region at the same time.

DIFFRACTION A single slit diffraction pattern forms. 3.3.3.5.iv Diffraction patterns of bright

PATTERN (7%) and dark fringes occur when light
passes through a single or double slit.

ONE DIRECTION According to Young's experiment, the

LIGHT (4%} single slit is to ensure ihat light from one

direction falls on the double slit.
INTERFERENCE Diffraction is an interference effect. 3.3.3.5.i Diffraction is an interference
EFFECT (3%) effect,

DIFFRACTION THEN
INTERF. (2%)

After diffraction, the light waves interfere
constructively and destructively.

3.3.3.1.iv Construstive interference is
associated with the bright fringes of an
interference pattern.

3.3.3.2.vi Destructive interference is
assoclated with the dark fringes.
3.3.3.5.vii In double slits both
interference and diffraction occur.

NO DIFFRACTION
(2%)

Diffraction can't occur. Light propagates
in a straight line through the slit and an
image of the slit is formed on the screen.

Research done by Guesne (1993) on
rectilinear propagation of light does not
mention diffraction!

DESTRUCTIVE Destructive interference forms at the single
INTERF. (1%) slit.
WAVE NATURE (1%) Due to the wave nature of light.

"HUYGENS' PRINCIPLE
(1%)

According to Huygens' principle.

3.3.3.4.iii Diffraction is explained by
Huygens' principle.

TABLE 6.9 : MOTIVATION CATEGORIES FOR QUESTION 9
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GRAPHICAL PRESENTATION OF RESULTS OF QUESTION 9

FIGURE 6.9.a
Percentage of students who chose a certain combination
of options

FIGURE 6.9.b
Percentage of students who chose each option

FIGURE 6.9.c
Percentage of students who used the indicated
motivations tq motivate the question
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6.2.i. Analysis of Question 10

See Appendix B for Question 10.

Figure 6.10.a (p. 71A) indicates the distribution of option comhinations
chosen by students. They follow in descending order. with the percen‘age of
students who chose the various combinations of options in brackets: C(33%),
B(18%), BC(15%), AD(8%), A(7%), AB(4%), CD(3%), ABD(3%), D(2%),
BCD(2%), '-'(2%),

Figure 6.10.b (p. 71A) indicates the distribution of individual option cheices.
The percentage of students who chose that option is shown in brackets.
C(54%) is the obviously correct choice, indicated in green. A(23%) and ‘-
‘(2%) are the obviously incorrect choices, indicated in red. The ‘grey’ options
are B(46%) and D(19%).

Option C is correct, because there exists a phase difference between the

waves,

Option A is incorrect, because the waves are not in phase,

Option B is ‘grey’ because of different textbook interpretations (see 3.3.3.3).

Option D is ‘grey’ because of different textbook interpretations. The waves
are not (exactly) in phase {see 3.3.3.1), although reinforcement occurs in

some instances.

Figure 6.10.c (p. 71A) indicates the distribution of the motivation categories
used to motivate the question. Table 6.10 (p. 71) indicates the motivation
categcries of Question 10, and how these categories relate to different
textbook presentations. Each textbook presentation refers back to the
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paragraph in this report where it is discussed. The percentage of students
who used each category to motivate an answer appears in brackets after the
motivation category.

Figure 6.10.d (p. 71B) indicates the distribution of categories of motivations
for each combination of options.
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CATEGORIES OF

SUMMARY  MOTIVATIONS

CORRESPONDING TEXTBOOK

MOTIVATIONS GIVEN BY STUDENTS PRESENTATIONS

PHASE RELATION The waves maintain a constant 3.3.3.3.i Coherent sources emit waves with a
(23%) phase relation. constant phase relationship between them.
ORIGIN DIFFERS The waves do not originate at the

{15%) same point or time.

CRESTS DON'T MEET | They do not mest crest-to-crest or

(13%) trough-to-trough.

NEITHER C. NOR D.
INTERF, (8%)

Neither constructive nor dastructive
interference occurs. Not 100%
constructive interierence occurs.
They do not cancel each other.

3.3.3.1.i When waves meet in phase, they
exhibit constructive interference.

3.3.3.1.ii When waves are in phase, their
interference is (fully) constructive.
3.3.3.2.1i When waves meet 180° out of
phase, destructive interference results.
3.3.3.2.x Waves partially cancel and
reinforce.

C. AND D. INTERF.

Constructive and destructive

3.3.8.2.v Destructive interference is the partial

OCCUR (7%) interference take place. A stable or complete cancellation of waves out of
interference pattern forms. phase with one another.

IDENTICAL (6%) The waves have the same 3.3.3.1.v Constructive interference is
properties. They are nearly the {llustrated with two overlapping waves with the
same, same properties.

REINFORCE {5%) The wavas reinforce each other, 3.3.3.1.iii Constructive interference is

associated with reinforcement.

CRESTS AND Thay meet crest-to-crest and

TROUGHS MEET (5%) | trough-to-trough.

NOT COHERENT (4%) { They are not coherent. 3.3.3.8.1i Two sources are coherent if they

have the same frequency and phase.

NOT EXACTLY OUT They are not exactly out of phase or | 3.3.3.1.i When waves meet in phase

OF PHASE (4%) in phase. They are 90° out of constructive interference occurs.
phase, They are {slightly) out of 3.3.3,2.i When waves meet out of phase
phase. They are (exactly) in phase. | destructive interference occurs,

SYNCHRONISED (4%) | Coherent means synchronised. The

waves come after the other.

** STABLE INTERF.
PATTERN (0,5%)

A stable interference pattern forms.

**AMPLITUDE (0,5%)

Resultant amplitude doesn't double.

TABLE 6.10 : MOTIVATION CATEGORIES FOR QUESTION 10




GRAPHICAL PRESENTATION OF RESULTS OF QUESTION 10

FIGURE 6.10.2
Percentage of students who chose a certain combination
of options

FIGURE 6.10.b
Percentage of students who chose each option

FIGURE 6.10.c
Percentage of students who used the indicated motivations
to motivate the question

c.ADD.
INTERF. OCCLR
wENTICAL
RENFORCE
TROUGHS
MEET R
NOT COMERENT

W i

svm-ﬂousen}:':;‘

TIA

e e ————— — et it et




71B

oo o Bl uli ot

ol I [T

ag aod dgv dao a dv

i

* O3SINOYHONAS O
JSVYHd 40 1N0 A1LOVXE LONE
INJHY3IHOO IONE

HLIIN SHONOYL ANV SISTHO B
JOUOLANIZH A

TYOILNIdIE

d4NI00 "J4YIINI " ANV 'O 12
"JYIUINI ' HON D UIHIIINE
133N LNOQ Sis3d0R
SY3JJIA NIDIHO &

NOILY13d ASYHI &

suondo Jo UoRRUIqIOD

YOES 10} LUOBAJJOW PaJedipUl SU Pasn oym Sluspn)s jo abejusolod

D019 NSOl

%0
%<
%V
%9
%8
%01
%l
%Vl

%91

a0




72
Research Project

Alternative Conceptions Concerning Interference and Diffraction of Light

6.2.11 Analysis of Question 11

See Appendix B for Question 1.

Figure 6.11.2 (p. 73A) indicates the distribution of option combinations
chosen by students. They follow in descending order, with the percentage of
students who chose the various combinations of options in brackets: D(40%),
AC(26%), C(23%), AC(7%), '-'(4%).

Figure 6.11.b (p. 73A) indicates the distribution of individual option choices.
The percentage of students who chose that option is shown in brackets.
C(48%) is the obviously correct choice, indicated in green. B(0%), D(40%)
and (4%) are the obviously incorrect choices, indicated in red. The
‘grey’ option is A(33%), indicated in yellow,

Option C is correct . One common feature of a wave is that it carries energy
from one region in space to another.

Options B and D are incorrect, because a wave definitely does not carry
matter.

Option A is ‘grey’ due to textbook presentations which describe a wave as a

propagating disturbance.

Figure 6.11.c (p. 73A) indicates the distribution of the motivation categories
used to motivate the question. Tawie 6.11 (p. 73) indicates the motivation
categories of Question 11, and how these categories relate to different
textbook presentations. Each textbook presentation refers back to the
paragraph in this report where it is discussed. The percentage of students
who used each category to motivate an answer appears in brackets after the

motivation category.
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" Figure 6.11.d (p. 73B) indicates the distribution of categories of motivations

for each combination of options.

COMMENT: The analysis of this question revealed that this information does

not contribute to the research and is therefore left out in the discussion.

CATEGORIES OF SUMMARY OF MOTIVATIONS CORRESPONDING TEXTBOOK
MOTIVATIONS GIVEN BY STUDENTS PRESENTATIONS

DEFINITION OF A wave is a travelling disturbance 3.3.2.2 Awave is a traveliing
WAVE (25%) that carries energy from place to disturbance that propagates and

place. The energy of a disturbance is
transferred by means of a wave.

carries energy with time from cne
region in space to ancther.

LIGHT : ENERGY
(16%)

Light waves transfer energy. The
energy is carried by the electric and
magnetic fields of the wave.

WATER : MATTER

Water waves transfer matter.

(9%)

SOUND : Sound waves transfer disturbances.

DISTURBANCE (7%)

FORMS OF Waves carry different forms of

ENERGY (7%) energy, e.g. light, sound, heat,
potential energy, matter.

WATER : Water waves transfer disturbances

DISTURBANCE (5%) | e.g. stone dropped in dam.

E.M. WAVES : Electromagnetic waves e.g. light

DISTURBANCE (4%) | transfer disturbances.

SOUND : ENERGY Sound waves transfer energy.

(3%)

E.M. WAVES ; Electromagnetic waves transfer

MATTER (1% matter.

SOUMD : MATTER Sound waves transfer matter.

(1%)

WATER : ENERGY
(1%)

Water waves transfer energy.

TABLE 6.11 : MOTIVATION CATEGORIES FOR QUESTION 11
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GRAPHICAL PRESENTATION OF RESULTS OF QUESTION 11

FIGURE 8.11.a
Percentage of students who chose a certain
combination of options
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FIGURE 86.11.b
Percentage of students who chose each option
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FIGURE 11.6.c
Percentage of students who used the indicated
motivations to motivate the question
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6.2.12 Analysis of Question 12

See Appendix B for Question 12.

Figure 6.12.a (p. 75A) indicates the distribution of option combinations
chosen by students. They follow in descending order, with the percentage of
students who chose the various combinations of options in brackets: A(57%),
C(14%)5, D(11%), B(9%), AD(3%), AC(3%), ‘-(2%), ACD(1%), BC(1%),
BD(1%).

Figure 6.12.b (p. 75A) indicates the distribution of individual option choices.
The percentage of students who chose that option is shown in brackets.
C(18%) is the obviously correct choice, indicated in green. B(10%), D(15%)
and ‘“(2%) are the obviously incorrect choices, indicated in red. Option
A(B63%) is ‘grey’, indicated in yellow.

Option C is correct. Destructive interference occurs at both these points,
because crests and troughs fall together.

Options B and D are incorrect, because both undergo destructive
interference and they are the same pathlengths from their sources.

Option A is ‘grey’, because the two points will experience the same loudness,

which is in theory zero!

Figure €.12.c (p. 75A) indicates the distribution of the motivation categories
used to motivate the question. Table 6.12 (p. 75) indicates the motivation
categories of Question 12, and how these categories relate to different
textbook presentations. Each textbook presentation refers back to the
paragraph in this report where it is discussed. The percentage of students
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who used each category to motivate an answer appears in brackets after the

motivation category.

Figure 6.12.d (p. 75B) indicates the distribution of categories of motivations

for each combination of options.

CATEGORIES OF
MOTIVATIONS

SUMMARY OF MOTIVATIONS
GIVEN BY STUDENTS

CORRESPONDING TEXTBOOK
PRESENTATIONS

DESTRUCTIVE
INTERF. (27%)

Destructive interference occurs at
both, because they meet trough-
to-crest, out of phase, not in
phase, not exactly out of phase.

3.3.3.2.i They meet out of phase.

IN PHASE (17%)

The points are in phase, because
crests and troughs meet, with the
same frequency and wavelength.

1"3.3.3.1. They are in phase and exhibit

constructive interference.
3.3.3.1.v They have the same
frequency and amplitude.

PATH LENGTH Their distances from the sources 3.3.3.1.vi A path length difference of an

(16%) are the same. integer number of wavelengths ieads to
constructive interference.

CONSTRUCTIVE Constructive interference occurs at | 3.3.3.1.vi A path length difference of an

INTERF. (15%)

both due to path length
differences, or crests that meet.

integer number of wavelengths leads to
constructive interference.

NO INTERFERENCE

No interference, neither

(10%) constructive nor destructive.

SAME SOURCE Both speakers are connected to

(7%) the same signal generator.

IDENTICAL Their amplitudes are the same. 3.3.3.1.v Waves have the same
AMPLITUDES (2%) frequency and amplitude.
INTERFERENCE Equal interference occurred.

OCCURS (2%)

SOUND Y > X (2%) | The sound is louder atY.

** INTENSITY Sound intensity is redistributed.

REDISTRIBUTES
(1%)

TABLE 6.12 : MOTIVATION CATEGORIES FOR QUESTION 12
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GRAPHICAL PRESENTATION OF RESULTS OF QUESTION 12

FIGURE 6.12.a
Percentage of students who chose a certain
combination of options
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FIGURE 6.12.b
Percentage of studentc who chose each option
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6.2.13 Analysis of Question 13

See Appendix B for Question 13.

Figure 6.13.a (p. 77A) indicates the distribution of option combinations
chosen by students. They follow in descending order, with the percentage of
students who chose the various combinations of options in brackets: D(27%),
B(22%), C(20%), A(18%), '-(7%), BD(4%), AB(1%), ABCD(1%), ABD(1%),
AC(1%), AD(1%).

Figure 6.13.b (p. 77A) indicates the distribution of individual option choices.
The percentage of students who chose that optior is shown in brackets.
D(32%) is the obviously correct choice, indicated in green. A(20%), B(27%),
C(21%) and ‘~(7%) are the obviously incorrect choices, indicated in red.

Option D is correct. P is the second order bright fringe. Therefore the
pathlength difference is two times the wavelength.

Options A, B and C are incorrect, because the difference in pathlengths at
the second order bright fringe is two wavelengths.

Figure 6.13.c (p. 77A) indicates the distribution of the motivation categories
used to motivate the question. Table 6,13 (p. 77) indicates the motivation
categories of Question 13, and how these categories relate to different
textbook presentations. Each textbook presentation refers back to the
paragraph in this report where it is discussed. The percentage of students
who used each category to motivate an answer appears in brackets after the

motivation category.
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6.2.13 Analysis of Question 13

See Appendix B for Question 13.

Figure 6.13.a (p. 77A) indicates the distribution of option combinations
chosen by students. They follow in descending order, with the percentage of
students who chose the various combinations of options in brackets: D(27 %},
B(22%), C(20%), A(18%), -'(7%), BD{4%), AB(1%), ABCD(1%), ABD(1%),
AC(1%), AD(1%).

Figure 6.13.b (p. 77A) indicates the distribution of individual option choices.
The percentage of students who chose that option is shown in brackets.
D(32%) is the obviously correct choice, indicated in green. A(20%), B(27%),
C(21%) and '-(7%) are the obviously incorrect choices, indicated in red.

Option D is correct. P is the second order bright fringe. Therefore the

pathlength difference is two times the wavelength.

Options A, B and C are incorrect, because the difference in pathlengths at

the second order bright fringe is two wavelengths.

Figure 6.13.¢ (p. 77A) indicates the distribution of the motivation categories
used to motivate the question. Table 6.13 (p. 77) indicates the motivation
categories of Question 13, and how these categories relate {o different
textbook presentations. Each fextbook presentation refers back to the
paragraph in this report where it is discussed. The percentage of students
who used each category to motivate an answer appears in brackets after the

motivation category.
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Figure 6.13.d (p. 77B) indicates the distribution of categories of motivations

for each combination of options.

CATEGORIES OF SUMMARY OF MOTIVATIONS | CORRESPONDING TEXTBOOK
MOTIVATIONS GIVEN BY STUDENTS FRESENTATIONS
INTEGER NUMBER | Path length difference is an 3.3.3.1.vi A path length difference of an
(12%) integer amount of wavelengths. | integer number of wavelengths leads to
Pathlength difference is one constructive interference.
wavelength.
SECOND ORDER This is a secand order bright 3.3.3.1.vi A path length difference of an
(12%) fringe withm=2. PYis2 integer number of wavelengths leads to

wavelengths longer than PX.

constructive interfarence.

PY = PX+Y (9%)

PY is 1 wavelength longer than
FX.

PY = 2PX (4%)

PY is double PX.

PY = PX + Y/2 (4%)

PY is nalf a wavelength longer
than PX.

OTHER ORDERS P is the third order bright fringe.

(3%)

SAME PHASE (3%) | They are in the same phase.
The wavelength of PY is two
times out of phase to PX.

PY < PX (3%) PY is shorter than PX.

WAVELENGTHS PY has double the wavelength

DIFFER (2%)

of PX.

PY = 3/2 FX (2%)

PY is 1,5 times longer than PX.

PX = PY (2%)

X and Y are very close together.
Their wavelengths are equal,
PX and PY are parallel and far
away from screen.

TABLE 6.13 : MOTIVATION CATEGORIES FOR QUESTION 13
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GRAPHICAL PRESENTATION OF RESULTS OF QUESTION 13

FIGURE 6.13.a
Percentage of s‘udents who chose a certain
combination of options

FIGURE 6.13.b
Percentage of students who chose each option

FIGURE 6.13.c
Percentage of students who used the indicated
motivations to mouvate the question
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6.2.14 Analysis of Question 14

See Appendix B for Question 14.

Figure 6.14.a (p. 79A) indicates the distribution of option combinations
chosen by students. They follow in descending order, with the percentage of
students who chose the various combinations of options in brackets: D(75%),
C(7%), B(5%), A(4%), AD(3%), “(2%), AC(2%), ACD(1%), AB(1%),
ABD(1%), CD(1%).

Figure 6.14.b (p. 79A) indicates the distribution of individual option choices.
The percentage of students who chose that option is shown in brackets.
D(81%) is the obviously correct choice, indicated in green. A(11%), B(6%),
C(10%) and ‘~(2%) are the obviously incorrect choices, indicated in red.

Option D is correct. The two points are exactly one wavelength apart.

Options A, B and C are incorrect, because neither of those pairs of points are

exactly one wavelength apart.

Figure 6.14.c (p. 79A) indicates the distribution of the motivation categories
used te motivate the question. Table 6.14 (p. 78) indicates the motivation
categories of Question 14, and how these categories relate to different
textbook presentations. Each textbook presentation refers back to the
paragrapt: in this report where it is discussed. The percentage of students
who used ezt category to motivate an answer appears in brackets after the

motivation category.

Figure 6.14.d indicates the distribution of categories of motivations for each

combination of options,
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CATEGORIES OF SUMMARY OF MOTIVATIONS | CORRESPONDING TEXTBOCK
MOTIVATIONS GIVEN BY STUDENTS PRESENTATIONS
SAME They are at the same position
ORIENTATION (place) of the wave. They are
(39%) the same distance from the
undisturbed position.
FULL They are exactly one
WAVELENGTH wavelength apart. They are
(29%) 360° out of phase.
CRESTS AND They will meet crest-to-crest and | 3.3.3.3.iii A constant phase relation exists
TROUGHS (10%) trough-to-trough. They are both | between two waves when the two sources
at the positive (rising) side of the | emit crests (or troughs) simultaneously.
wave.
CONSTRUCTIVE Constructive interference will
INTERF. (7%) result.
IDENTICAL (5%) The waves have the same
properties (amplitude, speed
and wavelength).
REINFORCE (2%) They reinforce each other.
MAX. & MIN. The one is a minimum and the
DISTURBANCE (2%) | other is a maximum.
COHERENT (1%) They are coherent. 3.3.3.3.ii Two sources are coherent if they
have the same frequency and phase.
*QOTHERS CANCEL | The others cancel each other,
(0,5%) except points A and C,
*NOT None are in phase, because 3.3.3.3.vi Two waves are in phase if they

SIMULTANEOUS
(0,5%)

none meet at the same point at
the same time.

reach their maximum amplitudes at the
same time, are zero at the same time and
have their minimum amplitudes at the
same time.

TABLE 6.14 . MOTIVATION CATEGORIES FOR QUESTICON 14




GRAPHICAL PRESENTATION OF RESULTS OF QUESTION
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FIGURE 6.14.a
Percentage of students who chose a certain combination
of options
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FIGURE 6.14.b
Percentage of students who chose each option

FIGURE 6.14.c
Percentage of students who used the indicated
motivations to motivate the question
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6.2.15 Analysis of Question 15

See Appendix B for Question 15.

Figure 6.15.a (p. 82A) indicates the distribution of option combinations
chosen by students. They follow in descending order, with the percentage of
students who chose the various combinations of options in brackets: C(61%),
A(18%), AC(8%), '-(3%), BC(3%), BD(2%), AB(1%), ACD(1%), BCD(1%),
D(1%), ABC(1%), ABCD(1%), CD(1%).

Figure 6.15.b (p. 82A) indicates the distribution of individual option choices.
The percentage of students who chose that option is shown in brackets. A
(29%) and C(75%) are the obviously correct choices, indicated in green. The
obviously incorrect option is no choice (3%). B(7%) and D(6%) are the ‘grey’

options, indicated in yellow.

Options A and C are correct. Light bends and spreads around obstacles, and
constructive and destructive interference follow. Diffraction is an interference

effect!

Options B and D are ‘grey’. They should serve as distractors. The scattering
of dust pariicles and the irregular reflection from a not perfectly smooth
screen can both contribute to the blurred image, but these conceptions are

not applicable for this test or the research,

Figure 6.15.c (p. 82A) indicates the distribution of the motivation categories
used to motivate the que=ticii. Table 6,15 (p. 82) indicates the motivation
categories of Question 15, and how these categories relate to different
textbook presentations. Each textbook presentation refers back to the
paragraph in this report where it is discussed. The percentage of students
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who used each category to motivate an answer appears in brackets after the
motivation category.

Figure 6.15.d (p. 82B) indicates the distribution of categories of motivations
for each combination of options.
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CATEGORIES OF

SUMMARY OF MOTIVATIONS

CORRESFONDING TEXTBOOK

MOTIVATIONS GIVEN BY STUDENTS PRESENTATIONS .
BENDS AROUND The light bends around the edges of | 3.3.3.4.i Diffraction is the bending of light
EDGES (36%) the blade. The light spreads out. around obstacles.
3.3.3.4.1i Diffraction is the spreading out of
light passing around an obstacle.
DIFFR. CAUSES Diffraction causes constructive and | 3.3.3.5.i Diffraction is an interference effect.

INTERF. (18%)

destructive interference { bright and
dark fringes). The dark fringes
cause the biurred image.

3.3.3.5.iii Diffraction patterns of light and dark
fringes occur when light passes through a
single or double slit.

3.3.3.5.iv The result of diffraction is an
interference pattern.
3.3.8.5.viii When diffrac. -
produces an interferenc. attern called a

aceurs, light

diffraction pattern.

REFLECTION (8%) The blade reflects the light. This
causes interference.

DUST SCATTER Dust particles are always present,

LIGHT (3%) which disturb waves. They cause

scattering of light, which interfere
constructively a.ad destructively.

ROUGH EDGES (3%)

The edges of the blade are not
narallel. Dust in the air causes
rough screen surfaces.

DIFFERENT COLOURS

Different colours will be noticed.

({2%)

REFRACTION (2%) Refraction causes change in
direction.

ENERGY The light energy is redistributed.

REDISTRIBUTES (1%)

PHASE CHANGE (1%) | Distances travelled by light waves
will differ between the source and |
the screen, which will cause phase
changes.

LIGHT CAN'T Light waves can't diffract.

DIFFRACT (1%)

TABLE 6.15 : MOTIVATION CATEGORIES FOR QUESTION 15
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GRAPHICAL PRESENTATION OF RESULTS OF QUESTION 15

FIGURE 6.15.a
Percentage of students who chose a certain combination
\of qpti_ons _

FIGURE 6.15.b
Percentage of students who chose each option

FIGURE 6.15.c
Percentage of students who used the indicated
motivations to motivate the question
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6.2.16 Analysis of Question 16

See Appendix B for Question 16.

Figure 6.16.a (p. 84A) indicates the distribution of option combinations
chosen by students. They follow in descending order, with the percentage of
students who chose the varicus combinations of options in brackets: D(29%),
A(23%), C(17%), AC(15%), B(8%), -(4%), BC(3%), ABCD(1%), BCD(1%).

Figure 6.16.b (p. 84A) indicates the distribution of individual option choices.
The percentage of students who chose that option is shown in brackets.
D(30%) is the obviously correct choice, indicated in green. A(38%), B(12%),
C(36%) and *-'(4%) are the obviougly incorrect choices, indicated in red.

Option D is correct. At point Y two crests meet and at point Z two troughs

meet. Therefore both represent constructive interference.

Options A, B and C are incorrect, because point X does not undergo
interference yet and points Y and Z undergo constructive interference.

Figure 6.16.c (p. 84A) indicates the distribution of the motivation categories
used to motivate the question, Table 6.16 (p. 84) indicates the motiveiin
categories of Question 16, and how these categories relate to differei
textoook presentations. Each textbook presentation refers back to the
paragraph in this report where it is discussed. The percentage of students
who used each category to motivate an answer appears in brackets after the

motivation category.

Figure 6.16.d (p. 84B) indicates the distribution of categories of motivations

for each combination of options.
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CATEGORIES OF
MOTIVATIONS

SUMMARY OF MOTIVATIONS
GIVEN BY STUDENTS

CORRESPONDING TEXTBOOK
PRESENTATIONS

CRESTS MEET FOR
C.I. (41%)

At Y 2 crests meet for constructive
interference, therefore

reinforcement.

3.3.3.1.iii When the resultant displacement is
greater than either of the individual waves,
constructive interference results.

TROUGHS MEET FOR
C.I. (19%)

At Z 2 troughs meet for constructive
interference. A light fringe will form.

3.3.3.1.iv Constructive interference is
associated with the bright fringes of an
interference pattern.

WAVES IN PHASE
(12%)

The waves meet in phase, The
sources are in phase, therefore
constructive interference. The
waves meet exactly one wavelength
out of phase.

3.3.3.1.i Constructive interference results
when two waves meet in phase.

TROUGHS MEET FOR
D.1. (8%)

Two troughs represent a dark
fringe. Two troughs cancel each
other. The troughs are in between
two crests, therefore destructive

3.3.3.1.vii On the interference pattern of a
ripple tank the dark spots represent
constructive interference due to the troughs.

interference.
Z CREST & TROUGH At Z a crest and trough meets for
FOR D.I. (6%) destructive interference.
MAKE CONTACT FOR | The point where 2 waves make
C.1. (5%) contact, constructive interference

takes place.

NO INTERF. AT Z

No interference at Z, because the

(4%) waves don't make contact.

PATH LENGTH (4%) It depends on the distance / amount | 3.3.3.1.vi For two sources vibrating in phase,
of wavelengths a path length difference which is 2n integer
between the slits and sources (1 number of wavelengths leads to constructive
wavelength, equal amount of interference.
wavelengths, an integer amount of
wavelengths difference).

QUT OF PHASE FOR The waves are out of phase. The

D.l. (1%) two crests are out of phase.

COHERENT SOURGCES | The two slits act as coherent

(1%) sources.

SMALLER AMP. FOR The resultant amplitude is smaller 3.3.3.2.iv Where two pulses diminish each

D.1. (1%) for destructive interference. other, destructive Interference occurs.

DIFFR. AT TWO SLITS
(1%)

No interference through a double
slit, betause a diffraction pattern
oceurs.,

3.3.3.5.iii Diffraction patterns of bright and
dark fringes occur when light passes through
a double slit.

TABLE 6.16 : MOTIVATION CATEGORIES FOR QUESTICN 16




GRAPHICAL PRESENTATION OF RESULTS OF QUESTION 16

FIGURE 6.16.a
Percentage of students who chose a certain combination
of options

BC ABCD BCD

FIGURi 68.16.b
Percentage of students who chose each option

FIGURE 6.16.c
Percentage of students who used the indicated
m;otivations to motivate the question
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6.2.17 Analysis of Question 17

See Appendix B for Question 17.

Figure 6.17.a (86A) indicates the distribution of option combinations chosen
by students. They follow i1 descending order, with the percentage of students
who chose the various combinations of options in brackets: D(31%),
BC(15%), A(10%), AD(10%), C(9%), -'(6%), 13C(6%), ABC(5%), ABCD(3%).

Figure 6.17.b (p. 86A) indicaies the distribution of irndividual option choices.
The percentage of students who chose that option is shown in brackets. The
obviously correct choices are A(28%), B(28%), C(32%) and D(44%),
indicated in green. The obviously incorrect option is no choice (6%),
indicated in red.

Options A, B, C and D are correct.

Figure 6.17.c (p. 86A) indicates the distribution of the motivation categories
used to motivate the question. Table 6.17 (p. 86) indicates the motivation
categories of Question 17, and how these categories relate to different
textbook presentations. Each textbook presentation refers back to the
paragraph in this report where it is discussed. The percentage of students
who used each category to motivate an answer appears in brackets after the

motivation category.

Figure 6.17.d (86B) indicates the distribution of categories of motivations for

each combination of options.
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CATEGORIES OF
MOTIVATIONS

SUMMARY OF MOTIVATIONS [ CORRESPONDING TEXTBOOK

GIVEN BY STUDENTS

PRESENTATIONS

DOUBLE SLIT INTERF.

At the double slit bright and dark

3,3.3.5.vi Interference arises from

(27%) fringes appear. Interference occurs | superposition cof a finite number of waves
between two light waves. coming from different coherent sources.
Diffraction does not ocaur,

SINGLE SLIT At the single slit only diffraction 3.3.3.4.i Diffraction is the bending of light

DIFFRACT (20%)

oceurs, because light bends around
the slit.

around small openings.

3.3.3.5.iil A diffraction pattern of bright and
dark fringes occurs when light passes through
a single slit.

3.3.3.5.v The result of diffraction is a
diffraction pattern.

3.3.3.5.vi Interference arises from
superposition of a Tinite number of waves
coming from different coherent sources.

DIFFRACT THEN
INTERF. (17%)

Light bends around each slit and
spreads out, and waves and
wavelets will interfere constructively
and destructively.

3.3.3.5.iv The result of diffractic1 is an
interference pattern.

3.3.3.5.vili When diifraction occurs, light
produces an interference pattern called a
diffraction pattern.

SINGLE SLIT INTERF.
(8%)

At the single slit only interference
occurs which causes bright and
dark lines.

DOUBLE SLIT INTERF.

& DIFF. (7%)

At the double slit interference and
diffraction oceurs.

3.3.3.5.ii Light is diffracted at each slit and the
pattern describes both interference and
diffraction at the same time.

3.3.3.5.vii In double slits both interference and
diffraction oceur.

DOUBLE SLIT At the double slit only diffraction 3.3.3.5.iii A diffraction pattern of bright and
DIFFRACT (3%) oceurs. dark fringes occurs when light passes through
a double slit.
WAVE NATURE (2%) Interference and diffraction are
properties 5f light waves.
INTERFERENCE Diffraction is an interference effect. | 3.3.3.5.i Diffraction is an interference effect.
EFFECT (2%)
** COHERENT Coherent sources lead to bright and
SOURCES (1%) dark fringes.

TABLE 6.17 : MOTIVATION CATEGORIES OF QUESTION 17
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GRAPHICAL PRESENTATION OF RESULTS OF QUESTION 17

FIGURE 6.17.a
Percentage of students who chose a certain combination
of options

D BC A AD c - BC ABC ABCD

FIGURE 6.17.b
Percentage of students who chose each option
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FIGURE 6.17.c
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6.2.18 Analysis of Question 18

See Appendix B for Question 18.

Figure 6.18.a (p. 89A) indicates the distribution of option combinations
chosen by students. They follow in descending order, with the percentage of
students who chose the various combinations of options in brackets:
ABD(28%), AD(18%), A(13%), B(12%), ABD(9%), D(8%), BD(3%),
ABCD(2%), BC(2%), ‘~(2%), C(1%), CD(1%), ABCD(1%).

Figure 6.18.b (p. 80A) indicates the distribution of individual option choices.
The percentage of students who chose that option is shown in brackets.
A(71%) and D({60%) are the obviously correct choices, indicated in green.
The obviously incorrect option is no choice (2%), indicated in red. B(57%)
and C(7%) are the ‘grey’ options, indicated in yellow.

Options A and D are correct, because waves which meet in phase interfere
constructively, according to all the textbook presentations. Waves meeting
crest-to-crest also meet trough-to-trough and are therefore in phase.

Option B is ‘grey’ due to different textbook interpretations (see 3.3.3.1).

Option C is ‘grey’ because the waves are not (exactly) in phase., although
reinforcement does occur at some instances.

Figure 6.18.c {p. 89A) indicates the distribution of the motivation categories
used to motivate the question. Table 6.18 (p. 89) indicates the motivation
categories of Question 18, and how these categories relate to different
textbook presentations. Each textbook presentation refers back to the
paragraph in this report where it is discussed. The percentage of students

oy
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who used each category to motivate an answer appears in brackets aifter the
motivation category.

Figure 6.18.d (p. 89B) indicates the distribution of categories of motivations
for each combination of options.
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CATEGORIES OF SUMMARY OF MOTIVATIONS CORRESPONDING TEXTBOOK

MOTIVATIONS GIVEN BY STUDENTS PRESENTATIONS

TROUGHS ALSO When crests meet, troughs will also

MEET (19%) meet.

IDENTICAL (8%) Wave properties are identical (amplitude | 3.3.3.1.v lliustrated with two waves with
and wavelength). the same frequency and amplitude.

AMPLITUDES DOUBLE | When waves are in phase, reinforcement | 3.3.3.1.iii Constructive interference is

(8%) oceurs. The amplitudes double. associated with reinforcement.

EXACTLY IN PHASE The waves are exactly in phase when 3.3.3.1.i When two waves meet in

(6%) they meet crest-to-crest. phase, constructive interference occurs.

SUPERPOSITION (49%) | According to the principle of linear

superposition, constructive interference
will occur when two waves meet in phase.

NOT IN PHASE D.1.

Waves not completely in phase will have

3.3.3.2.v Destructive interference is the

(4%) some destructive interference. Waves partial or complete cancellation of
not in phase undergo destructive waves out of phase with one ancther.
interference. Destructive interference 3.3,3.3.v Two waves are out of phase
results whien the waves are more than when their maximum, zero and
90° out of phase. minimum displacements are not at the
same place.
3.3,3.3.vii Out of phase waves atrive a
half-cycle out of step at a point.
BOTH IN+ OR - For constructive interference they have to | 3.3.3.1.viii When the displacements of
CYCLE (3%) cross each other in the same direction or | two waves are in the same direction or
both in the positive or both in the negative | in the same part of their cycles,
cycle. constructive interference results.
COHERENT SOURCES | For constructive interference sources 3.3.3.3.ii Sources are coherent if they
(2% have to be coherent. have the same phase,
DON'T CANCEL C.I. When resultant is not zero, destruc- 3.3.3.2.vi Destructive interference is the
(1%) tive interference does not occur. complete canceliation of waves.
PATH LENGTH (1%) The difference in path length is an integer | 3.3.3.1.vi For two waves vibrating in

number of wavelengths.

phase, a path length difference of an
integer number of wavelengths leads to
constructive interference.

PARTIALLY IN PHASE
(1%)

If thev are partially in phase, partial
constructive interferei.ce occurs, Waves
must be at least partially in phase for
constructive interference to occur.

3.3.3.1.ii When waves are in phase their
interference is fully constructive.

TABLE 6.18 : MOTIVATION CATEGORIES OF QUESTION 18




GRAPHICAL PRESENTATION OF RESULTS OF QUESTION 18

FIGURE 6.18.a
Percentage of students who chose a certain
combination of cptions

FIGURE 6.18 b
Percentage of students who chose each option

FIGURE 6.18.¢
Percentage of students who used the indicated
motivation for each combination of options
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6.2.19 Analysis of Question 19

See Appendix B for Question 19.

Figure 6.19.a (p. 91A) indicates the distribution of option combinations
chosen by students. They follow in descending order, with the percentage of
studeints who chose the various combinations of options in brackets: A(40%),
C(35%), D(14%), AC{4%), B(3%), '-'(2%), AB(1%), ABC(1%), AD(1%),
BC(1%%), CD(1%).

Figure 6.19.b (p. 91A) indicates the distribution of individual option choices.
The percentage of students who chose that option is shown in brackets.
A(46%) is the obviously correct choice, indicated in green. B{£%), C(40%),
D(15%) and "-(2%) are the obviously incorract choices, indicated in red.

Option A is correct. According to the principle of linear superposition their
displacements cancel out when they meet, reappear after they have passed
the crossing point and continue their motion as nathing had happened.

Options B, C and D are incorrect, because they indicate a change in energy,
which is not in accordance with the law of censervation of energy.

Figure 6.19.c (p. 91A) indicates the distribution of the motivation categories
used to motivate the question. Table 6.19 (p. 91) indicates the motivation
categories of Question 19, and how these categories relate to different
textbook presentations. Each textbock presentation refers back to the
paragraph in this report where it is discussed. The percentage of students
who used each category to motivate an answer appears in brackets after the
motivation category.
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Figure 6.19.d (p. 91B) indicates the distribution of categories of motivations

for each combination of options.

ORIGINAL (37%)

original shapes and directions.

CATEGOCRIES OF SUMMARY OF MOTIVATIONS | CORRESPONDING TEXTBOOK

MOTIVATIONS GIVEN BY STUDENTS PRESENTATIONS

CANCEL : OUT OF The two pulses meet ouf of 3.3.3.2.i & vi When two waves meet

PHASE (39%) phase and cancef each other cut of phase, destructive interference
out. resuits, which is the complete

cancellation of waves.

CANCEL The pulses momentarily cancel.

MOMENTARILY (37%)

CONFORM TO The pulses conform to their 3.3.2.2.b if two puises move along a

rope from opposite ends, the waves
will meet, pass through each other,
and continue as before.

SUPERPOSITION (5%)

According to the principle of
linear superposition.

3.3.2.2.b When two waves are presant
simultaneously at the same place, the
resultant displacement is the sum of
the instantaneous displacements.

ENERGY LOST (5%) The pulses loose some energy.
The energy cancels out. The
energy is displaced.

ENERGY According to the principle of

CONSERVATION (2%) | conservation of energy.

ONE WAVE FORMS The two pulses form one wave

(2%) moving in the same direction.

PHASE CHANGE (2%) | The pulses undergo a phase
change.

ROPE NOT AS TIGHT | The rope won't be as tight as

(1%) before.

CANCEL PARTLY (1%) | The pulses become weaker.
They cancel out partly.

*»*EREQUENCIES The resulting frequencies

DECREASE decrease.

TABLE 6.19 : MOTIVATION CATEGORIES FOR QUESTION 19
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GRAPHICAL PRESENTATION OF RESULTS OF QUESTION 19

FIGURE 6.19.a
Percentage of students who chose a certain combination
of options
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FIGURE 6.19.h
Percentage of students who chose each option
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FIGURE 6.19.¢c
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6.3 Validity and Reliability and Limitations

The study has limitations that jeopardise the validity and refiability of the study.

These limitations are summarised as follows:

The study is limited to students of Technikon Pretoria. The prescribed textbook

for all students in this research is Cutnell & Johnson: Physics. It is obvious that
most of the students used their prescribed textbook to complete the open book
test.

The researcher has done every thing possible to diminish the effects of these
limitations, and to improve the validity and reliability of the study in other ways.
The following aspects improve the validity and reliability:

o Prior to the pilot study, feedback from five lecturers, including one schoolteacher,
were used to validate the pilot. They had to comment on clarity of wording,
purity and accuracy of content, usefuiness of questions, overlapping of questions

and length.

e The edited pilot test war conducted to test the validity and reliability of the

research instrument, in particular;

(i) Do the questions ask what the researcher wants to establish?
(i} Are the questions consistent in what they ask?

The edited pilot test was administered to 27 Physics students from two different
groups (see 5.1.2). Problems on interpretation of questions were sorted out to
improve the validity and reliability of the test of the main study.
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The final test for the main study was administered to 191 Physics students from
three different groups of students. Two of the three groups were students from
other lecturers, which contributes making the results less biased due to the
influence of the researcher. All three groups wrote the test under supervision of

the researcher to maintain similar test conditions.

The motivations, which are open-ended questions, contribute to the validity and
reliability of each question, because misinterpretations can be picked up and

remarks give more information on alternative conceptions.

The size of the sample group is large for a qualitative analysis and students
come from a variety of different backgrounds. These factors contribute to the
validity and reliability of the project and its results.

The grouping of the19 questions info five areas, where the questions of an area
test the same concept, improves the validity.

Students were encouraged to use other textbooks than their prescribed textbook
for the open book test. The library has plenty of other sources.

B S SV
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7 DISCUSSION

From the analysis of each question in the previous section, each area is now
discussed.

7.1 AREA 1: Constructive Interference

This area involves the following questions: 1, 4, 5, 12, 13, 16, 18

The average student agrees that waves which are (exactly) in phase or
waves which meet crest-to-crest and trough-to-trough (because they are
(exactly) in phase) interfere constructively. Bright fringes on a screen
represent constructive interference.

From the motivations given by students for each of the above-mentioned
guestions, a summary of different alternative conceptions for constructive
interference is indicated in Table 7.1 (p. 95). Motivations related to textbook
presentations are indicated as well.
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STUDENTS’ ALTERNATIVE CONCEPTIONS FOR CONSTRUCTIVE
INTERFERENCE

CORRESPONDING
TEXTBOOK
PRESENTATIONS

When waves meet in phase or exactly in phase or crest-to-crest or
trough-to-trough or partially in phase or 90% in phase or siightly out
of phase or exactly one wavelength out of phase, or both in the
positive or both in the negative cycle, constructive interference

occurs,

3.3.3.1.1,viii

When the waves have identical properties (e.g. wavelength,
amplitude and speed), constructive interference occurs. When the
wave properties differ, constructive interference does not oceur.

3.3.3.1v

When the resultant wave is reinforced or the amplitude has

doubled, constructive interference occurs.

3.3.3.1.ii

Two troughs represent a dark fringe and cause constructive
interference or destructive interference, because a dark fringe has
no energy.

COMMENT: This is applicable with the ripple tank experiment with
water waves! Only one tertiary level texibook mentions this ripple
tank experiment (Sears, 1991:894).

3.3.3.1.vil

When waves are partially in phase or not in phase, partial

constructive interference occurs.

3.3.3.1.

A path length difference of an integral amount of wavelengths or an
equal amount of wavelengths or one wavelength, leads to
constructive interference. When their distances from the sources are
the same, constructive interference results.
COMMENT: This fast motivation is totally a wrong interpretation of
this condition for constructive interference.

3.3.3.1.vi

TABLE 7.1 STUDENTS’ ALTERNATIVE CONCEPTIONS FOR CONSTRUCTIVE

INTERFERENCE
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7.2

The following issues are ignored or inconsistently treated or left unresolved

by textbooks and so contribute to alternative conceptions about constructive
interference:

s Do waves which are not exactly in phase, but reinforcement still results,
experience constructive interference?

o Can waves which are not identical, e.g. waves with different frequencies
and amplitudes, experience constructive interference?

e Onan’ .erference pattern with alternating dark and bright fringes, there is
a gradation of a fringe from bright to dark. Constructive interference is
represented by the bright fringes. Does this include only the centre spot
of the bright fringe where the fringe is at the brightest?

e How can two troughs represent a dark fringe?

e Is partial constructive interference a valid concept for waves which are
partially in phase?

Students DO have alternative conceptions about constructive

interference!

The alternative conceptions about constructive interference relate to the

presentations in texthooksi

AREA 2: Destructive Interference

This area involves the following questions: 2, 7, 12, 16, 19
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The average student agrees that identical waves which are 180° out of phase
or identical waves which meet crest-to-trough (because they are 180° out of

phase) interfere destructively, because complete cancellation occurs.

From the motivations given by students for each of the above-mentioned
questions, a summary of different alternative conceptions for destructive
interference is indicated in Tabie 7.2 (p. 98). Meotivations related to textboak
presentations are indicated as well.

The following issues are ignored or inconsistently treated or left unresolved

by textbooks and so contribute to alternative conceptions about destructive
interference:

e Do waves which are not 180° out of phase, but cancellation resuits,
because the aniplitudes differ, experience destructive interference?

o Does destructive interference occur when waves partially cancel each
other, because a smaller amplitude resuits?

s s partial destructive interference a valid concept for waves which are
partially out of phase?

e On an interference pattern with alternating dark and bright fringes, there is
a gradation of a fringe from bright to dark. Destructive interference is
represented by the dark fringes. Does this include only the centre spot of
the dark fringe where the fringe is at the darkest?

o How can a dark fringe represents two troughs?

Students DO have alternative conceptions about destructive

interferencel

The alternative conceptions about destructive interference relate to the

presentations in textbooks!
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CORRESPONDING
STUDENTS’ ALTERNATIVE CONCEPTIONS FOR DESTRUCTIVE TEXTBOOK
INTERFERENCE PRESENTATIONS

When waves meet out of phase or exactly out of phase or 180° out | 3.3.3.2.1,ii,iii
of phase or crest-to-trough or not in phase or not exactly out of
phase or more than 90° out of phase, destructive interference

OoCccurs.

When waves cancel each other out completely, destructive 3.3.3.2.vi
interference results.

The resultant wave has a smaller ampilitude. 3.3.3.2.iv

Waves can only undergo destructive interference when their 3.3.3.2.ii,vi
amplitudes are the same.

A pathlength difference between the waves of an odd number of 3.3.3.2.viii
wavelengths, leads to destructive interference. The wavelengths
differ not with an integer number.

COMMENT: This motivation is used very seldom correctly and often
in a context where it is not applicable.

When waves are not exactly out of phase or not completely in 3.8.3.2.vii
phase, partial destructive interference occurs.

Two troughs represent a dark fringe, because they cancel each | 3.3.3.2.ix
other. The troughs are in between two crests, therefore destructive
interference occurs. There is no light energy at the dark spots.

In the dark fringes where destructiva interference occurs, all the
light energy is converted to other forms or redistributed to the bright

fringes, but other forins of energy exist in the dark fringes.

TABLE 7.2 STUDENTS' ALTERNATIVE CONCERTIONS FOR DESTRUCTIVE
INTERFERENCE
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7.3 AREA 3: Diffraction

This area involves the following questions: 6, 8, 8, 15, 17

The average student agrees that light bends around the edges of an
obstacle or a small opening, which results in a diffraction pattern with dark
and bright fringes.

From the motivations given by students for each of the above-mentioned
questions, a summary of different alternative conceptions for diffraction is
indicated in Table 7.3 (p. 100). Motivations related to textbook presentations
are indicated as well.

The following issues are ignored or inconsistently treated or left unresolved
by textbooks and so contribute to alternative conceptions.

o Does light diffract around a wide opening like an open door?

¢ Is Huygens' principle only applicable when waves reach obstacles or
openings?

o Can a diffraction pattern form without interference?

o What role does diffraction play in the formation of the interference pattern
of Young's double slit experiment?

o |s interference a diffraction effect or is diffraction an interference effect?

» Does diffraction discbey the rectilinear propagation of light?

Students DO have alternative conceptions about diffraction!

The alternative conceptions about diffraction reiate to the

presentations in textbooks!
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CORRESPONDING
STUDENTS' ALTERNATIVE CONCEPTIONS FOR DIFFRACTION | TEXTBOOK
PRESENTATIONS
According to Huygens’ principle all waves diffract. 3.3.3.4.iii
COMMENT:; This principle is never explained by students,
The researcher is of the opinion that students do not
understand this principle.
Light does not diffract around an open door, because 3.3.34.iii
diffraction occurs around small epenings.
Diffraction is an interference effect. 3.3.3.5.i
COMMENT: This statement is never explained by students.
The researcher is of the opinion that students do not
understand this statement.
When light passes through a double (or single) slit, a 3.3.3.5.iii
diffraction pattern resuilts.
When light passes through a single slit, an interference 3.3.3.5.viii

pattern of bright and dark fringes results.
COMMENT: This is called a diffraction pattern!

Light can not bend around an opening or obstacle,
because light propagates in a straight line.

Guesne, 1993

TABLE 7.3 STUDENTS' ALTERNATIVE CONCEPTIONS FOR

DIFFRACTION

R e
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7.4 AREA 4: Superpositicn and Interference

This area involves the following questions: 8, 9, 10, 15, 17

From the motivations given by students for each of the above-mentioned
questions, a summary of different alternative conceptions for superposition
and interference is indicated in Table 7.4 (p. 102). Motivations related to
textbook presentations are indicated as weli.

The following issues are ignored or inconsistently treated or left unresolved

by textbooks and so contribute to alternative conceptions.

¢ |s destructive interference due to superposition?

e |s interference possible from a single light source?

e Does interference occur at a point where neither constructive nor
destructive interference occurs at that point?

o Can wave sources which are out of phase but coherent, present points
where the waves arrive in phase, and therefore constructive interference
results at these points?

o How do the interpretations of interference patterns produced by water
waves in a shallow ripple tank and interference patterns produced by light
in Young's double slit experiment differ?

Students DO have alternative conceptions about superposition and

interterencel

The alternative conceptions about superposition and intesference refate

{o the presentations in textbooks!




102

Research Project

Alternative Conceptions Concerning Interference and Diffraction of Light

CORRESPONDING
STUDENTS’ ALTERNATIVE CONCEPTIONS FOR SUPERPOSITION TEXTBOOK

AND INTERFERENCE PRESENTATIONS
According to the superposition principle, which is the addition of 3.3.2.2b
instantaneous displacements, constructive interference occurs.

COMMENT: in this research superposition is never associated with

destructive interference!

Constructive and destructive interference result from coherent

sources.

Only interference and not diffraction occirs at a double slit,

because an interference pattern results.

Only diffraction and not interference occurs at a single slit, because | 3.3.2.2.a

there is only one light source and a diffraction pattern resuits. 3.3.35v

When waves are not in phase. neither constructive nor destructive 3.3.3.1.i
interference resuilts. Therefore interference does not take place. 3.3.3.2.0

When waves are coherent and not in phase, a stable interference
pattern forms, which consists out of bright and dark fringes.
Constructive and destructive interference therefore occurs when
waves are not in phase.

Interference occurs when sither constructive or destructive

interference occurs.

Interference patterns are interpreted as follows:

» Interference occurs where waves make contact.

e Where crests are drawn, the troughs are recognised as no
interference or destructive interference.

o \Where crests are presented on an interference pattern,
constructive interference occurs at any point on the crest.

COMMENT: The interpretation of interference patterns are done very

poorly.

TABLE 7.4 STUDENTS’ ALTERNATIVE CONCEPTIONS FOR SUPERPOSITION

AND INTERFERENCE
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7.5

AREA 5: Coherency and Phase Relation

This area involves the following guestions: 3, 5, 10, 14

The average student agrees that coherent waves maintain a constant phase
relation and that the following have the same meaning:

waves meeting exactly in phase and waves meeting crest-to-crest and
waves meeting trough-to-trough;
waves meeting 180° out of phase, waves meeting exactly out of phase and

waves meeting crest-to-trough.

From the motivations given by students for each of the above-msntioned
questions, a summary of different alternative conceptions for coherency and
phase relations is indicated in Table 7.5 (p. 104). Motivations related to
textbook presentations are indicated as well.
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CORRESPONDING
STUDENTS’ ALTERNATIVE CONCEPTIONS FOR COHERENCY | TEXTBOOK
AND PHASE RELATION PRESENTATIONS
Conerent sources cause constructive and destructive
interference to occur at a point.
Waves which are not coherent are not in phase; they 3.3.32.iv
are out of phase; their phases differ; they are not 3.3.3.3.vvi
exactly out of phase. Partial or compiete cancellation of
waves result, Therefore they undergo destructive
interference.
Coherent waves have the same properties (e.g. 3.3.3.3.ii
frequency, wavelength, speed, phase).
When waves are not coherent, cne wave is a positive 3.3.3.3.iii
and the other a negative.
When two crests (or two troughs) meet always at a 3.3.3.3.i,ili
point, a constant phase relation exists.
When the phases differ, the waves are not coherent.
Waves are in phase when they are the same distance
from the undisturbed position.
Waves are in phase when they are both at the positive | 3.3.3.1.viii
(or negative) side.
Waves are in phase when they meet af the same point | 3.3.3.3.vi
at the same time.

TABLE 7.5 STUDENTS' ALTERNATIVE CONCEPTIONS FOR COHERENCY

AND PHASE RELATION
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The following issues are ignored or inconsistently treated or left unresolved

by textbooks and so contribute to alternative conceptions.

Are coherent sources always in phase?

Are sources which are in phase always coherent?

Does a constant phase relation imply that waves have io have the same
phase?

Is a constant phase relation a prerequisite for a constant interference
pattern to occur at a point and not for interference to take place?

Does in phase mean exactly in phase?

Does out of phase mean 180° out of phase?

Are v-aves in phase when they meet both in the same cycle (positive or
negative)?

Are waves with different amplitudes in phase when they meet at the same
" point at the same tirne?

Students DO have alternative conceptions about coherency and phase

relations!

The alternative conceptions about coherency and phase relations relate

to the presentations in textbooks!
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8 CONCLUSIONS AND RECOMMENDATIONS

The following issues are summarised to be the main issues to be ignored or
inconsistently treated or left unrescived by textbooks and so contribute to

alternative conceptions.

¢ [The meaning of in phase and out of phasg

Constructive and destructive interference and related aspects like coherency are
explained and defined in terms of the phases. The different terms (e.g. exactly in
or out of phase, partially in or out of phase, 180° out of phase, more than or less
than 90° out of phase, not in phase) used by studenis and textbooks show the
need for clarifying these terms.

¢ [Definition of interference

Interference is the result of superimposing two or more waves on the same
medium. Students can not understand how interference can resulit from a single
source, where light comes through a narrow slit.

o [Definition of diffraction]

Diffraction is the bending of light around obstacles or small openings. This leads
to the conception that light does not diffract through a wide opening like an open



107
Research Project

Alternative Conceptions Concerning Interference and Ditfraction of Light

door, Therefore Huygens' principie is not understood as a continuous action that
occurs at all wave fronts.

[The interdependence of interference and diffraction|

This issue is under- emphasised.

[Ripple tank interference patterns|

The difference in the interpretation of the dark fringes produced by water waves
in a shallow ripple tank and the dark fringes produced by Young's double slit
experiment should be addressed. During secondary education where chiidren
meet interference patterns for the first time, the illustration of the ripple tanx is
used. There the dark fringes represent the troughs which is constructive
interference. Students in the tertiary phase should be warned that interference
patterns for light differ.

The conclusion of this research is that:

Students DO have alternative conceptions about interference
and diffraction of light!

The alternative conceptions about interference and diffraction of
light relate to the presentations in textbooks!
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Tiw. researcher is of the opinion that the concepts of interference and
diffraction are more complex and deserve more care and attention in order to

understand phenomena like the diffraction grating better.

The researcher hopes that the findings of this reseaich are brought to the
urgent attention of teachers, lecturers and authors to tighten up their
terminology and explanaticns and also to alert them again to the presencue of

alternative conceptions in all aspects of science education.

It is the hope of the researcher that this study will be used as an introduction

to further research on alternative conceptions on interference and diffraction

of light.
This research project has focused mainly on the alternative conceptions
linked to inadequacies in textbooks. Evidence was found of other alternative

conceptions, as mentioned in Tables 6.1-6.19, but not commented on further.

This research focused on a question by question analysis without checking

on internal consistencies within individual students’ responses.

Further research is indeed needed in this field of Physical Optics!

N
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APPENDIX A

PHYSICAL OPTICS TEST

PILOT STUDY
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PHYSICAL OPTICS TEST

MAIN STUDY




JOMSUR  UNOK  QIBANOIAT

J2MSUR INOK  91BANOIN

. -paads Jwes 9y3 aney ‘ad
‘pARRYp 3q o]
wioited 90udI9HIAIN S[qRIS © 99npoId d \ ) + - '
Eiciielil v ‘a
A1+ ,
130UURY JUB1IY0D 30U DI YDIym Sweaq JySy om | 2
AN .
£NOLLSZND q

N
w
1

AW sures 3y 18 908|d SLUes 9y} 18 1S3 A3t usym ‘A[PANORASE0D

ampo (shued yop  syiSudjeaBm dwes Ju 9aRy ssAmm 3o sasind Suimo)o) syL

omsug  Jnok  S1BAROI

> _ L NOLLSEND

\V b
)/L_ 5 . “UOLIBANIOW B4
0 sylewr oM} pue (S)a010y0 105 Syrew 321y cuonsanb YoEs 0} pateoOyE 9q | SHIEW ALg

A g .

_ *30104)3 3004 10 “papia0sd 20eds S ui (UOSERI) HOBEATICW J21Iq 2 DAI)

+ v
“ - “SI2AMSUY JWoS
goun awes 213 12 doujd Jwes 9yl 12 151x9 Koy uaym ‘Spandnysop ur dpqessod st 301043 suo vy o ( QD ‘g V) s;wRmEgd Sy pUNcse 3pID € o
onpouy sied Yomp  SyiSuspAEm olES oyi cAey sonem o sespd Sumofoy oy sueawr £q ()as10yd Ino& ateaiput pue ‘uonsond Yoea 1o (s)uswolels orendosdde ays asooy))
TNOLLSAND SOLLAO TYDISAHd * LSTL

]



iomsue  Inok  93eAnON

*saulf WSIEAS Ui 19ARS) SIABM S SUGHIPUOD [Ju Jdpun} ‘a
~a0uds 2j0YM 33 [[J SPAZM punog o)
Juasasd S§ 31 YEnoyye 9[qeA 195G J0U
st ucnaelyip sy ‘Suuado st 01 paredwos 148y J YIusjpEARM TIOYS 23 01 anQy g

‘Suwado ue ySnosy) suyf 1yStens v ut spaen W1 Ing 10vIIp Saarm punog v

‘uoneuejdxs Suimo([oj ayy Aq uoatd

S1 UOSTAL 3], J00p uddo UB PUNOIE 93§ JUES SU0 Inq Ucop uado ue punose Jeal ued AuQ

9 NOLLSANO

amsuB  INOA  S1BANOK]
“A[9ALIDIIISIP SAWNAWOS Pue A[PALIONIISUOD SIUNIALOS IS ‘a
WII3Y0O 218 o)

“ARAIONNISHOD 219N SSEM{E g

-oseyd ur ase h'

:£ay1 ‘YSno11-01-ySnost 190U SEME WZ PUE Y SOPNIAWE 3m SOARM OM] UDYM

$ NOLLSIND

L2MSUE  INOA  1BANOHNY

X Ao
Zpuex ‘m
X pue gy
A e T

a

< m J

y »— A& »» A -

3-—--4~~-.
-
I
o]

MAAAAANN |
UAVAVAVAVAVAVAVAVRVATH

AAAANAANAN : g
JAVAVAVAVAVAVAVAVAVAY

: Z weiSeg

syuted
Sumojjo BU} 12 SINDDO0 IDUIRPIIUL JALINASUO 7 PIB A X ‘M SB PIreoipul swiod ay
w30u0) "ucmsodadns seaur jo aidioussd oy 0} Suipaozoe (¢ wesFeip) depsao omi oy usym
SRS e TuSWAEdSIP A Se [Pm se {7 @ [ sweaerp) awy suieSe ‘sapuonboy WOSIIp

yim soaem oMy Jo Juawaoeidsip o1 jo suoneiwasaidas [eamdesS skejdsip Sutnerp oy

¥ NOLLSANO

(4]



JaMsue  Unok  21BAHO

“90UDIDMIIUI DARINISUOD 0F1opun Koy |

a

-aseyd ur jou axe Ay [

3]

RUAIEIH G ET RN

o

+aseyd ut ase Loy g,

<

N/ N\
(4deiS atuy-juawadedsip Fumoljo] 2y ul pa1ussa1dss SIABM 0m] i1 NS sapuadosd ey

01 NOLLS3NO

T uamsue  InoA  2)BALIOJA

"UONIOELIP JOU IDUIIILIANUL INISN

o)

‘UOIIDRYJIP PUB 20URIAHIL Yo

| J

“oudIopaul AjuQ

‘uonoryyIp AUQ

<

. 210290 Surmoj[og ay) ‘yits 2j3uls B ySnou] saaow I wayp

6 NOLLSZNO

HCASUR IROA JIRANON

"UOIDBIYIP 10U 30UILAJIDIUL JOYDIN

a

*UONIRIYIP PUE 0USIBLDIUL YIOg

J

-apratapiatul AUQ

o

‘uonorIyip AjUQ -

<

211000 SUIMO[{Q} 32 “SHIS 0A YSROIYI S3A0UT JYSY USYM

8 NOLLSAND

Jamsue  Inof  2leallon]

'SUOISI 1410 01 PANGHISIPAL

s1 A515u3 awos pue ASI10US JO SULIG) ZYI0 0F PILIRAUOS ST ATISUS 513 JO JWOS

a

“£10u9 30 ULI0} IDYIOUE O PSUDAUOD ST ATIoud o)

o

-safuny .~ 3ug ays ut 53 asasd s AS10US JO WNOWE LS Y1

ed

"Su013a1 Y10 0) PAinqGLISIpas St AB1oud dul fje

<

$IN300

20UDI3JIAINE FADNISIP 2AYm ‘SaaBM WSY] Jo woned 2oudsRpIL UL JO SaFuly iep A uf

L NOILSINO



tmsue IN0A  ajeanow

iz a
wie o
£ g
Uk oy
A

5ug ” *  somos

Hiep ¢ X

Suq

jep

43ug od

SAd Puz Xd siSsj yied ayp u3amiaq 2audIayIp AU ST IBYM A pue X si|s
moireu omy woy Fuiwiod £ ySuajosem Jo Sy £q ‘a1nSy 243 u1 dmoys Se ‘UIDIIs € uo psuuioy
St saSuyy yep pue WSy Jo waned 20uvsLAML U “walitadxa soualapeNt 5Sunok e uj

€1 NOLLSAND

amsue  nok  aeanopy

*A PUB X 12 punos yos y
“A 20 X 12 [[8 12 pUnos on

[S=}

“ssaupnof Suiksep

o

"S§3UPNO] Aueg

<

i

32 punOS 31 3O SSAUPNO] A SI0P MO “31nTY 3Y3 Uf UMOYS e S133yRadspro] ay1 w0y Sunwos

£X e $52upnof a1 Yum atedwnd

SeAm. DURGS 3} JO $)5212 SYT, “J01eIauF [RUSIS SIEs Sy} 0] PAIIsUL0d aze s1ayeadpsno] om

T1 NOILSIND

somsue  Unok  jeAROIN

"3aeM 30 2d4) iy vo Supuadap “9aoqe pauonusw asays jo Aup

a

“ASsaus

8}

“Janew

o

‘SeIURQINIStp

<

IRJSURS) SIARM

[1 NOILSINO

™~



‘ijroows Aoapad 1ou s1 U215 Aty 1B 10E) Ayl a

JomsuE  InOA  21RANIONN -apeyq aYl Jo s38pa a1 Aq WSy Jo uondElyp o)

“Me ay1 uj sa(arred isnp q

"90UDIAJIAILL 3ANONLISUC Juasaidal Z pue X d Y1y 241 jo aouasapaLy v
"20UIJIAIUL BATIONISSP Sjuasaldal 7 ko]

“eauIRput aaonnsued wasaxdas L pue X g -019np Aurew st siiY “paunjq ApySys wnq dreys jou st aFew ay3 uay) ‘u3210s SUYM B 01 4O
"30UIIRYINIUL IANDNNSHOD Sluasasdar X AjLO v

pawoload apeq sy jo 9Gew ay pue WS Jo weaq {3jesed  yum pareuLLn[ SI Spe(q J0Zes € §

S1 NOLLSANO

’ 2
Jomsue  nok  21eANON
// npueyg

a

dpue D

apueg k!

opuevy v
“welelp ays uo suuioed pateoipul 5ij) INCGE (S)IUSWSIRIS 1991100 D1 AS00YT) IMmI) ULELIAD B
JE S2ABA 31} JO S15942 SY1 smoys weiSerp Sy L SHs o ySnoyp sassed 181 onrwoyporop
91 NOLLSEND

idatjio

o3 Yy aseyd ur ase Suiod Omi YIIYA\ "9ABM. 35I3ASUERN E JO Dyoxd B smoys ainfy oy

yomsue 1ok SleAnoOp #1 NOLLSAND

0l



66 :1V.10OL

JISMSUR  INOA  21BALON

‘a
_
| s
n _
T |
~ ,
v | v

‘wiesFep oty ur pajeopur st ‘ados e Suoje suonoaup ausoddo ut aaow sas[nd ofFuis om],

61 NOLLSIND

womsue N0k SIRANOW

15210-01-1S310 133U SSABM U |,

U oa

* 506 UBH[3 SSIJ S SIABA OAV] TH} UDMIAG aoudsayp aseud ay L
“J3ULH0 1283 SOIOJUINI SIATAL A, d
‘aseyd ul 3L S9ARM O], v

SOABA DM JO IDUDIFLIANUL ATINISUOD J0J BLIDILID T Suiso}{0] 41 JO YIIM

$1 NOILSAND

Jamsue oA 9iBAlOPT

-0 PUR 4 410q 12 3{03 & A2jd UONORIJIP PUB IUIIRIANE

a

< | O

-wsayred Jouarapoul UB SI D

‘wsaned uoIREIIP B SLd

“sauy] >jsep Pue WS1| ABUWIAN[E SMOYS waned yoey

0 d

janay st ) pue J ysnoun
uaas swayed SU} IN0G2 SIUSWIIRIS SuMoi[o] 31 JO UM ‘D pue J ySnoays winy uy Fup{oo]
w001 3ep B Ul Keame SI910W [R1942S 14TY 2:[4M JO INOS [EONLIDA MOLIEL ® M3t O] pasn st pue
[EO1LI2A. SHS Y} Y3t 240 3tf) 01 35O PPy St ajeyd oy “wede un 57°0 Siys Jo yied € 1Y) pUT

s 2jFws B St § "HOIS[NWD SI ySnoxy) apew SINd WFeNs sey apeyd oydesforoyd pauayde|q vV

L1 NOLLSZ10

fl



APPENDIX C

QUANTITATIVE RESULTS

MAIN STUDY




MARKS ALLOCATED TO STUDENTS FOR THE PHYSICA. OPTICS TEST

Student| Mark as % Student] Mark as % Student| Mark as % Student] Mark as % |
1 46 49 29 97 47 145 74
49 50 49 98 49 146 74
3 51 51 61 99 54 147 70
4 46 52 59 100 35 148 86
5 41 53 42 101 72 149 66
6 47 54 58 102 58 150 68
7 46 55 66 103 70 181 | 86
8 11 56 59 104 70 152 70
¢] 85 57 55 108 86 153 67
10 67 58 64 106 59 154 62
11 54 59 57 107 74 155 68
12 76 60 70 108 57 156 . 67
13 57 61 55 109 89 167 72
14 54 62 55 110 67 158 70
15 61 63 42 111 50 159 66
16 51 64 51 . 112 84 160 82
17 41 65 66 113 67 161 53
18 47 66 57 114 63 162 78
18 42 67 50 115 82 163 63
20 61 68 598 116 63 164 72
21 57 69 50 117 78 165 68
22 64 70 41 118 80 166 50
23 68 71 50 119 71 167 53
24 61 72 55 120 74 168 70
25 54 73 55 121 58 169 61 |
26 57 74 54 122 78 170 74
27 70 75 70 123 80 171 51
28 50 76 66 ‘. 83 172 66
29 45 77 42 125 79 173 66
30 53 78 53 126 68 174 63
31 54 79 41 127 71 175 62
32 78 80 45 128 89 176 75
33 64 81 67 129 68 177 67
34 49 82 55 130 84 178 76
35 62 83 26 131 51 179 64
36 53 84 53 132 84 130 57
37 55 85 42 133 74 181 68
38 47 86 58 134 86 . 182 71
39 55 87 42 135 72 183 67
40 42 88 54 136 78 184 72
41 66 88 56 137 78 185 45
42 59 90 49 138 59 186 45
43 45 91 57 139 74 187 62
44 57 92 51 140 89 188 41
45 62 93 54 141 63 189 76
46 57 94 63 142 61 180 46
47 42 95 47 - 143 64 191 38
48 46 96 57 144 71

Average: §0,4%




APPENTX D

ANALYSED TEST RESPONSES

MAIN STUDY




ANALYSIS

Question 1

CHOICE

% of 191

NUMBER OF
STUDENTS

MOTIVATION

E

20,8%

57

38: They are in phase. (3: They are exacﬂy in phasa.)

16: The wave is

14 ical waves.

12: They meet crest-to-crest and trough-to-trough. {1: C meets and ion meets
1! Minlma and maxima meet)

7: The i doubles.

6: ical wavelengths.

4: Both length and ampli are

4: They meet cresi-to-crest.

2: They meet trough-to-trough.

2: Identical

1. Bright fringes on the screen.

COMMENT: Although crests are nat here, mare to crests than to troughs.

AB

27,2%

37: They are in phase. {8: They are exactly in phase.)

18"meymeetcreetto—crestortrough—tumugn (3:C ion meets jon and taction meets
1: Two negatives or two positives meet.)

r 9 The sum of the waves is bigger than either of the original waves. (1: Amplitudes double.} COMMENT: Constructive

is d with

5. wavelengths.

5: Superr,

5: They meet crest to~crest. (1: Two maxima meet; 1: Two positives rneet)

2 i don't have to be the same.

1: Identical

1; The waves ate exactly one wavelength out of phase,

1: C and D have a 180° or a few degrees phase shift,

1: Cis out of phase.

18.2%

3

. They meet crest-to-crest and trough-to-trough. (3: Cond ions and ions.)

ﬁ&: They are in phase. (1: They are exactly in phase.)
9;

T wave is reinforced,

Amplitude doubles.

Identical wavelengths.

dentical waves.

: Identical and amplitudes.

2w

They ate not golng to cancel.

1 Light waves passing through this wavelength does nat give a complete electric field (*).

ABC

11.5%

18: They are in phase. {2: Exactly in phase.)

5. They meet crest-to-crest and trough-to-trough. (1: C rieals ion and meets
jon; 1: Two positives and two negatives meat.)

4: The sum of the waves results in a bigger wave than either of the oniginal waves. (1! doubles.)

1: Identical waves.

1: C and D are out of phase.

2; C is half a wavalength out of phase.

1: C will undergo at alater instant.

1:C i in both i A only positive and B only negative,

BC

8,3%

12

They are in phase. (1: C is exactly in phase.)

6:
8: Ralnf of resultant wave, (2: The ampli doubles.)
8:

: (dantical waves. {2 : 2! identical wavelengths.)

4: They meet crest-to-crest and trough-to-tmugh (1: Two and two ions meet.)

1: They are out of phase.

BD

31%

4: They are in phase. (1: Thay are exactly in phase)
-

3: They mest crest-t and troug gh. (1: Two
two ives meet.)

and two rarefauions meet; 1: Two positives and

waves, (1: i y g

2.
1: Reinf : The wavelength doubles.

3,1%

3: They are [n phase. (1: Exactly in phase.) COMMENT: They are not in phasel

2; Rel (1: Double amg 1: Bughter colour.)

1: Identical wavelength.

11Dis and A, B and C are

1: COMMENT : Mativation of no sense.

3: Twa crests in phase. COMMENT.: Constructive | is d with In phase crests only (not troughs).

1: The is twice that of either wave ().

ABCD

1: They meet crest-to-crest and trough -to-trough.

1: They relnforca each other




ANALYSIS

Question 2

CHOICE

% of 191

NUMBER OF
STUDENTS

MOTIVATION

42,8%

82

50: The waves are out of phase. (5: Exactly out of phase; 2: 180° out of phase; 1: They differ by half a

gth.)

he waves cancel each other,

he waves meet crest-to-trough. (4: They meet condensation-to-rarefaction.)

he waves are identical. (3: Same wavelength; 2: Same amplitude; 1: Same frequency.)

hey don't reinforce each ather.

They begin with the same phase and end out of phase(*).

The pathlengths difference between the waves differs by an odd number of wavelengths.

1: T

he waves arrive at a point in phase(*).

38,7%

74

38: The waves are out of phase. (12: Exactly out of phase; 5: 180° out of phase; 5: Half a wavelength

out of phase.)

34

The waves meet crest-to-trough. (5: The waves are in opposite directions; 5: They meet

condensation-to-rarefaction; 5: A positive and a negative wave meet.)

24:

The waves cancel each other.

S: The resultant wave has a smaller amplitude.

: Only partial destructive interference oceurs at A and complete destructiva interference at D.

: The amplitudes don't have to be the same.

ey I IX)

: Sometimes constructive and sometimes destructive interference wilt occur(*).

: The waves are exactly in phase(*).

5.8%

The waves are out of phase. (1: Exactly out of phasa,)

The Waves cancel each other.

he amplitudes are identical.

ST [~

[he waves mest crest-to-trough.

They ate exactly in phase(*).

ACD

37%

The waves are out of phase. (1: Exactly out of phase! 1. ot in phase)}

The resultant wave has a smaller amplitude,

They cancel each other out.

he wavelengths differ not with an integer number,

: Wave forms exhibit both constructive and destructive interference(®).

AC

26%

They are out of phase. (1: The wavelengths differ with half a wavelength.)

They cancel each cther,

They meet crest-to-trough.

They are not identical waves.

Fhey meet crest-to-trough.

The waves are Identical.

They are out of phase,

‘wo troughs interfere destructively.

The waves reinforce each other crest-to-trough(*).

1.6%

The waves are out of phase. {1: Exactly out of phass.)

They cancel each other.

[hey are identical waves.

80

1.6%

2T

hey cancel each other.

1T

hey meet crest-to-trough,

AB

0.5%

1: Tl

he crest and trough will cancel each other{*).

cbD

05%

1:T

hey start out of phase.




ANALYSIS

Question 3

CHOICE

% of 191

NUMBER OF
STUDENTS

MOTIVATION

8

49,2%

94

6: They don't maintain a constant phase relation.

: The waves are not in phase.

4
24: Constructive and destructive interference don't continue to oceur at a point.
8
5

: The one waves is in the positive cycle and the other in the negative.

4: Wavelengths differ.

3: No motivation

9: Motivations of no use(*).

18.8%

36

15: Constructive and destructive interference result from coherent sources.

10: They do not maintain a constant phase rclation.

4: Constructive and destructive interference don't continue te cccur at a point.

2: The waves are not in phase.

: There is always some form of interference when two waves meet(*).

—

Their wavelengths differ.

3! No motivation.

2: Motivations of no use(*).

7.3%

14

8: They do not maintain a constant puase relation.

3: Constructive and destructives interference don't continue to occur at a point.

: They are out of phase.

: Their wavelengths differ,

: No motivation.

63%

6: Their wave characteristics (wavelength and frequency) differ.

3: They don't maintain a constant phase relation.

: Only in vacuum their speeds will be equal(”).

: Don't understand the meaning of coherent(*).

: No motivation.

52%

4: Don't understand the meaning of coherent(*).

52%

4: They don't maintain a constant phase relation.

: The pattern on the screen will be washed out.

_|1: Neither constructive nor destructive interference will occur.

: The waves are from different directions.

They produce different patterns of light.

Thelr phases differ.

3: Motivations cf no use(*).

BD

2,6%

4: They don't maintain a constant phase relation.

1: Constructive and destructive Interference don't continue to occur at a point.

ABD

1,6%

2: They do not maintain a constant phase relation,

1: Motivation of no use(*).

BC

1.6%

2: They undergo dastructive interference, because they are out of phase.

1: They don't undergo constructive or destructive inte farence because they are not exactly out of
phase.

ABC

0.5%

1: No pattern Is observed,

AC

0.5%

1: The waves cant bend, therefore no Inter/atence("), .

AD

0.5%

1: Constructive and destructive Interi 2rence resii from cenerant sources.

[¢]s]

05%

1: Their frequencies differ.




ANALYSIS

Question 4

CHOICE

% of 191

HUMBER OF
STUDENTS

MOTIVATION

M.7%

137

79: The waves reinforce each other. (25: Amplitude doubles; 1: For X the amplitude doubles and for W
the amplitude increases.)

46: They are In phase. (5: They are exactly in phase; 1: X'is exactly in phase and W is parfially in
phase.)

S: Crest meets crest and trough meets trough. (1: Two condensations and twe rarefactions mest)

: [dentical waves.

: No motivation,

REIESE)

: Y and Z are destructive. (1* Due to positive and negative crests; 1: Because resuftant wave is less
than individual waves.)

2:Y and Z are out of phase.

1: The sources are coherent(*).

1: Constructive and destructive interference occur when two waves with the same frequency
overlap(’).

1: The frequency is the same(*).

152%

29

15: They are in phase. (1: They are exactly in phase; 1: W and Z are out of phase and Y undergoes
destructive interference; 1: The rest are out of phase.)

The waves meet trough-to-trough. (2: They meet rarefaction-to-rarefaction.)

The resultant amplitude is reinforced. (7: The amplitude doubles.)

NI0|©

The waves are identical,

83%

12

[he waves meet crest-te-crest. (4: The positive side or maximum.)

They reinforce each other. (3: The amplitude doubles.)

hey are in phase,

bl B B

dentical waves. (1 [dentical frequencies.}

47%

: The sum of the two waves gives a resultant wave.

: They are in phase. (1: Xis exactly in phase, W 80% in phase and Z very litlle.)

N |

: Reinforcement, COMMENT: 2 is riot reinforced!

1.0%

1: No motivation

1: WXY correct, W partial constructive interference, X constructive interference, Y two waves cancel
each other,

BC

1.0%

1: No motivation.

1: They meet crest-to-crest and trough-to-trough, except Z.




ANALYSIS

Question 5

%of 191 wumseroF
cHolcd | studenta | STUDENTS MOTIVATION
28: When two waves meel trough-to-frough they are exactly in phase. Therefore the Solrces are conerent and
ABC | 225% 43 constructive interference occrs, COM*’. NT; This |s 8 summary of the cholce.
5" Frequenclés or wavelengths are e same. (G: Same frequencles; 4 Same Wavelengin.)
187 The two waves maintain a constant phasa reiaton.
7: Constructive interference has nothing 10 do with the ampiludes of the waves, as long as they are In phase, (1. As long
as the amplitudes have the same sign.)
6: Reinfercement: the resultant wave s the sum cf the individual waves, (3. Resuitant amphtude is 3A; 1: Resuitant
ampltude Is 2A,
. Theif crests wid oieo meet {1: The maxima meel)
2: A integer numbze of wavelengths leads to ive Intetference.
1: Out of phase aves can also be coherentif they ara exactly out of phase(®).
A 19.4% 37 22; They ara in phase because tey meet Tough-1o-rough, COMMENT: THIS Is o summary of the chaice.
6: The waves interfere constructively. COMMENT: Consiriictive Inferference was ancther opfion 1o choosel
16: They relnforce each other, (4: Gtude doubles.
5: Thay Wi also meet crestio-crest. (12 They Wil meel condensagan-fo-condensation and j arelacton-to-raretacton.) |
5. Although their amplitudes differ they are stifin phase. (1: The frequency wil not change.)
3! Their waveiengths aro the same,
1: No motivation.
1. Coherency Is for constrictive and destructive interference, because amphtudes differ no censtructive or destructive
interference ocowrs(*). _
: Even thouigh the amphiudes change from minimum fo maxinein he waves are In phase(®).
: The difference In ampitida Is an Integer number(*).
: The distance differs by an Integer number(®).
: They ditfer by one wavelength").
B A73% 33 12; Thiey reinforce each ofhier. ( 6: Ampiiude doubles.)
10: Constructive [ntesference cecurs when waves meet frough-to-trough. (1! Two troughs Interfere constiuctively ina
negativa direction.)
6: The waves are in phase,
+ A difference In an [eger Mmber of wave 5 leads 10 C. Interference.
: They aiso meet crestto-crest.
: The waves have the same speed.
The waves have he same wavelengt.
Because their ampiitudes differ, fhey don't hiave a constant phase and Interfere constructively or destructively(¥].
Thelr frequencies differ(*).
18; Because the waves meel fough-lo-ough they are In phase and Inferfere constructively, COMMENT: Thisis a
AB 16.2% 31 summary of the cholce,
8 They relnforce each other, (3 Ampfude is 3A; 1: Ampitude [s 2A.)
. They aisc meef crest-lo-crast. (1: Ihey meet condensaiion-to-condensation.)
: No mativation.
2: Constiuctive interference has nothing 1o do with the size of the ampliude,
: Their sources are aiso coherent, COMMENT: Coherency was an cption’
* Thelr wavelengths are the same.
: Coherent sources can be olif of phasa but their ampitides must be the same(’).
: The ampitudes of tha waves do not have a cancedng effect, therefore constructive interference(*),
: The waves are in phase because they have the same speed(").
+ When two Identical waves arrive at a point in phase Consuctive merference occurs.
D 8.8% 17 7 r ampitudes differ. (1: The speed of AisTaster than 2A.)
: Waveiengths can differ(®).
+ i depends on the frequency(*®).
! Their phase can reinforce of weaken each other(®).
2. It depends whether they meetin phase of oui of phase(®).
27No mativation.
1: Constructive Interference only 0CCUrs vien roUghs 8re In phiase, OMerwse CoNSTUctve 10 Some exent or
destructive,
: Waves can meet -10-1r¢ when are In phase of out of phase(*).
- When the ampitude Js doubled waves willlrerfere destructivent®).
- Light waves Wil not be biignt. because the distance throtign which ey Travel differ by one wavelength(’). 1
|  Whien they meet troughr-to-rough they interfere desiructively(*).
C 7.3% 14 7: They maintain a cons"ant phase relaton.
2 They interfere cons . COMMENT. Constiuctive Interference was an optiont
2: No motivation.
Difterence n amphitude doesn't effect phase reation.
Each wave maintains its ampitide(”).
Constructive and destructive inferiercnce continue occuring at @ pot(”).
: Waelengtis are not the same(").
AC 31% 6 2. Tefniorce each other. (1: tude is 3A.)
: The two waves have a constant %se refation,
T If they atways meet rough-o-Tough ey are In phase and coherent. COMMENT: This 15 8 summary of the cholce,
: Consguctve inferference has nothing to do with the ampiiudes of tia waves, as long as they are in .
* Their speed s e same.
*Thare s some inferferencu thaf occurs(®).
8C 15% K] 3 have a constant phase relation.
* The frequency remains constant. K
+ If the waves ara not coherent ey will only inferfere constructively at this point,
: The waves wil be coherent if the amplitide remalns constant(®).
- 10% 2 No motivation, D
Z: L depends on the (Tequericy of the Waves. (1; B apples witen [Tequendies are 1@ same, 0 appaes when ffeq. snaes

BD 1,0% 2 differ(*).

[¢5] 10% 2 17 FOr Const1ictve and destuCHva INterferenca 1o cominue GCCuiTing at 3 point 1 wave_sources must be coherent,
1; They move through each ather and wili cross each other at a point, because the one ampitude IS A and the other
2A1). —
1: Thay interfere destructively resutting In a wave with an: Jiude A. COMMENT. Trolghs are associaled Wih Gestiue e

ACD | 05% 1 _‘lr_ﬂﬁgfer)cel)(‘)




ANALYSIS

Question &6

CHOICE

% of 194

NUMBER OF
STUDBERTS

MOTIVATION

B

§1.8%

L]

31: The degree of bending is too small to observe.

29: Diffraction depends on the ratio wavelength to sfit width. Light has a shorter wavelength than

sound.

14: All waves, also light, diffract.

: Sound waves diffract much more than light waves.

Light waves do not bend around an open door.

Light bends around narrow slits.

No motivation,

I N

0: Motivations of no use(*).

23,6%

45

11: Light waves can't diffract.

4: In the case of light, the degree of bending is toeo small to observe.

3: According to Huygens' principle for sound waves.

: Light moves too fast(*).

: Sound diffracts more than light.

: Light waves do bend.

St No motivation.

9: Motivations of no use(*).

5,3%

5: In the case cf light, tha degree of bending is too small to observe.

4; Sound bends around an opening.

2: According to Huygens' principle fer sound waves.

All waves bend around openings.
2: No motivation.

tivations of no use(*).

4,7%

[he degree of bending is too small to observe,

+ Sound waves make echoes(*).

3
: Sound waves vibrate(*).
S
§

ound waves are not transverse waves(*).

: Constructive interference occurs(®).

: Sound waves can't be seen(*),

3: Motivations of no use(*).

AC

3.7%

2: Only sound waves bend around the doorway,

: Sound waves change in the opening to longitudinal waves(*)

+ According to Huygens' principle for scund waves,

: A light wave won't illurninate the whole area.

+ Only sound reflects in doorway(*).

: Motivations of no use(*).

26%

4: Dus to the wave nature of light(*).

: Only sound waves diffract.

: Otherwise we wauld be able to see around comers.

2; Motivations of no use(*).

2,1%

1: In the case of light, the degree of bending is too small to observe,

3: No motivation.

BC

1.6%

1: The degree of bending |s too small to observe.

1: Motivations of no use(*). .

ACD

1,0%

2: According to Huygens" principle sound waves diffract.

AD

1.0%

1: According to Huygens' principle sound waves diffract,

1: Waves bend around openings.

ABC

0,5%

1: No motivation,

BD

05%

1: Dua to the short wavelength of light, and travels in a striight line(*}.

[o}s]

0,5%

1: No motivation.




ANALYSIS

CHOICE

% of 481

Question 7
KUMBER OF
STUDENTS MOTIVATICN

A

28,3%

54 2: No energy (no light) is present at dark fringes, because the wnves cancel one another.

2: The energy is redistributed to regions where constructive intrrference (bright fringes) owcurs.

6: No motivation.

5: According to the law of conservation of energy.

4: Young's experiment has shown the redistribution of energy,

3: The bghtness of the fringes is directly pronortional to the light energy.

1: The energy is lost(*).

16: Motivations of ng use(*).

272%

52 12: The dark fringes have less energy.

1: No motivation,

7: Some of the energy is absorbed.

6: No energy Is present at dark fringes.

5: { Jonstructive and destructive interference depend on pathlength difference.

5:'.aw of conservation of energy.

2 .2nergy is converted to bright fringes.

Energy is converted to heat energy.

Ww|H

Some of the enargy is used for destructive interference to occur.

: Diffraction occurs(®).

7: Motivations of no use(*).

3: The waves stay the same after destructive and constructive interference.

1: A brighter pattern is not associated with more (light) energy(*).

7: Motivations of no use(*).

16.8%

32 10: Law of conservation of energy.

8: In dark region no energy, therafore to other regions.

3: Constructive and destructive interference depend on pathiength difference,

3: No mativation.

2: Energy Is associater] with sfit width(®).

2: Energy is converted to heat energy.

: Energy is converted to bright fringes.

: The dark fringes hava less enerqgy than the bright fringes.

+ Intensity is directly proportional to energy.

52%

10 8: No motivation.

2: Motivations of no use(*).

8C

1.0%

2 2: Because no light is present in dark fringes, encrgy conversion took place.

BD

0.5%

1 1: Motivation of no use(*).




ANALYSIS

Question 8

CHOICE

% of 191

HUMA*, OF
TIUDENTS

MOTIVATION

[o]

68,1%

130

83: An interference pattern with dark and bright fringes forms on the screen.

36: When light moves through a slit, it bends areund the edqes.

38: Waves from two coherent sources interfere.

11: ARer diffraction. The waves interfere constructively and destructively.

6: Diffraction is an interference effect.

. Due to the wave nature of light.

: According to Young's double slit experiment.

: According to Huygens' principle.

6
3
2
8: No motivation,
2

3: Motivations of no use(*).

22,5%

28: Constructive and destructive interference occur to produce a pattern of alternating bright and dark

o
ringes,

10: Light sources are coherent.

: Light waves can't diffract(*).

No motivation.

o IR

Motivations of no use(*).

63%

12

6: Light waves bend around the slits.

1: The resultis a diffraction paitern of bright and dark fringes.

3: No motivation.

1.6%

3: Motivations ol no use(®).

1.0%

2: No motivaticn.

AB

0,5%

1: Motivation of no use(*).

COMMENT: Choice makes no sent 2.
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Question 9

CHOICE

%hof 191
students

HUMBER OF
STUDENTS

MOTIVATION

A

48.7%

93

42: Diffraction occurs at the slit where the light bends around the edges of the slit.

26: There is no other light source for interference to occur.

8: The light spreads out.

S: A pattern of alternating bright and dark fringes forms on the screen.

S: A single siit diffraction pattern forms.

4: No interference pattern of dark and bright fringes forms on a screen.

: Only dark fringes occur(*).

: Scattered bright and dark fringes form.

7: No motivation.

13: Motivations of no use(*).

34,0%

29: Diffraction occurs at the slit where the light bends around the edges of the slit.

29; Dark and bright interference patterns form on the screen.

6: Diffraction is an interference effect.

4: The light is spread out.

3: After diffraction the waves interfere constructively and destructively.

2: A'single slit diffraction pattern appears.

: Huygens' principle.

: Destructive interference is formed at the single slit.

+ Due to the wave nature of light.

o motivaticn.

8: Motivations of no use(*).

6,3%

12

5: Constructive and destructive interference take place.
2: Diffraction can't occur,

: Light will pass through the slit without bending and form an image of the slit on the screen.

1: No difiraction, because the slit deesn't have a round shape.

o motivation.

4: Motivations of no use( *).

73%

8: A single slitis to ensure that light from one direction only falls on the doubile slit

1: Only one bright fringe is observed.

: The light becomes polarized(*).

1: A pattern of bright and dark fringes forms because of tiny wavelets.

1: No motivation.

2: Motivations of no use(*).

2: No motivation.

1: Motivation of na use(*).

BC

2: Motivations of no use(*).

COMMENT: Cheice makes no sense.

AC

0.5%

1; Mativations of no use(*).

COMMENT: Choice makes no sense.

AD

05%

1: Motivations of no use(*).

COMMENT: Cholce makes ne sense.
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Question 10

CHOICE

% of 191
students

HUMBER OF
STUDENTS

MOTIVATION

C

33,0%

683

17. They do not origi at the same point (5 ... although their | are the same.}

13: They do not meet trough-to-trough or crest-to-crest.

10: They do not start at the same ume

8 Neither nor occurs. (1: On avarage none of them oceur; 1: Not 100% constructive
1: Not always

7: Thay are not

4: The waves cznzel each ather which results in destructive interference.

3: They are n .t exactly out of phase.

1: The waves are 50° out of phase.

1. The i of the wave doesn't double.

3. No mativation.

18,3%

35

17: The waves maintain a phase relation.

4: Ci ive of i will never aceur.

3. G ive and f take place,

1: Coherent means coming after another,

3: No motivation.

6: Motivations of no use(*).

8c

15,2%

29

19: The waves in a phase relation.

I‘ They do not meet crest- tocrest of trough-to-trough.
ive or will never occur.

3 They are out of phase. {1: Slightly out of phase; 1: Mot exactly on phase.)

2; They do not start at the same point.

2: They only

: Coherent means synchronized.

N will tually ccnur,

: Motivation of no use(*).

7.3%

8: They do nnot shift relative to one anc(her

3: The waves have the same

2: The waves reinforce each other.

1: They do not have a constant phase relation(*).

1: No motivation,

2: Motivations of no use(").

AD

8,0%

4: The waves have the same

4: They meet crest-to-crest and trough-to-trough,

hey reinforce each other.

2 Tt
: They do not cancel each other.
Tt

1
1: They i at the same time.
3. No motivation,

AB

4,2%

4: The waves a phase relation.

1: The waves have the same properties.

1: No motivation.

2: Motivations of no uset).

2,0%

2: They meet crest-to-ciest and trough-to-trough.

1 The waves reil each other.

. They are neasly the same.

: They forrn one wave when they ().

co

31%

2: They undergo at some times,

4: Motivations of no use{*).

ABD

2,6%

3. The waves rei each other.

2: The waves have the same *

1 A stable pattem forms.

1: The sources are coherent(*).

B8CO

21%

2. The waves in a phase relation.

2: They do not meet crest-to-crest and trough-to-trough,

1:Thereisa

1 i they undergo constructive and other times

1,6%

1: No motivation.

2: Mctivations of no use{*).

BD

2.0%

2: They cross at the ups and downs.

1: The waves a phase relation.

1: No motivation. -

ABC

1.0%

2. Motivati of no use(’).

COMMENT: C i choicel
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Question 11

CHOICE

% of 191
students

NUMBER OF
STUDENTS

MOTIVATION

D

40,3%

77

0: Light waves transfer enerqy.

6: Water waves transfer matter,

4: Sound waves transfer disturbances.

0: it depends on the properties of the waves(*). COMMENT: Part of option!

: A wave carries energy.

: Awave is a disturbance.

: Sound waves transfcr energy.

WG|l

: Water waves transfer disturbances.

2: Electromagnetic waves transfer matter.

: Different kinds of energy are transferred.

: Waves are a movement of any nature(*).

: Sound waves transfer matter.

: Electrc magnetic waves transfer disturbances.

: Water waves transfer eneray.

: It depends on the medium of the wave(*).

: No motivation.

15: Motivations of no use(*).

AC

25,7%

49

36: A wave is a traveling disturbance that_carries energy from place to place.

6: Light waves and water waves transfer disturbances, electromagnetic waves (light waves) transfer
energy.

2: The enerqy is carried by the eleclric and magnetic fields that comprise the wave.

1: A cork stays at same spot in waves.

1: When a stone is dropped into a dam, disturbances occur in the form of waves.

: No rotivation.

4: Motivations of no use(*).

22,5%

12: Waves transfer energy from place to place.

11: The energy of a disturbance is transferred by means of a wave.

g: Waves transfer eneray in different forms e.9. light, sotind, poteitial ensrgy to do work, heat.

3: Waves transfer energy in forms of matter e.g. objects, charged particles,

2: The energy is carried by tha electric and magnetic fields of the wave.

3: No motivation.

6: Motivations of no use(*).

73%

14

6: Waves are traveling disturbances.

3: According to the principle of linear superpositicn(*).

2: No motivations,

3: Motivations of ho use,

42%

1: Only water waves carry matter.

: Different kinds of energy are transferred.

: No motivation.




ANALYSIS

Question 12

CHOICT

% of 191
studants

KRUMBER OF
STUDERTS

MOTIVATION

A

571%

108

31: These points are in phase. (10: Same frequency and wavelength,)

23: Constructive interference occurs at both, (12; Crests intetfere)

30: Their distances from the sources are the sarre.

15; No interference: neither constructive nor destructive. (9: No interfarence; 6: Neither constructive
nor destructive.)

14: Both speakers are connected b nie game signal generatar,

8: No motivation.

5: Destructive interference occurs at both,

3: Their amplitudes are the same.

3: Interferense occurted. (They interfered equally.)

14,1%

27

24: They both experience destructive interference. (8: 1rough and crest meet; 4: Total destructive
interference! 2: Raretaction and condensation; 1: Not in phase; 1: Out of phase.)

2: Motivation of no use(*).

1: No motivation,

17,5%

20

10: They both experience destructive interference. (2: Not complete destructive interference; 2; Cut of
nhase; 1: Not exactly out of phase; 1: Not in phase; 1: Only in theory no sound.)

3. No interference.

ntensity of sound waves inversely proportional to distance traveled(*).

2
2: No motivation.
1: They meet crest-to-trough and not trough-to-trough.

9,4%

18

4: They meet out of phase.

3: AtY the sound is Jouder.

2: Constructive Interference oceurs,

COMMENT: No valid motivations!

AD

3,1%

5: Both underge destructive Interferance.

1: They don't interfere.

AC

2,6%

5: Destructive interference accurs and ne sound will be heatd.

1.6%

3t No motivation.

ACD

0,5%

COMMENT: Invaitd cheice!

BC

0,5%

1: Sound intensity is redistributed.

BD

0,5%

1: Sound intensity is between maxirmum and minimum,
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Question 13

CHOICE

hof 191

RUIMBER OF
STURENTS

MOTIVATION

D

28,7%

51

20. This is the second order brght fringe with m=2

15; Pathlength PY > PX. (5. PY =2PX; 4: PY is 1 wavelength longer than PX; 1, PY s 2 wavelengths longer than PX; 1:
PY is haif a wavelength longer than PX.}

9: No motivatian,

8: Constructive interference occurs at bright fringe, waves are In phase and path length difference is integer
amount of wavelengths.

3: P is the third order bright fringe.

2: They are [n the same pilase.

4: X and Y are very close together,

1: Wavelength travels along diffetent paths from X and Y o reach P(").

1: PY has double the wavelength of PX,

1: Y moves five times and X moves thtee times(*).

21,5%

A2

11: P h PY > PX with 1 waveleng

10: Constructive interference occurs at bright fringe, therefore waves are in phase and pathlength difference 's an integer
amount of wavelengths, therefore 1 wavelength.

5. No motivatian,

: Between each dark fringe there is a bright fringe.

: No ditfraction, b the same wavelength.

< Since the two slis act as coherent seurces the phase is

: The distance |s the same of same length.

: Thete has to be halve a wavelength in b in order to have ive and

: There is only one length so the di differs by one wavelength,

: Y starts from the negative side to the positive side, that is from the dark side to the bright fringes.

2 PYisone 1 shorter than PX, b # ails to reach where X reaches.

1: A ing to Young's i light has a specific wavelength which is the same at any poinl(*).

: The waves have to cancel each other(*}.

1: The same amount of energy moves through X and Y(*).

. Different ditections of light waves(*).

[

20,4%

39

13; Mo

10: F PY > PX. (4: 1,5 times; 2: less than twice longer)

3: There are 3 bright spats(c. and 2 dark spets{d.

2. Di are not the same.

1: C i it occurs at bright fringe, and pathlength difference is an integer amount of

1: P s the first order dark fringe(*}.

ey

. P is the third order bright fringe(*).

1: Pathlength PX = 372 PY(").

1: Wavelength PX = 3/2 wavelength PY(*).

1; Wavelength PX = 2 wavelength PY("),

5: Motivations of no Use.

17.8%

10; Pathlength PX < PY. (The difference is: 4; Halfawavelenglh' 211 wavelength; 1; Double; 1. Pathlength PY is one

{wavelangth and pathlength PX Is half a ]

4; Constructive intadference occurs when distance dnffers by an integer number of wavelengths and destructive

i when di Is half an integer.

2: Seurces have to be

1:C ive interference falls on bright side and d ctis on dark side.

L m=2

1: P is 2 times weaker than the center,

: A wavelength and a half wavelength make a dark spot.

1 there are no bright and dark fringes in ¥ part.

1: The i is twice the of the others,

4: No motivation,

2: PX is tonger than PY b Y dsllects more than X(*).

2: The PX and PY are equal().

: Angla will nat be the same(*).

1: Wavelength of PX is 2 times smalfer (han PY(’)

: Wavelength from X travels a shorter di (*).

: Wavelengths differ(*).

7.3%

: The wavelet from source X travels shorter than Y.

: Ceniral tringe PX is brighter than PY{*).

1. No metivation.

7%

5: f oceurs at P the diiference is an integer number,

1: PX and PY parallel and far away from screen.

1: No rnotivation.

AB

0,5%

1: Pathlength PY > PX,

and one gth for

1; Differenca is half a tangth for

ABCD

0,5%

1 occurs In integers and half integers.

ABD

0.5%

1+ The central bright fringe has by far the greatest Intensity.

AC

0,5%

1: Waves are out of phase. Phase difference |s half a wavelength when m=0 and 3y/2 when m=1

AD

0,5%

1: XP is 2x nearer than YP.
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Question 14

CHOICE

% of 191
students

HUMBER OF
STUDENTS

MOTIVATION

[5]

75,4%

134

55: They are exacily ona wavelength apart.
36: They are at thie san m

23 They Will meat ¢
reinforce each cther.)

731 Thay are beif s the positve 17 15) Side v, the wave,

10: They have ‘he same dirctior ’Jf propagation.

5: They are the same Gistanca frem -he undisturbed position.

5. The waves have t1e same repedties (amplitude, wavelength, speed).

4: They are out of hass, (2:180°; 1: 360" 1: 90°)

1: They are coherent.

&: Not .vation,

11: Motivations of no use(*).

6,8%

13

4: They have the same amplitude.

3t Counstructiva intetference will result.

3: They are the sama distance from the undisturbed position.

2; They meet cresi-te crest.

1: They are exactly ong wavelength apart.

1: No motivation,

4.7%

2: The one iz a minimuin &.d the other is a maximum.

2! Thay will ;neet rrest-to-crsst,

2; After inlarference they form one wave(*).

1: Constructive irterferenca will result,

1; They have the same amplitude.

1: Motivatior: of no ‘ se(*).

4,2%

2! They are at the same wint,

1: The waves meet crost-to-crest.

1: The waves reinforce each other.

1: Interference is possibla(*).

1: The others cancel each other.

2: No motivation.

3.1%

2: They are at the same polnt.

1: They are the same distance from the undisturbed position.

1: Constructive intarference will occur,

It The waves meet crest-to-crest.

1: Tha new wavelength starts there(").

1,8%

1: Not one, because none meet at the same point at the same time.

2: No motivatiori.

AC

1,6%

1: They travel the same distance.

1: They are coherent.

1: Metivation of no use(*).

ACD

1.0%

2: Motivations of no use(*). .

0,5%

1: They have maximum and minimum disturbance.

ABD

0.5%

1: Motivation of no use{*).

cb

0.5%

1: They are at the same distance fror the undisturbed position.

1; They will reinforce each other,
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Question {5

| cHolcE

% of i1
studonts

HUMBER OF
STUDENTS

MOTIVATION

[¢]

60,7%

116

§3: The light bends around the edges of the blada.

9: Diffraction causes constructive and destructive interference (bright and dark fringes).

3: The blado reflects the light.

4: The blade has rough edges.

4: The light spreads out,

2: The light energy is redistributed.

2: Different colours will be neticed.

1: The amount of diffraction that occurs is very smali(*).

1: The edges of the blade are not parailel.

24: No motivation.

12; Motivations of no use(*).

18,3%

35

8: Constructive and destructive interference occur, causing bright and dark fringes.

8: Destructive interference forms a dark fringe which causes the blurred image.

3: Due to the bending of waves,

3; Due to reflection of waves on the blade.

3: Due ta refraction (change of medium}, which causes change In directicn,

2: Different colotirs will be noticed.

1: Light waves can't diffract. This is the only cholce left.

10: No motivatiori.

AC

7.9%

15

8: The light bends around the edges of the blade. The wavelets interfere to form bright and dark
{ringes.

2: Reflection of light from the blade causes Interferencs.

1: Diffraction causes the blurred image(*).

1: Destructive interference forms a dark fringe which causes the blurred image.

1: No motivation.

2: Motivations of no use(*).

3,1%

2: Motivations of no usa(*).

4: No motivation.

BC

2,6%

2: Dust particles are always present, which disturb waves.

13: Motivations of no use(*).

BD

1,6%

1: Reflection on blade is not 100%.

1: Dust in air causes rough screen surfaces.

1: No motivation.

AB

1,.0%

2; Dust particles cause scattering of light, which interferes constructively and destructively.

ACD

1.0%

1: Due to reflection of light from blade.

1: Motivation of no usa(*).

BCD

1,0%

1: All of them contribute to blurred image(*).

1: No motivation.

1,0%

1: The distances traveled by light waves will differ between the source and the screen, which will
cause phase changes. .

1: No motivation.

ABC

0,5%

1: Motivation cf no usa(*).

ABCD

0,5%

1: All of them contribute to biurred image(*).

[¢]0]

0.5%

1: Motivation of no use(*).
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Question 16

CHOICE

% of 194

HUMBER OF
STUDENTS

MOTIVATION

D

28,8%

S5

33: At Y to crests meet and 2t 2 two troughs.

7: The waves meet in phage.

5: Crest meets crest,

: The sources are in phase.

: Rarefaction meets rarefaction.

: Both are situated at interference points of waves.

: No motivation.

IS

: Motivations of no use(*).

22,5%

43

15: Two crests meet. (1: A bigger amplitude results.)

11: The waves are in phase, (1: The others are out of phase.)

9: This Is the only point where the two waves make contact (interfere).

2: The two waves cancel; it is a dark fringe pattern.

5: No motivation.

17,3%

11: The waves are out of phase.

5: It represents a dark fringe,

4; The waves cancel each other,
3: Z lies next to the point where 2 crests pass.

: Their troughs meet.

: It represents a light fringe.

: The resuitant amplitude is less.

4: No motivation.

AC

15,2%

22

17: At Y the waves meet crest-to-crest or in phase,

G: At Z the waves meet crest-to-trough or out of phase.

3: At Z two troughs meet.

2: Z Is in-betwaen wyo crests,

2: At Z the waves don't interfere (intersect).

: It depends on tha distanca between the slits and sources.

: Constructive itfierference occurs where two {roughs or two crests meet,

: At Z the two crests ¢ '+ out of phase.

 fea motivatior

7.8%

18

5: Because of their amount of wavelengths from the source. (2: One wavelength difference; 2: Equal

amount of wavelengths; 1: An integer number of wavelengths difference.)
4: They are in phase. (1: Exactly one wavelength out of phase.)

3: They meet crest-to-crest.

2: No motivation.

2: Motivations of no use(*).

42%

1+ None of the above, When monochromatic lignt passes through a double slit diffraction patterns
oceur.

7: No motivation,

BC

3.1%

3! For X and Y twn crests fall together, (1: They ate in the same phase.)

2: The two slits act as coherent sources.

"12: For Z a crest and trough fall together. (1: Out of phase.)

1: No motivation.

0.5%

1: Because |t differs from wave to wave it can be any thing. °

&CD

BCD

0,5%

1: Motivation of no use(*).

COMMENT; Choice contradicts.
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Question 17

%of131 | wumser oF
CHOICE | students | STUDENTS MOTIVATION
) 30,9% 59 21: Light bends around each slit and lets will interfi ly and ly.

3. Interfs and diffraction are ies of light waves.
2 Ditfraction is an effect.
2; At single slit inte) and at double slit diffraction occur.
1: At single slit diffraction and at double slit interference eccur.
1: At single slit diffraction and at double slit and diffraction cceur,
1: Oue to reflection of light
16: No motivation.
8. Motivations of no use(*).

BC 14,7% 28 23: At the single slit the light bends around the slit and at the double slit bright and dark fringes appear,
7: At the double slit the diffracted waves interfere.
3: No motivatj
2 i of no use(*).

A 9,9% 19 3: Ci ive and ive interii occur at bath.

2. At both slits the sources are
1A ing to Young's i
1¢ Through the single slit one bright fringe is seen.
1: Through the single slit only a datk fringe is seen.
9: No motivati
2: Motivations of nc use(*).

AD 9.9% 19 6: The light and dark fringes are dus to and diffraction.
5. Bright and dark fringes are due to
3. Ditfractian ocours through any shit.
3: No motivation.
5: Motivations of nio use(*).

[} 8,9% 17 a: rfe oceurs b two light waves,
5: C ive and f will oecur to produce bright and daik fringes.
2 A ing to Young's
1: After diffraction, will take place.
3: No motivation.
2: Motivations of no use(’).
- 5,8% 11 1: Only diffraction, and not plays a role at both P and Q.
10: No motivation.
8 5,8% 11 3: A pattern of alternating bright and dark fringes fom.

1: No interferenca at single slit.
1: Dua to small width the paltem is observable.
3: No motivati
3: Motivations of no use(*).

ABC 5,.2% 10 4: Diffraction oecurs at the single slit and rf at the dauble slit,
2 Diffraction occurs at the single slit and Interf and ditfraction at the double slit.
4: Motivations of no use(*).

ARCD 3.1% ] 4: Light bends around each slit and fets will interf ively and d tively to form bright and dark fringes,

1: Ditfraction patterns are observed when light maves through a single or double slit
1: Diffraction Is an effect.

AC 3,1% B 3: Light waves from tha slits interfere ly and ively to produce bright and dark fringes. —
2: No motivati
1: Motivations of no use(*). —

ACD 1,0% 2 1: Oiffraction causes the light to bend and spread out so that light waves Interfere to form bright and datk fringes.
1: Motivation of no use(®),

BD 1.0% 2 1: Intarfy and diffraction are ies of light waves.
1: At single slit only diffraction ¢ceurs, at double slit both i and diffmction occur.

AR 0.5% 1 1: Only ditfraction ocours at the single slit and ditfraction and eccur at the double siit,




ANALYSIS

Question 18

CHOICE

% of 191
students

NUMBER OF
STUDEHTS

MOTIVATION

ABD

283%

54

23 All three theso conditions are criteria for constructive interference. COMMENT: When two waves are in phase they
meet crest-to-crest and trough-to-trough and will reinforce each other.

25+23: They are (n phase, {6: Exactly in phase.) COMMENT: The 23 is Included in the choice which cantains all three
options.

14+23: They meet crest-to-crest. (7: They meet crest-to-crest and trough-to-trough; 1: Positiva and negative peaks
meet)

3+23: Reinforcement. (6: Amplitude doubles,)

: Identical waves. (2: Same amplitude and wavelength.)

; According to the principle of linear superposition, constructive interferenca will occur.

+ No motivation.

2: If the phase differance is less than 80° destructive interference will still occur at times.

: The phase difference is an integer(®).

AD

17,8%

34

19: These two conditions are criteria for constructive interference. COMMENT: When waves meet crest-to-crest they
re in phase.

+19: They are in phase. (4: Exactly in phase.)

+19: The waves meet crest-to-crest. (8: They meet crest-to-crest and trough-to-trough; 1: Rarefactions meet.)

: The waves reinforce each other. (1: The resultant amplitude doubles.)

ding to the principle of lincar superp: oceurs when 2 waves meet In phase and

;est-to-crestand trough-to-trough,

: For constructive Interference sources have to be coherent.

: The sum is riot zero.

: They have a point of overlap.

+ }f they are out of phase constructiva interference will maybe happen partly or not, maybe destructive interference will
take place,

1: No motivation.

131%

25

9: They reinforce each other. (2: Amplitude doubles.)

7: They meet crast-to-crest and trough-to-trough. (2: They meet crest-to-crest; 2 They meet condensaticn-to-
condensation.)

S5: In phass s the condition for constructive Interference.
: Identical waves. ( entical wavelen§lh and umEIitude.)

1: If they are not in phase destructive interference will occur.

12,0%

16; They reinforce each cther, (4: Amplitudes double; 3: When waves reinforce each other they meet crest-to-crest and
traugh-to-treugh.)

7: They ate I phase.

5: They meet crest-to-crest and trough-fo-trough. {1: Two positive and two negative ampiitudes meet; 1: They meset
rest-to-crest)

: Identical waves

: Superposition principle i

: No mativation,

: Waves In phase construct and destruct each other,

AB

9.4%

9; When two waves arfive at a point in phase, they reinforce each other, COMMENT: This is a summary of the chosen
conditians.

S: A bigger wave will result. (1: A wave with doubls the amplitude.}

2: The waves ate coherent.

They meet crest-to-crest and trough-to-trough.

They are Identical waves,

The difference in path length Is an integer number of wavelengths,

They are exactly In phase, with no phase difference.

Ng motivation.

b b B e L

Waves must be in phase for interference to occur.

If they are not in phase destructive interference will acet;

8,0%

16

7: When waves meet crest-tc-crest constructive Interferance cocurs.

: They reinforce each other. (1: Amplitude doubles.)

. They are In phase. (1: Exactly n phase.) .

: No motivation.

5
4
2: The princiole of superpasition is stated.
2
1

: The waves are identical.

1: If the waves don't meel crest-to-crest destructive interference occurs.

BD

2,6%

: Constructive interferenca can only take placa when the waves reinforce sach other.

: When waves meet crest-to-crest they reinforcs each other,

+ ldentical waves.

: The waves are in phase,

ABCD
==

21%

3: All statements are true,

1: Frequency is the same {f waves meet crest-to-ciest and trough-to-trough, COMMENT: Nothing Is mentioned about
the option C of the phase differencel

3; Constructive jnterforence takes place when both the waves meet in the positive or in the negative cycle

2: Destructive interferenca occurs when the waves are more than 80° out of phase.

3: No motivation

1t Waves must be at least partially in phase for constructive interference to occur.

1: If they are in phase, they can't have a phasw difference(®).

ABC

0,5%

1; !f the waves meet crest-to-crest destructive nterference will ocour(®).

co

1,0%

2: Constructive interference will occur at certain times.
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Question 19

%of191 | wumakR oF
CHOICE | students | STUDENTS MOTIVATION
A 40,3% 77 62: The pulses momentarily cancel, but conform to their original shapes and directions.
6: According to the principle of linear superposition.
4: According to the principle of conservation of energy.
1: Because they are in opposite directions thiey will never meet.
5! No motivation.
5: Motivations of no use(*).
o] 34,6% 66 64: Tha two pulses mest out of phase and cancel each other out.
3: According to the principle of linear superposition.
1: They momentarily cancel.
1: The energy is cancelled out.
1: No motivation,
D 13,6% 26 8: Two identical pulses meet out of phase; they cancel,
3: Thea two pulses form one wave moving in the same direction,
2: The pulses become weaker.
2: The pulses loose some energy.
+ Each pulse tries to move In the same direction as before,
: The resulting frequencies decrease.
: The energy Is displaced and the wave propagates.
: The rope won' be as tight as before.
: The waves destroy one another.
: When they meet they cancel each other out partly.
2: No motivation,
AC 3,7% 7 6: The pulses momentarily cancel but conform to their original shapes and directions.
1: No metivation,
B 31% [] 3: The pulses undergo a phase change.
2: Each pulse retains its initial properties,
1: Motivation of no use(*).
- 2,1% 4 : Their energles cancel out.
: They meet out of phage,
2: No motivation.
AB 05% 1 1: Motivation of no use(*).
ABC | 05% 1 1: Motivation of no use(*).
AD 0,5% 1 1; Motivation of no use(*).
BC 0,5% 1 1: C is for the total overlap and B is for the receding pulse,
CD 0,5% 1 1: When they meet they cancel each ofiter,_The continuation of momentum causes the final form.
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