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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 dsiermine whether these
conceptions relate to textbooks, as one of the main sources of students’

knowledge. An analysis of secondary leve! textbooks and tertiary fevel

non-calcuius 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 fest which Physics students of
the Technikon Pretoria wrote. This tesi revealed that alternative
conceptions on elementary principles of interference and diffraction of
light do exist and that they relate o textbook presentations. This study
reveals that (i) the ferms in phase and ouf of phase are not consistently
used in different textbooks; (i) the definitions of consfructive and
destructive interference in terms of phases cause major alternative
cenceptions; (iil) the interrelation between interference and- diffraction is
not clarified. '
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MOTIVATION FOR THE STUDY

Personal experiences as a physics fecturer at the Technikon Preioria
suggested that tertiary level students experience problems with the corcapts
of interference and diffraction of waves.

In particular, in analytical chemistry, the diffraction grating is a fundamental

companent of the spectrometer. The operation of the diffraction grating is

based on the fundamental princip!és of interference and diffraction of light.

This study investigates students’ donueptualisatibns on interference and
diffraction to determine If these alternative conceptions could lead to

problsms when appiied to the diffraction grating.

The researcher is of the opinion that different textbook presentations of thess
phenomena Jead (o aiterative conceptions.

The aim of the study is to:

» dstermine whether alternative conceptions aboul interference and
diffraction do indeed exist;

= jdentify the most important of these alternative conceptions;

= congider whether téxibooks, as one of the main sources of students’
knowledge, contribute io alternative conceptions.
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DEFINITION OF TERMS

The terms dsfined in this section are the researcher’s definitions to clarify
fnelr use in this study, except where otherwise note .

Altemative conceptions: The wide range of ideas held by students, and
sometimes even by educators, that differ from the consensus model
developed by the scientific community. Thes term alternative conceptions is
being used in preference *t» misconceptions. Modern science educators
believe that studsnts’ prior notions may have some utility in anchoring new
conceptions, while the term mis-conceptions implies that these ideas are
oompietely wreng (mis = wrong).

Optics: The study of light subdivided into geometrical optics and physical
optics. For gec utrical optics the rectilinear propagation, described by the
ray model, is the principal characteristic of light needed for understanding.
This includes the formation of images by mirrors and ienses. For physical
optics the wave nature 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 raquires twelve
years of education. The first seven years are referred to as primary
education, and the last five years as secondary education. Secondary
gducation is completed at the end of grade 12 (previously sténdard 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.

Tertlary education: Tertiary institutions in South Africa include universities
and technikons. This is an education level beyond grade 12, The
matriculation exemption certificate is a prerequisite to study at a tertiary
inatitution.

Textbook: 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, illustrates 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 eleciromagnstic waves, which have a number
of properties in common. Although this study is about fight, 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, because they develop
beliefs about the things that happen in their surroundings from the very
earliest days of thair lives (Driver, 1983},

The origin of alternative conceptions is experience and obsgervation,
language and cultural influence, textbooks and fraditional teaching (Driver &
Head, 1986}

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

Dall'Alba ef al, (1923) 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,

~ migleading or inaccurate statements in textbooks may have considerable

impact. In his study on ucceleraion he found that some students'
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3.2

understandings are incomplete 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. In the hands of poorly
motivated teachers textbooks are capable of misuse. In the first place it is
not possible for any written recard to be complstely current and up-to-date.
Supplementary materials, current joumals, 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
info account significant regional variations and student abilities within a given
grace level. The pragmatic answer to the problem is that the average
textbook be aduressed 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 fextbooks and students.

Alternative Conceptions about Light

During the last decade educators and researchers have become increasingly
concemed about the prevalence of altermnative 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; Treagust, 1988; Veiga, 1989). Research on

science education has been done in various topics of physics, e.g. force
(Galili & Bar, 1992), pressure {Rolinick & Rutherford, 1993}, energy (Duit &
Haeusslar, 1994), electricity (Saxena, 1992) and optics (Driver, Squires,
Rushworth, Wood-Robinson, 1994; Guesne, 1993; Palacios, Cazorla &

Madrid, 1989; Pietersen, 1993; Watfs, 1885),
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To date little research on students’ ideas of physical optics has been done.
After a thorough literature search the researcher could not obtain any
comprehensive ressarch on students' ideas of interference and diffraction.
Some aspests of interference and diffraction are mentioned in the following -
studies:

(i) Driver et al. (1994:128) state that children develop ideas about natural
phienomena before they are taught science in school. The term light is one
of which all youngsters have seme informal understancing from a very early
age (Watis, 1985). Seldom do teachars 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, a'e by and.
targe in the position of having to construct thelr 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 ideas, they must be intefligible,
plausibie and fruitful (Hewson, 1981), in terms of their conceptions prior to
instruction.

(i) Watts (1985) mentions the sxample of the principle of superposition, that
must be introduced in stich 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 & way that makes sense.

(iii} In a study done by Pistersen (1993) on students' conceptions of light, the
phenomena of diffraction and interference of light received some attention
as part of @ concept map. In an interview a student mentioned that light does
diffract around obstaclas in their path. He explained diffraction as follows:
When radiation strikes an cbstacle 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

resuits 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 Guesneg {1993} on the rectilinear propagation of
light and shadow formation, diffraction is not even mehtioned.

Beyond these peripheral references to diffraction and interference the

researcher is of the opinian that the importance of diffraction and interference
is neglected in resanrch, ' '

interference and Diffraction

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 phenomenen. 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 (SenNay &
Faughn, 1985:570), By contrast Christiaan Huygens was a fim believer in
the wave theory of Iight. In 1678 he stated his famous Huygens' principle,
which is a geometrical construction for finding from the known shape of a
wave front &t 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 @ wave theory of light (Mulligan, 1991:620)!

In 1803 the historic double-slit experiment of Thomas Young showed that
~ light beams 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 presentad 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 (Giancali, 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, 1981:902). Little 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 thelr speed of
propagation. This development, along with the experimental work of Heriz
starting in 1887, showed conclusively that light is indsed an electromagnetic
wave phenomenon (Sears, Zemansky & Young, 1991:812).

The Michelson interferometer, named safter the American physicist Albert
Michelson, playsd an interasting role in the history of science during the latter
part of the nineteenth century. In 1887, Michelson and Morley used the
Michelson interferomeler in an attempt to detect the motlon of the earth
through the ether {the medium in which it was believed {at the time] that the
propagation of light waves occurred). This motich 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, 1991:898-900), '
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At the beginning of the 20th century, Albert Einstein returned to the particle
theory of light in order to explain phenomena like the photoslectric effect,
because the wave naiure of light has ifs limitations (Serway & Faughn,
1985:567). Several p:anomena associated with emission und absorption of
light reveal particle ¢ perties. These apparently contradictory wave and
paticle 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 pariicle properiies. Propagation of light,
interference and diffractiorr are best understood by the wave properties
(Sears, Zemansky & Young, 1991:812),

3.3.2 Textbook Presentation.

According to DalfAlba et al. (1993), textbooks present a variety of different .
definitions of a concept, because a definition depe.nds on the situation.
Therefore it ie difficult to give the ultimate definitions of interference and
diffraction. '

3.3.2.1 Sohth African Secondary Level Texthook 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) BrinkBduP & Jones RC. Natuur- en Skeikunde (Standerds 8 & 9).

(i)  Heyns GF. De Villlers 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
phenoraena 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 a/. (1987:19-25) illustrate diffraction pattems 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 aperture, relative to the
wavelength. Constructive interference occurs where the waves arrive in
phase (where Iwo troughs or iwo crests meet) and the amplitude is a
rnaximum. On the screen the very bright spots will represent constructive
interference due to the crests and the ciark spots will represent constructive
interferenice due to the froughs. Destructive interference occurs where waves
arrive in opposite phase {(where & crest meets a trough) and the resuftant
amplitude is zero, because the disturbances cancel each other. On the
screen the grey spots will represent destructive interference. Interference is
a resut of diffraction,

In grade 11, Heyns af al. (1989:67-82) start with the prnciple of superposition:
Whenever tWo or more waves cross each other, the resultant displacement of
the particies 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 ohes present. Inferference is explained
by applying the principle of superposition, as well as the path length
differences of waves. interfersnce occurs when circular waves from two
coherent sources intersect. Consfructive interference takes place when two
pulses reinforce each other. When two waves are exactly in phase,
constructive interference will resull.  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 interfarence will result. Should the two
waves have exactly the same amplitudes, the two waves will cancel each
other aut completely and there will be zero disturbance. Huygens was the
first person to realise that diffraction is ar;tually' a form of interferance.
Diffraction is the phenomenon that the end of a wave that passes an obstacle
changes direction. Heyns ef al then discuss interference and diffraction
patterns of light in terms of doubie slit interferencs, while singe slit diffraction
is also investigated. The interpretation of the interference pattern of light
waves in Young's double siit experiment differs from the patterh produced by
water waves in the ripple tank: The bright lines are due to construrtive
interference, while the dark lines are due to destructive interference.

In grade 10, Brink & Jones (1986a:6-11) iilustrate interference patterns (not
diffraction) as a property of waves. - 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. Desfructive

~interference is described as the area of an interference pattern where zero

displacement occurs. When a crest and a trough mest, they cancel each
other. When the amplifudes are equal, complete canceliation resuits, which
ig destructive interference.

In grade 11, Brink & Jones (19860:56-67} start with the principle of
superposition; When two waves in the same medium meet, the instantaneous
d.isplacem'ent of the medium at any point equals the algetraic sum of the
displacements of the individual waves. Here the conditions for constructive
.i 4 destructive interference are described as follows: Constructive
ferfarence occurs when waves are in phase. Destruclive inferference
ocours when waves are out of phase, aithuugh cancellation is not complets.
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 slit interference and single slit

 diffraction patterns, The diffraction grating is infroduced aé an instrument to
produce light spectra.

3322 Tertiary Level non-caiculus Textbook Presentation

A study done by George {1994) lists the names of the nine most popular
textbooks used on one-year, non-calcutus 'physics courses in American and
Canadian colleges and universities as follows. (The percentage indicates the
nurnber of institutions using that particular textbook.)

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

{ivy Jones ER & Childers RL. Centemporary College Physics. 8%
- (v}  Sears FW, Zemansky MW & Young HD. College Physics. 5 %

{vi) Beiser A, Physics. : 3%
{vii) Miller F & Schrorer JD. College Physics. 2%
viily  Mulligan JF. Infroductory Colliege Physics. 2%
(ix) Nolan PJ. Fundamuntals of College Physics. - 2%

Although not mentioned as one of the nine most popuiar textbooks, it is
worthwhile adding to these the presentation of interference and diffraction of
~ the following textbook:

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

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

Two common features of alf 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, 1988:279; Cutnell & Johnson, 1985:483; Giancoli, 1980:286-257;
Jones & Childers, 1993:407; Nolan, 1895:321,323; Sears, Zemansky &
Young, 1991:479; Serway & Faughn, 1985:325).

(a) nterference

+ Infarference is described by Giancoli {1980:297) and Sears, Zemansky &
Young (1991 :500) as the gsneral term used to describe phenvmena thut
result from two or more waves passing through the same region at the
same time. _

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

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

e 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 interfers
constructively to one where they interfere destrucﬁvely at a later time
{Muiligan, 1991:308).
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e The principle of linear superposition is used to determine the total
displacement at any point and at any instant of tirhe (Sears, Zemansky &
Young, 1991:890). ' '

» The principle of superpasition govemns interference (Beiser, 1986:650).

{b)  Linear Superposition

» The principle of linear superposition states that when two or more waves
of the same nature are present simulfanecusly at the same place, the
resultant displacement at any point and at ény instant may be found by
.adding the instantaneous displacements that would be produced at the
point by the individual waves if each wers present alone (Beiser,
198'6:290; Cutnell & Johnson, 1985:522; Nolan, 1995:336; Sears,
Zemansky & Young, 1991:890; Serway & Faughn, 1985:330).

¢ Beiser (1986:283) describes what happens to the wave erergy during
complete canceliation, when two pulses move along a string tuwards sach
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, only to
reappear iater on, after they have passed the crossing point. At the
instant of complete cancsllation, the total energy of both pulses resides in
kinetic energy of the string segment where cancellation oscurs,

e According to Jones & Childers {1993:422), if two pulses are started along

@ rope at opposite ends, the waves will meet, pass through each other,
and continue their motion as if nothing had happened.

() Constructive Interference

o Constructive interference or reinforcement results from the addition of
amplitudes of waves, from two or mors Sources arriving at a point in
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phase (that is crest-to-crest or trough-to-trough) (Sears, Zemansky &
Young, 1991:891),

According to Belser (1986:650) constructive intarference 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).
Sarway & Faughn (1985:331) and Mulligan (1991:288) illustrate
constructive interference with two overlapping waves having the same
ampli ude and frequency. '
Serway & Faughn (1985:615) describe constructive interference ag a
state where the amplitude of the resultant wave is greater than that of
eithar the individual waves.

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

When waves arrive at a point in the same pat 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 calied 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 resuiting 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 consiructively, since at every point the displacements
produced by the two waves add constructively {Mulligan, 1681:289).

» 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 i.;. the .algebraic sum of their se;ﬁarate 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 mest troughs). The water
oscillater up and down with greater amplitude than either wave
separately. The two waves are in phase.

o When two sinusoidal waves of the same wavelength and amplitude maet
in phase, their interference is (fully) constructive (Halliday, Resnick &
Walker, 1993:496), '

s 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;
Mulligan, 1991:622; Nolan, 1995:813; Sears, Zeménsky & Young,
1991:891).

(d)  Destructive Interference

s Destrucive interference or cancellation results when waves from two
sources which are permanently in phass, arrive at a point exactly a half-
cycle (180°) out of phase (that is'cret-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 ré'sultant wave is zero everywhere, thus producing zero light and a
dark fringe (Nolan, 1995;338,814). ' '

According to Belser (1986:650) destructive intér'ferenoa refers to the
partial or complete cancellation of waves out of phase with one another.
Cutnell & Johngon (1995:525) say that at iocations where heither
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  comnlete
canceliation. '

Serway & Faughn (1955:331) Jllustrate destryctive interference with two
waves with the same amplitude and frequency where the resuitant 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 interference as the resultant amplitude
being less than that of either of the individual waves, '

The dark lines on the screen of Young's doubie sfit 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 mests crast, the composite wave will have an amplituds less
than that of the Iarger' of the uriginal waves and the waves interfere
_ destructively with each cther (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 exaicﬂy out
of"phase, destructive interference occurs and the resulting wave [s
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(e)

diminished. if the fwo sources. have the same amplitudes, destructive
interference rasults in zero net amplitude {Jones & Childers, 1993:661).

Giancoli (1980:297-298) describes destructive interference as the result
whan 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 s the algebraic éum 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
aut of phase their interference is destructive (Halliday, Resnick & Walker,
1893:496). _

Partial destructive interference is the result in most areas where the
refative phases of two waves are intermediate between the two extremes
of constructive and destructive interfereince (Giancoli, 1980:298),

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

Diffraction

Diffraction is introduced by Sears, Zemansky & Young (1991:901-802)
with the complexity of the shadow casted by a point source of
monochromatic Hight. According to geomeitrical optics, if an opaque object
is placed betwsen a point light source and a seresn, the edges of the
object cast a sharp shadow on the screen. This ray model 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 altemating bright and dark bands. Diffraction is the-
res..tant effect produced by a Jimited 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 chstacle. ' _

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 (1995:807) define diffraction as the
bending of waves into the shadow region when they pass through
aperiures 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 cbstacle.
Giancoli (1980:299) refers to diffraction as the fact that waves spread as
they tra\fe! and when they encounter an obsiacle they bend around it
somewhat and pass into the shadow region.

Cutnell & Johnson (1995:880,888) define diffraction as the bending of
light around an obstacle or the edges of an opening. Difiraction 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 ag it travels, diffraction effects become noticeable
only when light travels through a small enough aperture or past a sharp
edge. _

Beiser (1986:662) illustrates diffraction in water ‘waves where the
diffrac_:ted waves spread out as though they originated at the gap, in
accord with Huygens' principle, with the foilowing diagram;

Barmier.

Sione drapped \

)

; Ly
\ A
ERe v}

Beiser (1986:662) expiains diffraction pattems 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-sit
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 sscondary wavelets from
the entire initlal wave fronts but only from part of them, and the result is an
interference pattern.

If any type of wave encounters a barrier that has an opening of
dimensions similar to the wavelsngth, the wave will flare out into the
reglon beyond the barrier. In the case of light waves more than just flaring
oceurs, because the light produces an interference pattern called a
diffraction pattern. This phenomenon is called diffraction (Halliday,
© 1998:1053,1076).

Huygens' principle is a geometrical method for ﬁnding, from the known
shaps of a wave front at some instant, the shape of the wave front at
some later time. (Jones & Childers (1893:656) 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- & speed equal to the propagation of
the waves. The new wave front is then found by constructing a surface '
{angent fo the sacondary wavelets (Balser, 1986:595;'Cutnell & Johnson,
1095:880; Giancoli, 1980;563; Jones & Childers, 1983:6586; Mulligan,
1991:620; Nolan, 1990:748; Sears, Zemansky & Young, 1991:830;
Serway & Faughn, 1985:573). '

= Huygens' principle shows that plane. waves remaln planar and spherical |
waves remain spherical as they move tfhrough space (Mulligan,
1981:620).

¢ 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, 1993:85’7;
Nolan, 1995.765; Sears, Zemansky & Young, 1991:831-832; Serway &
Faughn, 1985:683-585). | |

» Beiser (1988:596,649) emphasises that aithough it is both proper and
convenient to use rays in physical optics, an approach based axclusively
on rays does not reveal characteristic wave behaviour as diffraction; the
motion of wave fronts is what is really significant.

()  Relation between Interference and Diffraction Patterns

o The interfererice patiern resulting from Young's double slit experiment
consists of bright lines Where consiructive interference ocours 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 fines. The bright
lines are actually extremely faint and relatively broad. Diffraction gratings
consist of & large number of parallel slits which overcome these difficulties
(Beiser, 1986:653,655).
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. Interference of two light waves will produce constructive or destructive
interference depending on the phase difference between the two waves
(Mulligan, 1991:621-622). o
Beiser (1986:298-299) describes the maximum intensity periods and
minimum intensity periods of sound waves from two funing forks with the
following diagram:

~ Maximum intensity {constructive interference)

- - BN

s )

\ /

Minimurn intensity (destructive interference)

Jdones & Childers (1993:671) state that inferference and diffraction are two
phenamena which are inseparably linked and are not really different. The
pattemn that results from diffraction by a single slit could be thought of as
the self-interference of 'Iight passing through the sfit. In double-slit
interference, the light is diffracted by each slit. Thus the patterms describe
both interference and diffraction at the same time. ;
Glancoli (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 fo
produce the interference paftern. The diffraction pattern formed by a
round disc using & 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 disturbarces
at a given point, taking account of the phase differences between the
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superimposed waves. interference arises from the superposiﬁnn 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 dii.action gratings both interference and diffraction
oceur,

The theory of a diffrastion grating is identical with that of Young's double
slit. Interfersnce effacts are shown. This device is called a diffraction
grating because diffraction effects are important in its full explanation
{Mulligan, 1991:624-625), Giancoli (1980:5?2') comments that the term
interference grating might be as appropriate.

Coherency and Phase Relations

The importanice of coherent sources (sources which emit waves with a
constant phase relationship between them) to observe visible interference
pattems and to continue ccourring at a point, is emphasised (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, 1985:618). '
. Serway & Faughn (1985:616) explain a constant phase relation as
follows: If one source emits a crest at some instant, 8o should the other.
Mulligan {1291:288) defines the phase of a wave as the specific stage of
a cycle that a wave has reached at a particular time or at a particular
place.
Beiser (1986:650) emphasises that it doss 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 relation stays
the same. ' _
Sears, Zemansky & Young (1991:508) descrit i of phase waves as
waves arriving a half-cycle out of step at a point. Compiete cancellation
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occurs when fhe 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) illustrats in phasé wavas with the set up of
Young's double slit experiment where the waves frorn a single light source
falls on two narrow pérallel siits, 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 ph'ase.

» Serway & Faughn (1985:616) also emphasise the condition that the
sources must be monachromatic. _

s Jones & Childers (1993:682) describe coherency 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 sarﬁe time. Two waves are out of phase when their maximum, zero
and minimum displacements are not at the same place (Nolan, 1895:337).

3.3.3 Summary of Texthook 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 mest in phase, they exhibit constructive
interference (Beiser, 1986:650; Heyns ef al, 1987:25; Jones & Chi]dars,
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1993:660; Mulligan, 1991:289; Nolan, 1995:338; Sears, Zemansky &
Young, 1991:891),

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

Constructive interference .8 associated with reinforcement (Beiser,
1986:650; Heyns of al, 1989:69; Sears, Zemansky & Young, 1981:891).
When the resultant displacement is greater than that of either of the
individual waves, the resuit is called constructive interference (Giancoli,
1980:297; Jones & Childers, 1993:422; Serway & Faughn, 1985:615).
Where meximum displacement oceurs, the waves interfere constructively
(Brink, 1986a:10; Heyns, 1987:25).

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

Constructive interference is Hliustrated with two overlapping waves with the
same fraquency and amplifude (Mulligan, 1991:288, Serway & Faughn,
1985:331).

For two wave sources vibrating in phase, a path Jength difference which is
an integral number of wavelengths leads to constructive interference
(Beiser, 1986:654; Cutnell & Johnson, 1985:524-525, 870; Giancoli,
1980:567; Jones & Childars, 1993:660; Mulligan, 1991:622; Nolan,
1995:813; Sears, Zemansky & Young, 1991:891).

On an interference paitern from two paint sources of 2 rippla 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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vill,

3.3.3.2

i,

vi,

represent constructive interference due to the froughs (Heyns ef al,
1987:21).

When two waves meet and their displacements are in the same direction or
in the same part of their cycles, the two waves are in phase and
constructive interference results (Beiser, 1986:652; Jones & Childers,
1993:422), -

Destructive Interference

When two or more waves meet out of phase, destructive interferent
results (Glancoli, 1880:298),

. \When two or more waves mest 180° out of phase, destructive interfarence

results (Mulllgan, 1991:289; Nolan, 1985:338,814).

When two or more waves amive in opposife phases, dastructive
interferences results (Heyns et af,, 1987:28).

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

Destructive interference is the partial or complete cancellation of waves out
of phase with one another (Beiser, 1986:290,650; brink & Jones, 1986
b:57). '

Destrugctive interference is the complete cancellation of waves, where the
resuitant amblitude is zero and dark fringes appear on the screen (Brink,
1986a:10; Heyns ef al., 1987:25; Mulligan, 1991:289; Nolan, 1995:338,814;
Sears, 1291:894; Serway, 1985:341,617).
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vii,

viii.

3.3.3.3

Ii

Partial destructive interference occurs where the relative phases of two
waves are intermediate between the two extremes of wavss which are in
phase and waves which ars out of phase (Giancoli, 1980:298),

For two wave sources vibrating in phaée, ‘a path length difference which is
a half-integral number of wavelengths, léads 10 destructive interference
(Boiser, 1946:654; Cutnell & Johnson, 1995:525; Giancoli, 1980:567;
Mulligan, 1991:623; Nolan, 1995:814; Sears, Zemansky & Young,
1991:891). '

On an interference pattemn 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 ths grey spots represent

destructive interference (Heyns et al., 1987:21).

At locations where naither constructive nor destructive interference occurs,
the two waves partially reinforce or partially cancel (Cutnell & Johnhson,
1995:528),

Coherency and Phase Relations

Coherent sources emit waves with a constant phase relationship between
them (Beiser, 1986:650; Cutriell & Johnson, 1995:868; Giancoli, 1980:568;
Jones & Childers, 1993:659,662; Mulligan, 1991:621-622; Nolai, 1995,815;
Sears, Zemansky & Young, 1991:892; Serway & Faughn, 1985:616).

Two sources are coherent if they have the same frequency and phase
{Jones & Thilders, 1993:662).
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3.3.34

iil,

A constant phase relation exists bstween two waves when the two sources
emit crests (or troughs) simultaneously (Serway & Faughn, 1885:616),

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, 19886:650).

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

Out of phase waves arrive a haff-cycle out of step at a point (Jones &

Childers, 1993:422; 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; Giancali, 1680:299; Jones & Childers, 1993:668, Mu]ligan',
1991:632; Nolan, 1995;807; Sears, Zeinansky & Young, 1991:802; Serway
& Faughn, 1985:624).

Diffraction is the spreading out of light waves passing around an obstacle
or small opening (Beiser, 1988:662; Giancoli, 1980:299; Jones & Childers,
1993:668).

Diffraction is explained by Huygens' principfe: By examining waves coming
from various portions of a slit, each portion of the slit acis as a source of
waves. Hencs, light from one portion of the slit can interfere with light fram
ancther portion, resuiting in diffraction patterns (Beiser, 1986:662; Cutneil
& Johrison, 1995:880,889; Muliigan, 1991:633; Nolan, 1995.808; Serway &
Faughn, 1985:626).
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3.3.3.5

1R

vi.

- i,

viii,

Relation between Interference and Diffraction
Diffraiction is an interference effect (Cutneli, 1995:880,889).

interference and diffraction are two pheromena which are not réally
different. The pattern that resuits from diffraction by a single slit is due to
selfinterference of light passing through the slit.  In double-siit
interference, the light is diffracted at each siit and the pattern describes
both interference and diffraction at the same time {Giancoli, 1980:566,570;
Jonas, 1893:671). ' '

Diffraction pattemns of bright and dark fringes ocour when light passes

through a single or double slit {Cutnell & Johnson, 1995:880,8889).

The result of diffraction is an interference pattern (Beiser: 1988:662).

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

interference and diffraction are both superposition effects. Interference
arises from superposition of & 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 siits and diffraction gratingé both interference and diffraction -

occur (Mulligan, 1991:637).

When diffraction cccurs, light produces an interference pattern called a
diffraction pattern (Halliday, 1993:1078).
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. The term interference grating might be as appropriate as diffrastion grating
(Giancoli, 1980:572).

It is important to notice that most of these textbook presentations are
presented in & font that stands out, such as ifafic or bold. This contributes fo
t'-~ association and assumption that a definition is pre'sented, rather than an
example or description to explain the coricept.

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

The opinion of the researchier 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!



31
Resesarch Project
Altemstive Canceptions Concsining Inetfererce and Difirection of Light

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 I_'eiat'ad
to textbook 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?

{ii) Do these aiternative conceptions relate to the
presentation of Interference and diffraction in textbooks?
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§  METHODOLOGY
51 Sample

5.1.1 Textbook

The South African secondary level textbooks and tertiary level non-caleulus
texthooks described under the Literature Review (paragraph 3.3,2) are used
in this study.

5.1.2 Pilot Study

iy  Seven physics lecturers were asked to validate the tedt: four of the
researcher's colleagues at Technikon Pretoria, two lecturers at the
University of the Witwatersrand, and one secondary school teacher.

Only five tasts were received back: three from the Technikon Pretoria,
one from the University of the Witwatersrand and one from the
secondary school teacher. '

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

Although the composition of the students were not investigated, it is worth
mentioning that the students usaed in this pilot study were from different
- cultural béckgrounds, 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 Pretoriz, during the second semester of 1997. Because these
courses are semester courses the student. for the pilot study and the main
study were not the same students.

- The three groups were as follows:

i. 99 Physics | students enrolled for different scivnce courses ie. N Dip in
Anal'ytical Chemistry, Ceramics Technology, Chemical Engineering,
_ " Geotechnology, Metallurgy, Plastic and Rubber Technology;
“ii. 84 Physics | students enrolled for N Dip Electrical Engineering;
iti. 8 Physics Il students enrolled for B Tech in Chemistry.

All studants 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. Dus to time constraints the
treatment of the various topics tends to be superficial, and so it is i.mlikely for
alternative conceptions formed by students prior to these Physics | courses to
be changed. Even the Physics Il course assumes that studenis are famiiiar
with basic concepts.

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

Research- Instrument: Test

The research instrument consisted of a single written test. See Appendix A
for the pitot 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
reséarcher and other questions were totally or paﬂially from other sources, as
indicated in paragraphs 5.2.1 and 5.2.2,

The questions are multiple choice questions, based on possible alternative
conceptions from the researcher's experience as a fecturer, and misleading
or unclear statements in textbooks, as derived by the researcher through the
critical analysls of textbooks, as described in the Literature Review
(paragraph 3.3.2 ). ' '
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Each multiple 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 inveatigate the possible existence of
alternative ideas. '

Note that thege multiple choice items are NOT of the sinzle 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, whers
each area investigates a possible alternative conception.

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

{]] AREA 1: Constructive interfsrence

QUESTIONS 1, 4, 5, 6, 19 (Houston, 1971:27), 21 .
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{ii) AREA 2: Destructive interfererce

QUESTIONS 2, 4, 6, 14 (Houstaon, 1871:12), 21

(lii) AREA 3: Diffraction

_CIIJESTIONS 7.9, 10, 18 (Damelin, 1978:3-), 20 (Hawkins, 1970:21)

(iv) AREA 4:; Superposition and interference

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

(v} AREA 5: Coherency and phase relations
QUESTIONS 6, 12, 13, 15 (Houston, 1871:5), 16, 17 (Damelin,
1978:89) '

{vi}] AREA 6: Light as a form of energy

QUESTIONS 8, 11

(vil} AREA 7: Wave nature of light

QUESTION 3 (Muller, 1976:1 15}
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5.2.2 Main Study

The following changes from the pilot were made:

M

(i)

(iil)

(iv)

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 luft out from the -
main study, and fwo additional quastions, 18 and 18, are added to the
main study  Both these questions were set up by the researcher.

The . 1 [ie “ve areas and not seven as in the pilot'

study. T' v, ature of lightis left out in the main study,
because it v . yapplicable for the purposes of the
research. Thequ. e avea 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 gquestions is changed to randomise the gquestions
more, and o fit long and short questions to pages. '

See Table 5.1 (p. 38) for the questions associaied with each area.
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© AREA QUESTION NUMBERS OF CORRESPONDING
MAIN STUDY - QUESTION NUMBRRS OF
PILCT 8TUDY

1 : Constructive interference 1,4, 5,12, 13, 16,1811, 5,6, 14,19, 21, -

2 Desiructive inferference |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 9, 10, 13, 18, 20
15 ; Coherency and phase relation (3, 5, 10, 14 . 17,8, 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 librar, 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 &s the last test of the term an& this
was the students’ last chance to improve their semester marks, This was an
encouragem.ent for the students to put in an effort. It was an open bock test.
They could bring any Iiteratura or textbooks with them to the test period.

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

For better contro! the test was completed under test conditions during normal
iscturing hours. The test was written during a three hours practical session
where they had enough time to finigh. This was no test against time] Most of
the studentis arrlved only with their prescribed textbook: Cutnell JD &
Johnson KW, Physics.

The test was only in English, although Afrikaans speaking students were
present in alt 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 terminojogy. The only translation that was
asked for more than once was about the transiation of coherency, which is
translated as ‘koherent, These students siill did not understand the
meaning!
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6.1

ANALYSIS OF RESULTS

Quantitative Analysis

Individual students' responses te the muttiple-choice questions were -

'analysed quantitatively, because a fair mark had to be atlucated to sach

student for semester mark purposes,

Since many of the opiions of the questions are not obviously correct or
incorrect, and different textbook Interpretations vary, the marking scheme was
difficult to complle. 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
categorlse according to marks, for the same reason, '

The aim of the quantitative analysis was:

« To motivate the students ta put in an effort to complets the test, becauss
marks were allocated,
o To allocate a fair mark to aach student for semester mark purposes and
not for research purposes, _
¢ To make a relative comparisnn of the complexity and difficuty of the
* concept(s) related to each question,

Each answer was assigned a mark of five. Three marks were alldcated 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 cbviously correct choice
was no: chosen.

Motivation: - 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(20%), 13(36%), 16{40%), 198(42%),
14(51%), 6(51%), 9(53%), 10(54%), 3(54%), B(55%), 18(80%), 4(64%),
 1{65%), 2(71%), 15(74%), 14(77%), B(78%)
These marks were not used further in this study to make conclusions.

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



FIGURE 6
Quantitative analysis of results

AVERAGE PERCENTAGE

2 3 4 5 6 7 8 98 10 11 12 13 14 15 168 17 18 19
QUESTION

Ty
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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 incorrest answer, because of different textbook
interpretations.

The answers were sorfed according to the chaice(s), and then the open-
ended motivations were analysed and categorised for each question. See
Appendix & for the analysed and categorised test responses {0 each question
of the main study,

From the soried, analysed and ca_tegorised‘ test responses, four graphical
representations * - b, ¢ and d) were drawn for sach question to show the
distribution of di '

Figures (a)and 1) indicate distributions of options chosen by students.

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

Figurs ( 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 correct
aptions (green), obviously incorrect options (red) and 'grey’ options (yellow).
If there is any doubt whether an option should be correct or incorrect, due to
different textbook interpretations, the option is categorised as ‘grey’,



Research Project
Altarnalve Conteptions Gonceming Interferance and Diffraction of Light

. Figures { ¢ ) and ( d ) indicate distributions of categorised motivations.

Figure { ¢ ) indicates the percentage of s 191 students who motivated the
question with a certain motivation, independent of the option(s) chosen.
These percentages add up to mo . 1n 100%, because one anawer 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 categor’ '~ lest responges, All the motivations
marked with an asterix ' in Appenc yre categorised under ‘motivations of
no use’. This is because the motivations do not make sense, or are
inapplicable or insignificant. Where the motivation could be of interest, but is
-of no use for this research, the motivation is aiso marked with an asterix.

Take note of the following:

o Not all the motivations are currect or necessarily make sense, even some
of them which are not indicated by an asterix. In such cases these invalid
maotivations are of importance for the research, becsuse alternative
conceptions are highlighted.

« Although ‘no miotivations' and ‘motivations of nc 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 reprasentation is.
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» Due to space limitations in the figures, the motivations are stated very
briefty. The motivation Is expanded and clarified under the specific
question. '

' Figure { d ) indicates the distribution of categorised motivations for 2ach
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, psrcentages 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 regsons: '

« Narrow bars: large number of different combinations of options and large
number of motivation categories, _

¢ 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
rufe of what is included and what Is excluded,

These figures follow in paragraphs 6,2.1 to 6.2.19, where the analysis of
sach of the nineteen guestions is discussed separately.
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categories of Question 1, and how these categories reiate 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.

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

for each combination of options,

GATEGORIES OF | SUMMARY OF MOTIVATIONS CORRESPONDING TEXTBOOK
MOTIVATIONS GIVEN BY STUDENTS PRESENTATIONS (3.3.3.1)
IN PHA§E765%) ' The waves are in phase or exactly in | I. When two or more waves mest In
) phase. phase,
[ TDENTICAL {32%) The waves are identical. The _ v. Nlustrated with two ovarlapping
amplitudes and/or wavelengths are | waves with the same frequency and
_ the same, amplituda,
[ REINFORGE (319%) | The resafiart wave s relnforced or | . Assodiated with reinforcement:
: the rmplitude has doubled. when the resultant displacement is
greater than that of either the
Individual waves or when maximum
disptacement accurs. '
[CRESTS AND The waves meet cresi-to-crest and a
TROUGHS (24%) trough-to-trough
SUPERPOSITION | According to fhe superposition 3.3.2.2.b According to the
(3%) principle constructive interference superpasition principle the resultant
oceurs displacemient is the additlon of the
_ ‘ instantaneous displacements.
"BRIGHT FRINGES | Bright fringes are formed on a v, Associated with bright fringes of
(0,5%) screen. an Interference pattem.

TABLE 6.1 : MOTIVATION CATEGORIES FOR QUESTION 1
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GRAPHICAL PRESENTATION OF RESULTS OF QUESTION 1

FIGURE 6.1.5
Percentage of students who chose a certain combination
of options

2g23RYEY

: FIGURE 6.1.b
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FIGURE 6.1.¢
Percentage of students who used the ndiceted motivations to
' motivate the question
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FIGURE 6.1.d
Percentage of students who used the indicated motivation for
each combination of options

M In phase
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1 Crests and troughs

B Superposition principle
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6.2.2 Analysis of Quesstion 2
Ses Apbendix B for Question 2.

Figure 6.2.a (p, 50A) indicates the distribution of option combinations chosen
by students. They follcw in descending order, with the percentage of students
who chose the various 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 . aion choices,
The percentage of students who chose that option is shown in brackets.-
D(B7%) is the obviously comect choice, inwcated in green. B(4%) is the
obviously incorrect choice, indicated in red. The ‘grey’ optins are A{47%)
and C(13%), indicated in yellow.

Option D is correct, because it oheys all the critetia the textbooks state for
destructive interference. These waves are out of phase {exactly out of
phase), they cancel one another 'completely, and their amplitudes and
wavelengths are identical.

Option B is incorrect, because the ptises are In phase {exactly in phase) and
constructive interference acours,

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

Opticn C is ‘grey' because the waves are not in phase (not exactly out of
phase), although they are identical and cancellation does occur at sc @ 3
instances.
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Figure _3;.2.6 (p. 50A) indicates the distribution of the moiivation 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 texibook 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 categon'eé of motivations
for sach comblnation of options.
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"GATEGORIES OF

SUMMARY OF MOTIVATIONS | CORRESPONDING TEXTBOORK

MOTIVATIONS GIVEN BY STUDENTS PRESENTATIONS (3.3.3.2)

OUT OF PHASE The waves are out of phasa, i.\Waves meel oif of phase.

(57%) exactly out of phase, 180° out of | i, Waves meet 180° out of phass,
phase, not in phase. iii. Waves arrive in opposlte phase,

v. The parilal or coniplele 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 amplituds is zero.

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

TROUGH (33%)

(DENTICAL (13%) | The waves ars jdewtical. The i,vi The ampiltudes have to be equal for
amplltudes, frequencies and/or complete cariceliation when waves are
wavalengths are the same, 180° out of phase.

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

AMPLITUGE (45%) amplitude.

PATH LENGTH (2%) | The path lengih difference vill. For two wave saurces vibrating in
batwaen the waves is an odd phase, a paith length difference which Is
number of wavelengths. The a half-integer number of wavelengths,
wavelangths differ not with an leads to destructive Interference.
integer number.

PARTIAL Partial destructive interference "Vii.Partial desiructive inferference ooours

PESTRUCTIVE (2%) [ ocours st A and complete where the relative phases of two waves
destrictive interference nocurs at | are intenmediate between the two
B. extremes of waves which dre in phase

and waves which are out of phase.
x.Where nelther constructive nor
destructive hiterference oscurs, waves
partially cancel or rejaforce, '

NOT IDENTICAL The amplitudes G0 not have 1o be

{296} the same.

TWO TROUGHS Twa troughs interfere ix. Dark spots represent destructive

(0,5%) destructively. interfersnce. '

TABLE 6.2 : MOTIVATION CATEGORIES FOR QUESTION 2




GRAPHICAL PRESENTATION OF RESULTS OF QUESTION 2

FIGURE 6.2.a
Percentage of etudents who chose a certair combination
' of options

FIGURE 8.2.b
Perceniage of students who chose each optlon
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FIGI'RE 8.2.c
Percentage of stu " 2nts who used the indlcated motivations
to motivate the question
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' FIGURE 6.2.d
Percentage of students who used the indicated motivation for each
__combination of options
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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 i+ .iescending order, with the percentage of students
who chose the various combinations ur options in brackets: B(49%), A(19%),
AB(7% D(6%), (5%), C(6%), BD(3%), ABD(2%), BC(2%), ABC(0,5%),
AC(0,5%), AD(0,5%), CD(0,5%). |

Figure 6.3.b (p. 53A) indicates the distribution of individual option choices.

The percentage of students who chose that option is shown in brackets.
B(83%) is the obviously correct choice, indicated in green. A{29%), C(8%)
and .{{5%) are the obviously incorrect choices, indicated in red. The
‘grey’ optloh Is D{12%), indicated in yelow.

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

Optionis A and C are incorrsct, because intérference and diffiaction 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 & constant in vacuum and for all practical
reasons in air._

Figure 6.3.c (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 caiegories relate to different
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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. SSB) 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, _

« Option D is not suitable for this question.
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CORRESPONDING TEXTBQOK

CATEGORIES OF SUMMARY OF MOTIVATIONS
MOTIVATIONS GIVEN BY STUDENTS PRESENTATIONS
PHASEﬁELA"I'ION The waves do not maintain a 3.3.3.3.. 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%)

imeiference result from coherent
SOUrcas.

NOT IN PHASE (7%)

The waves are not in prase. The
waves are out of phase, Their
phases differ. They are not

3.3.2.3.v. Two waves are out of phase
when their maximum, zero snd
minimurn displacements aue not at the

axactly out of phase. same place, .
WAVELENGTHS Their wave characieristics 3.3.3.1.v Constructive interference is
DIFFER (7%} (wavelengths and frequencies} illustrated with two overlapping waves
differ. with the same frequency and amplitude.
3,3.3.3.ii. Two sotrces are coherent if
they have the same frequency &nd
chase.
DIRECTIONS The waves are from difierent 3.3.3.3.1ii A constant phase relation
DIFFER (3%) directions. The one wave lsa exists between two waves when the two
' positive and the other a negative. | sources emit crests {or troughs)
_ simultaneously,
| DESTRUGTIVE They undergo destructive 3.3.3.2.] When two or more waves meet
INTERFERENCE interforence, because they are out | out of phase, destructive interference
(1%) of phase. : results.

3.3.3.3.vi. Qut of phase waves arrive a
half-cycle out of step at a point.

TABLE 6.3 : MOTIVATION CATEGORIES FOR QUESTION 3




GRAPHICAL PRESENTATION OF RESULTS OF QUESTION &

FIGURE 8.3.a
Percentage of students who chose a certain combination
of oplions
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FIGURE 8.3.b
Percantage of students who chose each option

FIGURE 6.3.0
Percentaga of students who used the Indlceted
motivations to motlvate the question

DIRECTIGNS
S |
iNTERF. :

COHERENCY
COMDITION

WAVELENGIHS
DIFFER

S3A



FIGURE 6.3.d

Percentage of students who used the indicated motivation for each

- combination of options
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6.2.4 Anzlysis of Question 4

See Appendix B for Guestion 4.

Figure 6.4.a (p. 56A) indicates the distribution of option combinations chosen
by studerts. They follow in descending order, with the percentage of students
who chose the various combinations of options in brackets: B{72%), D(15%),
A(6%]), C(5%), ~'(1%), BC(1%).

Figure B.4.b (p. 56A) indicates the distribution of individual option choices.
The percentage of students who chose that option is shown in brackets.
-D(‘IE%) is the obviously corres: choice, indicated in green. A(6%), C(6%)
and ‘-'(‘i%) are the obviously incorrect choices, indicated in red. The ‘grey’
option is B(73%) indicated in yeliow. '

Ogtion D is correct, because two troughs meet at that point. The waves are
(exactly) in phase at that point.

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

Option C is incorrect, because constructive Intei'ference does not oceur 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 8.4.c (p. 56A) indicates the distribution of the motivation categories
used to motivate the question. Table 6.4 (p. 56) indicetes the motivation
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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 percantage of students
who used each category fo motivate an answer appears in brackets after the
miotivation category. |

Figure 6.4.d (p. 55B) indicates the distribufion 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, althiough the points are indicafed.' Some students could see these
points as being in phase, which would make option B a correct option.
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CATEGORIES OF SUMMARY OF MOTIVATIONS CORRESPONDING TEXTBOOK
MOTIVATIONS GIVEN BY STUDENTS PRESENTATIONS
REINFORCE (51%) | The wavss reinforce each other. 3.3.3.1 ii. When the resultant
The ampiitude doubles. displacement Is greater than that of
' either of the Individual waves, they

. _ [ interfere constructively.

- N PHASE (36%) The waves ara in phase (exactly | 3.3.3.1.]. Wher %o oF more waves

or partially or 90%). meet in phase they interfere '
_ - constuciively.
CRESTS AND Two troughs meet and two crests

' TROUGHS (27%) meet.

- IDENTICAL {49&) - The waves aré identical. 3.3.3.1.v. lllustrations with awo
ovérlapping waves wilk the same
frequency and amplitude.

Y AND 2 Y and 2 are destructive, due to T335 2 When two pulses diminish
DESTRUCTIVE (3%) | positive and negative crests / each other, desivuctive interfe.rjenoe
resuttant wave is smaller. OCTUrS.
SUPERPOSITION The sum of the two waves gives a | 3.3.2.2.b Acconding to the superposition :
(2%) restltant wave, principle the resultant displacement Is
the addition of the instantaneous
displacements,
PARTIAL W s parially constructive, parfially | 3.3.3.1.ii. When waves are in phase, '
CONSTRUCTIVE in phase. thelr Interference Is (fully} constructive.
@%) |

TABLE 6.4 : MOTIVATION CATEGORIES FOR QUESTION 4
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- GRAPHICAL PRESENTATION OF RESULTS OF QUESTION 4
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FIGURE 64.d
Percentage of students who used the indicated motivation for each
combination of options

HREINFORCE

HiN PHASE

| [WCRESTS AND TROUGHS
.1 |MIDENTICAL

BY AND Z DESTRUCTIVE
M SUPERPOSITION

B W PARTIAL CONSTRUCTIVE

q49¢



57
Research Project
Altsrnative Concaptions Congstming Intarfarance and Diffraction of Light

6.2.5 Analysis of Question 5
See Appendix B for Question 5.

Figure 6.5.a (p. 59A) 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: ABG{23%),

A(19%), B(17%), AB(16%), D(9%), C(7%), AC(3%), BC(2%), '<(2%), BD{1%),
- CD(1%), ACD(0,5%).

Figura 6.5.b {p. 59A) indicates the distributioni of individual option choices,
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 incorrect. The ‘grey’
options are B(59%) and D{12%), indicated in yellow.

Options A and C are correct, because whnen 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 cleaﬂy stated, At
that point where the troughs always meet, constructive interference will
always occur. A* different points constructive and destructive interference will
alternate,

Figure' 8.5.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
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category to motivate an answer appears in brackets after the motivation
category.

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

RESEARCHER'S COMMENT: |
 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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CORRESPONDING TEXTBOOK

CATEGORIES OF | SUMMARY OF

MOTIVATIONS. MOTIVATIONS GIVEN BY j PRESENTATIONS
STUDENTS

SUMMARY OF Whera more than nne option

CHOICE (42%) s chiosen, the motivation &

a summary of .he choice
and statement in the
question {e.g. they are in
| phase because they meet
_ [ t_rough-tn-trough)!

REINFORCE {18%) [ The resuliant wave is bigger.' 3.3.3.1.ili "When the resultant displacement is

The amplitude doubles. The | greater thar thet of either the individual
. _ amplitude is 3A. waves, constructive interference rasulls.

AMPLITUDES (12%) | Ampliitudes may differ for
constructive interference 1o
OCLUr,

PHASE RELATION | The phase relation stays | 3.3.3,3.1 Conerent sources emit waves with a

{10%) constant. constant phase relationship between them.

CREST AND Their crests will also meet. 3.3.3.3.iif A constant phase relation exists

TROUGHS (8%) when the two sources emit troughs

simultansously.
| IDENTICAL (2%) Frequencies, wavelengths | 3.3.3.1.v For two overlapping waves the
and speed are the same. frequency and wavelength are the same.
.3.3.3.1l Two sources are coherent If they
have the same fregquency and phase.

OPTION (8%) Another option is used to

motlvate one option, without
. choosing the other option]! .

PATH LENGTH (3%) | A difference of an integer 3.3.3,1.vi For two wave sources vibrating in
amount of wavelengths phase, a path length difference which is an
leads to constructive integer number of wavelengths leads to

 interference. constructive interference.

PARTIAL When troughs are not i 3.3.3.1.li When waves are in phrse, their

CONSTRUCTIVE phasa, partial constructive fnterferance is (fully) constructive,

05%) Interferance.

TABLE 8.5 : MOTIVATION CATEGORIES FOR QUESTION 5
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GRAPHICAL PRESENTATION OF RESULTS OF QUESTION 5
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6.2.6 Analysis of Question 6
See Appendix B for Question 6.

Figure 8.6.a (p. 81A) indicates the distribution v option cbmbinations chosen
by students. Thay follow in descending order, with the percentage of students
who chose the sarious 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. 1A} indicates the distribution of individual option choices.
The percentage of students who chose that option is shown in brackets.

B(61%) is the ahviously 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 yeliow.

Option B is correct. Diffraction dep.ands.on the ratio of wavelength of light to.
slit width., This relation is too smali to observe diffraction,

Option € 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.

Flgure 6.6.c {p. 61A) indicates the distribution of the motivation categories
used to motlvate the question. Table 6.6 (p. 61) indicates the motivation
categories of Question 6, and how these categories relats 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 appéars in brackets after the
motivation category.

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

for each combination of options.

t CATECORIES OF SUMMARY OF MGTIVATIONS } CORRESPONDING TEXTROOK
MOTIVATIONS GNEI’\I BY STUDENTS PRESENTATIONS (3.2.3.4)
BEND TOO LITTLE | The degree of bending lsto0 | '
(23%) small to observe.
WAVELENGTH/ Diffraction depends on the ratio
SLITWIDTH (15%) | wavelength t6 slit width. Light
has a shorter wavalength than
: sound. .
HUGHT DOESN'T Light waves do not bend around | 1. Diffraction is the bending of light around
DIFFRACT (12%) an open door, only around ohstacles or smealf openings.
| nasrow slits. Light does not | il. Diffraction Is the spreading out of fight
diffract. waves passing around an obslacle or
smaii opening,
ALL WAVES Al waves, also light, diffract,
DIFFRACT (10%)
HUYGENS' According to Huygens' principle | 3.3.3.4.11t Diffraction is explained by
PRINGIPLE {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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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 foliow in descending order, with the percentage of students
whio chose the various combingtions of options in bréckéts: 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 percentége of students who chose that option is shown in brackets.
A(28%) is the obviously correct choice, indicated in gresn. B(2%) and -'(5%})
are the obviously incorrect choices, indicated in red. The 'gray’ options 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 incomect, 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 wiil still be present.

Figure 6.7.c (p. 63A) indicates the distribution of the motivation categories
used to motivate the question. Table 8.7 indicates the motivation categories
of Question 7, and how these categories relate to different textbook
preseritations. 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 miotivation
category. '
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Figure 6.7.d (p.638) indicates the distribution of categorias of motivations for
@ach combination of options.

CATEGORIES OF | SUMMARY OF MOTIVATIONS GIVEN | CORRESPONDING TEXTBOOK
MOTIVATIONS BY STUDENTS . FRESENTATIONS
[NOENERGY IN DARK | No energy Is present In dark fringes. No
{1496} light energy {s present in derk fringes.
LAW OF According te the law of sonservation of
CONSERVATION energy.
{129%)
. ENERGY TOBRIGHT | Energy Is redistibutad 1o bright fringes
{8%) whera constructive Interference ocours.
LESS ENERGY IN Dark finges have lees energy. Soma
DARK {7%) energy Is used for destructive interferance,
' ENERGY ABSORBED | Some of the energy Js absorbed, Dark
{54} tringes absorb energy. '
PATH LENGTH (4%) Gonsiructive and destructive Interierence For two sources vibrating In phase, @
depend oh path langth difference. path langth difference which is:
3.3.3.1.v an Integer number of
wavalangths leads to constructive
interferanca.
8.3,9.2.viii a haif-Integer number of
' wavelangths leads to destructive
i Intarference,
CONVERT TO HEAT Energy is cohvertad to heat energy.
(3%)
YOUNG'S PATTERN | voung's Interference pattem shows the
(2% redistribution of energy.
[ INTENBITY - ENERGY | Inteneily of fringes js directly proportional to
{2%) light energy.
N LIGHT, OTHER | Becalise no Night . present In dark fringes, | 3.3.8.2, /% Dark spots represent
FORMS {119%) convarsiali to other forms took place. constructive Interference and grey

spots destructive Interference.

TABLE 8.7 : MOTIVATION CATEGORIES FOR QUESTION 7
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6.2.8 Analysis of Question 8
See Appendix B for Question 8.

Figure 6.8.2 (p; 65A) indicates the distribution of option combinations chesen
by students, They follow in descending order, with the perceniage of students -
who chose the various combinations of options in brackets: C(68%), B(23%),
A(B%), D(2%), -(1%), AB(0,5%).

Figure 6.8.b (p. 65A) indicates the distribution of individual option choices.
The percentage of students who chiose that option is shown in brackets,
C(68%) ls the obviously correct choice, indicated in greéen, A{7%), B(23%),
D(2%) and ‘~(1%) are the obviously incorrect choices, indicated in red.

Option C 1s correct. When'light passes through each siit, 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 scresn.

Qptians A, B and D are incorect, because both interference and diffraction
- -QCour,

Figure 6.8.c (p. 65A) indicates the distribution of the motivation categories
used to motivate the question. Table 6.8 indicaies the mofivation categories
of Question 8, and how these categories relate to different texthook
presentations. Ea_ch 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
categury.
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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.

3.3.8.1.v Constructive Interference is
associated with the bright fringes of an
interferencs pattern.

3.3.3.2.vi Destructive interference [s
agsociated with the dark fringes.

COHERENT
SOURCES (24%)

\Waves from two co.erant
sources interfers.

LIGHT BENDS (22%)

When light moves through a slif,

3.3.3.4.1 Diffraction is the bending of light

PATTERN (1%)

it bends arourd the edges, around small openings.
[DIFFRAGT THEN | Afer diffraction, constructive | 3.3.3.1.iv Gonstruciive interference is
INTERF, (&%) and destructlve interference associated with the bright fringes of an
oouurs, interference pattern.
8.3.3.2.vi Destructive interference is
asscclated with the dark fringes.
3.3.3.5.vii In double slits both interfarance
and diffraction ogeur,
[INTERFERENCE Diffraction [s an interference 3.3.3.5.1 Diffraction Is an interference
EFFECT (4%) affact. effect.
[WAVE NATURE Wave nature of light.
(3%)
YOUNG'S According to Young's double slit
EXPERIMENT (2%) [ experiment,
HUYGENS' According to Huynens’ principle. | 3.3.3,4.1i Diffraction is expiained by
PRINCIPLE {19%) _ Huygens' principle,
WRAC‘I’!ON The result is a diffvaction patiern | 3.3,3.5.iv Ditiraction patiems of bright
with dark and bright fringes. and dark fringes ocour when light passes

through a single or doubls slit.

TABL:Z 6.8 : MOTIVATION CATEGORIES FOR QUESTION 8
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GRAPHICAL PRESENTATION OF RESULTS OF QUESTION 8
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5.2.9 Analysis of Question 9
See Appendix B for Qusestion 9.

Figure 6.9.a (p. 68A) indicates the distribution of option combinations chosen

" by students. Thay 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 6.8.b (p. 68A) indicates the distribution of individual option choices.
The percentage of students who chose that option [s shown in brackets.
C(36%) is the abvicusly correct choice, indicated in green. A(50%), B(7%),
D(8%) and '-(2%) are the obviously incorrect choises, indicated in red.

Option C is commect. When light moves through a single siit, diffraction
occurs. Due to Huygens' principie, different wavelets interfere to form a
diffraction pattern of dark and bright fringes on the screen. '

Options A, B and D are incorrect, because both intarference and diffraction
oseLr,

Figure 6.9.c (p. 68A) indicates the distribution of the motivation categories
used to motivate the question. Table 6.5 (p. 68) 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 6.9.d (p. 68B) indicates the distribution of categories of motivations .
for each combination of options.
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SUMMARY OF MOTIVATIONS

CATEGORIES OF CORRESPONDING TEXTBOOK
MOTIVATIONS GIVEN BY STUDENTS | _ PRESENTATIONS o
LIGHT BENDS When light moves through e sitt, f bends | 3.8.3.4. Difrection is the bending of
ARQUND SLITS {43%) | around the edges. Tha ligh* «preads out, Hight around small ppenings.

3.3.3.4.§i Diffraction is the spreading.

| out of light passing small openings.

INTERFERENGE
PATTERN (18%)

A pattern of alternating dark and bright
fringes forms on the screen. Consbructive
and destructive interfarence ocour.

- 3.3.3.1. Constructive interference is

associated with the bright fringes of an
Interference pattern.

3.3.3.2.vi Destructive interferanca is
assaclated with the dark fringes.

NGO INTERFERENCE
{17%)

Because there is only one light source, no
interference ocours. No interference
pattamn forms,

3.3.2.2.a Interference describes the
phenctnena that result from two or
more waves passing through the same
ragion at the same fime,

DIFFR .
PATTERY. , wi

A single slit difffaction pattem forms.

2.3.3.5.)v Diffraction patterns of bright
and dark fringes cceur whan fight
passes through a single or double sfit

{1%)

QONE DIRECTION According fo Younp's expentment, the
LIGHT (4%} single sii Is to ensure that light from one
direction falls on the double siit.
INTERFERENCE Diffraction Is an interferenca effect, 3.3.3.5.] Diffraction Is an fnferference
EFFECT (29%) effect.
[OIFFRAGTION THEN After diffraction, the light waves Intarfere 3.3.3.1.iv Constructive Interference is
- INTERF. (2%} constructively and destructively. assoclated with the bright fringes of an
interfarance petiern.
3.3.3.2.v] Dastructive [nterference is
agsociatad with the dark fringas.
3.23.3.5/1 In double siits bath
: | interference and diffrection ocour,
[ NO DIFFRACTION Diffraction can't oceur. LIght propagates Research dona by Guesns {1893) on
{225) in a straight line through the slit and an . rectilinear propagation of light dess not
image of tha siit is formed on the screen, mention diffractiont
DESTRUGITVE Destruciive interference forms at the single
INTERF. (19%) slit.
WAVE NATURE (1%) | Due to the wave nature of light
HUYGENS' PRINGIPLE | According to Huygens' principle. ~3.3.3.4.iil Diffraction is explained by

Huygens' principle.

TABLE 6.9 : MOTIVATION CATEGORIES FOR QUESTION 9
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GRAPHICAL PRESENTATION OF RESULTS OF QUESTION ¢
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6.2.10 Analysis of Question 10

See Appendix B for Question 10.

Figure 6.10.a (p. 71A) indicates the distribution of option combinatiors
chosen by students, They foilow in descending order, with the percentage 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. 714) indicates the distribution of individual option choices
The percentage of students who chose that option is shown in bracket:
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 & phase differarice between the
WaVEes.

Option A Is incorract, because the waves are hot In phase,
Option B is ‘grey’ because of different textbook interpretations (see 3,3.3.3)

Optlon D is ‘grey' because of different textbook intérpretations. The waves
are not (exactly) in phase (see 3.3.3.1), although reinforcement cocurs 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
categories of Question 10, and how these categories relate to different
textbook presentations. Each texioook 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 appear. in brackets after the
motivatio.: category. '

Figure 6.10.d {p. 71B) indicates the distribution of categories of mo{ivations

for each combination of options.
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CATEGORIES OF -

constructive Interfergnes ouotirs,

"SUMMARY OF MOTIVATIONS | CORRESPONDING TEXTBOOK
MOTIVATIONS GIVEN BY STUDENTS PRESENTATIONS
PHASE RELATION The waves malntain a constant 3.3.3.3,; Caharent sources emit waves with a
{23%) phase relation. constant phase refationship batween them.
[ORIGIN DIFFERS The waves to not originais at the
{159%) séithe point or time.
| CRESTS JON'T MEET | They do not mest crest-to-crest of
{13%) trough-{o-trough.
NEITHER G. NORD. | Nefther cohstructive nor deslructive | 3,3.3.1.i When waves meet in pase, ey
INTERF. (8%) Interference ocaurs. Nol 100% exhibit constructive intetference.

3,3.2,1.Ji When waves dre [n phase, their

waves coma after the other.

They do nat cancel sach otfer. Interference s {fully) constructive.
' 3.3.3.2.li When waves maet 180° out of
- phase, destructiva Inteiference regults.
3.3.3.2.x Waves partially cancet and
reinforce.

C. AND D. INTERF. Constructive and destructive 3.3.8.2.v Destruchve Merference 18 the pariial

OGCUR (7%) Interference taka place. A sfable ar coinplete cancellation of waves out of
interference pattern forms. phase with one another,

{DENTICAL {5%) The waves have tha sema 3.3.3,1.v Consiructive interference is
properties. They are nearly the Hlustrated with two overlapping waves with the
same. same propertfes.

REINFORCE (5%} The waves reinfarce each other., 3.3.3.1.1il Constructiva interference Is

) assoclated with reinforcament.

CRESTS AND They meet crest-to-crest and T

TROUGHS MEET (5%) 1 trough-to-trough, _

NGT COHERENT (4%) | They are not conerent, 3.3.3.5.11 TWo solrces are coherent If they

kave the sarne frequency and phass.

NOT EXACTLY QUT They ara not exactly out of phase or | 3,3.3.1.i When waves meet (n phase

OF PHASE (4%) : in phase. They are 80° out of constructive Intesfersnce aecurs,
phase. They are {slightly) out of 3,3.3.2.) When waves meet out of phase
phasa, They are (exactly} in phase. } destristive interference ocours.

SYNCHRONISED (4%) | Coherent means synchronised. The

*wSTABLE INTERE,
PATTERN (0,5%)

A stabla Intarference pattern forms.

WAMPLITUDE (0,5%)

Resultant amplitude doesn't double.

TABLE & 10 : MOTIVATION CATEGORIES FOR QUESTION 10
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GRAPHICAL PRESENTATION OF RESULTS OF QUESTION 10

FIGURE 6.10.2 '
Percentage of students who chose & certain combination
of optlens

FIGURE 6,10.b
Percentage of students who chose each option
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FIGURE6.10.c
Fercentage of students who used the Indlcated motivations
to mofivate the question
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FIGURE 6.10.d

Percentage of studenis who used the indicated motivation for each

combination of options
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-6.2.11 Analysis of Question 11

See Appendix B for Question 11.

Figure 8.11.a (p. 73A) indicates the distribution of option combinations
chosen by students. They follow in descending order, with the percentage of
students who . hwse 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 choicss.
The percentage of students who chose that option is shown in brackets.
C{48%) is the obviously correct choice, indicated in green. B(O%), D({40%)
and ~'(4%} are the cbvicusly incorrect choices, indicated in red. The
‘grey’ option is A(33%), indicated in ye'now. '

Option C is corect . 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 definitaly does not carry
matter.

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

Fl'guré 6.11.¢ (p. 73A) indicates the distribution of the motivation categories
used to motivate the question. Table 6.11 (p. 73) indicates the mativation
categories of Question 11, and how these categories relate to different
textbook presentations. Each textbook presentation refers back to the
paragraph [n 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 8.11.d (p. 73B) indicates the distribution of categories of motivations
for each combination of options.

COMMENT. The anaiysis of this question revealed that this information does
not contribute to the research and is therefore left out in the discussion.

SUMMARY OF MOTIVATIONS

CORRESPONDING TEXTEOOK _

transferred by means of a wave.

CATEGORIES OF
MOTIVATIONS GIVEN BY STUDENTS PRESENTATIONS
" DEFINITION OF A wave s a travefiing disturbance 3.3.2.2 A wave Is a travaliing
‘WAVE (25%) that carries energy from place to disturbarnce that propagates and
place. The enengy of a disturbance is | camies enemgy with time from ane

region in space to another.

LiGHT : ENERGY
(16%)

Light waves transfer energy. The
enerdy |s carried by the electric and

(1%)

magnetic fields of the wave.
| WATER : MATTER | Water waves transfer matter.
| (&%)
SOUND ¢ Sound waves transfer disturhances.
DISTURBANGE (7%) | _
FORMS OF Waves carry different forms of
ENERGY (7%) enerngy, a.4. light, sound, heat,
potential energy, matter.
"WATER Water waves transfer disturbarices -
DISTURBANCE (5%) | e.g. stane dropped in dam.
WWAVES : Elactromagnetic waves e.g. light
DISTURBANCE (49) | transfer disturbances.
SOUND : ENERGY | Sound waves transfer energy,
(3%) '
E.M. WAVES : Electromagnetic waves transfer
MATTER (1%) matier,
SOUND : MATTER | Sound weves transfer matter,
(1%}
WATER : ENERGY | Water waves transfer energy.

TABLE 6,11 : MOTIVATION CATEGORIES FOR QUESTION 11
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GRAPHICAL PRESENTATION OF RESULTS OF QUESTION 11

FIGURE6.11.a
Percentage of students who chose a ceriain
combination of options

FIGURE 6.11.b
Percentage of students who chose each oplion
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FIGURE 11B¢c
Parcentage of students who used the indicated
motlvations to motivate the question




FIGURE 6.11 d

Percentage of studenis who used the indicated motivation for each

combination of options
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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 combinatioris

chosen by studerts, They follow in descending order, with the percentage of
students wio chose the various combinations of options in brackets: A(57%),
C{14%), D(11%}, B(0%), 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 rbviously incomect choices, indicated in red. Option
A(B3%) is ‘grey’, indicated in yellow. '

Option C is correct. Destructive interference cccurs 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 zerol

Figure 6.12.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 preséntationé. 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,

CORRESPONDING TEXTBOOK

differences, or crests that meet.

CATEGORIES OF | SUMMARY OF MOTIVATIONS
MOTNATIONS GIVEN BY STUDENTS PRESENTATIONS
DESTRUCGTIVE Destrugtive interfarence occurs & | 3.3.3.2.1 They meet out of phase.
INTERF. (27%) both, because they meet trough- '
to-crest, out of phase, not n
phase, not exactly out of phase. _
"IN PHASE (17%) The points are In phase, because | 3.3.3.1.1 They are in phase and exhibit
crests and troughs meet, withthe | constructive Intsrferance.
same frequency and wavelength., | 3.3.3.1.v They have the same
frequency and amplitude.
PATH LENGTH Their distancas from the sources 3331V A path length difference of an
(18%) are the same. integer numbsr of wavelengths leads to
' . ' constructive intarference, _
CONSTRUCTIVE | Constructive interference ocours at | 3.3.3.1.vi A path length ditfersnce of an
' INTERF, {15%) both due to nath length integer number of wavelengths leads to

constructive interference.

NOQ INTERFERENCE

No interference, neither

{10%) constructive nor dastructive.

SAME SOURCE Both speakers are connacted to

(7%) the same signai gienarator,

IDENTIGAL Their ampitudes are the sama. | 3.3.5.1.v Waves have the same

AMPLITUDES (2%) frequency and amplitude,
[ INTERFERENCE Equal interference occurred.

QCCURS (2%)

SOUND Y > X (2%) | The sound isjouder at Y.

** INTENSITY Sound intenslty is redistributed.

REDISTRIBUTES

(%)

TABLE 6.12 : MOTIVATION CATEGORIES FOR QUESTION 12
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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 optinn combinations
chosen by students. They follow in descending order, with the: percentage of
étudents who chose the various combinations of options in brabkéts: D{27%),
B(22%), C(20%) A{18%), -'(7%}, BD(4%), AB(1%), ABCD(1%), ABD{1'4),

AC(1%), &

Figure 6.13.b 3 e distribution of individual option choices.
The percentage ¢ A se that option is shown in brackets.
D(32%}) is thz obviously v. indicated in green. A{20%), B(27%),

C(21%) and -'(7%) are the obviousty incorrect choicas, indicated in red.

Option D is comrect. P is the second order bright fringe. Therefore the
pathlength differsnce 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.

Fiyure 6.13.c {p. 77A)} indicates the distribution of the motivation categories
usad 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 repart 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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GRAPHICAL PRESENTATION OF RESULTS OF QUESTION 12

FIGURE 6.12.a
Percentage of students who chose a certain
combination nf options
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FIGURE 6.12.d
Percentage of students who used the indicated motivaticn for each
combination of options
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6.2.13 Analysiz 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
astudents who chose the various combinations of options in brackets: D(.27%).
B(22%), C(20%), A{18%), '-{7%), BD(4%), AB(1%), ABCD(1%), AB'D('I%),
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
pathiength difference is two times the wavelength.

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

Figure 8.13.c (p. 77A) indicates the dlistribution 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 fercentage of students
who used each category to motivate an answer appears in trackets 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.

CORRESPONDING TEXTBOOK

CATEGORIES OF | SUMMARY OF MOTIVATIONS
MOTIVATIONS | GIVEN BY STUDENTS PRESENTATIONS
INTEGER NUMBER | Path lengih 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 diiferencs Is one constructive Interference, '
wavelangth.
 GECOND ORDER | This is @ Second order bright $.3.31.vT A path length differance of an
{129%) fingawithm=2, PYis2 Integer number of wavelengths leads to
wavelengths longer than PX constructive interference.
PY = PX+Y (8%) Y is 1 wavelength longer than '
PX.
TPY = 2PX (4%) [ PY is double PX.

BY = PX + /2 (4%)

PY is helf 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 Istwo
 times out of phase to PX.

FY < PX (3%) PY is shorter than PX.
WAVELENGTHS PY has double the wavelength
DIFFER (2%) "1 of PX. _

PY = 3/2 PX (2%) PY s 1,5 times longer than PX.
PX = PY (2%) Xand Y are very close togeffier,
Thelr wavslengths are equal,

PX and PY are paraliel and far
away from soreen.

" TABLE8.13: MOTlVATION CATEGORIES FOR QUESTION 13
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GRAPHICAL PRESENTATION OF RESULTS OF QUESTICN 13

FIGURE 6,13.a
Percentage of students who chose a certain
combination of options

"FIGURE B.13.b
Percentage of students who chose each aption

FIGURE 6.13.c
Percentage of students who used the indicated
motlvations to mofivate the question




FIGURF & 17 A
Percentage of studenis who .ca the maicated motivation for each
comt 1ation of options
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8.2.14 Anaiysis of Question 14
See Appendix B for Questioh -

Flgufe 6.14.a (p. 79A) .. vates the disiribution 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) in 's the distribution of individual optien choices.
The percentage of stuc #ho chose that option is shown in brackets.
D{B1%; '« the obviously correct choice, indicated in green. A(11%),- B(6%),
C(10%) and (2% are the obviously incorrect choices, indicated in red.

Qption 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 onhe wavelengtir apart.

Figure 6.94.c (p. 79A) indicates the distribution of the motivation categories
used to 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 ic the
varagraph in this report where it is discussed. The percentage of students
who used each categofy to motivate an answer appears in brackets after the
motivation cetegory. ' :

Figure 8.14.d indicaies the distribution of categories of motivations for each
combination of options. '
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CATEGORIES OF SUMMARY OF MOTIVATIONS | CORRESPONDING TEXTBOGK
MOTIVATIONS GIVEN BY STUDENTS PRESENTATIONS
SAME 1 They are atthe sarﬁa position
ORIENTATION {place) of the wave. Tht:wr are
(39%) the same distance from the
undisturbed position.
"FULL They are exactly one
WAVELENGTH | wavelength apart. They are
(20%) 360° out of phase.
CRESTS AND They will meat cresi-to-crast and | 3.3.3.3.iii A constant phase relation exists |
TROUGHS (109%) trough-to-trough. They are both | between two waves when the two sources
at the positive {rising) side of the | emit crests (or troughs) simultanesously.
wave.
CONSTRUCTIVE Constructive interference will
INTERF, (7%) result,
DENTICAL (5%) The waves have the same
' properties (amplitude, speed
and waveletigth).
REINFORCE (2%) | 1hey relnforce ach other.
MAX. & MIN. | The one is a mimimum and the
DISTURBANCE (2%) [ otharis a maximum.
COHERENT (1%) They are coherent. 3.3.3,3.11 Two sources are coherent If they
. ' have the same frequency and phase.
OTHERS CANCEL | The others cancel each other,
(0,5%) except polnts A and C.
wNOT None are in phase, because 3.3.3.3.vi TWo waves are In phase If they |
SIMULTANECUS none meet at the same point at | reach their meximum amplitudes at the
{0,5%) the sams time, same fime, are zero at the same time and

have their minimurn amplitudes at the
same tims.

TABLE 6.14 ; MOTIVATION CATEGORIES FOR QUESTION 14
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GRAFHICAL PRESENTATION OF RESULTS OF QUESTION 14

FIGURE 6.14.2
Percentage of students who chose a certait combination
' of options :

80% -
80%
40%
20%

B C B A AD -+ AC ACD AB ABD CD

FIGURE 6.14.b
Percentage of students who chose each option

100% “"_“‘:“-—. e
BO% -
R

FIGURE 6.14.¢ _
Percentage of students who used the indicated
mofivations to motivate the question

RemFoRCE
MAY. & MIK,
DISTURBANCE |8 _
. CANGEL ) '} ___': .
smuetansous | [ 18 CF ]




FIGURE 6.14.d
Percentage of students who used the indicated motivation for each
combination of options
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6.2.15 Analysis of Quastion 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%), ACB(1%), BCD(1%),
D{1%), ABC(1%), ABCD(1%), CD{1%).

Figu.2 6.15.b (p. 82A) indicates the distribution of individual option choices.
The percentage of students who chose that option is show_n in brackets, A .
(29%) and C(75%) are the obviously correct bhoioes, indicated in green. The
obviously incorrect option is rio choice (3%). B(7%) and D{6%) are the ‘grey' |
options, indicated in yallow.

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

Options B and D are 'grey’. They should serve as distractors. The scattering
of dust particles and the iregular reflection from a not perfectly smooth
scraen can both confribute to the blurred image, but these conceptions are
not applicable for this test or the research,

Figure 6.15.¢ (p. 82A) indicates the distribution of the motivation categorizs
usad to motivate the question. Table 8.15 (p. 82} indicates the motivation
categories of Question 15, and how these categories refate to different
" textbook presentations. Each téxtbook presentrion refers back to the
paragraph in this report where it is discussed. The percentage of studenits
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who used each category to motivate an answer appaars in brackets after the
meotivation category.

Figure 6.15.d (p 82B) indicates the distribution of categories of motivations
for each combination of options.
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GRAPHICAL PRESENTATION OF RESULTS OF QUESTION 15

FIGURE 6.15.a
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FIGURE 6.15.d |
Percentage of students who used the indicated motivaiion for each
combination of options
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6.2.16 Analysis of Guestion 16
See Appendix B for Question 16.

Figure 6.16.a (p. B4A) 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(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 cholces.
The percentage of students who chose that option is shown in brackets.
D(30%) is the obviously comrect choice, indicated in green. A(38%), B(12%),
0(36%)- and ~{4%) are the obviously incorrect choices, indicated in red.

Optlon D is correct. At point Y two crests meet and at point Z two troughs
mest. 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.¢ (p. 84A) Indicates the distribution of the motivation categories
used to motivate the question. Table 6.16 (p. 84) indicatas the miotivation
categories of Question 18, and how these catégories 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 6.16.d (p. 84B) indicates the distribution of categories of motivations
for each combination of options.
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Imerfer . 2. A light fringe will form.

CATEGORIES OF | SUMMARY OF MOTIVATIONS | CORRESPONDING TEXTBOOK
MOTIVATIONS GIVEN BY STUDENTS PRESENTATIONS
. | CRESTS MEET FOR ALY 2 crests meet for constructive | 3.3.3. 1.1l When tha resultant dlsplecemant is
C.l. (41%) interferance, therafore | greater than elther of the individual waves,
reinforcement. constructive Inferference resulis.
TROUGHS MEET FOR | AtZ2 troughs maet for constructive | 3.3.3.1.lv Constructive interference s
C.l. (1936} associated with the bright fringes of an

interference paftem. -

WAVES IN PHASE
{12%)

- The waves meet in phase. The

sources are In phase, therefora
construetive interfarence. The
waves meet exacily ona wavelength

3.3.3.1.i Constructive interference resuits
when two waves meat in phase,

takes plece.

out of phase.
[ TROUGHS MEET FOR | Iwo troughs represent & dark 3.3.3.1.:7 On the interference pattemn of a
0.1, (8%} fringe. Two troughs cance! each ripple tank the dark spots represent
ather, The troughs are in betwean constructive intarference due to the troughs,
two crests, therefore destructive
Interfergnca,
ZCREST & TROUGH | At 2 acrest and trough meets for
FOR D.1, [8%) destructive Interfarence,
MAKE CONTACT FOR | The point where 2 waves make
C.l. (5%) contact, constructive Interferance

| NO INTERF. AT Z

Mo interfarance at Z, becauss the

{4%) waves don't make contact,

PATH LENGTH {4%6) It depends on the distance / amount | 3.3.3,1.vi For two sources vibrating In phase,
of wavelengths & path length differenr 2 which is an Integer
hetweer the slits and sources (1 number of wavelengths leads to constructive
wavelength, equal amount of interference.
wavelengths, an integer amount of
wavelengths diffarence).

QUT OF PHASE FOR |} The waves are out of phase, The

DL {1%) two crests are out of phase.

COHERENT SOURCES | The two sliis act as coherant

(1%) SOUrCEs.

"SMALLER AMP, FOR
D.L (1%)

The resultant amplitsde 1 smaller
for destructiva nterference.

3.3.3.2.iv Where two pulzes diminlsh sach
othar, destructive Interfarence ccours.

{1%)

DIFFR. AT TWO 8LITS

No interference through a double
slit, because a diffraction pattern
aceurs.

3.3.8.4.lit Diffraction pattemns of bright and
dark ftinges ocour when light passes through
a doubte slit.

TABLE 6.16 : MOTIVATION CATEGORIES FOR QUESTION 16 |




GRAPHICAL PRESENTATION OF RESULTS OF QUESTION 18

FIGURE 6,18.2 _
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FIGURE 6.16.d _
Percentage of situdents who used the indicated motivation for each
combination of options
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6.2.17 Analysis of Question 17
See Appendix B for Question 17.

Figure 6.17.a (BGA) indicates the distribution of option combinations chosen
~ by students. They follow in descending order, with the peroentagé of students

who chose the various combinations of options in brackets: D(3%%),

BC(15%), A(10%), AD(10%), C(9%}, “"(8%), BC(6%), ABC(5%), ABCD(3%).

Figure 6.17.b (p. 86A) indicates the distribution of individual option choices,
The percentage of students who chose that option is shown in brackets. The
obviously comect choices are A(28%), B(20%), C(32%) and D{44%),
indicated in green, The obviously incorrect option is no choice (8%),
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 présehtatio.ns. Each textbook presentation refers back to the
paragrapn in this report where it is discussed. The percentage of students
who used sach catsegory to motivate an answer appears in brackets after the
motivation category.

Figure 6.17.d (86R) indicates the distribution of categories of motivations for
each combination of options.
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CATEGORIES OF
MOTIVATIONS

T SUMMARY OF MOTIVATIONS

GIVEN BY STUDENTS

CORRESPONDING TEXTBOOK
PRESENTATIONS

DOUBLE 8LIT INTERF.
(27%)

At the double siit bright and dark
fringes sppear. Intetference occurs

3.3.3.5.vi Interfarei,ce arises from
superposltion of a finits number of waves

wavelets will Interfete constructively
and destructively

betwesn two ight waves, coming from different coherent saurces.
Diffraction does not cccur. ' ' '
SINGLE SLIT At the single siit only diffraction 3.3.3.4.i Diffraction is the bending of light
DIFFRACT {20%) ocours, because light bends around | around small openings.
the siit. 3.3.3.5.iii'A diffraicitan pattern of bright and
dark fringes occurs when {ight passes through | .
a single slit '
3.3.3.5.v The result of diffraction is &
diffraction pattern,
3.3.3.5.vi Interferance arisas from
superpositfon of a finite number of waves
_ coming from differant eoherent sources.
"DIFFRACT THEN Light bands arcund each slit and 3.3.3.5.1v The result of diffraction is an
INTERF. (17%) spreads out, and waves and intarference pattern.

3.3.3.5.viil When diffraction ocours, light
produces an Interference pattem called a
diffraction pattern.

SINGLE SLIT INTRF.
(8%)

At the single shit only interference
occurs which causes brightand
dark lines,

DOUBLE SLIT INTERF.

At the doubls slit interferance and

3.3.3.5.0i Light Is diffracted et each sit and the

& DIFF. (7%} diffrzction ocgurs., pattamn describes both interference and
diffraction at the same time.
3.3.3.5.vii In doubie slits both interference and
diffraction occur.

DOUBLE sLIT Atthe daubie slit only difraction 3.3.9.5.1i A diifrection patiern of bright and

DIFFRACT {3%) oecurs. ' dark fringes oocurs when light passes thisugh
= dotble slit.

WAVE NATURE (2%) | Interference and diffractic™

' proparties of ight waves.
[ INTERFERENCE Diffraciion is an interferance effect. | 3.3 3.5.1 Ditraction is an interference effect.

EFFECT (2%)

T GOHERENT Coherant sources Jead to bright and

SOURCES {1%) dark fringes.

TABLE 6.17 : MOTIVATION CATEGORIES OF QUESTION 17
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GRAPHICAL PRESENTATION OF RESUL:'S OF QUESTION 17

FIGURE 6.17.a
Percentage of students who chose a certain combination
of aplions '

FIGUREB.17.b _
Percentage of students who chose each option

FIGURE 8.17.c
Percentage of students who used the indicated
mativations to motivate the question
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FIGURE 8.17d
Percentage of students who used the indicated motivation for each
combinaticn of options
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6.2.13 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(129%3), ABD(S%), D(8%), BD{3%),
ABCD(2%), BC(2%), (2%}, C(1%), CD(1%), ABCD(1%). |

Figure 6.18.b {p. 89A) indicates the distribution of individual option choices.
The percentags of students who chose that option is shown in brackets.
A(71%) and D(60%) are the obviously correct choives, indicated in green.
The obviously incorrect option is ne 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 mesting
crast-to-crest alse mast 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 phass., although
reinforcement does oceur at some instances,

Figure 6.18.c (p. 89A) indicates the distribution of the motivation categaries
used to motivate the question. Table 8.18 (p. 89) indicates the motivation
categories of Question 18, and how these categories relate to different
textbook presentations. Each textbook presentstion 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
mrtivation category. '

Figure 6.18.d (p. 89B) indicates the distribution of categories of motivations
far each combination of optiohs.
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CATEGORIES OF

suparposition, constructive Interference
wiil occur whan two waves meet In phase,

SUMMARY OF MOTIVATIONS CORRESPONDING TEXTBOOK
|EOTIVATIONS GIVEN BY STUDENTS ' PRESENTATIONS
TROUGHS ALSO When crests meet, troughs will also
MEET (19%) meet. '
IDENTICAL (9%) Wava praperties are [dantical (ampiltude | 3.3.3.1.v llustrated with two waves with
and wavelangth). the same ﬁ'equenéy and emplitude. '
AMPLITUDES DOUBLE | When waves are in phase, relnforcement | 3.3.3.1.1F Constructive interference is
(8%} _ oceurs. The amj:litudas doule. assoclated with relnforcement.
EXACTLY IN PHASE The waves are exectly in phase when 3.3.3.1.1 Whan two waves maeet in
{6%) they meet crest-to-crest. phase, constructive interference ocours.
[ SUPERPOSITION (4%) | According to the principle of finear

NOT IN PHABE D.1.

Waves not completaly In phase will have

3.3.3.2.v Destructive inferference is the

number of wavelangths,

(4%) some destructive Interference. Waves partial or complete cancellstlon of
not [n phase undergo destructive waves out of phase with one another.
interference. Destructive nerference 3.3.3.3.v Two waves are out of phase
results when the waves are more than whan thelr meedimum, zero and
1 90" out of phase. minimum displacements are not at the
same place,
3.3,3.3.vll Out of phase waves amive a
half-cycle out of step at a polat,
BOTH IN + OR -~ For constructive interference they have to | 3.8.3.1.vill When the displecements of '
CYGLE (3%) cross each ather in the same direction or | two waves are in the same direction or
bath In the positive or both In the negative | in the same part of thelr cycles,
cycle. constructive Interference results.
' COHERENT SOURCES | For constructive interferance sources 3,3.3.3.11 Seurces ara coherant if they
{2% have t¢ be coherent. have the same phase.
DONT CANCEL C., Whan rasultant Is nof zero, destruc- 3.3,3.2.vi Dastructive terference is the
{1%]) tive interferance does not occur, ' complete cancellation of waves.
PATH LENGTH (1%) | The diftarence in path jength is an integer | &,8.9.1.vi For two waves vibrating in

phase, a path length differance of an
Integer number of wavelengths leads to
constructive Interfarence.

; PARTIALLY N PHASE
(196}

If they are partislly in phase, parh'ai
constructive interference ocours, Waves
must be at ieast partially in phass for
constructiva Interference to ocaur,

3.3,3.1.1 When waves are in phase their
interference Is fully constructive,

TABLE 6.18 : MOTIVATION CATEGORIES OF QUESTION 18
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GRAPHICAL PRESENTATION OF RESULTS OF QUESTION 18

FIGURE 6.18.a
Percentage of students who chose a ceortain
combination of options

FIGURE&.16 b
Perceniage of students wiic chose each optian

FIGURE 6.18.c
Percentage of students who used the indicated
motivation for sach comhbination of opticns
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FIGURE 6.18.d
Percentage of students who used the indicated motivation for each
6% combination of options :
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6.2.19 Analysis of Question 19
See Appendix B for Quastion 19.

Figure 6.19.a (p. 91A) indicaies the distribution of option obmbihations
chosen by students. They follow in descending orler, with the percentage of
students 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(48%) is the obviously correct. choice, indicated in green. B{5%), C{40%),
D(15%) and “~(2%) are the obviously incorrect 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 nothing had happened.

Options B, C and D are incorrect, because they indicate a change in snergy,
which is not in accordance with the law of conservation 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 mativation
categories of Question 19, and how these categories relate to different
textboc’s 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 sfter the
motivation category. '
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Figure 8.19.d (p. 91B) indicates the distribution of categories of motivations

for each combination of options.

CATEGORIES OF

SUMRMARY OF MOTIVATIONS

CORRESPONDING TEXTBOOK
MOTIVATIONS GIVEN BY STUDENTS PRESENTATIONS _
GANCE'I‘_—:”OUT OF The two pulses meet out of 3,3.8.21 & vi When two waves meet
PHASE (38%) phase and oancel each other out of phiase, destructive Interference
out. resuits, which is the complete
_ cancefation of waves.
CANCEL The pulses mementarily cancal
MOMENTARILY (37%)
CONFORM TO The pulsas conform fo their 3.3.2.2.0 1T two pulses move along &
ORIGINAL (373) original shapes and directions, rope from opposite ends, the waves

will meet, pass through each other,
and continue as hefore.

SUPERPOSITION (5%)

Aodurding to the principle of
{inear superpasition.

3,3.2.2.b When two waves aro presant
simuitaneously at the same place, the
resuitant displacement is the sum of

| the instantaneous displacements.

ENERGY LOST 6%) The pulses loose Some energy.
The energy cancels out. The
eneyy is displaced.

[ENERGY ‘According to the principle of
CONSERVATION (2%) | tonservation of energy.

"ONE WAVE FORMS | The two pulses form one wave
(2%} maoving in the same dlrection,
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.

“FREQUENCIES The resulting frequencies

DECREASE decrease.

TABLE 6.19 : MOTIVATION CATEGORIES FOR QUESTION 18
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'GRAPHICAL PRESENTATION OF RESULTS OF QUESTION 19

FIGURE 6.18.a
Parcentage of students who chose a certain combination
of options
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FIGURE 6.19.d
Percentage of students who used the indicated motivation for each
combination of options
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6.3  Validity and Reliability and Limitations

The study has limitations that jeopardise the validity and reliability of the study.
These limitations are summarised as follows:

The study is limited to students of Technil.on 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
{imitations, and to improve the validity and reliabifity of the study in other ways.
The following aspects improve the validity and reliability:

» Prior to the pilot study, feedback from five lecturers, inciuding one schoolteacher,
were used to validate the pilot. They had to comment on clarity of wording,
purity and accuracy of content, usefulness of questions, oveﬂapping of questions
and length.

e The edited pilot test was conducted to test the validity and reliability of the
ressarch instrument, in particular:

(i} Do the questions ask what the researcher wanis o 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). Probleims on interpretation of questions were sorted out to
improve the validity and reliability of the test of the maln study.
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The finaf test for the main study was administerad to 191 Physics students from
three different groups of students. Two of the three groups were students from
other lecturers, which coniributes making the resulis lass biased due to the
influence of the researcher. All three groups wrote the test undsr supervision of
the researcher to maintain similar test conditions. |

The motivations, which are open-ended questions, contribute to the validity and
reliability of each guestion, 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 varisty of different backgrounds. These factors coniribute to the
validity and reliability of the project and its results.

The grouping of the19 questions into five aress, where the questions of an area
test the same concept, improves the validity. '

Students ware encouraged to use ofher textbooks than their prescribed textbook
for the open book test. The library has pienty of other sources.
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7 DISCUSSION

From the analysis of each question in the previous secﬁoﬁ, each area is now
- discussed,

7.1 AREA 1: Constructive Interference

This area involves the following questions: 1, 4, 5, 12, 183, 16, 18

The average student agrees that waves which are (exactly) in phase or |
waves which mest crest-fo-crest and trough-to-trough (because they are
(exactly) in phase) interfere constructively. Bright fnnges on a scresn
represent constructive interference.

From the motivetions given by students for zach of the above-mentioned
questions, a - of different alternative conceptions for constructive
interferer ~aed in Table 7.1 (p. 95). Motivations related to texibook
prer . are incicated as well. '
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STUDENTS® ALTERNATIVE CONCEPTIONS FOR CONSTRUCTIVE
INTERFERENCE

CORRESPONDING |

TEXTBOOX

PRESENTATIONS

| When wavas meat in phase or exaclly i phase or crest-to-crest or
trough-to-trough or partially in phase or 80% in phase or slightly 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.i0,viil

When the waves have identical broperlies (e.9. wave!ength,
1 amplitude and speed), constructive interference occurs. \When the
wave properties differ, constructive interference does not occur.

33.3.1v

“When the resultant wave is relnforced or ihe amp[iﬁ.lde has
doubled, constructive interferance oceurs.

3.3.3.1.if

Two troqghs rapresent a dark fringe and cause construclive
interferance or destruclive intarference, because a dark fringe has
no energy. .
COMMENT: This is applicable with the ripple tank experiment with
water waves! Only one tertiary leva! textbook mentions this ripple
| tank experiment (Sears, 1991:894).

3.3.3.1.vi

When waves are parfially in phase or not in phase, partial
constructive interference occurs. '

3.3.31.

A path iangth difference of an intagral amount of wavelengths or an
equal amount of wavelengths or one waveiength, leads to
constructive interference. VWhen thalr distances from the sources are
the same, constructive interference resuits,
COMMENT: This last motivation is totally & wrong interpretation of
this condition for constructive interference.

3.3.3.1vi

TABLE 7.1 STUDENTS’ ALTERNATIVE CONCEPTIONS FOR CONSTRUCTIVE

INTERFERENCE
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The foliowing (ssues are ignored or inconsistently treated or left unresolved
by textbooks and so contribute to alternative conceptions about constructive
interference:

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

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

= Onan interference pattarn with alternating dark and bright fringes, there is
a gradation of a fringe from bright to dark. Constructive interference is
reprasented by the bright fringes. Doss this include only the cenire spot
of the bright fringe where the fringe is at the brightest? '

« Howcan two troughs' represerit a dark fringe?

+ s partial constructive interference a valid concept for waves which are
partially in phase? |

Students DO have altemative conceptinns about canstructive
. interferencef

The aiternattve conceptions about constructive interference relate to the
prasentations in textbooks!

7.2 AREA 2: Destructive Interference

This area invalves the following questions: 2, 7, 12, 18, 18
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The average student agrees that identical waves which are 180° out of phase
or idantical waves which meet crest-to-trough (because they are 180° out of
phase) interfere destructively, because complete cancellation ocours,

From the motivations given by students for each of the above-mentioned
questions, a summary of different alfernative conceptions for destructive
interference is indicated iri Table 7.2 {p. 98). Motivations related to textbook
presentations are indicated as weil.

The following issues are jgnored or jnconsistently treated or Jeft unresolved
by textbooks and so contribute to alternative conceptions about dsstructive
interferance:

Do waves which are not 180° out of phase, but cancellation resuits,
because the amplitudes differ, experience desfructive interferenca?

Does destructive interference ocour when waves partially cancel each
other, because a smailer amplitude results?

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

On an intetference pattern with alternating dark and bright fringes, there is
a gradation of a fringe from bright to dark. Destructive interference is
representad by the dark fringes. Does this include only the centre spot of
the dark fringe where the fringe is at the darkest? '
How can a dark fringe represents two froughs?

Students bo have alternative conceptions about destructive

interferencel

The alternative conceptions abhout destructive interference relate io the
presentations in textbhooks!
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‘ CORRESPONDING

STUDENTS' ALTERNATIVE CONCEPTIONS FOR DESTRUCTIVE TEXTBOOK
INTERFERENGE _ : PRESENTATIONS

When waves meel out of phase or exadtly out of phase or 180° out | 3.3.8.2.,,7i
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

‘oceurs.

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

The resultant wave has a smaller amplitude. 3.3.32v
Waves can only undergo destructive interference when their 1 3.3.8.2.050v

amplitudes. are the same.

A pathiength difference between the waves of an odd numberof | 3.2.3.2.vii
wavelzngths, leads to destructive interferénca. The wavelengths
differ not with an infeger 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 3.3.3.2vi
phase, partial destructive interference occurs.

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

['In the dark fringes where destrucfive interference occurs, all the
light energy is converted to other forms or redistributed to the bright
fringes, but other forms of energy exist in the dark fringes.

TABLE 7.2 STUDENTS' ALTERNATIVE CONCEPTIONS FOR DESTRUCTIVE
' INTERFERENCE '
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7.3 AREA 3: Diffraction
This area involves the following questions: 6, 8, 9, 15, 17

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

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

The following issuss ara jgnored or inconsistently treated or lpft unresolved
by textbooks and so contribute to alternative conceptions,

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

» s Huygsns' principle only applicable when waves reach obstacles or

| opening'? _

o Cana diffraction pattern form without interference?

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

« s interference a diffraction effect or is diffraction an nterference effect?

 Does diffraction disobey the rectilinear propagation of light?

Students DO have altemative conceptions about diiffraction]

The alternz.ive conceptions about diffraction relate to the
presentations in textbooks] '
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CORRESPONDING
STUDENTS' ALTERNATIVE CONCEPTIONS FOR DIFFRACTION | TEXTBOCK
' PRESENTATIONS

According to Huygens’ principle all waves diffract. 333.4m
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 3.3.3.4.i,i
diffraction oceurs around small openings. o
Diffraction is an interference effect. 33351
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.ii
diffraction pattem resuits.
When light passes through a single slit, an interference 3.3.3.5.vifi
patter of bright and dark fringas results,
COMMENT: This is called a diffraction pattern|
Light can not bend around an opening or obstacle, Guesne, 1993

because light propagates in a straight line.

TABLE 7.3 STUDENTS' ALTERNATIVE CONCEPTIONS FOR

DIFFRACTION
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7.4 AREA 4: Superposition and Interference

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

From the meofivations given by students for each of the above-mentioned
questions, a 5ummary of different alternative concaptions for superposition
and interference is indicated in Table 7.4 (p, 102). Motivailons 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.

{» |s destructive interference due to superposition?

+ |s interference nossible from a single light source?

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

+ 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? |

¢ How do the interpretations of interference patterns produced by water
waves in a shallow ripple tank and interference patterns produced bv !ight
in Young's double slit'exp.erimem differ?

Students DO have alternative conceptions about superposition and
interference!

The aiternative conceptions about superposition and interference relate
to the presentations in textbooks!
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CORRESPONDING
STUDENTS' ALTERNATIVE CONCEPTIONS FOR SUPERPOSITION TEXTBOOK
AND INTERFERENCE  PRESENTATIONS
Accofding‘ to the superposition prineiple, which Is the addition of 33220
instantaneous displacements, constructive interference oceurs.

| COMMENT: Int this research superposition is never associated with

destructive interference! "
Constructive and destructive interference result from coherent
sourses. _ _
Only interfarence and not diffraction occurs at a double siit,
because an interferance pattem results.
Only diffraction and not interference ocours at a single slit, becauss | 3.3.2.2.a
there is only ona light source and a diffraction pattern resuits. |3.3.35y
When waves HEII."E not in phase, neither constructive nor destructive 3.3.31.
interference results. Therefora interference does not take place, | 3.3.3,.2.i

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

| waves are not in phase. '

Interference occurs when aither constructive or destructive
interference occurs.

Interference patterns are Interpreted as follows:

« Interference occurs where waves make contact.

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

+ Where crests are presented on an interference pattern,
constructive interference oceurs at any point on the crest.

| COMMENT: The interpretation of interference pattems 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 lhe following-cjuestions: 3, 5, ﬁD, 14

' The average student agrees that ooherent'waves maintain a constant'phésa
relation and that the following have the same meaning:

i. waves meeting exactly in phase and waves meeting crest-fo-crest and
 waves meeting trough-to-trough; _
ii. 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-mentioned
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 wall.
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| CORRESPONDING

STUDENTS’ ALTERNATIVE CONCEPTIONS FOR COHERENCY | TEXTBOOK
AND PHASE RELATION PRESENTATIONS
| Coherent sources cause constructive and destructiva
~ | interference to occur at a point.
Waves which are not coherent are not in phase; they 3.3.32iyv
are out of phase; their phases differ; they are not 3.3.3.3.vvi
exactly out of phase. Partial or complete cancellation of |
waves result. Therefore they undergo desiructive
interferance.
Coherent waves have the same properties (e.g. 3.3.3.3.i
frequency, wavelength, speed, phase).
-[When waves are not conherent, one wave is a positive | 3.3.3.8.iif
and the other a nagative.
When two crests (or two froughs) meet always at a  3.3.3.3.1ii
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 negetive) side. .
' Waves are in phase when they meet at the same point | 3.3.3.3.vi
gt the same tims,

“TABLE 7.5 STUDENTS' ALTERNATIVE CONCEPTIONS FOR COHERENCY

AND PHASE RELATION
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The followmg issues are ignored or inconsistently treated or Ieft unresolved
by textbooks and so coniribuite to alternative conceptions.

= Are coherent sources always in phasn?

e Are soufces which aré in phase always woherent?

e Doesa oonstant phase relation fmply that waves have o have the game
phase? '

« Is a constant phase relation a prerequisite for a constant interference |
pattern {0 occur at a point and not for interference to take place?

» Does i phase mean exactly in phase?

« Does out of phase mean 180° ouf of phase?

» Are waves in phase when they meet both in the same cycle (positive or
R _ S

« Are waves with different amp’litudes in phase when they meét at the same

" point at the same time?

Students DO have alternative concepfions about coherency and phase
relations! |

The alternative cenceptions about COherericy and phaée relations relate
to the presentations In textbooks!
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8 ~ONCLUSIONS AND RECOMMENDATIONS

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

o [The meaning of in phase and out of phase

Constructive and destructive interference and related aspects like cohsrancy 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° cut of phase, more than or Iess'
than 90° out of phase, not in phase) used by students and textbooks show thé
need for clarifying these terms. '

« " Sfinition of interference

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

« [Definition of gifiractior]

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 apen
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door. Therefore Huygens' principle is not understood as a continuous action that
occurs at all wave fronis,

* IThe interdependence of interference and diffrécﬁori

This issue is under- emphasised.

« [Ripple tank intarference patterng

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 children
meet interfersnce pattemns for the first fime; the illustration of the ripple tank is

- used. There the dark fringzs represent the troughs which is constructive
interfere~y 2, Students in the tertiary phase should be wamed that interference
pattems for light differ.

The conclusion of this research is that:

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

ii. The alternative conceptions about interference and diffraction of
light relate to the presentations in textbooks!
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The researcher Is of the opinion that the corcepts 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'hopea that the findings of this research are brought to the
\rgent attention of teachers, leciurers and authars to tighten up their
terminology and explanations and also to alert them again to the presence of
alternative conceptions in all aspects of science education.

It is the hope of the researcher that this study will be used as an introductian
to further research on alternative conceptions on interference and diffraction
of light.

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

cohceptions, 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 interme: consistencies within individual students' responses.

Further research is indeed needed in this field of Physical Optics!
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APPENDIX A
PHYSICAL OPTICS TEST

PILOT STUDY



TEST : PHYSICAL OFTICS.

'Choose the appropriate statemeni(s) for each question, and indicate your choice(s) by means
ofz cird_: arotnd (he characters (A, B, C D and E). More than onc choice is pna'sib_le in
SOIE SNSWETS.

Give a brief mativation {reason) in the space provided, for your choice.

Thres marks will be allocated Ror choices, and &va marks for he motivation: *

QUESTION t

The following pulses or waves have the seme wavelenglhs, Which pairs interfere
constructively, when they exist at the same place at the same time?

ajci_)c >
gbqbcﬁ P

[F rra—

QUESTION 2

The fliowing pulses or waves have the zame wavclensths, Which pairs interfere
destructively, when they exist at the same place at the same time?

A, 7 +f\
© b
. P
> ol
A A
B WAV,

QUESTION 3

Which ore of the fllowing ia the best proof’ for the-wave nature of light?

A reflection
B.  interference
C photoelectric affect
D. refraction
E.

specerum of white light



Motivate  your ~ ar

QUESTION 4

Monachromatic ﬂghi that falls on a double slit praduces bright and dark fringes on a screen
(sex the photograph). Choose the correct staiement(s) about the inferfirence pattern formed
an (ke sereen. o

A ‘Thebright fiinges represent constsctive intecference and the dark fiinges represent
destructive Interference. :
“The beight and dark fringes bothi represent destructive interfisrence.

"The bright and dark finges both represent copstructive interfertmee.

Light waves don't give an observahle interference pattem.

Destructive interference is not chaervable.

g aw

Mutivate your

QUESTION 5

The drawing displays gmphical representations of the displac*ment of two waves iarith_
different frequencies, apainst time (diagrams 1 & 2), as well as +i.~ dispiacement that resvlts

" whe the two overlap (diagram 3), according te the prnciple of linear superpasiiion, OF the

indicated paints A, B, C and D, constvuctive intesference acours al the following poants-.
NN AAANAL
wa - [TUYTUUTYUY

Dingram 2 ANARANRANMAAN
' JUVYUUTUUY YUY

s A ULALARA 4
WS

H

A OnlyA
B. AandB
€. ABadD
0. OnlyB
‘E.- BandC

Molivale your answer_




QUESTION &

When two waves with arplitndes A and iA always meel trough-to-trongh, they

mono®E >

Miotivale YOUur  EZSWEr,

are in phase

always interfere constructively

alwaysintu"fem destructively

are caherent .

interfere sometimes constructively and sometimes destractively

QUESTION 7

* o can hear eround an open doer, but one can't see around an open door.  The reason iz

given by the following explanation:
A Sound waves ditfiact, but light travels in & struight fine through en opening,
B.  Dueio the shost wavelengih of light nnmpamﬂ to the opening, the diffraction is
not observable, although it is present..
C. Light waves da not diffract.
. Sqund waves fli the whole space.
E. Under il conditions light wa-es trave] in straight lines.

Molivale your Ans

QUESTION §
In the derk fringes of an interfesence pattern whesa destructive interfarence ocurs;

"all the energy is redistributed 1o ather regions,

A
B. ﬂ.emenmounlofenergyiswesentasinthebﬁslﬁﬁiﬂges.'
€. thelaw of conservetion of energy s nod vabid,
D.  the energy is converied to unother form of energy.
E  someafthe encrgy is converted 1o other forms of energy and some energy is.
" redigtributed to other regions,
Mativate your
| QUESTION9

‘When light moves through tero slits, the following oecur:

A Onlydifftaction.
B.  Onlyimerference,

C.  Both interference and diffiaction.
D.  Neither interference nor diffiaction
Mativate your




. QUESTION 16 ' o QUESTICN 12
When light maves through 2 single alit, the following acour: The general condition for light waves 1o be coherent, is that:
A Only diffraction. A thewavezare in phase
B.  Onlyinlerference. B.  thewaves maintain 2 constant phass retation
C.  Bothinterfr.nce and diffinction, C.  the amplitudes of the waves arc the sume
D.  Nedther interference nor diffraction. D.  tho frequencies of the waves are the same
E. - thelight is mouochr
Motivate  your  sazwer,
Maotivate yow
QUESTION 11
’ or 1
Waves transfer :
_ _ Wh. .8 st th v Waves Tegresented in the fllowing displacement-time graph?

A disturbances - ' e :
B.  ostillziing motion, ) : :
C.  matter, . / \
P, energy. ’ : \ [
E.  anyofthese mentioned above, depending on the type.of wave, * )
hiotivate  your

They are in phase.

They are colierent.

They are not in phass.

They undergo constructive interfereuce. -
Tliey have different frequencies

mooRp



QUESTION 14

Twa lousdpeskers are commested to the same signal genevator. The crests of the sound waves
coming fivin the londspeskers are shown In fhe figmre. How does the foudness of the soumd at
X coraare with ihe louducss at Y7

L—

same and sieady
same bat varying
greater at X and steady
greater af Y and steady
nosmund atalat X or Y
nearly ne sound

mmg oWy

yoar

QUESTION 15

The figure shows 2 profle of a trans,erse wave, Which two points are in phar7 .

Ml[\"/\
I\JU

A  AmdC
B. BadD
[+ EsndF
D. EadE
E GadH
Motivere  your
QUESTION 16

Which of the following sources are NOT in phase?

A, Two identical faser sources. )

B.  Twocgiators deiven by the same vibrating mechanism i a xipple tank

€ Twolandspeskere driven by the same arplifier.

D.  Two smal epperties jn an opague sereen, Muminated by one monocmomatic light
SOuUce, .

E  Two identical incandescens light bufbs.
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Vothate  yor

QUESTION 17

Two fight brearns which are nok coberent cannot

A e

B.  produceastable interference pattern
€. beefucted

D.  bediffected

E.  Ravethe same spesd

Moiivate your answer

QUESTION 18

T¥a razcr blade is Hieminated with a paratfel beam of light and the tmage of the blade projected
on to a white screen, thex the image i not sharp but sighly blurred. This iswaily dus to

imerference of the Nght

dust particles in e air _ _
diffraction of light by the sdpr, of the blade

the fact that the screen is not perfectly smooth
vibratiens i the earth’s crust causing the biade to vibrate

muonwp

Mativate your

QUESTION 19

InaYom@siﬁaﬁmwmpﬁmmLmMmWofﬁgmﬂdwk fringes is

-fumadnuasareen.ass}wwnhﬂweﬁgm‘e,hy_ﬁghtpfﬂaveie:@hymmiﬁgﬁ-ﬂmmomw

sfits X and Y. What js the differance between the pathi lengths PX and PY?

P> bright
3 dark
: * bright
X : o dask
source i » bright
%
v ! : -
A 2
B. ¥
[+ 32
B 2y
E 52

Moﬁvate Yo' SREWer:
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QUESTION 20
A blackened photographic plate has straight cuts nrade throogh %5 emuldon. P iz a single st
and (@ is 2 paic of slits 0,25 mm zpart. The plate is held close to the-eye with the slits vertieal
and is used to view a nanrow vertical source of white light several meters away in & dark roon,
fooking in tum through P and Q. Which of the following statements about the pattems seen
through P and () s false?

P Q
A Each pattern shows alternate fight and dark lines. -
B. . Pisdueto the difffaction of Tight.
C.  Qisdueta the interference of Fight. .
D Eachhesacanteal bright band which Is brighter than the other bright bands.
E Interference and diffrection siay = role at both P and Q.
Motivate  your

QUESTION 21

Monachromaiic light that falls tn on 5 double shit produces bright and dark finges on a sereen
{2z diagrem). Chopse the correst statement(s) abont the indicated poings on the drepram,

A, Unly B represents constructive interference

B.  Aand B represent constsotive interfemece
C. A, Band C repa ive interferen
D.  Crepresents destructive intesference

E

B aad C represent constroctive mterforence

Molivete your answer:

 TOTAL: 105
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TEST : PHYSICAL OPTICS

Choase the appropiste  stalement(s) for cach question, and indicate your chuice(s) by means
of  circle around the characters (A.B,CD ). More than ons choice is possible in

SO ATSWEYS.
Give a brief motivation {reason) in the space provided, for your choice.
. Five marks will he ailocated to each quesﬁon; three noarks for choiee(s), and two magks for
1he motivation.
QUESTION 1

The follnwing pulses or waves have the same wavelengihs. Which peir(s) interfere
canstructively, when they exist ot tha sume place at the seme time?

i : i
S t
VAR VA
ol ' }
QJ * :QU

Motivate your answer

QUESTIONZ

The following pulses or waves have the sime ‘wavelengths, W‘hu:h pairs interfere

dutmﬁiwty, when they cxist at the same place at the same time?

: i,
b

w

o
aNpTaW

0

L RT*

Maotivate  yobr —answer:

QUESTION 3

Twaltglﬂ beams which are not coherent cannot:

A interfere.

B praduce a stable interference pattarn.
C.  bediffracted.

D.

have the snme speed.

Motivale your snswer




QUESTION 4

The drawing displays graptﬁcaf reprezentations of the displacement of two wives with
differeat frequencies, against Gue (diagrams § & 2, 3¢ woll 25 the displacement fiat results
when the two gvertap (diagram 3), according to the principle of Enear superposition. Coroera
the points indicated as W, X, ¥ and Z. Constructive intesference acours a1 the following
poinls: '

" Diagram1 :
Diagr~- - 2
Diagram 3
A Onlyw
B, WandX
C WXadZ
D OnlyX

Mofivate your answer

QUESTION 5

When two waves with amplitudes A and 2A alwayz meet trough-to-trough, they:

A.  arein phase.’

B akways interfere constructively.

C.  zrecoherent

D.  intesfore sometimes constructively and sometimes destructively.

Mativate your answer:

QUESTION &

Ome can hear around an open door, but one can't see around an opan door. The reason is
given by the foilowing explanation:

A, Soumd waves diffiact, but light travels in 2 siraight line through an opening.

B.  Dueto the short wavelength of lipht compared to the opening, the: diffraction is
ot cbsetvable. although it is present, N

a4 Sound waves ffl the whale apace.

D. Under plt conditions light waves Jravel in straight fines. -

Motivate your znswer:




QUESTION 7

In the dark fringes of an interference pattern of Sight waves, where destructive interférence

OO

A all the ecergy is redisiributed to other reginns.

B. - the same amiount of gnesgy is present as in tha bright finges.

€. the energy is converied to anather form of energy. '

D.  someofthe energy i converted to otfes fioyms of evergy and some energy is

redistributed 10 piher regions.

Maotivate your answer,

 QUESTION S

Whien light moves through two stits, the following aceur:

A Onlyd™ ction.

B Only interference.

C.  Bothinterference and diffraction.
D

Neither interference nor diffraction.

Molivate wyour answer:

QUESTION 9

When ligh moves through a single siii, the following oseur: -

A Quly diffraction.

B.  Onlyinterference.

C.  Baothinterference and diffraction.
D.

Neither inferference nor diffraction.

Mollvate your  answer

QUESTION 10

What promerti - suit the two waves represented in the fof . 11g displacensent-time graph?

They are in phase,

A

B Ti!ey are coherent.

C.  ‘They are not in phase.

D.  ‘Theyundergo constructive interference.

Motivate your bnswer,




QUES TION 11
Waves transfer:

A disturbances.
'B. matter.

[ energy.

o,

any of these mestioned above, depending on the type of wave,

Motivate your  Ensuwr

QUESTION 12

Two lousdpeakers are conpected to the same signal generator, The erests of the sound waves
coming from the loudspeakers are shown in the figure. How does the loudiess of the sound at
X compitre with the loudness at Y? ’

A Same loudness.

B Varyirg loudness.

C. Nosoundatailat XorY.
n A soft sound at X and V. .

Motivate your

QUESTION 13

Ina ?punga iaterference expmnem, an interference pattern of light and dark fiinges js
formed on a screeq, 25 shown in the fignre, by light of wavelenmth v coming from two narrow
glits X and Y. What i5 the difference between the path lengths PX and PY?

P¢ bright

b dark

. ) > bright

X $ dack

source : . bright
Y
A W2
By
C. 2
D %y

Molivate your - BRswer




QUESTION 14

The figure shaws a profile of ¢ ransverse wave  Which two points are in phase with each
other? ' :

.’i/}!\c E/\‘“”/\
EAVARV.

A AandC
B. Band D
C. Eand F
D EadG
Motvate your
QUESTION 15

W a razor blade is ilimminated with a paralfel beam of light and the Imace of the blade'pmjn:tnd
on to = white screen, then the image is not sharp but sahily blurred. This js mainly due to;

interference of the light.

dust particles in the aic. )
difFraction of Yight by the edges of the blade.
the fact that the screen is not perfectly smooth.

TN w

b aE

Mativate - your answer:

QUESTION 16

MMMtic Tight passes thmugh. twa slita. _The diagrem shows the crests of the waves at
& certain fime.  Choose the porrect statement(s) about the indicated pofnts an the diagram.

Orly Y reprasents construstive interference.
X and Y represent constructive interfemece.
Z represents destructive interforence.

Y and Z represent constructive interfarence

Moiivaie your




b 2

QUESTION 17 - Molivate your

A blackened photographic plate has straight outs made through its emuision. P is a sngle slit

and (s & pair of fits 0,25 mm spast, The plete is beld close to-the eye with the sfits wertical

and is used 1o view 2 narmow vertical source of white light several meters away in a dark room,
looking i turm throngh P and Q. Which of the following statements abaut the patterns seen o
thiough P ail Q is frae? : _ ' : o QUESTION I9

Twa single pulses move in opposite directions along a rope, es indicaied in the dizgrao,

. . : —tm— ..
P Q [ N |
- - I V]
A.  Each pattem shows slternate light and dark fines.
B.  Pisadifiraction pattern.
€. Qissnntesference patiem. Alier they have passed one anather, the Sollowing patiemn will be abservable:
[, Interference and diffraction play & role at bath P and Q. : .
. - .
A J L._|
. _ -
B. rat
W/
——
C,
’ - ’ ’ D.
QUESTION 18 - ],—\__/

Whick of the Follawing sre esteria for constructive interference of two waves? Motivale your

A Thewsves are in phase.

B The waves reinfurce each thes.

. Thephase difference between the two waves s Jss than 90°,
D. The waves meel cresi-fo-crest, '

TOTAL: 95
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MARKS ALLOCATED TO STUDENTS FOR THE PHYSICAL OPTICS TEST

Student| Mark as % Student| Mark as % Student| Markas% | . |Stodent| Mark as %
1 46 49 29 a7 a7 145 74
2 48 50 4g g8 48 146 74
3 51 51 61 88 _ b R )
4 46 52 89 100 35 148 85
5 4 53 42 161 72 | 148 &
8 47 (5 68 102 58_ 150 68
7 48 [ 55 66 103 | 70 [ 45T | 85
8 11 €8 59 104 70 152 70
] 55 57 66 105 86 153 67
10 67 [ 68 84 108 59 154 _62_
1 54 58 87, 107 74 165 B8
|_12 78 60 70 108 57 158 87
13 67 61 56_ 10¢ [T | 157 72
14 54 62 55 67 | 168 70
15 61 63 42 111 50 158 & |
18 _ 51 | 84 51 112 84 160 L
7 4 85 66 113 67 [ 161 53
18 47 86 67 114 63 162 78
19 42 87 50 118 &2 163 63
20 B1 €8 59 116 (=] 164 72
21 57 69 50 117 78 165 68
[ 22 64 70 41 118 80 166 &0
28 &4 [~ 71 50 119 71 167 53
24 61 72 55 20 74 168 70
25 54 73 55 121 58 169 61
| 26 57 74 54 123 78 170 74
o7 70 [~ 75 70 123 80 71 51
28 50 76 68 124 83 - 177 _ 66
29 45 77 42 128 79 173 66
30 63 [ 78 63 126 66 i 63
31 54 73 41 127 71 178 82
32 78 80 45 128 ] 178 75
33 64 81 67 129 88 [ 177 67
34 [F] 82 55 138 84 | 178 78
35 62 5] 26 13 61 179 64
ELS 53 [ 84 58 | 132 8 180 57
a7 &5 85 42 133 74 181 68
38 47 86 58 134 86 182 71
38 55 87 42 135 72 183 87
a0 42 88 54 135 7a 184 72
41 86 89 55 137 78 185 48
[ 42 58 50 48 28 60 186 45
43 45 91 57 138 74 187 62
44 57 82 51 140 69 188 41
45 62 93 54 41 83, 188 76
45 57 84 63 142 61 180 46
a7 42 95 47 143 _ 64 191 39
48 ] 48 98 57 144 71

Avérager Gb,tl.%
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AMNALYSIS

Question 1

eHaiCE

Rof 187

MUMESR OF

MOTIVATION

20,0% 57 23 Thay ard id piRse. ta.TheEammd[m phass}
18 The meutiant wava rs e

4: Wentical waves.

12, They Meet Creat-to-treat and DoUgh-o-tough. () Canderaation meels Gondonsabon and rarelacion mees |
rmfar.'ﬂun. 1: Minitre and maxima meet}

AB

[+

B

a1

15 atein [1: Thay mm exacHy in phaze.)

3 mait and ; Condeniations and rarelactions.)

5 Fatllani wave 1 Maiomon.

Ampitude doll

3: Idend 3,

mmiwmlﬂh and lmplmm

B 18 not tocancal.

; Dight warves paasing Hirough s wavelength dous not aae 3 complets elecine Hikd ().

J

18 in In phese.
8 Thay mest :nd ugh. [1: ™ot condensation and ratelaction mests
mrafection; 1: Twe and bwva n mest

The =um waves t85UI N 3 bigoer wive et Nl Wt (1: ATt GoUNIes)
 idevifcal vaves.

: Cand O are out of phase

|§= 16 Il @ wavalangth ot of plia.

t wall L conznciive interfurence at 2 Bl insbant
C undargoes canstructive Interfarancs in both dirsctions, Amgg‘gmmaumm

B
:

4 They mesl gresk-ia-ore=t and mm gh_{1: Two m:mmmammw maat)

1: Thayt are sut of phasg,

i

1%

M e :

1%

3: Thay ara in phaes. {f: Ewﬂfmghlﬂf COMMENT: Thay are nat in phass!
hg_Rshl‘n ent. {1: Double am 1 colgur}

Ieentical wavel

Identical wavolsih,
1 D'7s desinicirva and A, B and C are copstructrm.
+: COM : Molivalion of nG Sama.

|3 Twa crmets in phaes. COMWENT . Cormtuctva INAemnce i ascoomied with I phass crexis anly (not tougha). |

1: The ampitude is hnce that of witherwave (4.

lgl b

1: They thest crast-to-crest and ftoush Jo-trough.

7 Thay reinfore sach eiher.




ANALYSIS

05%_ . 1 %z They start out of phase.

- Questlon 2
HeriM | xuvmenoF
CHOKCE HMOTIVATION
IED:ﬂlewammoutnfphse. (9: Extaclly ouf of phaas; 2: 180" oul of Ghase; 1; They dier by hall &
D | a29% | 83  wavelength) : .
41! The waves cance each cther,
24: The waves maet crest-totrough, (4: They mest condensstiorebo-rarsfaction.
18: The wavea ars identf=al. (3: Sama wavelength; 2: Same ampfihde: 1; Same frequancy.) ]
2! They don't reinfisree anch other,
]Z g with tha =same and end out of phazel'}.
2, The pailiengths differance betwearn the wavas diffars by en odd number of wavelengths.
1: The waves arve st a in phese(™),
3B7Thve waed aro GUt of phiass. (125 Exacly oIt of phass; 5 180" ot of phaser 5 el & Waverengin |
| AD | 387% 74 foutof ';Eua,)
34: The waves mest crast-otrough. (3: 15he Wavas are Ut appoos Seechions; 5: Thay meet
— condensation-do-rarefaetion,: 5: A poaitive and a negalive weve meat)
| 24: The wayss cancel sagh vther. —
S: The resultant wava has a stnallar ampiitude. N
3; Only partial desfructive intarference occus of £ gnd comy iste Jestructive intetferenca af D,
2: The amplitudea don't have to be tha same,
+ Sometimes conatnictive and acmetinves destructive Interfarance will cccur{*}. _
 The waves are n X
[+] 5.0% 11 7: The waven are cut of phase. {]: Exaetly ot of phage.}
i_a:_"ha Waves cancel each other.
3 The fhudes aze Identical,
1: The waves meet crest-to-fraugh.
: They ara ausotty In phase(%).
ACD 1 3.7% 7 §; Tho waves are cut of phase. {1: Exnctiy out of phese; 1: Not In
- : The resulttant wave has a ge,
. cancal each cther out,
+ Txia wevelargths dfffer patwith an Integer number,
1 Wava formo exhibl Both canstreetiva and destuchive Intederenca(™).
AL 2,6% ] 4 They are oik of phuae. (13 Lho wave clffar with hall 8 waval 1)
1: They cancal each oftwr.
1: They meet creatfo-trough.
1: They ara not [dentcal waves,
B T 31 4 j2They meel crestotrugh,
2. Tha waves ars ldentical,
1:"hg[smmno¢pﬁaae —]
1: Two toughs Intarfera destruckualy,
1: The waves reinfores each sther crast-to-trough(™.
A 1,6% ] 3; The ¥waves ara out of phass. (1: Exactly out of phawe.)
: They canee| savh ather.
T They Ara Identical waves,
BO | 4% 3 {3 They cancel each gher.
1: They mest crest.to-trough.
AB_| 05% 1 7 1he crest and trough Wi cancel aach oifarT'}.
[&]5]
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Question 3

Wof18]
wtudents

WUHIBES OF
SYTURATS

MOTIVATION

49,2%

48: They don't meinteln a conatart phase relatiorn.

24: Conslructiva and destructive intarférenca don't eontinue in aceur at @ paint,
|8: The wavas are aot In phase. . :

S: The ane waves iz In the poaithve cycle and the othar In the negotive.

4: Wavalengtha diffar.

3: No motivaling,
!9: Mativationa of ne use*).

185%

36

15; Consiructive avd destriictive intsriarence reaull from colisrent sourcas,
10: Thay o not malnisin 8 constant phase selation,

4: Conatructive and deatnuctive interférence dort copfinue to ozeur ata paint. |

2; Tha waves st not in phase.

it Thers i aways some form of TrimTeraion WiEN o waves mest("},
\ifer.

7|3 g mothvation.

1: Thek wavslengtha differ.

2: Mokvations of no use(’}.

7,2%

13

8: They do not maintdin o conatant phase relaticn.

: Construstive and destruckve interdfarance dean't sontinue b occur at a point.
: They ara out of phasa,

: Thelr wavelangtha differ.

¢ No motivation.

§:3%

12

5: Their wave cheracteristica m\mleng!g and fracuency) diffar,
3: They don't mahikain a eanstant p rolation.

+ Only In vacuum Ehalr spaetis will ba equal(®).

+ rortt understand the meaning af caherent(*).

: Mo piotivation

10

44: Don't understand the meaning of cohsent{*).

Q)

52%

]

4: They don't maintain a conatant phese selation.

: The pattern 6 the screen will be washed out,
Niithar conskructive nor destructive interferenaa will oceur,

: The waves are from diffetent dirattions.

i diferant of Boht.

3 Their phases difer.

3t s of na usei™.

4: They don't malntain a constant phage relation,
1 Congtructive arnd destruclive interfarnce Gorn't cantinize 1o GEEUr At a paint,

[2: Thay do not mwintaln & constani phase relation,

12 Motivation of no use ).

2 & ||

1,8%

2 undarga deatrustive inberferance, becavss a7e o of phass,
1 They g0 con va or destnuctive interferance becalisa ey are hat execlly oii of
hege.

&
te]

05%

1: Ho pattert s Jhastved.

0,5%

1: The waves can't bend, tharefora ho Intarferenced™).

G5%.

BBl (B

4 Conatructive and destruilive interfarence reault from coharent sources,

0.5%

T Thail Tequenciss Gitar.
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) Question 4
%aofiH | wuwper aF .
CHOKE | stodams | TTUDENTS HO“VATIO’N
75 THe vraves reinfarca Bach other. (257 ARpIDs doublas; 7 For X the Ampifid ié doubles and for V|
B | 7i,7% 137 ltha ampiitude Increpse .

35; T:Jayamlnprma T They aro exactly In phase; 1: X [3 exasdy i phasa and W (s pardally In
has

35: Crast et erest and trough meets trough. {1: Two condunsations and_tm rarefoctions mest)

4 dentical- waves.

3: Mo mothvation.

|§ ¥ and Z arm asstructive. (1; Due & pesltve and nagativanreabﬂ Eleuauaemsullmtmve I8 laza

__an ndividual weves )

2: Y and Z ara oll, of phiase,

#: The sources ars coherent(*).

1 Construciive and”destructive Interforenta cocir when twe Waves with the seme frequency
avarta

1"]1‘uﬁ'eq._mngxlsihe samol).

15,2%

25

T5: They are In phass. (1: t by are exacty v phase; 1: W and Zare omofphaseanﬂ\'wxismm

deatructiva interferenca; 1: The rest ars aut of phase.)
IQ ; The waves meetimih Ho.trough, {2: They mest arefaction-to-rerefaction.)

8: The resultarit Armphede Is relnforeed. (7 The amplitide doubles.)
2: The Wanes an klentieat.

B.3%

12

7: The waves meet cresi-towzreat, {4: The posltive slde ar mexirum.)

7: They reinforca each other, (3: The amplitude deubles.)

4 I_'l_g[ Tn phi
2:{dent ' nmmﬂ kentfcsl freausnclesy

4; The sum of tha two varves gives e reatiliant weya,

3: Thay are in phesé. (1: X [s exactly In phass, W 90% In phaze and Z very Iitte.}

2: Reinforcement. COMMENT: Z s nof relnforced]

1,.0%

1: No metivation

1; WEY comact, W parial corsiicive Inferamace, A aonsh'ucﬁ\m nterferanca, ¥ two waves cancol
|sach athar,

10%

1: Mo metivetion.

1: They mest crezt-to-crast and M—imugh! uxcapt?.
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T Question 5
auset | anonmnte| ‘oo | " MOTIVATION
S ——————

ABC i 225 43 :mlhﬂvl - QWMENT‘"I'IH!BG GLITTE ll‘ndﬁ:l.




ANALYSIS

Question &

% ol 13

HUMEER OF
FTUDENTE

MOTIVATION

218%

ETH

m%mdbﬂnmbmsmllhohsam. . 3
an dependa en the retio wave! [ . Light has a shorinr wavalengih than
]somd.

14: .\ wavag, glgo light, diffract.

Sund waves diffract muct more than figh:waves.

Lipht waves do hiot band around an open dooz,

ez (0] 0

; Lipht bends arotund narmevy aiks.

MNa mativation.

0: Motivetions of no X

11: Light wayes can't diffract.

41 In the cage ef ight, the cegrea of beuding is too aemef to obearve,

: According be Haygens' princlple for sotnd waves,

: Lignt movea to fast*),
1 Sound diffracts mare thar light.

$: Light wavas do band.

83%

12

2:In tha case of light, tha Jagme of banding Is teo small ta oheerva,

4: Sound berda araund an apaning,

2: Aceording to Huypena' principla for sound waves.

* Allveives bend around cpenings.

2; Mo motivation,

= Motivationa of ho usal),

3%

1 Tha degraa of handing Is too amall ko ob=erva,

+ Sound waves vibrete(*}.

: Saund waves maka echaes(").

+ Saund waves ars not transverse waves(?),

: Conaltructive infarferance aceurs(*).

: Sound waves can't be sean(™).

23! Mathations of no uaed*},

7%

2! Only sound waves bend ansund the deonway.
 Sound wavas change in the ing to e inal weyas.

+Acennding to Huygens' prinsipte for sound waves.
+ A Eght wave won't dlumineta the whele area,

: Only sound reflects In doorway(™).

Motvalians of he Uso(")

2.6%

2 Due to thi vweve reatura of llghty.
:Onlﬁ sound wavies diffrcet,

1 Otherwize we wowld be aible to see arstind comen,

: MoBvations of no usa(*),

2.1%

1: In the tase of light, the d of hending 13 too amall to obhsarve,

3o

@l

18%

1: The degree of behding s too amall to ohserve.

1= Mofivations of no use().

1,0%

2: According to Huypens® principle sound waves diffract.

1.0%

- Accerding to Filygens’ pnapls sound vaves S,

1: Waves band arcund spenings.

0,5%

1: Mo metfvation,

5%

T; Dus o e Short wavelengih of light, & rus als i, a strakght ey,

6.5%

1: Mo motivation.
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Queastion 7

CRGEE

%af 131
staddants

NUMBER Cr
STUDENTR

MOTIVATION

26,3%

54

12: No &n I3 pressnt at dark fi batausa the wavea cancel ana anotier.

12: The energy |s radhmmmad 1o rerjions where construcive interfarenee (bright fringes) ocours.

6: No molivabion,

f Accomin, hma!awdmmﬁundm[gy

14: Young's expariiment ims shown the redisiribution of energy.
% Tt brightnass of the fringes [a diretly proportional to the light anergy.
omaryfa |

S iettocs o o i

272%

12: The dark fringjes have {633 enery.

1: No mativation.

: Soma of the enargy 18 aksorbed.

x Mo anargy is at dark fiii

166%

10: Lew of congefvaion of ena
thenefura to athar

2t Enargy i convaried to heat ena

2 E 3 comverted o LY

: The dark fingea have jeas than the feinges.

+Imie i dil orional to anel

52%

18 ia: Na motiaiion,

2t s of no use(™),

1,0%

3: Becausa no light Is present in dark fringes, anedgy converalon teok place,

0.5%

1: Mothvation of na usaf™}.

M
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Question 8 - T
%ef13t | wwdeEkoF |
EHOICE | shidests | STUDENTS : HOTIVATION
T BA% | 130 (B3 Anilerersncs paiern vl G ad Brigh finges ims.on e screen;

26: Ve ight moves through a slit, i benda around the edges.

3%5; Waves from two coherent sources intarfere.

11: Afier difftaction. The waves intecire canzbuciively and destructvely.

&mhmirm

G.Duuhﬂnwwa e of

2 ‘and dest i GECUT to produce B paltern of allamating DRght ank. dark

B 22.5% 43 Al .
10: Light sources ara coherent,

- {2: Light wevos can't dffract{™).

Z No motivation.

B.Muﬁva.thnsofmm{‘}

A 3% 12 Tﬁl[gl'ﬂwwasbsmiamundﬁ:ealﬂs

1 Tha reault is & difraction pabiers of dright and dark finges.

No moSvation,

D 1.6% 2 -3: Motivafion= of o usa(*).

- 10% Z |5 No motivaton,

FH | 05% T 1: Motvation of no Usel).
COMMENT: Cholte makas no sense.
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Question 9

CHGEE

atudents

HUMBER OF

MOTIYATION

|

48,7%

53 42: Difaction seeurs at the alit where the light bends around tha edges of the i,
96: Thera i no other Bght sorce for Interfarence o ncsir, S i

8: The light =preads out.

15: A patiern of altemating bright and dark fringes focms an the screen.

5: A single slit diffraction pattern forms.

4! No Interfarance pettern of dark and bright fringes forms on a screes,
£ Only dark fringes coctir(*).

1: Beatbered bright and dark fringea fi .
7- Nos iotivation

13; Mativatinas ¢ 0fru: M wh

340%

|5%: Diftraction: ocoUrs at the sIit whare the Iight bonds around the adges of the it

29: Bark and I:r_lg[? Interfarence patterns form an the screen. -
8: Diffraction [s an Inlarference sffact

4:Thedoht(s apreaciout.

3: After diffraction the waves inferfure nanshuellwlz and destructively.

2 \ gﬁgslﬂdlm-achmﬂ appears

R T Tormed 2t fho Singla sl

1 Dxre to the wave nabire of light.

7: No motivation,

18; Molivations of fo usel").

IW

12

zan

5: Constrctive and desinicliva intarfaranca take placa.
: Difftaction can't ocety.

+Lightwill pass lh%h'&ia‘sn_\nﬁmum hending, and for an image ofthe S on tha screen.
:&lndim?.nﬂon 94 the sl have & 1ound aha

: No motivation,
4 Miolivaiol= of no usa( ).

73%

14

A A a9l 15 b eriatare o §Gi from ohs destion arly talls of He doubia ST,

+ Only ena bight fringe Is obaared.

: The ight Becomes rized)

1 A pattetny of bright and gark fringes famn:s becau, o of Hiny wavelets.

: Ne motivation.

2: Mativations of ne usa(™),

15%

3 o mukivation

1: Motivation of no usa(*).

0%

2: Malivations of no use(®).

CONMENT: Cholen maksa no aenss.

1: Motivetions of na usa{”).

COMMENT: Choice makes no senae.

1: Motivations of no use(*).

COMMENT: Choiea makes no sense.
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Question 10

Hof13t | pue=mor
- CHICE MOTIVATION
[+ 33.0%
h-b-hu:l
] T CONTIRRTV ot H
’Imrfereme; 1: Mot mmm:rml
7 AL ritt conerent :
{4; The waves tancei each reatEis in dastrictive imaference.
They are not macty out of phass.
’_Tll! ‘warves am 80° crtof phe na.
11 The ampktude of the resuitant wave dessn’t doubis
& Na mativition
B LLE 2

17: The waves Mmemiain B constant phusa relaton.
4 Construetive ar Intenfarancs wik never peuy.

o b

; Constiucine amd il rance take clece.
1: Cohwrent meams ctiming afbet 2

[

14

& Thay do nat shift relwtive lounaml!llr
2 The waves have the same

R ralnforca mach othar.

- Thay do not . constant phasa refaboni),

15

4: Tha wains have the same

4: They mask crwst-to-ciat and roughuto-frough

2 They relnfiorce aach citar

They do Aot Cancel sach cther,
- They HiEfefe eppramateN ot the same tme.
% Mo mokvation.

AB

2%

F;‘n_nethonemmlnﬂllrimﬁmn

31%

1zmnmggmmmm§emnmm=.
4 Motvations of na Use(’).

ABD

6%

3: The waves i anch ofnar.

zmgmmm_&ﬂmni -
1: e intesferencas pattam foma.

T: The Solrces are e

2%

2 Thewives maintain 8 constant phasa reabon:

[z midu nol meet enstiocient and @w

1: Therm i a minforcement.

1: Sometimex thay undcigo comstiuive and gther tmes destrutive Iaraancs.

1; Mo madtvaton

20%

x of na ukaf’). _
2 They on.5 9t the Ups and dovms,

1 The “WEes MEMETN 3 constank phace felaton,

1: o motvation.

1.0%

2 Motivatinns of na use{")

COMMENT: Contradictabie choweel
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Question 11

%oFT51 | muwaengE |

#adents ¢ MOTIVATION

EHOWE
1 1

PR 77 20 Light wives transfay

t6: Waller Waves transfef mabier,

114 Sound waves tranzfer GimiLrbaNces.

110: & da on the iss of tha wavea("), GOMMENT: Part of opion! i

F&Awﬂfm-
5 Avave is a dishobanee,

187 Seund waves tmnafar anergy.

i {3t Watter waves transfer dztirbances.
i 2 waves ransier matter.

: Rleciromagnalic waves
1: Differsnt kinds of en are transferred.
: Waves ora a movement ETM naturef™.

T Soling waves transfgr mattar.

: Eleciromapnalic waves tranzfer disturbanees, dismrhanm

Watarmk‘arﬁhrenl *
d_aguﬂsonﬁmadhm«if.e wavel).

7: No frotivation.

15: Mativaiona of no uge(™).

- 257%

36: A vrave is a traveling digturbance that carries o

fram plecs to place,

waves and watsr waves tra

disturbances, sleciromagnetic waves

Waves) tranfer

2: Tl‘le ani {3 cartied by the el

' and magnetic fields that tomprise tha wave.

atsame in waves,

L.thaashmlsd;ggpadlulzD&dam disturbances oesur In the fom of vwaves,

————

' + No motivation.

4: Motivaliohs of o Uger.

225% 43 [1Z:Waves transfer enorgy from place to place,

{7 The eneigy of a diaturbance s'ranshnadt_&xmesnsnfsm

19 Wiaves transfer anargy in diffess it forma a.g. light.sound m@mhdumrk,hm

13 Waves tansier @ in forms of matter
nﬁuﬁsdhm\r&.

1 Thu @ I3 carjied by tha alectric 2nd m:

3: No metiveiien,

'8 MalfvaBors of 10 aCY.

14 &: Wavea are fraveling disturbances.

3: Acgoyding to the ptinclpla of inear soperpeaifon(™).
2: No mofivations.

3; Malivations of no use,

x| 42% 8 1M"ﬂw

1 WMMudmm
6: Na mi
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- Question 12

CHOICE

ETELT
students

MUMEER OF

MOTIVATION

570%

109

) |31z Thes+ %nis ara jri phase. (10: Seme freatency and wayelangih.y N
23 1

ntesferance ocours ot bath. {12: Crests interfare)

30; Thalr distances from the sources are the game.

15 Na nlerfarence: nefiher Ganstrctive nor destructive. (& No interference: 6; Malther constucive |
roe dasiruetive.)

&; Destructive inferfarence eecura at both,

ia: Thelr ampliudes are the Sama.
3: Interferance otourrad, interfered aquelly i

27

24: They ath experience destruciive interfarent "B Treugh ond crestmest; 4; Tolal destnitiva
Intesferance; 3: Revefaction ang condy...ation; 1: Not In_phase; 1: Out of

2 MothraSon of ng uaef*).

1: Na motiva

F0: They both experience destructive Interfurenca. (2: Not complete destractive Interferance; 2: QUL of

ohase; 1: Not exactly out of phasa; 1z Net in phese; 1. Only & theary e saund.)
3; No Interference.

]Z: Irlhnu@ of avund waves Inveresty propestianal to distancs treveled().

2: Mo molivation,

Jiuihey mest grestip-traugh and not saugh-to-dratigh.

BA%

", They meet oul of phase.
71 AL Y the sound is lotidar.

2, Consirietie Intsiference ocolrs,

COMMENT: Mo valid motivations|

Js: Both undergo destruciive ferferanca.
4‘i: They dort intarfare,

ZE%

|- Destruciive Iniaiferaice orcurs o no Sound Will be heard.

1.8%

3i No motivation.

05%

COMMENT: Invalid eholeal

5% ]

1: Sound [ntenstty (s redistribubed,

EEREIE

3%

1: Sound Intenafty 13 Eatwean, maxknim and Ui,
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-Question 13

Red 181 [ uman or |
LHOHER sTuDENTS | MOTIVATION
D I8.T% ] T 1he sepang oﬂxE?TE!
angth PY > FX. (B P =2ﬁl§ ﬁlﬁ?wimmlnwﬁmﬁt ﬁ‘m‘iuwdmmlnmm'ri BT
" lhﬂmumnmgm'mnge. Gre Warves me in and path fanglh Giifamnce is inger
[ g itaee T Lehd ¥ Bsa P
; PY hax doobla the wavelangth of PX
- ¥ maves five bimes and X moves theés dmes).
B H.5% 42 11: Pathl BY 5 PR il 1 wavele
- ‘IEOmwuwvalmmmmugmﬁ“mmm“ﬂummpﬁuumpﬂm
Gnount of warvalan iharefors 1 wavelanr ..
5. Mo motrabion.
Hatvsan sach, dark fringe thar is 2 .
, baoguse the same wav|
mﬁiemsﬁmumﬁ&umm e i constEant
1110 Banca (5 the same becauss of same vyl 3
I Thiatar g o ba . le mbmmmwmmmmwummmme
o Them:on one wavelengt n&uummdﬂmhvmamle gih.__
‘Wlmhlww&l col enct gg‘). _— : —]
{ : Thee sama amount of en! mmmunhx:ndm. N
[ Ditacaat diractions of X
1
G| 204% £ 13 No v otivation.
E Pailvetgin BY 5 P 4?1,5m2m&ranhﬁu 3]
3 Tham as 3 renca) and 2 dark apotald. mie
. 2Jluamnmnnt|n|nme
e CoTiTS & DRNE angth diifarence ia an Inbegar amout of vevelenzhe.
i ’hﬁahmeﬂnduklggm
< i the thiee crar right Dingal).
:Mﬂ?ﬂ! = E!I:l 8
i Wavel
1 in: 4. Half & wavalangtl; 2 1 wevel %5
A 17.8% 34 Eanﬂpﬂhﬂﬂthh&hwﬁn_@; i
4 Coml mmwmu’mwmmn sna!hs:ndﬂ
intarferanca when ttzocs is iwlf an inl
iz&mmu&@
1: Connlniciive intedamnce falla on bright slde and destructre nitrfamncs an dark skie.
1:m=2
1. P i 2 imes weaker than the cantar,
:nmﬁlmﬁnmafn_ﬂmhg%munﬁg
1, Encaiiiis [han ilte Ho and da s in ¥
> Tha emplikude i bwica the am) w of tha othare
2 Ho motivalion. .
& PX {5 ianger tham 7Y because Y deflects mare than AT,
X ané PY are equai(].
- T a_ ﬁemﬁimmnﬂmmsmﬂﬁn‘ﬂ
fimge PX i brgh! Cariral fnrg# F.(5 brightar thar FYT).
1 Nnmohwim.
B0 iT% 7 5 Batalsg consbudive (TSHErENGS ocoum 3t o difarince & an Mager nomiber,
1; PX and PY and tar M SCTOaN.
¥ o mafvain.
A8 | o05% 1 T: Palifengli FY > PR, - -
1; Ditferenca i hott 3 ﬂMMlMammmdmnmemmmmmms.
A | 655 il T Wrtetfariice ORI T Iegars a0d Hel misgars.
AED | 09% 1 7: Thal Eatitral BT Fing Fais by Far the greatest IMaTeAY.
A [ 1 1 Warvera v ol of pias. Fﬁuoﬁﬂmlsh:lam Wk 704 EEE |
o 0 IO N 1T
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Question 14

HOt13 | pmemnor J
ATHRERTE

studenty

MOTIVATION

4%

W‘fﬂ.m exacily ane vevelength apart.

38; They are at the semae ton {phice] of e wave.
i1 wﬁlllmﬁim-ﬁregta tro ugh. {8: They intarfera con
farte gach other)

73: They 21e both Bt s poatilve FEIng) 5i7e of the wave.

10: They hava the sama direcion of prapag atiea.
15:11 afa fha saine disiance from the undistirbed posiion,
3

Tha waves have the sama Em@é @Mda! mlen@. snead),
4: They are oul of phase. (2: T80 1: 360 1:90%

1 They ara coherant,

5: Mo molivation.

1: Motivations of no use{®).

13

4: They have the same amplitide.

3: Constructive Intarference will result.

: They are the seme dlstance from the Undisiurbed pesition.

They ars exacly one wavelangl g

3
2: They meot crestdo-crest,
[
: No mofivation,

%

Tho ois I3 a minknum end tha other ia & maximum.

They will meat craat-to-crest,
> Aver Interfetancs they form orne wavael™).

Conairu ntederencs Will result.

‘They hawve s seme amplitude.

e e E R

Wolivation of ne usei ).

LR

2. They are at tha same point.

1: The waves meet crestdo-crest,

: Tha waves reinforce each ethar,

1z Interference Ia possiblel’}.

1 The canisel each ather.

2! Mo malivation.

e

2: Thay are at the same peint.

1 They dre the sams distence from the undisturbed position.

1: Consfructive kletfarence wit cecut.

1! The waives meet croab-to-creat,

1: Tie hew wa\rm@ starty thetol™).

16%

1: Nut one, becaliee none meet at ths same polntat the sime Hime.

% No meftvalion,

T8%

1: They imvel tha same distanca.

They am coharant.

4 Mofivation of N U=e{'%,

ACR

T0%

2: Mativations of na uas(™).

05%

1: They have franimum and minimum disturbarice,

AHD

G.5%

T-Wiolvation o na Use(:

[+]v]

0.5%

1: Thay are at tha 3:ma distance from the undistirhed pesition.

1: Thay will reinfarea each other,
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Question 15

EHOME

RoTi9q |
Etdwmty

!

ULTARER &F
STUDEATY

MOTIVATION

G0.T%

18

§3: The lignt Bends arund the of the blade,

9: Diffraction causes consbuctiva and dasfructive intarf: {bright and dark finges}.
8: The bade miacts the light,

4; The blarta has fough edges.

4: The light spreads out,

2: Tha fight enemy I neciaiributed.
2: Different calours will be hoticed.

: Tha amount of diffraction Hak ocour (s vooy & rrall{-).

+'Tha edges of tha blsda are not prrallel,

24: Nn metivation.

2: Mottvations of no use(*),

183%

8; Canstrucfive and destructh @ inter: oetuy, causing %ht anc dark fringes.
: Destrustiva interfarenca forma & dask finga which causes the blumred Image.
D o the banding of waves.

Due fo raflecian of wavea op the biade,

{chenge of mediur, which causes change in direct

Diffarant colours WH b

zy@yyp

Linht waves con't difirect. This [s fhe only choice e,
10 No mutivation.

18

G Tha ig
{fiinges,

3 Greaind the ecges of e DRGE. The wavelats interiare to far prancand gark

H

2 tg!t&aﬂwlinn of Night fram the blade causes Interferense,
image(®).

: Diffraction causes the
: Deah'untvu Enbarferenca forms a dark frings which causea the blumed image.

::mnﬂvaﬂnnsntnnuae[').

31%

2 Medivations of no usal®),
4; No motivation.

2E5%

2 st |

ricles are akways p , which disturb wavas.

3: Mobivaticna of ne usa(™).

1.6%

1: Raflaction on blads ks not 100%.
1 Dt i @l catises fough scrasn surfacas,

1: Ho mofivation.

1.0%

2: Dusst parifcles cause scattering of light, which intarfisres constroctivaly and destructivaly.

1.0%

1t Pue 14 reflection of lkaht from blade.

11 Motivation of no tisal™),

1: All of them oomrlhum 1o blurmed Tmage(y.
1: No motivation,

1.0%

77T distances Graveked By IR woves wil aﬁimma 30UTGe and The screan, wWiich will
cauge phess changes,

11: No mofivation.

a,5%

1: Motivatian of fio usa(’).

0.5%

1: All of them cerribute fo biurred image (.

0,5%

amir

1: Motivation of no uae(™).
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Question 16

% of 18]

KEUMAER QF

MOTIVATION

=5

33; ALY bo crosts mestand at Z two troughs.

T2 The weves meet in phasa.
5: Crest meats cregt.

* The %curces em in phase.
+ Rarefaction meats rarefaction,

! Bath sre siualed at inBrierats paints of waves,

" 0: Tyro erests mewt. (1: A bigger ampiitude results.}

1! The waves ara In #hase. Qt:Thenthwsamuutdghw
3: This Is the only pairi whera the two waves make contaet (Infarfars
® e

2: T o twp waves cance); it is a dark

5: No molvation.

17.3%

B

11: The waves are aut of phesa,
Is:ttreﬁaenisadarkﬂ'lngg ]

4; Tha wavea carice] each othaf,

:.ZHumaﬁh‘waggirﬂwhemmeEm

Az Their fraughe mest,

1
4: Mo motfvation,

2%

17: ALY the waves maet coeab-ie-creat or In phase,

2 At Z the waves meet crest-to-traugh or aut of phaes.

IS: Al Z bvo froughs mest,
2. Z Ia In-bedwesn two crasts.

13- &2 b veaves don't veclere GNFSAcl

1: It depends on the diatance batvween the alits and souces.

1: Constructive intarfstenas coturs where two inoughs or twe: uealsmesl.

1: At Z the two creata ams out of phate,

3: Mo mutivation,

78%

S: Escala of thalr amount of waveiengtis fzom the sourca. (2: Ona wevelengih dfference; 2: Equal
18 amount of wavelengths: 1: An integer number of wavelarigths diffaranca.)

42 Thoy are In phase, [1: Exactly cne wevele out of phagse.’

£ Il_'tﬂm}uut-m
2: Ne mativalion.

[2: Motivations of no use{*).

1z Neme of the ebove. VWhen monochremabc ight passes B doUble S0E dT-aclion patoms
osgur,

T2 No motivation.

3%

3: Far X and ¥ two creats fal ar 1i They are in the same phases

2 The hwn slits act a col
i'2..Furzamsa.tturultnm.lghEtall t_ngsﬁar g1 Out of phaaa. )

1: No motivation.

Q5%

1: Because ¢ diffars from wave to wave it can be any thing. *

[ HE0

05%

1: Mutivation of no I-IHGF).

GOMMENT: Cholos coniradies.
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Question 17

EL L { Mtmseaor
studshis | XrooETE

MOTIVATION

[i]

30.9%

5

21 Light bends amiind dach it und vaivalaty wil inkeriaen constnciety and
3: Inbeifarence end défmction are ph) bt

2, Difrar pon iz un miztomnce atfect,

7. AL xighe ali Ibafia/enGa end at doubls Bk dRTHCHGN ST
: At mingle silt dlifrakon and at silt inerfErensy oetur.

:AF £kt ditzochion aie, o JouEle aki imearence and diiachon ot

. Duw b roflectin of i
18 Na malnstion.

|6 Mok jabiona of no e

14, 7%

A

223 At fie Minghe i T Tight bonda arcund The Gt And k1w dolibie MIEERGHtand Gark finaks
7- At the doubla it tha diffactod wWaves

Mo motvation.

VoS of 10

[~ 5[5 Conmtmcive and deatrucive sieretanca goctr 2% both,

‘2 Al Bioth alibs thay sountes am cobamnt.

1: Arqoring io

1 Thmu hthe gt 9it one bright fings i sean.
; = cit oIy 2. d3

EEE)

B: The light and dark kingas ane duws io nterferancs sne diffraction.
] fringes am die i Inteifarence.

on occurs thrugh any siit.

H «mﬂj

BE%

i

8: Interferance togurs Bebtwean o Nght waves.

5: Cansiructiva pr destiuctiva intarfarance will accut i piodiica bright snd dark [imges.

2 _Accordiag o Young

expariment,
: Atter diffmetion, intarferanca will faka place.

% No mwnu

2 Mot 5 of no wsal’),

LX)

i
]

it

1. U%ﬂmmdmmmﬂﬁamulmpaﬁa
16t Mo mothvlion.

F&;\ pEtiatn of witealng Enght And dark fingek fomm,
- Na nlerfarence of singie st

1: Dua i small wiith tha m s gbzatvakis

lg

5,2%

i0

Vitons: TTOM fA S inkeTre consiricivaly And detriHealy B producs Bright BN dads finges. M

)
'2: No motivation.
4 e uer{

7 Difffachion cauas 8 GHE UG bAnk and apraad ouft 5o Bl Ryit waves (niefe o fomm boght and derk nngas. |

4: Mottvahion of na usaf®,

7. Intfarence and diffrection ane propertiee of Ight waves.

1. Atangio el arily difaetion ocours, st witbath i and ditfracthon eocur.

';‘a}ﬁ L

|1: Dty dRfrachion GGELFS A e Elligle sift and di@Ean and iniaerance Geokr at 0w goubls AT
t
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Question 18
KuMBER OF

RoFIs

ATUDENTS : : MOTIVATION

z&ﬂﬂmmﬂmﬂmimwnhrmmmﬂmné& GOMMENT: Wha two yaves ara in phasa thay
S4 - imest oreatto-crestind tagh and wall reinforce edch other.
ssfnmymmmm (8: Exactty in phasa) COMMENT: The 23 & included in the chotce viitich containg al fhres

14-!-23: mwmel:lu-h-urut [7: They meet aestHo-crest 2nd trough-ia-tmughy; 17 Pattive and segative peaks

AD

Serurs whon 2

mvent In phasa and

: For constructive imaiference smfees hewe to be cohistent.

: The sum is not zem.

. Thay hava a point of ouveriap.

» N they are out of phasa constructra interfarence will nayba happan partly or pol, mayh i wil

ke place.
|f: Mo motivetion.
{2 Ampliude doukles)

7 Thqrmeelmi-b-cmt and resagg - -trough. tzmsymeetmm-wul: 2 They mutwnd:nnhm-m-
enndensathon)

T Hthaywra nutmghuu destrictive Imfemneewlim

|
18 nwmnfm sach cther. {4; Amy doukis; 3: Whan waves aach other hay to-crast and
h}

AB

8:4%

qunmb.ln phicsa for interfarnts to ooeur.
t I they are ot in destructive interference vl sceur.

a0

1E1nhe wmemtmmwmm Intafarance uccurs.

28%

E] 5; Constructive intaifaenca can anly ke plocs whon the wavas rainfores sach othar.
3 Yyhaen waves maet tresk-to-crest they reinfors sach olhar

11: Identica} waves.

[1: Tries weaves apa o phiats.

21%

2 3 Conshuciive It whten both th waas ____!LWMM,_M__W_____ .

Dﬂaﬁwm_m

3 3_No mothvmbian

] 3 e MU ba of ezt parbially In shata for ConsavEe Eiey{orance & Door,

1 oy o phisas, hoy cent have a phiara defararcat’]

1 1 if the waves maet srest-in.cnint dasinictve inteference vall oo,

k
10% [ 3 !z Constiuctve interdetence wil aesur ot certaln res.
[ 1 ]
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Question 19

CHox#

Rafim-

students

AUMAKA OF
BTUDENTE

MOTIVATION

40,3%

: The pulges m@x cantel, Bt confam o Hhalr arigirml shapea and directions.
B:Amrdl‘ngtn & princlpbe of inear supsmposition,

4: Acco) to tha principls of onaarvatian of ana

1; Because arain rections Will nevar mest,
5 Mo motivation. : j
5: Motivatiena of no uss

i%ThatvwElmmeeluutngaasmdmnwloauhomeruut.
-"kamrdin 1a the princi near

momantariy cancel.

'Thamzlsunmll out,

1i: Ne motivation,

136%

26

Two identical pulsas nget out of phasa;

8: cancel,
3: The two pulsos form one wave moving In the aame dirsetion.
Z: The puiaes bacome weaker,

1 The |nosa some ank

4+ Each pulze tries o move In !he.sama diraction as bafora. }
: The rasuitin uencies ey

1 The ensrgy fs displaced and the wave propagates.
+ The rope wen't be as Hight as befol s,

i: The waves deatroy one anather.

1: When they mest thay carical dach other out

2: No mettvation.

&

3.7%

8: The pulises monentarily cance} A conform to tair ofiginal shapes and directons.

1 Mo motivation.

3%

3: The pulses i a phesas cha

2: Each rataing fis infhal es,

1: Mofhvation of no use(.

2%

1! Thir anargies cancal aut.
1:Th ﬁuﬂﬂiﬁase.

2: No metivation.

D.5%

T: Mokvatior of o Use(d:

a,5%

1: Moffvation of no use{.

05%

1: Metivalion of no wa(").

- 05%

1: G is for the total cvarap and B s for e receding pulas.

o & =l & (=

1: When they méntihggnannﬂl each offwer. The continuation of momentim causes tha final form.
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