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ABSTRACT

The aims of this study are: 1) to find out the target needs of students of
Physics Education Department in learning English for Fisika Zat Padat, 2) to find
out the learning needs of students of Physics Education Department in learning
English for Fisika Zat Padat, and 3) to develop interactive vocabulary learning
multimedia for students of Physics Education Department in learning English for
Fisika Zat Padat.

This study is an Educational Research and Development (R & D) study. The
model proposed by Lee and Owens (2004) is adapted and used in this research.
The procedure is conducting needs analysis, design, development, and evaluation
by content and media experts. The subjects of this research are the sixth semester
students of Physics Education Department Yogyakarta State University in class A.
Questionnaires, observation, and interview are used to collect the data. The data
are analyzed qualitatively and quantitatively.

The findings of this study are described as follows. 1) The sixth semester
students learn English in order to read their textbooks. 2) They want to learn
vocabulary about the subject of Fisika Zat Padat in chapter 4 through explicit
instruction using multimedia to know the definition, meaning, part of speech, and
pronunciation of the target words by match the word with its definition and its
meaning, dictionary activity, guess a meaning, flash card study, match the word
with its image representation, crossword puzzle game, and complete some
sentences. 3) The Units developed based on the target and learning needs are
appropriate based on the result of expert judgment. It is indicated by the mean
value (x) obtained from the content and media expert. The range of the mean
value of the data collected from language expert is 4 to 5 for all of four units. The
range of the mean value from subject expert is also 4 to 5. The range of the mean
value obtained from the media expert is 4.3 to 5. Based on the quantitative data
conversion by Sudjono, (2003: 335), they fall in Good and Very Good categories.
This study also suggests that the appropriate interactive vocabulary learning
multimedia for the students of Physics Education Department, Yogyakarta State
University consist of three parts, introduction, main part and summary.

Xiii



CHAPTER |

INTRODUCTION

This chapter presents background of the study, identification of the problem,
limitation of the problem, formulation of the problem, objectives of the study, and the

significance of the study.

A. Background of the Study

In Physics Education Department of Yogyakarta State University, English is
used to the read textbook. The students cannot rely only on the textbook in Bahasa
Indonesia, but they also have to read textbook in English in order to master the
subject. Here they find that it is difficult to relate the meaning of the words about
physics in Bahasa Indonesia and in English. They are not familiar with the physics
terms in English and other words that they rarely meet on the common use of English.
To make them understand the subject from English textbooks, the lecturer often asks
them to work in group and read the textbook, translate all the material needed, and
then present it to the others. The students realize that they need to understand the
materials in the textbooks, and that kind of classroom activity is not an effective ways
of learning Physics because they spend their concentration over the translation rather
than understanding their field of study which is Physics.

From the above explanation it can be seen that the primary use of English for

the students of Physics Education Department is to understand their textbooks. It



means that they deal with English for academic purposes. Stiller and Grabe in Celce-
Murcia (eds, 2001) stress the importance of a large recognition of vocabulary that is
needed by the students in reading academic text.

They state that to comprehend an academic text, the learners need to develop
essential reading processes and abilities such as rapid word recognition, vocabulary
development, text-structure awareness, and strategic reading. Vocabulary
development is identified as a part of recognizing process of the complex nature of
reading through meaningful instruction.

The learners have to identify the words and to construct the meaning from
what they read. Understanding vocabulary used in the text is a requirement to
understand the meaning of the whole text and the purpose of the text.

Despite the importance of vocabulary understanding for the students of
Physics Education Department, they only have 2 credits semester of English subject.
The materials presented by the English lecturer are often inappropriate with their
target use of English in Physics subject. They feel that they still inadequate to fully
comprehend the textbooks in English. In an effort of make the students understand
the textbook, Physics lecturers have to do a double job. They have to teach the
Physics subject and they also have to teach the students the unknown words. It makes
their classroom teaching and learning process less effective. What the students need is
an English learning material that is closely related to what they are dealing with in the

Physics subject especially in learning materials which can help them to understand



their Physics textbook. For that reason, they need to be facilitated and to be given
with more engagement to do activities that lead to vocabulary learning.

Applying more sophisticated technology in teaching vocabulary can be the
solution of this problem. Technology allows the development of an interactive
learning multimedia which is attractive and yet effective in teaching vocabulary.
While the textbooks only present texts and pictures, interactive multimedia offer
much more than that as multimedia means combination of multiple media elements
such as audio, video, graphics, text, and animation.

Using interactive learning multimedia in teaching and learning activities give
benefit to the both of the lecturer and the students. The students are able to interact
with the program so they will be stimulated to use the language which gives them
advantage from learning vocabulary through textbooks. An attractive and authentic
content gain the students’ interest in learning English and hopefully they understand
much better than if they only rely on the lecturer and dictionary. In line with that, the
students can deepen their knowledge of the materials in the class by having
discussion with their fellow and the lecturer, not merely present what they have
translated from the textbooks. As for the Physics lecturer, it make their classroom
activities more effective. The lecturer have extra time to teach the Physics materials
to the students instead of helping the students in understanding the words in the
textbook.

In fact, an interactive learning multimedia for learning vocabulary is not

impossible to get. It can be gained by downloading or purchasing it from the internet



website. Unfortunately, the software still inadequate to be implemented since there is
no interactive vocabulary learning multimedia about Physics. Concerning with that
condition, the researcher had no other way but to develop the interactive learning
multimedia based on the learners’ needs and their level of proficiency.

Due to the facts above, this study is an attempt to develop the interactive
vocabulary learning multimedia for the students of Physics Education Department of
Yogyakarta State University. This media can be used especially outside of the
classroom as a supplementary or additional source of vocabulary learning.

B. ldentification of the Problem

Based on the observation, some problems related to the use of English for
Students of Physics Education Department are identified. They use English to read
their books concerning Physics subjects, in other words they use English for
academic reading. Most of them admit that they feel difficult to cope with reading
comprehension of the textbooks in their Physics subjects. In fact, they have to deal
with so many textbooks in various subjects in their whole college study. In their first
year, the students face some subjects that use English textbooks which are metode
Pengukuran Fisika, Kalkulus, Analisis Pengukuran Fisika, Matematika Fisika 1, and
Mekanika

In the second year, the subjects that use English textbook are Getaran
Gelombang, Termodinamika, Teori Relativitas Khusus, Mekanika Analitik,

Matematika Fisika 11



English textbooks are also used in the subjects in their third year such as
Fisika Zat padat, and Mekanika Fluida.

C. Limitation of the Problem

The focus of this study is to develop interactive vocabulary learning
multimedia for the students of Physics Education Department Yogyakarta State
University. It is designed for teen-adult users who want to improve their vocabulary
mastery. The materials included in the media are some vocabularies related to the
subject study of Fisika Zat Padat for sixth semester students of Physics Education
Department Yogyakarta State University in class A. The third year students are
selected since soon they are expected to end their study and in that limited time they
have to master the Physics subject that they haven’t understand yet.

The product is expected to be a supplementary source and media for
vocabulary learning of students of Physics Education Department to be used
especially outside of the classroom. By using interactive media, the learners are
expected to be more engaged and emphasized in learning vocabulary and thus will
help them in using English for their academic purpose.

D. Formulation of the Problem

Based on background of the problem, identification of the problem limitation
of the problem above, the problems in this research are formulated as:

1. What are the target needs of students of Physics Education Department in the

subject of Fisika Zat Padat?



What are the learning needs of students of Physics Education Department in the
subject of Fisika Zat Padat?

What is the appropriate interactive vocabulary learning multimedia for students
of Physics Education Department in the subject of Fisika Zat Padat?”
Objectives of the Study

In line with the formulation of the problem, the objective of this study are

presented as follow:

1.

To find out the target needs of students of Physics Education Department in the
subject of Fisika Zat Padat.

To find out the learning needs of students of Physics Education Department in
the subject of Fisika Zat Padat.

To develop appropriate interactive vocabulary learning multimedia for students
of Physics Education Department in the subject of Fisika Zat Padat.

Significance

This study is expected to give some contributions to the English teaching and

learning process at Physics Education Department Yogyakarta State University. The

expected contributions are as follows:

1.

The result of this study helps the students of Physics Education Department
Yogyakarta State University in an effort to develop their vocabulary knowledge
so they are able to develop their English proficiency to understand their textbook.
The result of this study is useful for Physics lecturer of Physics Education

Department Yogyakarta State University in helping the teaching and learning



process in the subject of Fisika Zat Padat by providing the students a multimedia
for vocabulary learning to understand their textbook.

The result of this study is useful for English lecturer in providing the students of
Physics Education Department Yogyakarta State University a multimedia for
vocabulary learning to understand their textbook. It also motivates them to
conduct a similar research and develop another interactive learning multimedia.
The result of this study is used as a reference to conduct a research related to a
research and development study on different cases.

The result of this study is useful for other media developers for conducting
similar research and developing other interactive multimedia that help English

learning process especially in vocabulary learning.



CHAPTER II

LITERATURE REVIEW AND CONCEPTUAL FRAMEWORK

This chapter presents a detailed discussion on some theories that supports
the study. The discussion is divided into two sections which are literature review
and conceptual framework. The first section describes some theories which
present as a foundation for this study. The second section summarizes the
researcher’s framework and the steps in designing interactive learning multimedia

for listening materials.

A. Literature Review
1. Vocabulary
a. The Definition of Vocabulary

Hornby (2000: 144) defines vocabulary as: (1) all the words that a person
knows or uses; (2) all the words in particular language; (3) the words that people
use when they are talking about a particular subject; (4) a list of words with their
meaning.

In line with that, Samir (2007) states that, “vocabulary refers to a list or
set of words for a particular language or a list or set of words individual speakers
of a language might use”. Native speakers used certain language which consists of
words in their communication. The words of the native speaker used are enlisted

in vocabulary.



Moreover, Thornbury (2002: 14) asserts that, “vocabulary means a large
collection of items”. The items that he means are words. With a good knowledge
of words the learners will have a better understanding of a text.

Vocabulary is a core component of language proficiency that becomes
the basis knowledge for how the learners listen, speak, read and write (Richard &
Renandya: 2002). He adds that extensive vocabulary and strategies for acquiring
new vocabulary learners will get their true potential to use the language such as
for listening, speaking reading or writing. Therefore having a good knowledge on
vocabulary will help the learners to achieve a better result in learning language
since they are able and importantly have courage to use the language in different
context.

Furthermore, Hiebert & Kamil (2005: 3) define vocabulary as “the
knowledge of meanings of words”. He adds that this definition makes vocabulary
comes into oral vocabulary which is used in daily communication and print
vocabulary which is not used in daily communication but in certain text. Besides,
there are also receptive vocabulary which can be understood or recognized and
productive vocabulary which can be used to write or speak.

In conclusion, vocabulary is the list of words and its meaning that serve
as basic knowledge needed by the people in order to understand the words and
how to use the words appropriately depend on the purpose of the words, whether

to use them to express ideas or to grasp meaning from texts.
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b. The Importance of Vocabulary

To be able to comprehend a text, learners need to have knowledge of
vocabulary. According to Whipple (in Hiebert and Kamil, 2005: 1), vocabulary is
an important aspect in reading comprehension, he says that "Growth in reading
power means, therefore, continuous enriching and enlarging of the reading
vocabulary and increasing clarity of discrimination in appreciation of word
values”. The vocabulary knowledge is so important that it will affect in the
learners’ comprehension in reading text. Davis in Hiebert and Kamil, (2005:1)
described comprehension as comprised of two skills: word knowledge or
vocabulary, and reasoning.

Vocabulary is a list of words and its meaning. In accordance with the
words, Hayes, Wolfer, & Wolfe in Hiebert and Kamil (2005: 1) argue that, the
complexity and the multiple meaning of the words are needed to be understood
according to the context in the texts. The learners expected to understand the
words in texts and also to understand many new words.

Besides, Wilkins in Thornbury (2002: 13) states that “without grammar
very little can be conveyed, and without vocabulary nothing can be conveyed”.
Vocabulary is the main aspect in using language. With grammar, language users
may only use language a little but with vocabulary language users are able to learn
more about words and expression and therefore they can say almost anything.

The relation between vocabulary knowledge and reading comprehension
is so tight. Biemiller in Hiebert and Kamil (eds, 2005: 223) found that the

correlation of written vocabulary test to reading comprehension test is so high and
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effectively equivalent, even the result says that r = 0.95. He adds that although the
vocabulary knowledge has an essential factor in comprehending the text, many
learners are able to read the words but fail at the level of understanding the
meaning.

Moreover, National Reading Panel (2000) states that vocabulary is one of
two aspects of comprehension instruction beside comprehension strategy
instruction.

Furthermore, Bromley (2004: 2-3) argues that vocabulary is an asset for
the learners. Words give the learners concepts of their sounds (phoneme) and
meaning (morpheme). Vocabulary knowledge assists some roles in teaching and
learning process as mentioned below:

1) Promoting fluency

Learners who understand many words read more quickly. Fluent readers
read at a faster rate, process materials more quickly, and have better
comprehension.

2) Boost comprehension

Researchers argue that vocabulary knowledge affect comprehension. It is
stated that on a component of comprehension words meaning serve 74% of
comprehension (Davis, 1942).

3) Improve achievement
Vocabulary knowledge assists learners’ conceptual knowledge of the text

and thus academic learning become easier. Stahl & Fairbanks (1986) research
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shows that learners with better vocabulary knowledge score higher on
achievement test.
4) Enhances thinking and communication

Words are used by the language user to analyze, infer, evaluate and
reason. Large vocabulary knowledge allows language user to communicate in
precise, powerful, persuasive and interesting ways.

c. The Nature of Vocabulary Acquisition

Different with listening, speaking, reading, and writing, vocabulary has
its own characteristic of how it is understood by the learners. Hiebert & Kamil
(2005: 2) states that “vocabulary is not a developmental skill or one that can ever
be fully mastered. The expansion and elaboration of vocabularies is something
that extends across a lifetime”. It is almost impossible to understand all of the
vocabularies of a language because language is about words and there are so many
words that registered in certain language and even language itself is always
develop and also change. The knowledge of vocabulary will be developed along
with the learner’s occurrence with the language. So, it is expected that the more
the learners deal with the language the more knowledge of vocabulary that they
can learn.

Schmitt (2002) proposes that an advanced language learner knows
approximately ten thousand words. There is a difficulty in understanding of how
learners learn those huge amounts of words. However, vocabulary acquisition has
some essential features. First, vocabulary acquisition needs a gradual learning of

different knowledge that belongs to single word (its spelling, its meaning, its use,
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etc). Concerning with its numerous aspect of understanding, the learning process
of vocabulary acquisition cannot be done at once.

He adds that there are some features dealing with vocabulary acquisition.
One of those features is concerning with vocabulary acquisition’s incremental
nature. It refers to the gradual learning of different knowledge types that belong to
a single word. The word cannot be fully learned in one time. Based on his
research, he states that learners first learned a words’ spelling, then the meaning of
the words. There is also a continuum which the learners learned a word’s basic
meaning first and then learned other meanings of the word. It means that complete
knowing of a word takes time.

The next feature is that vocabulary acquisition also deals with the
distinctive between receptive and productive vocabulary. Receptive vocabulary is
those which used to recognize and understand a word in written or spoken,
however productive vocabulary is those which used to enable learners to express
their meaning. Learners have to be able to recognize the different and the usage of
those kinds of vocabulary.

The last feature is about retaining fragility. The learners may forget some
knowledge about words in the process of vocabulary acquisition. Especially in the
L2 learning, the learners more likely forget lexical knowledge than grammatical
knowledge. So, vocabulary knowledge should be recycled systematically so the
learners can retain the knowledge. Furthermore, the fragility of vocabulary
knowledge exists because “vocabulary is made up individual units rather than a

series of rules”. Therefore, whether vocabulary items are learned partly or
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completely, they should be recycled systematically to help strengthen the
retaining process.

Vocabulary acquisition is processed by immersing the learners in certain
kind of exposure over a period of time. Those exposures will affect the learners
when they are dealing with English. Some occurrence such as when the learners
of L2 feel like they have seen a particular word in a text or hear the words in
certain conversation showed that they are in the process of vocabulary acquisition.
d. Vocabulary Size and Vocabulary to be Learnt

Thornbury (2002: 21) states that to be able to join conversation in daily
communication, learners should know at least 2000 words. These are words that
used in dictionary for language learners which native speaker usually used in daily
communication. He also states that knowing 2000 words make the readers
understand nearly nine out of ten words in most of written text.

In relation to the reading comprehension, the first 2000 high frequency
words serve 80% of words in English text. Understanding all of those words
makes the learners considerably to be described as having a good degree of
comprehension of a text. In learning English for General purposes, the learners
need to understand the most frequent 2000 words of English to have a good
reading comprehension of a text. However, in reading academic texts, the learners
need to understand 1000 more words from the most frequent words of academic
texts (Nation in Hiebert and Kamil, 2005). The words that they should know
include word families in which a base word and all of its derivation and inflection

is count as one (Cameron, 2001). Regarding those vast amounts of vocabulary,
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Cobb (1999) states that generally foreign language learners do not have enough
time to learn those words incidentally.

Regarding with EFL context, Richard and Renandya (2002: 256) say that
4,500 target words identified in Cambridge English Lexicon (Hindmarsh, 1980)
are needed to be taught to the school learners. For the learners in tertiary
education studies, 3000-5000 words are suggested.

National Reading Panel Report (2000) does not mention about which
vocabulary to be learnt by the students in connection to reading comprehension. It
means that the words that should be taught in the syllabus remain a question.
However some researchers have investigated some variables that should be
considered in determining which word should be taught to the learners.

Related to the syllabus of learning vocabulary, Thornbury (2002: 14)
suggests that lexical syllabus may be put into consideration. This syllabus is
developed based on the frequency degree of the words in spoken and written
forms. The other syllabus that can be highlighted is the use of lexical chunk as the
basis of its development. Lexical chunk or multi-unit words is group of words that
fixed or semi-fixed function in meaningful unit. Both of this syllabus help develop
a new science in vocabulary syllabus which is called corpus linguistic.

According to Bennett (2010) a corpus is basically a collection of text that
stored in the computer which can be gathered from spoken and written text. The
important point is that the language in the corpus has to be natural. McCarten
(2007: 2-3) argues that essentially there are some information that corpus about

vocabulary can give us which are as mentioned below.
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1) frequency: which words and expressions are most frequent and which are
rare

2) differences in speaking and writing: which vocabulary is more often
spoken and which is more often written

3) contexts of use: the situations in which people use certain vocabulary

4) collocation: which words are often used together

5) grammatical patterns: how words and grammar combine to form patterns

6) strategic use of vocabulary: which words and expressions used to organize
and manage discourse

Concerning with reading academic text, Grabe and Stiller in Celce-
Murcia (eds, 2001) describe the ways to choose the words to be learnt. The words
should be categorized as follow.
1) + + : critical for comprehending the text and useful in other setting
2) +- : necessary for comprehending but not particularly useful in other context
3) - - : not necessary for comprehending the text nor in other context

The words in category + + and + - should be taught to the learners in
direct instruction while those in category - - should be omitted. They suggest that
it will be efficient to use not too many words at one time since presenting a large
number of vocabularies at one time is not an effective teaching strategy.
e. Knowing a Word

Knowing a word is essential to understand vocabulary. It is likely the
main purpose of learning vocabulary. To be able to know a word there are some
aspects that should be concerned by the learners. They have to understand what is
meant by knowing a word and the characteristics of knowing a word.

According to Thornbury (2002: 15), “At the most basic level, knowing a
word involves knowing its form and meaning”. He adds that the form of a word is
not enough to make the learners know about its meaning, they need to know its

dictionary meaning. After the learners know the dictionary meaning of the word,
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they also have to know what the word is usually associated with (its collocation)
and its connotation, including its register and its cultural accretions.

Learners may think that learning a word means that they have to learn its
pronunciation, spelling and meaning. In fact, a single word is not only formed
from pronunciation, spelling and meaning. It is go beyond those aspects. For the
learners to be called as knowing a word they have to have knowledge in the
aspects of a particular word’s pronunciation, spelling, word parts, meaning,
grammatical properties, collocations, and contextual factors effecting its
appropriate use (Nation in Herbert and Kamil, 2005)

In addition, Harmer (1991:158) proposes that knowing a word means
more than just knowing its meaning, but also knowing word use, word formation,
and word grammar. Considering with the word meaning, we have to set the
thought that context where the word is used and its relation toward the other
words will determine the word meaning. Word use also influence the state of
knowing a word. Metaphors and idioms, collocation, and also style and register
are ways to use words in various texts. The next concern is word formation which
related to its part of speech, affixes, spelling and pronunciation. And the last is the
word grammar which concern with its grammatical context such as noun, verb,

adjective, etc. The diagram of knowing a word by Harmer (1991) is shown below.
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meaning in context
word meaning <
sense relation

metaphor and idiom
word use collocation
style and register
word

part of speech

word formation affixes

spelling and pronunciation

noun

verb
word grammar

adjective

etc.

Figure 2.1. Diagram of Knowing a Word by Harmer (1991)

Related to vocabulary in academic reading, the learners should know
about the word’s meaning in context, the word’s part of speech, its pronunciation
and its parts (August: 2009, Grabe and Stiller: 2001).

f.  Kinds of Vocabulary

Vocabulary knowledge is used to deal with different forms and purposes.
Based on its form, Hiebert and Kamil (2005: 3) propose that vocabulary comes in
two forms which are oral and print vocabulary. Oral vocabulary is the set of
words for which we know the meanings when we speak or read orally. Print
vocabulary consists of those words for which the meaning is known when we
write or read silently. At the beginning readers, the words that they know are
mainly oral vocabulary, then as they learn to read, print vocabulary plays greater

role to understand the text rather than oral vocabulary.
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Beside the oral vocabulary and print vocabulary, some researchers
(Hiebert and Kamil, 2005; Nation, 2001; and Corson, 1997) state that vocabulary
comes in productive and receptive vocabulary. Productive vocabulary is the set of
words that an individual can use when writing or speaking. Corson (1997) calls
this as motivated vocabulary. They are words that are well-known, familiar, and
used frequently especially in daily communication. Receptive is that set of words
for which an individual can assign meanings when listening or reading. Corson
(1997) calls this as unmotivated vocabulary. The words included are those that
rarely known and used by the learners. He adds that unmotivated vocabulary
divided into two which are 1) words that the learners know imperfectly, and 2)
words that not needed in daily communication.

Webb’s (2009) concludes that receptive learning lead to larger learning
development in receptive meaning while productive learning have a good impact
on both receptive and productive form, and in-depth productive knowledge. Both
of them can be used in learning process. However teachers may use receptive
learning tasks to save time.

In addition, Hoffman (1993: 232) distinguishes vocabulary into two
categories which are the core vocabulary and the peripheral vocabulary. The core
vocabulary is vocabulary that contains the words used every day. The peripheral
vocabulary is the vocabulary that is used only frequently and in certain occasion.

Another classification is made by Nation (2001) as presented below who puts

vocabulary in the non-fiction texts into 4 categories:
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1) High Frequency Words : this vocabulary constitute 80% of the running words

in the text
2) Academic Words: this vocabulary cover 10% of the general academic text
3) Technical Words: this vocabulary made up about 5% of academic text
4) Low Frequency Words: this vocabulary cover 5% of running words in the

text

Beck, McKeown, and Kucan (2002) classify vocabulary into three classes.
They classification are presented as follow.
1) Tier One words

Tier One words are the words that used in everyday speech usually
learned in the early grades. Although average native speaker do not consider them
as a challenge, English language learners of any age have to give careful attention
to them.
2) Tier Two words
Tier Two words usually refer to as general academic words. These words

are more likely to appear in written texts than in speech. They appear in all sorts
of texts: informational texts (i.e., relative, vary, formulate, specificity, and
accumulate), technical texts (i.e., calibrate, itemize, periphery), and literary texts
(i.e., misfortune, dignified, faltered, unabashedly). Tier Two words often saying
relatively simple things in subtle or precise ways. Since Tier Two words are found

across many types of texts, they are highly generalizable.
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3) Tier Three words

Tier Three words are often referred to as domain-specific words. These
words are specific to a domain or field of study (i.e., lava, carburetor, legislature,
circumference, aorta) and they are keys to understanding a new concept within a
text. Because of their specificity and close ties to content knowledge, Tier Three
words are far more common in informational texts than in literature. Recognized
as new and “hard” words for most readers (particularly student readers), they are
often explicitly defined by the author of a text, repeatedly used, and otherwise
heavily scaffolded (e.g., made a part of a glossary).
g. Procedure of Vocabulary Learning

Hunt and Beglar in Richard and Renandya (eds, 2002: 259) propose three
approaches in vocabulary teaching and learning. They are presented as follow.
1) Incidental learning

It is expected that L2 learners require many vocabulary exposures since
for native speakers themselves, a single exposure of vocabulary gives 10% chance
that they learn the meaning from context. Thus the learners need more than a one-
time exposure. The exposure can be gathered not only by reading, but also
extensive listening. The teacher may assign extensive reading to add the exposure.
2) Explicit instruction

Explicit instruction or direct instruction relies on the identification of
vocabulary target for the learners. It involves diagnosing the words learners need
to know, presenting the new words, elaborating words knowledge, developing

frequency with known words. Stahl and Fairbanks, (1986) argue that after specific
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content-area terms have been taught in a specific way, it raises the learners
comprehension ability to the 83™ percentile.
3) Independent strategy development

Promote the learners to guess meaning from context and use dictionary is
important features of independent strategy development. This strategy provides
the learners knowledge to be autonomous learners.

Teaching method is another thing that should be considered in developing
vocabulary learning material. National Reading Panel (2000) identifies five
methods of teaching vocabulary which are:

1) Explicit Instruction

Learners are given with specific algorithms or external cues to connect
the words with meaning. A common example of this technique is the pre-teaching
of vocabulary prior to reading a selection.
2) Indirect Instruction

In this method learners are exposed to words by doing a great deal of
reading. It is assumed that students will infer any definitions they do not have.
This implicit method simply suggests that students should be encouraged to do
wide reading to increase vocabulary.
3) Capacity method

Reducing the cognitive capacity is the aim of this method. It focuses on
making reading activity automatic. These methods allow the student to

concentrate on meaning of words rather than their oral representations.
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4) Association Methods

Learners are encouraged to draw connections between their background

knowledge and the unfamiliar words. These associations can be semantic,

contextual or even based on students’ imagery in learning the words.

5) Multimedia Methods

Vocabulary is taught by going beyond text to include other media such as

graphic representations, hypertext, and semantic mapping.

Related to instruction in building reading comprehension, National

Reading Panel (2000) identifies eight specific findings concluded from many

researches to be put into concern of vocabulary instruction. Here are the findings.

a)

b)

c)

d)

f)
9)

h)

There is a need for direct instruction of vocabulary items required for a
specific text.

Repetition and multiple exposures to vocabulary items are important.
Students should be given items that will be likely to appear in many
contexts.

Learning in rich contexts is valuable for vocabulary learning. Vocabulary
words should be those that the learner will find useful in many contexts.
When vocabulary items are derived from content learning materials, the
learner will be better equipped to deal with specific reading matter in
content areas.

Vocabulary tasks should be restructured as necessary. It is important to be
certain that students fully understand what is asked of them in the context
of reading, rather than focusing only on the words to be learned.
Restructuring seems to be most effective for low-achieving or at-risk
students.

Vocabulary learning is effective when it entails active engagement in
learning tasks.

Computer technology can be used effectively to help teach vocabulary.
Vocabulary can be acquired through incidental learning. Much of a
student’s vocabulary will have to be learned in the course of doing things
other than explicit vocabulary learning. Repetition, richness of context,
and motivation may also add to the efficacy of incidental learning of
vocabulary.

Dependence on a single vocabulary instruction method will not result in
optimal learning. A variety of methods was used effectively with emphasis
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on multimedia aspects of learning, richness of context in which words are
to be learned, and the number of exposures to words that learners receive.

In relation to academic reading, Grabe and Stiller in Celce-Murcia (ed,
2001) recommend some phases to be conducted in vocabulary teching and
learning process which are:
1) focusing the key words

Key words are important in determining the target words and its learning
activities. The learning activities should be built around those key words.
2) keeping the words active

Exercises and activities are needed to emphasize the target vocabulary.
Explicit instruction can be used to save time. The words should be recycled in
another task to ensure the learners get enough exposure and can retain the words
in their long-term memory. Those tasks should be explored as part of discussion
about the text and the meaning of the text. In other words the goal of the task is to
help the learners in knowing the words to be used in comprehending the text.
3) incorporating them into a larger learning project

To make the leaners fully understand the words, they need to use it in a
larger learning project. The larger learning project can be in the form of finding
specific information about the text, summarizing, making an essay about the text
or other learning project based on the learners’ needs and target situation.

Moreover, Marzano (2004) also develops six steps of explicit vocabulary

instruction that can be conducted in all across learners’ proficiency. The steps are

presented below.
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1) A description, explanation, or examples of the new term are provided for the
students.

Although it gives the words’ definition, looking up words in dictionaries
is not an effective activity since the text may have different context with the
dictionaries. So context that provided by the materials is important to help the
leaners in understanding the words along with teacher’s explanation in everyday
language. The teacher may give example that connects the words to the real
world. A mental imagery of the words may be used to describe the words. The
important thing that must be noted that elements which make the learners
understand the words should be provided including the words’ pronunciation.

2) Students restate the explanation of the new term in their own words.

To make the target words stored in the students’ long term memory, they
should state their own description, representation, and the new insight of the target
words. They have to use their own words in restating what the teacher has
presented before. The students may discuss it in groups and record the result on
their vocabulary notebook.

3) Students create a nonlinguistic representation of the term.

The nonlinguistic representation can be in the form of graphic organizer,
picture or pictographs. The picture should be simple and can be in the form of
symbol. It does not have to be overdrawn. A simple sketch is enough to represent
the words. The picture may not directly represent the words but it can a picture

related to the word. The teacher may give the example first to help the leaners.
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In deciding which word that is possible to be represented by an image,
we should see the concreteness and the imageability of the word. Concreteness
refers to the ease with which a word's referent can be experienced by the senses
while imageability refers to the ease with which a word's referent can stimulate a
mental image in a person’s mind (Paivio, Yuille, & Madigan, 1968).

4) Students periodically do activities that help them add to their knowledge of
vocabulary terms.

The students have to be given with certain amount of exposure. They
should also meet the words in various ways. Highlighting the word’s part will
help them to remember the target words. They may put the words into certain
classification, compare the similarities and differences among the words, and
revisit the original description of the words to enhance the understanding.
Translating the words is a good activity for L2 learners.

5) Periodically students are asked to discuss the terms with one another.

Discussing the words among themselves will deepen their understanding.
They may compare their words’ description, describe their picture to one another,
explain the new information about the words, and seek clarification upon
disagreement. They should also make revision to their own understanding of the
words if necessary.

6) Periodically students are involved in games that allow them to play with the
terms.

Vocabulary games are used to gain the interest in learning process. It can

be in the form of crossword puzzle, hangman, charades, pictionary or any other
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possible games that will stimulate the interest and enthusiasm as well as give them
multiple exposures of the target words.

All of those activities in dealing with the words is important as what
Decarrico in Celce-Murcia (ed, 2001) asserts that efficient learning vocabulary is
an incremental process which requires meaningful recurring encounter with a
word over time. Hiebert and Kamil (2005: 3) propose that the printed words may
be decoded into its oral form then they should be able to comprehend the text as
they put attention into its oral representation. Thus, related to the theory that said
that comprehension is a function of oral language and word recognition, there are
two steps that can be used by the learners to decode. The first is they have to be
able to translate the printed words on a page into speech. Secondly, the words that
they say should have sense.

Related with learners’ strategies in vocabulary learning, Grave (2006)
develops five effective strategies for leaners that can be used in acquiring
vocabulary. They are presented as below:

1) Using context to unlock the meanings of unknown words

The learners find the meaning that makes sense. They should also notice
the unknown word and slow down when encountering it. Reread the previous
sentence to look for clues if necessary is suggested. They may substitute the
meaning of the unknown to see the most correct sense.

2) Using word parts to unlock the meanings of words
More than 60% of new words can be broken down into its parts. Then

learners can use the word parts to figure out the meanings.
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3) Using dictionaries and related reference tools

Finding the word in appropriate dictionary and read the description given
may needed to be done. The possibility of multiple meanings should be
considered to decide which word’s meaning that makes sense in the text.

4) Develop strategies for dealing with unknown words.

The learners have to recognize unknown words and then decide if they
need to understand it to understand the passage. An attempt to infer the meaning
from context, infer the meaning from word parts, and to sound out the words to
see if it is familiar are also good consideration. Learners may use the dictionary or
other resource.

5) Adopt a personal approach to build vocabulary and to develop word
consciousness.

The most appropriate approach in learning vocabulary should be
considered by the learners themselves. They know better about what kind of
vocabulary learning that suit them the most.

In accordance with vocabulary for academic reading, Grabe and Stiller in
Celce-Murcia (ed, 2001) state that extensive reading, explicit instruction,
independent learning help the students in vocabulary learning. They suggest some
activities that can be used in the vocabulary teaching and learning process. They
are mentioned below.

1) analysis of word parts
In this activity, the learners analyze the root and the affixes of the words.

The reason behind this activity is that knowledge of the root and the affixes
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enables the learners in determining the meaning of the words. Affixes include
prefixes and suffixes. Prefixes commonly augment the meaning of the attached
words while suffixes commonly change the part of speech of the attached words.
Along with teaching affixes, the word’s root also instruction commonly teaches
root words.
2) word association

A teacher or a student proposes a word and then the others states another
word associated with the word proposed before. The students may explain the link
between the words.
3) cognate awareness

It consists of a set of multiple-choice items. The students then are asked
to select one from four definitions that has the same or close meaning that
provided for each cognate or words that have a common etymological origin.
4) definition

The learners find the definition of certain words that appropriate with the
context given. The definition can come from guessing from context which then
the learners should confirm their definition with the teacher or dictionary.
5) dictionary activity

This activity enables the students to develop word consciousness, or an
interest in words, as well as the strategy for becoming a word collector. They will
increase their academic vocabularies when confronted with unknown words from

varied disciplines.
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6) discussion of words meaning

The learners discuss the word meaning with each other since a word may
have some different meaning depend on the context. In the discussion the teacher
may give clues to guide them to reach an appropriate word’s meaning.
7) flash card

Flash card provides some information that useful for the learners to learn
the new vocabulary. The information varies according to the learners’ needs.
8) games

Vocabulary games may in the form of puzzle, crossword puzzle, etc. The
games should be fun and engage the learners. VVocabulary games usually comes in
certain themed and context.
9) illustration, drawings, realia

Illustration, drawings, realia will serve a representation of the unknown
word. Thus they will develop the learners’ vocabulary memory by helping them
connect the words with its visual representation.
10) matching meaning and collocation

Matching meaning make the learners use their word understanding in L2
and L1. This activity will link heir L1 and L2 words. Matching the collocation is
important since some words commonly followed with certain words which may
produce different meaning. Understanding the collocation help the learners in

understanding sentences.
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11) mnemonic technique

Mnemonic technique helps to link a word form and its meaning using L1
keyword phonological or orthographic similarity with the L2 target word. A
strong association between the keyword and target word must be constructed so
that when learners encounter the target word they remember the keyword.
12) part of speech tables

This activity helps the learners in understanding the word’s part of
speech that presents in tables which make it more organized and then
understandable. A word may have some different part of speech depend on its
usage in the sentence.
13) semantic mapping and grids

Semantic mapping helps the learners to analyze relationship among
words in a text and deepen understanding by creating associative networks for
words. The learners are asked to draw a diagram of the relationship between
particular words found in the text.
14) synonyms and antonyms

An exercise of synonyms (words that has similar meaning) and antonym
(words with opposite meaning) may be conducted to develop the learners words
understanding through exercises that using synonym or antonym of a word since
they convey defining function of words.
15) word families exercises

A word family consists of a base word, its inflexion and its derivation.

Since inflexion and derivation usually involve affixes, analyzing the root among
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some words in certain word family is important for understanding the word. Word
family exercises help the learners to understand words through its base word
analysis.

Thus, there are a lot of considerations in developing vocabulary learning
materials. The approach, method, criteria for a good vocabulary instruction, and
the activities to be conducted in vocabulary teaching and learning process are
elements that the material developers should take into account in developing
vocabulary teaching materials.

2. Vocabulary for Students of Physics Education Department

Physics Education Department students use vocabulary knowledge
primarily to read their academic textbook in many subjects such as Metode
Pengukuran Fisika, Kalkulus, Analisis Pengukuran Fisika, Matematika Fisika I,
I, & Ill, Mekanika, Getaran Gelombang, Termodinamika, Teori Relativitas
Khusus, Mekanika Analitik, Quantum, Elektrodinamika, Fisika Zat Padat, and
Mekanika Fluida.

The words that they meet in the textbook are words that rarely used in
daily communication. It makes them difficult to understand the words due to their
lack of encounter with the words. For example the word “propagate” which is
encountered several times in the textbook of Fisika Zat Padat subject and it
conveys important meaning in understanding the text. Thus the learners need to
know this word to comprehend the text.

The word such as “excite” serves a different problem in understanding its

meaning. Usually this word is recognized as a word that related with feeling. But
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in their Physics textbook, “excite” conveys different meaning since it is associated
with electron.

Those kinds of difficulties obstruct the learners in comprehending the
text. Their concentration is distracted due to their effort to understand the
unknown words and the Physics content.

Each of different subjects gives them different vocabulary target. It
makes them obligated to understand a huge amount of target vocabulary to
comprehend all of their textbooks. It means that they need to learn target
vocabulary in a limited time. The materials should make the learners understand
the target words in those limited time. The materials also need to be appropriately
developed according to their target use.

Hiebert and Kamil (2005: 9) state that effective vocabulary learning
process should provide multiple ways to learn and interact with words. They
engage the learners and motivate them to listen for and look for new words. The
learners should see words in rich context. National Reading Panel (2000) suggests
that seeing vocabulary rich in context provided by authentic text is a characteristic
of instruction which produce good vocabulary learning.

Although the students get an English subject in their third semester, they
admit that it does not give enough vocabulary development for them since the
new vocabulary given in that subject rarely meet their needs in learning Physics
through reading their English textbooks. Thus they need to be taught using
pedagogic corpora. Pedagogic corpus is a corpus that contains language used in

classroom setting including academic textbooks. The students can make their own
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corpus. By learning this corpus, the learners are ensured to learn useful words
(Bennett: 2010).

Using pedagogic corpora means that the possibility of the words used as
target language cannot be controlled by the researcher. Therefore corpus cannot
tell whether the language is correct or not, or explain why something happen as
the way it is, or provide all possible language at one time. (Bennet: 2010)

3. Interactive Multimedia
a. The Definition of Interactive Multimedia

Reddi in Mishra and Reddi (eds, 2003) define multimedia as an
integration of more than one media elements such as audio, video, graphics, text,
and animation into a new form that works synergistically and symbiotically that
lead to more advantages for the users than if one of the media elements can
provide.

In line with that, Fenrich (in Mishra and Reddi, 2003: 3) states that
multimedia is an interesting combination of softwares. It allows the designer to
integrate video, animation, audio, graphic and text to make an effective
presentation.

Conforming to it, Phillips in Mishra and Reddi (2003: 3) describes
features of multimedia which are the presence of text, pictures, sound, animation
and video. Some or all of those features are organized into a coherent program.

In accordance with that, Bhatnagar, Mehta and Mitra (2002: 4) define

multimedia as combination of text, motion or static graphics, sound, and video



35

which presented through computer. Thus, the computer becomes intrinsic part of
multimedia.

Mishra and Reddi (2003: 4) describe the present multimedia as a
combination of text, graphic art, sound, animation, and video elements which
designed cautiously concerning with its purpose. When the user of a multimedia
project is allowed to control 'what' and ‘when' and 'how' the elements delivered
and presented, it becomes interactive multimedia. From the above definition it is
concluded that interactive media is a combination of multiple media such as text,
graphic, sound, animation, and video which allow the user to interact with it.

b. Elements of Interactive Learning Multimedia

As the definition of multimedia states that multimedia consists of various
elements which are text, audio, image, animation and video, we have to
understand what those elements are. The explanation of the elements of
interactive learning multimedia is presented below.

1) Text

In multimedia, the information is conveyed not only from the text,
therefore text often play limited role. However, text is a predominant medium in
multimedia since the users are easier to read and browse through text than listen
or watch. Text should be used effectively, short, and to the point. Text is used for
four major purposes which are titles, menus, navigation, and content. Bhatnagar,
Mehta and Mitra (2002: 140-142) suggests some consideration in using text in
multimedia which are presented below.

a) It is difficult to read text that is all in capital letters. It is easier to read
words and sentences that use mixed uppercase and lowercase letters.
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b) Moving text is more difficult to read than static text.

c) People read double-spaced text faster than single-spaced text.

d) Do not vary the type size by more than three points.

e) Lines of text should not be more than 40-60 characters.

f) Choose a simple typeface. Although we are used to Serif typefaces on
paper, they are less legible on the computer screen. So, choose a Sans Serif
font.

g) Use the same typeface throughout a project. You can vary the style to
make text bold, italic, or underlined if you want to emphasize information.

h) Be consistent. Use the same font for information of the same type. When
the font size changes, the reader assumes that a different kind of
information is signaled and will pay attention. Use one font for all titles,
another for all subheadings, and another for all buttons.

1) The font size should be readable. A font size between 9 and 12 points is
the best.

J) A neat finish between lines of text, between letters, and in the margins.
These blank spaces can interfere both with reading and with the look of
your text. For a neat finish, you have to adjust letters to get the best fit.
Spaces between lines of text, between letters, and in the margins can be
adjusted to give a neat finish.

2) Audio

Audio is used to simulate the use of sounds in the real context. Audio

also used to make multimedia become more attractive to the users. Bhatnagar,

Mehta and Mitra (2002:14) categorize audio into two. They are content and

ambient sound. Content sound provides information to audiences, for example,

dialogs in movies or theater. While ambient sound consists of an array of

background and sound effects.

a) content sound:

a)
b)
c)
d)

Narration: Narration provides information about an animation that is
playing on the screen.

Testimonials: These could be auditory or video sound tracks used in
presentations or movies.

Voice-overs: These are used for short instructions, for example, to
navigate the multimedia application.

Music: Music may be used to communicate (as in a song).
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b) ambient sounds:

a) Message reinforcement: The background sounds you hear in real life, such
as the crowds at a ball game, can be used to reinforce the message that you
wish to communicate.

b) Background music: Set the mood for the audience to receive and process
information by starting and ending a presentation with music.

c) Sound effects: Sound effects are used in presentations to liven up the
mood and add effects to your presentations, such as sound attached to
bulleted lists.

3) Image
Image or graphic is an important aspect of multimedia. The image used
in multimedia can be a picture, painting, photograph, design, or the combination
between them. Lee and Owens: (2004-127) mention that the graphic design
standards include file type, file size, file-naming convention, and color range.
Characteristic of graphics in multimedia is explained below.

a) They should advantageous to the content presentation and be simple in
design.

b) They should not detract from textual information.

c) Graphics should be similar in size and placement, and any text that is
included as call-outs must be readable.

d) Clarity and readability should not be dependent on color variations. There
should not be more than four colors on a screen, and the entire course
should use a palette of not more than seven colors.

e) The color use on screens should be consistent.

f) Manage color contrast appropriately: no red on black or blue on orange,
and for most audiences minimal use of “hot” colors is best.

4) Animation
Weiss, Knowlton and Morrison (2002:467-468) assert that what
considered as animation is a sequence of image rapid display of 2-D artwork or

model positions in order to create an illusion of movement. It is an optical illusion

of motion due to the phenomenon of persistence of vision, and can be created and
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demonstrated in a number of ways. Presented below are five functions of
animation in interactive multimedia.
a) cosmetic function: to make instruction attractive to learner,
b) attention gaining function: to gain the attention of learners at the beginning
of and to signal salient points such as switching topics,
c) motivation function: to motivate learner when an incorrect answer is
given,
d) presentation function: to provide a concrete reference and a visual context
for ideas, and
e) clarification function: to provide a conceptual understanding without
providing new information through visual.
5) Video
Video in multimedia is a very important communication tool for
presentations. It gives the users an illustration of ideas and concepts and also real
world events. There are two choices of video in interactive multimedia which are
using very short video clips (not exceeding a minute or two) and using highly
compressed video files like MPEG or AVI files that can be transformed to MPEG
files. (Mishra and Reddi, 2004:46)
c. Advantages of Interactive Learning Multimedia
Mishra and Reddi (2003:5) state that there are several advantages of
multimedia for the users, especially for teachers and learners. The users use their
natural information processing abilities using eyes and ears and also the brain
which result in a good system that gather information from meaningless sense of
data. There are some benefits of multimedia to teachers which are:
a) allows for creative work;
b) saves time for more challenging topics;

c) replaces ineffective learning activities;
d) and increases student contact time for discussion.
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As for the students, the use of multimedia makes the application more

attractive and interesting. Thus because the image, even if only a few or have little

pedagogical value, will stimulates the eye and relief them.

Concerning with the advantage of its interactivity, Lee and Owens

(2004:123-124) state that the interactivity allows the interaction to be frequent and

the students involvement.

d. The Principles of Interactive Learning Multimedia

In designing an interactive multimedia, we can consider seven basic

principles of interactive multimedia that are recommended by Mayer (2005: 6-7).

The lists are presented below.

a)
b)

c)
d)

e)

f)

9)

Multimedia principle: Students learn better from combination of words
and graphics than from words alone.

Split-attention principle: Students learn better when the corresponding
words and graphics are placed closely to one another than separately.
Modality principle: Students learn better from graphics and narration than
graphics and printed text.

Redundancy principle: Students learn better when the same information is
not presented in more than one format.

Segmenting, pre-training, and modality principles: Students learn better
when a multimedia message is presented in learned-paced segments rather
than as a continuous unit, students know the names and characteristics of
the main concepts, and the words are spoken rather than written.
Coherence, signaling, spatial contiguity, temporal contiguity, and
redundancy principles: Students learn better when extraneous material is
excluded rather than included, when cues are added that highlight the
organization of the essential material, when corresponding words and
pictures are presented near rather than far from each other on the screen or
page or in time, and people learn better from graphics and narration than
from graphics, narration, and on-screen text.

Personalization, voice, and image principles: Students learn better when
the words of a multimedia presentation are in conversational style rather
than formal style and when the words are spoken in a standard-accented
human voice rather than a machine voice or foreign-accented human
voice; but people do not necessarily learn better when the speaker’s image
is on the screen.
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4. Materials Development
a. The Nature of Materials Development

Materials development refers to a process of producing and using the
materials for language learning including materials evaluation, adaptation, design,
production, exploitation and research (Tomlinson, 2012:143). It takes place on a
process of decision making in planning a language course. In addition, Graves
(2000:149) states that materials development is a planning process by which a
teacher develops units that contain lessons to carry out the goals and objectives of
the course.
b. Advantages of Developing Materials

Developing materials for a specific language course or language program
has some advantages compared with using general English learning materials.
Richards (2001:261) states four advantages of developing materials which are
presented as follows.

1) Relevance: The materials will tend to be more relevant for students and
institutional needs and reflect the local content, issues, and concerns.

2) Develop expertise: Developing materials benefit the other staffs language
course to improve their expertise, giving them a greater understanding of
the characteristic of effective materials.

3) Reputation: It will show the commitment to the language teaching because
of providing relevant, specialized, and contextualized materials for the
students.

4) Flexibility: The produced materials can be revised or adapted as needed,
giving them greater flexibility than a commercial course book.

c. Principles of Materials Development
The purpose of the material development will decide the kind of course

of the language program. The course should help the learners to meet their needs.

Therefore considering the goal of the materials before starting to develop them
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should be done by materials developers. Tomlinson (1998) describes the
principles of materials development to help the materials developer develop a
course that achieve the purpose of material design.
1) Materials should achieve impact

The materials affect the learners understanding by attracting learners’
curiosity, interest, and attention. Materials can achieve impact through novelty,
variety, attractive presentation and appealing content.
2) Materials should help learners to feel at ease

Materials can help learners to feel at ease by making sure that learners
feel comfortable and relaxed. The materials should have a strong relationship with
their culture and background knowledge. Learners also should be provided with
materials that help them to learn. They must achieve the personal contact through
revealing their own preferences, interests, and opinion.
3) What is being taught should be perceived by learners as relevant and useful

Materials should provide information that makes the learners recognize its
potential relevance and utility. The points taught should be relevant with the learners’
background study and needs. Serving the points with interesting and challenging tasks
in varied ways may facilitate the learners to deepen the knowledge.
4) Materials should require and facilitate learner self-investment

Materials should facilitate the learners’ self-discovery. They will get an
opportunity to invest interest, effort, and attention by providing them with choices
of focus and activity. They need to respond their interest globally and affectively.

A mini project is a good example of this respond.
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5) Learners must be ready to acquire the points being taught

To help the learners acquire the points of being taught, the materials
should be presented in the formula of i + 1. “i” represents what has already been
learned and “1” represents what is available for learning. The learners need a
comprehensible input that they are already familiar and contain a potential to learn
new elements.
6) Material should expose the learners to language in authentic use

A comprehensible input that provides enough exposure of authentic and
comprehensible input is needed to facilitate the language acquisition. The
exposure should be rich and varied and meet the learners’ proficiency.
7) Materials should take into account that the positive effect of instruction are

usually delayed

Language acquisition is not an instant process but it needs a gradual
process. In facilitating gradual process, the materials should recycle the
knowledge that has been learnt. Frequent and ample exposures in the instructed
language feature should also be given to the learners.
8) Materials should take into account that learners differ in learning styles

Each leaner may have different learning styles. Language learning styles
may include visual, auditory, Kkinesthetic, experimental, analytic, global,
dependent, and independent.
9) Materials should maximize learning potential by encouraging intellectual,

aesthetic and emotional involvement which stimulates both right and left

brain activities.
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Materials that encourage many cerebral activities in the brain will
maximize the recall of the new knowledge. Thus varied series of activities is
needed such as analytic, creative, evaluative, and rehearsal demands on processing
capacity can lead to deeper and more durable learning.

10) Materials should provide opportunities for outcome feedback

Feedback which focused on the effectiveness of the output and on its
accuracy can lead to output which becomes profitable input source. It is important
for the materials to provide activities that intend to produce outcome than just
practicing language.

d. The Process of Materials Development

Dick and Carrey (1996) propose a Systematic Instructional Design. The
materials developer will be able to link instructional learning strategy with the
desired learning outcome by using this design. The design is organized to make
the materials developer able to develop materials that will help the learners to
achieve their target needs. The following table shows the steps of Systematic
Instructional Design that will be used as the guide in developing the materials in
this study.

Table 2.2. Components of Systematic Instructional Design by Dick and Carrey
(1996

No. | Steps Comments
1. Identifying an Instructional | The first thing to do in this Instructional Design
Goal is to determine the expectation about what the

learners able to do when they have completed
the learning process.

2. Conducting an Instructional | The next step after identifying the goals is to
Analysis determine skills and procedures which will be
included in the instructional design to carry the
goal into the classroom.

3. Analyzing Learners and | This stage includes the analysis of learners’
Contexts context in which they will learn the skills. It is
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related to the characteristics of the instructional
setting and the setting in which the skills will
eventually be used.

Writing Performance

Objectives

This stage will identify the skills to be learned,
the conditions under which the skills must be
performed, and the criteria for successful
performance.

Developing Assessment

Instruments

This instrument is to assess and measure the
learners’ ability to perform the objectives.

Developing an Instructional
Strategy

The information from the preceding steps will
begin to identify the strategy that will be used in
the instruction. The strategy will include
sections on pre-sectional activities, presentation
of information, practice and feedback, testing
and follow through activities.

Developing and

materials

selecting

The determined strategy in previous steps will
be used to produce the instruction. The decision
to develop originals materials will depend upon
the type of learning to be taught, the availability
of  existing relevant  materials, and
developmental resources available.

Designing and Conducting
the Formative Evaluation

The draft of the materials will be evaluated in
order to have it improved. The three types of
formative evaluation are referred to a one-to-one
evaluation, small group evaluation, and field
evaluation. Each type of evaluation provides the
designer with a different type of information that
can be used to improve the instruction.

Revising Materials

The final step (and the first step in a repeat
cycle) is revising the materials. Data from the
formative evaluation are summarized and
interpreted to identify difficulties experienced by
learners in achieving the objectives.

10.

Conducting Summative

Evaluation

The main purpose of this stage is to find out the
effectiveness of holistic instruction. However, it
is not the part of the design process but it occurs
after the instruction has been evaluated
formatively and revised to meet the standards of
the developer.

From the explanation of the materials development above, a need

analysis must be the starting point for a materials development of instructional
program. The next steps are about how the needs create a framework for
developing materials. The following figure shows how the steps above are carried

into practice.
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Figure 2.2. Dick and Carey Instructional Design (1996)

e. Materials Evaluation

To know whether the materials meet the learners need and suitable for

the learners, an evaluation is needed. Materials evaluation refers to a procedure

which involves value measurement of a set of learning materials (Tomlinson,

2003: 15). Richards and Lockhart in Tomlinson (1998: 222) add that evaluation

provides an appraisal of the value of specific teaching activities for particular
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groups of learners and perhaps serves as support to teachers to adopt a reflective
approach to their own teaching. One way to encourage the systematic evaluation
of materials after use may be to engage in micro evaluation by focusing on
particular tasks. Ellis in Tomlinson (1998: 229) suggests five steps for conducting

a task evaluation as follows:

STEP 1 Description of the task:_ 4

1. Contents (input,
procedures, language
activity, outcome)

2. Objective (s)

A 4

STEP 2 Planning the evaluation

v

STEP 3 Collecting information

\ 4

Analysis of the information
STEP 4 collected

A 4

Conclusion and
STEP 5 recommendation

Figure 2.3. Five Steps of a Task Evaluation by Ellis in Tomlinson (1998: 229)

B. Conceptual Framework

Interactive media is a combination of multiple media elements such as
text, graphic, sound, animation, and video which allow the user to interact with it.
Interactive media is used to help teaching and learning process by presenting
materials, task and activities in it so that it can be used in the classroom as

supplementary or outside of the classroom. The interactive multimedia is
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developed based on the students need and level of proficiency. The designed
multimedia is limited to help the students of Physics Education Department in
learning vocabulary to read their academic textbooks. The researcher takes a book
from Fisika Zat Padat subject to be used as authentic material.

In reference with that, each unit of interactive learning multimedia for
vocabulary learning materials has the following components. The first is
introduction. The introduction consisted of an overview and indicators of the unit.
The second is main part. The main part consisted of the tasks cycle which
consisted of explanation of the target words, non-linguistic representation, target
words’ activities (matching, matching the words with its pronunciation, choosing
the correct part of speech, find the correct words that represent certain part of
speech, matching definition, and matching meaning), games (crossword puzzle),
and completing sentences. The last is the summary. It was provided at the end of
every unit to give students brief explanation about what they already learned.

In designing interactive learning multimedia, seven basic principles
should be considered. The first is multimedia principle. Students learn better from
combination of words and graphics than from words alone. Split-attention is the
second principle in which students learn better when the corresponding words and
graphics are placed closely to one another than separately. Next is modality
principle; students learn better from graphics and narration than graphics and
printed text. The fourth principle is redundancy; students learn better when the
same information is not presented in more than one format. The fifth is

segmenting, pre-training, and modality principles; students learn better when a
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multimedia message is presented in learned-paced segments rather than as a
continuous unit, students know the names and characteristics of the main
concepts, and the words are spoken rather than written. The sixth is coherence,
signaling, spatial contiguity, temporal contiguity, and redundancy principles;
students learn better when extraneous material is excluded rather than included,
when cues are added that highlight the organization of the essential material,
when corresponding words and pictures are presented near rather than far from
each other on the screen or page or in time, and people learn better from graphics
and narration than from graphics, narration, and on-screen text. The last principle
is personalization, voice, and image. Students learn better when the words of a
multimedia presentation are spoken in a standard-accented human voice and it is

not necessary to put the speaker’s image on screen.
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CHAPTER Il

RESEARCH METHODS

This chapter presents type of study, research subjects, research procedure,
techniques of data collecting, research instruments and data analysis techniques.
A. Type of Study

The objective of this research was to develop an appropriate interactive
vocabulary learning multimedia for educational program especially for the
students of Physics Education Department Yogyakarta State University. Thus, this
study was categorized as Research and Development since its purpose was to
develop a product that can be used in an educational program (Borg & Gall
2003:569). Seels & Richey in Richey, Klein and Nelson (2004: 1099) explain that
the purpose of R&D is designing, developing and evaluating instructional
programs, processes and products to meet the criteria of internal consistency and
effectiveness.

B. Research Setting

The research was conducted from February up to June 2013 at Physics
Education Department Yogyakarta State University which is located at JI.
Colombo, Karang Malang, Yogyakarta.

C. Research Subjects

The third year students in class A/6 of Physics Education Department

Yogyakarta State University were the subjects of this research. There were 34

students of class A/6 involved in this research. The students of Physics Education
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Department were able to access a multimedia program by themselves outside the
campus.
D. Research Procedure

Since this research was conducted to develop an interactive learning
multimedia of vocabulary for the students of Physics Education Department
Yogyakarta State University, the model proposed by Lee and Owens (2004) was
adapted. There were four phases followed by the researcher. They are mentioned
below.
1. Needs assessment and analysis

In this phase, the objectives of this study were identified. Then the developer
analyzed the audience, the syllabus and the textbook used in the classroom, the
technology used to develop the product, and the media used to deliver the product.
2. Design
a. Writing the draft of the materials

Materials related to this study were developed. The material presentation also
developed by considering its principles.
b. Designing Flowchart

After the draft of the materials was created, the next step was to make
flowcharts of the multimedia. Flowchart is a symbol or picture which depicts the
steps representing activities of processing the materials. This serves as a roadmap

of interactive multimedia. It links one page to another.
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c. Storyboarding

After the flowcharts were created, the developer made the storyboard. It
describes how every screen in the presentation would be displayed. They refer to
the operation shown in the flowcharts.
3. Development
a. Materials Collecting

The texts, pictures, animations and video were collected. In order to get the
input, the developer adopts the textbook used in the senior high school.
b. Integrating the materials into the program

The developer used the authoring software such as Macromedia Flash CS4,
Photoshop and other supporting programs to integrate the materials into the
interactive multimedia program. This stage produced the first product.
c. Validation by the experts

The first product was consulted to the supervisor for validation.
4. Evaluation by experts judgment

The first product was evaluated by the content experts and media expert
through questionnaires. The questionnaires were then analyzed to revise the
product which led to the final product
E. Data Collecting Techniques

Three kinds of data collection technique were used in this research. They are
observation, questionnaires and interview. The data about learners’ characteristics,
learning sources and the availability of multimedia in the institution were

collected using observation that is conducted before the need analysis.
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This research used two kinds of questionnaire. The first was questionnaire for
needs analysis which obtains information about students’ needs and learning
needs. This includes questionnaire to make the corpus data of the vocabulary from
the books. The second was questionnaire for expert judgment which was used get
comments and suggestions from the materials and multimedia experts.

The researcher also use interview to conduct the needs analysis by asking a
Physics Lecturer about the condition of the students. Before conducting the
interview, a set of questions should be designed as the guidance.

F. Research Instruments

Observation guide, interview guide, and questionnaires were the instruments
used in this study to gather data. They are described below.
1. Observation guide

Observation guide was used as a guide to collect data about learners’
characteristics, learning sources and the availability of multimedia. The researcher
conducts the observation before the need analysis.

2. Interview guide

Interview guide were used as a guide in conducting interview. Interview was
conducted to obtain feedback from a lecturer of Physics subject about the
students’ condition and also the material used in teaching and learning process of
the Physics subject. The feedback collected from the interview then was used to
support the result of the needs analysis questionnaire which was distributed to the

students.
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3. Questionnaires

There were two kinds of questionnaire used in this research which were
questionnaire for needs analysis and questionnaire for expert judgment. The
questionnaire for needs analysis was used to obtain information about the target
needs and the learning needs of the third year students of Physics Education
Department Yogyakarta State University. Questionnaire for expert judgment was
used to get comments and suggestions from the materials and multimedia expert.
The feedbacks from the expert judgment were used to revise the materials.
G. Data Analysis Techniques

There were two types of data used in this research which were qualitative
and quantitative data. The qualitative data were obtained from interview and
observation in the form of observation field notes and interview transcripts.

The quantitative data were collected from questionnaires. The data of
needs analysis questionnaire were analysed using frequency percentages while the
expert judgement questionnaire used were analysed using descriptive statistics.

To measure the experts’ opinion about the media the researcher used a Likert
Scale. The scoring point is presented in the table below.

Table 3.1. The Scoring Point of Likert Scale

Scales Categories
5 Strongly agree
4 Agree
3 Neither agree or disagree
2 Disagree
1 Strongly disagree
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The data were then analyzed descriptively using quantitative data
conversion proposed by Sudjono (2003: 335). The result of the conversion
determined whether the product was already appropriate or not. The table below

shows the quantitative data conversion.

Table 3.2. Quantitative Data Conversion (Sudjono, 2003: 335)

Interval of Mean Value )
No. Categories
Formula Score Range
1 | x>Mi+18SDi x>4.2 Very Good
2 | Mi+0.6 SDi<x < Mi+1.8SDi 34<x<42 | Good
3 | Mi-0.6 SDi <x < Mi + 0.6 SDi 26<x<34 | Fair
4 | Mi-1.8SDi<x < Mi-0.6SDi 18<x<26 | Poor
5 | Xx<Mi-18SDi x<138 Very Poor
Where:
x = mean value
Mi  =the ideal mean
= 1/, (maximal score + minimal score)
= 1/2 (5+1)
=3
SDi = the ideal standard deviation

=1/, (maximal score — minimal score)
= 1/6 (5-1)

:2/3
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CHAPTER IV

RESEARCH FINDINGS AND DISCUSSION

This chapter describes the findings and discussions of the research. The
research findings covers the needs analysis, the course grid, the unit design, the
flowchart, the first draft of multimedia, the review by experts and the final draft of
multimedia.

A. Research Findings
1. The Needs Analysis

The needs analysis was divided into three parts which were description of
target needs, learning needs. The target needs included necessities, lacks and
wants while the learning needs included input, procedures, setting, and media.

a. Description of Target Needs
1) Necessities

Necessities refer to what the learner has to know in order to function
effectively in the target situation. The result of needs analysis of necessities
showed that 91.17% of students learned English to help them in reading
textbooks. Fourteen students learned English to be able to communicate with
foreign people. In relation with the subject of the textbooks, they need to learn
about vocabulary in the subject of Fisika Zat Padat chapter 4 with 70.59%, Fisika
Zat Padat, chapter 5 with 14.70% and the rest were Fisika Zat Padat, chapter 6,
Mekanika Fluida chapter 5 and Mekanika Fluida chapter 6. The result is shown in

Table 4.1. below.
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Aspect Question Item N (%)
a. to read textbooks 31 | 91.17%
b. to be able to communicate
0,
The students | \ith foreign people 14| 4L1r%
need to learn
English ... c. to help in the future study 5 |14.70%
Necessities d. others 0 0%
The students |a. Fisika Zat Padat, chapter 4 24 | 70.59%
need to know |y Fisika zat Padat, chapter 5 | 5 | 14.70%
about . |c. Fisika Zat Padat, chapter 6 3 8.82%
vocabulary in
the  subject [d- Mekanika Fluida, chapter5 | 1 | 2.94%
of... e. Mekanika Fluida, chapter 6 1 2.94%

The data from questionnaire about necessities from the table above was

supported by the data from interview. Here is the result of the interview.

R : Mahasiswa Jurusan Fisika perlu menggunakan Bahasa Inggris apa
tidak Pak? (Do the students of Physics Education Department need
to use English?)

L : lya perlu mas.Soalnya mereka pakai buku berbahasa Inggris jadi
perlu kemampuan reading. (Yes they do. They need to use an

English textbook so they need to use their reading skill)

2) Lacks

Lacks refer to the gaps between what the learner already knows and the

necessities. The students’ lacks are described in the table below.

Table 4.2. Targ

et Needs: Lacks

Aspect Question Item N %
N a. to understand the 29 | 85.29%
Difficulty  students vocabulary
Lacks | face when reading |b. to understand the text’s 10 | 29.41%
textbook.... structure
c. toread rapidly 14 | 41.17%
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d. others 0 0%

a. very poor 6 | 17.65%
The students’ ability
in understanding the |P- Poor 23 | 67.65%
vocabulary in  the |, good 5 | 14.70%
textbooks....

d. very good 0 0

Based on Table 4.2. above, the students face some difficulties in reading
their English textbook. 85.29% of students felt that it was difficult to deal with the
unknown vocabularies in the text. Ten students found that it was difficult to
understand the text due to complexity of the text’s structure. Fourteen students
felt that they faced difficulty in reading textbook since they could not read rapidly.
Moreover, it can be seen that more than half of all students thought that their
ability in understanding vocabularies is poor. It can be said that the students’
proficiency level of vocabulary was not enough to meet their target situation. The

data above were supported by the interview. Below is the result of the interview.

R : Kalau menurut Bapak sendiri bagaimana kemampuan reading
mahasiswa?(In your own opinion, how is the students’ reading
ability?)

T : Sebagian sudah lumayan bagus, tapi sebagian besar mengalami

kesulitan dalam memahami isinya soalnya mereka tidak tahu
tentang kosakata tertentu. (Some students have a good reading
ability. But most of them are still face difficulty in understanding the
text since they do not know about certain vocabularies.)

3) Wants
Wants related to the students’ expectation after accomplishing their
study. Table 4.3. shows that almost all of the students wanted to learn the

definition, the meaning, the part of speech, and the pronunciation of the words.
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However there were only twelve students who wanted to learn the word’s part.
The data of the students’ wants is presented below.

Table 4.3. Target Needs: Wants

Aspect Question Item N (%)
a. the definition 25 | 73.52%

The aspect  of |b. the meaning (translation) | 34 100%

Wants vocabulary that the |c. the part of speech 21 | 61.76%
students want to |[d. the pronunciation 19 | 55.89%

know ... e. the word’s part 9 |26.47%

f. others (the image) 18 | 52.94%

It can be concluded that the students of Physics Education Department
Yogyakarta University needed to learn English to understand their English
textbook. They had a difficulty to understand vocabulary in the textbook.
Therefore they want to learn about the word’s definition, meaning, part of speech,
and also pronunciation.

b. Description of Learning Needs
1) Input

Input refers to the types of data that will be used by the learners in
working with the course of completing a task. The data of input chosen by
students are presented below.

Table 4.4. Learning Needs: Input

Aspect Question Item N (%)
a. <251 words 6 | 17.65%
Length of the text is... b._251 — 500 words 18 | 5294%
c. 501 - 750 words 10 | 29.41%

Input d. > 750 words 0 0%
a. <6 words 6 | 17.65%
The amount of vocabulary F =500 12 | 37.64%

learned in each unit is ...

c. 11-15words 16 | 47.06%




59

d. >15words 0 0%
1) boundary 24 | 70.59%
2) differ 11 | 32.35%
3) displaced 25 | 73.52%
4) displacement 27 | 79.41%
5) equilibrium 21 | 61.76%
6) forth 27 | 79.41%
7) generalization 15 | 44.11%
'Corpu.s data of vocabulary 8) independent 5 14.70%
inUnit1are.... -
9) oscillate 27 | 79.41%
10) perpendicular 18 | 52.94%
11) propagate 21 | 61.76%
12) propagation 24 | 70.59%
13) regard 22 | 64.70%
14) satisfied 18 | 61.76%
15) vanish 26 | 76.47%
16) adjacent 27 | 79.41%
17) coincide 23 | 67.65%
18) contain 13 | 38.23%
19) essential 9 26.47%
Corpus data of vocabulary |20) excite 28 | 82.35%
inUnit 2 are ... 21) gap 18 | 52.94%
22) homogeneous 8 23.52%
23) interleaved 28 | 82.35%
24) pair 12 | 35.29%
25) thereby 24 | 70.59%
26) absorbed 18 | 61.76%
27) absorption 20 | 58.82%
28) chiefly 29 | 85.29%
29) density 19 | 55.89%
Corpus data of vocabulary |30) determine 7 20.28%
in Unit 3 are .... 31) determined 7 20.28%
32) occupancy 26 | 76.47%
33) occupied 29 | 85.29%
34) occur 21 | 61.76%
35) rarely 20 | 58.82%
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36) recoil 30 | 88.23%
37) rigorously 31 [91.17%
38) suitable 13 | 38.23%
39) decoupled 31 [ 91.17%
40) estimate 19 | 55.89%
41) immersed 28 | 82.35%
'Corpu.s data of vocabulary 22) reduce 7 1 a117%
inUnit4are ....
43) rest 23 | 67.65%
44) sphere 27 1 79.41%
45) unlike 7 20.28%

Table 4.4 above presents the input that desired by the students for
learning vocabulary. There were 70.59% of students who wanted to learn
vocabulary about the subject of Fisika Zat Padat, chapter 4. In term of input
length, 52.94% of students preferred to use text with 251 up to 500 words, while
ten students wanted to use text with 501-750 words. The amount of vocabulary
learned in each unit that the students wanted was 11 up to 15 words with 47.05%.
Twelve students wanted to learn six up to ten words in each unit, and the rest
wanted to learn less than six words in each unit. The corpus data of vocabulary
obtained from the second questionnaire showed that they wanted to know 45
words. The complete organization of corpus data can be seen on Appendix C.

2) Procedures

Procedures specify what learners will actually do with the input that
forms the point of departure for the learning task. Table 4.5. below shows the
result of the questionnaire which was administered to know the desired procedure
for vocabulary learning of the students of Physics Education Department

Yogyakarta State University.
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Aspect Question Item N (%)
a. incidental _ Iearr_nng 4 | 11.76%
through extensive reading
The approach 1, ~explicit instruction
; ' 0
of Iearnm_g through exercises 28 | 82:35%
vocabulary is - -
C. guessing meaning from
context and dictionary | 15 | 44.11%
activity
a. analyzing word’s parts 2 5.88%
b. fl'nd'lng definition from the 12 | 35.300%
dictionary
C. mat_cr_n_ng the word with its 18 | 52.949%
definition
d. finding the meaning
(translation)  from the| 17 50%
dictionary
Procedures e. matchlng the worq with its 28 | 82350
meaning (translation)
Thg type of |f. Guessing meaning from 1 | 41.17%
activity  for context
learning g. matching the word with its
- ' 0
vocabulary  is pronunciation 19 1 55.89%
h. flash cards 27 4.5%
I. _matchlng the worq with its 99 %
image representation
J. rnatchmg the words with 3 8.8206
its synonym and antonym
k. making semantic map 2 5.88%
I. crossword puzzle 19 | 55.89%
m. hangman games 5 14.70%
n. answering question from 5 | 14.70%
the text
0. completing sentences 18 | 52.94%

It can be seen that 82.35% of students wanted to learn vocabulary

through explicit instruction. There were fifteen students who wanted to learn
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vocabulary through dictionary activity and guessing meaning. Concerning with
the activities to learn vocabulary, the students preferred to match the words with
its definition, match the words with its meaning (translation), match the words
with its pronunciation, flash cards, match the words with its image representation,
use crossword puzzle, and complete sentences.
3) Setting

Setting requires consideration of whether the task is to be carried out
wholly or partly outside the classroom. The table below explains the setting of
learning that the students wanted.

Table 4.6. Learning Needs: Setting

Aspect Question Item N (%)
a. inthe classroom 5 |14.70%
Thet itutljents b. in outside of the classroom but 17 50%
Setting y:élabu(iar(;/am still in campus
. in computer laboratory 4 | 11.76%
d. outside of the campus 28 | 82.35%

Table 4.6. above indicates that most students wanted to learn vocabulary
outside of the classroom. There were twenty eight students that preferred to learn
vocabulary outside of the campus while seventeen students want to learn
vocabulary in outside of the classroom but still in campus. Only five students
wanted to learn vocabulary in the classroom and four students wanted it in
computer laboratory.

In short, students wanted to study English to help them in reading their
textbooks since it was difficult to deal with the unknown vocabularies in the text.
They wanted to learn the definition, the meaning, the part of speech, and the

pronunciation of the words. They wanted to learn vocabulary about the subject of
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Fisika Zat Padat, in chapter 4 with a text in length of 251-500 words presented 11
to 15 words. The students wanted to know 45 words in which it can be seen on
Appendix B. They wanted to know them through explicit instruction by doing
dictionary activity, guessing meaning, matching the words with its definition,
matching the words with its meaning (translation), matching the words with its
pronunciation, learning with flash cards, matching the words with its image
representation, playing crossword puzzle, and completing sentences. They would
like to do it all outside of the campus.
c. Description of Media

The last component of the needs analysis is description of media. There
were six questions about the media in the needs analysis questionnaire. The
questions helped the researcher to develop the multimedia based on what the
students prefer. The table below shows the result of the questionnaire related to
the multimedia.

Table 4.7. Learning Needs: Media

Aspect Question Item N (%)
a. textbook 4 11.76%
) b. hand out 5 |14.70%
E;‘;’n”\‘/%(g:bt&ary c._multimedia 28 | 82.35%
is d. website 7 | 20.59%
e. games 10 | 29.41%
f. others 0 0%
Media | The background |a. similar on every pages 9 |2547%
of multimedia b. depend on its function 25 | 73.53%
that the students
want is ... c. others 0 0%
The type of font [& similar for the whole media 7 ]| 20.59%
used in |b. depend on its function 27 | 79.41%
multimediais .... |c. others 0 0 %
The font size used |a. similar for the whole media 9 25.47%
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in multimedia is |b. depend on its function 25 | 73.53%
c. others 0 0%
The font color |a. similar for the whole media | 5 | 14.70%
used in |b. depend on its function 29 | 85.29%
multimediais .... [¢ others 0 0%
The use  of |a. notneeded 0 0%
pictures to .
support the b. sometimes needed 24 | 70.59%
materials is .... c. heeded 10 | 29.41%
The use of back |& not needed 4 11.76%
soun_d o in [b. sometimes needed 19 | 55.89%
multimedia s .... c. needed 11 | 32.35%

The table above indicates that most of the students wanted multimedia as
the media in learning vocabulary with 82.35%. 73.53% of the students wanted the
background on the multimedia to be designed depend on its function. They also
wanted the font type to be designed depend on its function with 79.41%. Twenty
nine students believed that the font color in the multimedia also should be
designed depend on its function. 70.59% of the students wanted the font size in
the multimedia to be designed depend on its function. They believed that the use
of pictures and back sound in multimedia was sometimes needed to make it more
attractive.

2. The Course Grid

The course grid was developed after the questionnaire of needs analysis
was analyzed. The course grid was used to develop the materials. It was
developed based on the results of the needs analysis questionnaire, interview, and
observation. The syllabus of the Physics subject was also considered.

The course grid consisted of syllabus description, indicators, unit titles,

topics, input texts, vocabulary focus, and procedures. The procedures were
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adapted from phases of teaching vocabulary that was proposed by Grabe and
Stiller (2001) and steps of explicit vocabulary instruction which was developed by
Marzano (2004). The course grid can be seen in Appendix C.

3. Unit Design

After the course grid was formulated, the next step was developing the
materials. Based on the course grid, the materials consisted of four units. Each
unit contained introduction, main part and summary. The introduction contained
an overview and indicators of the unit. The overview and indicators were in the
form of text. Pictures related to the topic were also provided.

The main part contained the phases of teaching vocabulary from Grabe
and Stiller (2001) which were focusing the keyword, keeping the words active and
incorporating the words in a larger learning project. In order to do that, Marzano’s
steps of explicit vocabulary instruction (2004) were used. It consisted of
explanation of the target words, non-linguistic representation, target words’
activities, and games.

In the explanation of target words, students learned the explanation of the
words through flash cards. The flashcard in the text contained the meaning of the
words, phonetic transcription and pronunciation of the words, definition, and
Cobuild explanation.

In the non-linguistic representation, the students were provided with
representation of some target words. To make it more attractive and explicit, the
representations were in the form of animated picture. The students have to match

the target word with its representation. The researcher was able to develop the
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image representation of twenty nine words out of forty five words (85.29%). This
step was divided into two different tasks.

There were also some other activities to keep the students work with the
words. They were matching the words with its pronunciation, choosing the correct
part of speech, finding the correct words that represent certain part of speech,
matching definition, and matching meaning.

The material also provided the learners with a game. The game
implemented in the multimedia was crossword puzzle. The game was developed
to stimulate the students’ interest and enthusiasm.

The last task was formulated to incorporate the target words in a larger
learning project. The task should be done by the students by completing sentences
of specific information from the text.

The summary was also provided at the end of each unit. It gave the
students brief explanation about what they already learned. It consisted of the
corpus data of the vocabulary added with the explanation of the target words.

The title of Unit 1 was “Crystal Vibration (Monatomic Basis)”. In this
unit, students were given with the text tilted “Vibrations of Crystal with
Monoatomic Basis” and from that text some target words were obtained. They are
boundary, differ, displaced, displacement, equilibrium, forth, generalization,
independent, oscillate, perpendicular, propagate, propagation, regard, satisfied,
and vanish.

“Crystal Vibration (Diatomic Basis)” was the title of Unit 2. Students

given with target words which were adjacent, coincide, contain, essential, excite,
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gap, homogeneous, interleaved, and pair. Those words were obtained from the
text entitled “Two Atoms per Primitive Basis”.

Unit 3 in the multimedia was entitled “Phonon’s Characteristics”. There
were three texts given in this unit which were “Quantization of Elastic Waves”,
“Phonon Momentum”, and “Inelastic Scattering by Phonons”. They were grouped
in Unit 3 since they shared the same topic which was the characteristics of
phonon. From those texts, there were some target words that has been obtained
which were absorbed, absorption, chiefly, density, determine, determined,
occupancy, occupied, occur, rarely, recoil, rigorously, and suitable.

The title of Unit 4 is “Summary and Problems”. The texts included in this
unit were the summary and problems of chapter 4 (Phonons I. Crystal Vibration).
There were some target words obtained from the text which were decoupled,
estimate, immersed, reduce, rest, sphere, and unlike.

There was also a dictionary to make it possible for the students if they
wanted to do a dictionary activity. It contained the corpus data of the target words,
and explanation which added with the image representation of the target words.
To make it more accessible, it can be used directly from each unit and it contained
the target words from the all units.

4. Flowchart

After the draft of the materials was created, the next step was developing
flowcharts. Flowchart is a symbol or picture which depicts the server of steps
representing a processing activity. This serves as a roadmap of media. It usually

links one page to another. The flowchart can be seen in Appendix D.
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5. The First Draft of the Interactive Multimedia

The first draft of the interactive multimedia was developed referring to
the unit design. The complete draft can be seen in Appendix E, while the
descriptions of basic part of the first draft of the interactive multimedia are
presented below.
a. Start Screen

Start Screen is the first display appeared when the program is running. It
contains the title and the designer of the media, the Yogyakarta State University

logo, a start button, and an exit button. Below is the picture of the Start Screen.

Interactive Vocabulary Learning Multimedia
for the Students of Physics Education Department
Yogyakarta State University

Alvan Bastoni Nuradila
NIM 08202241062
English Education Department
Faculty of Languages and Arts
Yogyakarta State University
2013

Figure 4.1. Start Screen
b. Home Page
After the Start Screen, there is a Homepage. It consists of the title of
multimedia, the subject discussed, the textbook used, and some buttons linked to
other page such as home, close, choose unit, dictionary, about the author,
references, help, and music buttons. There are also home and close button. The

picture of the page can be seen below.
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Interactive Vocabulary Learning Multimedia - Solid State

Interactive Vocabulary Learning Multimedia
for the Students of Physics Education Department
Yogyakarta State University

Syllabus description:
4. Phonons I. Crystal Vibrations
= Vibrations of crystal with monoatomic basis
- Two atoms por peimitive basis
- Quantization of elastic waves
- Phonon momentum
= Inelastic scattering by phonons

Textbook:
Introduction of Solid State Physics by Charles Kittel

Figure 4.2. Home Page
c. Choose Unit Page
In this page, the users can choose the unit and task. A title of each unit is
presented here. Each unit contains different target words but presented in the same
task cycle which consists of introduction as an introduction, main part, and
summary. There is an overview followed by Task 1 until Task 11 as the main part,

and ended by summary of each unit. Below is the image of Choose Unit Page.

Intaractive Vecahulary Learning Multimedia - Solid State ] ®

Choose Unit :

Figure 4.3. Choose Unit Page
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d. Overview Page
This page provides the users a preview about what they will learn in a
specific unit. Even though each unit consists of different target words to be

learned, but they have similar aspects in order to know a word. The picture of

Overview Page can be seen below.

Interactive Vocabulary Leamning Multimedia - Solid State

In this unit you will learn some words that are included in Chapter 4 (Crystal Vibration) about
vibration of crystal with monatomic basis. They are:

(Pada unit inf anda akan mempelajari boberapa kosakata yang terdapat pada Chapter 4 (Crystal
Vibration tentang getaran cristal pada basis moncatomik yait)

1 5

2.

3. displaced 11. propagate
4. 12, propagation
8. equilibium 13. regard

6. forth 14. uatisfiod

7. generalization 16, vanish

8. indepandent

You are expected to be able to:

- choose the correct pronunclation of the target words
- choose the correct part of speech of the target words
- choose the correct definition of the target words

= choose the corréct meaning of the target words

Figure 4.4. Overview Page

e. Taskl

Task 1 is a page where the users are allowed to start knowing a word by
giving them target words’ explanation. A text taken from the textbook given to the
users in which it contain several target words. The text is divided into some parts.
The explanation of the target words come in a form of flash cards. The flash cards
appear by clicking on the underlined target words. Each flash card consists of the
meaning, pronunciation, phonetic transcription, part of speech, the definition and
often added with its cobuild definition. They are also used to give an explanation

about the formulas and figures. The picture of the task is provided below.
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Interactive Vocabulary Learning Multimedia - Solid State

Study the following text. Click the underlined words to see its explanation.
Pelajari text berikut ini. Kiik kata-kata yang bergaris bawah untuk melihat
penfelasannya.

Vibration of Crystal with Monoatomic Basis

the elastic vibration of a
Is in the [100], [110]. and
one of these directions,
or perpendicular to the
ment of the planc
h wavevector there aro
and two of transverse

propagation

direction of the wafl = /,prop.a'ger.|"n/ noun
= he act of process of maving through, causing to

: perambatan

move through, o transmitting, especially in the
form of & wave

s o the
assumption that the elastic energy is a quadratic function of the relative displacement of any two
points in the crystal. Terms in the energy that are linear in the displacements will yanish in
aquilibrium-see the minimum in Fig. 3.6, Cubic and highor-order terms may be neglected for

small slastic
We assume that the force on the plane s caused by the displacements of the plane s + p is
proportional to the difference us+p — us of their displacements. For brevity we consider only nearest-
neighbor interactions, with p = £1. The total force on s from planes s £ 1: (1. This expression is linear

in the displacements and is of the form of Hooke's law.

Figure 4.5. Task 1
f. Task2
In this task, the users are asked to study the target words just like in Task
1. The text still has a continuance with that in Task 1 since they have similar
topic. The text is separated due to the users preference gathered from the need
analysis. The target words are also presented in flash cards. Below is the picture

of the task.

Interactive Vocabulary Learning Multimedia - Solid State

Study the following text. Click the underlined words to see its explanation.
Pelajari text berfkut ini. Kiik kata-kata yang bergaris bawah untuk melihat
penjelasannya.

First Brillouin Zone

Only range of K

of displacements o
covers all independ|

The range of the

fl waves. From (4] the ratio
to + 1 for the phase Ka

~meKasmormia<Ks
louln zone (Fig.5) merely

Subtracting the of 2win that will give a
wavevector inside t} od wavevector K' defined
K' = K — 2mnia lio 5 displacements ratie (10}
bacomes (11}, because =1, Thus the can always be described by a wavevector

within the first zone. 2r/a Is a reciprocal lattice vector because 2mn/a Is a reclprocal lattice vector.

Thus by of an lattice vector frem K, we always obtaln an equivalent
wavevector in the first zone.

At the boundaries Kmaxa = trr/a of the Brillouin zone the solution us = u exp(iska) doos not represent
a travelling wave, but a standing wave. At the zone boundaries sKmaxa = tsm, whence (12). This is a

standing wave: alternate atoms oscillate in opposite phases, us = +1

Figure 4.6. Task 2
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g. Task3

This is a page where the users are provided by non-linguistic
representation. The non-linguistic representations are in the form of animated
pictures. The users need to choose an animated picture that represents a certain
target word. Task 3 consists of some pages in which each page presents one target
words and its non-linguistic representation. At the end of the Task 3 the users can
see how many times they can choose the non-linguistic representations correctly.

There is also a button to try again. The picture of the task is provided below.

Interactive Vocabulary Learning Multimedia - Solid State

Choose the correct image which represents the word.
Pilih gambar yang dapat kata tepat.

1. Boundary

outside
: -4
inside e . t
T

Figure 4.7. Task 3
h. Task4
Similar with Task 3, Task 4 make the users match the target words with
their non-linguistic representations. At that time, the users need to drag the correct
target word into its correct representation. The representations are also in the form

of animated pictures. The print screen of the page is presented below.
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Interactive Vocabulary Learning Multimedia - Solid State

Match the word in the box with its image representation.
Pasangkan kata di dalam kotak d\ bar yang

Independent Oscillate icular | Propagation Vanish

o z. 3. ™
' -

Figure 4.8. Task 4
I. Task5
Task 5 is a page where the users need to match the words with its correct
pronunciation by typing the alphabet of the pronunciation. To hear the
pronunciation, the users just need to push the button on the pronunciation column.
There are two buttons in the bottom of the column. A yellow button is made to
check the answer while the red button is made to allow the users to try to do the

task again. Below is the picture of the task.

Match the words below with their correct pronunciation. Click on the &  button
to listen the pronunciation.

Pasangkan kata-kata di bawah dengan pengucapannya yang sesuai. Kifk tombel ».
untuk of

@ Your Score ;| 0 '-.I,S °

F!‘ﬁl’bi!‘b?t?l‘i‘l'!'

Figure 4.9. Task 5
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j. Task6

Task 6 is designed to make the users chose a correct part of speech. The
users need to click on the correct part of speech and then the feedback in the form
of visual and audio would appear. This task consists of several pages and in the
last page there will be a score of the correct answer and a red button to try again

the task. Below is the figure of Task 3.

Interactive Vecabulary Learning Multimedia - Solid State

Choose the correct part of speech of the words bellow.
Pilihlah kelas kata yang tepat dari kata-kata di bawah ini.

1. Boundary
{The boundary of the first Brillouin zone lies at K = £ n/a)

HOLRY '\? ADIECTME
L O A AT
VERE | & ADVERD |
2. Differ
{The canstant C is the force planes and
will differ for longitudinal and transverse waves)
— P '
| Syl k
VERE ADVERE

Figure 4.10. Task 6

k. Task7

Task 7 is also developed to make the users learned the target word’s part
of speech. This task makes the users chose the correct target words that are
categorized into a certain part of speech. By clicking the show text button, the
users will be given with sentences that contain the target words from the textbook.

The picture below is the appearance of Task 7.
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Interactive Vocabulary Learning Multimedia - Solid State

I .L-._ I d l Choose the words that suit with the desired part of speech. Shew Test
Pilihlah kata-kata yang sesuai dengan kelas kata yang diinginkan.

a. Find 1 noun in the list below
Carilah 1 kata benda pada daftar kata berikut ini

L
L

Figure 4.11. Task 7
. Task8
In this task, the users are asked to choose the correct definition of all the
target words presented in each unit. The users chose the definition by typing the
alphabet of the definition in the provided boxes. There are also a check answer
and a try again button to check the users answer and to try the task again. The

score of the correct answer is also provided. The picture of the task is provided

below.

Interactive Vocabulary Learning Multimedia - Solid State

Choose the correct meaning of the words,
Pilihlah arti kata yang tepat.

1. R
z. R
EN |
4
s Il
e Il
= 0
s I
. 1l

b
i bR
LI

Figure 4.12. Task 8
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m. Task 9

Task 9 is where the users are asked to match the target words with their
meaning in Bahasa Indonesia. They needed to type the answers in the boxes
provided. A check answer and a try again buttons are provided at the bottom of
the page. The users can also know the score of the correct answer at the bottom of

the page. Below is a figure of Task 9.

Interactive Vocabulary Learning Multimedia - Solid State

Match the words bellow with their translation in Bahasa Indonesia.
Pasangkan kata-kata di bawah ini dengan terjemahannya dalam Bahasa Indonesia.

e

4.
LR
6.
7.
8.
9.

Ll el
BEDB
LI |

-
)

e
&5
[ |

@ Your Score : Dio_l"ls °

Figure 4.13. Task 9
n. Task 10
Task 10 is made to allow the users to play a crosswords puzzle. A
question button is made to show the questions of the crossword puzzle. The
answer of the crossword puzzle consists of the target words. Show clue button is
made to help the users by giving them the list of the target words while hide clue

button is made to hide that list. The picture of task 10 can be seen below.
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Interactive Vocabulary Learning Multimedia - Solid State

ll [ 4 Fill the crossword puzzle below.

- Questian
Task 10 Isilah teka-teki silang di bawah ini.

Write your answer here with KAPITAL : ' - | | @ o
[Tondary it Himpimcod

forth | ganeralization | mdependont | escllate | pemendicular
| Propagats | propagation Togad santis il wanish

Figure 4.14. Task 10
0. Task 11
The last task is Task 11. It is developed to incorporate the target words in
a larger learning project. The users are asked to complete some sentences with
suitable words. So the users have to know the target words in the first place. The
list of target words is provided to assist them. A check answer, a try again buttons,
and the score of correct answer are provided at the bottom of the page. Below is a

picture of Task 11.

Interactive Vocabulary Learning Multimedia - Solid State

Use the words in the box to complete the sentences below.
Gunakan kata-kata dalam kotak untuk melengkapi kalimat-kalimat di bawah ini.

boundary differ digplaced | displacemant  equilibrium
forlh genermalzation | independenl oscillale perpendicular
propagate | propagation | regard satisfiod vanish |

= . Solid lines in Fig. 2 show planes of atoms when | as for a longitudinal wave.

S8 2. Thesimplest  |direction is In the [100], [110], and [111].

3. The direction of entire planes of atoms which move with can be parallel or
[ |thewavevectorwhich|  along [100], [110], or [111].

4. Energy that are linear in the displacements will | | in | |

5.  The force constant will | for longltudinal and transverse wave.

6. Fs is identified as the force on one atom in the plane s because it is convenient to €
a8 defined for one atom of the plane.

7. Thevelocity of soundsis| | of frequency in the long limit.

8. In a standing wave, atoms in opposite phases.

9. There, atK=xn/s liesthe| | of the first Brillouin zone.

10. The (16a)isthe|  Jof(7)

11. Bragg's reflection of x-rays shows that a travelling wave cannot propagate in a lattice when the
Bragg is [ |, but a wave is set up through successive reflections

- © [rowseroloris ) @)

Figure 4.15. Task 11
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p. Summary

Summary page is the last page of each unit. It presents the corpus data
and the flash cards explanation of the target words based on its unit. The corpus
data can be seen in Appendix C. In the flashcards there are the meaning, the
pronunciation, the phonetic transcription, the part of speech, the definition, and
some of them also are provided by cobuild examples of the target words. The

picture of task 10 is provided below.

Interactive Vocabulary Learning Multimedia - Solid State

Click the underlined words to see its explanation.
Klik kata-kata yang bergaris bawah untuk melihat penjelasannya.

Target words L2 E
Unit 1 L]
boundary : batas =
boundary | A :
: </"baon.d’r.i/ noun ; 2 E
zero ut the =
» The Loundary of an area of lard is an imaginery i i
linz that separates it from other areas L 2 §
« something that indicates the farthest limit, ascfan [ e on the zone | B 5
area border :g =
&
s
%
- = uier the group velacity is zaro, ol
he two TA phonon branches are horizontal a1 the rone houndary

Figure 4.16. Summary
g. Dictionary
The dictionary presents the meaning, the pronunciation, the phonetic
transcription, the part of speech, the definition, and some of them are provided
with cobuild example of the target words. Some target words are also provided
with non-linguistic representation in the form of animated pictures. The users can

choose to see the target words’ dictionary based on their unit.
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Figure 4.17. Dictionary

6. The Review of the First Draft by the Experts

The expert judgment is aimed to get the experts’ suggestions about the
first draft of the materials. The multimedia is reviewed by two content experts and
a media expert. Since the multimedia is developed for the students of Physics
Education Department, the content experts consist of language expert and subject
expert. The feedbacks from the experts are used to design the final draft of the
media and to assess whether the multimedia is appropriate or not. The
questionnaires for the experts can be seen in Appendix A.
a. The Review from Content Experts

The language expert, who evaluated the English materials, suggested that
some changes in the multimedia should be made. The first was to add an example
in each task in all units. The example is needed to make the user easier to
understand the instruction.

The pictures in Task 3 and Task 4 in all units needed to be changed into

animated pictures. Twenty nine animated pictures were made to replace them. The
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mistakes in writing the instruction on some tasks were the next point that should
be revised.

The language expert recommended changing “that included” into “that
are included” in the instructions of Task 1 in all units. The words “the desired” in
the instruction of Task 7 in all units should also be changed into “the correct”. The
words “of the words” which is contained in the instruction of Task 8 in all units
should be omitted.

The subject expert, who evaluated the Physics content, suggested that
some changes considering the meaning of some words should be made. The
meaning of *“generalization”, “propagate”, “propagation”, “excite”, “gap”,
’recoil”, and “sphere” were inappropriate and therefore they were revised. The

meaning were revised from “menyebar”, “penyebaran”, “meningkat (ke energi
yang lebih tinggi)”, “celah”, “melompat”, and “bulatan” into “penyamarataan”,
“merambat”, “perambatan”, “penyamarataan”, “pindah keluar (elektron)”,
”jarak”, “melonjak”, and “bola”.

The review that came as results of the questionnaire was then used to
revise the materials and decide whether the multimedia was already appropriate or
not. When the data of the mean values (x ) showed that they were ‘Fair’, ‘Good’,
or ‘Very Good’, the units of the multimedia were considered as appropriate.

1) Evaluation and Validation of Unit 1
The language expert judgment of Unit 1 resulted in some changes that

should be made. In the instruction in overview “that included” should be replaced

by “that are included”. An example of how to do the task also should be added.
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The pictures in Task 3 and Task 4 that work as representations of the target words

should be changed into animated pictures. The words “the desired” in Task 7

instruction also should be changed into “the correct”. On the instruction of Task 8

the words “of the words” should be omitted. Table 4.8 below shows the result of

the evaluation of Unit 1 from the content expert.

Table 4.8. The Evaluation of Unitl from the Language Expert

Unit Task Evaluation Revision
Unit | Overview | On the instruction, “that revising the instruction
1 included” should be replaced
with “that are included”.
Task 1— | There is not any example adding an example in each
Task 11 available. task in all units
Task 3 The pictures should be replacing the picture with
replaced by animated pictures. | animated picture
Task 4 The pictures should be replacing the picture with
replaced by animated pictures. | animated picture
Task 7 On the instruction, “the revising the instruction
desired” should be replaced
with “the correct”.
Task 8 On the instruction, *“of the revising the instruction

words” should be omitted.

The subject expert asked to consider doing some changes which were the

meaning of “propagate” and the meaning of “propagation”. Both of them should

be revised. The result of the evaluation from the content experts is shown in Table

4.8. below.

Table 4.9. The Evaluation of Unit 1from the Subject Expert

Dictionary

Unit Task Evaluation Revision
Unit | Task 1,
1 | Task2, The meaning of “propagate” revising the meaning

Task 9 & | was inappropriate.
Dictionary
Task 1,
Task 2, The meaning of “propagation” revising the meaning
Task 9 & | was inappropriate.
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The content experts agreed that Unit 1 was appropriate. It was proven by
the mean values (x) in Table 4.10 and Table 4.11. The smallest mean was 4 while
the biggest was 5 According to Sudjono (2003:335), the mean value (k) of 3.4 <Xx
< 4.2 is categorized as ‘Good’, and (x) > 4.20 is categorized as ‘Very Good’. The
tables below explain the descriptive statistics of Unit 1.

Table 4.10. The Descriptive Statistic of the Language Expert Validation on the
Appropriateness of Unit 1

No. | Element | n | Mean (%) | Category
The Appropriateness of the Content

1. | The Appropriateness with Syllabus 15 5 Very Good

2. | The Materials Supporting the Learning | 14 4.7 Very Good
The Appropriateness of the Language

3 The App,ropriateness with the Level of 12 4 Good

Students’ Development

4. | Communicative 5 5 Very Good

5. | Accuracy 8 4 Good

6. | Cohesive and Coherence 8 4 Good
The Appropriateness of the Presentation

7. | Technique of Presentation 20 5 Very Good

8. | Learning Presentation 37 4.6 Very Good

Table 4.11. The Descriptive Statistic of the Subject Expert Validation on the
Appropriateness of Unit 1

No. Element n | Mean (x) | Explanation
1. | The Appropriateness with Syllabus 14 4.7 Very Good
2. | The Appropriateness of the Concept 12 4 Good
3 The _Approprlateness of the Word 12 4 Good

Choice

2) Evaluation and Validation of Unit 2

The language expert judgment of Unit 2 suggested some revisions in
similar parts of Unit 1. The words “that included” in the instruction in overview
should be replaced by “that are included”. To help the users do the thask, an

example of how to do the task also should be added in all tasks. Representations
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of the target words in Task 3 and Task 4 should be changed into animated

pictures. The words “the desired” in instruction of Task 7 should be changed into

“the correct”. The words “of the words” on the instruction of Task 8 should be

omitted. Below is Table 4.12 that shows the result of the evaluation of Unit 2

from the content expert.

Table 4.12. The Evaluation of Unit 2 from the Language Expert

Unit Task Evaluation Revision
Unit | Overview | On the instruction, “that revising the instruction
2 included” should be replaced
with “that are included”.
Task 1 — | There is not any example adding an example in each
Task 11 | available. task in all units
Task 3 The pictures should be replacing the picture with
replaced by animated picture. | animated picture
Task 4 The pictures should be replacing the picture with
replaced by animated picture. | animated picture
Task 7 On the instruction, “the revising the instruction
desired” should be replaced
with “the correct”.
Task 8 On the instruction, “of the revising the instruction
words” should be omitted.

The subject expert suggested changing the meaning of “excite” and

“gap”. Below is the result of the evaluation from the content experts which is

shown in Table 4.13.

Table 4.13. The Evaluation of Unit 2 from the Subject Expert

Unit Task Evaluation Revision
Unit | Task 1, The meaning of “excite” was | revising the meaning
2 Task 2, inappropriate.

Task 9 &

Dictionary

Task 1, The meaning of “gap” was revising the meaning

Task 2, inappropriate.

Task 9 &

Dictionary
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The validation showed that Unit 2 was appropriate. This was supported
by the mean values (x) in Table 4.14 and Table 4.15. The smallest mean was 4
while the biggest was 5. According to Sudjono (2003:335), the mean value (x) of
3.4 < x < 4.2 is categorized as ‘Good’, and (x) > 4.20 is categorized as ‘Very
Good’. The tables below explain the descriptive statistics of Unit 2.

Table 4.14. The Descriptive Statistic of the Language Expert Validation on the
Appropriateness of Unit 2

No. | Element | n | Mean () | Explanation
The Appropriateness of the Content
1. | The Appropriateness with Syllabus 15 5 Very Good
2. | The Materials Supporting the Learning | 13 4.3 Very Good
The Appropriateness of the Language
The Appropriateness with the Level of
3 Studenﬁg’ Dpevelopment 15 ° Very Good
4. | Communicative 5 5 Very Good
5. | Accuracy 10 5 Very Good
6. | Cohesive and Coherence 10 5 Very Good
The Appropriateness of the Presentation
7. | Technique of Presentation 20 5 Very Good
8. | Learning Presentation 40 5 Very Good

Table 4.15. The Descriptive Statistic of the Subject Expert Validation on the
Appropriateness of Unit 2

No. Element N | Mean (x) | Explanation
1. | The Appropriateness with Syllabus 14 4.7 Very Good
2. | The Appropriateness of the Concept 12 4 Good
3 The _Approprlateness of the Word 12 4 Good

Choice

3) Evaluation and Validation of Unit 3

The judgment of the language expert toward Unit 3 resulted in some
parts that should be revised. On the instruction in overview there were words “that
included” which should be replaced by “that are included”. To help the users do

the task, an example of how to do the task also should be added in all tasks.
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Representations of the target words in Task 3 and Task 4 should be changed into
animated pictures. Instruction of Task 7 that include the words “the desired”
should be changed into “the correct”. The words *“of the words” on the instruction
of Task 8 should be omitted. Below is Table 4.16 that shows the result of the
evaluation of Unit 2 from the content expert.

Table 4.16. The Evaluation of Unit 3 from the Language Expert

Unit Task Evaluation Revision
Unit | Overview | On the instruction, “that revising the instruction
3 included” should be replaced
with “that are included”.
Task 1 — | There is not any example adding an example in each
11 available. task in all units
Task 3 The pictures should be replacing the picture with
replaced by animated picture. | animated picture
Task 4 The pictures should be replacing the picture with
replaced by animated picture. | animated picture
Task 7 On the instruction, “the revising the instruction
desired” should be replaced
with “the correct”.
Task 8 On the instruction, “of the revising the instruction
words” should be omitted.

A suggestion from the subject expert has been done by changing the
meaning of “recoil”. Below is the result of the evaluation from the content experts
which is shown in Table 4.17.

Table 4.17. The Evaluation of Unit 3 from the Subject Expert

Unit | Task Evaluation Revision

Unit | Task 1, | The meaning of “recoil” was revising the meaning
3 Task 2, | inappropriate.

& Task 9

Content experts believed that Unit 3 was appropriate. It was supported by

the mean values (x) in Table 4.18 and Table 4.19. The smallest mean was 4 while

the biggest was 5. According to Sudjono (2003:335), the mean value (x) of 3.4 <
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x < 4.2 is categorized as ‘Good’, and (x) > 4.20 is categorized as ‘Very Good’.

Below are the tables explain the descriptive statistics of Unit 3.

Table 4.18. The Descriptive Statistic of the Language Expert Validation on the
Appropriateness of Unit 3

No. | Element | N | Mean (x) | Explanation
The Appropriateness of the Content

1. | The Appropriateness with Syllabus 15 5 Very Good

2. | The Materials Supporting the Learning | 15 5 Very Good
The Appropriateness of the Language

The Appropriateness with the Level of

3 Studenptis)’ Igevelopment 14 4.7 Very Good

4. | Communicative 4 4

5. | Accuracy 8 4 Good

6. | Cohesive and Coherence 8 4 Good
The Appropriateness of the Presentation

7. | Technique of Presentation 20 5 Very Good

8. | Learning Presentation 40 5 Very Good

Table 4.19. The Descriptive Statistic of the Subject Expert Validation on the
Appropriateness of Unit 3

Choice

No. Element n | Mean (x) | Explanation
1. | The Appropriateness with Syllabus 14 4.7 Very Good
2. | The Appropriateness of the Concept 12 4 Good
3 The Appropriateness of the Word 13 43 Very Good

4) Evaluation and Validation of Unit 4

The language expert judgment of Unit 4 suggested that some parts need

revisions. The overview’s instruction contained the words “that included” that

should be replaced by “that are included”. In all tasks, there is an example of how

to do it that added. Pictures in Task 3 and Task 4 should be changed into animated

pictures. The words “the desired” in instruction of Task 7 should be changed into

“the correct”. The words “of the words” on the instruction of Task 8 should be
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omitted. Table 4.20 below shows the result of the evaluation of Unit 4 from the
content expert.

Table 4.20. The Evaluation of Unit 4 from the Language Expert

Unit Task Evaluation Revision
Unit | Overview | On the instruction, “that revising the instruction
4 included” should be replaced
with “that are included”.
Task 1 — | There is not any example adding an example in each
Task 11 | available. task in all units
Task 3 The pictures should be replacing the picture with
replaced by animated picture. | animated picture
Task 4 The pictures should be replacing the picture with
replaced by animated picture. | animated picture
Task 7 On the instruction, “the revising the instruction
desired” should be replaced
with “the correct”.
Task 8 On the instruction, “of the revising the instruction
words” should be omitted.

There is only one suggestion from the subject expert which is changing
the meaning of “recoil”. The result of the evaluation from the content experts is
shown in Table 4.21. below.

Table 4.21. The Evaluation of Unit 4 from the Subject Expert

Unit | Task Evaluation Revision

Unit | Task 1, | The meaning of “sphere” was | revising the meaning
4 | Task 2, inappropriate.

& Task 9

Unit 4 was considered as appropriate by the content experts. This was
supported by the mean values (x) in Table 4.22 and Table 4.23. The smallest
mean was 4 while the biggest was 5 According to Sudjono (2003:335), the mean
value (x) of 3.4 < x < 4.2 is categorized as ‘Good’, and (x) > 4.20 is categorized

as ‘Very Good’. The following tables explain the descriptive statistics of Unit 4.
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Table 4.22. The Descriptive Statistic of the Language Expert Validation on the

Appropriateness of Unit 4
No. | Element | n | Mean () | Explanation
The Appropriateness of the Content
1. | The Appropriateness with Syllabus 15 5 Very Good
2. | The Materials Supporting the Learning | 12 4 Good
The Appropriateness of the Language
The Appropriateness with the Level of
3 Studenﬁg’ Dpevelopment 15 S Very Good
4. | Communicative 5 5 Very Good
5. | Accuracy 10 5 Very Good
6. | Cohesive and Coherence 8 4 Good
The Appropriateness of the Presentation
7. | Technique of Presentation 20 5 Very Good
8. | Learning Presentation 40 5 Very Good

Table 4.23. The Descriptive Statistic of the Subject Expert Validation on the
Appropriateness of Unit 4

Choice

No. Element n | Mean (x) | Explanation
1. | The Appropriateness with Syllabus 14 4.7 Very Good
2. | The Appropriateness of the Concept 12 4 Good
3 The Appropriateness of the Word 13 43 Very Good

b. The Review from Media Experts

1) Evaluation and Validation from Media Experts

There were some suggestions which were given by the media expert. The

first was related to the button of the media. There were some buttons that needs to

be revised such as “Show Clues” button and “Show Text” in Unit 1. Both of them

cannot work properly as what they supposed to be. A revision of their script

needed to be done to make them meet their purpose.

The second was the display of the Help page content that was not clear

enough. The display needed to be more visible to make the users understand the
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content. To make it more visible, the opacity and the sharpness of the display
needed to be increased.

The last was about the element of audio. The volumes of the audio were
inconsistent; therefore they were needed to be edited so that the volumes are in the
same level. Table 4.24 below explains the evaluation from the media expert.

Table 4.24. The Evaluation from the Media Expert

Element Evaluation Revision

The “Show Text” button in Task 7 | revising the script
Button Unit 1 is not active ' _ '

The “Show Clues” button in Task | revising the script

10 Unit 1 is not active

The content of the Help page is adding the opacity of the
Display not vis_ible enough _ conFent _

There is not any unit label on the | adding unit label

task

Scores and feedback also obtained from the media expert. They were
used to design the final draft of multimedia and decide whether the multimedia
was already appropriate or not. Multimedia was considered as appropriate when
the data of the mean values (x) showed that they were ‘Fair’, ‘Good,’, or “Very
Good’. The table below shows the descriptive statistic of media expert validation.

Table 4.25. The Descriptive Statistic of Media Expert Validation on the
Appropriateness of Multimedia

No. | Element | n | Mean () | Explanation
Interface

1. | General display 42 4.7 Very Good
2. | Text 33 4.7 Very good
3. | Audio 15 5 Very good
4. | Animation and picture 24 4.8 Very good
Navigation

5. | Functions of the buttons 15 5 Very good
6. | Completeness of the buttons 13 4.3 Very good
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Based on the table above, the media expert agreed that the multimedia
was appropriate for the students of Physics education Department Yogyakarta
State University. The multimedia is appropriate when the mean value (x) > 2.6
(Sudjono, 2003:335). Table 4.25 shows that the smallest mean is 4.3 and the
biggest mean is 4.7
7. The Final Draft of the Interactive Multimedia

The final draft of the multimedia was designed after the first draft of
multimedia was reviewed by the content and media experts. The final draft of the
multimedia can be seen in Appendix G. Below is the table which presents
revisions of the multimedia.

Table 4.26. The Revised Version of Interactive Multimedia

The Appearance of Multimedia Revision
Interactive Vocabulary Learning Multimedia - Solid State
I this unit you will learn some words that are Im:ln_du:l in Chapler 4 {Crystal Vibration) about
Pads ot i aels ks mermpeljol Boberépa husakets yong tacdapat pada Chapter £ (Cryet
Vibration tentang gefaran crisfal pada basis moncatomik yaitu:)
1 boundary o On the instruction of
i @epicement 2 ropagation the overview, “that
8. equilibrium 13. regard . ”
1. 7| Evmanenion e included” was
8. indopondant H [13
replaced with “that are
e included”
= choose the correct definition of the target words
: 1 L W E o = “ -




Interactive Vocabulary Learning Multimedia - Solid State

Example Task 1

1. click the underlined word 2. study the explanation on the flashcard
We want 1o find the frequer

propagation * perambatan

[ prop.a'ger. P/ noun

11 BC1 0F ProcEss of MaVng INOUDN. CaLINg to

& from it equilibrium position. mens theolgh, of tranemdting, especiaty in the
three modes as solution for forim of & wane

3. click T to hear the pronunciation

propagetion perambatan

-/ prop.o’ gt] S poun
1 ITTet o process of moving thecugh, cauti
e i, o varmmilig. sepecian e

Study the following text. Click the underlined words to see its explanation.
Pelajari text berikut ini. Kiik kata-kata yang bergaris bawah untuk melihat
penjelasannya.

Vibration of Crystal with Monoatomic Basis

Wa want to find
crystal with one ato

the elastic vibration of a
Is In the [100], [110], and

[111] propagation df propagate - merambat b ene of these directions,
entire planes of ot to the
din:ﬁenenhl war _c,.l"pmp 3.gert/ verb Hisplacement of the plane
& from its f Deo ; ; of ie " fch wavevector there are
thres modes as s * ! PECPIE propagate an wea or pece of information, 10 SREPEES

they spread it and try 11 make pacpie believa it or
gz Suppont A [rhat is equivalent to the
= In move Thiough, cause o move thvough, ar kisplacement of any two
transmit,_ especially in the form of a wave =

small elastic

We assume that the force on the plane s caused by the displacements of the plane s + p is
proportional to the difference us+p - us of their displacements. For brevity we consider only nearest-
neighbor interactions, with p = £1. The total force on s from planes s £ 1: (1). This expression is linear
in the displacements and is of the form of Hooke's law.

Study the following text. Click the underlined words to see its explanation.
Pelajari text berikut ini. Kiik kata-kata yang bergaris bawah untuk melihat
penjelasannya.

Vibration of Crystal with Monoatomic Basis

the elastic vibration of a
Is In the [100], [110], and
one of these directions,

[111] propagation dfl propagation : perambatan
entire planes of s 1 _
e f prop.a'ger.['n/ noun

direction of the wa
« the act or process of moving through, causing o

= from its
move Uiroughe o brarsmilling, especially in the
polarization (Fig. I8 1o of 2 wave

assumption that the elastic energy is a quadratic function of the relative ﬂm of any m
points in the crystal. Terms in the enorgy that are linear in the displacomonts will vanish in
squilibrium-ses the minimum in Fig. 3.6. Cubie and higher-order terme may be neglected for
amall elastic

‘We assume that the force on the plane s caused by the displacements of the plane s + p is
proportional to the difference us+p - us of their displacements. For brevity we consider only nearest-
neighbor interactions, with p = £1. The total force on s from planes s £ 1: (1). This expression is linear
in the displacements and is of the form of Hooke's law.
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e An example for
each task was
added.

e All tasks were
labeled with their
unit

The meaning of
“propagate” which
was “menyebarkan”
was changed into
“merambat”.

The meaning of
“propagation” which
was “penyebaran” was
changed into
“perambatan”




Interactive Vocabulary Learning Multimedia - Solid State

Study the following text. Click the underlined words to see its explanation.
Pelajari text berikut ini. Klik kata-kata yang bergaris bawah untuk melihat
penjelasannya.

Two Atoms Per Primitive Basis

The particle
branches are sh
in (20), (26). The
atoms ::ry
electric fleld of a
the ratio w/v will be complex, as follows from either of the equations (20). Another solution
for the amplitude ratio at asmall K is u = u, obtained sa the K = 0 limit of (24). The atoms (and
their conter of mass) move tog as in long g il whence the
term acoustical branch.

Wavelike solution do not exist for certain frequencies, here batween (2C/M,)"? and
(2C/Mz)"2. This is a characteristic feature of elastic waves in polyatomic lattices. There is a
frequency gap at the boundary K. = 2mfa of the first Brillouin zene.

ransverse optical (TO)
on substitution of (23)
pass is fixed. If the two

of this type with the
ranch. At a general K

excite : pindah keluar (elektron)
</ik'sait/ verb

= to raise (an atom, molecule, electron, nucleus,
@1c) from the ground state 1o a higher anergy
Javil

Study the following text. Click the underlined words to see its explanation.
Pelajari text berikut ini. Klik kata-kata yang bergaris bawah untuk melihat
penjelasannya.

Two Atoms Per Primitive Basis

The particle
branches are shq
in (20}, (26). The
atoms carry oppy

ransverse optical (TO)
on substitution of (23)
pass is fixed. If the two

of this type with the
ranch. At a general K

gap : jarak
</geep/ noun

= A gap batwean two groups of peopla, things, or
sols of ideas is a big difference batween them.

electric fleld of alf «a qnverrﬁr\m o difference, mspanw

the ratio w/v will be complex, as follows from either of the equations (20). Another solution
for the amplitude ratio at small K is u = u, obtained sa the K = 0 limit of (24). The atoms (and
their conter of mass) move tog as in long o il whence the
term acoustical branch.

Wavelike solution do not exist for certain frequencies, here batween (2C/M,)"? and
(2C/M3)"2. This is a characteristic feature of elastic waves in polyatomic lattices. There is a
frequency gap at the boundary Keu. = 2mfa of the first Brillouin zene.

Study the following text. Click the underlined words to see its explanation.
Pelajari text berikut ini. Klik kata-kata yang bergaris bawah untuk melihat
penjelasannya.

PHONON MOMENTUM

Aph K will
electrons as |

such hoto and
not camy physical

momentum, recoil

. melonjak
< Jrr'koil/ verd

Il somathing makes you recoll, you move your
hody quickly away from it because it frightens,
offends, or hurs you, e

1o change momentum as a result of the emission af

a photon or particle

The reas:
coordinate (e
maolecule the i
not camy linea
uniform mode

is that a phonon
ms. Thus in an H;
hordinate and does

In crystal ansitions between
quantum states. We saw in chapter 2 that elastic scattering of an x-ray photon by a crystal
Is by the rule (30), where G IS a vector in the reciprocal
lattice, K Is the wavevector of the incident photon, k' Is the wavevector of the scattered
photon. In the reflection process the crystal as a whole will recoil with momentum - hG, but

this uniform mode Is rarery
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The meaning of
“excite” which was
“meningkat ke energi
yang lebih tinggi” was
changed into “pindah
keluar (elektron)”

The meaning of “gap”
which was “celah”
was changed into
“jarak”

The meaning of
“recoil” which was
“melompat” was
changed into
“melonjak”
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Interactive Vecabulary Learning Multimedia - Solid State

Study the following text. Click the underlined words to see its explanation.
Pelajari text berikut ini. Kiik kata-kata yang bergaris bawah untuk melihat
penjelasannya.

5 Dimtomic chal. Consider ihe normul modes of a lincar chaim in which the force constants betwoen nearest-

: bola

< /sfir/ noun

= A sphere Is an oblect that is completely round in
shape like a ball,

= & three-dimensional closed surface such thal every
paint on the surface is equidistant from a given

irt. the center

iform wea of condustion

electrons. The i

e points, 1 one ion is

displaced o small o e 1o the electric charge

within the spher

the vebocity off sowsd in the metal

The meaning of
“sphere” which was
“bulatan” was
changed into “bola”

Choose the correct image which represents the word.
Pilih gambar yang dapat kata

tepat.

1. Boundary

The pictures were
replaced by animated
pictures.

Match the word in the box with its image representation.
Pasangkan kata di dalam kotak I yang g

[Fepandiciter] Propsgation [T VamaRI]

10.

The pictures of Task 4
in all units were
replaced by animated
pictures.
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Interactive Vecabulary Learning Multimedia - Solid State e On the instruction
Choose the words that suit with the correct part of speech. SowTes Of TaSk 7 i n U n it 1 y

Pilihlah kata-kata yang sesuai dengan kelas kata yang diinginkan.

“the desired” was
1. The range - n to + n for the phase Ka covers all independent values of the exponential, e replaced W|th “the
T S i e s e e t”
g e b b correct -
11 AT R along one of these directions, entire planes of atoms move in b The “ShOW TeXt"
* phmm:ﬂ-plmmu»-rmwummdmuuudlmum button Of TaSk 7 |n
e O e unit 1 was repaired
the force on one atom in the plane s.
7. This Is to Bragg of x-rays: when the Bragg condition Is
Sack m- o m'&..“n al'w; g e in a lattice, but through successive reflections
8. Terms in the energy that are linear in the will vanish in the
minimum in Fig. 3.6.

On the instruction of
Task 8 in unit 1, “of
the words” was
omitted.

Choose the correct meaning.
Pilitlah arti kata yang tepat.

12.

PENBWsuNE
EERRRERER

........
GEES
L0

Your Score :!_Tlof i5 o

®

B. Discussion

English is used in Physics Education Department of Yogyakarta State
University as the medium language in their textbooks. The students of Physics
Education Department of Yogyakarta State University have to read so many
English textbooks in their study. They feel that it is difficult to read the textbooks
since they found many unknown words in it. Despite of the importance of the
vocabulary understanding for the students, they only have 2 credits semester of
English Subject in their first semester. They feel that it is not enough to make
them understand the vocabulary in the textbooks. Even they can find any bilingual
dictionary that related to the Physics Subject. So the students need to be facilitated

and emphasized in learning vocabulary. Interactive media can be useful for the
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students in dealing with that problem. They can learn the material outside the
classroom since almost all of the students have the ability to access the media. But
there are not any multimedia that can make them learn about vocabulary Physics
Subjects. Considering the facts above, interactive learning multimedia which is
appropriate with the learners’ need and learning needs is developed.

Needs analysis was conducted to make sure that the interactive media
could meet the students’ target needs and learning needs. Theory proposed by
Hutchinson and Waters (1987) about target needs and learning needs was used to
develop the needs assessments questionnaire. The questionnaire also used theory
from Bennett (2010) to analyze the target needs about the corpus data of
vocabulary. Related with the media, theory from Bhatnagar, Mehta and Mitra
(2002) was also used in the questionnaire about the learning needs.

The result of the needs analysis was needed to develop a course grid and
a flowchart of the multimedia. The course grid was developed to provide a
framework of the learning process. The flowchart was used to provide a
framework of the multimedia. A syllabus of the Physics Subject was also
considered in developing the material.

From the needs analysis, it can be inferred that students learned English
to make them able to read their textbooks. The difficult they had when reading
textbooks was to understand the vocabulary. The students need to know about
vocabulary in the subject of Fisika Zat Padat in chapter 4. They feel that their

ability in understanding the vocabulary in the Physics textbook was considered as
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poor. They wanted to know about the definition, the meaning, the part of speech,
the pronunciation, and the image representation of the words.

It was also found that the students wanted to learn the vocabulary in the
texts that have approximately 251 — 500 words in length with the amount of 11 —
15 new vocabulary in each unit. The students have chosen the unknown
vocabulary through the second questionnaire. During the learning process, they
wanted to use explicit approach in learning the vocabulary. They also expected
some activities to be included in the media such as matching the word with its
definition, matching the word with its meaning, matching the word with its
pronunciation, flash cards, matching the word with its image representation,
crossword puzzle, and completing sentences. Considering with the setting, they
wanted to learn the vocabulary outside of campus. In term of media, the students
wanted to use multimedia. According to their preferences, the background, type of
font, font size, and font color of the multimedia should be designed depend on its
function. They also felt that sometimes picture and back sound are needed to be
included in the multimedia.

Based on the findings above, four units of multimedia were developed.
Each unit consisted of 11 tasks and added with a dictionary. The tasks were
sequenced using phases of teaching vocabulary that was proposed by Grabe and
Stiller (2001) and adapted from the steps of explicit vocabulary instruction which
was developed by Marzano (2004). Each unit contained introduction, main part
and summary. The introduction consisted of an overview and indicators of the

unit. The main part consisted of the tasks cycle which consisted of explanation of
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the target words, non-linguistic representation, target words’ activities (matching,
matching the words with its pronunciation, choosing the correct part of speech,
find the correct words that represent certain part of speech, matching definition,
and matching meaning), games (crossword puzzle), and completing sentences.
The summary was also provided at the end of every unit to give students brief
explanation about what they already learned.

According to the language expert, the materials were appropriate with the
syllabus and support the students’ learning process. The language used in the
materials was appropriate with the level of students’ development,
communicative, accurate, cohesive, and coherence. In terms of the presentation,
the materials were delivered with appropriate technique and learning presentation.
The subject expert suggested that the materials were appropriate with syllabus of
the Physics subject. The materials were also appropriate with the Physics concept.
The choices of words in the materials were also considered as appropriate. In case
of the media, the media expert believed that general display of the media was
appropriate. The text and audio of the media were also appropriate. The media
also had appropriate animation and picture. In terms of navigation, the media had
fully functioned and complete buttons.

Based on the result of the expert judgment, the material was appropriate.
It can be seen from the mean value of each item in the questionnaire of expert
judgments on the content of the material. The first content expert, as the language
expert, who reviewed the English materials showed that the range of the mean

value was 4 to 5 for Unit 1, 4.3 to 5 for Unit 2, 4 to 5 for Unit 3, and 4 to 5 for



98

Unit 4. The second content expert, as the subject expert, who reviewed the
Physics content showed that the range of the mean value was 4 to 4.7 for Unit 1, 4
to 4.7 for Unit 2, 4.3 to 4.7 for Unit 3, and 4.3 to 4.7 for Unit 4. The media was
also analyzed by the media expert and the research findings showed that it was
well-designed. The range of the mean value obtained from the media experts was
4.3 to 5. Based on Likert Scale, all of those ranges fall in the “Good” and “Very
Good” categories. In conclusion, the interactive vocabulary learning for the
students of Physics Education Department of Yogyakarta State University was

developed appropriately.
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CHAPTER V

CONCLUSIONS AND SUGGESTIONS

This chapter presents the conclusions of the research and the suggestions
to other parties. The conclusions discusses about the target needs, the learning
needs and the appropriate interactive vocabulary learning multimedia for the
students of Physics Education Department Yogyakarta State University in the
subject of Fisika Zat Padat. The suggestions are addressed to English Lecturers
and other researchers.

A. Conclusions

The research findings and discussions in the previous chapter lead to the
following conclusions:
1. Target Needs

It was found that the goal of learning English for Physics Education
Students Yogyakarta state University was to help them in reading their English
textbooks especially in the subject of Fisika Zat Padat in chapter 4.

They faced a difficulty in reading the textbook which was to understand
the vocabulary in the text since they believed that they had insufficient ability in
understanding the vocabulary. The findings also showed that related to the aspects
of vocabulary, they were expected to know about the definition, the meaning, the

part of speech, the pronunciation, and the image representation of the words.
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2. Learning Needs

The students believed that they need to learn some words related to the
subject of Fisika Zat Padat in chapter 4 which were boundary, differ, displaced,
displacement, equilibrium, forth, generalization, independent, oscillate,
perpendicular, propagate, propagation, regard, satisfied, and vanish to be included
in Unit 1. Words such as adjacent, coincide, contain, essential, excite, gap,
homogeneous, interleaved, pair, and thereby needed to be included in Unit 2.
While Unit 3 should include some words such as absorbed, absorption, chiefly,
density, determine, determined, occupancy, occupied, occur, rarely, recoil,
rigorously, and suitable. They also needed to learn some words such as decoupled,
estimate, immersed, reduce, rest, sphere, and unlike in Unit 4. They tended to
learn the vocabulary in the text that 251 — 500 words in length with the amount of
vocabulary learned in each unit was about 11-15 words.

The students desired to learn the vocabulary by using explicit approach.
In learning the vocabulary they preferred to do some activities which were
matching the word with its definition, matching the word with its meaning,
matching the word with its pronunciation, explaining the words using flash cards,
matching the word with its image representation, crossword puzzle, and
completing sentences. They wanted to do those activities of learning vocabulary
outside of the campus.

The desired media to learn the vocabulary was multimedia. According to
the students, the background, the font type, the font color, and the font size in the

multimedia should be designed depend on their functions. They also believed that
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the use of pictures and back sound in the multimedia were sometimes needed to
make it more attractive.
3. The Appropriate Interactive Vocabulary Learning Multimedia

Effective interactive vocabulary learning multimedia for the students of
Physics Education Department Yogyakarta State University in the subject of
Fisika Zat Padat had the following design.
a. The Introduction

It consists of an overview which provides the words to be learned in each
unit and indicators of the unit.
b. The main part

It consists of tasks which are explaining the words, matching non-
linguistic representation of the words, matching the words with its pronunciation,
choosing the correct part of speech, finding the correct words that represent
certain part of speech, matching definition, matching meaning, filling a crossword
puzzle, and completing sentences.
c. The summary

It gives students brief explanation about what they already learned. The
summary provides the students with the corpus data of the words, explanation of
the target words and their image representation.
d. The dictionary

It provides the explanation of the target words from the whole unit and

the image representation.
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B. Suggestions
1. To English Lecturers

Since there may some words that the students of Physics Education
Department Yogyakarta State University do not understand in another chapter or
even another subject, the English lecturer should consider those words in their
learning process to help the students understanding their textbook.

As the English lecture of the Physics Education Department Yogyakarta
State University has a very limited time, it will be better if the lecturer also make
an interactive vocabulary learning so the students are able to learn the vocabulary
even when the English lecture is finished. In designing interactive multimedia, the
theory of materials development and interactive learning multimedia should be
considered. Moreover, research findings about appropriate interactive vocabulary
learning multimedia for the students of Physics Education Department
Yogyakarta State University should be referred.
2. To Other Researchers

The focus of this research is developing interactive vocabulary learning
multimedia for the students of Physics Education Department Yogyakarta State
University especially in the subject of Fisika Zat Padat in chapter 4. Since there
are still other chapters and also another subject exist to be studied by the Physics
Education Department students, it gives other researchers a possibility to design

interactive learning multimedia for those other chapters or another subject.
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The other researchers are also expected to design interactive vocabulary
learning multimedia even for other field of study outside of Physics Education

Students.
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Facilities

Explanation
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INTERVIEW GUIDE

Interview guide for the Physics Lecturer

1.

Materi apa yang Bapak gunakan?

(What material do you use to teach the Physics subject?)

Kapan mahasiswa membutuhkan kemampuan Bahasa Inggris?

(When do the students use their English proficiency?)

Bagaimana kemampuan Bahasa Inggris siswa kelas A/6 Jurusan
Pendidikan Fisika UNY?

(What is the English competence of the A/6 students of Physics Education
Department Yogyakarta State University?)

Apa yang Bapak lakukan ketika mengajarkan materi Fisika?

(What do you usually do when teaching the material?)

Kesulitan apa yang mahasiswa hadapi dalam menggunakan kemampuan
Bahasa Inggris?

(What is students’ difficulty in using English?)

Apa yang Bapak lakukan dalam membantu mahasiswa mengatasi kesulitan
mahasiswa?

(What do you do when students have difficulties?)



111

Analisis Kebutuhan Siswa Akan Pembelajaran Kosakata Bahasa Inggris
Melalui Multimedia Pembelajaran Interaktif Jurusan Pendidikan Fisika

Nama
Kelas
Jenis Kelamin  : L/P

Usia

Jawablah pertanyaan di bawah ini sesuai dengan keadaan Anda yang

sebenarnya dengan memberi tanda centang (v') pada pilihan jawaban yang

tersedia. Anda dapat memilih jawaban lebih dari 1 pada butir yang memiliki tanda
bintang (*).

1.

Tujuan saya belajar Bahasa Inggris adalah...*

[ ] untuk membaca buku teks

[ ] dapat berkomunikasi menggunakan bahasa inggris dengan baik
[] untuk melanjutkan studi

[] lain-lain,....... (sebutkan)

Kendala saya dalam membaca buku teks yang menggunakan Bahasa Inggris
adalah...*

[] memahami kosakata

[[] memahami struktur kalimat

[] tidak bisa membaca teks bahasa inggris dengan cepat

[] lain-lain,....... (sebutkan)

Penguasaan saya dalam memahami kosakata Bahasa Inggris dalam buku
teks...
[ ] sangat kurang

[] kurang
[] baik
[ ] sangat baik
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Pengetahuan tentang kosakata Bahasa Inggris yang saya butuhkan...*
definisi

arti kata

fungsi kata

pelafalan

kata dasar dan imbuhannya

ODoodogn

lain-lain, .. ..... (sebutkan)

Saya ingin mempelajari kosakata yang digunakan dalam mata kuliah...
[ ] Fisika Zat Padat, Bab...
[ ] Mekanika Fluida, Bab...

Jumlah kata dalam teks yang saya inginkan dalam belajar kosakata?
[[] <251Kkata

[ ] 251-500 kata

[ ] 501 - 750 kata

[] > 750 baris

Jumlah kata yang ingin saya pelajari dalam satu unit adalah...
] <6

[] 6-10

[] 11-15

[] >15

Cara belajar kosakata yang saya inginkan*

[ ] dengan membaca banyak teks termasuk selain teks pelajaran

[ ] dengan pemilihan kosakata yang sulit diikuti cara pemahamannya

[ ] dengan mencari arti kata yang tidak diketahui di kamus atau menerka

sendiri

Bentuk latihan kosakata seperti yang saya inginkan*

[ ] menganalisis bagian — bagian kata (kata dasar dan imbuhannya)
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11.

12.
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menganalisis definisi kosakata menggunakan kamus
mencocokkan kosakata dengan definisi yang tersedia

mencari arti kata dalam bahasa indonesia menggunakan kamus
mencocokkan kosakata dengan artinya dalam bahasa Indonesia
menerka arti dari konteks

mencocokkan kosakata dengan pengucapannya

flash card

mencocokkan kosakata dengan gambar

mencari persamaan kata atau lawan kata

membuat semantic map

permainan teka-teki silang

permainan hangman

menjawab pertanyaan dari teks

melengkapi kalimat berdasarkan informasi dari teks

ODdboduoogodgodoogon

lain-lain, .. ..... (sebutkan)

Saya merasa nyaman dalam melaksanakan proses pembelajaran kosakata...*
[ ] diruang kelas

[] di luar kelas tetapi masih di lingkungan kampus

[] diruang laboratorium komputer

[ ] di luar lingkungan kampus

Media yang ingin saya gunakan untuk belajar kosakata Bahasa Inggris

[] buku tulis

[ ] hand out

[] multimedia

[] website

[] games

[] lain-lain,....... (sebutkan)

Saya ingin latar dalam multimedia...

[ ] sama di tiap halaman
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14.

15.

16.

17.
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[ ] berbeda-beda di tiap halaman
[ ] lain-lain,....... (sebutkan)

Jenis huruf yang digunakan dalam multimedia sebaiknya...
[] sama untuk seluruh media

[ ] tergantung fungsinya

[] lain-lain,....... (sebutkan)

Ukuran huruf yang digunakan dalam multimedia sebaiknya...
[ ] sama untuk seluruh media

[ ] tergantung fungsinya

[ ] lain-lain,....... (sebutkan)

Warna huruf yang digunakan dalam multimedia sebaiknya...
[ ] sama untuk seluruh media

[ ] tergantung fungsinya

[] lain-lain,....... (sebutkan)

Penggunaan gambar dalam materi...
[ ] tidak diperlukan

[ ] kadang-kadang diperlukan

[] diperlukan

Penggunaan suara latar dalam multimedia...
[ ] tidak diperlukan

[ ] kadang-kadang diperlukan

[] diperlukan

— Terima kasih -
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Analisis Kebutuhan Siswa Akan Pembelajaran Kosakata Bahasa Inggris
Melalui Multimedia Pembelajaran Interaktif Jurusan Pendidikan Fisika

Nama
Kelas
Jenis Kelamin  : L/P

Usia

Dari buku “Introduction to Solid State Physics” bab 4, tuliskan kosakata yang
menurut anda masih perlu untuk anda dipelajari.

Teks: Crystal Vibration with Monatomic Basis

Teks: Two Atoms per Primitive Basis

Teks: Quantization of Elastic Waves, Phonon Momentum, & Inelastic Scattering
by Phonon

Teks: Summary and Problems

— Terima Kkasih -
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Lembar Evaluasi Multimedia Interaktif Pembelajaran Kosakata Bahasa
Inggris untuk Mahasiswa Jurusan Pendidikan Fisika UNY
Unit 1: Crystal Vibration (Monatomic Basis)

(untuk Ahli Materi 1)

Pengantar
Kuesioner ini merupakan instrumen penilaian terhadap multimedia pembelajaran
Bahasa Inggris berjudul Interactive Vocabulary Learning Multimedia for The
Students of Physics Education Department Yogyakarta State University yang saya
kembangkan untuk penyelesaian tugas akhir skripsi. Saya sangat mengharapkan
kesediaan Bapak/lIbu untuk mengisi kuesioner ini sebagai masukan atas media
yang saya kembangkan. Atas kesediaan Bapak/lIbu, saya sampaikan terimakasih.

Petunjuk Pengisian
Berikut ini adalah pernyataan-pernyataan yang berkaitan dengan multimedia
pembelajaran Bahasa Inggris yang telah dikembangkan. Bapak/lbu dimohon
untuk memberikan penilaian atas setiap butir dengan memberikan tanda check (v')
berdasarkan skala penilaian berikut.

Keterangan:
SS = Sangat Setuju/Sangat Sesuai
S = Setuju/Sesuai
RR = Ragu-ragu
TS = Tidak Setuju/Tidak Sesuai
STS = Sangat Tidak Setuju/Sangat Tidak Sesuai
I. KOMPONEN KELAYAKAN ISI
No. Pernyataan SS RR | TS | STS
A. Kesesuaian Uraian Materi dengan Silabus
1 Materi yang dikembangkan sesuai dengan
Silabus.
5 Multimedia menyajikan teks yang relevan
dengan kebutuhan pengguna.
Materi  mencakup isi  buku yang
3 | digunakan dalam kegiatan pembelajaran
Fisika Zat Padat.
Saran:
B. Materi Pendukung Pembelajaran
Bahan ajar (teks, gambar, dll.) untuk
4 | setiap teks relevan dengan topik yang
dibahas.
5 | Teks dan tindak komunikatif menjadikan
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pengguna mengembangkan kemampuan
kosakata.

Teks dan tindak komunikatif tersedia

6 dalam jumlah yang cukup.
Saran:
Il. KOMPONEN KELAYAKAN BAHASA
No. Pernyataan SS| S |RR| TS |STS
A. Kesesuaian Dengan Tingkat Perkembangan Pengguna
Bahasa yang digunakan dalam penjelasan
1 |sesuai dengan tingkat perkembangan
kognitif pengguna.
Bahasa yang digunakan dalam instruksi
2 |sesuai dengan tingkat perkembangan
kognitif pengguna.
Bahasa yang digunakan sesuai dengan
3 | perkembangan kemampuan berbahasa
pengguna.
Saran:
B. Komunikatif
4 Pesan yang disajikan jelas dan mudah
dipahami oleh pengguna.
Saran:
C. Akurasi
5 Tata bahasa yang digunakan sesuai kaidah
Bahasa Inggris.
5 Pengejaan kata yang digunakan sesuai
kaidah Bahasa Inggris.
Saran:
D. Keruntutan dan Kesatuan Gagasan
Materi yang disajikan dalam satu
5 bagian/bab/subbab/paragraf/kalimat
mencerminkan Kkeruntutan penyampaian
makna.
Materi yang disajikan mencerminkan
7 | ketertautan makna antar

bagian/bab/subbab/paragraf/kalimat.

Saran:
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No.

Pernyataan

SS

RR

TS

STS

A

Teknik Penyajian

Materi  memiliki  bagian  pendahulu
(overview).

Materi memiliki bagian isi (task cycle).

w [N

Materi  memiliki  bagian  penyudah
(rangkuman).

Materi dan tugas disajikan dalam bentuk
teks, tindak komunikatif, ilustrasi dan
lambang secara seimbang.

Saran:

Penyajian Pembelajaran

Penyajian materi dan tugas dapat menarik
pengguna untuk menggunakannya.

Penyajian materi dan tugas memberikan
pengguna keleluasaan dalam memilih apa
yang dibutuhkan.

Penyajian materi dan tugas memberikan
keleluasaan  pada pengguna  dalam
mengerjakannya.

Penyajian materi dan tugas memberikan
kesempatan ~ bagi  pengguna  untuk
mempersiapkan diri dalam
mempelajarinya.

Penyajian materi dan tugas dapat membuat
pengguna merasa tertantang dalam
menggunakan kemampuan intelektualnya.

10

Penyajian materi dan tugas memberi
pengguna kesempatan untuk menggunakan
gaya belajar yang mereka sukai.

11

Penyajian materi dan tugas mendorong
pengguna untuk percaya diri dan
bertanggung jawab atas proses belajarnya
sendiri.

12

Penyajian materi dan tugas mendorong
pengguna untuk mengenali keberhasilan
dan kekurangan mereka dalam
melaksanakan kegiatan belajar.

Saran:
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Lembar Evaluasi Multimedia Interaktif Pembelajaran Kosakata Bahasa
Inggris untuk Mahasiswa Jurusan Pendidikan Fisika UNY

Unit 2: Crystal Vibration (Diatomic Basis)
(untuk Ahli Materi 1)

Pengantar
Kuesioner ini merupakan instrumen penilaian terhadap multimedia pembelajaran
Bahasa Inggris berjudul Interactive Vocabulary Learning Multimedia for The
Students of Physics Education Department Yogyakarta State University yang saya
kembangkan untuk penyelesaian tugas akhir skripsi. Saya sangat mengharapkan
kesediaan Bapak/lIbu untuk mengisi kuesioner ini sebagai masukan atas media
yang saya kembangkan. Atas kesediaan Bapak/lIbu, saya sampaikan terimakasih.

Petunjuk Pengisian
Berikut ini adalah pernyataan-pernyataan yang berkaitan dengan multimedia
pembelajaran Bahasa Inggris yang telah dikembangkan. Bapak/lbu dimohon
untuk memberikan penilaian atas setiap butir dengan memberikan tanda check (v')
berdasarkan skala penilaian berikut.

Keterangan:
SS = Sangat Setuju/Sangat Sesuai
S = Setuju/Sesuai
RR = Ragu-ragu
TS = Tidak Setuju/Tidak Sesuai
STS = Sangat Tidak Setuju/Sangat Tidak Sesuai
I. KOMPONEN KELAYAKAN ISI
No. Pernyataan SS RR | TS | STS
A. Kesesuaian Uraian Materi dengan Silabus
1 Materi yang dikembangkan sesuai dengan
Silabus.
5 Multimedia menyajikan teks yang relevan
dengan kebutuhan pengguna.
Materi mencakup isi  buku yang
3 | digunakan dalam kegiatan pembelajaran
Fisika Zat Padat.
Saran:
B. Materi Pendukung Pembelajaran
Bahan ajar (teks, gambar, dll.) untuk
4 | setiap teks relevan dengan topik yang
dibahas.
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Teks dan tindak komunikatif menjadikan

5 | pengguna mengembangkan kemampuan
kosakata.
6 Teks dan tindak komunikatif tersedia
dalam jumlah yang cukup.
Saran:
Il. KOMPONEN KELAYAKAN BAHASA
No. Pernyataan SS| S |RR| TS | STS
A. Kesesuaian Dengan Tingkat Perkembangan Pengguna
Bahasa yang digunakan dalam penjelasan
1 |sesuai dengan tingkat perkembangan
kognitif pengguna.
Bahasa yang digunakan dalam instruksi
2 |sesuai dengan tingkat perkembangan
kognitif pengguna.
Bahasa yang digunakan sesuai dengan
3 | perkembangan kemampuan berbahasa
pengguna.
Saran:
B. Komunikatif
4 Pesan yang disajikan jelas dan mudah
dipahami oleh pengguna.
Saran:
C. Akurasi
5 Tata bahasa yang digunakan sesuai kaidah
Bahasa Inggris.
5 Pengejaan kata yang digunakan sesuai
kaidah Bahasa Inggris.
Saran:
D. Keruntutan dan Kesatuan Gagasan
Materi yang disajikan dalam satu
6 bagian/bab/subbab/paragraf/kalimat
mencerminkan Kkeruntutan penyampaian
makna.
Materi yang disajikan mencerminkan
7 | ketertautan makna antar

bagian/bab/subbab/paragraf/kalimat.

Saran:
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No. Pernyataan SS RR | TS | STS

A. Teknik Penyajian

1 Materi  memiliki  bagian  pendahulu
(overview).

2 | Materi memiliki bagian isi (task cycle).

3 Materi  memiliki  bagian  penyudah
(rangkuman).
Materi dan tugas disajikan dalam bentuk

4 | teks, tindak komunikatif, ilustrasi dan
lambang secara seimbang.
Saran:

B. Penyajian Pembelajaran

Penyajian materi dan tugas dapat menarik
pengguna untuk menggunakannya.

Penyajian materi dan tugas memberikan
pengguna keleluasaan dalam memilih apa
yang dibutuhkan.

Penyajian materi dan tugas memberikan
keleluasaan pada pengguna  dalam
mengerjakannya.

Penyajian materi dan tugas memberikan
kesempatan  bagi  pengguna  untuk
mempersiapkan diri dalam
mempelajarinya.

Penyajian materi dan tugas dapat membuat
pengguna merasa tertantang dalam
menggunakan kemampuan intelektualnya.

10

Penyajian materi dan tugas memberi
pengguna kesempatan untuk menggunakan
gaya belajar yang mereka sukai.

11

Penyajian materi dan tugas mendorong
pengguna untuk percaya diri dan
bertanggung jawab atas proses belajarnya
sendiri.

12

Penyajian materi dan tugas mendorong
pengguna untuk mengenali keberhasilan
dan kekurangan mereka dalam
melaksanakan kegiatan belajar.

Saran:
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Lembar Evaluasi Multimedia Interaktif Pembelajaran Kosakata Bahasa
Inggris untuk Mahasiswa Jurusan Pendidikan Fisika UNY

Unit 3: Phonon’s Characteristics
(untuk Ahli Materi 1)

Pengantar
Kuesioner ini merupakan instrumen penilaian terhadap multimedia pembelajaran
Bahasa Inggris berjudul Interactive Vocabulary Learning Multimedia for The
Students of Physics Education Department Yogyakarta State University yang saya
kembangkan untuk penyelesaian tugas akhir skripsi. Saya sangat mengharapkan
kesediaan Bapak/lIbu untuk mengisi kuesioner ini sebagai masukan atas media
yang saya kembangkan. Atas kesediaan Bapak/lIbu, saya sampaikan terimakasih.

Petunjuk Pengisian
Berikut ini adalah pernyataan-pernyataan yang berkaitan dengan multimedia
pembelajaran Bahasa Inggris yang telah dikembangkan. Bapak/lbu dimohon
untuk memberikan penilaian atas setiap butir dengan memberikan tanda check (v')
berdasarkan skala penilaian berikut.

Keterangan:
SS = Sangat Setuju/Sangat Sesuai
S = Setuju/Sesuai
RR = Ragu-ragu
TS = Tidak Setuju/Tidak Sesuai
STS = Sangat Tidak Setuju/Sangat Tidak Sesuai
I. KOMPONEN KELAYAKAN ISI
No. Pernyataan SS RR | TS | STS
A. Kesesuaian Uraian Materi dengan Silabus
1 Materi yang dikembangkan sesuai dengan
Silabus.
5 Multimedia menyajikan teks yang relevan
dengan kebutuhan pengguna.
Materi mencakup isi  buku yang
3 | digunakan dalam kegiatan pembelajaran
Fisika Zat Padat.
Saran:
B. Materi Pendukung Pembelajaran
Bahan ajar (teks, gambar, dll.) untuk
4 | setiap teks relevan dengan topik yang
dibahas.
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Teks dan tindak komunikatif menjadikan

5 | pengguna mengembangkan kemampuan
kosakata.
6 Teks dan tindak komunikatif tersedia
dalam jumlah yang cukup.
Saran:
Il. KOMPONEN KELAYAKAN BAHASA
No. Pernyataan SS| S |RR| TS | STS
A. Kesesuaian Dengan Tingkat Perkembangan Pengguna
Bahasa yang digunakan dalam penjelasan
1 |sesuai dengan tingkat perkembangan
kognitif pengguna.
Bahasa yang digunakan dalam instruksi
2 |sesuai dengan tingkat perkembangan
kognitif pengguna.
Bahasa yang digunakan sesuai dengan
3 | perkembangan kemampuan berbahasa
pengguna.
Saran:
B. Komunikatif
4 Pesan yang disajikan jelas dan mudah
dipahami oleh pengguna.
Saran:
C. Akurasi
5 Tata bahasa yang digunakan sesuai kaidah
Bahasa Inggris.
5 Pengejaan kata yang digunakan sesuai
kaidah Bahasa Inggris.
Saran:
D. Keruntutan dan Kesatuan Gagasan
Materi yang disajikan dalam satu
6 bagian/bab/subbab/paragraf/kalimat
mencerminkan Kkeruntutan penyampaian
makna.
Materi yang disajikan mencerminkan
7 | ketertautan makna antar

bagian/bab/subbab/paragraf/kalimat.

Saran:
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No. Pernyataan SS RR | TS | STS

A. Teknik Penyajian

1 Materi  memiliki  bagian  pendahulu
(overview).

2 | Materi memiliki bagian isi (task cycle).

3 Materi  memiliki  bagian  penyudah
(rangkuman).
Materi dan tugas disajikan dalam bentuk

4 | teks, tindak komunikatif, ilustrasi dan
lambang secara seimbang.
Saran:

B. Penyajian Pembelajaran

Penyajian materi dan tugas dapat menarik
pengguna untuk menggunakannya.

Penyajian materi dan tugas memberikan
pengguna keleluasaan dalam memilih apa
yang dibutuhkan.

Penyajian materi dan tugas memberikan
keleluasaan pada pengguna  dalam
mengerjakannya.

Penyajian materi dan tugas memberikan
kesempatan  bagi  pengguna  untuk
mempersiapkan diri dalam
mempelajarinya.

Penyajian materi dan tugas dapat membuat
pengguna merasa tertantang dalam
menggunakan kemampuan intelektualnya.

10

Penyajian materi dan tugas memberi
pengguna kesempatan untuk menggunakan
gaya belajar yang mereka sukai.

11

Penyajian materi dan tugas mendorong
pengguna untuk percaya diri dan
bertanggung jawab atas proses belajarnya
sendiri.

12

Penyajian materi dan tugas mendorong
pengguna untuk mengenali keberhasilan
dan kekurangan mereka dalam
melaksanakan kegiatan belajar.

Saran:
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Lembar Evaluasi Multimedia Interaktif Pembelajaran Kosakata Bahasa
Inggris untuk Mahasiswa Jurusan Pendidikan Fisika UNY

Unit 4: Summary and Problems
(untuk Ahli Materi 1)

Pengantar
Kuesioner ini merupakan instrumen penilaian terhadap multimedia pembelajaran
Bahasa Inggris berjudul Interactive Vocabulary Learning Multimedia for The
Students of Physics Education Department Yogyakarta State University yang saya
kembangkan untuk penyelesaian tugas akhir skripsi. Saya sangat mengharapkan
kesediaan Bapak/lIbu untuk mengisi kuesioner ini sebagai masukan atas media
yang saya kembangkan. Atas kesediaan Bapak/lIbu, saya sampaikan terimakasih.

Petunjuk Pengisian
Berikut ini adalah pernyataan-pernyataan yang berkaitan dengan multimedia
pembelajaran Bahasa Inggris yang telah dikembangkan. Bapak/lbu dimohon
untuk memberikan penilaian atas setiap butir dengan memberikan tanda check (v')
berdasarkan skala penilaian berikut.

Keterangan:
SS = Sangat Setuju/Sangat Sesuai
S = Setuju/Sesuai
RR = Ragu-ragu
TS = Tidak Setuju/Tidak Sesuai
STS = Sangat Tidak Setuju/Sangat Tidak Sesuai
I. KOMPONEN KELAYAKAN ISI
No. Pernyataan SS RR | TS | STS
A. Kesesuaian Uraian Materi dengan Silabus
1 Materi yang dikembangkan sesuai dengan
Silabus.
5 Multimedia menyajikan teks yang relevan
dengan kebutuhan pengguna.
Materi mencakup isi  buku yang
3 | digunakan dalam kegiatan pembelajaran
Fisika Zat Padat.
Saran:
B. Materi Pendukung Pembelajaran
Bahan ajar (teks, gambar, dll.) untuk
4 | setiap teks relevan dengan topik yang
dibahas.
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Teks dan tindak komunikatif menjadikan

5 | pengguna mengembangkan kemampuan
kosakata.
6 Teks dan tindak komunikatif tersedia
dalam jumlah yang cukup.
Saran:
Il. KOMPONEN KELAYAKAN BAHASA
No. Pernyataan SS| S |RR| TS | STS
A. Kesesuaian Dengan Tingkat Perkembangan Pengguna
Bahasa yang digunakan dalam penjelasan
1 |sesuai dengan tingkat perkembangan
kognitif pengguna.
Bahasa yang digunakan dalam instruksi
2 |sesuai dengan tingkat perkembangan
kognitif pengguna.
Bahasa yang digunakan sesuai dengan
3 | perkembangan kemampuan berbahasa
pengguna.
Saran:
B. Komunikatif
4 Pesan yang disajikan jelas dan mudah
dipahami oleh pengguna.
Saran:
C. Akurasi
5 Tata bahasa yang digunakan sesuai kaidah
Bahasa Inggris.
5 Pengejaan kata yang digunakan sesuai
kaidah Bahasa Inggris.
Saran:
D. Keruntutan dan Kesatuan Gagasan
Materi yang disajikan dalam satu
6 bagian/bab/subbab/paragraf/kalimat
mencerminkan Kkeruntutan penyampaian
makna.
Materi yang disajikan mencerminkan
7 | ketertautan makna antar

bagian/bab/subbab/paragraf/kalimat.

Saran:
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No. Pernyataan SS RR | TS | STS

A. Teknik Penyajian

1 Materi  memiliki  bagian  pendahulu
(overview).

2 | Materi memiliki bagian isi (task cycle).

3 Materi  memiliki  bagian  penyudah
(rangkuman).
Materi dan tugas disajikan dalam bentuk

4 | teks, tindak komunikatif, ilustrasi dan
lambang secara seimbang.
Saran:

B. Penyajian Pembelajaran

Penyajian materi dan tugas dapat menarik
pengguna untuk menggunakannya.

Penyajian materi dan tugas memberikan
pengguna keleluasaan dalam memilih apa
yang dibutuhkan.

Penyajian materi dan tugas memberikan
keleluasaan pada pengguna  dalam
mengerjakannya.

Penyajian materi dan tugas memberikan
kesempatan  bagi  pengguna  untuk
mempersiapkan diri dalam
mempelajarinya.

Penyajian materi dan tugas dapat membuat
pengguna merasa tertantang dalam
menggunakan kemampuan intelektualnya.

10

Penyajian materi dan tugas memberi
pengguna kesempatan untuk menggunakan
gaya belajar yang mereka sukai.

11

Penyajian materi dan tugas mendorong
pengguna untuk percaya diri dan
bertanggung jawab atas proses belajarnya
sendiri.

12

Penyajian materi dan tugas mendorong
pengguna untuk mengenali keberhasilan
dan kekurangan mereka dalam
melaksanakan kegiatan belajar.

Saran:
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Lembar Evaluasi Multimedia Interaktif Pembelajaran Kosakata Bahasa
Inggris untuk Mahasiswa Jurusan Pendidikan Fisika UNY
Unit 1: Crystal Vibration (Monatomic Basis)
(untuk Ahli Materi 1)

Pengantar

Kuesioner ini merupakan instrumen penilaian terhadap multimedia pembelajaran
Bahasa Inggris berjudul Interactive Vocabulary Learning Multimedia for The
Students of Physics Education Department Yogyakarta State University yang saya
kembangkan untuk penyelesaian tugas akhir skripsi. Saya sangat mengharapkan
kesediaan Bapak/lIbu untuk mengisi kuesioner ini sebagai masukan atas media
yang saya kembangkan. Atas kesediaan Bapak/lIbu, saya sampaikan terimakasih.

Petunjuk Pengisian

Berikut ini adalah pernyataan-pernyataan yang berkaitan dengan multimedia
pembelajaran Bahasa Inggris yang telah dikembangkan. Bapak/lbu dimohon
untuk memberikan penilaian atas setiap butir dengan memberikan tanda check (v')
berdasarkan skala penilaian berikut.

Keterangan:
SS = Sangat Setuju/Sangat Sesuai
S = Setuju/Sesuai

RR = Ragu-ragu
TS = Tidak Setuju/Tidak Sesuai
STS = Sangat Tidak Setuju/Sangat Tidak Sesuai

IV. KESESUAIAN URAIAN MATERI DENGAN SILABUS

No. Pernyataan SS| S |RR| TS |STS
1 Materi yang dikembangkan sesuai dengan

Silabus.
5 Materi menggunakan teks yang relevan

dengan kebutuhan pengguna.

Materi mencakup isi buku yang digunakan
3 | dalam kegiatan pembelajaran Fisika Zat
Padat.

Saran:

V. KETEPATAN KONSEP
No. Pernyataan SS| S |RR| TS |STS

Kosakata yang diajarkan sesuai untuk
memahami informasi dari buku teks.

4
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Gambar dan ilustrasi sesuai dengan konsep

> Fisika yang diajarkan.
6 Tugas yang diberikan sesuai dengan konsep
Fisika yang diajarkan.
Saran:
VI. KETEPATAN PEMILIHAN KATA
No. Pernyataan SS RR | TS | STS
7 | Penjelasan kosakata sudah tepat
8 | Arti kosakata sudah tepat
9 Istilah bidang Fisika yang digunakan dalam

latihan sudah tepat

Saran:
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Lembar Evaluasi Multimedia Interaktif Pembelajaran Kosakata Bahasa
Inggris untuk Mahasiswa Jurusan Pendidikan Fisika UNY
Unit 2: Crystal Vibration (Diatomic Basis)
(untuk Ahli Materi 1)

Pengantar

Kuesioner ini merupakan instrumen penilaian terhadap multimedia pembelajaran
Bahasa Inggris berjudul Interactive Vocabulary Learning Multimedia for The
Students of Physics Education Department Yogyakarta State University yang saya
kembangkan untuk penyelesaian tugas akhir skripsi. Saya sangat mengharapkan
kesediaan Bapak/lIbu untuk mengisi kuesioner ini sebagai masukan atas media
yang saya kembangkan. Atas kesediaan Bapak/Ibu, saya sampaikan terimakasih.

Petunjuk Pengisian

Berikut ini adalah pernyataan-pernyataan yang berkaitan dengan multimedia
pembelajaran Bahasa Inggris yang telah dikembangkan. Bapak/lbu dimohon
untuk memberikan penilaian atas setiap butir dengan memberikan tanda check (v')
berdasarkan skala penilaian berikut.

Keterangan:
SS = Sangat Setuju/Sangat Sesuai
S = Setuju/Sesuai

RR = Ragu-ragu
TS = Tidak Setuju/Tidak Sesuai
STS = Sangat Tidak Setuju/Sangat Tidak Sesuai

I. KESESUAIAN URAIAN MATERI DENGAN SILABUS

No. Pernyataan SS| S |RR| TS |STS
1 Materi yang dikembangkan sesuai dengan

Silabus.
5 Materi menggunakan teks yang relevan

dengan kebutuhan pengguna.

Materi mencakup isi buku yang digunakan
3 | dalam kegiatan pembelajaran Fisika Zat
Padat.

Saran:

Il. KETEPATAN KONSEP
No. Pernyataan SS| S |RR| TS |STS

Kosakata yang diajarkan sesuai untuk
memahami informasi dari buku teks.
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Gambar dan ilustrasi sesuai dengan konsep
5 - -
Fisika yang diajarkan.
6 Tugas yang diberikan sesuai dengan konsep
Fisika yang diajarkan.

Saran:

I1l. KETEPATAN PEMILIHAN KATA

No. Pernyataan SS| S |RR| TS | STS

7 | Penjelasan kosakata sudah tepat

8 | Arti kosakata sudah tepat

Istilah bidang Fisika yang digunakan dalam
latihan sudah tepat

Saran:
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Lembar Evaluasi Multimedia Interaktif Pembelajaran Kosakata Bahasa
Inggris untuk Mahasiswa Jurusan Pendidikan Fisika UNY
Unit 3: Phonon’s Characteristics
(untuk Ahli Materi I1)

Pengantar

Kuesioner ini merupakan instrumen penilaian terhadap multimedia pembelajaran
Bahasa Inggris berjudul Interactive Vocabulary Learning Multimedia for The
Students of Physics Education Department Yogyakarta State University yang saya
kembangkan untuk penyelesaian tugas akhir skripsi. Saya sangat mengharapkan
kesediaan Bapak/lIbu untuk mengisi kuesioner ini sebagai masukan atas media
yang saya kembangkan. Atas kesediaan Bapak/Ibu, saya sampaikan terimakasih.

Petunjuk Pengisian

Berikut ini adalah pernyataan-pernyataan yang berkaitan dengan multimedia
pembelajaran Bahasa Inggris yang telah dikembangkan. Bapak/lbu dimohon
untuk memberikan penilaian atas setiap butir dengan memberikan tanda check (v')
berdasarkan skala penilaian berikut.

Keterangan:
SS = Sangat Setuju/Sangat Sesuai
S = Setuju/Sesuai

RR = Ragu-ragu
TS = Tidak Setuju/Tidak Sesuai
STS = Sangat Tidak Setuju/Sangat Tidak Sesuai

I. KESESUAIAN URAIAN MATERI DENGAN SILABUS

No. Pernyataan SS| S |RR| TS |STS
1 Materi yang dikembangkan sesuai dengan

Silabus.
5 Materi menggunakan teks yang relevan

dengan kebutuhan pengguna.

Materi mencakup isi buku yang digunakan
3 | dalam kegiatan pembelajaran Fisika Zat
Padat.

Saran:

Il. KETEPATAN KONSEP
No. Pernyataan SS| S |RR| TS |STS

Kosakata yang diajarkan sesuai untuk
memahami informasi dari buku teks.
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Gambar dan ilustrasi sesuai dengan konsep
5 - -
Fisika yang diajarkan.
6 Tugas yang diberikan sesuai dengan konsep
Fisika yang diajarkan.

Saran:

I1l. KETEPATAN PEMILIHAN KATA

No. Pernyataan SS| S |RR| TS | STS

7 | Penjelasan kosakata sudah tepat

8 | Arti kosakata sudah tepat

Istilah bidang Fisika yang digunakan dalam
latihan sudah tepat

Saran:
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Lembar Evaluasi Multimedia Interaktif Pembelajaran Kosakata Bahasa
Inggris untuk Mahasiswa Jurusan Pendidikan Fisika UNY
Unit 4: Summary and Problems
(untuk Ahli Materi 1)

Pengantar

Kuesioner ini merupakan instrumen penilaian terhadap multimedia pembelajaran
Bahasa Inggris berjudul Interactive Vocabulary Learning Multimedia for The
Students of Physics Education Department Yogyakarta State University yang saya
kembangkan untuk penyelesaian tugas akhir skripsi. Saya sangat mengharapkan
kesediaan Bapak/lIbu untuk mengisi kuesioner ini sebagai masukan atas media
yang saya kembangkan. Atas kesediaan Bapak/lIbu, saya sampaikan terimakasih.

Petunjuk Pengisian

Berikut ini adalah pernyataan-pernyataan yang berkaitan dengan multimedia
pembelajaran Bahasa Inggris yang telah dikembangkan. Bapak/lbu dimohon
untuk memberikan penilaian atas setiap butir dengan memberikan tanda check (v')
berdasarkan skala penilaian berikut.

Keterangan:
SS = Sangat Setuju/Sangat Sesuai
S = Setuju/Sesuai

RR = Ragu-ragu
TS = Tidak Setuju/Tidak Sesuai
STS = Sangat Tidak Setuju/Sangat Tidak Sesuai

I. KESESUAIAN URAIAN MATERI DENGAN SILABUS

No. Pernyataan SS| S |RR| TS |STS
1 Materi yang dikembangkan sesuai dengan

Silabus.
5 Materi menggunakan teks yang relevan

dengan kebutuhan pengguna.

Materi mencakup isi buku yang digunakan
3 | dalam kegiatan pembelajaran Fisika Zat
Padat.

Saran:

Il. KETEPATAN KONSEP
No. Pernyataan SS| S |RR| TS |STS

Kosakata yang diajarkan sesuai untuk
memahami informasi dari buku teks.
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Gambar dan ilustrasi sesuai dengan konsep
5 - -
Fisika yang diajarkan.
6 Tugas yang diberikan sesuai dengan konsep
Fisika yang diajarkan.

Saran:

I1l. KETEPATAN PEMILIHAN KATA

No. Pernyataan SS| S |RR| TS | STS

7 | Penjelasan kosakata sudah tepat

8 | Arti kosakata sudah tepat

Istilah bidang Fisika yang digunakan dalam
latihan sudah tepat

Saran:
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Lembar Evaluasi Multimedia Interaktif Pembelajaran Kosakata Bahasa
Inggris untuk Mahasiswa Jurusan Pendidikan Fisika UNY

(untuk Ahli Media)

Pengantar
Kuesioner ini merupakan instrumen penilaian terhadap multimedia pembelajaran
Bahasa Inggris berjudul Interactive Vocabulary Learning Multimedia for The
Students of Physics Education Department Yogyakarta State University yang saya
kembangkan. Saya sangat mengharapkan kesediaan Bapak/lIbu untuk mengisi
kuesioner ini sebagai masukan atas media yang saya kembangkan. Atas kesediaan
Bapak/Ibu, saya sampaikan terimakasih.

Petunjuk Pengisian
Berikut ini adalah pernyataan-pernyataan yang berkaitan dengan multimedia
pembelajaran Bahasa Inggris yang telah dikembangkan. Bapak/lbu dimohon
untuk memberikan penilaian atas setiap butir dengan memberikan tanda check (v')
berdasarkan skala penilaian berikut.

Keterangan:

SS = Sangat Setuju/Sangat Sesuai

S = Setuju/Sesuai

RR = Ragu-ragu

TS = Tidak Setuju/Tidak Sesuai

STS = Sangat Tidak Setuju/Sangat Tidak Sesuai

VILANTRAMUKA (INTERFACE)

No. Pernyataan SS RR | TS | STS

C. Tampilan Umum

1 Resolusi  multimedia sesuai  dengan
resolusi monitor.

9 Penempatan gambar, animasi dan teks
tidak melebihi print area dari monitor.
Penampilan unsur tata letak secara

3 | harmonis memiliki memiliki irama dan
kesatuan (unity).

4 Penempatan unsur tata letak konsisten
berdasarkan pola.

Komposisi dan ukuran unsur tata letak

5 (judul, ilustrasi, tombol, dll.), proposional,
seimbang dan seirama dengan tata letak
iSi.

5 Media menampilkan pusat pandang
(center point) yang baik.
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- Warna unsur tata letak harmonis dan
memperjelas fungsi.
8 Bentuk, warna, ukuran, dan proporsi
obyek sesuai realita.
9 Perpindahan dan pergerakan multimedia
halus.
Saran:
D. Teks
10 Tidak menggunakan terlalu banyak
kombinasi jenis huruf.
11 Jenis huruf yang digunakan pada teks
mudah untuk dibaca.
12 Jenis huruf sesuai dengan isi buku dan tidak
menggunakan huruf hias berlebihan.
13 Ukuran huruf yang digunakan tidak terlalu
kecil dan tidak terlalu besar.
14 Spasi yang digunakan tidak terlalu dekat
dan tidak terlalu jauh.
15 Teks ditata dengan rapi dan tidak
bertumpukan.
16 | Pemisahan antar paragraf
Saran:
E. Audio
17 Audio yang digunakan dapat didengar
dengan jelas.
Volume audio tidak terlalu besar dan tidak
18 .
terlalu kecil.
19 Audio yang digunakan sesuai dengan isi
materi.
Saran:
F. Gambar dan Animasi
20 Gamb_ar yang digunakan sesuai dengan
materi.
21 | Penataan gambar teratur dan rapi.
22 | Penataan gambar tidak bertumpukan.
23 | Animasi berjalan dengan baik.
o4 Animgsi yang digunakan sesuai dengan
materi.
Saran:
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VII. NAVIGASI
No. Pernyataan SS RR | TS | STS
A. Fungsi Tombol

Fungsi tombol dapat diketahui dengan
25

mudah.
26 | Tombol berfungsi dengan baik.

Warna atau bentuk tombol berubah ketika
27 | .. )

disorot atau ditekan.

Saran:
B. Kelengkapan Tombol

Terdapat tombol untuk berpindah ke

28

frame atau scene tertentu.
29 | Terdapat tombol untuk mengecek jawaban
30 Terdapat tomboluntuk mengatur latar

Suara

Saran:
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Appendix B

The Kesearch [Dats
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OBSERVATION FORM

The Materials, Media and Facilities
of Physics Education Department

Yogyakarta State University

Materials/ Media/

No. Place I Explanation
Facilities
1 | classroom Facilities Almost all of the students
bring laptop to the class.
2 | classroom Facilities Some classrooms in the
Faculty of Physics
Education Department are
provided with LCD
projector
3 | computer Facilities The students are allowed to
laboratory access the computer.
4 | classroom media There is not any media

available to help them in
understanding the textbook.

5 | classroom materials There is not any material
available to help them in
understanding the textbook.

6 | faculty and materials There is not any Physics
university library Bilingual Dictionary
(English — Bahasa
Indonesia) available.

7 | nearby library and | materials There is not any Physics
bookstore Bilingual Dictionary
(English — Bahasa
Indonesia) available.
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INTERVIEW RESULTS

= Researcher

= Physics Lecturer

: Mahasiswa Jurusan Fisika perlu menggunakan Bahasa Inggris apa tidak
Pak?
(Do the Physics Education Department’s students need English?)
- lya perlu mas, soalnya mereka pakai buku berbahasa Inggris. Jadi terutama
meraka memerlukan kemampuan reading yang cukup.
(Yes, they do because they need to use some English books. So especially
they need sufficient reading skill.)
: Jadi dalam pengajaran Bapak memakai buku berbahasa Inggris? Buku apa?
(Does in the learning activity you use English book? What book it is?)
. lya, pakai buku “Introduction to Solid State Physics” itu e-book mas.
(Yes, I use an English book entitled “Introduction to Solid State Physics”, it
is an e-book.)
: Materinya mencakup bagian apa saja Pak?
(What are the scopes of the materials?)
: Dari bab 1 sampai bab 8.
(Itis from Unit 1 until Unit 8)
: Lalu bagaimana dengan silabusnya Pak?
(What about the syllabus?)
: Silabusnya seperti bab dalam buku itu kok mas.
(I use a syllabus following the units in the book)
: Semua bagian dari bab 1 sampai bab 8 Pak?
(Are they the entire materials start from Unit 1to Unit 8?)
. lya, semuanya.
(Yes, they are)
: Bagaimana cara Bapak mengajarkan materi Fisika?
(How do you teach Physics to them?)
: Biasanya saya meyuruh mereka berkelompok lalu tiap kelompok dapat jatah
mempresentasikan 1 bab.
(1 usually ask them to work in groups then each group makes a presentation
that covers 1 unit)
: Kalau menurut Bapak sendiri bagaimana kemampuan reading mahasiswa?
(How is the reading skill of the students?)
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THE ORGANIZATION OF THE NEEDS ANALYSIS QUESTIONNAIRE

The purpose of the

Questionnaire

students want the most

Aspect questions No. References
Necessities | To find out the type of 1,5 Hutchinson
needs by the demands of and Waters
target situation (1987),
Bennett
g (2010)
@
< Lacks | To find out the gap between | 2,3 Hutchinson
:i"j" learners’ proficiency and and Waters
= target situation necessities. (1987)
Wants To find out the learners’ 4 Hutchinson
wants of learning English. and Waters
(1987)
Input To find out the suitable 6,7, and the 2" | Hutchinson
input for English learning | questionnaire | and Waters
materials that students want (1987),
the most Bennett
(2010)
Procedures | To find out the suitable 8,9 Hutchinson
§ procedures that students and Waters
% want the most (1987) and
£
-
§ Setting | To find out the desired 10 Hutchinson
setting in learning process and Waters
that the students want the (1987)
most
Media To find out the most 11,12,13,14,15 | Bhatnagar,
suitable media that the 16,17 Mehta and

Mitra (2002)
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Questions Items N (%)
The students need to |a. to read textbooks 31 | 91.17%
learn English... b.~to be able to communicate 14 | a117%
with foreign people
A c. to help in the future study 5 | 14.70%
= d. others 0 0%
§ The students wantto |a. Fisika Zat Padat, chapter 4 24 | 70.59%
Z | know about b. Fisika Zat Padat, chapter 5 5 | 14.70%
\S’L?g?etglg;y in the c. Fisika Zat Padat, chapter 6 3 8.82%
J d. Mekanika Fluida, chapter 5 1 2.94%
e. Mekanika Fluida, chapter 6 1 2.94%
“ a. tounderstand the vocabularies | 29 | 85.29%
§ Difficulty stude'nts b. to understand the text’s 10 | 29.41%
= face when reading structure
g P textbook. .. c. toread rapidly 14 | 41.17%
= d. others 0 0%
= ['The students’ ability |a. very poor 6 17.65%
in understanding the |b. poor 23 | 67.65%
vocabulary in the |c. good 5 | 14.70%
textbooks... d. very good 0 0
a. the definition 25 | 73.52%
The aspect of |b. the meaning (translation) 34 100%
E vocabulary that the |c. the part of speech 21 | 61.76%
g students want to |d. the pronunciation 19 | 55.89%
know... e. the word’s part 9 | 26.47%
f. others 0 0%
a. <251 words 6 | 17.65%
Length of the text |b. 251 -500 words 18 | 52.94%
is... c. 501- 750 words 10 | 29.41%
o~ d. > 750 words 0 0%
§ a. <6 words 6 | 17.65%
Z | g |The amount = Of R 15 words 12 | 37.64%
£ | & | vocabulary leamed I ro—77 —75 ords 16 | 47.06%
c each unitis...
S d. >15words 0 0%
= 1) boundary 24 | 70.59%
i) 2 TN
are.. 3) displaced 25 73.52%
4) displacement 27 79.41%
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Questions Items N (%)

5) equilibrium 21 61.76%

6) forth 27 | 79.41%

7) generalization 15 | 44.11%

8) independent 5 14.70%

Corpus data of |9) oscillate 27 | 79.41%
vocabulary in Unit 1 |10) perpendicular 18 | 52.94%

are... 11) propagate 21 61.76%

12) propagation 24 70.59%

13) regard 22 64.70%

14) satisfied 18 61.76%

15) vanish 26 76.47%

16) adjacent 27 79.41%

17) coincide 23 67.65%

18) contain 13 | 38.23%

c dat ; 19) essential 9 26.47%

are.. 21) gap 18 | 52.94%

22) homogeneous 8 23.52%

3 23) interleaved 28 | 82.35%
Z | o 24) pair 12 | 35.29%
2le 25) thereby 24 | 70.59%
% - 26) absorbed 18 | 61.76%
9 27) absorption 20 | 58.82%
28) chiefly 29 | 85.29%

29) density 19 | 55.89%

30) determine 7 20.28%

Corpus data  of |31) determined 7 20.28%
vocabulary in Unit 3 | 32) occupancy 26 76.47%

are... 33) occupied 29 | 85.29%

34) occur 21 61.76%

35) rarely 20 | 58.82%

36) recoil 30 | 88.23%

37) rigorously 31 | 91.17%

38) suitable 13 | 38.23%

39) decoupled 31 | 91.17%

40) estimate 19 | 55.89%

Corpus data  of |41) immersed 28 | 82.35%
vocabulary in Unit 4 | 42) reduce 14 | 41.17%

are... 43) rest 23 | 67.65%

44) sphere 27 79.41%

45) unlike 7 20.28%
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Learning Needs

a. |nC|der_1taI Iearr_ung through 4 | 11.76%
" b of extensive reading
The —approach —of I'y™ ¢ licit instruction through
learning vocabulary exErcises g 28 | 82.35%
is... - -
C. guessing mea_nlr_lg from N 15 | 244.11%
context and dictionary activity
a. analysing word’s parts 2 5.88%
b. fl_nd_lng definition from the 12 | 35.30%
dictionary
C. mat_chl_ng the word with its 18 | 52.949%
definition
d. finding the meaning
The type of activity (translation) from the 17 50%
w | for learning dictionary
£ | vocabulary is... i ith i
= y e. matchmg the Worq with its 28 | 82350
2 meaning (translation)
S f.  Guessing meaning from
a ' 14 | 41.17%
context
g. matchlng the word with its 19 | 55.89%
pronunciation
h. flash cards 27 4.5%
i rnatchmg the Worq with its 29 %
image representation
J. matching the words with its 3 8.82%
synonym and antonym
k. making semantic map 2 5.88%
I. crossword puzzle 19 | 55.89%
m. hangman games 5 | 14.70%
n. answering question from the 5 | 14.70%
text
0. completing sentences 18 | 52.94%
a. in the classroom 5 | 14.70%
b. in outside of the classroom but
g The students learn Istilllzn Icampus w17 50%
» vocabulary... c. in computer laboratory 4 | 11.76%
d. outside of the campus 28 | 82.35%
S | The media to | a. textbook 4 | 11.76%
8| ol a'r?/ti(; €am I " hand out 5 | 14.70%
= multimedia 28 | 82.35%
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Learning Needs

Media

d. website 7 20.59%
e. games 10 | 29.41%
f. others 0 0%
The background of a. similar on every pages 9 | 25.47%
multimedia thatthe |b. depend on its function 25 | 73.53%
students want is... c. others 0 0%
The type of font used a. similar for t_he Whol_e media 7 20.59%
in multimedia is. b. depend on its function 27 | 79.41%
c. others 0 0%
. . |a. similar for the whole media 9 25.47%
The _font slze used in b. depend on its function 25 | 73.53%
multimedia is...
c. others 0 0%
a. similar for the whole media 5 | 14.70%
;h;uﬁ%r:; e%?éoirsfjlsed b. depend on its function 29 | 85.29%
c. others 0 0%
The use of pictures to |@. _not needed 0 0%
support the materials |b. sometimes needed 24 | 70.59%
is... c. needed 10 | 29.41%
The use of back |a. notneeded 4 11.76%
sound in multimedia |b. sometimes needed 19 | 55.89%
is... c. needed 11 | 32.35%
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DATA OF CONTENT EXPERTS QUESTIONNAIRE

Data from the First Content Expert (Language Expert)

Unit 1
No. | Element | n | Mean (x) | Category
The Appropriateness of the Content
1. | The Appropriateness with Syllabus 15 5 Very Good
2. | The Materials Supporting the Learning | 14 4.7 Very Good
The Appropriateness of the Language
3 The App’ropriateness with the Level of 12 4 Good
Students’ Development
4. | Communicative 5 5 Very Good
5. | Accuracy 8 4 Good
6. | Cohesive and Coherence 8 4 Good
The Appropriateness of the Presentation
7. | Technique of Presentation 20 5 Very Good
8. | Learning Presentation 37 4.6 Very Good
Unit 2
No. | Element | n | Mean (x) | Explanation
The Appropriateness of the Content
1. | The Appropriateness with Syllabus 15 5 Very Good
2. | The Materials Supporting the Learning | 13 4.3 Very Good
The Appropriateness of the Language
The Appropriateness with the Level of
3 Studenrirs)’ Dpevelopment 15 ° Very Good
4. | Communicative 5 5 Very Good
5. | Accuracy 10 5 Very Good
6. | Cohesive and Coherence 10 5 Very Good
The Appropriateness of the Presentation
7. | Technique of Presentation 20 5 Very Good
8. | Learning Presentation 40 5 Very Good
Unit 3
No. | Element | N | Mean (x) | Explanation
The Appropriateness of the Content
1. | The Appropriateness with Syllabus 15 5 Very Good
2. | The Materials Supporting the Learning | 15 5 Very Good
The Appropriateness of the Language
The Appropriateness with the Level of
3 Studenrirs)’ Dpevelopment 14 4.7 Very Good
4. | Communicative 4 4
5. | Accuracy 8 4 Good
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Unit 3
No. Element N | Mean (x) | Explanation
6. | Cohesive and Coherence 8 4 Good
The Appropriateness of the Presentation
7. | Technique of Presentation 20 5 Very Good
8. | Learning Presentation 40 5 Very Good
Unit 4
No. | Element | n | Mean (%) | Explanation
The Appropriateness of the Content
1. | The Appropriateness with Syllabus 15 5 Very Good
2. | The Materials Supporting the Learning | 12 4 Good
The Appropriateness of the Language
The Appropriateness with the Level of
3 Studenﬂg’ Dpevelopment 15 > Very Good
4. | Communicative 5 5 Very Good
5. | Accuracy 10 5 Very Good
6. | Cohesive and Coherence 8 4 Good
The Appropriateness of the Presentation
7. | Technique of Presentation 20 5 Very Good
8. | Learning Presentation 40 5 Very Good
Data from the Second Content Expert (Subject Expert)
Unit 1
No. Element n | Mean (x) | Explanation
1. | The Appropriateness with Syllabus 14 4.7 Very Good
2. | The Appropriateness of the Concept 12 4 Good
3 The _Appropriateness of the Word 12 4 Good
Choice
Unit 2
No. Element N | Mean (x) | Explanation
1. | The Appropriateness with Syllabus 14 4.7 Very Good
2. | The Appropriateness of the Concept 12 4 Good
3 The Appropriateness of the Word 12 4 Good
Choice
Unit 3
No. Element n | Mean (x) | Explanation
1. | The Appropriateness with Syllabus 14 4.7 Very Good
2. | The Appropriateness of the Concept 12 4 Good
3 The Appropriateness of the Word 13 43 Very Good
Choice
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Unit 4

No. Element n | Mean (x) | Explanation
1. | The Appropriateness with Syllabus 14 4.7 Very Good
2. | The Appropriateness of the Concept 12 4 Good

3 The Appropriateness of the Word 13 43 Very Good

Choice
Data from the Media Expert

No. | Element | n | Mean () | Explanation
Interface

1. | General display 42 4.7 Very Good
2. | Text 33 4.7 Very good
3. | Audio 15 5 Very good
4. | Animation and picture 24 4.8 Very good
Navigation

5. | Functions of the buttons 15 5 Very good
6. | Completeness of the buttons 13 4.3 Very good
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Syllabus Descriptions
of the Fisika Zat Padat Subject

Name of the Institution : Physics Education Department

Yogyakarta State University

Class/Semester : Regular/6

Subject . Fisika Zat Padat

Textbook > Introduction to Solid State Physics by Charles Kittel
No. Syllabus Descriptions

1. Crystal Structure:

- Periodic Array of Atoms - Direct Imaging of Atomic Structure
- Fundamental Types of Lattices - Non-ideal Crystal Structures
- Index Systems for Crystal Planes - Crystal Structure Data

Simple Crystal Structures

2. Wave Diffraction and the Reciprocal Lattice:
- Diffraction of Waves by Crystals - Brillouin Zones

- Scattered Wave Amplitude - Fourier Analysis of the Basis

3. Crystal Binding and Elastic Constants:

- Crystals of Inert Gases - Hydrogen Bonds

- lonic Crystals - Metals

- Covalent Crystals - Atomic Radii

- Elastic Waves in Cubic Crystals - Analysis of Elastic Strains

Elastic Compliance and Stiffness Constants

4. Phonons I. Crystal Vibrations:

- Vibration of Crystal with Monatomic

Quantization of Elastics Waves

Basis - Phonon Momentum

- Two Atoms per Primitive Basis Inelastic Scattering by Phonons

5. Phonons I1. Crystal Vibrations:

- Phonon Heat Capacity - Thermal Conductivity

- Anharmonic Crystal Interactions
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Free Electron Fermi Gas:

- Energy Levels in One Dimension

- Effect of Temperature on the Fermi-
Dirac Distribution

- Dirac Distribution

- Free Electron Gas in Three

Dimensions

Heat Capacity of the Electron
Electrical Conductivity and
Ohm's Law

Motion in Magnetic Fields

Thermal Conductivity of metals
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Corpus Data of the Multimedia

The corpus data contain of:

1) frequency

Frequency of the target words is limited only in the discussed chapter of the book
(Chapter 4).

2) contexts of use

The corpus is consisted of the unknown words used in the textbook of the Solid
State Physics subject in Physics Education Department Yogyakarta State
University which is “Introduction to Solid State Physics” by Charles Kittel. It is
considered as pedagogical corpus since it is formulated from a textbook that
contribute in the classroom language (Bennett, 2010).

3) strategic use of vocabulary

The strategic use of the target words will be represented by the sentence in which

they are found.

A. Unitl
Target Words ? ) I~
No. ] S Strategic Use I
Unit 1 o g
o (&)
1 boundary 11 | e The boundary of the first Brillouin zone lies at

K==+m/a.

o We show from (7) that the slope of @ versus K
is zero at the zone boundary: (8) at K = +r/a,
for here sin Ka = sin (£r) = 0.

o The special significance of phonon
wavevectors that lie on the zone boundary is
developed in (12) below.

o At the boundaries Knaa = £r/a of the
Brillouin zone the solution us = u exp(isKa)

does not represent a travelling wave, but a

“Introduction of Solid State Physics” by Charles

standing wave.

e At the zone boundaries sKnaa = £s7, whence
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(12).

o At the zone boundary K = m/a the group
velocity is zero.

e The two TA phonon branches are horizontal at
the zone boundary position.

e We show in chapter 5 by application of
periodic boundary conditions to the modes of
the crystal of volume V that there is one K
value in the volume (27)*/V in Fourier space.

e We can solve this equation exactly for ®2 but
it is simpler to examine the limiting cases Ka
<] and Ka = £r at the zone boundary.

o There is a frequency gap at the boundary
Kmax = +n/a of the first Brillouin zone.

e Show that @2 is negative (unstable mode) at
the zone boundary Ka = if 6 > 0.475 or

4/7((3), where { is a Riemann zeta function.

differ

e The constant C is the force constant between
nearest-neighbor planes and will differ for

longitudinal and transverse waves

displaced

¢ (Solid lines) Planes of atoms when displaced
as for a longitudinal wave.
e Planes of atoms as displaced during passage of

a transverse wave.

displacement

20

¢ The coordinate u measures the displacement of
the planes.

¢ When a wave propagates along one of these
directions, entire planes of atoms move in
phase with displacements either parallel or
perpendicular to the direction of the
wavevector.

o We can describe with a single coordinate us

the displacement of the planes from its
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equilibrium position.

e That is equivalent to the assumption that the
elastic energy is a quadratic function of the
relative displacement of any two points in the
crystal.

e Terms in the energy that are linear in the
displacements will vanish in equilibrium-see
the minimum in Fig. 3.6

o We assume that the force on the plane s
caused by the displacement of the plane s + p
is proportional to the difference us+p- us of
their displacements.

o We assume that the force on the plane s
caused by the displacement of the plane s + p
is proportional to the difference us+p- us of
their displacements.

e This expression is linear in the displacements
and is of the form of Hooke’s law.

¢ We look for solutions with all displacements
having the time dependence exp(—iot). Then
d2us/dt2 = — w2us and (2) becomes (3).

¢ This is a difference equation in the
displacements u and has traveling wave
solutions of the form: (4), where a is the
spacing between planes and K is the
wavevector.

o From (4) the ratio of the displacements of two
successive planes is given by (10).

o Then the displacement ratio (10) becomes
(11), because exp(i2zmn) = 1.

e Thus the displacement can always be
described by a wavevector within the first

Zone.
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o With x-rays it is possible to have n equal to
other integers besides unity because the
amplitude of the electromagnetic wave has a
meaning in the space between atoms, but the
displacement amplitude of an elastic wave
usually has a meaning only at the atoms
themselves.

e The displacement of atoms M; are denoted by
Us 1, Us, Ugsg, - - ., and of atoms M, by vs_g, vs,
Vs+1-

o The particle displacements in the transverse
acoustical (TA) and transverse optical (TO)
branches are shown in Fig. 10.

o Transverse optical and transverse acoustical
waves in a disatomic linear lattice, illustrated
by the particle displacements for the two
modes at the same wavelength.

o Here u is the displacement of a volume
element from its equilibrium position at x in
the crystal.

¢ This relates the displacement in a given mode

to the phonon occupancy n of the mode.

equilibrium

e (Dashed lines) Planes of atoms when in
equilibrium.

o We can describe with a single coordinate us
the displacement of the planes from its
equilibrium position.

e Terms in the energy that are linear in the
displacements will vanish in equilibrium-see
the minimum in Fig. 3.6.

o Here u is the displacement of a volume
element from its equilibrium position at x in
the crystal.
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e The ions are imagined to be in stable
equilibrium when at regular lattice points.

¢ If one ion is displaced a small distance r from
its equilibrium position, the restoring force is
largely due to the electric charge within the
sphere of radius r centered at the equilibrium
position.

e If one ion is displaced a small distance r from
its equilibrium position, the restoring force is
largely due to the electric charge within the
sphere of radius r centered at the equilibrium
position.

e Show that the contribution of the coulomb
interaction to the atomic force constants is Cyc
= 2(-))"p *a%, where a is the equilibrium

nearest-neighbor distance.

forth

e This situation is equivalent to Bragg reflection
of x-rays: when the Bragg condition is
satisfied a travelling wave cannot propagate in
a lattice, but through successive reflections

back and forth, a standing wave is set up.

generalization

The generalization of dispersion relation (7) to

p nearest planes is easily found to be (16a)

independent

The range — n to + « for the phase Ka covers

all independent values of the exponential.

The result that the frequency is directly
proportional to the wavevector in the long
wavelength limit is equivalent to the statement
that the velocity of sound is independent of

frequency in this limit.

We solve for the interplanar force constants
Cp by multiplying both sides by cos rKa,

where r is an integer, and integrating over the
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range of independent values of K: (16b).

oscillate

o This is a standing wave; alternate atoms
oscillate in opposite phases, because us = £1
according to whether s is an even or an odd

integer.

10

perpendicular

e When a wave propagates along one of these
directions, entire planes of atoms move in
phase with displacements either parallel or
perpendicular to the direction of the

wavevector.

11

propagate

¢ When a wave propagates along one of these
directions, entire planes of atoms move in
phase with displacements either parallel or
perpendicular to the direction of the
wavevector.

e This situation is equivalent to Bragg reflection
of x-rays: when the Bragg condition is
satisfied a travelling wave cannot propagate in
a lattice, but through successive reflections
back and forth, a standing wave is set up.

o We treat waves that propagate in a symmetry
direction such that a single plane contains only
a single type of ion; such direction are [111] in
the NaCl structure and [100] in the CsCl
structure.

o Consider a longitudinal wave us = u cos(ot —
sKa) which propagates in a monatomic linear
lattice of atoms of mass M, spacing a, and

nearest-neighbor interaction C.

12

propagation

e The simples mathematical solution is in the
[100], [110], and [111] propagation directions
in cubic crystals.

e This is the velocity of energy propagation in
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the medium.

e For each polarization mode in a given
propagation direction the dispersion relation ®
versus K develops two branches, known as the

acoustical and optical branches as in Fig 7.

13

regard

e It is convenient hereafter to regard C as
defined for one atom of the plane, so that F; is

the force on one atom in the plane s.

14

satisfied

o This situation is equivalent to Bragg reflection
of x-rays: when the Bragg condition is

satisfied a travelling wave cannot propagate in

a lattice, but through successive reflections

back and forth, a standing wave is set up.

15

vanish

e Terms in the energy that are linear in the

displacements will vanish in equilibrium-see
the minimum in Fig. 3.6.

¢ The integral vanishes except for p = r. Thus
(17) gives the force constant at range pa, for a
structure with monoatomic basis.

e The homogeneous linear equations have a
solution only if the determinant of the
coefficients of the unknown u, v vanishes: (21)

or (22).

B. Unit2

No.

Target Words
Unit 2

Strategic Use

Context

adjacent

=1 frequency

o A diatomic crystal structure with masses My,

M, connected by force constant C between

adjacent planes.

coincide

e The LO and TO branches coincide at K = 0;

“Introduction




163

this is also a consequence of the crystal

symmetry of Ge.

contain

We treat waves that propagate in a symmetry

direction such that a single plane contains only

a single type of ion; such direction are [111] in
the NaCl structure and [100] in the CsCl

structure.

essential

It is not essential that the masses be different,
but either the force constant or the masses will
be different if the two atoms of the basis are in

non-equivalent sites.

excite

If the two atoms carry opposite charges, as in
Fig. 10, we may excite a motion of this type
with the electric field of a light wave, so that

the branch is called the optical branch.

gap

There is a frequency gap at the boundary

Kmax = +n/a of the first Brillouin zone.

homogeneous

The homogeneous linear equations have a
solution only if the determinant of the
coefficients of the unknown u, v vanishes: (21)
or (22).

interleaved

We consider a cubic crystal where atoms of
mass M lie on one set of planes of atoms of
mass M, lie on planes interleaved between
those and the first set (Fig. 9).

pair

We write the equation of motion under the
assumption that each planes interact only with
its nearest-neighbor planes and that the force
constants are identical between all pairs of

nearest-neighbor planes

10

thereby

Thus the LA and the two branches have a total
of 3N modes, thereby accounting for 3N of the

total degrees of freedom.
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No.

Target words
Unit 3

Strategic Use

Context

absorbed

“! frequency

¢ If a phonon K is absorbed in the process, we
have instead the relation (32).

¢ Here K is the wavevector of the phonon
created (+) or absorbed (-) in the scattering
process, and G is any reciprocal lattice vector.

o The statement of conservation of energy is
(34), where 4w is the energy of the phonon

created (+) or absorbed (-) in the process.

absorption

e Phonon dispersion relations w(K) are most
often determined experimentally by the
inelastic scattering of neutrons with the

emission or absorption of a phonon.

chiefly

o A neutron sees the crystal lattice chiefly by

interaction with the nuclei of the atoms.

density

e The kinetic energy density is is %pf:}U/at)z,

where p is the mass density.

e The kinetic energy density is 1/2p u/ t)2,
where p is the mass density.

e Take the number density of ions (or of
conduction electrons) as 3/4nR3, which

defines R.

determine

¢ To determine the dispersion relation using (33)
and (34) it is necessary in the experiment to
find the energy gain or loss of the scattered
neutrons as a function of the scattering
direction k - k.

determined

e Phonon dispersion relations w(K) are most

often determined experimentally by the
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inelastic scattering of neutrons with the

emission or absorption of a phonon.

occupancy

¢ This relates the displacement in a given mode

to the phonon occupancy n of the mode.

occupied

e The energy of an elastic mode of angular
frequency w is (27) when the mode is excited
to quantum number n; that is, when the mode

is occupied by n phonons

occur

o It occurs for both phonons and photons as a
consequence of their equivalence to a quantum

harmonic oscilator of frequency w, for which
the energy eigenvalues are also (n + %a) The

guantum theory of phonon is developed in

Appendix C.

10

rarely

o In the reflection process the crystal as a whole
will recoil with momentum - 4G, but this
uniform mode momentum is rarely considered

explicitly.

11

recoil

e In the reflection process the crystal as a whole
will recoil with momentum — /G, but this
uniform mode momentum is rarely considered

explicitly.

12

rigorously

o The true momentum of the whole system

always is rigorously conserved.

13

suitable

o But the energy of a phonon must be positive,

so it is conventional and suitable to view w as

positive.
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No.

Target words
Unit 3

Strategic Use

Context

decoupled

7| frequency

e Show that at this value of K the two lattices
act as if decoupled: one lattice remains at rest

while the other lattice moves.

gstimate

o Estimate the value of this frequency for
sodium, roughly.

¢ From (a), (b), and some common sense,
estimate the order of magnitude of the velocity

of sound in the metal.

immersed

o Consider point ions of mass M and charge
immersed in a uniform sea of conduction

electrons.

reduce

o Show that for long wavelengths the equation
of motion (2) reduces to the continuum

elastic wave equation.

rest

e Show that at this value of K the two lattices
act as if decoupled: one lattice remains at rest

while the other lattice moves.

sphere

¢ If one ion is displaced a small distance r from
its equilibrium position, the restoring force is
largely due to the electric charge within the
sphere of radius r centered at the equilibrium

position.

unlike

e Basis of two unlike atoms.

“Introduction of Solid State Physics” by Charles Kittel
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Dictionary Materials of the Multimedia

A. Unitl

No.

Target Words
Unit 1

Explanation

boundary

boundary: batas

/'baun.d’r.i/ noun

e The boundary of an area of land is an imaginary line
that separates it from other areas

e something that indicates the farthest limit, as of an area;

border

differ

differ: berbeda

['dif.or/ verb

e If two or more things differ, they are unlike each other
in some way.

e to be dissimilar in quality, nature, or degree (to); vary
(from)

displaced

displaced : pindah
/dr'splexst/ adjective

e moved away from that area

displacement

displacement . perpindahan

/d1'splers.mont/ noun

e Displacement is the removal of something from its usual
place or position by something which then occupies that
place or position.

e the distance measured in a particular direction from a

reference point

equilibrium

equilibrium: kesetimbangan

[ i:.kwr'lib.ri.om/ noun

e Equilibrium is a balance between several different

influences or aspects of a situation.

e the condition of a system that has its total energy
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distributed among its component parts in the statistically

most probable manner

forth

forth: maju

[f2:0/ adverb

e \When someone goes forth from a place, they leave
it.

e forward in place, time, order, or degree

generalization

generalization: penyamarataan

/ dzen.a r.ol.ar'zer.fon/ noun

e A generalization is a statement that seems to be true in
most situations or for most people, but that may not be
completely true in all cases

e the derivation of a general statement from a particular

one

independent

independent: berdiri sendiri, tunggal

/ n.dr'pen.dant/ adjective

e |[f one thing or person is independent of another, they
are separate and not connected, so the first one is
not affected or influenced by the second.

e not dependent on anything else for function, validity, etc

(of a system of equations) not linearly dependent

oscillate

oscillate: bergetar

['vs.1.lert/ verb

e |f an object oscillates, it moves repeatedly from one
position to another and back again, or keeps getting

bigger and smaller.

e to move or swing from side to side regularly

10

perpendicular

perpendicular: tegak lurus

/ p3:.pan‘dik.jo.lor/ adjective

e at right angles to a horizontal plane

11

propagate

propagate: merambat
/" prop.a.gert/ verb

o If people propagate an idea or piece of information, they
spread it and try to make people believe it or support it.
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e to move through, cause to move through, or transmit,
especially in the form of a wave

12 | propagation propagation . perambatan

/ prop.a‘ger.fon/ noun

e the act or process of moving through, causing to move

through, or transmitting, especially in the form of a wave

13 | regard regard: menganggap

/ri'ga:d/ verb

e |f you regard something or someone with a feeling
such as dislike or respect, you have that feeling
about them.

e to look upon or consider in a specified way

e to take notice of or pay attention to (something); heed

14 | satisfied satisfied: terpenuhi
['seet.1s.fard/ adjective

e |f you are satisfied that something is true or has been
done properly, you are convinced about this after
checking it.

e Dbeing fulfilled by the conditions of (a theorem,
assumption, etc); to yield a truth by substitution of the
given value

15 | vanish vanish: lenyap/hilang

['ven.iff verb

e |f someone or something vanishes, they disappear
suddenly or in a way that cannot be explained.

e to disappear, especially suddenly or mysteriously

® to become zero

B. Unit2
No. Target.Words Explanation
Unit 2
1 adjacent adjacent: bersebelahan
/adzer.sont/ adjective
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e |f one thing is adjacent to another, the two things are

next to each other.

e joined by a common edge

coincide coincide: bertepatan
/kou.mnsard/ verb
e If one event coincides with another, they happen at the
same time.
® to occur or exist simultaneously
contain contain: mengandung
/kantemn/ verb
e If a substance contains something, that thing is a part of
it.
e to hold or be capable of holding or including within a
fixed limit or area
essential essential: penting
fisen.tfal/ verb
e Something that is essential is extremely important or
absolutely necessary to a particular subject, situation, or
activity.
e vitally important; absolutely necessary
excite excite: pindah ke energi lebih tinggi (elektron)
1K' sart/ verb
e {0 raise (an atom, molecule, electron, nucleus, etc)
from the ground state to a higher energy level
gap gap: jarak
/gaep/ noun
e A gap between two groups of people, things, or sets
of ideas is a big difference between them.
e adivergence or difference; disparity
homogeneous homogeneous: serbasama

/hou.moudszi:.ni.os/ adjective

e Group or thing which has members or parts that are

all the same.
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e containing terms of the same degree with respect to

all the variables

8 interleaved interleaved: menyelip
[ ta'li:vd/ adjective

e place at intervals in or among

9 pair pair: pasangan
/per/ noun

e A pair of things are two things of the same size and
shape that are used together or are both part of
something, for example shoes, earrings, or parts of the
body.

e an object considered to be two identical or similar things

joined together

10 | thereby thereby: oleh karena itu
/ der'bai/ adverb
e You use thereby to introduce an important result or

consequence of the event or action you have just
mentioned.

e by that means; because of that

C. Unit3
Target words ]
No. ] Explanation
Unit 3
1 |absorbed absorbed: terserap
[ab'zo:rbd/ adjective
e If you are absorbed in something or someone, you are
very interested in them and they take up all your
attention and energy.
e taken in (all or part of incident radiated energy) and
retain the part that is not reflected or transmitted
2 |absorption absorption: penyerapan
[abzorp.fon/ noun
e The absorption of a liquid, gas, or other substance is the
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process of it being soaked up or taken in.
e a reduction of the intensity of any form of radiated
energy as a result of energy conversion in a medium,

such as the conversion of sound energy into heat

chiefly chiefly: terutama
['tfi..fli/ adverb

e You use chiefly to indicate that a particular reason,
emotion, method, or feature is the main or most
important one.

e especially or essentially; above all

density density: kepadatan

/'dent.sa.ti/ noun

e In science, the density of a substance or object is the
relation of its mass or weight to its volume.

e a measure of the compactness of a substance,
expressed as its mass per unit volume. It is measured in
kilograms per cubic metre or pounds per cubic foot.

determine determine: menentukan

/dits-.min/ verb

e To determine a fact means to discover it as a result of
investigation.

e to fix or specify the position, form, or configuration of

determined determined: ditentukan

/dit3-.mind/ adjective

e If you are determined to do something, you have made a
firm decision to do it and will not let anything stop you.

e resolute; firm

occupancy occupancy: pengisian

['a:.Kja.pant .si/ noun

e Occupancy is the act of using a room, building, or area

of land, usually for a fixed period of time.

e the act of occupying; possession of a property

occupied

occupied: terisi
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['a:.kju.pard/ adjective

e If aroom or something such as a seat is occupied,
someone is using it, so that it is not available for
anyone else.

® in use and so not available for anyone else

9 |occur occur: berlaku
/a'k3-:/ verb
e When something occurs, it happens.
e to happen; take place; come about
10 |rarely rarely: jarang
['rerli/ adverb
e |f something rarely happens, it does not happen very
often.
e hardly ever; seldom
11 | recoil recoil: melonjak
[r'ko1l/ verb
e If something makes you recoil, you move your body
quickly away from it because it frightens, offends, or
hurts you.
e to change momentum as a result of the emission of a
photon or particle
12 |rigorously rigorously: dengan tegas dan jelas
/'rig.ar. a-.sli/ adverb
e Atest, system, or procedure that was done
rigorously is very thorough and strict.
e the validity of the successive steps in a completely
explicit manner
13 |suitable suitable: sesuai, tepat

/'su:.tp.bl/ adjective

e Someone or something that is suitable for a particular

purpose or occasion is right or acceptable for it.

e appropriate; proper; fit
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D. Unit4

Target words ]
No. Strategic Use

Unit 3

1 decoupled decoupled: memisahkan diri

/ di:"kapal/ adjective

e If two countries, organizations, or ideas that were
connected in some way are decoupled, the connection
between them is ended.

e separated (joined or coupled subsystems) thereby

enabling them to exist and operate separately

2 estimate estimate: memperkirakan

/'es.t.mert/ verb

e If you estimate a quantity or value, you make an
approximate judgment or calculation of it.

e to form an approximate idea of (distance, size, cost,

etc); calculate roughly; gauge

3 immersed immersed: menyelam

/1'm3-:sd/ adjective

e If something is immersed in a liquid, someone puts it

into the liquid so that it is completely covered.

e plunged or dip into liquid

4 reduce reduce: mengurangi

Ir1'du:s/ verb

e |f something is changed to a different or less
complicated form, you can say that it is reduced to that
form.

e to modify or simplify the form of (an expression or
equation), especially by substitution of one term by

another

5 rest rest: diam
[rest/ verb

e When an object that has been moving comes to rest, it

finally stops.
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e to remain without further attention or action

sphere sphere: bulatan

/sfir/ noun

e A sphere is an object that is completely round in shape
like a ball.

e athree-dimensional closed surface such that every
point on the surface is equidistant from a given point,

the center

unlike unlike: berbeda, tidak sama

/an’laik/ adjective

e |[f one thing is unlike another thing, the two things
have different qualities or characteristics from each
other

e not alike; dissimilar or unequal; different




Appendizx D

Course (Grid

176



Course Grid

Name of the Institution : Physics Education Department Yogyakarta State University
Class/Semester :Al6

Subject : Fisika Zat Padat

Textbook - Introduction to Solid State Physics by Charles Kittel

Syllabus description

4. Phonons I: vibration of crystal with monoatomic basis, two atoms per primitive basis, quantization of elastics waves, phonon momentum,
inelastic scattering by phonons, summary, and problems.

Unit Indicators Unit Title Topic Input Text Voc;il():lljlsary Procedures
1 |- Studentsare | Crystal Vibration of Informational | Target Words: . Introduction
able to vibration crystal with text (science) | e boundary Focusing the keywords:
choose the (monatomic monatomic « Vibrations of | e differ Overview
correct basis) basis crystal with | e displaced Il. Main part
pronunciation monoatomic | e displacement Keeping the words active:
of the target basis o equilibrium A. Explanation of target words
words o forth 1. Studying the target words through
- Students are e generalization flash c_:ards (text 1)
able to e independent 2. Studying the target words through
choose the e oscillate flash c':ards_ (tgxt 2) .
correct part e perpendicular B. Non-linguistic representation
e propagate 3. Matching the target words with their

177



of speech of

e propagation

image representation

the target e regard 4. Matching image representation with
words e satisfied the correct word.
Students are e vanish C. Activities
able to 5. Matching the words with its
choose the pronunciation
correct 6. Choosing the correct part of speech
definition of 7. Find the correct words that represent
target words certain part of speech
Students are 8. Matching definition
able to 9. Matching meaning
choose the D. Games
correct 10. Crossword puzzle
meaning of Incorporating in a larger learning
the target project:
words 11. Completing sentences of specific
information
I1l. Summary
Unit Indicators Unit Title Topic Text Type Voc}%gﬂlsary Procedures
2 Students are | Crystal Vibration of Informational | Target Words: . Introduction
able to Vibration crystal with text (science) | e adjacent Focusing the keywords:
choose the (Diatomic diatomic basis | e Two atoms e coincide Overview
correct Basis) per primitive | e contain Il. Main part
pronunciation basis e essential Keeping the words active:

178




of the target
words
Students are
able to
choose the
correct part
of speech of
the target
words
Students are
able to
choose the
correct
definition of
target words
Students are
able to
choose the
correct
meaning of
the target
words

e excite

* gap

¢ homogeneous
e interleaved

e pair

o thereby

A. Explanation of target words

Studying the target words through

flash cards (text 1)

2. Studying the target words through
flash cards (text 2)

B. Non-linguistic representation

3. Matching the target words with their
image representation

4. Matching image representation with
the correct word.

C. Activities

5. Matching the words with its
pronunciation

6. Choosing the correct part of speech

7. Find the correct words that represent
certain part of speech

8. Matching definition

9. Matching meaning

D. Games

10. Crossword puzzle

Incorporating in a larger learning

project:

11. Completing sentences of specific
information

I1l. Summary

=

179




Vocabulary

Unit Indicators Unit Title Topic Input Text focus Procedures
3 | - Studentsare | Phonon’s Characteristics | Informational | Target Words: . Introduction
able to Characteristics | of phonon text (science) | e absorbed Focusing the keywords:
choose the e Quantization | e absorption Overview
correct of Elastic e chiefly I1. Main part
pronunciation waves e density Keeping the \_/vords active:
of the target e Phonon e determine A. Explanation of target words
words Momentum | o determined 1. Studying the target words through
- Students are * Inelastic e Occupancy flash cards (text 1)
able to scattering by | o gecupied 2. Studying the target words through
choose the phonons e OCCUr flash cards (text 2)
correct part e rarely B. Non-linguistic representation
of speech of e recoil 3. Matching the target words with their
the target e rigorously image representation
words e Suitable 4. Matching image representation with
- Students are the correct word.
able to C. Activities
choose the 5. Matching the words with its
correct pronunciation
definition of 6. Choosing the correct part of speech
target words 7. Find the correct words that represent
- Students are certain part of speech
able to 8. Matching definition
choose the 9. Matching meaning
correct D. Games
meaning of 10. Crossword puzzle

180




the target

Incorporating in a larger learning

words project:
11. Completing sentences of specific
information
I1l. Summary
Unit Indicators Unit Title Topic Input Text Voc;il():lljlsary Procedures
4 Students are | Summary and | Summary and | Informational | Target Words: . Introduction
able to Problems problems of text (science) | e decoupled Focusing the keywords:
choose the the crystal e Summary e estimate Overview
correct vibration and e Problems e immersed I1. Main part
pronunciation phonon e reduce Keeping the words active:
of the target o rest A. Explapatlon of target words
words o sphere 1. Studying the target words through
Students are e unlike flash cards (text 1)

able to
choose the
correct part
of speech of
the target
words
Students are
able to
choose the
correct

2. Studying the target words through
flash cards (text 2)

B. Non-linguistic representation

3. Matching the target words with their
image representation

4. Matching image representation with
the correct word.

C. Activities

5. Matching the words with its
pronunciation

181




definition of
target words
- Students are
able to
choose the
correct
meaning of
the target
words

6. Choosing the correct part of speech

7. Find the correct words that represent
certain part of speech

8. Matching definition

9. Matching meaning

D. Games

10. Crossword puzzle
Incorporating in a larger learning
project:

11. Completing sentences of specific

information

I1l. Summary

182




Appendix F/

Flowchart

183



Flowcharts of Interactive Vocabulary Learning Multimedia

for the Students of Physics Education Department Yogyakarta State University

Start Screen

Home

Choose Unit

Dictionary

About the Author

References

Help

Unit 1
Crystal vibration
(monatomic basis)

Unit 2
Crystal Vibration
(Diatomic Basis)

Unit 3
Phonon’s Characteristics

Unit 4
Summary and problems

184

Exit




Appendix F’

The Frrst Draft

of the Multzmedia

185



186

UNIT 1
Crystal Vibration (Monatomic Basis)

OVERVIEW
In this unit you will learn some words that included in Chapter 4 about vibration

of crystal with monoatomic basis. They are:

boundary oscillate
differ perpendicular
displaced propagate
displacements propagation
equilibrium regard
forth satisfied
generalization vanish
independent

You are expected to be able to:

choose the correct pronunciation of the target words

choose the correct part of speech of the target words

choose the correct definition of the target words

choose the correct the meaning of the target words

Task 1
Study the following text. Click the underlined words to see its explanation.
Pelajari text berikut ini. Klik kata-kata yang bergaris bawah untuk melihat

penjelasannya

VIBRATION OF CRYSTAL WITH MONOATOMIC BASIS
Consider the elastic vibrations of a crystal with one atom in the primitive
cell. We want to find the frequency of an elastic wave in terms of the wavevector
that describes the wave and in terms of the elastic constants.
The mathematical solution is simplest in the [100], [110], and [111]
propagation directions in cubic crystals. These are the directions of the cube edge)
face diagonal, and body diagonal. When a wave propagates along one of these
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directions, entire planes of atoms move in phase with displacements either parallel
or perpendicular to the direction of the wavevector. We can describe with a single
coordinate us the displacement of the planes from its equilibrium position. The
problem is now one dimensional. For each wavevector there are three modes as
solutions for us, one of longitudinal polarization (Fig. 2) and two of transverse
polarization (Fig. 3).

We assume that the elastic response of the crystal is a linear function of the
forces. That is equivalent to the assumption that the elastic energy is a quadratic
function of the relative displacement of any two points in the crystal. Terms in the

energy that are linear in the displacements will vanish in equilibrium-see the

minimum in Fig. 3.6. Cubic and higher-order terms may be neglected for
sufficiently small elastic deformations.

We assume that the force on the plane s caused by the displacement of the
plane s + p is proportional to the difference us.+p- us of their displacements. For
brevity we consider only nearest-neighbor interactions, with p= +1. The total
force on s from planes s + 1: (1). This expression is linear in the displacements
and is of the form of Hooke’s law.

The constant C is the force constant between nearest-neighbor planes and
will differ for longitudinal and transverse waves. It is convenient hereafter to
regard C as defined for one atom of the plane, so that Fs is the force on one atom
in the plane s.

The equation of motion of an atom in the plane s is (2), where M is the mass
of an atom. We look for solutions with all displacements having the time
dependence exp(—iw?). Then d’ug/dt® = — w?u and (2) becomes (3).

This is a difference equation in the displacements u and has traveling wave
solutions of the form: (4), where a is the spacing between planes and K is the
wavevector. The value to use for a will depend on the direction of K. With (4), we
have from (3): (5). We cancel u exp(isKa) from both sides, to leave (6). With the
identity 2 cos Ka = exp(iKa) + exp(-iKa), we have the dispersion relation w(K).

@)
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The boundary of the first Brillouin zone lies at K = + /a. We show from (7)
that the slope of w versus K is zero at the zone boundary: (8) at K = +n/a, for here
sin Ka = sin (£n) = 0. The special significance of phonon wavevectors that lic on
the zone boundary is developed in (12) below.

By a trigonometric identity, (7) may be written as (9). A plot of w vesus K is

given in Fig.4.

Task 2
Study the following text. Click the underlined words to see its explanation.
Pelajari text berikut ini. Klik kata-kata yang bergaris bawah untuk melihat

penjelasannya

First Brillouin Zone

What range of K is physically significant for elastic waves? Only those in
the first Brillouin zone. From (4) the ratio of the displacements of two successive
planes is given by (10). The range — © to + = for the phase Ka covers all
independent values of the exponential.

The range of the first Brillouin Zone of the linear lattice (K) is specified by

-n<Ka<m, or Z <K< Z The extreme values are Knax = £r/a. Values of K outside

of the first Brillouin zone (Fig.5) merely reproduce lattice motions described by
values within the limits +m/a.

We may treat a value of K outside these limits by subtracting the integral
multiple of 2x/a that will give a wavevector inside these limits. Suppose K lies
outside the first zone, but a related wavevector K' defined K' = K — 2zn/a lies
within the first zone, where n is an integer. Then the displacement ratio (10)
becomes (11), because exp(i2zn) = 1. Thus the displacement can always be
described by a wavevector within the first zone. We note that 2zn/a is a reciprocal
lattice vector because 2zn/a is a reciprocal lattice vector. Thus by subtraction of
an appropriate reciprocal lattice vector from K, we always obtain an equivalent

wavevector in the first zone.
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At the boundaries Kmaxa = £a/a of the Brillouin zone the solution us = u
exp(isKa) does not represent a travelling wave, but a standing wave. At the zone
boundaries sKmnaxa = +sz, whence (12). This is a standing wave; alternate atoms

oscillate in opposite phases, because us = £1 according to whether s is an even or

an odd integer. The wave moves neither to the right nor to the left.
This situation is equivalent to Bragg reflection of x-rays: when the Bragg

condition is satisfied a travelling wave cannot propagate in a lattice, but through

successive reflections back and forth, a standing wave is set up.

The critical value Knax = £z/a found here satisfies the Bragg condition 2d
sin @ =nA\: we have 6 = %7[ d =a, K= 2n/A, n = 1, so that A = 2a. With x-rays it is
possible to have n equal to other integers besides unity because the amplitude of
the electromagnetic wave has a meaning in the space between atoms, but the
displacement amplitude of an elastic wave usually has a meaning only at the
atoms themselves.

Group Velocity

The transmission velocity of a wave packet is the group velocity, given as
vg= dw/dK, or (13), the gradient frequency with respect to K. This is the velocity
of energy propagation in the medium.

With the particular dispersion relation (9), the group velocity (Fig. 6) is
(14). This is zero at the edge of the zone where Ka = w/a. Here the wave is a
standing wave, as in (12), and we expect zero net transmission velocity for a
standing wave.

Long Wavelength Limit

When Ka <1 we expand cos Ka=1 - %(Ka)z, so that the dispersion relation
(7) becomes (15). The result that the frequency is directly proportional to the
wavevector in the long wavelength limit is equivalent to the statement that the

velocity of sound is independent of frequency in this limit. Thus » = w/K, exactly

as in the continuum theory of elastic waves—in the continuum limit Ka<1.
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Derivation of Force Constants from Experiment

In metals the effective forces may be of quite long range and are carried
from ion to ion through the conduction electron sea. Interactions have been found
between planes of atoms separated by as many as 20 planes. We can make a
statement about the range of the forces from the observed experimental dispersion
relation for w. The generalization of dispersion relation (7) to p nearest planes is
easily found to be (16a).

We solve for the interplanar force constants C, by multiplying both sides by cos
rka, where r is an integer, and integrating over the range of independent values of
K: (16b). The integral vanishes except for p = r. Thus (17) gives the force
constant at range pa, for a structure with monoatomic basis.

Flash Cards for Task 1 & 2:

No. Flash card
1. | boundary . batas

~'baun.dor.i/ noun

e The boundary of an area of land is an imaginary line that separates it from
other areas

e something that indicates the farthest limit, as of an area; border

2. | differ : berbeda

" I'dif.or/ verb

o If two or more things differ, they are unlike each other in some way.
e to be dissimilar in quality, nature, or degree (to); vary (from)

3. | displaced . dipindahkan
< /dr'spleist/ adjective

e moved away from that area

4. | displacement . perpindahan
"~ /dr'splets.mant/ noun

¢ Displacement is the removal of something from its usual place or position by
something which then occupies that place or position.
o the distance measured in a particular direction from a reference point

5. | equilibrium : kesetimbangan

"/ i kwr'lib.ri.om/ noun

¢ Equilibrium is a balance between several different influences or aspects of
a situation.

¢ the condition of a system that has its total energy distributed among its
component parts in the statistically most probable manner

6. | forth > maju

" [f2:0/ adverb
¢ When someone goes forth from a place, they leave it.
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o forward in place, time, order, or degree

generalization  : perluasan

<[ dzen.or.ol.ar'zer.fsn/ noun

¢ A generalization is a statement that seems to be true in most situations or for
most people, but that may not be completely true in all cases

o the derivation of a general statement from a particular one

in_dependent - berdiri sendiri, tunggal

</ m.dr'pen.dont/ adjective

o If one thing or person is independent of another, they are separate and not
connected, so the first one is not affected or influenced by the second.

¢ not dependent on anything else for function, validity, etc.

o (of a system of equations) not linearly dependent

oscillate . bergetar

. I'vs.Llett/ verb

o If an object oscillates, it moves repeatedly from one position to another and
back again, or keeps getting bigger and smaller.
¢ to move or swing from side to side regularly

10.

perpendicular  : tegak lurus

< p3i.pon'dik.ju.la/ adjective
e at right angles to a horizontal plane

11.

propagate : menyebar
«<['prop.a.gert/ verb
o If people propagate an idea or piece of information, they spread it and try to
make people believe it or support it.

¢ to move through, cause to move through, or transmit, especially in the form of
a wave

12.

plc_)pagation . penyebaran
<!/ prop.a'ger.fon/ noun

¢ the act or process of moving through, causing to move through, or
transmitting, especially in the form of a wave

13.

regard . menganggap
«Iri'ga:d/ verb

o If you regard something or someone with a feeling such as dislike or
respect, you have that feeling about them.

¢ to look upon or consider in a specified way

e to take notice of or pay attention to (something); heed

14.

satisfied : terpenuhi
«['set.1s.fard/ adjective

e |f you are satisfied that something is true or has been done properly, you
are convinced about this after checking it.

15.

vanish - lenyap/hilang

o /'ven.1f/ verb

e [f someone or something vanishes, they disappear suddenly or in a way
that cannot be explained.
o to disappear, especially suddenly or mysteriously




Task 3

Choose the correct image which represents the word.

Pilih gambar yang dapat mengilustrasikan kata dengan tepat.

1. boundary

outside

’ L2
CC

2. differ

Y YOG OO0 B OO

4. equilibrium

outside

Task 4

Match the word in the box with its image representation.
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Pasangkan kata di dalam kotak dengan gambar yang mengilustrasikannya.

[[Nindependent] oscillate  [TTperpendieulalil] propagation [IVanish
1. = 2. 3.
r, \ll
\\. , @ »
drag the word here drag the word here drag the word here
4, 5.
2y




drag the word here

Task 5

drag the word here
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Match the words below with their correct pronunciation. Click on the " button

to listen the pronunciation.

Pasangkan kata-kata di bawah dengan pengucapannya yang sesuai. Klik tombol

< untuk mendengarkan pengucapannya.

Word list Your answer Pronunciation
1. boundary /'bavn.dor.i/ b VIX | a &
2. differ ['dif.ar/ g b. =
3. displaced /d1'splerst/ m c. =
4. displacement  /dr'spleis.mont/ f d =
5. equilibrium [ i.kwr' lib.ri.om/ I e. =
6. forth [f2:0/ j f. B
7. generalization / dzen.or.ol.ar'zerfon/ d g. =
8. independent / in.di'pen.dant/ h h., =
9. oscillate /'vs.1.lert/ n i =
10. perpendicular [/ ps:..pan‘dik.ju.lor/ a j. &
11. propagate ['prop.a.gert/ o] k. =
12. propagation / prop.a‘ger.fan/ e . =
13. regard /ri'ga:d/ i m. =
14. satisfied ['saet.1s.fard/ c n. =
15. vanish ['ven.ifl k 0. =
Task 6

Choose the correct part of speech of the words below.
Pilihlah kelas kata yang tepat dari kata-kata di bawah ini.

adjective

VI X

1. boundary
(The boundary of the first Brillouin zone lies at K = + 7/a.)
noun VX
verb VX

2. differ

adverb

VI X

(The constant C is the force constant between nearest-neighbor planes and will

differ for longitudinal and transverse waves)

noun

v/ X

adjective

VI X
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I ] .
3. displaced

(Planes of atoms as displaced during passage of a transverse wave.)

[T X e [V

I ] .
4. displacement

(The coordinate u measures the displacement of the planes.)

e [ R

I ]
5. equilibrium

(We can describe with a single coordinate us the displacement of the planes

from its equilibrium position.)

[T X e [V

I ] N
6. forth

(This situation is equivalent to Bragg reflection of x-rays: when the Bragg

condition is satisfied a travelling wave cannot propagate in a lattice, but

through successive reflections back and forth, a standing wave is set up.)

e [ [eseewe |V

I ] .
7. generalization

(The generalization of dispersion relation (7) to p nearest planes is easily

found to be (16a))

I (] .

I ] I
Task 7

Choose the words that suit with the desired part of speech.

Pilih kata-kata yang sesuai dengan kelas kata yang diinginkan.

e The range — © to + = for the phase Ka covers all independent values of the
exponential.

e This is a standing wave; alternate atoms oscillate in opposite phases, because

us = +1 according to whether s is an even or an odd integer.
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When a wave propagates along one of these directions, entire planes of atoms
move in phase with displacements either parallel or perpendicular to the
direction of the wavevector.

When a wave propagates along one of these directions, entire planes of atoms
move in phase with displacements either parallel or perpendicular to the
direction of the wavevector.

This is the velocity of energy propagation in the medium.

It is convenient hereafter to regard C as defined for one atom of the plane, so
that F is the force on one atom in the plane s.

This situation is equivalent to Bragg reflection of x-rays: when the Bragg

condition is satisfied a travelling wave cannot propagate in a lattice, but
through successive reflections back and forth, a standing wave is set up.
Terms in the energy that are linear in the displacements will vanish in

equilibrium-see the minimum in Fig. 3.6.

Find the noun (total words to find: 1)
Carilah kata benda (total kata tersedia: 1)

| independent NEEIN oscillate REE)
| perpendicular | | QI® | | propagate ‘ ‘ QI® |
| propagation | | ©Ie | | regard ‘ ‘ ©Ie |
| satisfied | | ©I® | | vanish ‘ ‘ ©I® |
Find the verbs (total words to find: 4)

Carilah kata kerja (total kata tersedia: 4)

independent ©Ie oscillate ©Ie

| perpendicular | | QI® | | propagate ‘ ‘ QI® |
| propagation | | B | | regard ‘ ‘ B |

satisfied QIB vanish QIB
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c. Find the adjectives (total words to find: 3)
Carilah kata sifat yang memnberi keterangan pada kata benda (total kata

tersedia: 3)

independent ©I® oscillate ©I®

| perpendicular | | QI® | | propagate ‘ ‘ QI® |
| propagation REER regard REE
satisfied eIe vanish eIe

Task 8
Choose the correct definition of the words.

Pilihlah definisi kata yang tepat.

Word list Your answer Definition
1. boundary e \V/X |a. atrightangles to a horizontal plane
2. differ m b. to move or swing from side to side regularly
3. displaced c c. forced to moved away from that area
4. displacement n d. the act or process of moving through,
5. equilibrium k causing to move through, or transmitting,
6. forth f especially in the form of a wave
7. generalization I e. something that indicates the farthest limit,
8. independent g as of an area; border
9. oscillate b f. forward in place, time, order, or degree
10. perpendicular a g. not dependent on anything else for function,
11. propagate h validity, etc.
12. propagation d h. to move through, cause to move through, or
13. regard o] transmit, especially in the form of a wave
14. satisfied ] i. to disappear, especially suddenly or
15. vanish [ mysteriously

j-  being fulfilled by the conditions of (a
theorem, assumption, etc); to yield a truth
by substitution of the given value

k. the condition of a system that has its total
energy distributed among its component
parts in the statistically most probable
manner

I. the derivation of a general statement from a
particular one

m. to be dissimilar in quality, nature, or degree
(to); vary (from)

n. the distance measured in a particular
direction from a reference point

0. to take notice of or pay attention to
(something); heed




197

Task 9
Match the words below with their translation in Bahasa Indonesia

Pasangkan kata-kata di bawah ini dengan terjemahannya dalam Bahasa Indonesia.

Word list Your answer Meaning
1. boundary c V/X |a maju
2. differ h b. dipindahkan
3. displaced b c. batas
4. displacement I d. kesetimbangan
5. equilibrium d e. menyebar
6. forth a f. bergetar
7. generalization i g. penyebaran
8. independent m h. berbeda
9. oscillate f i. perluasan
10. perpendicular i j.  tegak lurus
11. propagate e k. lenyap/hilang
12. propagation g I.  perpindahan
13. regard n m. bebas
14. satisfied o] n. menganggap
15. vanish Kk 0. terpenuhi

Task 10

Fill the crossword puzzle below using the words in the box.

Isilah teka-teki silang di bawah ini menggunakan kata-kata di dalam kotak.




AcCross:

2. to move through, cause to move
through, or transmit, especially in

Down:
something that indicates the
farthest limit, as of an area; border

1.
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the form of a wave 2. tegak lurus
6. > 3. Pot d.ependtlalgf[ on anything else for
7. kesetimbangan function, validity, etc
8. Dbeing fulfilled by the conditions of (a 4. o
theorem, assumption, etc); to yield 5. penyebaran
a truth by substitution of the given 9 -
value 10
11. to move or swing from side to side '
regularly
12
13. maju
14.
—
boundary differ displaced displacement equilibrium
forth generalization independent oscillate perpendicular
propagate propagation regard satisfied vanish
Task 11

Use the words in the box to complete the sentences below.

Gunakan kata-kata dalam kotak untuk melengkapi kalimat-kalimat di bawah ini

boundary differ displaced displacement equilibrium
forth generalization independent oscillate perpendicular
propagate propagation regard satisfied vanish
1. Solid lines in Fig. 2 show planes of atomswhen [ | asfora

longitudinal wave.
2. Thesimplestf — ]direction is in the [100], [110], and [111].
3. The direction of entire planes of atoms which move with [ ] can be

parallelor [ ] of the wavevector which [ ] along [100],

[110], or [111].

4. Energy that is linear in the displacements will |

lin|

5. The force constant willl ] for longitudinal and transverse wave.
6. Fsisidentified as the force on one atom in the plane s because it is convenient
tol___ ]Casdefined for one atom of the plane.
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7. The velocity of soundsis [ | of frequency in the long wavelength
limit.

8. Inastandingwave,atoms [ ] inopposite phases.

9. There, at K=+mn/a, liesthe] ] of the first Brillouin zone.

10. The (16a)isthe] of (7)

11. Bragg’s reflection of x-rays shows that a travelling wave cannot propagate in
a lattice when the Bragg conditionis[ ], but a standing wave is set
up through successive reflections backand[ .

SUMMARY
No. Summary
1 tgundary . batas

«['baun.dsr.i/ noun

e The boundary of an area of land is an imaginary line that separates it from
other areas

¢ something that indicates the farthest limit, as of an area; border

outside

inside

2 (iffer : berbeda

< ['dif.ar/ verb

o If two or more things differ, they are unlike each other in some way.
e to be dissimilar in quality, nature, or degree (to); vary (from)

Y YA OC00NIIBT0aC

- ==
L™ S
3 %placed - dipindahkan

< /dr'spleist/ adjective
e moved away from that area

4 displacement . perpindahan

"~ /dr'splets.mant/ noun

¢ Displacement is the removal of something from its usual place or position by
something which then occupies that place or position.
o the distance measured in a particular direction from a reference point
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e_quilibrium . kesetimbangan
</ irkwr'lib.ri.om/ noun

¢ Equilibrium is a balance between several different influences or aspects of
a situation.

¢ the condition of a system that has its total energy distributed among its
component parts in the statistically most probable manner

// \\

,//, \\\
6_ =0

fo_r;h : maju
«[fo:0/ adverb

¢ When someone goes forth from a place, they leave it.
o forward in place, time, order, or degree

generalization : perluasan

<\ dzen.or.l.ar'zerf>n/ noun

¢ A generalization is a statement that seems to be true in most situations or for
most people, but that may not be completely true in all cases
o the derivation of a general statement from a particular one

in_c!ependent . berdiri sendiri, tunggal
</ m.dr'pen.dont/ adjective

o If one thing or person is independent of another, they are separate and not
connected, so the first one is not affected or influenced by the second.

¢ not dependent on anything else for function, validity, etc.

o (of a system of equations) not linearly dependent

! i
A »
o

oscillate . bergetar
«['ps.1lert/ verb

o If an object oscillates, it moves repeatedly from one position to another and
back again, or keeps getting bigger and smaller.
¢ to move or swing from side to side regularly

10

@rpendicular : tegak lurus
<\ p3r.pon'dik.ju.lor/ adjective

e at right angles to a horizontal plane
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11

propagate : menyebar
«['prop.a.gert/ verb

o If people propagate an idea or piece of information, they spread it and try to
make people believe it or support it.

¢ to move through, cause to move through, or transmit, especially in the form of
a wave

12

@pagation . penyebaran
<!/ prop.a'ger.fon/ noun

¢ the act or process of moving through, causing to move through, or
transmitting, especially in the form of a wave

13

regard : menganggap
«Iri'ga:d/ verb

o If you regard something or someone with a feeling such as dislike or
respect, you have that feeling about them.

¢ to look upon or consider in a specified way
e to take notice of or pay attention to (something); heed

14

satisfied : terpenuhi
«['set.1s.fard/ adjective

e |f you are satisfied that something is true or has been done properly, you
are convinced about this after checking it.

15

\Enish - lenyap/hilang
</'ven.if/ verb

o If someone or something vanishes, they disappear suddenly or in a way
that cannot be explained.
o to disappear, especially suddenly or mysteriously
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UNIT 2:
Crystal Vibration (Diatomic Basis)

OVERVIEW
In this unit you will learn some words that included in Chapter 4 about vibration

of crystal with diatomic basis. They are:

adjacent gap
coincide homogeneous
contain interleaved
essential pair
excite thereby

You are expected to be able to:

choose the correct pronunciation of the target words % N

choose the correct part of speech of the target words

choose the correct definition of the target words

choose the correct the meaning of the target words

Task 1
Study the following text. Click the underlined words to see its explanation.
Pelajari text berikut ini. Klik kata-kata yang bergaris bawah untuk melihat
penjelasannya
TWO ATOMS PER PRIMITIVE BASIS

The phonon dispersion relation shows new features in crystal with two or
more atoms per primitive basis. Consider, for example, the NaCl or diamond
structures, with two atoms in the primitive cell. For each polarization mode in a
given propagation direction the dispersion relation » versus K develops two
branches, known as the acoustical and optical branches as in Fig 7. We have
longitudinal LA and transverse acoustical TA modes, and longitudinal LO and
transverse optical TO modes.

If there are p atoms in the primitive cell, there are 3p branches to the
dispersion relation: 3 acoustical branches and 3p — 3 optical branches. Thus
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germanium (Fig.8a) and KBr (Fig. 8b), each with two atoms in a primitive cell,
have six branches: one LA, one LO, two TA, and Two TO.

The numerology of the branches follows from the number of degrees of
freedoms of the atoms. With p atoms in the primitive cell and N primitive cells,
there are pN atoms. Each atom has three degrees of freedom, one for each of the x,
y, z directions, making a total of 3pN degrees of freedom for the crystal. The
number of allowed K values in a single branch is just N for one Brillouin zone.
Thus the LA and the two branches have a total of 3N modes, thereby accounting
for 3N of the total degrees of freedom. The remaining (3p — 3)N degrees of
freedom are accommodated by the optical branches.

"We show in chapter 5 by application of periodic boundary conditions to the
modes of the crystal of volume V that there is one K value in the volume (27)*/V
in Fourier space. The volume of a Brillouin zone is (27:)3/Vc, where Vc is the
volume of a crystal primitive cell. Thus the number of allowed K values in a
Brillouin zone is V/V., which is just N, the number of primitive cells in the
crystal.

Task 2

Study the following text. Click the underlined words to see its explanation.
Pelajari text berikut ini. Klik kata-kata yang bergaris bawah untuk melihat
penjelasannya

We consider a cubic crystal where atoms of mass M; lie on one set of planes
of atoms of mass M, lie on planes interleaved between those and the first set (Fig.
9). It is not essential that the masses be different, but either the force constant or
the masses will be different if the two atoms of the basis are in non-equivalent
sites. Let a denote the repeat distance of the lattice in the direction normal to the
lattice planes considered. We treat waves that propagate in a symmetry direction
such that a single plane contains only a single type of ion; such direction are [111]
in the NaCl structure and [100] in the CsClI structure.

We write the equation of motion under the assumption that each planes
interact only with its nearest-neighbor planes and that the force constants are
identical between all pairs of nearest-neighbor planes. We refer to Fig.9 to obtain
(18).
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We look for a solution in the form of traveling wave, now with different
amplitudes u, » on alternate planes: (19).

We define a in Fig. 9 as the distance between nearest identical planes, not
nearest-neighbor planes.

On substitution of (19) in (18) we have (20). The homogeneous linear
equations have a solution only if the determinant of the coefficients of the
unknown u, o vanishes: (21) or (22).

We can solve this equation exactly for »?but it is simpler to examine the

limiting cases Ka<1 and Ka = +r at the zone boundary. For small Ka we have cos
Kaz1 —%Kza2 + ..., and the two roots are (23) (optical branch); (24) acoustical

branch. The extent of the first Brillouin zone is — mw/a, where a is the repeat
distance of the lattice. At K= £ 7/a, the roots are (25). The dependence of w on
K is shown in Fig. 7 for M; > M,.

The particle displacements in the transverse acoustical (TA) and transverse
optical (TO) branches are shown in Fig. 10. For the optical branch at K = 0 we
find, on substitution of (23) in (20), (26). The atoms vibrate against each other,
but their center of mass is fixed. If the two atoms carry opposite charges, as in
Fig. 10, we may excite a motion of this type with the electric field of a light wave,
so that the branch is called the optical branch. At a general K the ratio u/v will be
complex, as follows from either of the equations (20). Another solution for the
amplitude ratio at small K is u = v, obtained sa the K = 0 limit of (24). The atoms
(and their center of mass) move together, as in long wavelength acoustical
vibrations, whence the term acoustical branch.

Wavelike solution do not exist for certain frequencies, here between
(2C/M1)*? and (2C/M,)*2. This is a characteristic feature of elastic waves in
polyatomic lattices. There is a frequency gap at the boundary Kny.x = +n/a of the

first Brillouin zone.
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Flash Cards for Task 1 & 2:

No.

Flash card

1

adjacent . bersebelahan

< /adzersont/ adjective

o If one thing is adjacent to another, the two things are next to each other.
e joined by a common edge

coincide - bertepatan

j/ kou.msaid/ verb

e If one event coincides with another, they happen at the same time.
e t0 occur or exist simultaneously

contain : mengandung

«/kontem/ verb

e If a substance contains something, that thing is a part of it.
e to hold or be capable of holding or including within a fixed limit or area

essential . penting

</ 1sen.tf’l/ verb

e Something that is essential is extremely important or absolutely necessary to
a particular subject, situation, or activity.

e vitally important; absolutely necessary

excite : meningkat ke energi yang lebih tinggi

< [ik'sart/ verb

e to raise (an atom, molecule, electron, nucleus, etc) from the ground state
to a higher energy level

gap . celah
«I/geep/ noun
e A gap between two groups of people, things, or sets of ideas is a big

difference between them.
¢ a divergence or difference; disparity

homogeneous : serbasama

< /hou.moud3i:.ni.os/adjective

e Group or thing which has members or parts that are all the same.
e containing terms of the same degree with respect to all the variables

interleaved : menyelip
</ mta'lirvd/ adjective
e place at intervals in or among

;Eir . pasangan
«I/per/ noun (plural: pairs)

¢ A pair of things are two things of the same size and shape that are used
together or are both part of something, for example shoes, earrings, or parts
of the body.

e an object considered to be two identical or similar things joined together
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10 thereby : oleh karena itu
</ der'bar/ adverb
¢ You use thereby to introduce an important result or consequence of the
event or action you have just mentioned.
¢ by that means; because of that
Task 3

Choose the correct image which represents the word.

Pilih gambar yang dapat mengilustrasikan kata dengan tepat.

1. adjacent

this atom @0 @ Q
3‘0 o0 o
o
30 G)—ad;? 00

30
2. coincide
4 e ¢
v - + T
e 3 vew -
v P ‘ v e w b4
3. contain
this atom @09 @ Q
£ ﬁg 3'0 o0 go
Q o
D 30
oL 17 il g
4. excite
4 o
s [New
+ - -
L - e ¥

Task 4

Match the word in the box with its image representation.

Pasangkan kata di dalam kotak dengan gambar yang mengilustrasikannya.

homogeneous

v »
L 4 L]

b -
v b

drag the word here

2.

pair

¥

drag the word here

¥

o i vew
be ) vew
f" v




drag the word here

Task 5

drag the word here
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Match the words below with their correct pronunciation. Click on the "~ button

to listen the pronunciation.

Pasangkan kata-kata di bawah dengan pengucapannya yang sesuai. Klik tombol

untuk mendengarkan pengucapannya.

Word list Your answer Pronunciation
1. adjacent ladzer.sont/ b VIX | a =
2. coincide /kou.nsard/ c b, =
3. contain /kon'temn/ h c. -
4. essential fisen.tf°l/ i d. =
5. excite ik’ sart/ i e. -
6. gap Igeep/ a £
7. homogeneous /hou.mouvdsi:.ni.as/ e g. o
8. interleaved [ mnta'lizvd/ h h, =
9. pair Iper/ f i
10. thereby / der'bai/ d .
Task 6

Choose the correct part of speech of the words below.

Pilihlah kelas kata yang tepat dari kata-kata di bawah ini.

1. adjacent

(A diatomic crystal structure with masses M3, M, connected by force constant
C between adjacent planes.)

noun

VX

verb

v/ X

2. coincide

adjective

VI X

adverb

VI X

(The LO and TO branches coincide at K = 0; this is also a consequence of the
crystal symmetry of Ge.)

noun

v/ X

verb

VI X

3. contain

adjective

VI X

adverb

VI X
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(We treat waves that propagate in a symmetry direction such that a single
plane contains only a single type of ion; such direction are [111] in the NaCl
structure and [100] in the CsCl structure.)

noun VX adjective VI X
verb VX adverb VI X
4. essential
(It is not essential that the masses be different, but either the force constant or
the masses will be different if the two atoms of the basis are in non-equivalent
sites.)
noun VX adjective VI X
verb VX adverb VI X
Task 7

Choose the words that suit with the desired part of speech.

Pilih kata-kata yang sesuai dengan kelas kata yang diinginkan.

If the two atoms carry opposite charges, as in Fig. 10, we may excite a motion
of this type with the electric field of a light wave, so that the branch is called
the optical branch.

There is a frequency gap at the boundary Kmax = +m/a of the first Brillouin
zone.

The homogeneous linear equations have a solution only if the determinant of
the coefficients of the unknown u, v vanishes: (21) or (22).

We consider a cubic crystal where atoms of mass M1 lie on one set of planes
of atoms of mass M2 lie on planes interleaved between those and the first set
(Fig. 9).

We write the equation of motion under the assumption that each planes
interact only with its nearest-neighbor planes and that the force constants are
identical between all pairs of nearest-neighbor planes

Thus the LA and the two branches have a total of 3N modes, thereby
accounting for 3N of the total degrees of freedom.

Find the noun (total words to find: 2)
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Carilah kata benda (total kata tersedia: 2)

b. Find the verb (total words to find: 1)
Carilah kata kerja (total kata tersedia: 1)

c. Find the adjectives (total words to find: 2)
Carilah kata sifat yang memberi keterangan pada kata benda (total kata
tersedia: 2)

d. Find the adverb (total words to find: 1)
Carilah kata sifat yang memberi keterangan pada kata kerja (total kata
tersedia: 1)

Task 8
Choose the correct meaning of the words.
Pilihlah arti kata yang tepat.

Word list Your answer Definition
1. adjacent 0] /X a. vitally important; absolutely necessary
2. coincide )] b. a divergence or difference; disparity
3. contain (h) c. by that means; because of that
4. essential (a) d. containing terms of the same degree
5. excite (e) with respect to all the variables
6. gap (b) e. toraise (an atom, molecule, electron,
7. homogeneous (d) nucleus, etc) from the ground state to a
8. interleaved 0] higher energy level
9. palir (9) f.  to occur or exist simultaneously
10. thereby (c) g. an object considered to be two identical
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i.
-

or similar things joined together

to hold or be capable of holding or
including within a fixed limit or area
joined by a common edge

place at intervals in or among

Task 9
Match the words below with their translation in Bahasa Indonesia

Pasangkan kata-kata di bawah ini dengan terjemahannya dalam Bahasa Indonesia.

Word list Your answer Definition
1. adjacent (c) VX a. meningkat ke energi yang lebih tinggi
2. coincide (9) b. serbasama
3. contain (d) c. bersebelahan
4. essential 0] d. mengandung
5. excite €) e. menyelip
6. gap 0] f. penting
7. homogeneous (b) g. bertepatan
8. interleaved (e) h. pasangan
9. pair (h) i. celah
10. thereby )] j. oleh karena itu
Task 10

Fill the crossword puzzle below using the words in the box.
Isilah teka-teki silang di bawah ini menggunakan kata-kata di dalam kotak.

1

2 3 4

CLPL LT

Across
5.

1

7.
8.
9

0.

v

serbasama

v

‘8

to raise (an atom, molecule,
electron, nucleus, etc) from the
ground state to a higher energy

level

>
§’
b

Qe

10 ‘

Down

1.
2. |«

3. to hold or be capable of holding or

including
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4. |- 6. olehkarenaitu
adjacent coincide contain essential excite
gap homogeneous interleaved pair thereby
Task 11

Use the words in the box to complete the sentences below.

Gunakan kata-kata dalam kotak untuk melengkapi kalimat-kalimat di bawah ini

adjacent coincide contain essential excite
gap homogeneous interleaved pair thereby

1. Fig.8ashowsthatLO and TO branches [ Jat K=0.

Fig.9 shows that M; and M, are connected by force constant C which located

between [ |planes.

3. Assingle plane in the wave that propagates in some direction such as [111] in
the NaCl and [100] inthe CsCI [ Jonly assingle type of ion.

4. We write the equation of motion under the assumption that each planes
interact only with its nearest-neighbor planes and that the force constants are
identical between all |_—_|of nearest-neighbor planes

5. The |:| linear equations have a solution only if the determinant of
the coefficients of the unknown u, v vanishes in (21) and (22)

6. Thus the LA and the two branches have a total of 3N modes,
|:|accounting for 3N of the total degrees of freedom.

7. From Fig.9, we can consider that atom of mass M, lie on planes that located
[ ]between planes of the first set.

8. InFig.9, the different of the masses M; and M is not ]

9. The branch in Fig.10 is called optical branch because the two atoms carry
opposite charges and we may [ ]a motion of this type with the
electric field of a light wave.

10. There is a frequency [t the boundary Kmax = +z/a of the first
Brillouin zone.

o

SUMMARY
No. Summary
1 adjacent . bersebelahan

< /adzersont/ adjective

e If one thing is adjacent to another, the two things are next to each other.
e joined by a common edge

2 coincide - bertepatan

7/ kou.msaid/ verb

o If one event coincides with another, they happen at the same time.
e t0 occur or exist simultaneously
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contain : mengandung
« /kantem/ verb

e If a substance contains something, that thing is a part of it.
e to hold or be capable of holding or including within a fixed limit or area
this ‘atom

30
3¢

essential . penting
</ 1sen.tf’l/ verb

e Something that is essential is extremely important or absolutely necessary to
a particular subject, situation, or activity.

e vitally important; absolutely necessary

excite : meningkat ke energi yang lebih tinggi
<I[1k'sart/ verb

e to raise (an atom, molecule, electron, nucleus, etc) from the ground state
to a higher energy level

gap . celah
«I/geep/ noun

e A gap between two groups of people, things, or sets of ideas is a big
difference between them.

¢ a divergence or difference; disparity

homogeneous : serbasama

< /hou.moud3i:.ni.os/adjective

e Group or thing which has members or parts that are all the same.
e containing terms of the same degree with respect to all the variables

4

v
+
»

2%

]
»

interleaved : menyelip
</ mta'lirvd/ adjective
e place at intervals in or among
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pair . pasangan

< /per/ noun (plural: pairs)
¢ A pair of things are two things of the same size and shape that are used
together or are both part of something, for example shoes, earrings, or parts

of the body.
¢ an object considered to be two identical or similar things joined together

L L
= g ™

b L]
L] 5




OVERVIEW

Phonon’s Characteristics

UNIT 3:

214

In this unit you will learn some words that included in Chapter 4 about

characteristics of phonon. They are:

absorbed occupied
absorption occur
chiefly rarely
density recoil
determine rigorously
determined suitable
occupancy

You are expected to be able to:

- choose the correct pronunciation of the target words

choose the correct part of speech of the target words
choose the correct definition of the target words

choose the correct the meaning of the target words

Task 1

Study the following text. Click the underlined words to see its explanation.

Pelajari text berikut ini. Klik kata-kata yang bergaris bawah untuk melihat

penjelasannya

QUANTIZATION OF ELASTIC WAVES

The energy of a lattice vibration is quantized. The quantum of energy is

called a phonon in analogy with the photon of the electromagnetic wave. The

energy of an elastic mode of angular frequency w is (27) when the mode is excited

to quantum number n; that is, when the mode is occupied by n phonons. The term

%ha) is the zero point energy of the mode. It occurs for both phonons and photons

as a consequence of their equivalence to a quantum harmonic oscilator of
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frequency w, for which the energy eigenvalues are also (n + %a)). The quantum

theory of phonon is developed in Appendix C.

We can quantize the mean square phonon amplitude. Consider the standing
wave mode of amplitude u = up cos Kx cos wt. Here u is the displacement of a
volume element fromits equilibrium position at x in the crystal. The energy in the

mode, as in any harmonic oscilator, is half kinetic energy and half potential
energy, when averaged over time. The kinetic energy density is %pau/at)z, where
p is the mass density. In a crystal of volume V, the volume integral of the kinetic

energy is % pVoudsin? wt. The time average kinetic energy is (28) because <sin?

ot> = % The square of the amplitude of the mode is (29). This relates the

displacement in a given mode to the phonon occupancy n of the mode.
What is the sign of ? The equations of motion such as (2) are equations for
w? and if this is positive then  can have either sign, + or —. But the energy of a

phonon must be positive, so it is conventional and suitable to view w as positive.
2

Is the crystal structure is unstable, then »“ will be negative and o will be

imaginary.

Task 2
Study the following text. Click the underlined words to see its explanation.
Pelajari text berikut ini. Klik kata-kata yang bergaris bawah untuk melihat

penjelasannya

PHONON MOMENTUM
A phonon of wavevector K will interact with particles such as photons,
neutrons, and electrons as if it had a momentum 7K. However, a phonon does not
carry physical momentum.
The reason that phonons on a lattice do not carry momentum is that a
phonon coordinate (except for K = 0) involves relative coordinates of the atoms.

Thus in an H, molecule the internuclear vibrational coordinate ri —r» is a relative
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coordinate and does not carry linear momentum; the center of mass coordinate
1 . .
E(rl — ) corresponds to the uniform mode K = 0 and can carry linear momentum.

In crystal there exist wavevector selection rules for allowed transitions
between quantum states. We saw in chapter 2 that elastic scattering of an x-ray
photon by a crystal is governed by the wavevector selection rule (30), where G is
a vector in the reciprocal lattice, k is the wavevector of the incident photon, k’ is
the wavevector of the scattered photon. In the reflection process the crystal as a
whole will recoil with momentum — %G, but this uniform mode momentum is
rarely considered explicitly.

Equation (30) is an example of the rule that the total wavevector of
interacting waves is conserved in a periodic lattice, with the possible addition of a
reciprocal lattice vector G. The true momentum of the whole system always is
rigorously conserved. If the scattering of the photon is inelastic, with the creation
of a phonon of wavevector K, then the wavevector selection rule becomes (31). If
a phonon K is absorbed in the process, we have instead the relation (32). Relations
(31) and (32) are the natural extensions of (30).

INELASTIC SCATTERING BY PHONONS

Phonon dispersion relations «(K) are most often determined experimentally
by the inelastic scattering of neutrons with the emission or absorption of a
phonon. A neutron sees the crystal lattice chiefly by interaction with the nuclei of
the atoms. The kinematics of the scattering of a neutron beam by a crystal lattice
are described by the general wavevector selection rule: (33) and by the
requirement of conservation of energy. Here K is the wavevector of the phonon
created (+) or absorbed (-) in the scattering process, and G is any reciprocal
lattice vector. For a phonon we choose G such that K lies in the first Brillouin
zone.

The kinetic energy of the incident neutron is p%?M,, where M, is the mass
of the neutron. The momentum p is given by 7k, where k is the wavevector of the
neutron. Thus /#°k*/2M,, is the kinetic energy of the incident neutron. If k' is the

wavevector of the scattered neutron, the energy of the scattered neutron is
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h2k'2/2Mn. The statement of conservation of energy is (34), where 7w is the
energy of the phonon created (+) or absorbed (-) in the process.

To determine the dispersion relation using (33) and (34) it is necessary in
the experiment to find the energy gain or loss of the scattered neutrons as a
function of the scattering direction k - k'. Results for germanium and KBr are
given in Fig. 8; results for sodium are given in Fig. 11. A spectrometer used for
phonon studies is shown in Fig. 12.
Flash Cards for Task 1 & 2:

No. Flash card
1 | absorbed : terserap

< /ab'zowrbd/ adjective

o If you are absorbed in something or someone, you are very interested in them
and they take up all your attention and energy.

o taken in (all or part of incident radiated energy) and retain the part that is not
reflected or transmitted

2 aﬂsorption . penyerapan

«I/abzorp.fon/ noun

e The absorption of a liquid, gas, or other substance is the process of it
being soaked up or taken in.

¢ a reduction of the intensity of any form of radiated energy as a result of energy
conversion in a medium, such as the conversion of sound energy into heat

3 | chiefly . terutama
< /'tfi..fli/ adverb
¢ You use chiefly to indicate that a particular reason, emotion, method, or

feature is the main or most important one.
e especially or essentially; above all

4 d_ensity : kepadatan

< ['dent.sa.ti/ noun

e In science, the density of a substance or object is the relation of its mass or
weight to its volume.

e a measure of the compactness of a substance, expressed as its mass per unit
volume. It is measured in kilograms per cubic metre or pounds per cubic foot.

5 | determine : menentukan

<« /dits~.min/ verb

e To determine a fact means to discover it as a result of investigation.
o to fix or specify the position, form, or configuration of

6 | determined : ditentukan

« /drit3. mind/ adjective

o If you are determined to do something, you have made a firm decision to do it
and will not let anything stop you.
e resolute; firm
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7 | occupancy . pengisian
< /'a:kjo.pant.si/ noun

e Occupancy is the act of using a room, building, or area of land, usually for a
fixed period of time.
o the act of occupying; possession of a property

8 | occupied : terisi

<['a:.kju.pard/ adjective

¢ If a room or something such as a seat is occupied, someone is using it, so
that it is not available for anyone else.

e in use and so not available for anyone else

9 | occur . berlaku

<I[o'kss/ verb

e When something occurs, it happens.
¢ to happen; take place; come about
10 | rarely . jarang

< /'rerli/ adverb

o If something rarely happens, it does not happen very often.
e hardly ever; seldom
11 | recoill : melompat

< /ri'ko1l/ verb

o If something makes you recoil, you move your body quickly away from it
because it frightens, offends, or hurts you.

¢ to change momentum as a result of the emission of a photon or particle

12 ﬂﬁorously : dengan tegas dan jelas

< /'rig.ar.2sli/ adverb
e A test, system, or procedure that was done rigorously is very thorough and

strict.
o the validity of the successive steps in a completely explicit manner
13 | suitable . sesuai, tepat

< /'su:.t2.bl/ adjective

e Someone or something that is suitable for a particular purpose or occasion is
right or acceptable for it.
e appropriate; proper,; fit

Task 3
Choose the correct image which represents the word.
Pilih gambar yang dapat mengilustrasikan kata dengan tepat.

1. absorption

P = P
28| e e

full




2. density
[ =03
®E o |S o8-
Task 4

Match the word in the box with its image representation.

Pasangkan kata di dalam kotak dengan gambar yang mengilustrasikannya.
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[ ocupaney | cecol [ suitsble
1. 2. 3.
"ﬁm?.w a‘@ ."D"E
= o o8-
drag the word here drag the word here drag the word here
Task 5

Match the words below with their correct pronunciation. Click on the "« button

to listen the pronunciation.

Pasangkan kata-kata di bawah dengan pengucapannya yang sesuai. Klik tombol

- untuk mendengarkan pengucapannya.

Words list Your answer Pronunciation

1. absorbed Iab'zo:rbd/ j VIX | 4 2
2. absorption [abzorp.fan/ f b,
3. chiefly ['tfi..fli/ k c. O
4. density /'dent.sa.tj/ b d -
5. determine [drts-.min/ d e. O
6. determined [ditz.mmnd/ m f' O
7. occupancy ['a:.kjo.pant .si/ i O
8. occupied ['a: Kjo.pard/ c g. =
9. occur [a'ks/ g h =
10. rarely I'rerli/ a S
11. recoil Ir1'kotl/ h ) =
12. rigorously /'rig.ar.a.sli/ e k.
13. suitable /'su.ta.bl/ | I

m. i«
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Task 6
Choose the correct part of speech of the words below.

Pilinlah kelas kata yang tepat dari kata-kata di bawah ini.

1. absorbed
(If a phonon K is absorbed in the process, we have instead the relation (32).)
. > N
I ] .
2. absorption
(Phonon dispersion relations w(K) are most often determined experimentally
by the inelastic scattering of neutrons with the emission or absorption of a
phonon.)
B ] .
I ] .
3. chiefly
(A neutron sees the crystal lattice chiefly by interaction with the nuclei of the
atoms.)
B (] . T
B ] .
4. density
(The kinetic energy density is is %paulat)z, where p is the mass density.)
B T EEEEE
I ] .

5. determine
(To determine the dispersion relation using (33) and (34) it is necessary in the
experiment to find the energy gain or loss of the scattered neutrons as a
function of the scattering direction k - k*.)

VIX

VI X

v/ X VI X

6. determined
(Phonon dispersion relations ®(K) are most often determined experimentally
by the inelastic scattering of neutrons with the emission or absorption of a
phonon.)

v/ X v/ X

v/ X v/ X
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7. occupancy

(This relates the displacement in a given mode to the phonon occupancy n of
the mode.)

noun VX adjective VI X

verb v/ X adverb VI X

Task 7

Choose the words that suit with the desired part of speech.

Pilih kata-kata yang sesuai dengan kelas kata yang diinginkan.

The energy of an elastic mode of angular frequency w is (27) when the mode
Is excited to quantum number n; that is, when the mode is occupied by n
phonons.

It occurs for both phonons and photons as a consequence of their equivalence
to a quantum harmonic oscilator of frequency w, for which the energy

eigenvalues are also (n + %a) The quantum theory of phonon is developed in
Appendix C.
In the reflection process the crystal as a whole will recoil with momentum —

hG, but this uniform mode momentum is rarely considered explicitly.

In the reflection process the crystal as a whole will recoil with momentum —

hG, but this uniform mode momentum is rarely considered explicitly.
The true momentum of the whole system always is rigorously conserved.
But the energy of a phonon must be positive, so it is conventional and suitable

to view w as positive.

Find the verbs (total words to find: 2)
Carilah kata kerja (total kata tersedia: 2)

occupied ©I® occur ©IB
rarely ©I® recoil ©I®
rigorously 16 suitable ©I®

Find the adjectives (total words to find: 2)
Carilah kata sifat yang memberi keterangan pada kata benda (total kata
tersedia: 2)
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occupied ©I® occur ©IB
rarely 1B recoll IB
rigorously 1B suitable 1B

c. Find the adverbs (total words to find: 2)

Carilah kata sifat yang memberi keterangan pada kata kerja (total kata
tersedia: 3)
occupied ©I® occur OB
rarely O/ recoll ©I®
rigorously ©I® suitable O/
Task 8
Choose the correct meaning of the words.
Pilihlah arti kata yang tepat.
Word list Your answer Definition
1. absorbed (g) | V/X | a ameasure of the compactness of a
2. absorption (f) substance, expressed as its mass per unit
3. chiefly (c) volume. It is measured in kilograms per
4. density (a) cubic meter or pounds per cubic foot
5 determine (m) b. the act of occupying; possession of a
6. determined | (j) property _
7. occupancy (b) c. especially or essentially; above all
8' occupied (K) d. the validity of the successive steps in a
9' oceur (h) completely explicit manner
16 rarel @) e. hardly ever; seldom
11' reCOiBII 0 f. areduction of the intensity of any form of
C radiated energy as a result of energy
12. rlgpr%lljsly (d) conversion in a medium, such as the
13. suitable (i) conversion of sound energy into heat
g. takenin (all or part of incident radiated
energy) and retain the part that is not
reflected or transmitted
h. to happen; take place; come about
i. appropriate; proper; fit
j- resolute; firm
k. If aroom or something such as a seat is
occupied, someone is using it, so that it is
not available for anyone else.
I. to change momentum as a result of the
emission of a photon or particle
m. to fix or specify the position, form, or

configuration of
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Task 9
Match the words below with their translation in Bahasa Indonesia

Pasangkan kata-kata di bawah ini dengan terjemahannya dalam Bahasa Indonesia.

Word list Your answer Definition
1. absorbed (k) V/X |a. kepadatan
2. absorption (m) b. terutama
3. chiefly (b) c. ditentukan
4. density (@ d. berlaku
5. determine (9) e. terisi
6. determined (©) f. pengisian
7. occupancy ) g. menentukan
8. occupied (e) h. sesuai, tepat
9. occur (d) i. melompat
10. rarely @) j.- Jarang
11. recoil 0] k. terserap
12. rigorously )] I. dengan tegas dan jelas
13. suitable (h) m. penyerapan
Task 10

Fill the crossword puzzle below using the words in the box.
Isilah teka-teki silang di bawah ini menggunakan kata-kata di dalam kotak.

1 2
ERg . 1 [
P LT
. . = — I
[ ] L] HERERE RN
i L] [ ] -
] B I
Across B B the part that is not reflected
5. terisi or transmitted

10. «
11. dengan tegas dan jelas

*‘I > 12. 4

9. taken in (all or part of incident
radiated energy) and retain
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Down 5. the act of occupying;
1. terutama possession of a property
i 3. menentukan
4.

7. to change momentum as a
35 result of the emission of a photon
or particle

8. -

absorbed absorption chiefly density determine

determined occupancy occupied occur rarel
S figorously™  suitable

Task 11
Use the words in the box to complete the sentences below.

Gunakan kata-kata dalam kotak untuk melengkapi kalimat-kalimat di bawabh ini.

absorbed absorption chiefly density determine

©w

10.

11

determined occupancy occupied occur rarel
; recoil rigorously suitable

The energy of an elastic mode of angular frequency w is (27) that is, when the

modeis]  |byn phonons

It :| for both phonons and photons as a consequence of their
equivalence to a quantum harmonic oscilator of frequency w, for which the

. 1
energy eigenvalues are also (n + Ea)).

In %pau/at)z, pisthemass| ]

The square of the amplitude of the mode is (29) is related with the

displacement in a given mode to the phonon[  ]n of the mode

The energy of a phonon must be positive, so it is conventional and[ |

view w as positive.

In the reflection process the crystal as a whole will with

momentum — %G, but this uniform mode momentum is

considered explicitly.

The true momentum of the whole lattice system alwaysis| ]

conserved.

Ifaphonon Kis[  ]inthe process, we have instead the relation (32).

Phonon dispersion relations «(K) are mostoften[ —]experimentally

by the inelastic scattering of neutrons with the emissionor| — Jofa

phonon.

A neutron sees the crystal lattice[ ] by interaction with the nuclei of

the atoms.

.To[ ] thedispersion relation using (33) and (34) it is necessary to
find the energy gain or loss of the scattered neutrons.
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SUMMARY
No. Flash card
1 | absorbed . terserap

" /ab'zoirbd/ adjective

o If you are absorbed in something or someone, you are very interested in them
and they take up all your attention and energy.

o taken in (all or part of incident radiated energy) and retain the part that is not
reflected or transmitted

2 aﬂsorption . penyerapan
< /obzorp.fon/ noun

e The absorption of a liquid, gas, or other substance is the process of it
being soaked up or taken in.

e a reduction of the intensity of any form of radiated energy as a result of energy
conversion in a medium, such as the conversion of sound energy into heat

-‘)

3 c_hiefly . terutama
< /'tfi..fli/ adverb

¢ You use chiefly to indicate that a particular reason, emotion, method, or
feature is the main or most important one.

¢ especially or essentially; above all
4 | density . kepadatan

< ['dent.sa.ti/ noun

e In science, the density of a substance or object is the relation of its mass or
weight to its volume.

e a measure of the compactness of a substance, expressed as its mass per unit
volume. It is measured in kilograms per cubic metre or pounds per cubic foot.

5 | determine : menentukan
< /drits~.mim/ verb

e To determine a fact means to discover it as a result of investigation.
o to fix or specify the position, form, or configuration of

6 | determined . ditentukan
«//dits~.mind/ adjective

o If you are determined to do something, you have made a firm decision to do it
and will not let anything stop you.
e resolute; firm

7 | occupancy . pengisian
< /'a:kjo.pant.si/ noun
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e Occupancy is the act of using a room, building, or area of land, usually for a
fixed period of time.

¢ the act of occupying; possession of a property

=)

8 | occupied : terisi
«['a: kju.pard/ adjective
¢ If a room or something such as a seat is occupied, someone is using it, so
that it is not available for anyone else.
e in use and so not available for anyone else
9 | occur . berlaku
< [o'ks:/ verb
e When something occurs, it happens.
¢ to happen; take place; come about
10 | rarely . jarang
< /'rerli/ adverb
o If something rarely happens, it does not happen very often.
e hardly ever; seldom
11 | recaoill : melompat
< /ri'ko1l/ verb
o If something makes you recoil, you move your body quickly away from it
because it frightens, offends, or hurts you.
¢ to change momentum as a result of the emission of a photon or particle
o beam fw?‘w
— ’
12 | rigorously : dengan tegas dan jelas
< /'rig.or.2sli/ adverb
¢ A test, system, or procedure that was done rigorously is very thorough and
strict.
o the validity of the successive steps in a completely explicit manner
13 | suitable . sesuai, tepat

< /'sui.t2.bl/ adjective

e Someone or something that is suitable for a particular purpose or occasion is
right or acceptable for it.
e appropriate; proper; fit

=-[J-[5
o-[-8 -
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UNIT 4:

Summary and Problems

OVERVIEW
In this unit you will learn some words that included in Chapter 4 about summary

and problems of the crystal vibration and phonon. They are:

decoupled rest

estimate sphere .

immersed unlike % g‘ﬁ
reduce -

You are expected to be able to:

- choose the correct pronunciation of the target words

choose the correct part of speech of the target words

choose the correct definition of the target words

choose the correct the meaning of the target words

Task 1
Study the following text. Click the underlined words to see its explanation.
Pelajari text berikut ini. Klik kata-kata yang bergaris bawah untuk melihat

penjelasannya.

SUMMARY

e The quantum unit of a crystal vibration is a phonon. If the angular frequency
IS w, the energy of the phonon is Aw.

e When a phonon of wavevector K is created by the inelastic scattering of a
photon or neutron from wavevector k to k', the wavevector selection rule that
governs the process is

k=k'+K+G,
where G is a reciprocal lattice vector.
e All elastic waves can be described by wavevectors that lie within the first

Brillouin zone in reciprocal space.
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e If there are p atoms in the primitive cell, the phonon dispersion relation will

have 3 acoustical phonon branches and 3p - 3 optical phonon branches.

Problems
1. Monatomic linear lattice. Consider a longitudinal wave us = u cos(w? — sKa)
which propagates in a monatomic linear lattice of atoms of mass M, spacing
a, and nearest-neighbor interaction C.
(). Show that the total energy of the wave is

1 1
E=oM ) (du/dt)? +5C ) (s = ttg4)?
S S

where s runs over all atoms.

(b). By substitution of us in this expression, show that the time-average total
energy per atom is

1 1 1
ZMa)Zu2 +§C(1 — cosKa)u® = EMa)Zu2
where in the last step we have used the dispersion relation (9) for this
problem.

2. Continuum wave equation. Show that for long wavelengths the equation of

motion (2) reduces to the continuum elastic wave equation
2 2
du ,du
~2- 09—
ot Ox

where v is the velocity of sound.

3. Basis of two unlike atoms. For the problem treated by (18) to (26), find the
amplitude ratios u/v for the two branches at Ky.x = m/a. Show that at this
value of K the two lattices act as if decoupled: one lattice remains at rest
while the other lattice moves.

4. Kahn anomaly. We suppose that the interplanar force constant C, between
planes s and s + p is of the form

sin pk,a
p— p—a
where A and kg are constants and p runs over all integers. Such a form is

expected in metals. Use this and Eqg. (16a) to find an expression for w2 and

also for w02/iJK. Prove that /0K is infinite when K = ko. Thus a plot of
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w? versus K or of o versus K has a vertical tangent at ko: there is a kink at ko

in the phonon dispersion relation w(K).

Task 2
Study the following text. Click the underlined words to see its explanation.
Pelajari text berikut ini. Klik kata-kata yang bergaris bawah untuk melihat

penjelasannya.

5. Diatomic chain. Consider the normal modes of a linear chain in which the
force constants between nearest-neighbor atoms are alternately C and 10C.
Let the masses be equal, and let the nearest-neighbor separation be a/2. Find
o(K) at K = 0 and K = m/a. Sketch in the dispersion relation by eye. This
problem simulates a crystal of diatomic molecules such as H.

6. Atomic vibration in metal. Consider point ions of mass M and charge
immersed in a uniform sea of conduction electrons. The ions are imagined to
be in stable equilibrium when at regular lattice points. If one ion is displaced
a small distance r from its equilibrium position, the restoring force is largely
due to the electric charge within the sphere of radius r centered at the
equilibrium position. Take the number density of ions (or of conduction
electrons) as 3/4nR3, which defines R.

(a) Show that the frequency of a single ion set into oscillation is « = (e2/MR®)2.
(b) Estimate the value of this frequency for sodium, roughly. (c) From (a),

(b), and some common sense, estimate the order of magnitude of the velocity

of sound in the metal.

7. Soft phonon modes. Consider a line of ions of equal mass but alternating in
charge, with e, = e (-1)" as the charge on the pth ion. The interatomic
potential is the sum of two contributions: (1) a short-range interaction of
force constant C;g = y that acts between nearest neighbors only, and (2) a
coulomb interaction between all ions. (a) Show that the contribution of the
coulomb interaction to the atomic force constants is
Cpc = 2(-1)"p?1 °a°,
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where a is the equilibrium nearest-neighbor distance. (b) From (16a) show
that the dispersion relation may be

written as

1 c .
w?/ wiw3 — sinzzKa + 02(—1)” (1 — cospKa)p~®
p—1

where w? = 4y/M and o = e?/ya’. (c) Show that «® is negative (unstable
mode) at the zone boundary Ka = & if 6 > 0.475 or 4/7¢{(3), where ( is a
Riemann zeta function. Show further that the speed of sound at small Ka is
imaginary if ¢ > (2 In 2)™ = 0.721. Thus »” goes to zero and the lattice is
unstable for some value of Ka in the interval (0, n) if 0.475 < ¢ < 0.721.
Notice that the phonon spectrum is not that of a diatomic lattice because the

interaction of any ion with its neighbors is the same as that of any other ion.

Flash Cards for Task 1 & 2:

No.

Flash Card

1

decouple : memisahkan diri
</ di:'’kap’l/ adjective
o If two countries, organizations, or ideas that were connected in some way are

decoupled, the connection between them is ended.

e to separate (joined or coupled subsystems) thereby enabling them to exist and
operate separately

estimate : memperkirakan
< /'es.tr.mert/ verb

o |f you estimate a quantity or value, you make an approximate judgment or
calculation of it.

¢ to form an approximate idea of (distance, size, cost, etc); calculate roughly;
gauge

immersed : menyelam

< /i'ms:sd/ adjective

o If something is immersed in a liquid, someone puts it into the liquid so that it is
completely covered.

¢ plunged or dip into liquid

reduce : mengurangi

< [ri'dus/ verb

o If something is changed to a different or less complicated form, you can say
that it is reduced to that form.

o to modify or simplify the form of (an expression or equation), especially by
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substitution of one term by another
5 |rest : diam

<\/rest/ verb

¢ When an object that has been moving comes to rest, it finally stops.
¢ to remain without further attention or action

6 s_phere : bulatan

< /sfir/ noun

¢ A sphere is an object that is completely round in shape like a ball.
¢ a three-dimensional closed surface such that every point on the surface is
equidistant from a given point, the center

7 lﬂ"ke : berbeda, tidak sama

< [an'laik/ adjective

« If one thing is unlike another thing, the two things have different qualities or
characteristics from each other
e not alike; dissimilar or unequal; different

Task 3
Choose the correct image which represents the word.
Pilih gambar yang dapat mengilustrasikan kata dengan tepat.

1. decoupled

b= (KE-E2

2. immersed

‘ | )
g =
==

3. reduce

[ ="

AR
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Task 4
Match the word in the box with its image representation.

Pasangkan kata di dalam kotak dengan gambar yang mengilustrasikannya.

I o N

1. 2. 3.
s
©&9 |/
== =
= =
drag the word here drag the word here drag the word here

Task 5

Match the words below with their correct pronunciation. Click on the < button
to listen the pronunciation.

Pasangkan kata-kata di bawah dengan pengucapannya yang sesuai. Klik tombol

untuk mendengarkan pengucapannya.

Words list Your answer Pronunciation

1. decoupled / di:"'kapol/ d VIX | o =
2. estimate ['es.t.mert/ b h. =
3. immersed ft'ma-:sd/ b c. =
4. reduce /rr'dus/ f d. =
5. rest [rest/ g e. 4
6. sphere [sfir/ c f &
7. unlike /an'laik/ e g. L«
Task 6

Choose the correct part of speech of the words below.
Pilihlah kelas kata yang tepat dari kata-kata di bawah ini.

1. decoupled
(Show that at this value of K the two lattices act as if decoupled: one lattice
remains at rest while the other lattice moves)

noun % adjective VIX

verb VX adverb v/ X
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2. estimate

(Estimate the value of this frequency for sodium, roughly.)
I (] .
I ] .

3. immersed
(Consider point ions of mass M and charge immersed in a uniform sea of
conduction electrons.)

v/ X /X

v/ X v/ X

Task 7
Choose the words that suit with the desired part of speech.
Pilih kata-kata yang sesuai dengan kelas kata yang diinginkan.

e Show that for long wavelengths the equation of motion (2) reduces to the
continuum elastic wave equation.

e Show that at this value of K the two lattices act as if decoupled: one lattice
remains at rest while the other lattice moves.

e If one ion is displaced a small distance r from its equilibrium position, the
restoring force is largely due to the electric charge within the sphere of radius
r centered at the equilibrium position

e Basis of two unlike atoms.

a. Find the noun (total words to find: 1)
Carilah kata benda (total kata tersedia: 1)

b. Find the verbs (total words to find: 2)
Carilah kata kerja (total kata tersedia: 2)
c. Find the adjective (total word to find: 1)
Carilah kata sifat yang memberi keterangan (total kata tersedia: 1)




234

Task 8
Choose the correct meaning of the words.

Pilihlah arti kata yang tepat.

Words Your answer Definition

decoupled (e) VX a. to remain without further attention or

i action
Iens]ﬂ]rgﬁlst:d Eg% b. plunged or dip into liquid
c. athree-dimensional closed surface
reduce (d) such that every point on the surface is
rest @) equidistant from a given point, the
sphere (©) center
unlike () d. to modify or simplify the form of (an
expression or equation), especially by
substitution of one term by another
e. separated (joined or coupled
subsystems) thereby enabling them to
exist and operate separately
f. not alike; dissimilar or unequal;
different
g. toform an approximate idea of
(distance, size, cost, etc); calculate
roughly; gauge

No gaMwDdhPE

Task 9
Match the words below with their translation in Bahasa Indonesia

Pasangkan kata-kata di bawah ini dengan terjemahannya dalam Bahasa Indonesia.

Words Your answer Translation
decoupled (d) a. memperkirakan
estimate (@) b. diam
immersed (9) c. berbeda, tidak sama
reduce )] d. memisahkan diri
rest (b) e. bulatan
sphere (e) f. mengurangi
unlike (c) g. menyelam
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Fill the crossword puzzle below using the words in the box.
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Isilah teka-teki silang di bawah ini menggunakan kata-kata di dalam kotak.

1 2 3
4 5
&
T
Across Down
1. athree-dimensional closed 2. to modify or simplify the form
surface such that every point of (an expression or
on the surface is equidistant equation), especially by
from a given point, the center substitution of one term by
4., another
6. memperkirakan 3. berbeda, tidak sama
7. 5.
= =
decoupled estimate immersed reduce determine
rest sphere unlike
Task 11

Use the words in the box to complete the sentences below.

Gunakan kata-kata dalam kotak untuk melengkapi kalimat-kalimat di bawabh ini

decoupled estimate

immersed

reduce determine

rest sphere

unlike

1. Wavelengths of the equation of motion (2)] ) the continuum elastic

wave equation of:
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2 2

9 - =12 6—’2‘ where v is the velocity of sound.

O Ox
2. Inthebasisoftwo [ |atoms, we can see that two lattices act as if

|:bne lattice remains at |:lvhile the other lattice moves.
3. Consider point ions of mass M and charge [ ] in a uniform sea of
conduction electrons. If one ion is displaced a small distance r from its
equilibrium position, the restoring force is largely due to the electric charge
within the |:|)f radius r centered at the equilibrium position.
4. From o = (€2/IMRY)Y2 we may [ ]the value of this frequency for
sodium, roughly.

SUMMARY
No. Flash Card
1 | decouple : memisahkan diri

<[ di:'’kap°l/ adjective
o If two countries, organizations, or ideas that were connected in some way are
decoupled, the connection between them is ended.

e to separate (joined or coupled subsystems) thereby enabling them to exist and
operate separately

L

2 | estimate : memperkirakan

</'es.tr.mert/ verb

e If you estimate a quantity or value, you make an approximate judgment or
calculation of it.

¢ to form an approximate idea of (distance, size, cost, etc); calculate roughly;
gauge

3 | immersed : menyelam

< /i'ms:sd/ adjective

o If something is immersed in a liquid, someone puts it into the liquid so that it is
completely covered.

¢ plunged or dip into liquid
0
9%
mf
4 riduce B mengurangi

< [r1'dus/ verb

o If something is changed to a different or less complicated form, you can say
that it is reduced to that form.

o to modify or simplify the form of (an expression or equation), especially by
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substitution of one term by another

="

rest : diam
< //rest/ verb

e When an object that has been moving comes to rest, it finally stops.
¢ to remain without further attention or action

e
e

sphere : bulatan

7/sfnr/ noun

¢ A sphere is an object that is completely round in shape like a ball.

¢ a three-dimensional closed surface such that every point on the surface is
equidistant from a given point, the center

lﬂ"ke : berbeda, tidak sama

«[an'laik/ adjective

o If one thing is unlike another thing, the two things have different qualities or
characteristics from each other
¢ not alike; dissimilar or unequal; different

¢V
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The icons’ functions

Kittel, Charles. (2005). Introduction to Solid State Physics. (8th ed.).

Fungsi-fungsi iken

choose unit and task == homa page
memilih unit dan fask Halaman ulama
opan the dictionary close
membuka kamus menultup media
open the author's profile next page

membuka profil pembuat media

open the references
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in this

wibration of crystal with monatomic basis, They are:

{Paan une il anda akan - Knankata yang
WALOG Qaran cristal PG DaLS MORORIMI Jldu |

Chapter 4 {Crystal Vibeation] about

wpter 4 (Cryaml
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vanish
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You are expected to be able ta:

- choose the correct pronunciation of the target words
- choose the correct part of speech of the target words
- cheose the correct definition of the target words

= choose the correct meaning of the Lrget words
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music control
pengaturan musik latar

help
banluan
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Study the following text. Click the underfined words to see its explanation.
Pelajari text berikut ini. Kiik kata-kata yang bergaris bawah untuk melihat
penjelasamya,

Vibration of Crystal with Monoatomic Basis

. lemd these directions,

wntien planes of . ) . o pependicular 1o the

< f prop.a'ger| 0/ nour isplacament of the plane

d " " h wavevector there ans
» ihwe gl of process of movng thisugh, ceusing o —

. o] movethrown or ransmitting, especially in e L

polarication (Fig. 1Y 4y of 5 wave

The elsstic —_ is aquivalent to the

sssumption that (he elastic enargy is & qusdratic function of the nlm displacement of any two
points in the crystal. Terms in the encrgy that are linear In the displacements will yanish in
wuilibrium-see the minimum i Fig. 16, Cublc and higher-crder lerms may be eglected for
sufficlently small slastic deformations.

We sssume that the force on the plane & caused by hmm«ﬂwa-n-'p--
proportionsl to the ditforence us+p - us of their dispiacements. For brevity we conalder only resrest.
neighbor interactions, with p = 1. The total force on s from planes s £ 1 (1). This expression is linear

in tha displacarsnts and Is of tha form of Hooke's law.
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Study the following text. Click the underlined words to see its explanation.
Pelafari text berikut ini. Kiik kata-kata yang bergaris bawah untulk melifat
penjelasannya.

Choose the correct image which represents the word.
Piilh gambar yang dapat mengilustrasikan kata dengan tepat.

First Brillouin Zone 1. Boundary

et et erdins senir, W)
*pon At adecte

2rmia displacements ratic (10)
Becomes (11}, becsuse explizrm] = 1. Thus the disgplicement can alwirys be described by 8 wavevector
within the first zone. 2mnia is a reclprocal lattice vector because 2mmia is a reciprocal lattice vector.

Thus by of an from K. we always obtain sival
wavevecios in the first 1one.
Altbe boundasies. reprasent

& travelling wave, but o standing wave. At the zone bounciries sKmaxa = sxw, whence {12). This |3
standing

wave; alternate atoms pecillaly in opposite phases, us = £1

Interactive Yocabulary Learning Multimedia - Solid State Interactive Vecabulary Learning Multimedia - Solid State

Match the words below with their correct pronunciation. Click on the & button
o listen the pronunclation.

Pasangkan kata-kats di bawah dengan pengucapannys yang sesuai. Kiik tombel s
untik mendengarkan pengucapannya.

Oscillate I Vanish | wordsiist |

Match the word in the box with its image representation.
Pasangkan kata df dalam kotak dengan gambar yang mengiustrasikannya

e
2. 3 o
e
O~ -
e
e
[ oo | =
e
4. s Y
£ -
‘0 =
= e
e e

@ Your Score :| 0 [of 15
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Choose the words that suit with the desired part of speech, Shom T

Choose the correct part of speech of the words bellow.
Pilihlah kata-kata yang sesuai dengan kelas kata yang diinginkan,

Piliblah kelas kata yang tepat dari kata-kata di bawah ini.

a. Find 1 noun in the st below
Carilah 1 kata benda pada daftar kata berikut il

1. Boundary
(The boundary of the first Brillouin zone Nes at K = & n/a}

ADJECTRE
| Mhielyie = :
VERD ACAERE = -
| - J el = P ;]
2. Differ [
{The constant € is the force constant between nearest-neighbar planes and m ﬂ
will differ for and waves)
NON | fouEcTE
vere | ATAERE
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Choasa the corroct meaning of the words.
tepat.
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———— -
Tathah teiea-tete silang ci Bawat inL. L 8

Use the wards in the bax to comalete the semtances bolow,

et — fodh |3
Salid lines in Fig. 2 show pla o e 8
The simplost diroction Is I the [100], [110], and [121].

The direction of entire planes of atoms which move with lcan be parallel or

Energy that are nmmmdmmuu in |
winl| | tar
nkmu“mwmmhMMImmllbmlh c
a5 dufined for ane atom of the plane,
hmdmmlui;[dﬁm!mh&thnmhwl‘

T 1n & Manding wave, Btoms. n eppasite phases.
. Thare, st K = & n/a, flos the | | of the first Beillowin sone.
‘Write your answer here with KAPITAL: © - |—|e prewr=s The (16a) is the | ].u_;
. Braggs o of wrays & travelling propagats in o kattice when the

backand| | @ “Your Score ;[ 0 [of 11 °
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Click the
Kiik kirta-kata yang bergaris bawah untuk melifat penfelasanmyr.

Tarpet wards
Unit ¥
boundary - Eatas

oo “fbaon.d'r.i/ nown

« Tre bounden of 6 area of lard |8 8n magirary
inc that separates & from other arcas.

« sometning that Indizates the fatrest it as.cfan [y 110 on ihe ome
300 beeder

I this unit you wil lsarn some woeds. that wre included in Chapter & (Crystal Vibration)
They are

FPacts it act kar mempeiapaen bateraps hosakats pang n-w.-pm Chapter 4 (Crystal

Clntert

“letroduction of Solid State Physics™

s oo a0 the zome |

[}

by Charkes Kittel

® A1 0 Bounadaines Kwest = 4 of the Brillouin rone the solutios ¥, = 1
exp{iskia] does mof represent a travelling wave, bet & standing wave

o At the ot o Haed - s whenee (131

+ Atthe 2ome boundary & = 2t the group velaeity s zera

* The wwo TA phenon branches are boricostal @ the sone boundary

& = "5@’:‘ | | ol =

‘You are expected to be able to:

erys
3
(11
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Study the following text. Click the underfined words to see its explanation.
Pelajari toxt berikut ini, Kilk kata-kats yang bergaris bawah untuk melihat
penjelasannya.

Two Atoms Per Primitive Basis

= ou use Hvey fo intreduce an imponant resul o
corsequEnce of Ihe Event of BEen you have just

treedem, mmmumr,y:mu.mmg.mnm 3pN degrees of freedem for the crystal
The numbar of sllowed K vahses in 3 single branch Is just N for ane Brillouin rone!. Thus the LA and
the twe branches have o total of 3N modes, therehy far 3N of the of freedeem.
The remalning (1 - JN degrees mmmnmmmd by the optical branches.

"W shew in chapler S by application of pariedic bousdary cenditions 1o the modes of the eryatsl of
valume V that there is ene K value in the velume [2TFIV in Fourier space. The velume of a Brillouin
2one I8 (2)V,, whare V., is the volume of a crystal primitive cell. Thus the number of allowed K valses
in 0 Brillowin Eane is VIV,, which is [ust ¥, the nusmber of primitive eslis in the erystal

Interactive Vecabulary Learning Multimedia - Solid State

Choose the correct image which represents the word.
Piiih gambar yang dapat mengliustrasikan kata dengan tepat.

1. Adjacent

L L 2«
v§v 200 ]
s - ° ; )
@ Py uf? °

Interactive Vocabulary Learning Multimedia - Solid State

Match the words below with their correct pronunciation. Click on the & button
to listen the pronuncistion,

Pasangkan kata-kata di bawah dengan pengucapannya yang sesuai. Kilk tombel ».
untuk mendengarkan pengucapannya.

L worasust ] vour Anawer | Pronunciation |

© [rowseon (o710 @

FEFEEEEEFEREFER
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Study the following text. Click the words to see its
Pelajari taxt berikut i, KIik kata-kata yang bergaris bawah untuk melihat
a

Two Atoms Per Primitive Basis

interieaved  : menyelp
e mta'lizvd! adfective
« piace at indervals in or arong

of the massos will be
t & dencte the repeat
distance of the Witice in the diection nomal to the lattice planes considered, Wa treat
waves thal propagate in a symmetry direction such that a single plane gontaing cnly a single
type of ion; such direction are [111] in the NaCl structure and [100] in the CsCl structure.

Wa write the equation of motion under the assumption that sach planes interact only
‘with its mearest-neighber planes and that the force constants are identical between all Gairs

of nearest-nsighbor planes. We rafer to Fin,8 to obtain [18).

Interactive Vecabulary Learning Multimedia - Solid State

Match the ward in the box with its image representation,
Pasangkan kata i dalam katak dengan gambar yang mengiiustrasikannya

[ Gep  [Homogeneous | Interleaved | Pair

e

e tren |

|
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Choose the correct part of speech of the words bellow.
Piliblah kelas kata yang tepat dari kata-kata di bawak ini.

1. Adjacent
(A diatomic crystal structure with masses M1, M2 connected by force constant
€ between adjacent planes. }

won | | Ao.lscm’\\;,

\VERS | e

2. Coincide
(The LO and TO branches coincide at K = 0; this is aiso a consequence of the

erystal symmutry of Ge.)

RO AOIECTME

= 73 £
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Choosa Hye words that sult with the desired part of spaech.
Pilihlah kata-kata yang sesuai dengan kelas kata yang diinginkan.

Sow e

a. Find 2 nouns in the list below
Carilah 2 kats benda pada daftar kata borikul ini

Interactive Vecabulary Learning Multimedia - Solid State

@ Your Score :[ 0 |of 10 °
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Use the wards in the box 1o complete the sentences belaw.

) =
Ty

SR G

Fig. Ba shows that LO mnd TO branches| atkan.

Fig® shows that M and M2 are connecied by force constant € which becsted between) panes.

& single plane in s warvs Ural progayates in seme direction swch s [111] in e NaCl and [160] i the Caci
[ | anly a single type of on.

We write the cquation of maticn under the assemacion That s3ch RIsnes IMEraCct Saby with M3 mearest-
maighbor idestical [ o1 nearest-neignior planes

The et squatiins have s St oaly I the SSRETRM of the cosicients of the
ke U, U vanishes in (31) s (37}

Thus the LA and the tws branches have & tetal of I8 modes] _Incxountien tor 8 of the total degrees
st iresdom. 2

Fromm Fig.s, we ean i T

o the first set.

T Fig %, the different of ihe masses MY and M2 is not 1
Tha brasch bn Fig 10 is called splicsl branch becauss U tm sloms carry spposite charges and we may

Clrmoem] -
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m m Choasa the correct meaning of the words.
yang
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Flil the crossward pursio bolow.
Isilah teka-teki sitang £ bawab ini.
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Click the underlined words to see its explanation.

Kiik kata-Kata yang bergaris bawal untuk melihst penfelasannya,
Targeworas | £ =
r":- : % Srategic Use E
djcers T e s Sl slriature wilh mees My, My comeniad By feee |
constant C between adiacent planes. : §
3 [ comcide T [+ The L0h and T branchos catingids m & ~ I this is o a comaniense af é g
the crutal symesstry of G ag
3 [comsn T |'# W tret mamves (st propagse in 3 sty diection o (bt 4 s mghe 35
plaos gemains only & single type of kom; such direction s [111] mihe | 5
Nl wructure and [100] i the CoC'l structure b
T | cwanal T [ 16 ot o] that 1he maesies B dilTercmn, bul eMber The fiorce comtant
oo the muvses will be d ifferent i the two stous of the basin are in . | &
exquivalénd s
¥ [ewa T [ I the two aloms carry opposile chages, as in Fig. [0, we may gus &
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I thia unit you will learn some werds that included in Chagter 4 (Crystal Vibeation) abeut

wilbration of crystal with monatomic basis. They an :

{Pacta unif ini ande akan mempelsjari beberapa kosskats pang teedapst pacs Chapder & (Crystal
basis Y )

¥ou an axpectod to be able to:
- chosse

- ehoosa the earrest part of speoch umu-vu\-orﬂ
- choese the correct definition of the target words
= chooys the carrect muaning of the targut wards

“OE i
eom- || = ®
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Study the following test. Click the underlined words to see its explanation,
Patajari text berikut inl, KNk kata-kats yang bergaris bawah untuk meiihat
penjelrsannya.

PHONON MOMENTUM

A ph Kwill Parcies sLchas photons. neuons. and
rlecoons as I It had 3 momentum hK. However, a phonon does not camy physical
momenium.

The reascn thal phonons ¢n a lattice Go not carry momentum ks that a phonon
coordinaty [except for K= 0) invelves relative coondinates of the atens. This in an H,
molecule the fi=nis iative and does
ot cary linear momentum; the centes of mass coordinate i - 1;) comaspends Lo the
uniform mode K =0 and can earry linear momentum.

I crystal there exist wavevector sehecion rules for aliowed ansitions between

We sawin g of 8n aay photon by @ crysial
Is govemed by the wavevector selection rule (20), where G ks @ vector in the reciprocal
lattice, k ks the wavevector of the incident photon, k' ks the wavevecion of the scaBiered
Pphoton, meoil G, but
this mrely explicitty.

Interactive Vecabulary Learning Multimedia - Solid State

Hatch the word in the box with its image representation.
Pasangkan kata i datam kotak dengan gambar yang mengilustrasikanmya

| occupancy | Recoll | suitable |

y - u-[3-[H]
o-[0-8 -

-
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Study the fallowing text. Click the
Paiajari taxt berfkut ini, Kiik kata-kata myhrgm\- ‘oo urtuk mrathet
Mnm-ﬂ-rl

QUANTIZATION OF ELASTIC WAVES

The sergy of a lattice vibration is quantized. The guartum of snergy s calied @ phenen In
anaiogy wih the sheton of the sieciemagnetic wave. Tha snergy of an slistic mode of sngulsr
frequency w Is (Z]) when the mode |s axciied 1o Quantum rumber m that is. whan the mods is
gssupied by 1 phonoms. T term Jiw is the zers point snergy of the mode. i gogury for both
Phonces snd photons s 8 cormegence of s squivalencs Lo 8 quankan harmonis cedlator of
Bragismncy w, fof which the snerzy #igenvalues are alsc in + jw. The guantum theory of phonen is
daurloped in Appendix €

We can quantize the mesn sousre phanse amplinade. Consider 1he standing wave mede of
ampiifece @ ® i £08 KX 003 T Here 018 the @apistement of a velums sbement fromits equlisrium
position at ¥ In The crystal. The snergy in the mode, a8 In any harmonic esciator, Is half lenesic
ety and hall potessisl anergy, when averaged over ime. Tha kinstic snergy denity is Sadudler,

where p s the masa sansity

Interactive Vecabulary Learning Multimedia - Solid State

Choose the correct image which represents the word.
Piiih gambar yang dapat mengilustrasikan kata dengan tepat,

1. Absorption

OE

com. |2

&6

Interactive Vecabulary Learning Muftimedia - Solid State

Malch the words below with their correct pronunciation. Click on the & button

to listen the pronunciation.

Pasanghan kata-Kata di bawah dengan pengucapannya yang sesuai. Kiik tombol
untuk mendengarkan pengucapannya.

— T T BT
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Choose the correct part of speech of the words bellow.
Pilihlah kelas kata yang tepat darf kata-kata di bawah ini.

- Absarbed
(If a phonon K is absorbed in the process, we have instead the relation {32).)

T | | scsecme |
L VERS ] L ALAERD. J
2. Absarption
(Phonan dispersion relations w{k) are most often determined ex)
by the inelastic scattering of neutrons with the emission or absorption of a
phonon)
-0 - WAEEEDE)
vERS |

IMNJ

Interactive Vecabulary Learning Multimedia - Solid State

m m Mlhwmmwdmom

© oo o5 @
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Fill the crassword puzzie beio p
mmmmqmumrﬂ W imte

N

Write your amswer here with KAPITAL :
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LU LI croose the words that sut with the desired part of sgeach.
Pilittah kata-kata yang sesual dengan kelas kata yang diinginkan.

Lm—uvi-—n-ﬁumu-ﬁ_wu-{mmnmumw
ber s, when the
znmmmm-nmuamammh-
‘quantum harmonic oscilator of frequency w, for which the eneroy eigenvalues are also (n
+ 1) 2n. In Appandix C.
;hummmmuamwwwm WG, but this

a h&IMlsn_ Ih.u‘-hl 25 a whole will recoll with momentum - hG, but this
uniform expll

5.
& But the enargy of & phonoa must be positive. 5o it is conventicnal and suitable to view w
s positive.

Interactive Vecabulary Learning Multimedia - Solid State

Match tho words bellow with thalr translation in Bahasa Indoncsia.
. Bahasa Endonesia.

Interactive Vecabulary Learning Multimedia - Solid State

1. The energy of an slistic mode of angelar frequency s i [37) that is, when the mese i3 oy m
phonony
2 mf

| 1o st phonsms i e
Erequesay w, fae which the snargy sigenvabies are alsa (n = 1 /3u].
s tha mass |

o the smplituss of the mods is (29] s Felsted with the displacement i @ given mods 13 the
m[:l-wlu-m
5 pasitree, sa t

5 hwmmmmuumm [t smamantum - WG, et Ehis unifeem mode
mampstum i Loomstdered anpicitty,
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(M ]

Summary

Click. ords to see its
Kiik keata-kate yang bergaris bawal untuk mefihat penjelasannya.

Tarpet wards H s
:“ H Strategh: Use H
T [l S | i el e el i e
@
® Here K is the wavevectar of ths phanom created { +) or ghsorbod (—) inthe ;%
scatterag provess, and G ks snv reciprocal laikoe vostce nlh
& The statcusont of conscrvation of aergy @ (343 where b = the seray E £
of the phoros sresed (= or abwarbed (- ) mibe provess B
T [aborpiien * Phonon disperion relitiom. oK) me mon ol desermune i
expermacntally by the inclutic scattenng of neutres with the ensission or ;
shacerdion of s phanan E
3 [kl T |+ % neulron woes the crysaal Iaie slially by anemcion o il the mectes of
the atoms.

Interactive Vecabulary Learning Multimedia - Solid State

Study the following text. Click the ds o see its
Paiajari text barikut ini. Kiik kata-keta yang bergaris bawah untuk meihat
penfeiasannya.

SUMMARY

i1 oyl vibration I 8 phoner. 1f the anpalis frequency s v, the enerpy of the phonon b

o

When a phenon of warevestor K is crvated b he inlasic scatiering of 4 plokon or nevson i wansvostr &

e wanevectn webecson fule thal [epe—

K=k KA,

lamce v

deminlad B sy eveekon Gt e mithins O firet Biloum oo s gociprocal vacs

5 du v

e p aticas i the priviitive e, e phosn divenen it wall bave 3 acountacs] fhomon brimches

Y optical

o b e

Probtoan
Abomuiiwic kvar Balice, Uvemider 4 boogahiadens] s o, = o cosd o = o) mhh pupspabo m 3 st ic

& 8804 posnisk-naighbor inkiction ¢

o de T

Interactive Vocabukary Laarning Multimedia - Solid State

Match tha word in the box with its imaga representation,
Pasangkan kata di dalam katak dengan gambar yang mengliustrasikannya

[ mest | sphere | wniike |

o

- _‘“-.
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In thia Umit you will leam $ome words that included in Chapter 4 (Crystal Vibration) sbou

wibration of with menatomic basis. Thay are ©

(Pacta it ini anols akan mempelsjari beberaps kosakats yang Rrcispat pads Chapter 4 (Cryseal
Seoal pach a3

You are expected to be able ta
= choowe the correst pronunclation of the target words
- thocse the correct part of speech af the target words
- choase the correct definition of the target words
- choese the correct meaning of the target words.

i T @

Interactive Vocabukary Laarning Multimedia - Solid State

Choose the correct image which represents the word.
Pilih gambar yang dapat mengllustrasikan kata dengan tepat.

®

1. Decoupled

bge"

B

Interactive Vocabulary Learning Multimedia - Selid State

Match the words below with their correct pronunciation. Click on the & button to
listen the proaunciation.

Pasangkan kata-kata di bawah dengan pengucapannya yang sesual, Kilk tombol &
untuk mendengarkan pengucapannya.

Words List

Clrrernzal -

EEEEEEE
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Choose the correct part of speech of the words bellow.
Piliblah kelas kata yang tepat dari kata-kata di bawab ini.

1. Decou
(Show that at this value of K the two lattices act as if decoupled: one lattice
remains at rest while the other lattice moves.)

NN | | souecn |
vERB | | |
2. Estimate

(Estimate the value of this frequency for sodium, roughly.)

L J ! ADIECTLE J

VERS. ACAERR

J A J

Interactive Vocabukary Learning Maltimedia - Solid State

Chaosa the cormoct meaning of the words.
Pitista avth kata yang tepat.

Interactive Vocabulary Learning Multimedia - Solid State

puzsie Bolow.
Faitah teka-teki sitang di bawah i,

Writs your anveser hers with KARITAL :

. @ o=
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LI chocs0 the wards that sust with the desired part of spesch,
Pilibtah kata-kata yang sesual dengan kelas kata yang diinginkan.

1. Bhow that for lang wavelengths the equation of motion (2} reduces to the contineum
elastic wave equation,

2 ot ins a rest
while the other lattice moves.

3. I one fon is displaced a  from position, force
Is largely die to the clectric charge within the sphere of rafius r centered ot the
equilibrisin pesition

4. Basis of twe unlike atoms.

Interactive Vocabulary Learning Multimedia - Solid State

' l -‘ I Match the words bollow with their translation in Bahasa Indonesia.
i dalam Bakasa Incomesia.

Cl==0l

Interactive Vocabulary Learning Multimedia - Solid State

U the words In the box to completa the sentences below.
Gunakan kata-kats dalam kotak snbik melenghapd kalimat-kalimat of bawah il

Wavelengths of the squation of mstien (2}
3. 3. whers uis the sy of sun

B0 The COPTInUUM ehasTic wave BqUSTIon o)

a .

3 Inthe bass of two. t0ms, we can saw that two lsttices act 3 +n Latticn ramates
@[ wehile the sther lattice meves,

3. Consider point lons of mass  and chargs| | in & wnitorm wea of canduction lectrons. 1f ne lan |6
“displaced a smad distance r from WK Cowiibriem OMtics, the FEstering force I8 lSrptly dee 3 the electric
charga within f radius ¢ costered st the squieium paaion,

A Feom w0 s (a3 /HRINESD v mar] | Ve vl of his fremumncy for e, iy,

Clrsoal -
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UNIT 1
Crystal Vibration (Monatomic Basis)

OVERVIEW
In this unit you will learn some words that are included in Chapter 4 about
vibration of crystal with monoatomic basis. They are:

boundary oscillate
differ perpendicular
displaced propagate
displacements propagation
equilibrium regard
forth satisfied
generalization vanish
independent

You are expected to be able to:

- choose the correct pronunciation of the target words

choose the correct part of speech of the target words

choose the correct definition of the target words

choose the correct the meaning of the target words

U Iy g EEAN
animated | | @pimsted: | | animated) | onimated | (zhimated
pictiite cture) R icture % i o

picturel . 7= m IO pictuseld
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Task 1
Study the following text. Click the underlined words to see its explanation.
Pelajari text berikut ini. Klik kata-kata yang bergaris bawah untuk melihat

penjelasannya

VIBRATION OF CRYSTAL WITH MONOATOMIC BASIS

Consider the elastic vibrations of a crystal with one atom in the primitive
cell. We want to find the frequency of an elastic wave in terms of the wavevector
that describes the wave and in terms of the elastic constants.

The mathematical solution is simplest in the [100], [110], and [111]
propagation directions in cubic crystals. These are the directions of the cube edge)
face diagonal, and body diagonal. When a wave propagates along one of these
directions, entire planes of atoms move in phase with displacements either parallel
or perpendicular to the direction of the wavevector. We can describe with a single
coordinate us the displacement of the planes from its equilibrium position. The
problem is now one dimensional. For each wavevector there are three modes as
solutions for us, one of longitudinal polarization (Fig. 2) and two of transverse
polarization (Fig. 3).

We assume that the elastic response of the crystal is a linear function of the
forces. That is equivalent to the assumption that the elastic energy is a quadratic
function of the relative displacement of any two points in the crystal. Terms in the

energy that are linear in the displacements will vanish in equilibrium-see the

minimum in Fig. 3.6. Cubic and higher-order terms may be neglected for
sufficiently small elastic deformations.

We assume that the force on the plane s caused by the displacement of the
plane s + p is proportional to the difference us.+p- us of their displacements. For
brevity we consider only nearest-neighbor interactions, with p= +1. The total
force on s from planes s + 1: (1). This expression is linear in the displacements
and is of the form of Hooke’s law.

The constant C is the force constant between nearest-neighbor planes and

will differ for longitudinal and transverse waves. It is convenient hereafter to
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regard C as defined for one atom of the plane, so that F; is the force on one atom
in the plane s.

The equation of motion of an atom in the plane s is (2), where M is the mass
of an atom. We look for solutions with all displacements having the time
dependence exp(—iw?). Then d?ug/dt* = — w’us and (2) becomes (3).

This is a difference equation in the displacements u and has traveling wave
solutions of the form: (4), where a is the spacing between planes and K is the
wavevector. The value to use for a will depend on the direction of K. With (4), we
have from (3): (5). We cancel u exp(isKa) from both sides, to leave (6). With the
identity 2 cos Ka = exp(iKa) + exp(-iKa), we have the dispersion relation w(K).
@)

The boundary of the first Brillouin zone lies at K = + w/a. We show from (7)
that the slope of w versus K is zero at the zone boundary: (8) at K = +n/a, for here
sin Ka = sin (£r) = 0. The special significance of phonon wavevectors that lie on
the zone boundary is developed in (12) below.

By a trigonometric identity, (7) may be written as (9). A plot of w vesus K is

given in Fig.4.

Task 2
Study the following text. Click the underlined words to see its explanation.
Pelajari text berikut ini. Klik kata-kata yang bergaris bawah untuk melihat

penjelasannya

First Brillouin Zone

What range of K is physically significant for elastic waves? Only those in
the first Brillouin zone. From (4) the ratio of the displacements of two successive
planes is given by (10). The range — n to + = for the phase Ka covers all
independent values of the exponential.

The range of the first Brillouin Zone of the linear lattice (K) is specified by

-n< Ka<m, or g <K< g The extreme values are Knax = £n/a. Values of K outside
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of the first Brillouin zone (Fig.5) merely reproduce lattice motions described by
values within the limits +m/a.

We may treat a value of K outside these limits by subtracting the integral
multiple of 2x/a that will give a wavevector inside these limits. Suppose K lies
outside the first zone, but a related wavevector K' defined K' = K — 2zn/a lies
within the first zone, where n is an integer. Then the displacement ratio (10)
becomes (11), because exp(i2zn) = 1. Thus the displacement can always be
described by a wavevector within the first zone. We note that 2zn/a is a reciprocal
lattice vector because 2zn/a is a reciprocal lattice vector. Thus by subtraction of
an appropriate reciprocal lattice vector from K, we always obtain an equivalent
wavevector in the first zone.

At the boundaries Knaxa = +n/a of the Brillouin zone the solution us = u
exp(isKa) does not represent a travelling wave, but a standing wave. At the zone
boundaries sKmaxa = +sz, whence (12). This is a standing wave; alternate atoms
oscillate in opposite phases, because us = £1 according to whether s is an even or
an odd integer. The wave moves neither to the right nor to the left.

This situation is equivalent to Bragg reflection of x-rays: when the Bragg
condition is satisfied a travelling wave cannot propagate in a lattice, but through

successive reflections back and forth, a standing wave is set up.

The critical value Kmax = £a/a found here satisfies the Bragg condition 2d
sin @ =nA\: we have 6 = %7[ d =a, K= 2n/A, n = 1, so that A = 2a. With x-rays it is
possible to have n equal to other integers besides unity because the amplitude of
the electromagnetic wave has a meaning in the space between atoms, but the
displacement amplitude of an elastic wave usually has a meaning only at the
atoms themselves.

Group Velocity

The transmission velocity of a wave packet is the group velocity, given as
vg= dw/dK, or (13), the gradient frequency with respect to K. This is the velocity
of energy propagation in the medium.

With the particular dispersion relation (9), the group velocity (Fig. 6) is

(14). This is zero at the edge of the zone where Ka = n/a. Here the wave is a
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standing wave, as in (12), and we expect zero net transmission velocity for a
standing wave.

Long Wavelength Limit
When Ka <1 we expand cos Ka=1 - %(Ka)z, so that the dispersion relation

(7) becomes (15). The result that the frequency is directly proportional to the
wavevector in the long wavelength limit is equivalent to the statement that the
velocity of sound is independent of frequency in this limit. Thus » = w/K, exactly
as in the continuum theory of elastic waves—in the continuum limit Ka<1.
Derivation of Force Constants from Experiment

In metals the effective forces may be of quite long range and are carried
from ion to ion through the conduction electron sea. Interactions have been found
between planes of atoms separated by as many as 20 planes. We can make a
statement about the range of the forces from the observed experimental dispersion
relation for w. The generalization of dispersion relation (7) to p nearest planes is
easily found to be (16a).

We solve for the interplanar force constants C, by multiplying both sides by cos
rka, where r is an integer, and integrating over the range of independent values of
K: (16b). The integral vanishes except for p = r. Thus (17) gives the force
constant at range pa, for a structure with monoatomic basis.

Flash Cards for Task 1 & 2:

No. Flash card
1. | boundary . batas

7/'baun.dgr.i/ noun

e The boundary of an area of land is an imaginary line that separates it from
other areas
e something that indicates the farthest limit, as of an area; border

2. (ﬂfer : berbeda
< ['dif.or/ verb

o If two or more things differ, they are unlike each other in some way.
e to be dissimilar in quality, nature, or degree (to); vary (from)

3. | displaced . dipindahkan

«</dr'spleist/ adjective

e moved away from that area
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4. | displacement . perpindahan
< /dr'splers.mant/ noun
¢ Displacement is the removal of something from its usual place or position by
something which then occupies that place or position.
o the distance measured in a particular direction from a reference point
5. | equilibrium : kesetimbangan
</ irkwr'lib.ri.om/ noun
¢ Equilibrium is a balance between several different influences or aspects of
a situation.
¢ the condition of a system that has its total energy distributed among its
component parts in the statistically most probable manner
6. | forth : maju
«[f2:0/ adverb
¢ When someone goes forth from a place, they leave it.
o forward in place, time, order, or degree
7. | generalization : penyamarataan
<\ dzen.or.ol.ar'zerfsn/ noun
¢ A generalization is a statement that seems to be true in most situations or for
most people, but that may not be completely true in all cases
o the derivation of a general statement from a particular one
8. | independent : berdiri sendiri, tunggal
</ m.dr'pen.dont/ adjective
o If one thing or person is independent of another, they are separate and not
connected, so the first one is not affected or influenced by the second.
¢ not dependent on anything else for function, validity, etc.
o (of a system of equations) not linearly dependent
9. | oscillate . bergetar
«['ps.tlert/ verb
o If an object oscillates, it moves repeatedly from one position to another and
back again, or keeps getting bigger and smaller.
e to move or swing from side to side regularly
10. | perpendicular  : tegak lurus
<\ p3i.pon'dik.ju.lor/ adjective
e at right angles to a horizontal plane
11. | propagate : merambat
«['prop.a.gert/ verb
o If people propagate an idea or piece of information, they spread it and try to
make people believe it or support it.
¢ to move through, cause to move through, or transmit, especially in the form of
a wave
12.

propagation . perambatan

<!/ prop.a'ger.fon/ noun

¢ the act or process of moving through, causing to move through, or
transmitting, especially in the form of a wave
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13. | regard : menganggap

«Iri'ga:d/ verb

« If you regard something or someone with a feeling such as dislike or
respect, you have that feeling about them.

e to look upon or consider in a specified way

e to take notice of or pay attention to (something); heed

14. | satisfied : terpenuhi

" 'saet.s. fard/ adjective

e |f you are satisfied that something is true or has been done properly, you
are convinced about this after checking it.

15. | vanish . lenyap/hilang

< /'ven.1f/ verb

e [f someone or something vanishes, they disappear suddenly or in a way
that cannot be explained.
o to disappear, especially suddenly or mysteriously

Task 3
Choose the correct image which represents the word.

Pilih gambar yang dapat mengilustrasikan kata dengan tepat.

1. boundary
outside
((prlirnat —(animate
ictiife) “.._picture
nima
L picture) —
2. differ

[ Y S UO0DRIIET000 /
(animated 'ﬁnlﬁt (ammated

picIure) %{ W @f Tit&%

3. displacement

- -~

animate d a ; 'y T
/(:::tur:)z: %ﬁ%ﬂ%‘gg}‘ @Lﬁd

4. equilibrium

oulside ,/'\\

. 3
(animated || ( mmated
pictare) @?:nctu relg @é‘:‘:ﬁt:)d

5. forth
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Task 4

Match the word in the box with its image representation.
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Pasangkan kata di dalam kotak dengan gambar yang mengilustrasikannya.

[INiidependenti|  oscilate  [Iiperpendiculanil] propagation  [IVANISHN
1. Py T 2. 3.
(ahimate (animated.. (animated
picty l} )T @ ﬂ%re) " picture)
i : =

drag the word here

drag the word here

drag the word here

4.

' (apinated
1 ed,-
i)

drag the word here

Task 5

drag the word here

Match the words below with their correct pronunciation. Click on the " button

to listen the pronunciation.

Pasangkan kata-kata di bawah dengan pengucapannya yang sesuai. Klik tombol

luntuk mendengarkan pengucapannya.

Word list Your answer Pronunciation
1. boundary /'bavn.dor.i/ b VIX | a =
2. differ ["dif.or/ g b. =
3. displaced /dr'splerst/ m c. =
4. displacement  /di'spleis.mont/ f d =
5. equilibrium /i kwr'lib.ri.om/ I e.
6. forth 1f2:0/ j f. =
7. generalization / dzen.or.ol.ar'zerfon/ d g. =
8. independent / n.dr’pen.dant/ h h. =
9. oscillate /'vs.1.lert/ n i =
10. perpendicular [/ p3:.pon‘dik.ju.lor/ a i =
11. propagate /'prop.a.gert/ o] k. =
12. propagation / prop.a'ger.fan/ e . =
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13. regard Iri'ga:d/ i m. =

14. satisfied ['seet.xs.fard/ c n. =

15. vanish ['vaen.afl k 0. =
Task 6

Choose the correct part of speech of the words below.
Pilihlah kelas kata yang tepat dari kata-kata di bawah ini.

1. boundary

(The boundary of the first Brillouin zone lies at K =+ 7/a.)

VI X

2. differ

v/ X

VI X

VI X

(The constant C is the force constant between nearest-neighbor planes and will
differ for longitudinal and transverse waves)

v/ X

w

displaced

v/ X

(Planes of atoms as displaced during passage of a transverse wave.)

VI X

4. displacement

(The coordinate u measures the disp

v/ X

v/ X

(21

. equilibrium

v/ X

lacement of the planes.)

/X

/X

VI X

VI X

/X

/X

(We can describe with a single coordinate us the displacement of the planes

from its equilibrium position.)

VI X

6. forth

v/ X

VI X

VI X

(This situation is equivalent to Bragg reflection of x-rays: when the Bragg
condition is satisfied a travelling wave cannot propagate in a lattice, but

through successive reflections back and forth, a standing wave is set up.)

v/ X

v/ X

/X

/X
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7. generalization

(The generalization of dispersion relation (7) to p nearest planes is easily
found to be (16a))

noun VX adjective VI X

verb v/ X adverb VI X

Task 7
Choose the words that suit with the correct part of speech.

Pilih kata-kata yang sesuai dengan kelas kata yang diinginkan.

The range — & to + « for the phase Ka covers all independent values of the
exponential.

This is a standing wave; alternate atoms oscillate in opposite phases, because
us = £1 according to whether s is an even or an odd integer.

When a wave propagates along one of these directions, entire planes of atoms
move in phase with displacements either parallel or perpendicular to the
direction of the wavevector.

When a wave propagates along one of these directions, entire planes of atoms
move in phase with displacements either parallel or perpendicular to the
direction of the wavevector.

This is the velocity of energy propagation in the medium.

It is convenient hereafter to regard C as defined for one atom of the plane, so
that Fs is the force on one atom in the plane s.

This situation is equivalent to Bragg reflection of x-rays: when the Bragg
condition is satisfied a travelling wave cannot propagate in a lattice, but
through successive reflections back and forth, a standing wave is set up.

Terms in the energy that are linear in the displacements will vanish in

equilibrium-see the minimum in Fig. 3.6.
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a. Find 1 noun.
Carilah 1 kata benda.
[ independent ] |©/® | [ escilaste ] [©/®
| perpendioular | _ popagate |
e [o] [ e (o
s (o] e (o
b. Find 4 verbs.
Carilah 4 kata kerja.
[ perendousr | [ oo |
e [ ] [ e (o
c. Find 3 adjectives.
Carilah 3 kata sifat yang memnberi keterangan pada kata benda.
[ verpendouar | [ oogee |
e [ ] e (o
Task 8
Choose the correct definition.
Pilihlah definisi kata yang tepat.
Word list Your answer Definition
1. boundary e \V/X |a. atrightangles to a horizontal plane
2. differ m b. to move or swing from side to side regularly
3. displaced c c. forced to moved away from that area
4. displacement n d. the act or process of moving through,
5. equilibrium k causing to move through, or transmitting,
6. forth f especially in the form of a wave
7. generalization I e. something that indicates the farthest limit,
8. independent g as of an area; border
9. oscillate b f. forward in place, time, order, or degree
10. perpendicular a g. not dependent on anything else for function,
11. propagate h validity, etc.
12. propagation d h. to move through, cause to move through, or
13. regard 0 transmit, especially in the form of a wave
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14. satisfied
15. vanish

to disappear, especially suddenly or
mysteriously

being fulfilled by the conditions of (a
theorem, assumption, etc); to yield a truth
by substitution of the given value

the condition of a system that has its total
energy distributed among its component
parts in the statistically most probable
manner

the derivation of a general statement from a
particular one

to be dissimilar in quality, nature, or degree
(to); vary (from)

the distance measured in a particular
direction from a reference point

to take notice of or pay attention to
(something); heed

Task 9

Match the words below with their translation in Bahasa Indonesia

Pasangkan kata-kata di bawah ini dengan terjemahannya dalam Bahasa Indonesia.

Word list Your answer Meaning
1. boundary c V/X |a maju
2. differ h b. dipindahkan
3. displaced b c. batas
4. displacement I d. kesetimbangan
5. equilibrium d e. merambat
6. forth a f. bergetar
7. generalization i g. perambatan
8. independent m h. beda
9. oscillate f i. penyamarataan
10. perpendicular i j- tegak lurus
11. propagate e k. lenyap/hilang
12. propagation g I.  perpindahan
13. regard n m. bebas
14. satisfied o] n. menganggap
15. vanish k 0. terpenuhi




Task 10

Fill the crossword puzzle below using the words in the box.

261

Isilah teka-teki silang di bawah ini menggunakan kata-kata di dalam kotak.

1

‘8

N

]

s

AcCross:

Down:
2. to move through, cause to move 1.
through, or transmit, especially in

something that indicates the
farthest limit, as of an area; border

the form of a wave 2. tegak lurus
6. | 3. Pot dgpendtrg_t on anything else for
7. kesetimbangan flunction, validity, etc
8. Dbeing fulfilled by the conditions of (a 4. e
theorem, assumption, etc); to yield 5. perambatan
a truth by substitution of the given 9 >
value 10
11. to move or swing from side to side '
regulily nimated
12 o picture)
13. maju
14.
-picture)
boundary differ displaced displacement equilibrium
forth generalization independent oscillate perpendicular
propagate propagation regard satisfied vanish




Task 11

Use the words in the box to complete the sentences below.
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Gunakan kata-kata dalam kotak untuk melengkapi kalimat-kalimat di bawah ini

boundary differ displaced displacement equilibrium
forth generalization independent oscillate perpendicular
propagate propagation regard satisfied vanish
1. Solid lines in Fig. 2 show planes of atomswhen [ | asfora

longitudinal wave.

2. Thesimplestf — ]direction is in the [100], [110], and [111].

3. The direction of entire planes of atoms whichmovewith [ ]canbe
parallelor [ ] of the wavevector which [ ] along [100],
[110], or [111].

4. Energy that is linear in the displacements will | lin| |.

5. The force constant willl ] for longitudinal and transverse wave.

6. Fsisidentified as the force on one atom in the plane s because it is convenient
tof  |Casdefined for one atom of the plane.

7. The velocity of soundsis [ | of frequency in the long wavelength
limit.

8. Inastandingwave,atoms [ | inopposite phases.

9. There,at K=+m/a, liesthe] ] of the first Brillouin zone.

10. The (16a)isthe[ of (7)

11. Bragg’s reflection of x-rays shows that a travelling wave cannot propagate in
a lattice when the Bragg conditionis[ ], but a standing wave is set
up through successive reflections backand[ L.
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SUMMARY
No. Summary
1. | boundary . batas

«['baun.dsr.i/ noun

e The boundary of an area of land is an imaginary line that separates it from
other areas

e something that indicates the farthest limit, as of an area; border

outside

differ - berbeda

" I'dif.or/ verb

o If two or more things differ, they are unlike each other in some way.
e to be dissimilar in quality, nature, or degree (to); vary (from)

(VS OO 0000
(animated
i

displaced . dipindahkan

«</dr'spleist/ adjective
e moved away from that area

displacement . perpindahan

"~ /dr'splers.mont/ noun

¢ Displacement is the removal of something from its usual place or position by
something which then occupies that place or position.
o the distance measured in a particular direction from a reference point

~(animated

“-picture

Patn taken

equilibrium . kesetimbangan
</ irkwr'lib.ri.am/ noun

e Equilibrium is a balance between several different influences or aspects of
a situation.

¢ the condition of a system that has its total energy distributed among its

component parts in the statistically most probable manner

(ahimated

@, pictue)y)

forth : maju
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T/fo:e/ adverb

¢ When someone goes forth from a place, they leave it.
o forward in place, time, order, or degree

(a @tgdn

o

7. | generalization  : penyamarataan
<[ dzen.or.ol.ar'zer.fsn/ noun
¢ A generalization is a statement that seems to be true in most situations or for
most people, but that may not be completely true in all cases
o the derivation of a general statement from a particular one
8. | independent . berdiri sendiri, tunggal
</ m.dr'pen.dont/ adjective
o If one thing or person is independent of another, they are separate and not
connected, so the first one is not affected or influenced by the second.
¢ not dependent on anything else for function, validity, etc.
o (of a system of equations) not linearly dependent
( rnated »
tiire)
9. | oscillate . bergetar
«['ps.tlert/ verb
o If an object oscillates, it moves repeatedly from one position to another and
back again, or keeps getting bigger and smaller.
¢ to move or swing from side to side regularly
(‘,A_"‘\ \tET
10. | perpendicular  :tegak lurus
</ p3i.pon'dik.ju.la/ adjective
e at right angles to a horizontal plane
11. | propagate : merambat
«['prop.a.gert/ verb
o If people propagate an idea or piece of information, they spread it and try to
make people believe it or support it.
¢ to move through, cause to move through, or transmit, especially in the form of
a wave
12. | propagation . perambatan
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7/,pmp.e'gel.fsn/ noun

¢ the act or process of moving through, causing to move through, or
transmitting, especially in the form of a wave

13.

re_gard : menganggap
< Iri'ga:d/ verb

o If you regard something or someone with a feeling such as dislike or
respect, you have that feeling about them.

¢ to look upon or consider in a specified way

e to take notice of or pay attention to (something); heed

14.

satisfied : terpenuhi
«['set.1s.fard/ adjective

e |f you are satisfied that something is true or has been done properly, you
are convinced about this after checking it.

15.

vanish . lenyap/hilang

/'ven.1f/ verb

o If someone or something vanishes, they disappear suddenly or in a way
that cannot be explained.
o to disappear, especially suddenly or mysteriously
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UNIT 2:
Crystal Vibration (Diatomic Basis)

OVERVIEW
In this unit you will learn some words that are included in Chapter 4 about

vibration of crystal with diatomic basis. They are:

adjacent gap
coincide homogeneous
contain interleaved
essential pair
excite thereby

You are expected to be able to:

- choose the correct pronunciation of the target words

- choose the correct part of speech of the target words

- choose the correct definition of the target words

- choose the correct the meaning of the target words

©0 0090 thisftom v ”

(animated © \{(@nimated iimated (animated| [ (a
e, || ’Tftaﬂ]m %‘stugﬁ wictute) || i
Task 1

Study the following text. Click the underlined words to see its explanation.

Pelajari text berikut ini. Klik kata-kata yang bergaris bawah untuk melihat

penjelasannya

TWO ATOMS PER PRIMITIVE BASIS

The phonon dispersion relation shows new features in crystal with two or

more atoms per primitive basis. Consider, for example, the NaCl or diamond

structures, with two atoms in the primitive cell. For each polarization mode in a

given propagation direction the dispersion relation » versus K develops two
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branches, known as the acoustical and optical branches as in Fig 7. We have
longitudinal LA and transverse acoustical TA modes, and longitudinal LO and
transverse optical TO modes.

If there are p atoms in the primitive cell, there are 3p branches to the
dispersion relation: 3 acoustical branches and 3p — 3 optical branches. Thus
germanium (Fig.8a) and KBr (Fig. 8b), each with two atoms in a primitive cell,
have six branches: one LA, one LO, two TA, and Two TO.

The numerology of the branches follows from the number of degrees of
freedoms of the atoms. With p atoms in the primitive cell and N primitive cells,
there are pN atoms. Each atom has three degrees of freedom, one for each of the x,
y, z directions, making a total of 3pN degrees of freedom for the crystal. The
number of allowed K values in a single branch is just N for one Brillouin zone.
Thus the LA and the two branches have a total of 3N modes, thereby accounting
for 3N of the total degrees of freedom. The remaining (3p — 3)N degrees of
freedom are accommodated by the optical branches.

"We show in chapter 5 by application of periodic boundary conditions to the
modes of the crystal of volume V that there is one K value in the volume (27)*/V
in Fourier space. The volume of a Brillouin zone is (27)*/V., where V¢ is the
volume of a crystal primitive cell. Thus the number of allowed K values in a
Brillouin zone is V/V., which is just N, the number of primitive cells in the
crystal.

Task 2
Study the following text. Click the underlined words to see its explanation.
Pelajari text berikut ini. Klik kata-kata yang bergaris bawah untuk melihat
penjelasannya

We consider a cubic crystal where atoms of mass M; lie on one set of planes
of atoms of mass M, lie on planes interleaved between those and the first set (Fig.
9). It is not essential that the masses be different, but either the force constant or
the masses will be different if the two atoms of the basis are in non-equivalent
sites. Let a denote the repeat distance of the lattice in the direction normal to the

lattice planes considered. We treat waves that propagate in a symmetry direction
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such that a single plane contains only a single type of ion; such direction are [111]
in the NaCl structure and [100] in the CsClI structure.

We write the equation of motion under the assumption that each planes
interact only with its nearest-neighbor planes and that the force constants are
identical between all pairs of nearest-neighbor planes. We refer to Fig.9 to obtain
(18).

We look for a solution in the form of traveling wave, now with different
amplitudes u, » on alternate planes: (19).

We define a in Fig. 9 as the distance between nearest identical planes, not
nearest-neighbor planes.

On substitution of (19) in (18) we have (20). The homogeneous linear
equations have a solution only if the determinant of the coefficients of the
unknown u, o vanishes: (21) or (22).

We can solve this equation exactly for »? but it is simpler to examine the

limiting cases Ka<1 and Ka = +r at the zone boundary. For small Ka we have cos
Ka=1 —%Kza2 +. .., and the two roots are (23) (optical branch); (24) acoustical

branch. The extent of the first Brillouin zone is — w/a, where a is the repeat
distance of the lattice. At K= =+ m/a, the roots are (25). The dependence of w on
K is shown in Fig. 7 for M; > M.

The particle displacements in the transverse acoustical (TA) and transverse
optical (TO) branches are shown in Fig. 10. For the optical branch at K = 0 we
find, on substitution of (23) in (20), (26). The atoms vibrate against each other,
but their center of mass is fixed. If the two atoms carry opposite charges, as in
Fig. 10, we may excite a motion of this type with the electric field of a light wave,
so that the branch is called the optical branch. At a general K the ratio u/v will be
complex, as follows from either of the equations (20). Another solution for the
amplitude ratio at small K is u = o, obtained sa the K = 0 limit of (24). The atoms
(and their center of mass) move together, as in long wavelength acoustical
vibrations, whence the term acoustical branch.

Wavelike solution do not exist for certain frequencies, here between

(2C/M1)Y? and (2C/IM,)Y2. This is a characteristic feature of elastic waves in
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polyatomic lattices. There is a frequency gap at the boundary Kny.x = +n/a of the

first Brillouin zone.

Flash Cards for Task 1 & 2:

No.

Flash card

1.

adjacent . bersebelahan

< [adzersont/ adjective

e If one thing is adjacent to another, the two things are next to each other.
e joined by a common edge

coincide . bertepatan

7/ kou.msaid/ verb

e If one event coincides with another, they happen at the same time.
e to occur or exist simultaneously

contain : mengandung

«/kontem/ verb

e If a substance contains something, that thing is a part of it.
e to hold or be capable of holding or including within a fixed limit or area

essential . penting

</ 1sen.tf’l/ verb

e Something that is essential is extremely important or absolutely necessary to
a particular subject, situation, or activity.
e vitally important; absolutely necessary

e_xcite : pindah keluar (elektron)

< [ik'sart/ verb

e to raise (an atom, molecule, electron, nucleus, etc) from the ground state
to a higher energy level

gap : jarak
«/gaep/ noun
e A gap between two groups of people, things, or sets of ideas is a big

difference between them.
¢ a divergence or difference; disparity

homogeneous : serbasama

«//hou.moud3i:.ni.os/adjective

e Group or thing which has members or parts that are all the same.
e containing terms of the same degree with respect to all the variables

interleaved : menyelip
</ mta'lizvd/ adjective
e place at intervals in or among
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9. FE" : pasangan
< /per/ noun (plural: pairs)

¢ A pair of things are two things of the same size and shape that are used
together or are both part of something, for example shoes, earrings, or parts

of the body.
e an object considered to be two identical or similar things joined together
10. | thereby : oleh karena itu

«/ der'bar/ adverb

¢ You use thereby to introduce an important result or consequence of the
event or action you have just mentioned.
¢ by that means; because of that

Task 3
Choose the correct image which represents the word.

Pilih gambar yang dapat mengilustrasikan kata dengan tepat.

1. adjacent
this atom @ 0 O e 'ﬁﬁ"'f
imated 9 (animated’ [ (animated
%&é@ Lo, | piotues)
2. coincide
e l’__
o (’an tefd" ( d|| -(animated
% ?el- - 1 4 .| pictur
3. contain (animated
- picture)
" this atom @0 O § o
animated '“img'!:‘ed 9 (animated ©
cuge | Sty
30
4. excite
- i(a ted- ( ;
_e? = ¢

Task 4
Match the word in the box with its image representation.

Pasangkan kata di dalam kotak dengan gambar yang mengilustrasikannya.

[NGERN  homogeneous  [RNRtGHIGAVEGININ] pair
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Task 5

. 4
anifiate
pictur

drag the word here

4
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i

drag the word here
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Match the words below with their correct pronunciation. Click on the "~ button

to listen the pronunciation.

Pasangkan kata-kata di bawah dengan pengucapannya yang sesuai. Klik tombol

7untuk mendengarkan pengucapannya.

Word list Your answer Pronunciation
1. adjacent ladzer.sont/ b VIX | a =
2. coincide /kou.nsard/ c b, [
3. contain /kon'temn/ h c. -
4. essential hisen.tf°l/ i d. =
5. excite ik’ sart/ i e. -
6. gap Igeep/ a £ -
7. homogeneous /hou.moudsi:.ni.os/ e g. o
8. interleaved [ nta'li:vd/ h h., -
9. pair Iper/ f i
10. thereby / der'bar/ d . ka
Task 6

Choose the correct part of speech of the words below.

Pilihlah kelas kata yang tepat dari kata-kata di bawah ini.

1. adjacent

(A diatomic crystal structure with masses M3, M, connected by force constant
C between adjacent planes.)

noun

v/ X

verb

VX

adjective

VI X

adverb

v/ X
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2. coincide

(The LO and TO branches coincide at K = 0; this is also a consequence of the
crystal symmetry of Ge.)

noun VX adjective VI X
verb VX adverb VI X
3. contain
(We treat waves that propagate in a symmetry direction such that a single
plane contains only a single type of ion; such direction are [111] in the NaCl
structure and [100] in the CsCl structure.)
noun VX adjective VI X
verb VX adverb VI X
4. essential
(It is not essential that the masses be different, but either the force constant or
the masses will be different if the two atoms of the basis are in non-equivalent
sites.)
noun % adjective VIX
verb VX adverb VIX
Task 7

Choose the words that suit with the correct part of speech.

Pilih kata-kata yang sesuai dengan kelas kata yang diinginkan.

If the two atoms carry opposite charges, as in Fig. 10, we may excite a motion
of this type with the electric field of a light wave, so that the branch is called
the optical branch.

There is a frequency gap at the boundary Kmax = +n/a of the first Brillouin
zone.

The homogeneous linear equations have a solution only if the determinant of
the coefficients of the unknown u, v vanishes: (21) or (22).

We consider a cubic crystal where atoms of mass M1 lie on one set of planes
of atoms of mass M2 lie on planes interleaved between those and the first set
(Fig. 9).

We write the equation of motion under the assumption that each planes
interact only with its nearest-neighbor planes and that the force constants are
identical between all pairs of nearest-neighbor planes

Thus the LA and the two branches have a total of 3N modes, thereby
accounting for 3N of the total degrees of freedom.



Choose the correct meaning.

Pilihlah arti kata yang tepat.
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a. Find 2 noun
Carilah 2 kata benda
b. Find 1 verb
Carilah 1 kata kerja
c. Find 2 adjectives
Carilah 2 kata sifat yang memberi keterangan pada kata benda
d. Find the adverb (total words to find: 1)
Carilah kata sifat yang memberi keterangan pada kata kerja (total kata
tersedia: 1)
Task 8

Word list Your answer Definition
1. adjacent 0] /X a. vitally important; absolutely necessary
2. coincide )] b. a divergence or difference; disparity
3. contain (h) c. by that means; because of that
4. essential (a) d. containing terms of the same degree
5. excite (e) with respect to all the variables
6. gap (b) e. toraise (an atom, molecule, electron,
7. homogeneous (d) nucleus, etc) from the ground state to a
8. interleaved 0] higher energy level
9. palir (9) f.  to occur or exist simultaneously
10. thereby (c) g. an object considered to be two identical
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i.
-

or similar things joined together

to hold or be capable of holding or
including within a fixed limit or area
joined by a common edge

place at intervals in or among

Task 9
Match the words below with their translation in Bahasa Indonesia

Pasangkan kata-kata di bawah ini dengan terjemahannya dalam Bahasa Indonesia.

Word list Your answer Definition
1. adjacent (c) VX a. (elektron) pindah keluar
2. coincide (9) b. serbasama
3. contain (d) c. bersebelahan
4. essential 0] d. mengandung
5. excite €) e. menyelip
6. gap 0] f. penting
7. homogeneous (b) g. bertepatan
8. interleaved (e) h. pasangan
9. pair (h) i. jarak
10. thereby )] j. oleh karena itu
Task 10

Fill the crossword puzzle below using the words in the box.
Isilah teka-teki silang di bawah ini menggunakan kata-kata di dalam kotak.
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7. serbasama d(animated o
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9. toraise (an atom, molecule, 1
electron, nucleus, etc) from the J—
ground state to a higher energy 2. .
level 3. to hold or be capable of holding or
inclu@g
4, |«

1

0.

—
"’-.\”
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-
f
Y

6. oleh karena itu
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adjacent coincide contain essential excite
gap homogeneous interleaved pair thereby
Task 11

Use the words in the box to complete the sentences below.

Gunakan kata-kata dalam kotak untuk melengkapi kalimat-kalimat di bawabh ini

adjacent coincide contain essential excite
gap homogeneous interleaved pair thereby

1. Fig. 8ashowsthat LO and TO branches [ Jat K=0.

Fig.9 shows that M; and M, are connected by force constant C which located

between [ |planes.

3. Assingle plane in the wave that propagates in some direction such as [111] in
the NaCl and [100] inthe CsCI [ Jonly a single type of ion.

4. We write the equation of motion under the assumption that each planes
interact only with its nearest-neighbor planes and that the force constants are
identical between all |_—_|0f nearest-neighbor planes

5. The |:| linear equations have a solution only if the determinant of
the coefficients of the unknown u, v vanishes in (21) and (22)

6. Thus the LA and the two branches have a total of 3N modes,
|:|accounting for 3N of the total degrees of freedom.

7. From Fig.9, we can consider that atom of mass M, lie on planes that located
I:Ibetween planes of the first set.

8. InFig.9, the different of the masses M; and M is not 1

9. The branch in Fig.10 is called optical branch because the two atoms carry
opposite charges and we may [ ]a motion of this type with the
electric field of a light wave.

10. There is a frequency [t the boundary Kmax = #z/a of the first
Brillouin zone.

N

SUMMARY
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Summary

adjacent : bersebelahan

< /adzersont/ adjective

e If one thing is adjacent to another, the two things are next to each other.
e joined by a common edge

o @
° 'w}-
O

coincide . bertepatan

7/ kou.msaid/ verb

e If one event coincides with another, they happen at the same time.
e to occur or exist simultaneously

S

. \;‘- —
1 Gicturar~

contain : mengandung
« /kontem/ verb

e If a substance contains something, that thing is a part of it.
e to hold or be capable of holding or including within a fixed limit or area

this atom

ins
imated
i tug%)

essential . penting
</ 1sen.tf’l/ verb

e Something that is essential is extremely important or absolutely necessary to
a particular subject, situation, or activity.

e vitally important; absolutely necessary

excite : pindah keluar (elektron)
«<I[1k'sart/ verb

e to raise (an atom, molecule, electron, nucleus, etc) from the ground state
to a higher energy level

gap . jarak
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«I/geep/ noun

¢ A gap between two groups of people, things, or sets of ideas is a big
difference between them.

¢ a divergence or difference; disparity

(animated

homogeneous : serbasama

7/hou.moud3i:.ni.as/adjective

e Group or thing which has members or parts that are all the same.
e containing terms of the same degree with respect to all the variables

4
- (animated
' picture)
r#p‘ I_}

interleaved : menyelip
</ mta'lirvd/ adjective
e place at intervals in or among

;Eir . pasangan
«I/per/ noun (plural: pairs)

¢ A pair of things are two things of the same size and shape that are used
together or are both part of something, for example shoes, earrings, or parts
of the body.

e an object considered to be two identical or similar things joined together

(animated

icture)
35‘\»

10.

thereby : oleh karena itu

> Oer'bar/ adverb

¢ You use thereby to introduce an important result or consequence of the
event or action you have just mentioned.
¢ by that means; because of that
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UNIT 3:
Phonon’s Characteristics

OVERVIEW
In this unit you will learn some words that are included in Chapter 4 about

characteristics of phonon. They are:

absorbed occupied
absorption occur
chiefly rarely
density recoil
determine rigorously
determined suitable
occupancy

You are expected to be able to:

- choose the correct pronunciation of the target words

choose the correct part of speech of the target words

choose the correct definition of the target words

choose the correct the meaning of the target words

%i ated'é-__ . b‘(’animé 1.
ctire) == | =p )

sotid

Task 1
Study the following text. Click the underlined words to see its explanation.
Pelajari text berikut ini. Klik kata-kata yang bergaris bawah untuk melihat

penjelasannya

QUANTIZATION OF ELASTIC WAVES
The energy of a lattice vibration is quantized. The quantum of energy is
called a phonon in analogy with the photon of the electromagnetic wave. The

energy of an elastic mode of angular frequency w is (27) when the mode is excited
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to quantum number n; that is, when the mode is occupied by n phonons. The term
%ha) is the zero point energy of the mode. It occurs for both phonons and photons
as a consequence of their equivalence to a quantum harmonic oscilator of
frequency w, for which the energy eigenvalues are also (n + %a)). The quantum

theory of phonon is developed in Appendix C.

We can quantize the mean square phonon amplitude. Consider the standing
wave mode of amplitude u = up cos Kx cos wt. Here u is the displacement of a
volume element fromits equilibrium position at x in the crystal. The energy in the

mode, as in any harmonic oscilator, is half kinetic energy and half potential
energy, when averaged over time. The Kkinetic energy density is %paulat)z, where
p is the mass density. In a crystal of volume V, the volume integral of the kinetic

energy is % pVoudsin® wt. The time average kinetic energy is (28) because <sin?

ot> = % The square of the amplitude of the mode is (29). This relates the

displacement in a given mode to the phonon occupancy n of the mode.
What is the sign of ? The equations of motion such as (2) are equations for
w?, and if this is positive then  can have either sign, + or —. But the energy of a

phonon must be positive, so it is conventional and suitable to view @ as positive.
2

Is the crystal structure is unstable, then »“ will be negative and » will be

imaginary.

Task 2
Study the following text. Click the underlined words to see its explanation.
Pelajari text berikut ini. Klik kata-kata yang bergaris bawah untuk melihat

penjelasannya

PHONON MOMENTUM
A phonon of wavevector K will interact with particles such as photons,
neutrons, and electrons as if it had a momentum #K. However, a phonon does not

carry physical momentum.
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The reason that phonons on a lattice do not carry momentum is that a
phonon coordinate (except for K = 0) involves relative coordinates of the atoms.
Thus in an H, molecule the internuclear vibrational coordinate r; —r» is a relative

coordinate and does not carry linear momentum; the center of mass coordinate
%(rl —Iy) corresponds to the uniform mode K = 0 and can carry linear momentum.

In crystal there exist wavevector selection rules for allowed transitions
between quantum states. We saw in chapter 2 that elastic scattering of an x-ray
photon by a crystal is governed by the wavevector selection rule (30), where G is
a vector in the reciprocal lattice, k is the wavevector of the incident photon, k’ is
the wavevector of the scattered photon. In the reflection process the crystal as a
whole will recoil with momentum — %G, but this uniform mode momentum is
rarely considered explicitly.

Equation (30) is an example of the rule that the total wavevector of
interacting waves is conserved in a periodic lattice, with the possible addition of a
reciprocal lattice vector G. The true momentum of the whole system always is
rigorously conserved. If the scattering of the photon is inelastic, with the creation
of a phonon of wavevector K, then the wavevector selection rule becomes (31). If
a phonon K is absorbed in the process, we have instead the relation (32). Relations
(31) and (32) are the natural extensions of (30).

INELASTIC SCATTERING BY PHONONS

Phonon dispersion relations «(K) are most often determined experimentally
by the inelastic scattering of neutrons with the emission or absorption of a
phonon. A neutron sees the crystal lattice chiefly by interaction with the nuclei of
the atoms. The kinematics of the scattering of a neutron beam by a crystal lattice
are described by the general wavevector selection rule: (33) and by the
requirement of conservation of energy. Here K is the wavevector of the phonon
created (+) or absorbed (-) in the scattering process, and G is any reciprocal
lattice vector. For a phonon we choose G such that K lies in the first Brillouin
zone.

The kinetic energy of the incident neutron is p%°M,, where M, is the mass

of the neutron. The momentum p is given by 7k, where k is the wavevector of the
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neutron. Thus /#°k*/2M,, is the kinetic energy of the incident neutron. If k' is the
wavevector of the scattered neutron, the energy of the scattered neutron is
h2k'2/2Mn. The statement of conservation of energy is (34), where %w is the
energy of the phonon created (+) or absorbed (-) in the process.

To determine the dispersion relation using (33) and (34) it is necessary in
the experiment to find the energy gain or loss of the scattered neutrons as a
function of the scattering direction k - k'. Results for germanium and KBr are
given in Fig. 8; results for sodium are given in Fig. 11. A spectrometer used for
phonon studies is shown in Fig. 12.

Flash Cards for Task 1 & 2:

No. Flash card
1 | absorbed . terserap

< /ab'zoirbd/  adjective

o If you are absorbed in something or someone, you are very interested in them
and they take up all your attention and energy.

e taken in (all or part of incident radiated energy) and retain the part that is not
reflected or transmitted

2 | absorption . penyerapan

< /obzorp.fon/ noun

e The absorption of a liquid, gas, or other substance is the process of it
being soaked up or taken in.

e a reduction of the intensity of any form of radiated energy as a result of energy
conversion in a medium, such as the conversion of sound energy into heat

3 | chiefly : terutama

< /'tfi..fli/ adverb

¢ You use chiefly to indicate that a particular reason, emotion, method, or

feature is the main or most important one.
e especially or essentially; above all

4 d_ensity . kepadatan

« ['dent.sa.ti/ noun
e In science, the density of a substance or object is the relation of its mass or
weight to its volume.

e a measure of the compactness of a substance, expressed as its mass per unit
volume. It is measured in kilograms per cubic metre or pounds per cubic foot.

5 | determine : menentukan
« /dits.mm/ verb

e To determine a fact means to discover it as a result of investigation.
o to fix or specify the position, form, or configuration of
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determined . ditentukan

" /dits.mmnd/ adjective

o If you are determined to do something, you have made a firm decision to do it
and will not let anything stop you.
e resolute; firm

occupancy pengisian
< /'a:kjo.pant.si/ noun

e Occupancy is the act of using a room, building, or area of land, usually for a
fixed period of time.
e the act of occupying; possession of a property

(Ecupied : terisi
«['a: kju.pard/ adjective

¢ If a room or something such as a seat is occupied, someone is using it, so
that it is not available for anyone else.

e in use and so not available for anyone else

occur : berlaku

< [a'ks4/ verb

e When something occurs, it happens.
¢ to happen; take place; come about

10

rarely : jarang

7/ 'rerli/ adverb

o If something rarely happens, it does not happen very often.
¢ hardly ever; seldom

11

recoil : melonjak

L /ri'ko1l/ verb

e If something makes you recoil, you move your body quickly away from it
because it frightens, offends, or hurts you.
¢ to change momentum as a result of the emission of a photon or particle

12

ri_gorously : dengan tegas dan jelas

< /'rig.ar.2sli/ adverb

o A test, system, or procedure that was done rigorously is very thorough and
strict.

o the validity of the successive steps in a completely explicit manner

13

suitable . sesuai, tepat

< /'sui.t2.bl/ adjective

e Someone or something that is suitable for a particular purpose or occasion is
right or acceptable for it.
e appropriate; proper; fit
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Task 3
Choose the correct image which represents the word.
Pilih gambar yang dapat mengilustrasikan kata dengan tepat.

1. absorption

'& ‘ ogﬁ“w

2. density

->

animatet_f%_. (amm&eq e qaﬁa@
#ic%e}":’ ,... %Pw ._l,’ﬁ‘_{ a =

Task 4
Match the word in the box with its image representation.

Pasangkan kata di dalam kotak dengan gambar yang mengilustrasikannya.
" ocwpaney | recal | sutble

1. 2. 3.

(ammq%gﬂ g r _, | ."D"E
plc )t @lm (animated

LS 1 vy r
— o - -

drag the word here drag the word here drag the word here
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Match the words below with their correct pronunciation. Click on the -~ button

to listen the pronunciation.

Pasangkan kata-kata di bawah dengan pengucapannya yang sesuai. Klik tombol

untuk mendengarkan pengucapannya.

Words list Your answer Pronunciation

1. absorbed Iab'zo:rhd/ j VIX | 4 2
2. absorption labzorp.fon/ f b,
3. chiefly ['tfi..fli/ k c. O
4. density /'dent.sa.tj/ b 4 =
5. determine [dit3-.min/ d e. O
6. determined [dits-.mind/ m f' w
7. occupancy ['a:.kjo.pant .si/ i O
8. occupied ['a: Kjo.pard/ c 9. =<
9. occur /a'ks/ g h. <
10. rarely I'rerli/ a —
11. recoll Irr'korl/ h ) =
12. rigorously /'rig.ar.a.sli/ e k.
13. suitable I'su:.ta.bl/ l e

m. [«
Task 6

Choose the correct part of speech of the words below.

Pilihlah kelas kata yang tepat dari kata-kata di bawah ini.

1. absorbed

(If a phonon K is absorbed in the process, we have instead the relation (32).)

noun

VX

verb

v/ X

2. absorption

adjective

VI X

adverb

VI X

(Phonon dispersion relations w(K) are most often determined experimentally
by the inelastic scattering of neutrons with the emission or absorption of a

phonon.)

noun

v/ X

verb

v/ X

3. chiefly

adjective

VI X

adverb

VI X
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(A neutron sees the crystal lattice chiefly by interaction with the nuclei of the
atoms.)

o (Y] [ [
e (7] [ [
4. density
(The kinetic energy density is is %pau/at)z, where p is the mass density.)
e [(O¢] [ [
e (7] [ [

5. determine
(To determine the dispersion relation using (33) and (34) it is necessary in the
experiment to find the energy gain or loss of the scattered neutrons as a
function of the scattering direction k - k'.)

VIX

VI X

v/ X VI X

6. determined
(Phonon dispersion relations ®w(K) are most often determined experimentally

by the inelastic scattering of neutrons with the emission or absorption of a
phonon.)

v/ X /X

v/ X VI X

7. occupancy

(This relates the displacement in a given mode to the phonon occupancy n of
the mode.)

v/ X /X

v/ X VI X

Task 7
Choose the words that suit with the desired part of speech.
Pilih kata-kata yang sesuai dengan kelas kata yang diinginkan.

e The energy of an elastic mode of angular frequency w is (27) when the mode
is excited to quantum number n; that is, when the mode is occupied by n
phonons.

e It occurs for both phonons and photons as a consequence of their equivalence
to a quantum harmonic oscilator of frequency w, for which the energy
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eigenvalues are also (n + %a) The quantum theory of phonon is developed in

Appendix C.
o In the reflection process the crystal as a whole will recoil with momentum —

hG, but this uniform mode momentum is rarely considered explicitly.

e In the reflection process the crystal as a whole will recoil with momentum —
hG, but this uniform mode momentum is rarely considered explicitly.

e The true momentum of the whole system always is rigorously conserved.

e But the energy of a phonon must be positive, so it is conventional and suitable

to view w as positive.

a. Find 2 verbs
Carilah 2 kata kerja

b. Find 2 adjectives
Carilah 2 kata sifat yang memberi keterangan pada kata benda
c. Find 2 adverbs (total words to find: 2)
Carilah 2 kata sifat yang memberi keterangan pada kata kerja
[ecewe T oo | IS [ oe
[T [oe | eI e
Task 8

Choose the correct meaning.



Pilihlah arti kata yang tepat.
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Word list Your answer Definition
1. absorbed (9) V/X | a. ameasure of the compactness of a
2. absorption () substance, expressed as its mass per unit
3. chiefly (c) volume. It is measured in kilograms per
4. density (a) cubic meter or pounds per cubic foot
5. determine (m) b. the act of occupying; possession of a
6. determined | (j) property _
7. occupancy (b) C. espeC|a.II)./ or essentially; aboye all .
8. occupied (k) d. the validity of .the successive steps in a
9 occur (h) completely explicit manner
10. rarely e) e. hardly ever; seldom
' ; f. areduction of the intensity of any form of
11 I’?COII () radiated energy as a result of energy
12. ”g_orOUS|y (d) conversion in a medium, such as the
13. suitable (i) conversion of sound energy into heat
g. takenin (all or part of incident radiated
energy) and retain the part that is not
reflected or transmitted
h. to happen; take place; come about
i. appropriate; proper; fit
j- resolute; firm
k. If aroom or something such as a seat is
occupied, someone is using it, so that it is
not available for anyone else.
. to change momentum as a result of the
emission of a photon or particle
m. to fix or specify the position, form, or
configuration of
Task 9

Match the words below with their translation in Bahasa Indonesia

Pasangkan kata-kata di bawah ini dengan terjemahannya dalam Bahasa Indonesia.

Word list Your answer Definition
1. absorbed (k) V/X |a kepadatan
2. absorption (m) b. terutama
3. chiefly (b) c. ditentukan
4. density (@ d. berlaku
5. determine (9) e. terisi
6. determined (c) f. pengisian
7. occupancy () g. menentukan
8. occupied (e) h. sesuai, tepat
9. occur (d) i. melonjak
10. rarely 0] j. jarang
11. recoil ® k. terserap
12. rigorously 0] I. dengan tegas dan jelas
13. suitable (h) m. penyerapan
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Fill the crossword puzzle below using the words in the box.

Isilah teka-teki silang di bawah ini menggunakan kata-kata di dalam kotak.

il .

Across
5. terisi

9. taken in (all or part of incident
radiated energy) and retain
the part that is not reflected
or transmitted

10.

11. dengan tegas dan jelas

12.

Down
1. terutama

solid

2.
5. the act of occupying;
possession of a property

3. menentukan

4.

7. to change momentum as a
result of the emission of a photon

or particle
8.
absorbed absorption chiefly density determine
determined occupancy occupied occur rarely
recoil rigorously suitable
Task 11

Use the words in the box to complete the sentences below.

Gunakan kata-kata dalam kotak untuk melengkapi kalimat-kalimat di bawabh ini.
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absorbed absorption chiefly density determine

©w

10.

11

determined occupancy occupied occur rarel
- o igorously | sutablc [N

The energy of an elastic mode of angular frequency w is (27) that is, when the
mode is by n phonons

It for both phonons and photons as a consequence of their
equivalence to a quantum harmonic oscilator of frequency w, for which the

. 1
energy eigenvalues are also (n + za)).

In %paulat)z, pisthemass| .

The square of the amplitude of the mode is (29) is related with the

displacement in a given mode to the phonon[  ]n of the mode

The energy of a phonon must be positive, so it is conventional and[ |

view w as positive.

In the reflection process the crystal as a whole will with

momentum — G, but this uniform mode momentum is

considered explicitly.

The true momentum of the whole lattice system alwaysis] |

conserved.

Ifaphonon Kis[  ]inthe process, we have instead the relation (32).

Phonon dispersion relations w(K) are most often experimentally

by the inelastic scattering of neutrons with the emission or of a

phonon.

A neutron sees the crystal lattice[ ] by interaction with the nuclei of

the atoms.

.To[ ] the dispersion relation using (33) and (34) it is necessary to
find the energy gain or loss of the scattered neutrons.

SUMMARY

No. Flash card

1. | absorbed . terserap

< /ab'zowrbd/ adjective
o If you are absorbed in something or someone, you are very interested in them
and they take up all your attention and energy.

e taken in (all or part of incident radiated energy) and retain the part that is not
reflected or transmitted

2. zﬁsorption . penyerapan

«I/abzorp.fon/ noun

e The absorption of a liquid, gas, or other substance is the process of it
being soaked up or taken in.
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¢ a reduction of the intensity of any form of radiated energy as a result of energy
conversion in a medium, such as the conversion of sound energy into heat

c_hiefly . terutama
< /'tfi..fli/ adverb

¢ You use chiefly to indicate that a particular reason, emotion, method, or
feature is the main or most important one.

e especially or essentially; above all

d_ensity : kepadatan
< ['dent.sa.ti/ noun

e In science, the density of a substance or object is the relation of its mass or
weight to its volume.

e a measure of the compactness of a substance, expressed as its mass per unit
volume. It is measured in kilograms per cubic metre or pounds per cubic foot.

ﬁn' atqé L
icture): >~

determine > menentukan

<« /dits~.min/ verb

e To determine a fact means to discover it as a result of investigation.
o to fix or specify the position, form, or configuration of

determined . ditentukan
« /drit3*.mind/ adjective

o If you are determined to do something, you have made a firm decision to do it
and will not let anything stop you.
e resolute; firm

occupancy pengisian
«/'a:kjo.pant.si/ noun

e Occupancy is the act of using a room, building, or area of land, usually for a
fixed period of time.

¢ the act of occupying; possession of a property

e
\ tur )

empty full

occupied : terisi
<['a:.kju.pard/ adjective

¢ If a room or something such as a seat is occupied, someone is using it, so
that it is not available for anyone else.
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e in use and so not available for anyone else

occur : berlaku

< [a'ks:/ verb

e When something occurs, it happens.
¢ to happen; take place; come about

10.

ra_rely . jarang
< /'rerli/ adverb

o If something rarely happens, it does not happen very often.
e hardly ever; seldom

11.

recoil : melonjak
< /ri'ko1l/ verb

o If something makes you recoil, you move your body quickly away from it
because it frightens, offends, or hurts you.
¢ to change momentum as a result of the emission of a photon or particle

12.

ri_gorously : dengan tegas dan jelas

«/'rig.or.2sli/ adverb

o A test, system, or procedure that was done rigorously is very thorough and
strict.

o the validity of the successive steps in a completely explicit manner

13.

suitable . sesuai, tepat

< /'su:.t2.bl/ adjective

e Someone or something that is suitable for a particular purpose or occasion is
right or acceptable for it.

e appropriate; proper; fit
g Ok}
o LSl -
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UNIT 4:

Summary and Problems

OVERVIEW
In this unit you will learn some words that are included in Chapter 4 about

summary and problems of the crystal vibration and phonon. They are:

decoupled rest
estimate sphere
immersed unlike
reduce

You are expected to be able to:

choose the correct pronunciation of the target words

choose the correct part of speech of the target words

choose the correct definition of the target words

choose the correct the meaning of the target words

3 .. IC .
Hg (animated (ani
picture) lj-c'éﬂ

Task 1
Study the following text. Click the underlined words to see its explanation.
Pelajari text berikut ini. Klik kata-kata yang bergaris bawah untuk melihat

penjelasannya.

SUMMARY
e The quantum unit of a crystal vibration is a phonon. If the angular frequency

IS w, the energy of the phonon is 7.
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When a phonon of wavevector K is created by the inelastic scattering of a
photon or neutron from wavevector k to k*, the wavevector selection rule that
governs the process is

k=k'+K+G,
where G is a reciprocal lattice vector.
All elastic waves can be described by wavevectors that lie within the first
Brillouin zone in reciprocal space.
If there are p atoms in the primitive cell, the phonon dispersion relation will
have 3 acoustical phonon branches and 3p - 3 optical phonon branches.

Problems
Monatomic linear lattice. Consider a longitudinal wave us = u cos(wt — sKa)
which propagates in a monatomic linear lattice of atoms of mass M, spacing
a, and nearest-neighbor interaction C.
(). Show that the total energy of the wave is

1 1
E=oM ) (du/dt)? +5C ) (s = ttg1)?
S S

where s runs over all atoms.

(b). By substitution of us in this expression, show that the time-average total
energy per atom is

1 1 1

ZMflzuZ +§C(1 — cosKa)u® = EMﬁzuz

where in the last step we have used the dispersion relation (9) for this
problem.

Continuum wave equation. Show that for long wavelengths the equation of

motion (2) reduces to the continuum elastic wave equation
2 2
du ,0u
~2- 90—
ot Ox

where v is the velocity of sound.
Basis of two unlike atoms. For the problem treated by (18) to (26), find the

amplitude ratios u/v for the two branches at Kyax = m/a. Show that at this
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value of K the two lattices act as if decoupled: one lattice remains at rest
while the other lattice moves.

Kahn anomaly. We suppose that the interplanar force constant C, between
planes s and s + p is of the form
sin pk,a
p— p—a
where A and ko are constants and p runs over all integers. Such a form is

expected in metals. Use this and Eq. (I6a) to find an expression for w2 and
also for w02/iJK. Prove that Ow¥9K is infinite when K = Ko. Thus a plot of
w” versus K or of w versus K has a vertical tangent at ko: there is a kink at kg

in the phonon dispersion relation w(K).

Task 2
Study the following text. Click the underlined words to see its explanation.

Pelajari text berikut ini. Klik kata-kata yang bergaris bawah untuk melihat

penjelasannya.

(a) Show that the frequency of a single ion set into oscillation is « = (e2/MR®)?,

Diatomic chain. Consider the normal modes of a linear chain in which the
force constants between nearest-neighbor atoms are alternately C and 10C.
Let the masses be equal, and let the nearest-neighbor separation be a/2. Find
w(K) at K = 0 and K = =n/a. Sketch in the dispersion relation by eye. This
problem simulates a crystal of diatomic molecules such as Ho.

Atomic vibration in metal. Consider point ions of mass M and charge
immersed in a uniform sea of conduction electrons. The ions are imagined to
be in stable equilibrium when at regular lattice points. If one ion is displaced
a small distance r from its equilibrium position, the restoring force is largely
due to the electric charge within the sphere of radius r centered at the
equilibrium position. Take the number density of ions (or of conduction
electrons) as 3/4nR3, which defines R.

1/2

(b) Estimate the value of this frequency for sodium, roughly. (c) From (a),
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(b), and some common sense, estimate the order of magnitude of the velocity

of sound in the metal.

Soft phonon modes. Consider a line of ions of equal mass but alternating in
charge, with e, = e (-1)" as the charge on the pth ion. The interatomic
potential is the sum of two contributions: (1) a short-range interaction of
force constant C;g = y that acts between nearest neighbors only, and (2) a
coulomb interaction between all ions. (a) Show that the contribution of the
coulomb interaction to the atomic force constants is

Cpc = 2(-1)"p?l *a°,

where a is the equilibrium nearest-neighbor distance. (b) From (16a) show
that the dispersion relation may be

written as

0%/ ugug — sin® —Ka+oZ( 1)? (1 — cospKa )p~>

where U§ = 4y/M and o = e*/ya’. (c) Show that w? is negative (unstable mode)
at the zone boundary Ka = & if 6 > 0.475 or 4/7((3), where { is a Riemann
zeta function. Show further that the speed of sound at small Ka is imaginary
if 6> (2 In 2)™ = 0.721. Thus w? goes to zero and the lattice is unstable for
some value of Ka in the interval (0, n) if 0.475 < 6 < 0.721. Notice that the
phonon spectrum is not that of a diatomic lattice because the interaction of

any ion with its neighbors is the same as that of any other ion.

Flash Cards for Task 1 & 2:

No.

Flash Card

1.

decouple : memisahkan diri
</ di:'’kap’l/ adjective

o If two countries, organizations, or ideas that were connected in some way are
decoupled, the connection between them is ended.

e to separate (joined or coupled subsystems) thereby enabling them to exist and
operate separately
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estimate : memperkirakan

< /'es.tr.mert/ verb

o |f you estimate a quantity or value, you make an approximate judgment or
calculation of it.

¢ to form an approximate idea of (distance, size, cost, etc); calculate roughly;
gauge

immersed : menyelam

«/i'ms:sd/ adjective

o If something is immersed in a liquid, someone puts it into the liquid so that it is
completely covered.
e .plunged or dip into liquid

reduce : mengurangi

< [ri'du:s/ verb
o If something is changed to a different or less complicated form, you can say
that it is reduced to that form.

¢ to modify or simplify the form of (an expression or equation), especially by
substitution of one term by another

rest : diam
< //rest/ verb

¢ When an object that has been moving comes to rest, it finally stops.
e to remain without further attention or action

sphere . bulatan

< //sfir/ noun

¢ A sphere is an object that is completely round in shape like a ball.

¢ a three-dimensional closed surface such that every point on the surface is
equidistant from a given point, the center

lﬂlike : berbeda, tidak sama

< [an'laik/ adjective

o If one thing is unlike another thing, the two things have different qualities or
characteristics from each other
e not alike; dissimilar or unequal; different

Task 3
Choose the correct image which represents the word.

Pilih gambar yang dapat mengilustrasikan kata dengan tepat.

1. decoupled

|

- ] -
h ar d
s R




2. immersed

G|

3. reduce
animated!
Fp?clﬁ.\rg’)

Task 4

Match the word in the box with its image representation.
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Pasangkan kata di dalam kotak dengan gambar yang mengilustrasikannya.

sohere [

1. 2.

3.

(anLrﬁ’ag
Spicture)
Spic ug

—
=
==

drag the word here

drag the word here

drag the word here

Task 5

Match the words below with their correct pronunciation. Click on the < button

to listen the pronunciation.

Pasangkan kata-kata di bawah dengan pengucapannya yang sesuai. Klik tombol

untuk mendengarkan pengucapannya.

Words list Your answer Pronunciation
1. decoupled / di:'kapal/ d VIX | o =
2. estimate /'es.t.mert/ b b. L
3. immersed /1'm3-:sd/ b c. @
4. reduce Irr'du:s/ f d =
5. rest [rest/ g e. >
6. sphere [sfur/ c f. >
7. unlike Ian’lark/ e g >

Task 6




Choose the correct part of speech of the words below.

Pilihlah kelas kata yang tepat dari kata-kata di bawah ini.

1. decoupled
(Show that at this value of K the two lattices act as if decoupled: one lattice
remains at rest while the other lattice moves)

2. estimate

3.

immersed
(Consider point ions of mass M and charge immersed in a uniform sea of

v/ X

v/ X

(Estimate the value of this frequency for sodium, roughly.)

VI X

v/ X

conduction electrons.)

v/ X

v/ X

Task 7
Choose the words that suit with the correct part of speech.

Pilih kata-kata yang sesuai dengan kelas kata yang diinginkan.

298

/X

/X

VI X

VI X

/X

/X

Show that for long wavelengths the equation of motion (2) reduces to the

continuum elastic wave equation.

Show that at this value of K the two lattices act as if decoupled: one lattice
remains at rest while the other lattice moves.
If one ion is displaced a small distance r from its equilibrium position, the
restoring force is largely due to the electric charge within the sphere of radius

r centered at the equilibrium position

Basis of two unlike atoms.

Find 1 noun.
Carilah 1 benda.

OB

Find 2 verbs.

OB

OB
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Carilah 2 kata kerja.
reduce I rest ©I®

sphere ©I® unlike ©I®
c. Find 1 adjective.
Carilah 1 kata sifat yang memberi keterangan pada kata benda.
reduce ©/e rest ©/e

sphere 1B unlike 1B

Task 8
Choose the correct meaning.

Pilihlah arti kata yang tepat.

Words Your answer Definition

1. decoupled (e) VX a. toremain without further attention or
2. estimate action
3 immersed Eg% b. plunged or dip into liquid

' c. athree-dimensional closed surface
4. reduce (d) such that every point on the surface is
5. rest @) equidistant from a given point, the
6. sphere (c) center
7. unlike () d. to modify or simplify the form of (an

expression or equation), especially by
substitution of one term by another

e. separated (joined or coupled
subsystems) thereby enabling them to
exist and operate separately

f. not alike; dissimilar or unequal;
different

g. toform an approximate idea of
(distance, size, cost, etc); calculate
roughly; gauge
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Match the words below with their translation in Bahasa Indonesia.

Pasangkan kata-kata di bawah ini dengan terjemahannya dalam Bahasa Indonesia.

Words Your answer Translation
decoupled (d) a. memperkirakan
estimate (@) b. diam
immersed (9) c. berbeda, tidak sama
reduce )] d. memisahkan diri
rest (b) e. bulatan
sphere (e) f. mengurangi
unlike (c) g. menyelam
Task 10

Fill the crossword puzzle below using the words in the box.

Isilah teka-teki silang di bawah ini menggunakan kata-kata di dalam kotak.

1 2 3
4 5
6
7

Across Down
1. athree-dimensional closed 2. to modify or simplify the form

surface such that every point of (an expression or

on the surface is equidistant equation), especially by

from a given point, the center substitution of one term by
4. - another
6. memperkirakan 3. berbeda, tidak sama
7. 5. }

animat (anjnmated

decoupled

estimate immersed reduce determine
rest sphere unlike
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Task 11
Use the words in the box to complete the sentences below.

Gunakan kata-kata dalam kotak untuk melengkapi kalimat-kalimat di bawah ini

decoupled estimate immersed reduce determine

rest sphere unlike

1. Wavelengths of the equation of motion (2)] ) the continuum elastic
wave equation of:

az

— = 6% — where v is the velocity of sound.

O: O«
2. Inthebasisoftwo [ |atoms, we can see that two lattices act as if

I:bne lattice remains at |:Ivhile the other lattice moves.
3. Consider point ions of mass M and charge I:I in a uniform sea of
conduction electrons. If one ion is displaced a small distance r from its
equilibrium position, the restoring force is largely due to the electric charge
within the |:|)f radius r centered at the equilibrium position.
4. From o = (€2/IMR®Y  wemay [ |the value of this frequency for
sodium, roughly.

SUMMARY
No. Flash Card
1. | decouple : memisahkan diri

<[ di:'’kap°l/ adjective
o If two countries, organizations, or ideas that were connected in some way are
decoupled, the connection between them is ended.

e to separate (joined or coupled subsystems) thereby enabling them to exist and
operate separately

Bl

2. | estimate : memperkirakan

</'es.tr.mert/ verb

e If you estimate a quantity or value, you make an approximate judgment or
calculation of it.

¢ to form an approximate idea of (distance, size, cost, etc); calculate roughly;
gauge
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immersed : menyelam

< /i'ms:sd/ adjective

o If something is immersed in a liquid, someone puts it into the liquid so that it is

Ginimiateld covered.
ppicture)r dip into liquid

&2

reduce  mengurangi

< [r1'dus/ verb

o If something is changed to a different or less complicated form, you can say
that it is reduced to that form.

o to modify or simplify the form of (an expression or equation), especially by
substitution of one term by another

Péi ?I;-gdm
picﬂ:re)

rest : diam
< //rest/ verb

¢ When an object that has been moving comes to rest, it finally stops.
e to remain without further attention or action

@ylm'%-t:.:e.ﬂ
i",;ictu rg‘f:

s_phere : bola

< //sfir/ noun

¢ A sphere is an object that is completely round in shape like a ball.

¢ a three-dimensional closed surface such that every point on the surface is
equidistant from a given point, the center

lﬂ"ke : berbeda, tidak sama

< [an'laik/ adjective

o If one thing is unlike another thing, the two things have different qualities or
characteristics from each other
¢ not alike; dissimilar or unequal; different

¢y
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A this unit you will arn some wons thal are included in Chapter & [Crystal Vibration)

‘about vibration of crystal with monatomss basis. They are :

{Pads st ini anda skan mempeiajart beberaps KOSSARIE yang Neriapar pacs Chapter 4 (Crysil
tentang getaran crivial pace basly mancetomik yaits -}

.
‘#‘. .

- choose the cormect part of speech of the target words
- €hooss the comect definition of the targat words
~ chouss the correct mesning of the targat words

< [

L LA
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2 sty the sxplanation on the Rasheard
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Study the following text. Click the underlined wards to ses its explanation.
Pelajari text berikut ini. Kiik kata-kata yang bergaris baverh wniuk melihat
penjelasannya,

Vibration of Crystal with Monoatomic Basis
We want to find the frequency of an elastic wave In terma of wavevector in the slastic vibeation of &

® hers s pauilibeium position. The problem ks now one dimeraionsl For aich wavevscior there i
thres modes is sohution for us, oee of lomghudinal polisization [Fig. 3 and fwe of ansverss
polaiiestion [Fig. 3

The slastic resconse of the cryatsl b @ linssr function of the fercen. That ks squhalent 1o the
wmumamumnnwmmmunmuwa-mm
poinks dn e crystel. Terme. I fie snecyr thei ore Never la [ sbicinskatoll Wil ok 1y

the mimimum in Fig. 3.8, Cuble and hghe-crder forms may be neghecied for
acMficlently smal elastic deformations.

'We assume Bhat the force om the plane § caused by the displacements of the plane s + p is
proportional 10 the GIference L+ = us of their For beavily we consider only nearest-
neighbor interactions, with o = £1. The botal force on s from planes & 2 i (1. This expression is Beear
i the gisplacemants and is of the form of Hooke's k.

Interactive Vocahulary Lear, Multimedia - Selld State

Study the following text. Click the underlined words to see its explanation.
fext berikut ini. Kiik kata-kats yang bergaris bawah untulk melihat
L

First Brillouin Zone

twa Blanes s gives by 1120 The riage —m 4o + 1 for the phase Ks
eovars all indapundant values of the axponantial.

The range of the first Biillowin Zose of the linear lattice specified by -m< Ka S m, oo iia < K £
in. The extrems values are Kmix = Teia. Valuss of K sutside of the Brst Brillouin zone (Fig 5) merely

m&!nlhumﬂ(mmmmh”lnmlwmﬂmmn!ma
B defined

KuK- mmmnmnmmm«nuuhm the dlaslicements rulo 24

Decomes (11} because sxpiEma) = 1, Thas the can always be described by 3 wavevector

withi 1 first 2oe. nmuam\mhmmwm:mﬂuamuuuw
from K, we

vk i e il

Al B Boundaries Kmaxa = tmia of
a travuiling wave, tut & tanding wave. Al U Zore boundaries skmaxa = $5m, whance (13). This is a
sianding us =41

Thurdey, § luby 2014 || 1400547 pm
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Choase the correct image which represents the word,
Pilily gambar yang dapat mengilustrasikan kata dengan tepat.

1. Boundary
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Example Task 2

1 2 3hudy e sxplanation on the fashcad

FIERRGILen pérambALn
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rasae e Ay s
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3, eitek [ bo raar tha pronunciaton

oopagatin ‘peramtatan
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--m.\.- e Sy

Interactive Vocabulary Learning Multimedia - Solid State

o

"3
Examplo Task 3

% 1. olick the cormect mage which
represant iSe word

2. the anawer in comet i 3. the answer is wrong i
hors in scheck agn [ o ) s isacrosssignl |

E Logy e
u_h

4. ztiek () 1o spen the
et page

Thursdary, § b
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Exnenple Task 4

drag the woed in the Bak 50 its image represantation

Imags &
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Match the word in the box with its image representation.
Pasangkan kata di daiom kotak dengan gambar yang mengilustrasikannys

[ Independaont | Oscillate | Perpendicular | Propa

@9 e@-

Ere——m

Commrres ]

AN

==
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Match the words balow with their correct pronunciation. Click on the & button
to listen the pronunciation.

gkan kata-kata di b dteaga,
ik mrERdENRATKAn POngUESRATIAYA.

[ Wodsusr | vourAnswer | Pronunciation |

yang sesual, Kilk tombol o

-
L
-
-
-
™
-
-
-
-
£
-
-
™
-
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Choose the correct part of speech of the words bellow.
Pilihlal kelas kata yang tepat dari keta-kata di bawah inl,

1. Boundary
(The baundary of the first Brillouin zone iies at K =  n/a)

MO ADJECTIE

L VERE | AEMERS

2. Diffar
{The constant € is the force constant between nearest-neighber planes and
will ditfer for longitudinm and transverse waves)

[ | AECTA

| nEs
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Example task §

2. Typ pOUT et o the codrect word

duy, 3 uly 2004 || 135678 pm
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xample Task

x the comect part of speech

|| 13:56:56 pm
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Examplo Task 7

1 m.u.m b the tast

2. click on the comect word(s) Based on
e part of speech
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Choose the words that sult with the correct part of speech.
Pilidah kata-kats yang sesuai dengan kelas kata pang dinginkam.

5. This ks
otk

the force sn ome atom in the plane 5.
£

ek and forth, & standing wave is set ug.

inFig, 3.6,

Interactive Vocahulary Learning Multimedia - Selld State

© oo Lo s | @

Thurdey, 4 luly 2014 || 140834 pm
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Example Task &

1. warite own (P ANSWEF ON (e e

Leiick < o try sgein
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1. wrile down the seswer on the box
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Exampio Task 18
o8 e Pumber o The Question Bt ;mi.uln show he questions

==

4. ciiek (CRIED I show the smawsd cues
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1l the crossword pursie below.
Swdlal taka-tek! sitang oI Bavwah ini.

Saolid Bnes in Fig. 2 show planes.

Wirite your snewer here with KAPTTAL |
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P
il s placemont | SqUIBDIGT.
2 oscilate i Taipr v
Frepagaticn Tegend st vonsn : - i)
Eeindry = The bomadary of th fiet Drillouin zons T 2 b, = & w8
* Wa show Erom (7) that the slope of o versss K is rero o the sone
s, for heve sin Ka = sin (4a) = 0.

Sarateglc U

Solld Bines In Fig. 2 show planes of stoms whes |8 for @ bongtudingl wave.
Thesimplest | |direction is in the [108], {118), asd [111].
The direction of entire plames of atoms which mave with lean be paraliel or Eoundare (%) K
Tthe wawevector which| | stong [109], [138], e [131] [ ] = The special sigaificance of phonon waveveciorns that e on the none
——

by Charles Kimel

i = | = Rotindary & dsveloped in (12} below,
Fa ba identified 85 the force on one atom in the plane & bacsuse It s conwenient 1o e AL e bnbiich Kunit e aib of tha Tirillanin zani s sokation %, = 8
s duflned for ane atom of the plans. upisiiay doss mok represen  travelbig wave, bt 4 sandeg wine
Tha valccity of seunds s [ Ilnl'hlwl-ﬂn»-enwml-"h = A1 the 200 Pompdigisn 1K mas = w07, whence (124
n a stanging wae, atoms | In opposits phase. 7
! « Athe sone = w the geres velocity is rero.
Thars, ot K = & n/a, lies the of tha first Brilicwin zone. Pomslary L iy
Tha {16a} is the of (1) +The two TA plonon brasches e borizontal st the ron boundary
erays ahaws that & travelling = latsice whea the position.
e condition is . bist & standing wave b set up through successive reflections

Dack and|
Cl==merml -}

“lntreduetion of Sobid Sule Phyiics™ | Content

|| 140013 pen
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In this wnit you will lears seme words that are ivcheded in Chapter 4 (Crystal Vibrasien]
Bbaut vienlion of crystal wiih monstomic basts. They are
[Paa unit inl sada akan mespslsjan beberspa knsskens yang ferdupsl pade Chapter 4 (Crysmn

Exampie Task 1
1. click the underlined word 2 sty mhe sxplanation on the Nasheard

propagaton paramibatan

L { prop.a'ger Puf soon

e 8t o grocesa o rreveng Feuch, aumng s
o BTG o TaRmI, ssal 1 Fe

¥ou are sxpectad to b able to:

+ chuas Lhe correct part of sseech of Uhe Larget words

- chaosn the correct meaning of tha target words
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¥ CHek the s
Petajari text burikit ini. Kk kita-kata yang bergaris bawah untuk melifat
penfolsanya.

Two Atoms Per Primitive Basls

The phenan daparsion relaticn shows new featires in crystal with tes or mors stoms per primitive
Eaals, Conakder, for example, the MaCl ce diamend structures, with tws stoms in the peimitive co2. For
sach polsrizstion mode i B Qives Bropagation diection the dispersion relatien w versus K dovelops
e branches, kncwn as he scoustical and opl umuh&_.muuwwuw
transverse scoustical TA modes, and longhudinl LO and ranavaesé aptical TO modes

W ehers eell there are 3p branches ties
Branchas and 3p - 3 opiical branches. Thus and KB {Fif. Bbl, each with hwo sbems
R, have ix branchas: oes LA, ore LO, fwo TA, and Two T0.

o the branches follows from Ehe umber of degrees of fresdoms of the stoms. With
9m|nummuu-mnm«mnunmwm Each alom has thees degrees of
Fraedorm, cve for each of the 2, ¥, £ directions, making & tolal of JpN degroes of fresdom for he crystal
The nurbser of allswee K valuws In a single branch is [ust N for one Beillouin orat, Thus tee LA and
the two branches have 8 botal of 3K modes, fharetry sccounting for 38 of the total degrees of fresdom

by

W show in chaptar 5 by spplication of perbedic boundary canditoms 16 the modes of the crysial of
wolume ¥ that thers |s cne K valus In the volume (217]7V in Fourier space, The volume of & Brillowin
2one I8 [PV, where V, bs She vadume of 8 call. Thus the numbar of sllowed K values

crystal primitive cell
imv @ Brifiouin zoes s VIV, which s just K, the numbser of peimitive cells in the crystal.

Thuursday, 3 luly 2014 || 1408540 pm
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SID‘V“ following taxt. Click the words to sea its
ri bt berikut ini. Kiik kata-kata yang bergaeis bawah antuk mefibat
penjelasannya.

Two Atoms Per Primitive Basis

W consider a cubls crystal where atoms of mass M- lie on one st of planes of atoms.
of mass M; lle on planes [piasdeaved botween thoss and the first set (Flg, 8. It is not
essontial that the masses be different, but sithor the force constant or the masses. will be
differant if the twe stoms of the basis are in rom-aquivalent sites. Lat & dencte the repaat
distance of the kttice in the dirction normal to the lattice planes considersd. We troat
waves thal propagale in that a single pl i asinple
type of bon; such direction an truct 1189] i the

W write the equation of molion under the sssumption that sach planes interact only
with its nearost-neighbor planes and that the force constants are idontical botween all pairg
of nearest-neighbor plancs. We rofer 1o Fig 8 to obiain (18).

Trursdsy, 3 July 2004 || 140840 pes
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oo Choose the correct Image which represents the word.
Pilil gambar yang dapat mevngilustrasikan kata dengan tepat.
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1. ciick the undedlined word 2. study tha explanation on the Rasheard

prepaguson  : perameatan
B/ peop arsc.J\urw

e e o pro
o,
o of .

3. cticn [T 10 hear e pronuneistion

propagston - perambstan
& prop.a'ger el soun
rrvomm o rovrg g kv

155550 pom
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Example Task 3

1. click the cormect image which 2. the anvwer in comect I T the anawer in wrong it
[ — tharu is 8 sign (4 | thersisacmsssign| )

gy wawsy, VB
Mua,

4 cuzn (0 12 open e

Q

314 || 13:54:36 pm
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Exmmplo Task 4

rag it word im tha hox 16 its image regressntaticn



Interactive Vocabulary Learning Multimedia - Selld State

Match the ward in the box with its image representation.
ket o chilvms hotak yang

choy, 3§ July 2014 | | _14:08:40 un
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Match the words below with their correct pronunciation. Click on the & button
to listen the pronunciation.

Pasanghan kata-kta of brwah dengan pengucapannya yang sesu. Kiik tombol s
ik mendengarkan pengucapannya.

L Wordsiist __________J vour Answer | Pronunciation |

PEERFEEREER
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oo Chaase the correct part of speech of the words bellow,
Pilitlals kelas kirta yang tepat dari kata-kata di bawah i,

1. Adjacent
(A diatomic crystal structure with masses M1, M2 connected by force constant
€ betwesn adjascent planes. )

[ men [epsecn |

el

[ | AERE

2. Coincide
{The LO and TO branches coincide at K = 0; this is also & consequence of the
crystal symmutry of Ge.)

310

Exampbo task §

tetek T ie naarahe 2 type yoor anvwar an the comect wera
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b Task

1. ciizi the comect part of spesch

g3

Thursday, 3 fub
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Exampls Task 7

1 i QY e e 2 chan o corct s bsed o
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Choose the words that sult with the correct part of speech.
Pilibtah kata-kata yang sesua dengan kelas kata yang diinginkan,

. o in Fig. 10 nacita a mation of this type

2 anp ! zone.
3. The homegenecus lnear equations have & sslution oaly W the determinaet of the
T 21) or (22).
4. Wa conaider s cubic crystal whers stoms of mass M1 e on can set of planes of stoma of
mass .

o oo
its nearest-neighbor planes and that the 8 pairs ot
planes.

&, Thas the LA and the
‘the total degress of fresdem.
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Examphs Task 8

1. il dowe T Saswes an the bos
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1. wiike down he answer on the hox

Lelick < oty sgain

Imteractive Vocabulary Learning Multimedia - Solld State

oo

plo Task 10
1, £noose the number of e Guien that 2. chon (TR 1o ahow te questions

3. type your answer in the oK, then cis T 4 clich (EEPto ahow the answer cims

I e
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791 the Crossword puztie below.
uiliah tuka-tahi sifamg o bawal i

Salid lines in Fig. 2 show planes
The simplest ralizanien
The direction of entire planes

Wirite your sngwer here with KAPTTAL |
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Click the urderlined words 1o see its sxplanation.
Kk karta-kiata & matihat

Target werds
Unil

Crmten

v
} Strwtegic Use.

Fig. B shomes that L and 70 branches| -
iy ant M2 oy + 0 o vl e b e Tonnested By Foree
n ) a1 - 2
A single phe comtant € betwoen alizcent plames
[ oty a singse rvpe o som. = | s — dicad
W e The equation of motion under the asumptiss that cach plinss interact asly wah M sssenet-
Jor

Ty ——

The liness equations Save 4 sclution saly If the Scterminast of the cosfMcionts of tha
unkden w, 0 vanes i (21) and (32}
Thes 1he LA and the feen Bemsches have & sl of I8 mades,  [scomemtiag for 1N of the fstal degrass Pl gatains onby 2 ivgle Kype of don; s direstion are (111 in the
af frasdam. 1
el — r - Nak| siructure and |109] in the ColCl structure.
o tha firss ses. = 1t s mow gascilial thin the masses be difTerem. P caber the Feecs eomaam
TR P8, the diasunt of vt mmssuas M1 30 WL 1n o the masads will be diffirvnt i the two o of the basis are in non-
The branch bs Fig. 0 s called optical branch Becsess soms carry appsaite charges and we may

 meation of this trpe i e ahectiic fleld of 8 Buit v,

Thare is @ breawmey
© [owrson oo | @

o Charken. Bl

inection sch 1t & segie |

Tatroduction of Sulid Suse Physios™

equnalen uo

w17 1he Twe saonm CATY opgosis ChArges, wn I FIg W0, we may gxs o
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b1 this unit yeu will leam some words thal are imchoded in Chapler 4 (Crystal Vilirasion)
sbout vibration of erystal with monstomic basis, They are -
Padie snit bnd anda akan mempelajari Debaraca kusakat yang terdupst pede Chapte 4 (Cryatel
Vibiration) 4

2. 3tudy the explination on the Aeshcard

You are expected to be able to:

orrea et wonds
- choose the correct part of speech of the target wards
= choaue the correct defisition of the target words
- ehonse the carrect meaning of the target woeds.
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o text. Cick the e

Pelajari text berikut ini mhuhummbmﬁmhﬁmof
penjlasannys.

Tash 2

Examplo Task 2
QUANTIZATION OF ELASTIC WAVES 2: study the axplanation o the flashcard
i T i 0 S et e S e vt PooRMEn CpHATOM
trocueney w s (2T] when the mede 18 encited to auantum fumbee % Il Is, when the mode 13 i phoen 4 Lo _“‘"'E::p'iﬁ';{f‘ww«m“m”
Sued by 0 phosea. The term (b 1s the Zere poinl energy of the made. It sigury for beth x“_nanm—goa-;m-m-w
phonons and phstons am 4 consequence of thelr squivalence 1o & quantum harmanic pecilator of
Bguency w, for which the srergy st g+t The 2] 3. ciies 73 1o naar tha pronuneiation
Sevstoped In Appendin €.

We Can quantize the mean sgae Dhanon amisade. Consider the SLANANG wawe Mmods of
Aemsiitage 1t % s €08 K €08 4. Har
Boton wl x in e crysial. The eneegy in ihe mode, as in any narmnic
aneray . whan

propagation pecambatan

S pevp e P sssn

2 0177t o procews of mowirg Besugh s
o B S st O

wehare 51t 1he mase geogity.
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Study the lelhlldng text, Click the underlined words to see its explanation. I l l l
Pelajari text berikut ini. KUk kata-kats yang bergaris bawah untuk meiihat
.

Example Task 3

PHONON MOMENTUM E SR ST

eumens, sng g P —

tlectrons ns f B hed & momentum K. Mowever, a phonon does nol cary physical

Mmomentism. E‘ Loy s
The reasen tet phonons on 8 Wmce 08 NOT SATY MameNIM i 1hat & phonen Bt T

coordinatn [except for K 3 0) svolves ralative coorEnates of the aloms. Thiss in an H,

MelecUs The (IBMUCIABE VIEMTORAI EOOTEINDE 1, — F; 8 & FAISEe cOMdINTe BRA does

A K P

Nt canry finear momentums the center of mass coordinate 4, - 1) comesponds to the

« elick T} 10 opan e 3 (% = Ao try again
et e

Q

quAnAuE Slates, We saw in chapler2 that slstic scafiering of an x40y photon by § crysts
I8 Qovermed by the wavevector sslection rule (01, where O is a vecior in the reciprocal
latiice, k by the wavevector of the incident photon, k' Is Be wavevecios of the scatiered

‘0
In crystal there exist ulvu\:ucln( selection rules for allowed tansiions between k
3
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m m; Choose the correct image which represents the word.

Example Task 4

dirag the word in I box o R Fage reErELAnLn

0
o]

raday, § July 2004_| | 15:40:08 pm
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HMatch the ward In the box with its image represantation.
Pasanglan kata di dalam kotak dengan gambar yang mengllustrasikannya

[ we ] sunatie |

2.

Interactive Vocabulary Learning Multimedia - Selld State

Match the words below with their correct prenunclation. Click on the & button
to listen the pronunciation.

yang sesuai. Kiik tombol &
@tk e engarkan PAnGUCARIIN Y.

| Wordsist | Pronunciation
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| _15:41:14 pem
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r'.l m Chaoose the correct part of speech of the words bellow.
Pilifilah kelas kata yang tepat dari kata-kita oi bawah ini.

1. Absorbed
(IF & phonon K is absorbed in the process, we have instead the relation (32).}

[T AECTME |

(i

2. Absorption
(Phonon dispersion relations w(k) are most often determined experimentaily
by the inelastic scattering of neutrons with the emisslon or absarption of &
phanon)

[ ADIECTLE |

AvERE |
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Exampis Task &

1. elick She cormect part of spesch
N ADIECTNE |

o
VERS ADVERR |

Acick ~ fn ey sgein
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o

Example Task 7
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2. click on Bve comect word{s) based on
the part of speech

o Tt |

3. e e fa correct it A click oy gain
trerw e a 89 sign
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Choosa the words that sult with the correct part of speech,
Pilihizh kata-kata yang P yarng

ple Task B

— v e (37) [pe——_— X 1. Wil o) the Awwer &0 the bes

quantum mumber n: that Is, whas the mede is pocupied by m phanons,
. Bt gocurs For Both phanons smd photsns &5 8 comsequence f thelr squivelence to &
eauency s, aiso (n

-1/ 2m [Phaon i

. In the refiection process the cryetal s a whols will recoll with momentum — BG, but this
umenem mads mamantum (s (arely considersd axplicitly.

. In the refiection process the orystal B3 & whole will recoi with momentum - b, but this

. Mut the snergy of a p e
a5 pasitive,
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L writs down Ehe anawer on B Box
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Examplo Task 10

1; Ehocte e nember of he question ihet
s want 16 answer




Interactive Wocabulary Learning Multimedia - Selld State

Tuitah takie-teki aitang o bewa inl

Wirite yous answer hers with KAPTTAL :

Interactive Wocabulary Lear, Muttimedia - Solid State

0 TR refection process Mhe erystal o & whale witl it et = G, Bt Wi s e
P gy,

T —
| in the precess, we have imstead the retation {32).
otvin|_rberimed

Thisesday. 3 July 2014 || 15:44:06 pm
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I Bhis unit you will learn some wenss Bhat e included i Chagler 4 [Crystal Vilration)
They e
relapat pacle Chapter 4 (Cryatel
]

You are expected to be sble to:
chuous the conroct pronumciation of the target words.

- chocse the correct o
- chacae the cormect mesning of the target words
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Exnmple Task 11

1. wille S5 e anvwer 0 e Bas
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Click the underlined words 1o see its explanation.
Bergaris

Wik kata-kata yang

Bawal unkuk melthat penjelasenays.

Target wards
Uaied

#17a phones K i ghantbol i (he provens, we have imsdead the
(i)

» lhers i i tha wanveoctoor of fhe phiamon crabed { ) or shsogtud (- in tha
scattaning peocem, and L o sy recipresal ket vestor,

» The statemcat of conservathon of energy i (4, where b is the energy

of the plonom covated () or abaarhied () & the procens.

@ Thonon  dispiren rolstions (R} w0 mod aflen dctomuned

by ; i o e
smargtion of s phonon

Introdsction of Solid State Physics™

= & et soes the erysinl Biieo chiclly by weeraction wilh the macles of

e atoem
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2. 3tudy the explination on the Aeshcard

| Crmtens

by Charles Kitial
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Click the
Palajari taxt burikut ini KNk kata-kats yang bargaris bawah untuk melihat
penjolteanaya.

SUMMARY

ryvial vibvrution b ploson 11 e argaiis (rouaoney s v, the exrgy of de phoson i

[ —
Al et watves Com b dewribd b wavevecion Ut T ik Uhe e Brilkouin some in focprocal spece
et il e ghonen e 3 moounicel phomos beaneies

arnd By~ 3 opptcal phomon hranches

If there see p atms

Multimedia - Selld State

Study the following text. Click the s to ses its

Pelajari text beeikud ini. Kk kata-kata yang bergaris bawah wntuk mrelihat

penjelazannya,

L [Hatanslc chaly, € cmuider the normal medes of 8 lincss chuin in which e forcs consans hetmom nearwe-
gl s s abecmately C and 100, Lot e msasacs b ol sl ot e sl ghiben sepidation b
a2 Wi ekt K = 1 K = win. Shrtoh i dhe dispuersion sckatiom by sve This proble
of datomic h

Lot s s = (e 2MIE'Y (b3 Catmante the vadke of this
. ks (e o o muapraeeds of
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Choose the correct image which represents the word.
Pilit gambar yang dapat mengilustrasikan kata dengan tepat.

1. Decoupled

= |l

Thuesday, 3 hoby 2034| | 1544706 pm
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Task 2
Examplo Task 2
2: study e axplanation oo the fashcard

AL peambatn
52 prop.a'ger ' noun
ot s O ] TR, £ 8

o baramng scecuy ove
torm ot & eive

3. ciice T3 10 near the pronunciaticn

propagation pecambatan

S pevp e P sssn

17 ox procme o e P ey
N ol el At
P )

Thussday, 3 buby 7014 ] 1.
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Example Task 3

¥, o 1he Comect image which
reprusent the word

e e, W

Soeilek — A0ty again
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Example Task 4

dirag the word in I box o R Fage reErELAnLn
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Match the word in the box with its image represantation.
Fasangkan kata di datam kotsk dengan gambar yang mengilustrasiamnyas

| sehere | uelike |

- 3

4 ek - b try gain
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Match the wards helow with thelr correct promunclation, Click on the & buttan to

listen the pronunciation.

Pasanghan kita-kirta ol bavih dengan pergUCapATAYS yang sesu, Kik tomial 5
pengucapannya.

untuk mendengarkan xample Task &

1. eliek the cormect part of speech

Vaur Answar | Pronunciation |
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Acick ~ fn ey sgein
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Choose the correct part of speech of the words bellow. oo
Pilibiah kotas kata ying tepat dinrd kata-kata of bawa i,

N ey Example Task 7
(Show that ot this value of K the two Littices act as if decoupled: one Lattice > ,_mm,,mnm,
rovnaing at rest white the other lattice moves.} =

Rt | AvECTAE = @

| poners s

3. e arawens s eoereet if

& Hathaaia tern is & 5 sign

{Estimate the value of this frequency for sodium, rowsghly.)

HoN | | AcuecTRE

| ponern
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Chaase the wards that suit with the carrect part of speech.
Piliflah kata-kata yang sesual dengan kelas kata yang diinglakan.

1. Show that for long wavelongths the equation of motion (2) recuces to the comtinusm
elastic wave rqustion.

2 Esatices I decoupled: one lattice remain st rest
while the ather latthos moves.
: %

ponition,
is largely due to the sleciric charge within the sphers of radies ¢ centered st the

squilisrium position
4. Masls af two unlike stoms.
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1. Wit e The Answer on the hes

J.elick — b0 iry again
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Exnmple Task 11
1. wiilie S e anTwer on e Box
Solid lines in Fig. 3 show planes

The dircction of entire planes
oscillata | the wavevector

Wirita your anwwar hore with KAPTTAL ©
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Line the words In the hox 1o complete the sentences belaw. Elick the underlined wards to see Its explanation
Gunakan krta-kata delam Aotak 3 \

Kiik kata-kata yang bargaris bawats untuk melihat penjeiasannys.

;
£

o if docpupld one

7 F < T —

i the basts f o | stema, i o vemme, culanals Ghe ordes of magnitie
- walle ths ciher latikee meve. Y

Comaidur puiet kons of mars M and charge| fr———
diaplaced o ymall dntescs 1 from Hs cqullisrhem psltin, tee resborieg foroe b largely due to Lhe chctric
cherge wizkin the | ridtun ¢ cantered at the cqulirim pesition.

From & = (63/HR3]1 /3 e mary e vl of this oguancy for sedium, raughte,

Clir=mmornl -
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Interactive Vocabulary Learning Multimedia thanks for learning with this media...
for the Students of Physics Education Department

Yogyakarta State University bj‘f’. i .b)’l?. i

1. Doyouwantto close this media ?

Introduction of Solid State Physics by Charles Hittel

Trandey, 3 luby 2004 | |
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