
	
		
		    
			
			    
			
			
			    
			    
			    
			 
		    

		                     
				 Home
	 Add Document
	 Sign In
	 Register


			
			    
				
				    
					
					
					    
					

				    

				

			    

			

		    

		

	

	
    
	
	        	    
		    		Intermediate Technical Japanese: Readings and Grammatical Patterns    	    

	    	    	Home 
	Intermediate Technical Japanese: Readings and Grammatical Patterns


	

    




    
        
	    

	    
            
		

		
		    		    
			
			    
				
				    Also available in the Technical Japanese Series

Reflections on Science by N akaya Ukichiro

Solid-State Physics and En...				

				    				
    				    Author: 
										    James L. Davis					    				

				
			    

			    
				

				 270 downloads
				 2175 Views
				    				 12MB Size
								 Report
			    

			    
				
				This content was uploaded by our users and we assume good faith they have the permission to share this book. If you own the copyright to this book and it is wrongfully on our website, we offer a simple DMCA procedure to remove your content from our site. Start by pressing the button below!
				
 Report copyright / DMCA form

				
			    

			

			
			    
				
				     DOWNLOAD PDF
				

			    

			    
				
				    
				    
					
				    
				    
				    
					
				    
				

				
				    

				

			    

			

			

			

			

			
			
			
		    

		    
						    Also available in the Technical Japanese Series
 
 Reflections on Science by N akaya Ukichiro
 
 Solid-State Physics and Engineering
 
 An Advanced Japanese Reader Translated and edited by Edward E. Daub and Shiro Asano
 
 Technical Japanese Supplement Craig T. Van Degrift
 
 ((Snow crystals are letters sentfrom the heavens. )) -Nakaya Ukichiro For anyone learning to comprehend scientific articles in Japanese, this reader offers selections from the writings of well-known Japanese scientist, Nakayo Ukichiro. At the time of his death in 1962, the American Meteorological Society Bulletin heralded him as " ... the world's outstanding scientific investigator of snow crystals." Nakaya was a popularizer of science and a brilliant essayist. Here are included excerpts from his classic book The Methods ofScience (I(agaku no Hoohoo) and other literary essays discussing various cultural and social topics in relation to science. English translations accompany the Japanese texts, followed by a glossary. 2003 Paper ISBN 0-299-18104-9
 
 Basic Technical japanese Edward E. Daub, R. Byron Bird, and Nobuo Inoue Even with no previous training in Japanese language, readers of this book can learn to translate technical manuals, research publications, and reference works. Basic Technical Japanese provides step-by-step instruction, from an introduction to the Japanese writing system through a mastery of grammar and scientific vocabulary to practice in reading actual texts in Japanese. With extensive character charts and vocabulary lists, the book is entirely self-contained; no dictionaries or other reference works are needed. The authors are scientists and engineers with extensive experience in translating Japanese.
 
 This book is a supplement to the textbook Basic Technical Japanese. It introduces 100 new kanji and more than 700 new words and phrases that appear frequently in documents dealing with solid-state physics. The text offers ten lessons, each presenting key vocabulary and ten new kanji that reappear in the exercises for that lesson and in subsequent lessons, reinforcing learning. The exercises emphasize vocabulary building, kanji recognition, definition matching, and translation skills. An introductory lesson reviews the katakana and hiragana writing systems. 1995 Paper ISBN 0-299-14734-7
 
 Biotechnology Technical Japanese Supplement James L. Davis This book is a supplement to the textbook Basic Technical Japanese. It introduces 100 new kanji and more than 1500 technical terms that appear frequently in documents dealing with biotechnology, in addition to reviewing vocabulary containing the 365 kanji presented in Basic Technical Japanese. 1995
 
 Paper ISBN 0-299-14714-2
 
 Polymer Science and Engineering Technical Japanese Supplement R. Byron Bird and Sigmund Floyd This supplement to Basic Technical Japanese introduces an additional 100 kanji to build vocabulary for reading and translating Japanese literature related to polymer science and engineering. 1995 Paper ISBN 0-299-14694-4
 
 1990 Cloth ISBN 0-299-12730-3
 
 !(anJ·i-Flash/BTj Craig T. Van Degrift This DOS software is an electronic flashcard companion to Basic Technical Japanese. It follows the text chapter by chapter, providing exercises to test the pronunciation and meaning of all 510 kanji and 4000 compound words introduced in the textbook. It also allows missed words to be saved for retesting. The program requires VGA or color EGA graphics. 1992 Software ISBN 0-299-97077-9
 
 !(anJ·i for Comprehending Technical japanese Edward E. Daub Here are presented twenty kanji, vocabulary that use those kanji, a kanji-card format for study and review, and technical Japanese essays with English translation. This volume also introduces significant scientific vocabulary. 1995 Paper ISBN 0-299-14704-5
 
 Intermediate Technical Japanese Volume 1: Readings and Grammatical Patterns
 
 Intermediate Technical Japanese Volume 1: Readings and Grammatical Patterns James L. Davis University of Wisconsin-Madison
 
 The University of Wisconsin Press
 
 The University ofWisconsin Press 1930 Monroe Street Madison, Wisconsin 53711 www.wisc.edu/wisconsinpress/ Copyright © 2002 The Board of Regents ofthe University ofWisconsin System All rights reserved 3
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 2
 
 Printed in the United States ofAmerica
 
 Cataloging-in-Publication data is available from the Library of Congress ISBN 0-299-18554-0
 
 Table of Contents-Volume 1 Preface Explanatory Notes Lesson 0: Review of Verbs and Verb Forms Lesson 1: Mathematics I (numbers and sets) Lesson 2: Mathematics IT (matrices, variables and functions) Lesson 3: Mathematics ill (solutions, statistics and models) Lesson 4: Computer Science I (fundamentals; part I) Lesson 5: Computer Science IT (fundamentals; part II) Lesson 6: Computer Science III (applications; part I) Lesson 7: Computer Science IV (applications; part II) Lesson 8: Mechanics I (pressure and vacuum) Lesson 9: Mechanics II (motion and flow) Lesson 10: Thermodynamics I (fundamentals) Lesson 11: Thermodynamics II (applications) Lesson 12: Light I (fundamentals) Lesson 13: Light II (wave properties) Lesson 14: Light III (applications) Lesson 15: Sound I (fundamentals) Lesson 16: Sound II (applications) Lesson 17: Magnetism I (fundamentals) Lesson 18: Magnetism II (applications) Lesson 19: Electricity I (fundamentals) Lesson 20: Electricity II (applications) Lesson 21: Electricity III (semiconductors and superconductors) Lesson 22: Electronics I (transistors and diodes) Lesson 23: Electronics II (other circuit elements and basic circuits) Lesson 24: Electronics III (ICs) Lesson 25: Electronics IV (other circuits and devices) Lesson 26: Signals and Signal Processing I (fundamentals) Lesson 27: Signals and Signal Processing II (applications) Lesson 28: Computer Hardware I general) Lesson 29: Computer Hardware II (memory and recording) Lesson 30: Polymers I (fundamentals) Lesson 31: Polymers II (MW, DP, viscosity and processing) Lesson 32: Polymers III (properties and applications) Lesson 33: Materials I (ceramics; fundamentals)
 
 -v-
 
 vii ix 1 7 17 29
 
 45 61 75 89 105 119 133 145 155 165 177 189 199 209 221 231 243 255 265 275 285 295 305 317 327
 
 335 343
 
 353 363 373
 
 Lesson 34: Materials II (ceramics; applications) Lesson 35: Materials ill (glass, carbon and diamond) Lesson 36: Materials IV (metals) Lesson 37: Materials V (material processing) Lesson 38: Materials VI (material properties) Lesson 39: Interdisciplinary Topics I (magnetic and electrical interactions) Lesson 40: Interdisciplinary Topics II (electrochemical, biochemical and bioelectronic interactions) Index of Grammatical Patterns Kanji Index
 
 -vi-
 
 383 393 403 415 425 435 445 455 461
 
 Preface This two-volume set is designed to prepare scientists, engineers and translators to read Japanese technical documents. The reader is presumed to have already studied Japanese for at least one year. These volumes were prepared for use in a two-semester sequence of technical Japanese courses at the intermediate level, but they are also well suited for use as self-study materials. The primary objectives are to help the reader build a technical vocabulary in Japanese, to reinforce the reader's understanding of important grammatical constructions, to improve the reader's readingcomprehension ability, and to provide practice in translating technical passages from Japanese into English. Authentic materials have been incorporated, so that the reader will gain exposure to realistic examples that include frequently used grammatical patterns and essential vocabulary items. The disciplines covered in these volumes are mathematics, computer science, physics, mechanical engineering, electrical and computer engineering, and advanced materials. Volume 1 contains a review of verb forms and forty field-specific lessons, which have been grouped into fourteen units. Each of the forty lessons features fifteen KANn that are important in the field that is the focus of that lesson. In addition to ON and KUN readings and the various meanings for the KANn, each entry includes two important terms that contain the KANn in . question. Experience has shown that memorizing KANn in the context of specific terms (rather than attempting to memorize the KANn in isolation) increases the likelihood that the learner will remember both the KANTI and the terms. All of the readings listed in the current Japanese government document, 1itmi~~l{· mf~1li1j~v~ (1987) (ISBN 4-17-214500-0), are included for each of the six hundred KANn featured in this volume. A complete KANn index (with entries arranged in d!> v~ 5 ;t:.t:3 order) may be found at the end of this volume. Each of the first nine field-specific lessons also introduces a number of grammatical patterns that the reader should master in order to understand Japanese technical documents. At least three example sentences accompany each grammatical pattern, so that the reader can understand the us~ge of the grammatical pattern in context. To ensure that the reader will gain the maximum amount of reinforcement in vocabulary building, each example sentence has been taken from an essay that is included in one of the lessons. A complete listing (in a combination of alphabetical order and d!> v~ 5 ;t:.t:3 order) of the one hundred grammatical patterns appears after Lesson 40. The major portion of each lesson is devoted to reading selections on topics related to the theme of the lesson. The essays within a lesson have been arranged so that the reader may apply knowledge and vocabulary from earlier essays when reading subsequent essays. More fundamental topics are presented early in the lesson; applications and more specialized topics appear later. A list of the sources from which the reading selections were taken is included in the Explanatory Notes. Volume 1 contains seven hundred twenty-one technical essays of various lengths. Lesson 0 and the first nine field-specific lessons should be studied by all readers. The reader may then select topics of interest from the remaining thirty-one lessons to produce a customized course of study.
 
 -Vll-
 
 Volume 2 contains a complete glossary for the example sentences and the essays that appear in Volume 1. Each individual vocabulary list is keyed by number to a specific grammatical pattern or essay. Each word that appears for the first time in an example sentence is listed in the glossary under the number of that grammatical pattern. Each word that appears for the first time in an essay is listed in the glossary under the number of that reading selection. Since all example sentences have been taken from essays, some items appear in the glossary twice. Japanese is a fascinating language, but it is a language that requires many hours of study in order for a native speaker of English (or any other Indo-European language) to read comfortably about topics in hislher field of interest. It is my hope that these volumes will ease the reader along the path to enhanced reading ability and a clearer understanding of Japanese texts. Numerous individuals have patiently answered questions and graciously reviewed drafts of these volumes. In particular, I wish to thank R. Byron Bird, Professor Emeritus at the University of Wisconsin-Madison, Edward E. Daub, Professor Emeritus at the University of WisconsinMadison, David O. Mills, Associate Professor at the University of Pittsburgh, Michio Tsutsui, Associate Professor at the University of Washington, Junko Mori, Associate Professor at the University of Wisconsin-Madison, Dr. Ken Lunde of Adobe Systems and Mr. Mitsuo Fujita of Daicel Chemical Industries for their assistance. Any errors that remain are entirely my own. Financial support from the Department of Engineering Professional Development at the University of Wisco~sin-Madisonfor the preparation and publication of these volumes is gratefully acknowledged. The reader who has questions or comments about anything that appears in either volume, or who wishes to be advised of any revisions, is encouraged to contact me at the email address that appears below. These volumes are dedicated to my wife, Zhen, and to our daughter, Ruth, without whose support I could not have completed this project.
 
 [email protected] August 2002
 
 James L. Davis Madison, Wisconsin
 
 -viii-
 
 Explanatory Notes 1. AllaN readings are written in KATAKANA; all KUN readings are written in HIRAGANA. 2. When introducing new KANn at the start of a lesson, OKURIGANA are enclosed within parentheses. 3. When more than one verb can be created from a single KANn, an intransitive verb is identified as {vi} and a transitive verb is identified as {vt}. 4. In the presentation of new KANn multiple ON readings or multiple KUN readings for a single KANn are separated by semicolons. Multiple meanings associated with a single ON or KUN reading are separated by commas. Throughout both volumes multiple meanings associated with a single Japanese word or phrase are separated by commas. 5. The readings for KANn that appear in grammatical patterns are enclosed within brackets. 6. Grammatical patterns are numbered by lesson as follows: Lesson 0 0.1, 0.2, , 0.10 Lesson 1 1.1, 1.2, , 1.15 7. Reading selections are numbered by lesson as follows: Lesson 1 1-1, 1-2, 1-8 Lesson 2 2-1, 2-2, 2-9 8. In the glossary (Volume 2) each vocabulary list is identified by the number and name of the grammatical pattern or by the number and title of the reading selection to which the list corresponds. The vocabulary lists for example sentences that illustrate a single grammatical pattern are separated by blank lines. 9. When an item in a vocabulary list is used in one specific field, or when there exists a special restriction on usage of the term, the field or the restriction is enclosed within braces. Special notes to the reader also appear within braces. 10. The appearance of a hyphen before or after a specific KANn (or KANn compound) indicates that the KANn (or KANn compound) in question is used primarily as a suffix or a prefix, respectively.
 
 -lX-
 
 11. The source for each reading selection that appears in Volume 1 is identified by the abbreviation and page number(s) that follow the title of the essay. The abbreviation and complete information for each source follow: ~ ~~ .~ {~~
 
 ~~H$:Am 31ti; EtJt; ISBN 4-00-080016-7; 1985 ~~~H$:A; mM!g; ISBN 4-563-02093-1; 1994 '~~f-l~!$:A; EtJt; ISBN 4-00-080074-4; 1990 {~~!$:A; *JR{~~[RJA; ISBN 4-8079-0411-6; 1994 '7 ~ 'Y !7 A !$:A; A§; ISBN 4-621-03041-8; 1986 ~{~~!$:Am 41ti; EtJt; ISBN 4-00-080015-9; 1987 9Gilffij.Tlt~.:A; ~- I14 ~-; 1991
 
 -e '7
 
 -e
 
 ~{~
 
 9Gilffij
 
 12. Information for the glossary was gathered from many sources, including the books listed above and the following: Kenkyusha's New Japanese-English Dictionary (Fourth Edition); Kenkyusha; ISBN 4-7674-2025-3; 1974 The Modem Reader's Japanese-English Character Dictionary (Second Revised Edition); Tuttle; ISBN 0-8048-0408-7; 1974 ~~~-~~~1ti:~~~.35~.*H$:A(~~~)
 
 IPC; ISBN 4-87198-224-6; 1990 I~7 ~O=7~m • •:A; ~- 14tt; ISBN 4-274-03324-4; 1991 ~f;f\rm.~ {~~~ (m~T 21ti) ; B *{~~~; ISBN 4-524-40821-5; 1986 ~.m.~:~MI~~(mnlti) B *~M~~; ISBN 4-88898-030-6; 1985 ~.m.~:~.I~~(mn21ti) ~.~~; ISBN 4-339-00581-9; 1991 ~f;f\Jm.~ !fo/.J~~f~ (m~TIti) ; B*~~~~; ISBN 4-563-02195-4; 1990 § JJJ.m.fJl~!$:A; § JJJ.~f,f~~; ISBN 4-915219-07-0; 1997 ~.iW~fU~!$:A; ~- btt; ISBN 4-274-03369-4; 1991 ~.~Tm :A; ~--- btt; ISBN 4-274-03287-6; 1991 .~{~~m.!$:A; A~; ISBN 4-621-03546-0; 1991
 
 :
 
 ;
 
 ;
 
 :
 
 ••
 
 -x-
 
 ;
 
 Lesson 0: Review of Verbs and Verb Forms In this lesson we review the major verbs and verb forms that are frequently encountered in Japanese technical documents. Since this lesson is intended to serve as a review, the explanation provided for each verb or verb form is brief. The reader who would like more information is encouraged to consult the following reference books:
 
 Basic Technical Japanese E. E. Daub, R. B. Bird and N. Inoue The University of Wisconsin Press; 1990 ISBN 0-299-12730-3 Dictionary of Basic Japanese Grammar S. Makino and M. Tsutsui The Japan Times; 1986 ISBN 4-7890-0299-3 Dictionary of Intermediate Japanese Grammar S. Makino and M. Tsutsui The Japan Times; 1995 ISBN 4-7890-0775-8
 
 v)
 
 Note 1: In principle, there are three ways to end a clause or a sentence in Japanese: with an -adjective (for which the present/future affirmative form ends in v)), with a verb (for which the present/future affirmative form ends either with Q-denoted as "ru"- or with some other syllable that contains the vowel "u"-denoted as "xu"), or with the copula (which is usually expressed in technical Japanese as some variation of -c' ~ Q [in the affirmative] or -c' (~J:) tJ: v) [in the negative]). In this book the term "predicate" will be used collectively to include all three options. Note 2: All Japanese verbs can be thought to belong to either the "ru" category (also known as "-ru" verbs) or the "xu" category (also known as "-u" verbs). However, some verbs in each category are irregular in certain forms. Thus, ~ ~ and fT can be considered "xu" verbs that are irregular in some forms. Similarly, Q and 9 Q can be considered "ru" verbs that are irregular in some forms. In the discussions of verb forms in this book, only the specific forms of these four verbs that are irregular will be mentioned. Thus, unless it is indicated otherwise, the reader may assume that all other forms of these four verbs are conjugated as might be expected based on the category to which each verb belongs.
 



 
(7)~~t~~itL~9
 
 =0)~.g.J:(J)~~*cv)5.
 
 3. x (!)~~: y (J)~~~t,r,t~it~~f*~tJ:1Jitn~~~ tl-Cv)~ ~-c' ~ ~'
 
 c::t> v) '3 .
 
 c ~ ':~d:,
 
 'y ~j: x 0)~m1
 
 0.8) representative form of a verb The representative fonn (also known as the frequentative) is created by adding t) to the past affirmative fonn. This form most frequently appears in the pattern \\/hereby two different verbs are used in succession, followed by 9 .Q: VI t::. fJ V2t::.. fJ 9 ~ or \'1 t::.. t) V2t::. tJ G t::... On occasion, only one verb or three different verbs may be used in this \\'ay. This form serves to
 
 -4-
 
 express representative actions or states~ which are selected from a potentially longer list of actions or states. The two examples given above could be translated u(I> (will) do such things as VI or V2,~' or ~'(I) did such things as VI or V2," respectively.
 
 c'i,
 
 1. ~ 0):: lJl~O) t>0)(.:-.J lt~L~.9~o)l:, ~*O).m~~lt)~ra,n~tr~n\Jt~ t>, IYJE ~tl § ~t1~m.-r ~ J t::.. tJ, ~ t~ ~d:~f4:~ft(J)~.:6~lt*-c' ~ J t~ fJ 9 ~ t~ C O)~ miJ\ t;, ~tl;6~:lFiiJ~*t::,,~d:m.-r~Q1iit':m It) ~tt-Clt)~. 7J~EJ(J~JJJO)rtJ'~~~t1c:~1Dfit~C~@lm-rt&-:J t::.. t), ~~~O)rtJ'~~7J ~* -r:S~tJ~;tt::..fJ 9~.
 
 2.
 
 t:: C ;t~i,
 
 3. t::.. C: X tf, iti{tJt~j:ftJml·:m It) Q ;O\~lm ~:ffl ~)?J tr~ -c:~'iE ~:t~ J t::. fJ /F~'iE ,:t~ J t~ ~J9~.
 
 0.9) tentative form of a verb The tentative form (also known as the volitional) is created by replacing the final ~ with J: :> for an ru-verb (Jt~ ~ JtJ:: -j) or by replacing the xu with xo + -5 for an xu-verb (JJ'9 ~ ~~ '5 ). Irregular verbs are treated as follows: ~ ~ ~ J:: 5 ; 9 ¢ ~ L, J:: :>. When used at the end of a sentence that involves human action, this verb form can be used to express the writer's volition or will, thus saying, "Let's ..." or "We shall ..." In all other instances, this fonn indicates the writer's hesitation or uncertainty regarding the content of the sentence. In these instances, a word such as ~'probably," "perhaps" or "may(be)" can be added to the content of the sentence to convey the tentative nature of the statement. The combination of the tentative form of a verb and C 9 ~ indicates either that an attempt is being made to carry out the action indicated by the verb, often with the suggestion that this attempt is not successful, or that the action indicated by.the verb is about to occur. In each instance, the reader must determine from the context which meaning is intended.
 
 
 ~9 ~ c: ~,
 
 u.
 
 2. M1fit~1iitc .~: J: J
 
 GL,
 
 Ara'(1)g~l:J:: ~ L~1Dfi~.n¢ :t>(1)*C'~
 
 It)*~-C:~JE~tl~~ftl:O)r-c'.lJ~Gfihnt::..ll3!JJt~~) L,~
 
 l , It) nbtl~d:v~*~tt~filJ 6n\0)*~(J). (J '=Jtt)-c*,JfJf~r9 ~ ct:~~ c:!l!~
 
 Get
 
 5. 0.10) desiderative form of a verb The desiderative affirmative fonn of a verb is created by adding t:::.. v\ to the conjunctive affirmative fonn. This form is used to express the writer's (or speaker's) wish to carry out a certain action, and could be translated as t.'(l/we) wish to ..." or "(Jlwe) would like to ..." The desiderative affirmative fonn can be converted into many other forms. In such conversions the
 
 -5-
 
 desiderative is conjugated as an V~-adjective. Thus, the desiderative negative form is made by replacing the final v~ of the desiderative affirmative form with t~ v~. This form indicates that the writer (or speaker) does not wish to carry out a certain action.
 
 
(~ Q ) to assemble, to meet {vi}; ~ J (~ Q ) to collect, to gather {vt} ~_ft !J ry ~ ::L ry :1ry empty set
 
 _iii
 
 ~ 3 ry disposition, nature;
 
 ~JEII1 ~lt1
 
 ~ ::L ry.y /
 
 t'1 attribute, gender, nature 7/T'1t'1 l' !Jt'1
 
 -7-
 
 group, collection
 
 stability characteristic
 
 ~
 
 A; '/ simple, uncovered; element, principle
 
 *T
 
 ~*~
 
 Il
 
 '* M
 
 '/~
 
 7?'/Ar)
 
 A r) number, several 7J) -r count, number; 7J).7C(;t ~ ) to count ~~ Y,/Ar) ~t~ ~'1 Ar)
 
 element, device complex number
 
 real number logarithm
 
 ~ '1
 
 grand, great, huge, large; -!1+'1 grand, great, huge, large v grand, great, large; .:t3.:t3(~ ~) size; .:t3.:t3(~ tel:) grand, great, large fJtje tJ ? .y '1 enlargement, magnification jljefii ~'1 .y '1 T maximum value
 
 ~ '1
 
 opposite, versus; 'Y '1 pair
 
 .:t3.:t3(~ ~)
 
 ~~tfii ~t~
 
 ~'/~'1T ~'1~3 r)
 
 absolute value subject, object, target
 
 ;! '* r) law, principle, rule $j{fj
 
 law (of science), rule method, manner, technique
 
 15$
 
 It.
 
 1) principle, reason
 
 JE~ ~EB
 
 71
 
 1)
 
 theorem reason
 
 I) ::L r)
 
 ..l-
 
 II
 
 ~
 
 aRB
 
 J) 'Y standing t::.('J) to stand {vi}; t::.(-C .Q) to build, to set up {vt} ~tft
 
 ~'11)
 
 UftR~
 
 ~?U'Y~~Ar)
 
 'Y
 
 confrontation, opposition independent variable
 
 0 ~ argument, discourse J:m~
 
 I)D~
 
 ~J:m
 
 0 / 1)
 
 ~iiRU
 
 iiRUJ:::::t::.
 
 theory logic
 
 -8-
 
 GraDlDlatical Patterns l-l.~ c.. v ~ ~
 
 1.1)
 
 C II¥ cf#J\
 
 , to caII , to k now as , to call , to know as , to call •.., to know as
 
 to name to name to name
 
 [J::] ~~ [Y 3 '.7] T Q (Note: The phrase "noun C 5" is often used simply to focus the reader's attention on a particular concept or technical tenn. In such cases C v) ~ is not translated.)
 
 v)
 
 2. fT~Ij~.~T Q7C aik ~~O) (i, k) ~7.tclP¥~S~.
 
 3. x, y
 
 E
 
 R ~:~;f G -C, ~tl G O)~ xy cffJ\T:Q~ W
 
 E
 
 R tJ!t::.ti. 1 'JJE*:Q.
 
 1.2) X [*t~] and X [*t~] ~1 The word ~ t::.. is frequently used at the beginning of a sentence to introduce additional information, which may support or reinforce a previous statement. It is often translated as "furthennore," "moreover" or "in addition." The expression t::.. ~j: occurs between two nouns (or noun phrases) and corresponds very closely to a logical "or" operator. It may be translated as "and" or as "or," depending upon the context.
 
 *
 
 1.3)
 
 ~:'M ~:'M
 
 ~:'M
 
 [?7 ~] T Q [?7 ~] ~ -c [?7 ~] ~
 
 with respect to with respect to with respect to
 
 , with regard to , with regard to , with regard to
 
 , for ... , for ..• , for ...
 
 ...
 
 (Note: The phrase ... ~=~tg-:Q modifies a noun that appears later in the sentence; the phrases ~:~t GLand ... ~:~t G modify a verb that appears later in the sentence.)
 
 1.
 
 *t::. x ~ 0
 
 2.
 
 f:f::to) IE 0) 2 ~ a, b
 
 ~=~t G L~j:
 
 Ixl =x,
 
 x < 0 ~:.~t G L~j:
 
 ~:~t G -C, ~\ 9~:Q
 
 Ixl =-x
 
 c~ G, ~I ~ x O)~~tf~c v) 5.
 
 EJ ~~ n tJ!fi1£ GL a < nb C t~:Q.
 
 1.4) ~ [tJ:] tJ li [t~] J and ~li [-e~ 1)~] To These verbs exemplify a situation in which·two different verbs can be made using the same two kanji. As might be expected, the verb that carries the ON readings and g- .Q is more formal in tone,
 
 -9-
 
 while the verb that is expressed with the KUN readings tends to be more colloquial. Both of these verbs can be applied to four general situations. The first meaning is associated with organization; it can be translated variously as "to be formed," "to be organized" or "to be composed." The second meaning is associated with an abstract concept taking on definite form; translations include "to be realized," "to materialize" and "to come into being." The third meaning is associated with the action of concluding or signing an agreement. The final meaning, "to be valid" or "to hold true," was formerly associated only with ~ t] tLJ, but these days it can be associated with both verbs. This meaning is particularly common in technical Japanese.
 
 2. ~~~:~v~-c~d:, AVB ~d:A ~J:.tJB O)~tJ:< c~-jjiO~~tLTQC:v~'5Z:c:~~,* T~.
 
 I:: J:. Q
 
 1.5)
 
 depending upon •.., due to ..., by means of . 1~J:. ~ L depending upon ..., due to •••, by means of . l~ J:. fJ depending upon .•., due to ••., by means of ••. (Note: The phrase ... ~:J:. ~ modifies a noun that appears later in the sentence; the phrases ... ~: J:. J -c and ... ~: J:. tJ modify a verb that appears later in the sentence.)
 
 1. fT~tlO)fD A + B ~d:jitij~iO~1RJ C~O)tJj~~:t2'~t A + B =(a ,K + bik ) ~:J:. J -C~~~ tlQ. 2. ~tlG ~£~O)R~c: G-C1J{UQ ~ c~:J:: tJ, E 2 O)15-}~O)~e;¢~~~Q.
 
 4x Gtlt~.~ c ~=~tG, c ~f@~c: G~~ t ~3!RtL~~c:T Qm1~~, CO) t ~:J:: Q WJ~~£{~ c: v~ '5 z: c: iO~ d!> Q.
 
 3.
 
 1.6) ... l::~ ~t Q
 
 in •.., for , regarding ... ... 1~.av~L in ..., for , regarding •.. (Note: The phrase ... ~:~~t ~ modifies a noun; the phrase ... ~:~v~-c modifies a verb. The expression ~:~ v~ L~d: in written Japanese is essentially equivalent in meaning to the double particle l:~d:, but carries a more formal tone.)
 
 2. •~ A, B ~:~v~-C, A ~:~TQ7C~d:T~-C B ~:~G, B ~:~TQ7C~d:T~-c A~: ~TQ
 
 c
 
 ~~:, A =B
 
 cTQ.
 
 -10-
 
 1.7)
 
 !t
 
 [~Q] ~:\~j:
 
 The expression ~ ~ v)~d: occurs between two nouns (or noun phrases) and indicates that the two nouns (or noun phrases) may be treated as alternatives. No emphasis or preference is placed on either alternative. This expression is almost always translated as "or."
 
 1. a iO~.ft A O)7C~~Q ~ c~, a iO~A ~:~*tlQ, ~Q v)~d:A iO~ a ~~U (§~9Q)
 
 cv)5.
 
 3. ~2f}fnBJl~~d:, ~~O)~ G ~Q7tIf~:~Jm~:m v) GtlQfnBJlS"JtJ:ftfnB~~~9 Q~ ~~G v)~d:fnBJl~O) 1 $r~-c'~G.
 
 1.8) T~-C and T~-Co) The word 9 ~ L can be used as a noun, meaning "all," "everything" or "the whole." Thus, when 9 ~ L is followed by 0) and then by a noun, the expression 9 ~ L 0) can be reliably thought to mean "all (ot)," "every" or "the entire," as this expression modifies the noun that follows 9~LO). However, the word 9~L can also be used as an adverb, meaning "entirely," "wholly" or "completely." Thus, when the word 9 ~L appears by itself, the reader is cautioned to ascertain from the context whether 9 «L is intended to function as a noun or as an adverb.
 
 1.9) t~t~ and t~t~1J The word t::.. ti can appear as part of the expression t::.. ti (J), which means "ordinary" or "hardly worthy of mention," or it can be used alone. In some easily recognizable situations t::.. ti means "free" or "without charge," but in most instances t~ ti is used as an adverb to convey meanings such as "only," "solely," "but," "however," "merely," or "simply." The word t~ti G can mean "however" or "provided that," but in many instances a translation such as "here" or "in this case" is more appropriate. These instances tend to be situations in which the writer is providing supplementary information that is pertinent to the situation under consideration or is providing information that is contrary to the reader's expectation.
 
 2. t~ti.,
 
 ~O)~)]mO)tI~ft~~~~d:§~~mO)~.~, G-c:t30, 1b< O)m.~:filrmGt~.
 
 i§mft~O).G~ ~i&1/J\~fiffi
 
 3. t~tiG Ex ~d: x iO~ p(x) ':~J -c7tm9 G ~O) C 1Jt~ C ~0)3flf$){ii~~9. -11-
 
 is composed of ••., consists of ... 1.f9iJjt~t{a} ~d:7Cat~til In)~tJ:Q~ft~d!>lJ, a*bO)e:~
 
 b
 
 n) GtJ:Q~ft-r:d!>Q.
 
 {a,
 
 b} ~J:2JO)7Ca,
 
 2. ~ftA iO~~~HmO)7Cn)~tJ:Qc~ A ~~~H~ftct;)t;), A iO~~~HmO)7C~~UC~ A ~~~H~ft e: t;) '5. 3. *~:t~ti 1 fiiO) GtJ:Qfi~J (at ... an) ~ K 1:0) n tJ{O)fi~~ 1')v~t~~J:.~~
 
 1'Jvc
 
 t;) '5.
 
 1.11) tel: S ~t The word tJ: ~ ~t is a shortened form of the provisional form of 0) t: d!> Q. When it follows a predicate, it simply means "if." When it follows a noun, it means "if it is" or "if they are." 1. A c B
 
 t3J:lJ B c ctJ: ~ ~t A
 
 c c~d!>Q.
 
 2. K iO~liJ~tJ: G ~t, fi~J A iO~IEJ{ljfi~U~d!>Qt~~O)~flI:~d:fi~UJ:t
 
 fAl n~ K 0)1iJi2!7C-c:'d!>
 
 Q ~ e:t:d!>Q. 3. ~t~~~O)JmFf~f*~f*J~~, tm1JD~~ e: J:: ~ttlQ.
 
 -g-tJ:b~ t l < t 2 tJ: G ~tf(tl) ~f(t2) -c:'l>Q~~~d:.WiV
 
 -r
 
 1.12) ~'[i1\tel:6l and ~, [i1\tel:6l -rL,~ The word n)tJ: ~ ~ is used with an affirmative predicate to mean "always" or "necessarily." The expression n)tJ: ~ ~ G ~ is used with a negative predicate to mean "not always" or "not necessarily." 1. R O)l:~:~~ (~t~~J:~~=~~) tJ:$7}.ft A ~=~tGL, ~\~l:~H a ~~H b =inf A) lO~ff1£-g-Q.
 
 3. 1J~J:t (~\~G ~ 'f~~1JfiJ:t' C ~d:iJ)~' GtJ: t;)f(x) 1J~~d:, *BIJ-g- Q e:tJ{O) 2 fj~~=tJ:Q.
 
 =0 O)m a
 
 =sup A (~t~~d:
 
 ~~{il!~JJ-c:'3i.
 
 1.14) l]{ [-13J:] rJ The word "& rJ. links two nouns or two symbols, either of which may be modified by an adjective or a modifying clause. Although & rJ carries the meaning "and," its usage is quite limited. & rJ. cannot be used as a conjunction to link two clauses. 1. A c B
 
 8 J:: rJ B c
 
 A t~ G~t A = B
 
 -r: ~ ~ .
 
 2. (m, n)~fi~JA O)~f-T*t~~d:~~JO)~~ mMO)f-T""71')v8J::rJnMO)~J""71')v ~ A O)f-T~ 7
 
 l' )v8 J:: rJ.~J"" 7 l')v Cv) :> .
 
 3. ~:> 9 ~ C Xi O)7tm~d:,
 
 e 8J:: rJ~M:~Il?l(JO)*JI1~~9-B}fA:11 ~:J:: -:> -C~ * Q-r:
 
 ~0:>.
 
 no mattter what/which, any 1. fA:~1j {an} ~::.t3V)L, v)n)t~QIEO)fA: c ~I&~ L~, ~~lJ{7J) G9cO)T.AtLO)lJ{ an' am ~:~t G'L Ian - ami < c iO~~ t) li:J C: ~, {an} ~£*fA:~J*t~~d: Cauchy fA:~J ~ v):>. 2. 7C~ 1 :J'b~*t~v).~ (TtJ:b!>, v)iO)tJ:Q~t~a ~:~tGL'b a f£ A ctJ:~.~ A) ~~.~C:
 
 3.
 
 v)v),
 
 ~2i%
 
 0
 
 -r:~T.
 
 G;O) G, 7:r.. y l' O)mttl8J:: rJP1~pqO)if7 :A'1 :z..O)i5tttl-r:~d:.~J]!fRBO)$BIm-r:v)
 
 iJ)tJ:~
 
 Re ~:J v) L 'b~~ C v):> ~*iJ~1~ Gtl'Lv) Q.
 
 -13-
 
 Reading Selections 1-1: ~~~-f*(1).~~R -e~Tc~, R ~j:~~:~~.Qaltt.~t>'J. I)4j{1j~~~:~T~jt1 •.
 
 =
 
 i)x, ye R
 
 ~:M~L,
 
 ~nGO)fllx+y c~T~lcwE
 
 R
 
 =
 
 tJ~t~ti. 1 'J)E* tJ, x + Y Y + x ("ilJ~~J{Ij), (x + y) + Z x + (y + z) (*6~~j{lJ) tJ~~ tJ lL :J. *t~*fZIJO)Ic0 tJ~fil£G L, f£~O)~ x ~:~tGL x + 0 = x it~~ tJ ll'J (oO)fil£). J!~:: x E R ~::M G L x + (-x) 0 ctel:~ -x E R tJ~t~t!. 1 'Jfil£T ~. ii) x, Y E R ~:M G L, ~n G(1)fI xy cflJ\T ~Ic W E R tJ~t~ti. 1 -:J)E*tJ, xy = yx ("ilJ~~j{Ij), (xy) z = x (y z) (~~~Jtlj), (x + y) z xz + yz (?tfi2~J{Ij) tJ~~ tJ tL 'J. * t~ *fEIJ 0)1c 1 tJ~fil£ G L , g- ~LO) x E R ~::~t G L Ix = x tJ~~ t] lL'J (1 O)fil£). c! G ~:, x 0 (x E R) ~:~t ~-c
 
 =
 
 =
 
 x·x- l ~,
 
 =1 ctJ:Q X-I E
 
 *,
 
 *
 
 R tJ~t~ti.l
 
 '":Jfil£TQ.
 
 ~l:tJ\G, 0 ~:J::QI*~~I*V~L,
 
 ~O) 4 J{1j~~tJ~fTbn~.
 
 n)JmFf~:~T.Qjt1 •. i)x,
 
 ye R
 
 ~:~tGL,
 
 --r~ tJ tL'J (~JIliFftt). x < y *t~ ~j: x
 
 c.
 
 110,
 
 xy (J)P'JO) 1 'Jti.~ttJ~&,
 
 =y 0) c ~ x ~ y
 
 Q ~O)~ 1 :JO)~f*c G L~;tt~ c ~, ~tl~ (~tll3 O)~t~O).~ C: v) v), ~O)fBrmpqO)mJQ::
 
 C: ~, a 7J~ A
 
 ~::~*tlQ,
 
 d!>Q v)~J: A
 
 7J~ a ~~U
 
 (§~g-.Q) C:v)v), ~2~aE A ~~g-. ~O)~)E~ae A ~~g-. 7C~ 1 J~~*tJ:v) .~ (g-tJ:b~, v)7J)tJ:Q~t~ a ~::~tGL~ a ~ A ctJ:Q.~ A) ~~.~C:v)v), ~2~ ~ ~~g-. •~ A, B ~:::t3V)L, A ~::~g- Q7C~J:g-~L B ~::~ G, B ~::~g- Q7C~J:g-~
 
 L A ~::~g- Q C ~ ~::, A =B cg- Q. •~ A 0)7C7J~ a, b, c, ... ~d!>.o c ~, A = {a, b, c, ... } C.V)L, .~ A ~j:7C a, b, c, ... 7J) l3 tJ:Q C: v) 5. ttft ax) ~~:J~t~ x 0)~f*7J) G tJ:.o.~~ {xlax)} d!>.o v) ~j: {x;ax)} c:~g-. .g;J;t~~ {a} ~d:7C a t~t!. 1 :J7J) GtJ:.o.~-c'd!>fJ, a:/;bO)c~ {a, b} ~d:2:J0)7Ca, b7J)l3tJ:.o.~~d!>.o. •~A n~~~RmO)7Cn)l3tJ:Qc~A ~~~R.~cv)v), A n~~~mO)7C~-2iuc~ A ~~~R .~cv)5 . • ~ A, B ~:::t3v)-C, A O)7C7J~g-~L B ~::~g-.o C ~, A ~J: B O)$?t.~-ed!>Q C: v) v), *tc.A ~d:B ~::-2i*tl.o, d!>Qv)~d:B ~J:A ~-2iUcv)5. ~O)c~~2~AcB~m v)G. ~O)~)E~A .Q. A cB :t3J:rtB
 
 cC~G~AcC-ed!>Q.AcB:t3J:rtBcA~G~A=B-ed!>Q.AcB~A:/;BO) ~, A ~d: B O)~$?t.~~d!>G v) 5.
 
 c
 
 c
 
 i2~~~(f(188-189)
 
 1-8:
 
 ~2~~~~~J:, f(~0)d!> G ~.Q?tlf~::~im~::m v) Gtl~~~a9tJ:~~~f(~a9~2~i! ~mv)-Cif~g- Qf(~d!>~ v)~J:~~~O) 1 $r~-c'd!>J L, f(~~~~ (f(~a9~J.m~)
 
 *tc.~J:J.m~a9~~~c~J:~~tlQ. Z:Z:-c'if~~tlQ '~J.ma9' tJ:~~~::, :t30):t30)0) J.m~~::~~0)~J.m~~~~:J~t1JD;tQ c ~::J: J -C, MJ< 0)f(~a9J.m~iO~1~ GtlQ O)-c'
 
 z:
 
 d!>G. 'A *tc.~J:B'
 
 'A 7J):JB' 'A tJ:l3~tB' 'A -c'tJ:v) , C:v)5trrlm~, ~tl~tl, A vB, A A B, A ~ B, -,A C v) 5 ~2~-c'~g-. A v B ~trrlm A, B O)~J.mfl1*tc.~d:.~, A AB ~~~fJl*t~Jd:~ ~, A~B ~~Jit, -,A ~trrlmA O)~)EC:J:~S~. (A~B)A(B~A)cv)5trr~~ A~B c.~, 'A C: B C~J:(PJ~*tc.~J:(PJfrnI-c'd!>Q' C~U. f(~~:::t3v)-c~J:, A vB ~J:A :t3J:.rtB O)1/'tJ:< c:'b-1J7J~JJXlig-~c:v)5 ::,c~Jit~g-~. *t~, 'g-~-Co) x ~:~t G-ctrrlm F(x) iO~JJXlig-G' :t3 J:. rt 'trrlm F(x) 7J~JJXlig-G J: :> tJ: x 7J~ff1£g- ~ ,
 
 c v) 5trrlm~, C ~ GV9. m~Ra9trrlmC:
 
 ~tl~tl,
 
 Vx F(x), 3x F(x) VX F(x) C: v) 5 ~O)trre ~iE:l/J\trrJm, 3x F(x) ~ff1£trreC: v) v), d!>vit-C
 
 v):>.
 
 ~J:-c'
 
 mv)t~~2~
 
 v,
 
 ~,
 
 A,
 
 ~,
 
 -',
 
 V, 3
 
 -16-
 
 Lesson 2: Mathematics II (matrices, variables and functions) .:a:.
 
 ,II!!,
 
 1 idea, thought, will ~~
 
 meaning arbitrary
 
 H:~O)
 
 go
 
 tJ /' barrier, gateway it~ barrier, checking station
 
 ~f* ~~
 
 ii
 
 tJ/71 tJ/ArJ
 
 :¥ honor, in-law, loyalty, justice, significance ~~ 1:¥ ~~ 71:¥
 
 m q:.
 
 .::L.
 
 1m
 
 significance, meaning definition
 
 rJ class, grade, rank *i~
 
 series high grade/class
 
 iflj*i
 
 ~i-r
 
 relation function
 
 :¥ 3 rJ row, line; :J rJ journey, line v)(~
 
 it sometimes happens that _., sometimes •.. it sometimes happens that •••, sometimes ••• it sometimes happens that •••, sometimes ...
 
 _••~ [~~l>~)] tltl>~ _. c~tltl>~ 1. ~.tt9t~.~~~~l¥J~:l> 2. m~I:J: -::> l~J:,
 
 fJ G ~;t Tt1~t,
 
 €>h ~ lJ!~9
::>.
 
 iI~tJ:eu~RO)I3!i£~
 
 ~~tt~ ~O)~m tt)~ ~ cn~65~.
 
 2.9) ftP [TtJ:t>] ~ ~ [v~] v~. [7)\] ;t¢ C.
 
 in other words, namely, that is (to say) in other words, namely, that is (to say)
 
 2.1i~~O)lcilln~~. y(n) ~~tsC: ~, .~~j: n -C~~
 
 9tJ:b!> iJjldy(n) ~ 0 -c65~ c ~,
 
 ~~1i~~0)
 
 C: It\ '5.
 
 3. ~O)~C:~tt~~\t1\.it~C:, Xl'
 
 X2,
 
 •••
 
 ~i, {&~:iJlilIJ~~.~~~l:.t]~~t~c:~
 
 l:t~6tt~-c'~0'5 cm~~tl~iJl&IJf@0)f&:~l¥J~IWfi}~ffitJ\6,
 
 .*~~~cm~9~~C:l:~~.
 
 -21-
 
 7
 
 /~.b.,:t:. Gtlt~
 
 2.10) nounl ~/~j: noun2
 
 clause +
 
 cTo
 
 (we) (we) (we) (we)
 
 cTo
 
 let nount be noun2, denote nounl by noun2, take nounl as noun2 suppose (clause)
 
 1. K ~J:H:itO)~~t~~J: (3-~PJ~)1*C:9 Q.
 
 2. ~lcfo)~.~C:1ii~c:~~tttttx,
 
 C:9QC:~, X ~~~c9Q~lcx ~fO) ~li~~, Y~~~C:9Q~IcY~fO)~~~~C:~~.
 
 y
 
 3. G. Galilei 7J~~1*O)~~~if~GL, ~ E8~~9Q~1*7J~~rl3' to):>!> ~::m,. x ti~t ~~9 Q C 9tt~t,
 
 1JOJml3tx"(t) 7J~-~~ ~ Q ~ C ~~J! Gt~.
 
 2.11) connective form + .t3
 
 
 :. (J)iJtlh, .miJt~d:.iJt-r:~Q:' c ~~ Gt::..
 
 3. ~JJ1~!Lc~d:,
 
 AM~-Tc~!Lf*~-T(J)I*J$~~~:~ft:~~:' ~-T~7tt~c~~~ Gt~v)~!L(J):' c-r:~Q.
 
 ~~,
 
 L-7J\'t>tfit::.~:
 
 we know that , it is known that ..., we find that , we have learned that ... 1. 'C.. (J) 'C..
 
 C7J\ G, (1)
 
 *t::.
 
 (J)flilt.(J)~il~}~
 
 ~.}~~(-c'~Q 'C.. c7J~b7J\Q.
 
 ~d:~.}~~d:f*~ Pk(X), q(x) (J)~il~J~*t~ ~J:
 
 2. Jf)v~~/0)~f*lt~tiJfl9Q c I / l' 0 e-n~-)Ect~Q;:: cn~bn\Q. 3. 7t*jO)rm~ ~i2!~: G -c~;t Q C, lEO) V / A'-r:~d:WJfJluO)~r~" O)~r~, ~:,
 
 't> 5 Dc J
 
 0)~}i~n~#1£9 Q ;::
 
 c n~bn\ Q.
 
 -23-
 
 ft 0) V /
 
 A'-r:~d:f~fJlU
 
 Reading Selections ffJIJ (f{219-220)
 
 2-1:
 
 K ~J:ff:~O)!I~t~~J: (~~PJ~)~C9:Q (K
 
 C L, -C~f{~ R
 
 ~t~~J:.*f{~ C ~~ X:Q ~friO~~v). KJ:O)fT~Jc~d:, K~:~9:Qmn1i0)7Caik(i=1, ... , m;k=l, ... , n) (J)'$..(J) J: tJ:~1JWO)ft2~~ v) v), fT~J ~f¥jJ5X:9:Q7C aik ~~O) (i, k) J5X:7t CPf~~.
 
 :>
 
 all
 
 a21
 
 
:Q:: C:-c'd!> t), C: < ~: K 1O~f*~tJ:ittt, tAl ;c 0 -c'd!>:Q :: C: -c' d!>:Q. .
 
 =
 
 =
 
 (m, n) ~fT~1j A (a ik) O)fT C:~1j C: ~Atl~~ -C-c'~:Q (n, m) ~fT~1j A' (b ik ) (b ik = a k ) ~ A O)titlfT~1j C: v)v), tA -c'7J'T:: C:7J~?9v). K n~m~-c' AB C -c'd!>tl~1, tBtA
 
 =
 
 =-A
 
 =
 
 c:tJ::Q (lE15) fT~Ij~~tl:ftl~t~fT~J, 3Cf\:;fT~Ij*t:::'~d:~~t ltFfT~J, &:~tltFfT~J C:P¥v'S~. IE15fT~1j A = (a ik ) -c' a ik = 0 (i < k) -c'd!>:Q ~ 0) ~ ~-Jl)fT~Ij, aik =0 (i > k) -c'd!>:Q ~ 0) ~ J:=Jl)fT~Ij, jJIij#'@jbit-C ¥~:=Jl)fT~J C: v) 5.
 
 tC-c'd!>:Q. tA =A, tA
 
 ~. (f{360-361)
 
 2-3:
 
 Euclid.lJlW E 2 J:~:, 1 J~ o~ill3CT G 2 ill*j x'x, Y'Y ~ c t), ¥{ll:0)*~ 1 ~~&) L-t3~t~i, E20)ill3C~~*1O~1~Gtl~. TtJ:b!> , 2ill.x'x, Y'Y~c!>G~J~O~ OcT :Q ~~ill. R C:J!tJ: L" L, E 2 (J) 1 J~ P tJ) G:: 0) 2 ill*j ~:-t3 0 Gt:::.~.O).@ ~~
 
 tl:ftl x, y c:Ttl~1, L 1-1 ~:~~tlG. -~~:,
 
 d!>~~~~~t~O)m'@j~:-t3v)L,
 
 J:: ~itl:Q~f{o)~Jl
 
 (x, y) E R 2 ~:J:: J
 
 ~O)~Jt~:f{Il~tJ: ~O)~~t~~it-C~T
 
 C: v)v), ~JL~:~t~T :Qf{.~~0)7C0)J*~ C: v) 5. i2 f{1l~tJ:.~~~W~~:d!> Gb L"LJ!~T ~1j.(J)?f17 7"7 b~~t~~~tJ: C~d:, J*~*n~ ~ O)J:::> ~:mv) Gtl:Q~f9iJ C: v)~
 
 {±*Jl~~,
 
 ~:, Q. ~.
 
 J~ P E E 2 ~d:, ~(J)~~ c
 
 ~O)m'@j J:O)~~*
 
 *~, ~~~~~,
 
 ~J:t~~~,
 
 @~~M~~c~::O)J:::>~~~.~O)~mcJ!
 
 Gtl:Q. -~~:,
 
 d!>:Q~r~'J:~:~~*~~A T:Q
 
 C: ~,
 
 ~O)~ra'f1\J~: 1 JO)t!Uf~w~m~T
 
 tl~i, ~tl~:et J L ~~*tJ~-:li~:~* ~~'@jIO~?9V). .lJlW £2 J:O)ill3C~~* ~~d:, JJi{J~ o~lti~T:Q~~$dJ x'x, Y'Y7J~£~~~ctJ::Q ~O)l:, ::tlG ~£$O)R~cG L?ltl~::'C~:ett), E20)~J~0)~~IO~~*G. tJ:-t3, m~~:J::J-c~d:, E20)~~$dJ~ tfJmO)~f{ill*jc GtJ:v)l:', JI~tJ:~f{RO) §!l£~J~tt:::. ~O)~mv)G::' CIO!d!>G. ~t
 
 f{15DN*If, ~$15DN*If, ft~t*IftJ: GJ:::> ~:J < Gtlt:::. ~o)-c'd!>G.
 
 c~J:,
 
 ::. (J)J:::> tJ:fJ!~O)t:::.~,
 
 ~tl:ftlO)m~~:JlT
 
 IJIc (f{157-158)
 
 2-4:
 
 f{~o)-~~~=:Bv)-c, ~f{~~~c:~< (PJ C::li~~:mv)G::'
 
 -:li~t~ C (PJ
 
 c: ~ O)-c'd!> G.
 
 ~ l1afi~f{,
 
 (-ite'tJ:v))
 
 GtJ) G,
 
 ~ J cJ.tv):li~~:m v)-C,
 
 -~O)~t~O)::c ~?91afi~~c v):>
 
 cn!?9v).
 
 ~O)!j!'@j~d:,
 
 C: < ~:-~~t~O):: c
 
 :: C ~ d!>Q.
 
 ~~O)~wr~?tJfl:'~d:, ~O)~5e~:t!"=Jv)-c, ~tl:ftlO)~v):li~-c'~~c v):> ~H~ $fJT~tJ:?tJfe'~J:, 1~n!~~* t:::. ~d:~*~0)::' C: n!?9 Q~~~=~d:, ~n~n~~f{*t:::'~d:~*~~cJ::v'$~~ c ~d!>Q. *t:::., ~~
 
 m v) Q ::. C: 7J~?9 v).
 
 ~n!~f{~ra'~:~*tlGJ::> tJ:~f{ (*t:::'~d:fjl*~) 1~~~~d:~Jt~~c:J::~ttlQ:'
 
 -25-
 
 c
 
 ~
 
 ~ tJ, 7c(J) Ifj~ GLm~~~~~~nQ. f~~EJ9tJ:7}lf~~j:, -~~::'!*~!ItJ:C~ 1 ':)~&'JL:t3v~L, ~tL~::iii~ c~ ~(J)~~~ce:t~~::. cn~~~. ~(J)tjj~~j:, ~~~(J)
 
 .~~::~CLlI~tJ:~~iO~.~n, ~~~::~CL~lJIJtJ:~iO~J~t6nQ. t~c;t~~, ~ .~, iii~iO~c ~~::~~(J)~~~~Q C~, /(t) =/(-t) ~3;Q~~f ~f~~~, /(t) -/(-t) -c'3;Q~~/~~~~Ctt~:>. *t~~~O)JmJ¥:~f*~f*':)~~, TtJ:V!> t 1 < t 2 tJ: 6 ~~f(tl) -5:/(t2) -r: 3; Q ~~~d:¥.m1JD~~ c et ~~nQ.
 
 =
 
 ~~O)~~~~~~cet~S~. -~~:~~ I 1J\ 6~f*0).~ F ~O)~. qJ: I ~ F ~ I ~~~~~c:TQ~~O)~*t~~j:¥~:~~O)~cv~v~, qXA) ~/A O)m~::~GL VA} (A E I), VA}AEI tJ: C c . c ~:: I n~EJ~~O).~~3;Q c ~~d:, ~~~J c tt~:>.
 
 . ~t~, 4x. Gtlt;::m~ c ~~~tL-, c ~iii~c L-~~ t ~~ llR~c:g-Q~~~, CO)t ~:'J::Q@~~~~C:Vl:>~c:n~3;Q.
 
 ~~/o)~.~7J~~QTIlfJ~~Xl X X 2 X ••• X X n ~:.~*nLVl~ C:~, fO)all~~ ~ (Xl' X 2 ' ••• , X n ) ~~ G, ! ~ n ~~XI' X 2 ' ••• , X n 0)~~3;~ v~~d:¥~:'~R~~~
 
 eVl:>
 
 ~e~~~.
 
 2-6: G. Galilei n!ri'!*O)~fJJ~~~GL, EJ EBri-rg- Q~m'!*n!~rl3' t 0) '5!> ~::Il1ri1 x ti~tri -rT ~ eTn~;!, 1JOJmJ3t X"(t) n!-~~3;Q ~ e ~Je~ L" ~7}1Jf~~ X"(t) =g O)flfI.e GLri'!* 0) $J{U X(t) =gf/2 ~1~t~ 0) ~d:, ~7}1Jf~~ntflfl.n\nt~Jil*JJ~3; ~ t~ e c ~ ~:., ~7}fJ7}~~O)~~EJ9 • • ~~3;~~. N~~0)~fJJ1Jfi~~2mO)~7}1Jfi~~3; Q. ~ 0) J:: '5 ~:: EJ ~t!J{fj~d:, ~7}1Jfj~O)m~:'.7J\nQ e ~, 1if.j11t~:.~~ nQ ~ e 7J~~ Vl. ~7}1Jfj~O)m~::.7J\nt;:: EJ ~$j{fj~~7}t!J{fj C: Vl:>. ~7}1Jfj~~~d:, ~ O)J:: '5 ~:, ~7}~7}~C:(PJ~~::tUMl~tlt;::.
 
 -26-
 
 2-7:
 
 
OOf*lt f(x, y, y', •.. , y(n)=o
 
 (1)
 
 ~, ~~y(x) ~::~9Q*flJt1Jfiltc:v)5. fl~~~O)~~-c', ~;tQ~rmO)x,
 
 C G, Jm*,
 
 (1) O)tr.Jl1O)f~j:, n+2000)~~~*t~~j:
 
 y, y', ... , y(n) O)fii~:~tG-e~.~tl-ev)Q'bO) ~~~~:J v)-eO)iimJ~, C (r= 0, 1, ... , 00) *t~~j: (~) fWfJTJ~t~ C,
 
 *!
 
 '~QNJJto)lEJ{Jjl39tt.' ~(&~9Q. (1) ~m~9Q~~Y(X) ~ (1) O)fWC:v)v), (1) O)fW~~lli9 C: ~ (1) ~fW C: v):>. '*' flJt1JNltC: ~j:{iflJt1JNlt~::~tG-ev) :;O)(!, y iJ~2 --=>~J::(1)~~Xl' x 2 ' ••• (1)~~(!j;QC~, {i~OO~dyldxl' iJyldx 2 , ... ~~U (1) C (Pj~(1)~lt~{iflJt1Jfilt cf1J\9 Q. *flJt1JNlt c{iflJt1JNlt C: ~ ~f1J\ G-e, .~:flJt1JNltC: J::~~. *Jl13 -c'~j:*flJt1JNltt~~t~ti5/0) 6, ~-r
 
 z:
 
 
afldy(n):j:. o -c' j; Q C ~, (1) O)~~~j: n (! j; Q Cv) v), f iJ~ y, y', ... , y(n) ~::~9 Qfl~~lt-c' y(n)~:~GLm~(!j;tl~t,
 
 (1)0)~~iJ1m(!j;Qcv)5.
 
 ~~:fiJ~y,
 
 y', ... , y(n) 0)
 
 1 ~lt-c'j;tl~1, (1) ~d:.~-c'j;.QC:v)v), *J1{~(!t~v)~~3-~*J1{~c:v)5.
 
 2-8: Pl(X), ... , Pn(x), q(x) ~~~~ (*t~~j:fl~~~)x O)ft~~~c: G, *~~~y c:~ O)n~*-c'o)~~~y', ... , y(n) ~::~t9~*flJt1Jfilt y(n) + Pl(X)y(n-l) + ... + Pn(x)y =q(x) (1) ~ n ~.~*flJt1JNltc v) 5. ~~: q(x) == 0 (!j;.Q*J1{~*flJt1Jfilt y(n) + Pl(X)y(n-l) + ... + Pn(x)y = 0 (1 ') ~(Pj~, *t~ q(x):I- 0 -r:j;.Q (1) ~~~(Pj~-r:j;Q Cv) 5. *1IJt1JNltO)~}]mf~rl:f'~~:~t9 .QfW(1)fftt C -Ji:J~(1)~~~d: (1) ~:~t G.fiX: tJ ll--=>iJf., 6 ~:~(1)~~iJf..fiX:ll9.Q. D -c'lRrJ3'*t~~d:fl~1JZjij(1q0)~~~~9. f*~Pk(X), q(x) iJf.lRrJ3' D -c'iimtJ: G ~1, (1) 0)1£Ji:O)fW~d:lRrJ3' D -c'fftt9.Q. f*~ Pk(X), q(x) iJf.~~ D -c'lEJ{ljtJ: G ~1, (1) 0)1£itO)fW~d: D (1q0)1£Ji:O)JEt~:rdJ LfWfJT~mPJfi~-c' j;.Q. :: 0) ~~CmO)fftt, -1\Jt10)~~~ftbitQc~O)~~ctJ:Q : f*~Pk(X), q(x) iJ~lRra'
 
 ~
 
 D -c'iim-c'j;tl~i, D (1q0)1£1\0) l}i~Xo t3etLtnOOO)f£Ji:o)~o)~Jl11, 11', ..., 11(n-l)~: ~t GL, *)]m~ftI: y(x o) = 1'/, y'(x o) = rl', ···, y(n-l )(xo) = 1'/(n-l) (2) ~m~ G, D (1q-c' y(x), y'(x), ... , y(n)(x) i019~Liim-r:j;~ J:::> tJ: (1) O)fW y(x) iO! 1 J Gtr~ 'b t~t~ 1 Jff1£9.Q. 'b G Pk(X), q(x) iJ~ D -c'IEJ{ljtJ: 6 ~t, (2) ~~t~ G D l:'lE J{1j (~\ 9 G ~ 1 fpfi-r:tJ: v)) tJ:m y(x) iJ~t~t!- 1 '":)ff1£9 G. ::0):: C1J)G, (1) O)mO)/Filml~~*t~~d:~~}~~d:f*~Pk(x), q(x) O)/FiimJ~*t~~d: ~~J~-c'j;Q:: ciO~biJ)Q.
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 2-9:
 
 00
 
 O)~~ltcv~v~, lan ~t~~j:.~: lan '"C'~g-. an ~~ltlan O)mnlJi~t~~j:lJi, n=I
 
 =at + a
 
 + ... + an ~m n $7tfll~t~~j:$7tfll cJ:~S~. fl[)iIt~J aI' a2 , ••• , an ~:JV~ L'b, ~O)fll at + a2 + ... + an ~~ltc v~ '3 ~ cn~~~. ~7JIJg- ~t~~~:~j:, ~tl~fl
 
 Sn
 
 2
 
 ~i~~, nu~O)1ft€~i~~J'"C'J < J t~~~ ~1ft€~i~~ c V~:>. ~~*lJi 13 '"C'tlk '3 (J) ~J:± c G L1ft€~i~~~~~. $7tfO(J)~J {Sn} n~tI~ifii S ~:1&*g- ~ c ~, ~~ lan ~j:, 1&*
 
 G Llll 00
 
 =
 
 S
 
 ~ ~J,
 
 ~t~~j:J&*g-~, J&*'"C'~GtJ: C c v~v~,
 
 =
 
 lan S ~t~~j: lan S
 
 c. -C in accordance l~~ [Lt~~~] v~ in accordance (Note: The phrase ... ~:.itt '5 modifies a noun; the phrases modify a verb.) !. itt'J L~7JlU1fiOC Xl' X 2 , C: 7J~-c' ~ Q.
 
 •••
 
 with , according to with , according to with , according to ... ~:.itt'J Land ... ~:.ittv~
 
 ~j:liv~ ~:3!ttli~:(PJ-7}~~:ftE5il$~~~~Gc:~tJ:9~
 
 2. NC -c'~d:, d!> G 7J) c:&')mT-7°~m~T-7°~:'T ~ :/~ )vl39~:~2~~~ tlt~I*J~~:.itt'J L, fI~(J)I:lJ~$(J){l[UI~~~~~7J!Ilft€I39~:'*U1ij ~ tlQ. -33-
 
 3. *fg~tltl)Er!~~j:, J±7J~j:~(J))EA~:~v), ~Q oofl~:flb
 
 ~:,
 
 *NiJ~tt1&*tt ~ t> JMittJ~
 
 Newton-Raphson ;! (~707)
 
 3-2:
 
 =
 
 1Jfiitj(x) 0 O)~m a ~*~~ 0) ~:, !(.l:) *- 0 n~~JJC'~ ~ c ~~j:, 1&*(J)if~~ Newton-Raphsonit (~t~~J: Newton O)&.tiit) tJ~M!btl~. a O)iI~tt~ iil!~fit~ Xi C9Q C, xi+} =xi-f(x;)I!(xj ) ~d:x; J:: t) ~~O)m~:ilI< tJ:~. ~tt~.OjgG-elx;+J-x,~
 
 m
 
 
0) CJ!tt9. 1&*9 ot~6bO)~ftl:c, ~(J)if~ Id:~ 0) c.f:) fJ ~l>O. F(x) x -!(x)/!(x) C 9 Q C, F'(x) j(x)f'(x)/fj'(X)]2, F'(a) 0 -e~¢. Gt~tJ~J l f(a) o~ f'(a):# 0 tt G~t, F"(a) ~ 0 -r:, aO)il! 0) x -c' IF'(x)1 < 1 l:tJ:~et 5 ttitt~~ Xi ~ilJDI:~6b~;: ~n~-c'~ ~ et, 2lli:O)if~C'1&*9Q. l:j(Xo}f(Xo) *- 0, ho !(Xr,)!f(xJ, 1f'(x)1 ~ M, If(xo>l ~ 21hJ M n~J£ fJ llL~t, X o 1J\ G91i6bt~ Newton jjI ~D:x; ~d:9~-ClKra'1= [x}-lhJ, Xl + IhJ] ,:~*tl, 1J~it~j: 1 J*Jl:t~t~ I JO)m a~t>
 
 *
 
 =
 
 =
 
 
 L~j:, t5$~O)if~tJ~l> ~. tJ:.t:3-fi~:f(x) (J)~~iJ)l:f'(x) -c' lt~t~ Newton-Raphson itJ1, 1&*O)if~ ir~ 3lli:
 
 !>,
 
 l:.ttQ. 3-3:
 
 *
 
 m
 
 v)
 
 til1J (lk472-473)
 
 mlbt:~d:, -~'::JSjJVJ~(ilI{.g{agt~JI~'bt3&'Jl)l::.t]jg~n~~.~{,)5. 7f:~ ':JSjWJ~tt~jJJ~d:, .1t1JwJtO)JSjJVJmO)J1!~C L, Lif~~ tl -c{,):Q. m j(t) O)JSjWJ~
 
 tillJO)JSjWJ C v)v i , JSjWJO)~~~tillJ~*t~,tJSjDt~~ {,):>. ;t.t~j(t) O)Ai*flc./J\ D:e: O)~ (*~~~~ {,)~j: 1 IKra'C'O) ~ti+;c: tt) '5. tillJ~~J:7t*tlMa<JtJ:~IIJt1) &3 ~ ~ J t~tJ~, fPJ C1J~it-r~G~~ tt~ ~~@]~tJ: c l:::> v)'"'( t>fPJ CmmtJ~M!m ~ ttQ.
 
 I~J:~~j:~IJJ~ISJjll:9~;: C?, ~*1C~tJ:~Ib~~~l:jf~~it~~ cn~rJ)~-c'~ ~tJ~, ~jJJfiBl::Id:, ilIiF~O)~f£n~fii~~tlt~itBJ!(J)EI m~IbO)J:: '3 tJ:.*ttrt1'~ ~~
 
 *tlo.
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 3-4:
 
 
 lJ, n ~jfj~tJJf{, a ~~)]WJfll.f§ c v~ '5.
 
 =
 
 
 3H~d:, ~5I:a9~:~d:, ~f*a9~:4;t Gtlt~}ajWJ~f{~ Fourier ~f{ ~:7tfW9 ~t!f,ffi (WijfllfWfJTi*) ~:t~ G t:::.iJ~, ~O)f~~f{ R l:0)~f{0) Fourier fWfJTO)~ fnU7J~-c'~L, ~tl7J~WlJfofWfJTcP¥~~tl~ J: '5 ~:tJ: lJ, c! G ~:~O)~fnU~d:{ll.f§ Abel ffO) 1:0) Fourier fWfJT~:tJA~c! tl, flk O)~~:-~{l:c!tlt~ . .y ~.:l. v-.y 3
 
 3-6: ~ ~:l v-~ 3 /
 
 (~G -CfltJic ~ v~ '5)
 
 c
 
 /
 
 (f{418-419) ~d:, J1:~~:~d:~~0) ~O)O) ~ --:JJ~w~wm
 
 tc..
 
 A(~ t:::.l1J, ~fJ2,{~m~ te- ~d:tT )v~ m v~ -C~M~ ~d:lltHlJ ~1T '5 :: c -r: d!> ~. :: 0):: C: ~d:, m~O) ~O) ~:--:J v~-C~M9 ~ 0) ~:, ~*O).m~*V~JfifrJ:J'7J~iJ)iJ)Jt:::.lJ, tHtl)E~tlEl ~ 7J!~.-r:d!> J t:::.lJ, ~t~~d:~flF~{l:O)~.7J~~*-r:d!> J t~ lJ 9 ~ tJ: cO)~E8iJ) G, ~tl 7J~/FPJff~~ t:::. ~d:~.-r: d!> ~t!}~~:m v~ G tl-Cv~ ~. mttJ1: ~ ~ : l ~ 3 / c p¥,~tl~ ~ O)~: ~d:, *7JU G -C;f(0) 4 flO) ~ 0)7J~ d!> ~. ~ i501u, ::tl~d:-ptO)7tIJj~:9~~9\ ~~~:~d:z:tlGO)rm1:EGt~~-r:~~:1V -~3 /' ~fT '5 O)7J!~Jm-r: d!> ~. 1 ~d:, tT)v~M-r:d!>J-C, WciJlJS, M~tltJ:c-r:O)J1~. ~!fo/.J*0)~0)~~~~t9~frJ~:, IJ\~O)~O)-r:~MG, ~~MO)~ ctJ:~~fnU~~~iE~t:::,~d:~IE9,'Q0)~:M!btl,'Q. 2 ~d:, 7j-o!f· ~ ~ =z.. v-~ 3 /d!>,'Q v~~d:~MS9fW*JTr!cJ:~~n~fI~O)~O)-c'
 
 
,'Q. :: tl~d:, d!>,'Q ~ 0) 0) Jt1W ~X~29 ,'Qi*J{rj ~~90) C fPJ G.7t1Jf~~7J~~iJ)tl,'Q
 
 cilIfJ2,{S9 ~= fPJ G1l7t1Jf~~ ~= t~ ~ t!}~ ~~ ~ n~) }JIJ o)~~ ~~ G, ~n ~= --:J v~ -C~M ~ fT'J -C, § S9 C:9 ~ ~ O)O)J~W~:--:Jv~-C~Jf~9~ ~ o)-c'd!> ~. t:::. C: 5t~1, 7J~S9~tJJO) rl=l'~~~tl C:~flffitJ:.~[illIm-r:flkJ t:::. ~, ~{~~O)rl=l'~~7J~* -r:,.f:)~iJ);tt::. ~ 9 Q. m3 ~d:, T ~ :;~ )vM~tI (.~-rJli~:~t~tlc~29) O)~~~:f~'J -cr± § ~d!> lt~ J::: 5 ~:tJ: J -C~ t~ ~ 0)(' d!> ~. ~ ~ .:z. v- ~ 3 /' C lt~ 3 aH~d:, ~~~: ~d:± C: G-C z: tl~ c! 9. -~~:7TO!f· ~~:J.. V-~3 /J: ~ ~c! G~:*~tJ:.~tJ:~O)n!~t~ctJ:Qz: C:iJ!~v~. clvtJ:rl=l,e'"C'~, f{~S9fM~iJ!tfE;t Gtl, ~0)7 )v:i l) A'b7J~~j:J ~ ~ Gc! ;t 9n~1, ~n~~f:m9~ t:::.l1JO)~tJJmm7°0!f7 b. ~{!P~9~ :: c ~=J:: lJ, ~~ ~=Bt JJ~~-c'~~~V-~9~~C~~~~. ~Im~.fi.~0)~77~'Y~, ¥b.O)~m, m~I:I:~-r:O)m~O)~~lI: • ~E, fl:~If~-c'0)~fjo)J\7 /A, 1£J!lf. W~~~lI:Gt= ~ii:~tlOO, J:: ~J1:~v~~d:BtJJ~~ATb
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 ®~~~~-~3~~Effi~®~~~~. ~ 4 ~J:, Ara'~~U*o)~ ~.:L l/-~ 3 /-c'~~ . •~~O)fFtiO)WII.~:M!btt~m J:M:~, {f:.gfJJ~(J)wl(.mo)~~*A·IT-b., ~t~~j:Iit~tI(l)tijfl±~, 1!tTtJ~ ~mO)~~.RO)~fI.m~ ~ .::L ~/_~ ~ EtJ~~ ~. Ara'O)1\£iJtJEt1~~1fl ~::ftff9 ~ ~ C: tJ~*f.-r~~.
 
 3-7: EJJJJfblJiQJO)tJ~~~~d:, '~J-IuEO)jjj~!1!AtJtJ)-.:>!1!llitJo).~7~
 
 -
 
 ~/\,/ ?fbIJ.
 
 ~A~b.~~~.5. =0)~5~~~~b®~*~~m~JE~.~~~-.:>.~ •• ~~ ~it~~~tt~. Gt~iJ~-:J L, ffitjiflJtt~ff~J:~ATb~~90)':7~D~? • ~ '1 ~~7
 
 b ~ ffl v), ~ A T b ~)t:-. ~d:,
 
 ='5 G-C,
 
 (J) ~~~i1 ~ ~~9 .Q t::. ~ ,:
 
 Laplace ~tt ,:£~' v) t::. M:JJ ~$ ~
 
 m
 
 ~ATb(7)AttltJ~.~J:&il~~~:J::J-c~c~~.nt=.. fbIJ.O)±~EJ ~ 2 l:J: t) &v) 7 ~ - ~/\~ 7 ~ ~1uC'M)v-7°O).It'~~f!~£&& 9 ~ c:-C~ fJ, fi~':, '1 /J,)!t-AAtJ~AT~-:I ':~t9 ~~l1l.lt'~*ff! ~£&& 9 ~ ~ C:: C' ~ ~. tJ~~ EJ JJJ$lJJIJ~~(J)~ G~~~.(J) 1 J~J:, .~7 ~ - ~J\'./? • ~AT bO)~)£f!~TA "9~ Nyquist O)*,J.slJit-r~¢. ~O)*,JjJIJ$~d:, ~iimJ~~Jaj~f{rt~ ~~1JLmi) -r: Nyquist fJL.c L, -CtlO< ~ cn\GIit t), )£~~~0).~• •~~~it~:M9~ Routh-HulWitz O)~JE*,JjJlj$ C ~d:m*~l:. ~~. tJ~tJ(JftjlJJlJJ:tif8~d:m 2 ~1itw. *tilfl ,:: ~~~£~1£ G t::. ~~~~, ~2~1itw.*ti~, I~?~D=?AC~~e~-~-(J)tt~.~, ~~ ~:~ ~ lt~~.ftjlJJIJ.l6c ~ A T b.0)~~~j:• • tJ(J--c'~ fJ, ~(J) ~ ctJ~jl[ftftjlJillIJ:tif8~O)
 
 m1 ~: ~AT b.(J)~~i1~1*~9 ~:: c:-c'~ t),
 
 =
 
 An
 
 ii~rmlt~t~. jl[ftftjlJ.~iB~d:, iI~ c$tJJPO)f-I.*c ~~t>tl~~'1I\*T.{ '/? AO)~1iI ~~<M.G~. ftjIJ.J:t~~Mmf-l.*~m~~~BtJ(J~ey?~~~ . •§, ~ft®. illI~~~d:~~~T-xl:~t)mJ}.,~ttr;O)v~<Ji1\~d:, t::.t:;t~i~~MiOO$, *~v -~3/;(· IJ.~--T, IT-b.J!~, 7~IJc7~)v~-(J)J!if8, T~~~)vffi~~~, ffi]~J!~, M• • ~X'1? 07°Dt'/~-tt~~(J)r;u~~ff':"90 ~ O)~~~. ~ 5 L, -C, ~-ft(1)ftjlJJIJ~IB~j:, ~ L, ~')M~$~MJJMJajil1tttfil:~x GtlL, ~lt)~m~1f ~ ~ !>, ~~ I . -:10 A O)ffflJifIJ 'i]j\ t] llt)~.
 
 --e
 
 ~=Ara,O)gn~~=J:: J L~1iffi~ nQ ~o)~l:~U. :.nGO)~Jt1~j: '.~O)~J{' CP¥~!n~. QO).~~~1~CC~~=~{~G, ~O)~ii: • M!m7J~tt~ (m=tf) ~=4xQ~.~l:~uJ:::>~=tJ: t), :.n~ 'tt~a9~J{' c:P¥ v'S~. I!j)}7J\ G 0)11!iI~~.~~~7l tJ:~J{ ~ l: ~~Lt:9Q J:: :> ~=tJ: Q C, {tt*0) J:: :> ~=~~I N~=t3~t Q QC mfJJti~t-c'~d:~+7}~=tJ: t), *JT~~O)rm§e· ~~~ C: Vl:> f}]Wl~~7J\ G Q ~f*.9QmfJJ~M~~~n~~G~ :: C:~!~J.t<m~9n~!, ~~t-T--?7~= ~ C:~=5'< *fj~-~~m9~ 0) C:~X GnQ7J!, G7J\ G ~ ~ -c'~d:J:: t) Jiim~=, -T--?7 ~=~tG L.$~-T}V~~~G, -T-?7 ~-B.J:~ffi7J\ G O).$~*C:J!tJ: GL, ~*7J\ G-B.J:~ffiO)*~-B.J:~~=JVlL*fj~~
 
 r9 C Vl:> ~-c'tTbnQ~rnuO)i&1N~f~9~0) C:9 Q. M1l!tJ::I:~~ C: GL, Vl ~:t!3-c:~~~ nQ~{lI:O)r-c'. t))g GtTbnt~lliJttltJ:Vl G~ ~~=J:: J -C, Vl < J7J\0)IliJtIJ1~n!1~ Gnt~ t> 0) C: GJ:::>. t> G~:: ~:'~d:-~O)*~a9tJ: ~ t) ~f~~n!~~n LVltJ:Vl C:9n~t, • t))g GtTbnt~lliJttlO)~fJJ~d:{M~a9tJ:~~~= 0)Jj. ~ C -5 < ~ 0) c~ X Gn, {ttJ llliJtlJf~ Xl' X 2 , ••• ~d:1iVl ~:~!Rli~:fPJ-7}m~={tt :>.$~~-c'~QCJ!tJ:9:: c:n!-c'~Q. bnbnn!-T-?7 ~ CQO)~d:, ~n7J\ G~G n\O)J~~~1~Q~ cn!Ela9-c'~Q7J\G, bnbn~d:Vl~~n~~G7J\O)*~O)ii (J ~=
 
 JVl-c*Ij~~r9~ c:-c'~Q c~~GJ:::>. ~:>9Q C: Xi 0)7}~~d:, (J t3J::lt~~~ lliJtIJO)~Jt1 ~~9-B.J:~ 11 ~:'J:: J L~ ~ Q -c'~ 0:>. ~ ~ -c'~0)7}~7J!f(x; (J, 1]) c~~ nQml3tOO~~~JC:1&~GJ::~. ~O)~c~v~v~n)XQC:, Xl' X 2 , ••• ~d:, 1&~:'1l iJtlJ~~~~~~R~=$It) )gGt~ C: ~~:1~GnQ -r:~0 5 c:~~~nQlliJtIJ1i«0)1&ma9~~R -B.J:~ffin\ G, ::; /~ b ~= c Gnt~~*-r:~Q C~~9 Q ~ C: ~:tJ:Q. ~~a9~iJtIJO) Ela9 ~d:~0)J:::> tJ:~*7J\ G-B.J:~ffi~:~Vll*Ij~~r9:' c-c'~Q c~it{~~nQ. lliJtlJf~O) 7}m~=JVl-c0)*m-B.J:~~~lut!.-ilO)1&~~.$~-T}vc:P¥v'S~.
 
 3-10: ~{~~t~$~=OO9Q~fnU~if~9~~r~~0)-7}if. ~{~mfJTO)El139~d:, 45t Gnt~ r~~n~=~t9~ J:: v~M.$ (7 )v:l1j 'A'b) ~J!v~t~9~ C, :BJ:lt~{~~.~=1~~~~ 0)~1iffi~9 ~ ~ c-c~~. mTBt.fI~mV~L~t.9~ ~ C ~~!lJ{~:'SV~L, J: v~7)v :1 J) A'bO)~{*~~xQ c:~0)J:: 5 ~:tJ:~. (1) ~1Tii~7J~iivl ~ C (~~ii7J!:PtJ:Vl ~ c). (2) ~2ti~~iJ~/j\~ ~ (7°0!75 b.fJ~'ffii g:tra'*fi*O)m~~:~\~tJ:~2ti~~ n)/j\ ~ v~ ~ c). (3) ~13£n'J:: < :tc~-c'~~ ~ C (~~n'/j\ ~ v~ ~ c). (4) -~Jt1n!~.Q ~ c (Jlm~lmn~J.tVl ~ c). ~n G O)~{*~d:li v~ ~=~~9 ~ ~ cfJ'~v)O)-r:, cO)J~~= mJ~ ~t3 < n\-c, fPJ c:r~~n~=~t GL ~fj~ (J)f!tJ:.Qmr~iJ!~ 5t G n~. ~~mfJT~=OO G L~d:, ~Tr~~U~=45t Gnt~T-?7 ~~~1u0)j> G~xt~ c ~~=mn'c (J) < G v~~{~9 Q7J)~~JJ«Q ~ ciJ)*-WC'~.Q. ~n~~13£mfJT v~ 5. ~13£~d:r~,nl§ f*(J)Jt1J{-c' ~ tJ m$~:'~d:J:: GtJ: V~. -T~?7 (J)~{~~::~t GLmO)~{~O)~ G v)r~~n~~{*
 
 C9 ~ c~flFO)~lt)rp'~~=t~JL G *:>. ;j(~=, 7 Jv:t'l) :A'b O)~JEIJ1O)rp,~n~~~. ~JJO)~a:p'"C'~~n~tJt*Gt~lt~J: 5 t~7 JLt::f I) :A'b ~~JEt~7 )Lt::f I) A'b It) 5. r~'~O)~flFn~J:It)~~-c'~/F~JEt~7)Lt::f I) A'b ~m It)~ c:*s*n~ ~~~t7J) tJ ~:t~G z: C7J~~G. t::- cx~t', WJT{~J:t~d::nJIIi~=mlt)Gn\~JIIi~=mlt)Gn)-c'~ JE~:t~ J t:::. tJ /F~JE~:tJ: -:> t:::. tJ 9 G. *t:::., e~ 'Y l' ~tR ~ G t~ It)jjry Al~*i*~j:/F~
 
 c
 
 JE~:t~G
 
 z: c:n~~~.
 
 3-11: M7ttiNJ:t~3-F.~tif~J:tt~CO)tifjJ:tO)m~fx:{~~JJ~:J:-:> LilIf~~~:)j(~G
 
 z: c,
 
 *t:::.~O)t:::.~O)tii*. mn~~~O)~fx:~mIt)Lfx:J:to)~-c'~m'"C'~t~It)~~~j:~ ~ 01v, li~m7J~~Gtl-Clt)G~~-c'~, ~~O)/J\~ It)m~:Pt~It)~JJffifrl3~-c')j(~~z: c:n~~f~ mi*O)$J!~-c' ~ G.
 
 3-12:
 
 ftiiiltW (!fo/.Jf:l1013)
 
 tiNJ:t~cO)fx:~~~~~O)~~, ~~~~~~0)~-c'4xGZ:C:. !fo/.Jf:I~~I~~ cO)~~-c'~, M*~fx:J:t0)~-c'~GJ:O~fx:~~JJlli9G~~O)ti~m~~~c:~~ It). ~O)t:::.~~:fx:{~~~~9 ~ z: C7J~~\~~:t~~. m1:El:'~d:.T~t~m~:J: -:> -c*mfl tJ:~t~n~PJfI~~:t~-:> -Clt)~. fx:{~~~~fT 5 t:::.~ ~:~d:, It)0 V)0t~r~'~~:~t9 Gfx:f~~ ~i*~~ GtJ:~ttl~itJ: GtJ:lt). fx:f~~t~O)r~'~~:t3:t3*n\~=7t~9 G c;j(O)J:::> ~=t~G. (1) *j~{~fx: (illi-;j(tiNJ:t, fT~IjO)~1ff~r~,~), (2) tmrl3', tm~:t3J:l}~fx:ilIf~, (3) ~{~M7t:t3J: l}fx:f~fJ7t, (4) ~F*j~tifi~, {~fx:tiNJ:t, (5) 1itM7ttiNJ:t:t3J:l}{iM 7ttiNJ:t, (6) tif~r~,~ (~~fx:~~O)ti*, ti/J\~*~Gr~,~).
 
 3-13: If'Fm~tJ:c~ElJJJ~~=itJU~9Gtiit.NC C:J:~itl~~C:7J~~lt~. ~~)], ~~-wJ~lJ
 
 1JoIm 0) I f'Fm~ ~=Jim ~ tlt::- n~, .:e O)t~, mt~~tJl~ li-e1Jo I, ~~tJ: c-c' ~ frJm ~ tl-elt)G. NC -c~d:, ~ Gn) C:~*If7-7°~m~7-7°~=T-1:;~ )Lt~~=~2~1 -C, NC
 
 
 life ~M ~fJ
 
 v~
 
 translation(al motion in space) parallel computer
 
 j.. ~ command, destiny, life
 
 ~~ ~~
 
 -Y ~
 
 proposition instruction
 
 v~
 
 command, law, order ~~AbA~
 
 raJ 1~ f:Jb PrJ 11
 
 :J ry~ J ry)Z~ v~
 
 fffUfij~fJ
 
 -e~:¥3 ~1
 
 V1
 
 -46-
 
 high level instruction control instruction
 
 Grammatical Patterns 4.1) connective form +
 
 ~.
 
 2. GiJ) G, rlffi.~~d:, ¥{ft~::J: J L~tJ: < §~~=J: J -C~~ tt~~~ti c: l;) 5~;t ~ PI fj~-c'~Q
 
 G,
 
 ~!£I39~=~'j:,
 
 rlffi.~~'j:~{fto)
 
 rJlm{ftJ
 
 -c'~~ttQ~~tic:l;):>~;t7J!59i7J)J
 
 t~.
 
 3. tJ 1v7t~'j:wU~~~~t-cv)Qr~,-e~~it6ttQ G, ~ ~ ~ O)-c', wU~r:pO)~7t7J!m7tn) Q.
 
 tJ 1v7tc:m7t~fPJ~~:~9Q~.
 
 tJ lv7tn)~lKjJIJ9
 
 ~:.
 
 c ~'j:~b~-C~.tJ:tj}}-@rn~~
 
 4.11) -"t~ Use of the particle ~ ~ following the present/future affirmative form of a verb (or simply 9 for 9 ~ ) conveys a sense that a certain action "should" be done, either because that action is proper or because it is desirable for some particular reason. With ~ ~ the emphasis lies in doing what is necessary to achieve an intended result, rather than concern for what is likely to happen. (Note: The reader is urged to contrast the use of "'" ~ with the use of ~d:9, as described in pattern 9.6.) • 1. ~t~fI-c'm< ~~rp'Jm~:~tG,
 
 fJJl39~:~O)1frl~t '/ l' 7-4=-T77~-~JI-@r~it Q~t~mt7--=fT77~--~~~1j- ~ '/ 7 7-4=-T77~--C: v):>.
 
 2. 1frl~~
 
 '/ l' 7--4=-77 7~ --~d:J\-- ~ 9 I . 7 C 'J 7 l' 9 I . 70)1 /57--7 I . --A ~ )E~9 Q (J) -C, J\ -- ~ 9 I . 7ftUr c 'J 7 l' 9 I . 7ftUrO) vJ'\)v~: ~ bitL~-@r139 ~::Qi ~ 7J.J~l39tJ: v~)v~=~~)E~ ttQ "'" ~-c' ~ Q.
 
 3. {&ma2ti1fJll(J)l~~U~d:,
 
 ~ 7:; 3 7~::~U ~ ~-C Q.±a2tl c:.±a2.pq~:f*r-t9 "'" ~~--:;(J).-@r~, ~(J)~l< 0)~--~~*~Jt1~:-@rbit-CJl~~:*U~9 ~ C fPJ~~=, ~m~~JliEtJ:~rm~~f*-.:Jt~&)O)JfW~~~c.1fJllO)1L~7J) G, J:: tJ ~{}[O) v~)v~::t~f~
 
 7!7 T
 
 9Q z: C:-c'~Q.
 
 in advance, beforehand, ahead of time
 
 1. ~tt~ttO)*9§ ~=~d:, T--7a2i%c:J::~ittQ~
 
 i%0)1
 
 J7J~a2A ~ ttQ.
 
 -50-
 
 GiJ) C&'J#t&'J Gttt~~~Nfj~0)~2
 
 3. tI~~:'J:: ~J\~- /~~.~d:~t~~ cI!> GiJ\ C&)~~~ tlt=. v) I) -0) v:\~ttiJ\~:~tJt\~it:Q .BIJ(1)~~~:cI!>Q.
 
 -51-
 
 Q ;Q!, 7°0 ~7 A pqJl1J~~ ffl v)tc.1!t~i!~)]O)~~tI~d:~ =¥ 1) A O)ly /~ 'Y ~*~-c'jGJJX G t~ EDSAC -c'd!> Q .
 
 EDVAC 1)
 
 4-2:
 
 d!> Q ~fx:~~t~9 Q 7 )v:i 1) A'b.;Q~ff1:E~ :QiJ)~tJ), C: v) '5 ~O)ru~;m~fx:~I3"J~:.~m ~::~rmJ9:Q t~~ ~::, '7::L - 1) /' ~tJ!~. G tc.&ml3"JtJ:~t~tlfjjt. .~I3"J~:: ~d:~b60-C!l! ~tJ:tlf1Ij-c'd!> Q n!, 7 )v:i 1) X'k ~:J:: J -e~t~-c'~ Q ~fx:~d:~ ~-e~~I3"J~:~d:'7::L -1) /~fI~~=J::J -e~~~ Q ~ cn~-c'~ Q. '7.:L -1) /~fI~~d:, 7-7°, ~ 'Y ~, ffJU1ij $0) 3 JO)$7t-c'f.JJX~tlQ.
 
 T-7°~d:lCtifUij1Jrttl~=~~N~=1$Lt-e:B ~, ~~N1~0)*~ ~=~W GtlLV)Q. ~tl~tlo)*~ § ~=~d:, T-7°~c~c: J:: ~itlQ d!> G10) C:~~~ G ntc.1f~Nfj~O)~c~O)l JiJ!~cA~tl:Q. ~'Y ~~d:1it~=~9§0) 1 J~J!LV~Q. mU1ij $~d:1it~::, d!> GtJ\ C:60~~ Gtlt~1f~N1~0)~!ljO) 1 J~::d!>Q. d!>Q~~IJO)'7::L -I) /~ mt~O)JJJ{!P~d:, mUf~$O)~7\!ljq e:A..'Y ~tJ~J!LV)Q*9§0)~c~aO)t!i~~bit(q, a) ~::J:JLjG~~::~~~, .:c0)~9§0)~c~~~c~a'~=~;Z, A..'Y ~~ 1 ~9§7tti(* t~~d:lC) ~::JJJtJ\ G, ~7\~~ q' ~=~7\..Q C: v) 5 ~O)JJJ~tJ\, ~:: -r:WJl:9 Q C: v) '5 JJJ~-r:
 
 §
 
 -52-
 
 (q, a) ~ (a', R (*tc.~d: L), q'), (q, a)
 
 ~
 
 halt
 
 ~O)JjjfFm)EO).~7J!7-.:z.- I ) /7"1t~0)7)1;:1 1) A'~ ~m)E9 G 'bO)-c'~G. AfJ7J!~2~~J a ta2 ···an -c'~G C ~, 7-.:z. -I) /7"It~7J!Jjj~Mi&)GC ~0)7-~0)*9 § O)I*J~~J: ···BBa t a2 ···anBB···, ~ 'Y ~ O)fftfil~J: at 0) *9 §, ftjfJ~$0)~m~J:1)]m~m C:J::~S~~G~)EO)~m-c'~G. tc.t~G B ~J:, ~E3 C:J:~tnGAfJ~:~J:~*ntJ:v~~)E 0)~2~~ ~ G. W11: G t::. C: ~ 0)7- ~O) *9 § O)I*J~ (li:tifllijjj~~:fi~R~:~ < ~E3 0) $7t~J:fi1jl9 G) 7J!, 47L r; nt::.AfJ a t a 2 ···an ~:~t9 ~ 7-.:z. - I) / 7"1t~O)ttl fJ-c' ~ G. m-.fl~~ O)JI~~:.t3v~-C~d:, 7-.:z. -I) /7"It~~-~{~G t::.1~#t)EJf17-.:z. -I) /7"1t
 
 cjf0)~1±g- Qm-JJtlO) ~ c~(lijm¥~:lJJfFg- Q J:: 5 ~:ffjlJ~~ ttt~m-Jitl~ AT b ~ v) '5. ~~O)t~&) ~:~j:{&mm-JJtI$lJ~7D~7 b (VMCP c~~2) iJ~~\~'"e, {&mm-Jitl~j: VMCP ~:J:: '? -C~ ~::L }/-1' ~ttt~~~~tJ: m-Jitl~ATb '"e3!>Q. ~tt~:MG-C, ~~O)m-Jitl~AT bo)~ c~~m-Jitl, $A l' x~ J'\ 7x~ /tJ: C c J::~~. {&mm-JitlO)t1*~~~d:, (Iij-O)3!>Q v)~d:(lijfjO)at Jitl7 -~T!J T ~ -0) ~ c '"e, VMCP iJ~~;t~ V-T ~ /!J~~ A T b ~ ~~~ti~Jm ( frJffl~~Jm) ~~fT~1tQ z: c~:J:: tJ, ;t~ V-T~ /~~AT bO)~m~fT~llJtrec g-Q:: c ~:3!>Q. VMCP ~d:atJitl~AT b:@:1*O)jflt~1f~.G, ;t~ }/-T~ /'~~A 7 b J: tJ J::f}[:~~f}[:1R L, -CV)Q. Gt~iJ~'? -C, VMCP r'"e, .;t~ V-7 ~ /'~ ~ A 7 .b.iJ~ ~~.~~~fig-Qc~~~~H~g-~. ~c~~, Alliti.~, E.~.O)~ftR~
 
 [l]VM
 
 /"
 
 tJ:cO)~~:~C~. ::O)c~, VMCP~J:{&m~tJitlO)~Jm~~~, ;t~v-T~ /~~ A T b 0) q:. iJ) G~ti.~iJ~IE ~ ~::HfT ~ tt-C V) Q ~ c ~.~~ G, ~ti.~ ~ ~ ~ ::L } / ~g-~. ~0)~~.~~~::LV-~3/'~~7~9x7~fi~c,~*O)M~m¥OO~~ ffl L" ~jj$O)~v)m-JitlctJ:'? -C L, ~. ~ O)rp'Jm~m~g- Qt~&)~:, ~~.~~ ~ =z. V-~ 3 /'~ 77 - b 9 x 7 ~::J:: '? -C~Jm{~g- Q:P~iJ~~~~ tt, z:tt~{&m~tJitl7 ~A 1'tI.cJ::Iv'"ev)Q. *t~, VMCP ~J:{&mi2.1Jl:t~::J:: 1), ~~0)±~2.(~tt~ ml~~E.cJ:~)~LO)~.~~~G,.~0){&mm-.tlO)~*g-QE.~.(m2 ~~~2.) ~::~t~g-Q. {&m~tJitliJ~{&m~2ti(m 3 ~~~2.) ~~~ G -Cv)Q c ~~J:, 3 ~~i2.0)7 ~ VA~m 1 ~~~2ti0)7 ~ VA~:~~R~g-Q~-c'3!>Q~~ ~97 7"Jv~ VMCP n~f"F tJ, ~~O)~Jm{~~~J:7J)'? -Cv)Q. {&mm-Jitl~J:.~O);t~ V-7 ~ /'~~AT.b.~1mm¥~:lJJfF~itQ~ ciJ~~~QtC.&)~::, ;t~ V-T~ /~~ATAO)MJ H, fmO);t~v-T~/~~ATA~0)~1T, ;t/'7~ /'~ATAO)MJHtJ:c~:fflv)G ttQ. {&mm-Jitl~d:m2 fitf-\:O)~.~tJ:m¥7}Wtl~~ ~ A T b CP/CMS c G-C ffiM *±7J~ 1964 iF7J) G MJH~fJ.fi&)t~. ~O) § ~~J:, 1 ttO)m-Jim~.~O) AI:< iJ!(lijm¥~:ffJffl G-c;t ~V-7~/'~~A7bO)~~~~ffl70~7bO)MJH,v~-~fF~~c~fi~QJ:
 
 *
 
 m
 
 :> ~=g- ~ c V):> J~~~3!> '? t~.
 
 *t~, ~ff0)7°ci!/7 b. ~ v),? ~ v)R~it9~:-~5ll1~ffl
 
 ;t~V-T~ /'~~A7b.C~t~5ll1~~~-ftg-Q c:v):> §~'t3!>'?t~. CP/CMS ~d: 1966 iF~: CP-40 t~ G lt~: eMS C: G IBM ~ AT b. 360 :tT'Jv 40 O)a~tI~::Sv)-C7i: ~Gt~. CP/CMS ~J:, m 1 fit1-\:0)m¥7}Wtl5ll1f:1~ATb. ~3!>~7~T=z.-1z~YIf4*~ 0) CTSS iJ) Gm*tJ:~.~~~tt~. [2] :J /' I\~ 7--~::S~tQ § ~~tJitlc: G {&m~~=~ ~ Gttt~~tJitl~ v) 5. {& m~tJitlo):J-- ~'"e.iJ)ttt~ 7°0 ~7 b~~1Tg-Q ~~~J:, ~tt~~m-)fmt0)7°0 ~5 b. t: R~ g- Q tJ), {&m ~tJiti (J) ~ ~ =z. V -- ~ -- ~ ffl ~g- Q iJ) GtJ: ~t tt ~ttJ: GtJ: V). {&m ~
 
 -c
 
 -c,
 
 ~flO)~~~tJ:.~~J:, ~~(J)~t~flc:(lijC:~, a2ti~~, ?j{~SJ:V:$lJ~V~A ~--, A~~!Jflf.tJ:ciJ)GtJ:.Q. tfrl~~y~, .~~aO)~~, 7 ~vAf~)ESJ::ltT ~O)~$~~~, .~~MO).~.~c:~~tt., ~-~~~s~lt~~~flO)~~~ ~~GTa~~tt~. §~m-~tlC:G-C-.ttO)3!>~{&.~~tI~a~GTS~~, ~ (J)~~::L v-?7-~d:~< O)~~t~tI~M1fi~:~~~~~(J)~, EJt¥J7°D!/7b~d:.fj(J) ~~t~f~~~fTPJfj~c:t~~. ~ G~=, ~O):J /J\~ 7--~EI7}O).~~~ft~fflv)L~2ilB:
 
 -54-
 
 :1 //\1 )V9tl~t.
 
 13EJ(]~D!/5"beL" l{&~~~tlO):J-~-r~tJ)tlt~~D!/7 bn~~Gtl~O)-r, :J //\17-13~t.>ftgO)~JJtI':3MC'~~.3MO)~Cl:, ~~ JJtlO):1- ~ ~~J£9~J:::>'::1 //\17-O)mtMi~D?~7b~~~a6), fIj:J //\1
 
 L"
 
 )v9tl~i, i1tfO)a~~:l//\17-n~~Gtl~.
 
 [3] X1 ? D7°0!/7 b~:J::~~JJl(})~tf, ~~O)~rr c C: t> l:fl~:lJtet
 
 :>
 
 L, t>0)
 
 3~. 7~/· J1x/c;~:J::J-C~(J)£*7-:t=-T?T~-t1~JE69l3tlt~;g 1 fft~O)~• • ~*, ~JJ.7-:t-T?~~-~J:£*tJ(jl:~Jmf~ ~ ~Jft) ~i1i.~f~O) ~(ti]l:~~G-C~t~. ~~~~0)~~-c'~Uc~x6ttQiJ~,*-rt1\~~m*-e~~~ EJ(]l:~.L,-Cy-:t-T? ~~-~i:R:JE9~ ~ c:t1~*9*Tm~l:tJ:J-C~-Clt)~.
 
 ct>tJ:tJ
 
 4-7: ~~tI-rM< ~~rp,a~:~tL" lbEJ(]l:~O)tfPfJt~ ~ 7-:t=-T?Ti"-~~~~ttQ ~~tl7-:t=-T?T~-~~) 5. -A'il:~.tI(J)tfPfJ-e'/l' ~J:if1i~)mmi1~t>JJ::>l: ~JE~tt~tJ~, ~mJt'fO)~~{t:,:~t,), ~m ctfPfJt '/ l' 7-:t=-T7T~-rp'(J)t~ /7-1 ~ 7=¥~ '/ ~n~~L, m*G, ~~~jj~tJt«t ~ ~. j}jfF~lt1 ~ t: ~ t:, 70 ~7 b.O)-$~:~fImfr~'iO~_g:tT~iJftiO~~~JI~}lft~J~JIc v) 5. ML~J~JI~~d:, ~JI~*~d:OOi.O)~~$~:{t{ffGtJ: v)I¢~, ~~~JI~~d:, ~JI~t~ctJ:QOOi~~~~~~:~tRTQ~\~I¢~d!>Q.Z:0)00i~~ tR$~:~d:, mj{Ij~~:00i.~~~TQ7A~-~~$C,~JI~*~:JitCL~~:~JI~T Q00i~ ~tIc~T Q ~rf$l¢~ d!>:Q. 7 A ~ -~~$ ~d:Jlalll~~~*HI.f~~ m V) Gtl, ~rf $~d:I ~ ~~tH, .flHtH, tt~.~rf~:frjm ~ tlQ.
 
 ~~Jlit (iWft641-642)
 
 4-14:
 
 ~lJ~TIE~~, ~lJ~tH~~O).J£$, ~~f~.aetLF~~$, ~~0)~lj/'7 ~~ 0)~~~~:~TQJI~~v)5. ~tl~:~d:, iW~7Jj~~f~O)JI~~~u~cl¢~d!>Q. ~~
 
 JI~O)£lI ctJ: ~ LV):Q O)~d:.~~~O)JI~~ d!> Q.
 
 z:tl~d:ff~R1*~:.a ~t Q.~f~~~: ~:~tJit G t~Jlarwl¢~m~tJ:f~WJJ ~ljt{ C QJ~~: ~.I¢~d!>Q . • ~~~O)r:p~:~d:, BCH~~, 1)- ~ · '.JO~/~~, :i'YI\~~tJ:C O)J:::> ~:, {~~~~:.J£~ tl, ~ t) ~rlEfj~1JtJ: c~:~tT Q~R~~I¢~~O){~~~.~~flj m GL~I¢)tlQ-llO)~~7J~d!>Q. z:O)et:> tJ:~~~{~~~~~cetvS~. {~~~~~~:
 
 £:5 <JI~-c' d!> Q I¢~,
 
 1\ ~ /' 7"JlallltJ: c~
 
 lJ
 
 OOT QJI~~d:, ~~JI~O)r:pl:'il'b~ G V)JI~1**~ 'b t>, ~O)r:pJL\~{}[.~ r5~LV) Q. ~~JI~O)r:p~, 'b5 1 Jm~tJ:{}[fi!~r5~QO)~d:t~t~~~Jj-~~O)JI~~d!>Q. z:.tl~J:, ~~O)~m, ~~$tJ:CO)JI~I¢~r:pJL\ctJ:~Lv)Q. ~~JI~~d:,
 
 ~0)~~7J),
 
 J'\--A 1'~lJ, -1JrmJ(1~tJ, rPJm~lJ, lji~~.~j£1:T.Q~lJtJ:c~~~"~tJ:~lJ ~:~tG, ~tl~tl~:ilGt~~t]~TIE~~~.J£TQJI~~,~~f~, ~~O)~.{~O)JI ~, AliltJ:~~~:OOT Q fJlJj-'@Jbit~~~JI~tJ: C~MJ.t V)~lf ~ 'b ~ LV).Q. ~~JI~ ~d: 1970 iF{~I¢) 67.{ ~~ }ltJlf~, mT~t~fI, 7.{ ~~ )lt~-7.{ ~ • e7~0)~7.t lf~:.a
 
 v) -c,
 
 {~'JiJ(1rmJ:O)t~~J.t
 
 <m v) 6 tl-Cv) Q.
 
 -59-
 
 -60-
 
 Lesson 5: Computer Science II (fundamentals; part II) ;t lJ thinkin o rememberin a ~,
 
 ~2ti~tI ±~2ti
 
 1& ~2
 
 :t- ;t !J 'J '7 T Y:l:f-;t7
 
 storage, memory main memory/storage
 
 fJ temporary, ephemeral iJ~ tJ «(J)) temporary~ provisional f&~~2tf
 
 fJ'J'7:f-;t!;
 
 f&~~~~
 
 fJ~'771~/:f-
 
 virtual memory/storage virtual machine {comp. sci.}
 
 :f- account. narrative G ~(9) to give an account of, to write down
 
 a21i ~~S
 
 fie
 
 ~
 
 :f-;t? :f-o 7
 
 memory, storage record, document, recording
 
 "Y use :JtJ\(:» to consume, to employ, to use
 
 PJf9!ffl *f9!Jfl(J)
 
 m
 
 mta
 
 Y~
 
 indicating, designating indication, pointing out
 
 YT:f-
 
 "Y .:J.. arm, hand. handwriting. help. skill L arm, hand, handwriting~ help
 
 =Fm =F~
 
 .:E
 
 reuse unused
 
 "Yfinger . ~ (9) to indicate, to measure, to point to; ~ <J finger m~
 
 =¥-
 
 ~1Y3'7 ~Y3'7(J)
 
 -c:;~/ ~ ::L~~/
 
 procedure, process, protocol
 
 means, rneasUfe, vvay
 
 "Y.:J.. main. master. principal t3 ~(t~) main, principal; UJ. G owner ±~t~
 
 ± i1rf
 
 ~.:l. 3 ~ ::J- I)
 
 '7tJ: .:1.'7
 
 -61-
 
 main, principal, major, chief mainstream, de facto standard
 
 ~¥
 
 IJ-L
 
 :/ :J.. r) following, secondary G tc.. tJ~( '5 ) to accompany, to comply with, to obey {vi}; 1" t::. iJ~ (X ~ ) to be accompanied by, to be attended by {vt} fJE~~1c :/ :J.. r) 'J !7 ~ /' A r) dependent variable fJE* (J) :/ :J.. r) '7 -1 (J) up to now, conventional
 
 m :/
 
 r) circumstances, emotion, facts, feeling, human nature; ~ -1 circumstances, emotion, facts, feeling, human nature ~m 3 r) circumstances, situation m~ 3 r)*r) information 3
 
 :/:/ :/
 
 'J r) concept, idea, thought {OC~7~VA .~
 
 Ab
 
 F.I~
 
 ~
 
 ,:tg -r
 
 virtual address conception, idea, plan
 
 J r) ability, classical drama, skill, talent PJfI~Jt1 jJ J r)t-1 f1fI~ :F J r)
 
 possibility function
 
 l::. 3 r) chart, diagram, table GV(9) to express, to show {vt}; ~ GV(n~) to appear, to bereveaIed{vi}; :J3 'b L front, outside ~m 1:: 3 r) If /' expression, representation ~LIc~ 7 /' A r) 1:: 3 r) random number table ~
 
 7 floating '5 (7J\1t'5~) to flit across (the face), to float {vi}; '5 (7J\«,Q) to show (feelings), to set afloat {vt}; '5 ( to flash across one's mind, to float, to rise to the surface iJl5a:i¥ J: :;:F 7 :; 3 r) magnetic levitation i¥irt~. 7:l r) 3 r) 1) 3 r) floating capacitance
 
 G ~ d!> G9; G ~ z: 9; T ~ ~ it9. This form is used as a literary equivalent to the negative conjunctive form, and often carries the meaning "without ...ing."
 
 
tJ: L, ~)m tt) ~ ntJ:i1) J t:::.. 2. Gn) G, ~~~}:a-r~J: 11f(l1J0)~fj-~17 )v~~ ~t C:
 
 ~. ~~f* RAM LSI ~j: 1971 iF':l :t- 0 t: ~ "0)~+1 j- ~ 7 7 RAM n~rm§E ~ £A*, 3 iF~: 4 m(J)~~C'~.n~!tl* Gm~t-c It) ~.
 
 RAM
 
 z:
 
 z:.
 
 n -c
 
 5-2: mM~BmE9Q. ~-~*~U-~t~-~~et~ ~-~O).~~~~fib~ iX~mGt!.~t~fi5 ~~IJ-~~)'3. *~f*~tIJ-~~.9~ ROM, :J /I,? ,,~~ A7 ROM(CD-ROM)~cO)7C~~A7 ROM, m5ij,.f*~:etQ ROM tJ:CtJ~NJQ. ~f*l:~9Q ROM l:~j:, .~~~C'm~0)~~~~~fi5~-~0)~J!0)~JiJtt~x A 7 ROM, fIJm~t1~7D7+7 b. ~~ Q70 ~7.b.PJ~~ ROM (PROM), C5ij,ft91:70 7+7 b.tJ~-r:~~~~.O)ftftM~:et t] ¥~~~l:'~ :Q~~~PJ~~ROM (EPROM), 70 ~7 b ~~~t>.5ij,fJ9I:-r:~ ~.5ij,fJ9~~~.~~~PJ~~ ROM (EEPROM) ~CtJ~NJQ.
 
 *
 
 5-3: [1] / 0 ~7 bJ1'J-r~m9Q~iWO)~~jjiltm~JE~~t:,,6)0).~.7·0 ~ 7Jj:, /0,/ 7 O)iltm~g1JJQt:..~O)t5trc, 7~O ':J 7 O)J1'J{J!tl~t!.~t~~~~iW (~m~) 0)1f~ ~fi)(O)~~ctJ~~~~. /0 ~7 b.!Jilli:~/D 'Y 7 C GLW~9Q ~ C, .t]jgL,~ ~~)(~~fi$~/D'Y7cGL~5~c, ~fi)(~-JCGl/D~7~E~9~~
 
 c,
 
 c,
 
 tJ.ctJ\ t), 7~0 ~ 7 ~~2~ C'~~. Ada0)7~D 'Y 7)(~J:, lNJ7°007+5 b ~/, 'Y 7-:; cfP]~':, Ei"~$c~fi$:S etU:~j~9l1J1$~t> -:> ~ ctJ~-r~ Q. lNJ70 ~7 .b.O)~fi$~J:EI~EI #NJo ltlJj:fmO)/ o ~"7 biJ~ ~ ~iWl:J: J -cp¥u:m ~ ttt~ C: ~ '~~fi~ tl~O)~:~t G, /0 ~ ?)(O)~fi $~j:7·0 ~ 7 )(l:~fiO)$flillln~¥JJif Gt::. C: ~ ':~fi~ tt~. Pascal tJ: ca, Q. 1bmtf£n~d!>Q*~ m L ~:tJ::Q *~~J:, ±i2ti~.~~d: t:~ C9 Q/\- ~ r) x 7fti1i~: *ti.~mn~d!>Q~J:gJ;-ed!>:Q. 1bmtf£n~ m u ~l:~:tJ:Q C, lt~~tl0)7 7 7- ~ --:f~ 3 --:f~TJttJ:±i2• • ~~~Q:: cn~~~~, lt~b~:QA 7 'Y ~/7~~~n~~1=:9Q ~~ctJ:G. 1bmtf£~iliEtJ:fBrm~:f*:J*,JJPn~m~~d!>:Q. 1bm7D 7~7 ~ /~!I~~ 0)&~~2.~J!!~J:, 2 ii t) ~:Jt.9 Q cn~-e~:Q. 1 :J~j:, M.fl O)~ 3 --:fO)}ajm~Jm J~ ~~lI G-C, ~m¥}~~7 7 T ~ --:f ~ 3 --:f~:-.J lt~ -C~d:~tl~tln~}ajm~Jm G-Clt~Q~ ~.ftO)ft~.~±i2tipq~:~kfi9 G:: c ~tJt~:Q1J~~d!> t), ~~~tJ:~2.~J!!~c G-Cry-~/~~'Y~~~d!>Q. ~5I-.J~, M.f(0)~3--:f0)}ajm~Jmtt~~.tt~,
 
 z:
 
 ~:1I~ ~:~~9 Q1J~~d!> c c
 
 1bm~~d:~-97~-)V ~ (7)1i~n~d!>* fJ 1b
 
 ~1Tq:t0)9 3 7~~:J:: ~ -C ~-~7 ~-)V ~n~~1=: G~-9 • • ;t0)~,~n~1=:Gt~~ ~: ~d:, ±i2tipq O)~~- ~n~• •;t O)f~*'fi tJ: t) 5 Q. ~~~tJ:a2.1fJ!!~ G-C, ~ D-;'\)vLRU~, ~D-;'\)vFINUFo~n~d!>Q. }ajm~Jmtt~~.Gt~1J~, ~lIG tJ: v~1J~O) v~~tl ~~~O) ~ A T b. Jf.J v~ Gtl-C:S t), ~ A 7- b. O)9l1J!!fm1J, ,£t\~tto)
 
 :Q.
 
 -r:
 
 OO~v)~tlO)1J~n~9 G. ~::-e~J:ttffij*jfi%7J~9~-C[PJ-v.l'{)~~~d!>t),77~ ~7 ~VAf* *~~tJ:':>LV~~. -1f, DOD 70 l' ::I)~ (TCP/IP) ~~J:, '":)7J)0) v.l'{)v~~-.J~1fj
 
 v) 
 7 ~ VAm~7J~mV) ~n.Q ~ C: ~~.Q. 1ftt fl~:5i1Jt~7 ~ vAm~fI"~~4;Z.Q c:~~t~~-~.~~7 !J_-e~~.Q c:~®7 ~ V AMJJ~::~~~1fttfl~~MGitQiO~, ~~JJ7 ~ v~O)~~fI.iO~~~~:t~ fJ, I1fttflO) ~fiqOO~AtJ: ~.Qt~~~:M.t~7 ~ VAm~ GiJ)m v) ~ntJ:iJ)J tc.iJ~, J\- ~ '7 x 7 O){.ftflffimf~~: c ~tJ: v), 'J 7 ~ '7 x
 
 
 ,
 
 7-7'*~1j0)l1if}[~ra'~t~
 
 tJ ~:~PX:~tt:Q
 
 l' 0 l::~0)l1i{}[ C: G-c ffl v) 6tt-Q. ::tt~d:~~a9~:~d:ffi~ 1'/f))' ~1l!{}[C:9 -Q. 2 i1!1(0) 1 ffj7t0)7-7'.~ 1 1::'Y
 
 l' C9 -Q~.~:fJE;t~t, 7-7' *~1J0)7-7'.~d::.tt~ 2 i1!*~J~:~~ G-Cf' 6tt-Q~ ~0)1::'/ 1'1c~:m~9-Q. ftgii, 7~7'*~1j0) 1 tp~t~ tJ O)M~.~d:~O)JL~t~$7t~
 
 *J
 
 -c-c'~ -Q ti~t~v~ 2 i1!*~IJ-c'~~ G t~ C: ~O)~~ ~:m~9 -Q 1:: 'Y 1'1c~:~ Gv). tJ::t3~~ J /O)~tf~.~ X/ l' 0 l::~~:et J -c~~9 -Q C: ~, ~~ 2 ~: C: J t~~tIcOOIc 7J~fflv) 6tt-Q. ~ O)~tIcOOIcO)~~ e -r C: J t~ 13~~tlc-c'~tf~.~~~ Gt~ C: ~O)1l!f}[ ~T 'Y l' C: J::v'S~. e'Y l' 1l!{}[ C: T 'Y l' 1l!{}[O)ilv~~J:, fitf-c'~ G t~.iO~OOtf-c'~ G t~. 0)~1c{15 (loge2 0.6931) ~:tJ:-Q:: c:t~~t-c'~.Q.
 
 If){ tJ
 
 =
 
 5-10: Dc:*c*tJO)~tf~C:G-Cf1kbtt.Q81::'/ 1'0)1::,/ ~~IJ~v~5. m2fft{~*-r~d:8 1:: '/ 1'~~O) ~O) ~/'11' C J:: fut~ ~ C. ~ ~.Q 7J~, ml±-c'~d:~\~ 8 e'Y l' -c'~.Q. ~~ ~ 1 )(~~J:Jm.~ 1 1'11'-r~~~tt.Q. *t~, ~t~flr*J$-c'O)f~~O)1::'/ 1'~{J±~2ti O)~ft~tJ: C~d:/\11' 0)~~{15 (1, 2, 4 tJ: c) C: 9.Q :: C: n~?Pv). ±a~tt{J JajJlla~tio)~
 
 
Q. r~d:£~~, f~fN.~, e ~m~cv~5. ~~m~:~JL/J\~}~O)fft lRn~~)E~ tltJ: v~O)~ ~ O)4jn~d!>G. fi!iJ)E G -c~-g-1JJ:t~d:~)E/J\~li~~m C: v~ 5.
 
 ~~
 
 im1it,
 
 m~$ + fN.~$ f~:~tGL~d:~~c:~~t{[i~m~ 2 O)ffU~~mn~mv~Gtl, ~~C:fN.~$~:7t~t
 
 +
 
 L~m~tlG. eO)~m~m~$~flbtl~~, m~0)~~~0)~~~~c~M~~2 O)ffU~~~m-g-G1J~c:, -)EO)~~1Jo;t -c~F~O)m~~:tJ:GJ:::>~: G-c~m-g-Q-7~ ~~~mC:J::~1J~c~d!>G . • #0)1J~~~, ~c;t~, m~$~7~~~O)c~,
 
 e
 
 O){[iO)fBlm
 
 ~:~t G -c
 
 -64 ~ e ~ 63 k =e + 64 c:G L o ~ k ~ 127
 
 ~~m-g-~. -7~~J:~~m~mV~G C:, ~~~-g-GlEm~m~:SV~L7$'h/J\~}~(~mO)~ {[i C: G-c 0) JIIfiFf=~f* C:, ~ 0)~~~1* ~ fi!iJ)E/J\~l~~m C: ~tJ: G t~ C: ~ O)~{[i 0) JmFf=~ f*c:n~-~-g-~. £~ r ~::Jv~-c~d:, ffiM ~ATA 360 tJ:cO) 16 ~J\D-A'*±O)at~ ~O) 8 ~~~t~J:, 2 ~mv~~O)n~-~fJ9~d!>~. ~tl~d: rn~/J\~V~~~c.~~flFC:.~ ~flJ:-c'O)n66~~O)ttn~/J\~ tJ:G ~ c:tJ:cO)t~66~d!>~. ~m-g-~~{~fx f 0)J:t0) ~n\ G, f C: e O)tJl~~bit~d:-it~:~~ GtJ:v~n~, fO)jiJ:fftm~: 0 n~tLt~tJ:v~J:: '5 ~:-c'~~t~~tli:ID5&)~:-g-~ cfl5Cj)m~7J~ji*ctJ:~. ~O)~flF~~t~-g- J:::> ~:f c e ~ WAJm-g- ~ ~ C: ~ lEm{~, ~ O)~m ~ IEm~m C: J:: ~S~. t::.. t~ G, {[i 0 ~:~t-g- ~ -itO)~m ~d:}jIJ~:)E~-g-~. r= 2 O)~~~:~d:, IEm{~~fT:> cfN.~O).J:{ft~ y ~ (MSB) ~d:1it~:
 
 
v'S~tl~r{ftmd!>~s~tl iO~S ~ tJ ~: v~ ~ c:~~~O):PtJ:V) ~ c:tJ: cn~~J~c:tJ:~. ~~{~m~c: G -C~j:,
 
 
 ~t ~. rRffl A ~ - ~ll*5 G L M!m-g- ~ :I:$}~ ~ d!> ~. im1it, 7$'h/J\~J~ V VA ~-~:U17J\tlt~T-~~d:, 7$'h/J\~J~~~mO)l~~~Wi~:ZJLiWiJm~:i~~7J~fT;t~J:
 
 v:;
 
 :> ~:tJ: J
 
 -cV~ ~
 
 ;:. c: iO!~ v).
 
 5-13:
 
 as
 
 C:~~2-g-.Q. ~t~tlJ\- ~'7I7 c:frjffl#O)ra'~:ff1:EG, frjffl#~:iWiNC'~~tJ:
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 tlfm~~:J{&~~tJ:~.tI~1~#t9~ cIPJJfif~:, fl~MO)~ 3 7~, 7D~A"'o)J\- ~ '7 x 7.~O)WJJ~-C~*,JJP G, ~O)~;j}fIJffl ~~d:n)~ 'J 7 l' '7 x y ~V):>. :; 3 7 7 D~A O)~rrO)ffltlJP, :; 3 7, 7°D~A7J~ffjffl9~±~2.~llfO)1fJ]!, AtHtJ~~O)1f
 
 c.
 
 J]!,
 
 *~r-ry--~m~O)m~~±~tlfm~~~.
 
 ffi!5e~ ~:J!:Q c., ;t~ I/-T ~ /' if YA T ~ O)~~jt ~d:1950 ~f{;f~* ~ ~ ~. ffiM 704 ~:~tG -crm~~ tlt~ Fortran :J /' J'17--O)tH~~:J::J -C~.tlO)fIJffl~7J~*~i~: m1Jo G t~*5*, ~.tlO);j}$~tJ:Jlffl7J~~,~~:tJ: tJ, ~.tlO)tlfP~d:~r'O);t~ v-?7 -~:~t~td.Gtl~::c~:tJ:J t~. 1959 ~~:J -A 7 ~ 1) jJ /rc~~~~rm~~tlt~ Fortran IT 1:: =?7 -- ~J:, :; 3 7 C :; 3 7~ 0) rfJ' O);t ~ v-?7 - O)fr A ~il/J\~H~: C c li), ~.tI YA T b O)itfPO) § tJJf~ ~ El m G t~, ItfBrm ~:fljffl ~ tlt~il~n (J);t~ V-7,{ / ifYAT b. ~~~. *t~, {JfJmO)}ajmAtHtJ~llf~:~t9QAtHtJ~:J:: tJ ±~.tI(J)fIJffl
 
 7JJ$7J~{Jfr9QO)~JM~t:Qt~~~:, ~~~.tI~~2~G-C, ±~.tlO)AtHtJ~d:~JmO) m~T-7~~~f(Jffl9 Q J:: 5 tJ: YA T b.~7J~ C Gtl-Cv)t~. ~m~.tI(J)~~WJJ~d:, }ajm~llfn) GAtJ Gt~~~~m~T-7~llf~:tHtJ9 Q:: .t3J::ltm~T--7 J:.O)± ~1ttlO)tHtJ*a*~}ajm~llf~:tHtJ9 ~:. c.~~~. ::tl6 O)YAT ~ ~:.t3V)L, AtH tJ~~O)l& t) f&v)~d:AtHtJ*,JJP7°D if7 b G lrm~~ tlt~ IOCS 7J~fTJ lv)t~. 1960
 
 c.,
 
 ~f~~:~d:V)Q
 
 c,
 
 9l1J]!fj~t.J0)~l:~
 
 c
 
 Elm Gl,
 
 ~m7D if?" ~ /~~O)ttft~7J~rm~~ tlt~.
 
 ~m7°Dif7~ /if~~~9Q~:~d:, Y-~T~'7~-~~:~d:, AtHtJ'7~*)~, '7~
 
 *)vn) GO)WJJJb~~~~t~~fjO)WIjJb~O)flfj~,
 
 ~2tif*aO)tlfj~, iR~7 ~ ~A PJfj~tJ: 2 ~a2.~~ (T~ A~~(J)ft!!) tJ:C7J~~,~~:tJ:~. 1964 ~ ffiM ~~d:YA T b 360 ~~* G, 1966 ~~:~d: OS/360 O)il~nO)Jti7J~M!mPJfj~ ctJ:Jt~. OS/360 ~d:, YATb 360 77~ 1)-~f*~jJJ\-9~::C~~~Gt~-ffl 9l1J]!fflO);t~I/-T~ /'ifYATb~, ;t~I/-T.{ /'ifYATbO).~O)f!ijilf~,
 
 tI
 
 f1~O)f**f~~fTJt~. ~O)m~O)*~~, rm~:JA 1'O)g*~~J:'J7r-'7xY~tlcv) 5 ~~~~~, 'J7 r-'7x7I~~iI~~it~~tlctJ:Jt~.OS/360 ~d:, ~O)f~(J) mM~(J)ill:{ft;t~I/-T.{ /,ifYATb MVS O)~m!l:'~Q. OS/360 c~~~£IPJJfifWl~:, ~-tJ-'7:L - t ~ 'YIf4*~-c'~d:Jfif?tWJJ9l1J]!YA T b (TSS) O)~~ • rm~~J1!li), CTSS O)~~YAT b~:Jv)l:', 1965 ~~:~.tlJ.-T~ 1) T.{ v):> ~~O)~ e~~ MULTICS .~~~* Gt~. ttf,1\J~~:~d:, tif ~ /'T-Y 3 / , ~-:; /if~:J::~{&~ a2ti1J~(J)~A, ~JI~T.{ v~ l' 1)-f.~~~Jt~771)VYATbtJ:cn~*.~~ ~. liM fl7J~{&~a2ti1JJ!:~f*fflGt~(J)~d:, YAT b 370 7J~il~)]-c', 1972 ~~:tJ:J L iJ)G-c'd5~. OS/360.t3J:lJMULTICS YATL~:J::JL, ;t~v-T~ /,ifYATb O)&*~~tt.~il~~h~ . •m~.fI-c'Jfif?tWJJ9l1J]!~ATbO).&~M*~~O)~,
 
 e
 
 1970 ~f{~:' ~d: v) J Ln) 6 '"C' d5 ~.
 
 *~f*O)m~f~ttf,1\JO)~~tJ:~~~:J::
 
 tJ, 1970 ~f{0)*~i9~'~:tJ:G C, lf6Jt1fj~O) ~ G ~:~ -1 ~ 0 7°0iz ~-tJ--O)tHmC:: lf6t1fj~1~ et~fj~t.JO)?t1a{~n~~Jm~:J1!fTGM~t~. 1980 ~f{~:~d:v).Q eJ'\-'JT-)v
 
 A -/'\- ~ =:1 /'1:::L -~ -7J~ttlm G, ~:J::
 
 tJ, :J /'1:::L -?7-, ~ G ~=~d:MAfrjffl O)r'fijflfI~ry-~ A T-Y 3 /'iJ~.& Gt~. ;t~ 1/T.{ ,/ifYA T b C:: G L~d:, /'\-'JT )v:1 '/ t: -:L -~-ffl ~:~d: CP/M, MS-DOS tJ: cn~ fflv) 6tl, A -/'\-~ =:1 /'t: -:L -~-, ry-~ AT-Y 3 /'ffl~:~d:'J 7 l' '7 I. ytt. ~O)t~&)O)~~c:GL9
 
 /ij~A7b.O)il~m~tJ:.Jml:~Jt~.7ctl~~, /\- ~ryI7fiffimO){!t~ ~:f' 5 MJJ"~tJ O)5.tftf~ C: v) 5 *JT G v)i1rttl;O~§e1:: G t~~~~~d:, v)iO)~:fIJmtf~:M!v)" =¥O)J:: v)MJJtI~~~t~-mT ~n)i:J~, il*O)ft~.JmctJ:J LV)Q.
 
 V-7-1
 
 5-14: g:t*~J.I~ftf (CPU) pq~:ftf7J)tlQ ~imO)-~~cti~ftf~ v):>. ~)£O) 13 ~~ 't> JJ!f. m V~A~-C, flJ;[ O)~J.I~:M!m~tlQrfLm V~A~-C ~:5.t~t6tl~. J!f.Jfl V~A ~-c GL~d:, $f10)7 ~ vAm)£~fT:>-:10 (;/7b.tJ ry /~-, $f1~f*r-tTQ$f1 V~A~-, ±~2ti0)7lJ--eA~:M!mTQ±~2ti7 ~ VAV~A~- (MAR), ±~2ti T-~ V~A~- (MDR), 7 ~ vAMJJ~:M!mT~1 /T'Y lJ A V~A~-, ~-A V~A~-, f~JJ~:M!mTQ 7=f.:z..b. v--~-, v~A~-7 71 lv, f¥JJJ/J\~J~(v~
 
 A~-, ~7~V~A~-, A~'YlJtlOO~'t>JA~'YlJV~A~-~C~~.Q.~*, v~ A ~-~j: 7 1) 'Y 7°70 'Y 7°*t~~j:~im~ ~ I) -7'Y 7°7J) ;f¥j~~ tl, 7c0) CPU-c' O)il~imO)~211~ftfc: G-CtlfI~TQ. *t=., ±~2tiCO)$f1{>T-~O)fi~~fTv){>T T Q t=.~, 7c0) E' 'Y ~ *~d:±~2ti~ftfO)afl**t~~d:7cO)fg:*cT.Q:: C7J~~v).
 
 
 ~\~ (J) 1::: 'Y A (J) ~\~td-. 1::: 'Y 3 ry td-.
 
 ...
 
 td-. v)) not always, not necessarily essential, required necessary
 
 '7 /' composition, sentence, text; -=E: /' crest "5,,Jj. letter, note
 
 pt.
 
 at~)t
 
 7/-jry-y'/
 
 3¥)t
 
 ~-1'7/
 
 ciphertext plaintext
 
 .2 flavor, taste, tinge
 
 C5 c: flavor, taste, tinge; C5 t::(V 5) to appreciate, to experience, to taste 1\ ~ -1 ~ meaning J!~
 
 I)
 
 q:: force, power, strength;
 
 ~ tr~
 
 q:: 3 ry ~ I) 3
 
 interest
 
 !J force, power, strength
 
 G force, power, strength
 
 J± tJ tJ ~"*
 
 7 'Y I) I)
 
 3
 
 !J
 
 q:: tJ !J Jr -1
 
 -76-
 
 pressure mechanical system
 
 Grammatical Patterns
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 6.1) l>~jQ, J: [l>] ~jQ and [l>] ~jQ The verb d!> ~f:Q can carry many different meanings and can be represented by several different kanji, depending upon the context. Only those items that are particularly likely to appear in a technical context are mentioned here. In most cases d!> ~f:Q carries meanings such as "to raise," "to lift," "to give" or "to complete" and can also be written J: ~f :Q. However, in some instances d!> ~f :Q means "to cite (examples)" or "to mention (items from a list)." In such instances d!> ~f:Q can also be written ~f :Q. For a complete explanation of the uses of d!> ~f :Q' please refer to a good Japanese-English dictionary.
 
 *
 
 1. ~mc: GLO)mJ{rj~*~fn~t,
 
 ~JitlO)1frrfJm,
 
 v~A57-O).J£,
 
 7
 
 ~
 
 vAm)E
 
 1.i"Atet. ciJ~ ~n~::f§~g-:Q. 2. ~lli~d:Jt1fj~~~ ~ ftJirt;]iJ~~1v-r:
 
 G ~::J:~f:Qt~~, 1'\17°71 /f~JiU~W~M~~tL~~JlbfF~it
 
 v) ~.
 
 3. 7°0~7~3 /~ATL x~/c: GL~d:DADO, NETL tet.cn~d!>~fGnQ.
 
 i\~*'Y ~ lJ-7x~/c: GL~d:
 
 6.2) ~~~£, ~~clvc and ~~clvcO)
 
 Both ~~ ~£ and ~~ c: Iv c are adverbs. Depending upon the context, either word could mean "almost," "nearly" or "practically." When offering estimates, the word ~~ C Iv can also indicate an approximate number. In such instances it could be translated "about" or "in the vicinity of." However, the expression ~~ c: Iv (J) is used as an adjective. It means "almost all (of)" or "nearly all (of)" whatever noun follows ~~ C Iv c (J) in the sentence.
 
 c
 
 c
 
 1. ijl1:E-r:~d:, f&~~i3ttiJ~{~flffiml'\-- 'J. j- J};t:J
 
 /'1:::l. --57 -tet. c ~~v )t~ ~~ C Iv c (})~
 
 Jitl-r:rt< ~m~nLV)G. 2. OS/360 c:~;t~£fPJ~Wl~::, X~T:l.-t'Y'YIl4*~-r:~d:~7t~J9}1~~ATL (TSS) O)~Jf~
 
 • rm~~~&)LV)t~.
 
 3. 7J};t::flJA'Lc70!f7b~d:~~~£fPJGi\~-r:~bn~iJ1,
 
 7°0!f7biJ~, ~~7D !f7 b. ~m-r:~iJ)nt~, t~ti.!J ~::atJitl-r:~tT-r:~~ ~O)~i\~g-~ ~ C:iO~1bv).
 
 6.3) verb [conjunctive form] + f:9: [?] ~ and verb [conjunctive form] + f:9: [it] tJ:.v~
 
 When the conjunctive form of a verb is combined with 1~~ (read '5 ~ in this case) or 1~tet. v) (read X tet. v) to make a compound verb, the new verb indicates that it is possible or it is not
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 possible, respectively. to cany out the action or to achieve the state described by the original verb. Such a cOlnpound verb is an alternative to the potential verb~ and is particularly useful with the verb d!> ~, for which no potential verb exists.
 
 2.
 
 =. 5 L, L*~t:: h O){iJd:~}.$:1&Mo)A~?
 
 ,-f&:~~d:
 
 t> ~1~~l·)~a
 
 ")v~\ G~~t~ h (J){ic~
 
 ~).~ ct~ J t~(J)¢.
 
 f!ij ~ -C ~j:tJ: It ).
 
 n\
 
 2. ~~:~J.!f!c~)£~m~~bitt~ NAND ~d:~I 7 7~(l).~, *t::~J.!f[]C:~)£~ m~~bi!t~ NOR ~d:t:7-A~JJ~J:~ttl, ~)9tl~~t1ti~t-e~J.!fl, ~J.!f[], ~ )£0) 3 fjmO)~J.!~~~-e~~.
 
 6.7) ••• ~iII [ct3] l, l The phrase ~im G -C usually means "through" in the physical sense of traveling through a place or passing through a three-dimensional object. Occasionally, ~im G -C carries the meaning of "through" in the figurative sense of an intennediary by whose agency or assistance an action is carried out. (Note: There is considerable overlap between the use of ... ~im G -C and the use of ... ~im [Y9] t:-C, as described in p"attem 9.5.)
 
 1. :;t7·~I.9 ~(1)J1'J$~~~~~f1j¥lJJ:f1Jm~l~lJ:j!x
 
 9, 7c(J)? 9~.x~d:~ ~tJ) t:~
 
 m~~tl~~~~imGlO)~m~CtJ:~.
 
 2. ~/~~imGLO)~-f*l1rf.7J~O O)JJ~, ~/7~:et-:>LfJ~m~tlQ~-f*mC, ~/~ tt~D{ftIJ~\ 6~~D{lg~J±1J~l:J: ~ -ci2!l1rf GL .Q~-f*.c;6~!> J: '5 tJ ~-:> -ctt)
 
 

 
 .Q. 3. ~ -f* ~ ff.9 .Q C ~, ~H(l)~ ~im G L~I* )v:f-t1~mA IJ 9 .Q z:. C t~ ~N~l*JT~J±fiC
 
 v) '5.
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 G. 7 )v:i 1) 7..'b. c v~ 5 ~.~ ~ O)M!v~15~d: ;O)tJ: fJ BfR*-c'd!> J l, 1t~t19~:~~~:~~9~ ~ ~d:~.-c'd!>:Q. 7 )v:i 1) Ab. C:tO ~5b.~~~~Cit~-c'M!bnG~, :tD~5b.~, d!>Q:tD~5b.~m-c'.~n~, tc.t!.'t5 ~::~.m-c'~tT-c'~ Q ~0)1tit~9 G z: c:tJ~~v~O)~:tt.t'\, 7 )v:i 1) Ab.(J)~~ 5 ~d:, c't5 ;iJ\c: v~;t~t~~0)7D~7 b am*-c'~J:it.GtJ:v~~.=FJIIi~~.(J)15~1t
 
 c
 
 it~9Gz:c:tJ~~v). ~f*t19tJ:7)v:il)7..'b~J:, ~77JJ!1ii, ;t~v-~3/Al)~ 7, ~J1{~, ~fLi~., T-~.~O)~~, m~u, ~~9l1JJ!, ;t~v-7.{ /7~~A7 btJ:cO)~~?tIf~::~bn~. 7 )v::f 1) A'bO)~~~O)tc.~O)-~t19tJ:=F~C: G-C?t~J~rEt ~tJ:ciJ~~Q. 7 Jv::f l) A'b.O)~~O)*Ij~£~C: G-C~d:~iJ$tJ~m!8!-c'~Q. ~$~d:, r~, JmO)AtJT-~iJ~*~v) C: ~O)*iJlIt19~rf3~~ • • ~::J:: J -C?ltlG z: c:tJ~~v~. GtJ\ G~ffl l:~d:, AtJT-~ O)lj\ ~ v) C: ~O)~iJ$iO~m!8!tJ: ~~v). *t~, fWO)~~'t1, ~~, 7D~5~O)M~~~c~m~-c'd!>Q. [2] iBJJ!~, ~~£illii, ~.O)JJ!liitJ: cO)?tIf~:::t3v~l~d:, 7 )v:i 1) 7..'b. v~ 5 ~ ~~d:, m~t19~::~fT-c'~, 1f~H~rf3~pq~::~\T~1tttl G -C~79 Q~.mJ{rj c v) 5, iJ)tJ: ~ ~ < ~iitJ:.~1tit~9 G z: C:7J~~v~. z: O)it~-c'0)7 )v:i 1) 7..'b.~d:, ~r~:~9~ ftF1tfraij~ GtJ: ~tn~ttJ:; tJ: v). 1) AtJ (7 )v:i I) 7..'~ ~::4;t Q r~,~) C: ttltJ (r~'JmO)~) 1t~~, ~t.-c'n tJ f}k '5 T-~~d:9At-C, 1f~HO)~~ 0)~2~~U-c'~2~-r~ G ~O)-rtJ:~t n~ttJ:GtJ:lt). tc.c:;t~t, m~~1fJJ!~, m~0)1f~H7fJ, 1f~H~77, ~.fl0)7°D~ 7 btJ: C~d:T-~ C: G-cM!ffl G-C J:: v). GiJ) G~~~fl*~tJ: C~d:, 1G3!tJ:~2~~:~d: ~~~~~HO)~~0)~2~~U1t~\!8!C:9QO)-c', T-~ C: G-C~d:M!ffl-c'~tJ:v). 2) 7 Jv:i J) A'bo) CO)AT'Y 7°~:::t3v~-c~, ~fT9«~~~~d:~<m~t19~~~fT-r~, ~O)~fT ~d:1f~H~rf3'pq~~~tJ, ~0)*S*~-~t19~::~* Q ~ o)-c'tJ:~tn~ttJ:; tJ: v). Gtc.n!J ~fT~:: M GiJ\O) 7 '1 T71t~\!8! C:9 Q J:: 5 tJ:~f"F-r ~ J L~d:tJ: GtJ: It). *tc., ' :J'1 / 1t~~j, ~n!ttlt~ G··· ···1t9 Q' C: v) 5 J:: 5 tJ:, ii$t19tJ:~f"F-c' ~ J L ~tJ: GtJ: v). 3) cO)J:: 5 tJ:AtJ ~::~t G-c~, 7 Jv:t 1) A'b O)~fT~d:1f~H~rf3,pq~::ttltJ1tttl G-c~7 GtJ: ~tn~ttJ: 6 tJ: It). z: 0) J:: '5 tJ:it~-c'o) 7 Jv:i 1) A'b 0).~1t~~t19~::~~9G at~ c G L~d:, tftI~7°0~7bfl~, 7:1.- 1) /~~~tJ:Clt)~V)0tJ:~O)n~~.Q. GiJ\G, 7 )v:i 1) A'~O)~~C: G-C ~n GO) cn1tffl It)-c~, 7 )v::t 1) 7..'bn!t¥1:E9 Q r~'M0)7 '7 A C: G L~d:~< ~ C ~O)tJ~1~ GnQ ~ ctJ~biJ\J -clt)Q. r~'~1tm< 7 Jv:i 1) 7..'AtJ~t¥ 1£9 .QiJ\~iJ\1t~~9Q~~?tlf~d:, ~t~PJfj~It1O)JJ!iB~.Qv)~d:~~t19~~O)~iBc J: ~tnQ. J:~2 [1], [2] O)lt)TtlO)it~0)7 )v::f 1) A'L~~Slt)-c~, ~nG 1t~~~~Bt~tI-r~ 1T9 ~tj~~~~d:, ~1T~rf3'~M!m~2ti~~.tJ:C, ~$7J~m!8!~~tJ:~. ~iJ$O)lltj7J\ G 7 Jv:t 1) A'b ~1iJf~9Q~~?tlf~d:, ~t.~~~ O)fllfnU C: J: ~;fn~.
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 z:.:>
 
 
n~OO~JflJL\':~~-:)lt,\~.
 
 c
 
 c,
 
 c
 
 c
 
 
. m-JJ~~m
 
 m9 ~ c,
 
 V\L .tJ:~
 
 §mra'O)ft~~fT:> ~
 
 c
 
 ~lt\ '5. ~tJ\< 7t
 
 1) ~~EJJJJ~tlfjtft~, 2) Ara'~WJ~tlfjtft~, 3) tlfjt~WJ~Ara'ft~f:
 
 z:
 
 7tmC'~~. tlfjtft~cIt\ '5 c ~~:~d:, 3) ~~~tJ: t,\ C:7J\~t,\. ~~EJJJJ~~j:n~ O)~W,: t,.\-:) ~ t )A=FO)jtAiJ'\tJ.lt\1JJt, Ara,mWJ~~d:Ara'(J)mWJ~m:L~t8t])~.~~
 
 .fjtmWJ~~m-.tI(J)~m~m:LAOOffift~9~1JJt~~~. ~~EJ~~~ ~~ Glt\7J~, lJl1±(J)ttfN-c'Id:+7ttJ.6lJW(J)R~~*~m:~ ~ ct1~.G lJlff9~.fAt ft~~ATb~ac~cffi, AOOmWJ~~~~. ~O)~~~ AOO(J)mWJ~GL~, .~ 9 ~~M{ ~ ~~.~ ~ A TAiJ~fR~ ~~9lt\J:: ~:Ara'7J~&l.9 ?;,0iJ&l., tlt8t.~(/) fi5*m: t3ttom=f. BIiO)~ifj-lj]tJ.$7t~~t1\t3 Ara'7J~~iE9 ~~• • tJ. ciJ~~~. -11, tI~mWJ~-rId:, m-JJtI~{~>:)t~7JJ$~tJ.tF.~~, ~gij~~tJ.c~~~x;tt~. •~
 
 fi51JJt,
 
 
 
 Jd:, *~ .
 
 ~f*1::T)VO)
 
 ~flO)--:J~d:, T-?' O)frjm~~T-?'El1*O) ~ ~Jt1.~~ tJ llIG -CtJk;t~ ~:: ~ ~:~ ~. T-?'O)frjm$~d:.rp'9lLf:lTt&btl, T--?' Elf*O)~JJ~.~~~~~fJt~J~, ~ fWIfJt~Jt1, *a'@rfJt~Jt1~t&:>O)n~~f*T-?'~--A~~~t~~~. ::.tlG O)fJt~J~~d:, T -?' ~J!fJT-t~ti'@r~:~\9~JE~ tl~ J:: 5 ~:tt~-t ~~\~tJ~~ 0, ::. O)tt~~~~ ~tJ) ~tJ~~~:-tQO)n1~~~tO)EI~~tJ:Q. ~~~~Jt1~J: 1 JO)~f*~.~~~~tJ~, ~fit fJt~tt~M'@rfJt~tt~.~MO)~f*~.~~tlQ. ~f*o)~--~~Q~tt.'@r~K~ ~~ et '5 tJ:~Jt1.~ Xi J:O)~f*~:et J -C K ~ Xi '"C'~~ tl~~~fJt~J~tJ).it~. ~Jt1 .~Xil:O)~f*RiO)~~Rl' ... , Rk~::J::J-C, *5~fJt~Jt1*[Xl' ... , Xk]tJ~.~'"C' ~ ~. ~f*T-?' ~ -- A ~~~'"C' ~d:, 4;t Gtltc. fJt~J~ O)~'@r ~::~t G-C, ::. tl G ~.~-t ~ '"C'~ ~ t~~t ¥$i1!tJ:~f*~~ ~~&) ~ O)tJ~ EI ~ ~ tJ: ~. ::.::. ~ ¥$i1! ~ ~d:, ~f*~tJ~1>tJ:
 
 -97-
 
 . ~m1!~~d:f~ ~tlt::~f*.ft~~~~~ft GL 1 JO)~f*~:~it~ ~ clO~f* .~tlL~fJ, ~~tt~tt~~fttt,att~.'5~c~~~~. ft~1!~4;t~tl~~1c tt~ttO).ft~:~tJjtT ~fi/J\IcO)~f*~f~~O)~:lIG L~ t], *~ft~1!~~O)e:t:>tJ: ~f*~f'FJ t::{~, ~tl GO)~f* c.~fiitt~m, ~fttt,att~mv~t::~m1!~ilmT QO) IO~
 
 J:: V~.
 
 7-9: I) V-~3j-)vtT)V, ~f*T-~~-AtT)VC~v~'5. T-~tT)VO)-J~,
 
 ~t~O)~~~~~f*ti~t~mv~~tT)V~v~:>.~f*~d:**1c~0).~~~fJ, *.~~~ ~d:Ic~c~f*tT}VC~~ fJ ~d:tJ:v~IO~, Ic~~~d:±~: 2 JJi~f*IO~mv~ ~tlQO)~:~tG~ f*tT)V~~d: 2 JJi~~~i~ ~-~~: n JJi~f*~mV~Q c. ~ 01O~.tJ:Q. ~f*tT)v~d:ttlM
 
 tfO):J '/ ~1O~*)]W3O)~fifr3t~:~v~Liffi~t~tT)v~!I4~{9iJc.T~IO~,~O){~~< O)!ltf~~ J:: J L~1i1IfiO)fJ.t~IO!tJ: ~ tlt~t~~, ~f*tT)V c-~-r:v~J L ~~0)f1'J?i1~d:~ * ~"* -r:~~. T-~~f'F~:~J:£*~~:~f*~~JlO).ft c.~~7J\iffimO).* t] c.~~7J\~:e:t t], T-~«-~®• • ~.~GT~f*~Ic®~~~.~T~~O)~,~f*~~®~~~. ~T~ ~O)C7J!~~. -ltJf1$tl~cGT~J:~fjO)tt~Jf17J~~;t~tlLv~~. ~f*T-~
 
 «-A ~ A T b ~d:~f*tT)vO)~f*~tJ:~~~ ~ ~ IO!, ~O)T-~ ~-- A O)~f'Ffj~~ ~J: ~m~tJ:Ji!IB7J\ G~~ Gtl~T-~~-A ~m~:e:t~t::.~, M~ O)~AT 14 ~'c.~:m~ IO!~~. OOf*tT)V~rruO)T-~tT)V~frjmT ~ ~:~d:~~~tJ:~~1i1!~~~~l3£~ ~~:AtltJ:~ttl~;ftJ: ~ tJ:7J\J t~IO~, OOf*tT)v~fJjmT ~~~:~d:~~~tJ:~.~~\~c. it~~m7J!?i1~-c'~~. ~f*tT)V~d:, T-~3!RliJf1~~~~T-~tT)VC G-C 1970 iF~:::J
 
 '/
 
 ~7J~t~~Gt~. ~O)f~~7J!~tiffij~~tJ:J-C~f*tT)VO)fJ.t~~J::U:~tl~ O)T-~tT)V~t~~~ tlG ~:¥J t~. ~f*tT)V~:tt:>~m~tJ:T-~«
 
 
 (J)il.l:~*tl~.
 
 z:
 
 2)m.(J).f*~{t : ~flO).~c 1.., -r(J)m.~c'o)J::> ~mit-c'MJJ.I:~2ti~it~n\ ~ lt~:>m.~~O)rJ1D, ll~mJtljc.1.., lO)m.~ cO)J:: '5 ~mit-c'fFO, A1J~tlQtJ mC~~m.:6\ 6MiiiBmJJJJ~.:6\itL*il9 ~~~~~~ C: ~~ 5j1~O)rp,a, )£J!lIDE~
 
 ~c~4x6tl~~D~fW ~:~ -:> t::.. 7-11: AImoo~m~:.t3~to~fj~~ OI~, ~1lJ, ~~~J!ltJ:C) O)~@ft;~EJ~c 1..,-C tf416X~ tlt::wmMJJtI. ~l:fft~tltm~tpJL\~:~;t~JI~, MlltI~ct>J:~itt~. I
 
 "~A T btctcO)AI~tmO)~m7tIf~'d:, tt*O)=f-~~~ ~m':J::~iCimn~ Lisp ~ Prolog ~ CO)*~~~~ ~ mn~ftJm ~ ~ ctJ~~ ~tt G(J)~m~~@~fTT~ Lisp ';7~/~ Prolog ?~/~j:AI~tmx~/ctt~;tQ. ft~tT)VC: 1..,L/D~~?~3 /~ATA~~~*'/ f''7-?tJ~~m~tl~t1~, ~tl; O)=tT )v~j:~tt~~91Jf!~t>-:> -C.t3IJ, ~91J~J.m~~M! Gt::. 7-=\=-T?7~-t1~~i't~n -(~~~. /D~~?~3 /~ATbx://t:l"L'j:DADO, ~~*~ "'7-7x~/c L, L~J: NETL ~Ett~~~j6tl:Q.
 
 ::f 'A/'\-
 
 no
 
 m.-r ~~ t::rIJ,
 
 -99-
 
 -C~fF ~tt:Q. 2:(J)~~, AI~~~~im~, UA1'(J)ftd, ~M, 7~~A~C~~~0 :A "9l1~m~~fim;t -Cv):Q. I) A "9l1~mfj~~~mT:Qt~~(J)~w::> C ~m~tJ:f±m~~d:, ~c.~~~~~. 1) A ,,~~m9~t~6')~::, ~c.~~~d:i!!~Gt~ 2 m~fflJd~tt~~~ 1) -~)v~:~wrJ~tt, ~vtt-cv)tJ:v)~)v~d:*~m~)vO)iljlc G-CT~~ttQ. 1) A "ftd~:f~J -C, ~t~tJ:~)viO~~\~ctJ::Q c*~m~)viljJt7J) ~ 1 :J9:J~)viO~~~tt L~m~ttG.
 
 *.t~,
 
 1J:A "O)~M~:f~JL/F~~)v(_)iO~~CGiO~,
 
 ~O)@JJ&(J)t~
 
 2: 0) J:: 5 tJ:~2.T~mffIJ~: et w::> L, 7- b. ~)E~ O)IDEfJJl tt~7J)ttO)t~~~:~fTq:t ~:~m9:Q ~ ~ 1) -~)vO).7J~.:y7Jltl~~tJ:v)J:: 5 tJ:
 
 ~~: ~'~.~9ll~iO~fTVttG.
 
 O)J:: 5
 
 ~:,
 
 7°oif'7b.~~~~:.< ~C7J~~~G. 2:tt~d:, FortrantJ:cO)~ff0)7Dif'7b.~m c~G < .tJ:~*f~-r:~~. AI~fj~~~ ~m~d:, ~.~m~GH~:tt~-C7}LmJt1n~It< {~*~-r: ~ t), ~ O)~.~m ~ m(J)9l1~* (J)~m ~:m v) ~ tt-c V):Q.
 
 
WtJ(mfJT~:J:~*fIkO)Bt7JlIJ7J~tJ:~tt~. OO.~~~~~d:, M ?Jl1J~nt~~.~=£-:5~, ~M~~~~~~=£~'< /\5'-/~~.~f1IJ~mfJT~::J::J-C, 100 .~=~~tlt~~t~~~~.9~. lOO.m~O)~m~::~d:, tJtwmtJT~~mlOO.m~, 1)~1'~ /~ /iflOO.m~, /'\5'- /M7JltltJ: ctJ~~G.
 
 Gum. G
 
 v)
 
 ·
 
 7-14: lOO.m~0)~~0)~7~~I7-c', IOO.Atti~.~.~70if7b, 1OO.7-5'~~ lOO.m~7°0!/7b 717"7 1) -iJ) Gf¥1~~ ttG. :: 0) 5!J OO.7--5'if ~7°0!/7b~d:, lOO.m~~71'~I7~~~~t9Gl:-c'c ~=m~tJ:~O)-c', M!mTG M.tlO)~ctl~fi~=~ G-C1OO.7-5' O){&m~ctltlfj~~*IOO.O)~ltlm~tlfj~, (7;t ~ ~ 1)-tJ:c~mv)t~IOO.7-5'0){:4-i}·fl-i}f~tlfj~~~m9G~\~tJ~~G. 1OO.9l1~~
 
 7°0!/7 b,
 
 
 ~: Gt~~tn~ttJ: GtJ: v). 00i{i9l1JJf7D!l7 b 71-:17 I) -~00i{i9ll JJf:J ~ /' ~ ~J:fj.7J~~ ~:T Qt~&9, 00i{i9l1JJf~:OOT
 
 * *
 
 Q~.~fJjm Gt~00i{i9l1JJfI.=FA/\- ~ ~AT b.tJ~rm~~nLlt)Q.
 
 7-15:
 
 iffli,
 
 )t~, ~~, OOi{it~cO)~t~(1).~~:3tilH~:~~~ G nQfijG'7J\(1)*f_~:i±§G
 
 t~ c:r=,
 
 ::.n~~O)~t~o)l\?'--- /' cJ:LF, ~t~~~O)litl-c'~Q c:r=, :.n~~t~/\ ?'-/'clt):>. ~t~/\?'-/'~An, ~~, _f!, ~~, *f_Mttl, ~~., ~JJX:, fflm T ~ tSi~ ~~~ G-c I\?' - /'M~9l1JJf C It) :>. *f ~:/\?' - /' c ~ntJ~i\~T ~.~ cO) OOf*~q:tJL\~:~ X~ c:r= ~:~J:/\?'- /'~~., I'\?'- /'JJfmc e:tv'S~. ~t~/'\?'-/' c G-C ~J:, 1) iffli, :ffi!.7Jt~, JL\.~7Jt~tJ:c(1) 1 ;j(7C7Jt~, 2) )t~~~1 /'tJ:c(1)K0*~ nt~~c~, 3) ~~~mi, !H!~t~cO)*l~~, 4) ~~~:{-t:~~nQt.~OOi{i~jJ 7-00i {i, 5) 00i{i0)~}~~:H§"7-?'~{11JDGt~ 3 ~7C00i{i, 6) ~ra'a9~:~{tT:Q~t~~~ fx:O)OOi{ic G-ClliltlT:QJJJOOi{i~:7}~t~:: C7J~-c':r=~. I\?'-/'~JJX:~J:~< O)tI~:J /' t::. 3. -?'-!l7 7 -1 'Y!J A c It) :>litl7J\ G c GX Gn:Q. :J /' -?'---!l7 7 -1 'Y!J A~J:~~0)1\?,-/,jfR~9l1JJf~:A:Q7J~, ~~0)1\?'-/'tI~9l1JJf~d:~t~/\?'-/'0)*fM Mttl~~~.~q:tJL\~:~ X-C, :J /' e.:I. -?'-~7 7 -1 'Y!J A ~~~tJ: It)tI~7J~~lt) . • iltl ~ n~:g.(1)~t~ c tJ: G )t~~J~)tjfltJ: c ~ ~~~: ~J:/\?' - /' c~ X GnG. ~t~/\?' .-/,O)An, ~z, 1rf!~::t3~tQ±~~M~d:/'\?'-/'O)~JM~.O)J±W-c'~ tJ, 7 I) I~~t~cO)OOi{i~~O)tSi~cG-c~~~nQ. 1,\?,-/,jfR~9l1JJfO)q:tJL\a9r~'M-c'~ ~/\?'-/'O)*f_Mttl~:~d:, JaJ7Jtfx:7}fJT, 7 -1 )v?' ') /'!I, ~O)tm~ < 0)1.f~7J~~ Gn -Clt)Q. I'\?,- /'0)~~.~d:~0) 2 J(1)1.f~~:7}nQ. i) ~~a9/'\?'- /'~~. : ~~a9tR: ~JJflBt~ c O)fx:~a9¥~~m It), An ~ nQI'\?' --- /'~~H Gnt~fx:O)!J 7 A ~:7}IlT ~
 
 e:I-
 
 tI~~:~~jj-c'~~, ii)"~a9/\?'-/'~~.: ~t~/,\?'-/'(J)q:t~:ffl£T~*.~1ira' O)ftl!lOOf*~"~a9~:cGx-c, ~O)(PJ_Jt!, 1l1&{Jt!7J\G~:g.~tT:>. J:~a0)4), 5), 6) ~:~TG~t~/\?'-/,(J)tI~~:~d:, ~:g.O)~t~ctJ:~00i{i7J~1~~~:~tMttJ:0)l:', • ~a9/\?'-/'.~~.O)¥~~mlt)Q. *f~:: 5), 6) O)tI~~d:~t~-rn:~~::OOg-Q~ii~frjm G t~ L ~d:t~ Gt~ It) 0) :J /' 1:: .:I. ---?' --- e:; 3 /' C: J:: ~tt1, AI~fj~O)-7}lf ~ t~g-. J\~--- /tI~~JJf~d: 1950 1F{-t:~::)(~~:g.O)~Jf~~:.M3* tJ, 1970 1F{-t:~:'A J L~m ~ A T b. c G-C~ M!bn~ e:t:> ~:tJ: J t::... 1960 1:F{-~~:~j:00i{i9llJJf7J~!l£Iv~:~~~ n, 19701:F{-t:0)1~~7J)G~ffl{l:: ~ nt~. 1970 1:F{~7J\ G ~j:fl*tJ: 2 ;j(7C00i{i, 3 ;j(7C00i{i, JJJ
 
 
 tJ:~~O)r~~, £{W~=.~7tT7J~-7tTJilflifJ~ tl:Q 0) ~=~+fytel: v~ G~~rl3~~~T Q 0)7J~ z:. O)J£tJfH 1m-c'~:Q. 5) ti~JJ;~ : m~~~J:: ~ ~ G ~=jG:@:tJ:~~~=ia:Q ~o)-c'~G7J!, .~tJ: ~~d:35 ~ tJ tel: v~. G7J) G, tt~~~=~d:tilWi~~O)~m, J±tJm-ntlJ, c ~ ~=rm~~1:~=35 Q ~O)c Gl~,*tJ:J£tJ~~~35Q.
 
 8-2:
 
 
(J) ('J-7~ 3 /~/ 7°, ? 71 ~'J-7°~ 3 /~ /7°tJ: C). 2) -7 '/ ~-~ /7 : ~jij~:.:t3~t ~ffj~g&~ (-7 '/~-fPm) ~:J::JL7tT~tm.9~t>(J) (-7'/~-~/7, -tT7 1) ~-~3 /~/7°, J\)v?-7'/~-tJ:C). 3) -7'/~-1~/~/7°:~~, m~tJ:cO)frjm~:J::J-r, ~ f*7tT~JWJ~*t~~d:~.9:Q~ ~:J:: J L~J.J$~iWi~Jtifj~O)rmJ:~MJ tc.-7 '/ ~-~ / 7°(AI''/~1~/~/7°, ~-eI'O/~/7°, ~~1~/~/7°tJ:c). 4)?71~ ~/7° : f~r1&~mi~::t3~t~~f*O) • • ~:et~ ~O).
 
 
v)-C¥lJ.~1JD~ L, L~~*t~fj:ff.c!1t,
 
 9.
 
 ~(J)
 
 ~.~fi!iI~O)~iliiJ:-e • • c!itL• • ~~~~{;,1i~~~~ 5. • • .t:>J:U:~V~L.~~:@~OO1*~ ~$~~:m t,) 6 tt, ~,,*O)i1rftt~BIf~o~)~j:ftjlJ .~fj5 tto) ~ c. tltmtJ(Jl:~d:-~i1rf~mO)ttc~< fPJ G~~~. jpO)A.D, ltlO-c'il nn~@JlJ l:EllJ~j Gtt~ L ~tt, i1rftltJ~~b ~ t~ ~)@~tttJ: ctJ~~~. J{~jpiJ~~~iJ)(J) -~i1rf~mO)jpc.~o~c:a,t, tt*~i1\ GO)1f~lMItl, .t3J:ltjp~M~t~~1I-e0)1f~ lMItl~:oo G -c~V:G~) ~ C: C, ttJ1'j$(J).~UiO\&;O):ff A~ltl.iJ'\/J\~~) ~ C~~¢.
 
 -112-
 
 *t~, #rm1i~~o)::I /?' 77' / An~*~lt~:: C: t>, Jt~#O)Jttfj~c G -C~d:m~t~:: c~ ~~. ill~#O)-fj, 7--1'#~~d:rm D$n~jG~~=rm M!JlJPJfi~tJ: t >0)~, J*j{1j c G-CJt~~=illW9 ~$7t~d:9 J'(-C 3lZ:~~1Jo~mjj A n~PJfi~~ ~ Q t> 0). f?iJ5ifJ"J~= ~7D/, ~U1~~~cO)~~~ttO)~tlM~.m~tlQ~ct>~~. #f*O)f$~tI • ~= ~d:9 ~ -C 3lZ:~~ 0 -- A'IO~.m ~ tl, ~- )vlj c G-C3lZ:, M, 7)v ~ r) .b. tJ: c 0)3lZ: ~jjA7"'/ l'n~mlt~~tl~. (1), (2) O)~~7J)~=*l=~tJ:Jt~#c G-C, Jt~~UI(1\J~O)~ f*O)~A ~~~ ~= *,1.9 ~ t~ ~ 0) PJ~ I) --7 #n~ ~ ~.
 
 =
 
 8-6: fnJm~-TO)ff1:E~=J::~1t~O){fiIIi. m-T c7'C-T* ~~2izB:9 ~.-Tmm~~~~d:, ~~ jEJttJ*f:I L\E-L\t == It ~=et lJ Jt~g:t~ t>{&:mfJ"J~=m-T • ~Jm-T~t c7'C-Tn~~~ Gt~ lJ, l~ ~ Gt~ ~ G-Clt~Q (a-TtJ~fJ"J~ G~'c lt~ 5). :: O)~~ G-CV~~~rJ3'~d:~~jEJttJ*f:I~= et tJ 1t/2mc2 10- 21 S fi~'"C'3-F~~=~lt~. Gn) GfnJm~-T~:: O)Jt~~= t> J -C < ~ c, z: 0){&:mfJ"J~=~~9Qm-T • ~m-T~tcf§li{!pmn~~Qtc.~, ~ J: 5 cttmf*(1\J~=mfnJ~A tlt~ c ~ ~=ttmf*O)m~fJ"J{fiIlin~jfg ~ ~ (J) c IPJ ~ ~ ~ n~, Jm~~d:m1ft1lJ~0).lJl!!§J § E8fTf~7J~mtir~'HglftJ:: tJ ~ n~m~rJ3'-c'0)~f*O)m"7J~
 
 ~ffloo ~:[tij:6\ '5 #i.~~tJ~J±~C'~~. J±~O)~~ ~d:-~l:~1~;t~ iIDO)[tij~~:J: J L .tJ:~ tJ~, fit1l:ilrff*~~d:iIDO)[tij~~:~f*tJ:< ~J~~'~~:-JEflRp ~C:~. ~O)~C~j:, fit1l:iIrf f*C:P ~:~J:~.~~tJ~JJltltJ: It) C: v) '5 ffWn) G~tJ)n~ ~O)-r:, ~(J) ~ ~~~ T"/'J )v'J:,
 
 c
 
 !J 0
 
 *'
 
 'Y tJ-O)a2~~
 
 4 (i =j j
 
 ~~:fitJ1~~.~~2aMo~httT~~~~~~:5~G~~0)tJ:cffi~m~tt, -114-
 
 :.n c; 0)*TO)~{1L*t~~d:D9Jj-~i,
 
 V)0V)0ter:1JJ:tO)tI~~~Q V)~d:m~~~~tI. ~mv)L1JA*~n, iRtl)E*t~~d:m:tJ'~n~. m~gmJ:t~d:D9Jj-I:I-V~l:~2~ff*T ~:~~ Gt~ ~O), I:I-V~~~ Gt~ ~O), Si ter: co).~~-c'fF~ t~.;t ~ 77 7 Al:~: I) 'J!77 7 -1-ft~~:J: t]1JAftgm.I:I-V~IOC~~~Gt~ ~O)ter:ctJ~~~. ffm~J:t ~d:71<MttJ: CO)ffm*T~m Q ~O)~, ±C: G LI*Jt?&tI~O)l*JffiRtl)E~:mv) c;n~. Jt~ M~:~d:, ~f.±J:t~5l1iJt1J:tO)~~tJ\~:, ~Jt~m C: G -cJjj{T~JtT(J)m" • t&mijl~~~~ ~~fljm9~Jt~Mn~~~. -~~:, =~ff1JM~.~EJ9l:1i1J~1f9~ t>(J)~ff1J~. ~,
 
 *t~~d:ff1J§em~c
 
 td-. ~(J)~ff1J~z~c
 
 'b v) v),
 
 )j~iRtl)EO)t~&9(J).~j:\~~ v)~d:~~ffj:\~zn~liJfj~
 
 ~ v):>.
 
 8-10: ff1J~iRtlQ~~JJ(J)~~~d:1643 iF~:fTbnt~1f~tJ: l' ') TX 1) O)J{~~~-c'~~. !tB J)j0)0)~~i1\~:,
 
 ltfjo)1£.fI~mc7}-~bitt~~~J±.O)t>O)t>6;Q.~t~,
 
 fJk:>
 
 ~-f*O)fj.l:J:: tJ, ~~I£.fI, **1£• •, M*f£•• fetc cJ::~~. J±.tI~J:Jk{,.)tt ~7tlf~M!m~tl-C.t3t), 7/-1::=7, ~IJI.~l//~cO)ft~~.6X, ~{tE1dJjjA (LPG), ~-f*~*, ~-f*.*tJ:CO)~ftjjA, =MftER*, 7l/;t/tctc~m{,)k:~~ tJ: c 0)'~;6\, ~~7t., ltTa, illitJ: c ~ E1 fJ(] C:: 9 Q ~J±jj A (J)flJmtt~'::Jj:~t1\ittJ: v)tI~-r6;Q.
 
 8-14:
 
 ~.
 
 ~?1f0)~1i1J(ti] (y) ,: AE E.7JiO\~ C:, :t~ 1) -V-~d: y 1J(ii]l:lb~ttJ:
 
 ~)t1\ 6, mJl~:J::~ 7J ~~~ttJ: ~ )iJ\ 6
 
 -c' 6!> ~.
 
 9.2) connective form + c1J.:Q A verb in the connective affinnative form followed by ~Q indicates that a certain action is being taken in order to utry [verb]ingn or to "[verb] and see what happens.n
 
 1. EiIIJ~~f-+C90*7J~.~~J~:c
 
 J
 
 -c~5t l~~ c~ *~EillJO)t>JL~~~f~~I
 
 *)It;f-~d:, r&.e:~):> ~Wl:e:t J l~I*)),:¥-~:~.~ tl~.
 
 2. ~~o)~.~::J~~l.~L~Q C:, *~f(0) 'b0)~~j: So ~j:+5t 0 ~:jfitt~~~, 0 ~~ ~~d!>Q-~O)ii~~9~.'t>d!>Q.
 
 all
 
 1/1 J )),;(It'7J-~o) • • I:.t3~)L 6!> 619>Q ~mt~::J It) llfil!!~l:J£ t) llJ$J{IJ-c' 6!> Q.
 
 1. ~(3)~d:M~imJ.l7t{fjC:lt)lt),
 
 ~ffJll:1W6~,
 
 2. ~O)J:: '3~: Fresnel ~d:, to)'~iJ\~< O)~)(~~~L, 7tO)?1fIb~~~~I9>~itin\13 mM~~tt~. 3.1~~luc6!>619>~7tTO)7tTJ1'J~1b0)~~A~?,,)v~d:ttii~~o)• • J:6!>fJ, ~~
 
 ft.
 
 7t7t7t*~j:Jk
 
 ~$ ~
 
 G ~t,
 
 ~tLO)WJ~~::f3~t Q I:'" ~
 
 O)ra' l=~o)~ ~ C tJ tJ~a v)J:: 5 ~=~ ~
 
 )v e -0)~~d:fJ1j t:. -r: ~ Q.
 
 9.5) ••• ~ii [~?] C-C The phrase ~im r; -C usually means "through" or "by means of" in the sense of a medium for expressing an action or a condition. Occasionally, ~ 3M -r carries the meaning of "through" or "throughout" when considering an interval or range. (Note: There is considerable overlap and the use of ... ~im [.C::f3] G-r, as described in pattern 6.7.) between the use of .. ~ ~ii
 
 c:
 
 c:-c
 
 1. *j$t~cO)lJl.~iMc:-rt1~a9I*)J;:¥-O)-$n~4'-Jt*(J)J1']$I*.Jv:¥-~::tJ:~JI~, t1~(j(jI*)v:¥.-
 
 C:J1']$X*'JJ;:¥-(J)f[J ,:~t Gl
 
 I*)~:¥-~ffJJ.giQ~J;l tJ ll'J.
 
 2. ~~A J'\? "J~'(1)l'JjEl:~J:~llfj~J:7'JA'b~J'tHiQ~m~~ C;tl.t::n~, .ilII1lIDtJTf3.T~ J'tH~~ilI~~, lI~~~imC:-Clf& G-C~~~.
 
 3. J't~!iH(J).t~~:.c- ~O).mjjj~j:, 1i~)~~!!II1L-ed!>Qn~,
 
 C ~~:~J:,
 
 V-~- • • ~~fft£9~
 
 ~O)~~.~f!~iM C-r=c- ~ra'Q)m1ifFmn~1: C~.
 
 9.6)fi~
 
 Use of the noun ~j:-r indicates that the action that precedes Ji-r in the sentence "should" happen or "is expected to" happen. The reason for this expectation could be previous experience or some kind of external information. The emphasis with ~j:-r lies in likelihood, rather than a sense of what is right or what is wrong. (Note: The reader is urged to contrast the use of ~j:9 with the use of ~ ~ , as described in pattern 4.11.)
 
 1. I*)v:¥-~t, -rC'~~.
 
 **~1:~~O)t>(J)-c'~~n\G,
 
 ~.O)WJ~-e.a9~{t~j:1:GtJ:lt~'d:
 
 2. ~ Gm;iffi\~I{~~~t~lll:9 ~ ~ ~tJ\-C~tl.tf,
 
 ~~ l:~-c ;tl.~~.~ 0 l:t~ f'), ~m~I{~~J≫~~.~9~-ctt.~~~;t~~ ct1~-c'~~~j:9-ed!>Q.
 
 3.~~~~, ~~®~t1~a9f!R®~jE~.M-jE®.~®~~fi5~O~fft1-~~ .~-efT 51Jt>~~j:~ 1J\ ,:~~t~'d:9-c' d!> ~.
 
 -122-
 
 Reading Selections ilIbO)~IIJ ~J.l142-143)
 
 9-1:
 
 § ~w.~::t3~)-c, ~-f*O)iflb~xfi29 ~-~itJ{lj.
 
 tfim=.:z. - " /O)ifIbO)t!llIJe'ft
 
 ~~ tl~. ~~~~:~j:ii-f*O)ilfJJt1\ ~tlttO)itjlIJ~~.Ji L t~ Galileo O)fiJf~~:Mi~ t), , I. Newton tJ~tJ c1JDilllO)OO~~ 3 JO)itJ1rjo)~l:~ Cr/)T., ~O)£fili6~.ll.~ nt~.
 
 ~O)~, JfJ~*~mt-f*~ E. ':Bt~iim ~ n~ C: c ~ ~::, J£7tJl"{J.l0)~e'.~Jjl9 ~ ~1.1it, IE~1.1WJ:t, 7?"7/~J.O)ifJJJ1.1WJ:t, /\~)),; 1'/. Y:Jt::O)~.7t1.1WJ:ttJ:E.t>~ iJ'~tlt~. -1.1, A. Einstein (:J: ~ -C, l' / 1J~J: t) ~~~i!rmO)ifJJJ~=-~~=iim ~n~mM~~1J~~O)Bt~~fibn~. -1' /(J)iffbO)itJlIJ (1) 58-itRIj (tltt:Q. J!iA7J~ ~mM~*~~~T:Q$~, im~J::t)~JJJ.O)1J~~t)£*~~tto/.Jm.~d!>~-C, mM ~~7J~O)MJJJ1Jfi~ (dp/d'C) =F ('C ~J:~~mf) c G-Cm v~ tStl:Q ~~~), .m$O)MJJJit ~, Il9n~JJJ.'b)E.~tl:Q. ~JJJ7J~~~J:{~fiI~.~Xi' 77 /!J)Efx:~ h cT~ c ~, -[ih/(2n)]iJ/iJx; C: v~:> .7tl.JJT~~~ tl:Q . •m$O)MJJJ.*~~lt:~:Atl:Q$ ~, d!>:Q 7J~* ~::~7JiO~lfiv~ -Cv~tJ: ~ttl~t, *O)MJJJit~J:f*ff~ tl~. ilIbAi*i!f!lIJ (tto/.Jm145)
 
 9-4:
 
 c
 
 c
 
 1JO)~~~1**iO~d!>:Q ~, ~7JiO~~m GtJ:v~iO~, ~m G -C 'b~O)~7JiO~ 0 0) ~, *O)MJJJ.~J:f*ff~ tl~ c v~ ~ i*JtIJ. ::.tl~J:*O)pg7JiO~~m&: ~m O)i*JtIJ~:fJt ~ ::. c ~ ~~T~. ~m$iO~~ffG-C, z:.tl~ftft1rc G-C*O)mli~miO~fTbtl-Cv~~$~~:~J:, tto/.J.O)MtJJ.c:.m$O)MtJJitO)fD~:~t GL ~ O)i*J{IJ~lImT ~~\~iO~d!>~.
 
 9-5: ifrt1*O)~JJJ~, *~JtiO)~.iO~~tJl~~tJ:v~$~O)ifrt1*~v~ ~. ~1±O)ifrt1*~J:tp.iO)tl~ tJ:iJ)tl*~Jti~ 'b ~ -Cv~:Q. *~Jti~J:ifrt1*O)~~~::~tT:Q pg$t!tm~ d!> t), ~ /ifrtf* ~~J:~7JiO~~~im~O)-~~~C:&)E~tl:Q. ~O)~f*iJ)G, j-t:I.. A ~-!J AO)1J
 
 =2.-
 
 fi~~1~~ ~ C:7J~-c'~~. ~*tJ:v~*t5J~ifrtf*O)JmJJJ~d:imRiJCO)1Jfi~C:TeI· A 1'-!J A1Jfi~~£~1Jfi~C:T:Q . • u*~J~ifrt1*O)$~~::~d:~G~::I.*)v~-O)1Jf~~~1JD x:Q~\~iO~d!>Q. *~Jtiifrtf*~J:~1*~~:*~~TQlti.iO~d!> tJ, iJl~~flFC: G-C~J:iJl~~:t3 ~t :Q ifrtimiO~~f*iID O)im~ C: ~ Gv~ C: C: Gtl:Q.
 
 
 tJ ~n~c;~f!B9l:~~ * 5. M.O)f!.~~~f!, 1i.~f!.~~~ttc:etlu~g~T~~~t>~~~,~.tt~n 6~M~f!c~~9~. ~~ttO)OO49~m~~~mfOO~#f!#mtl~0)#*.~l>~. *t::.fPJmf~::~~~#tt't>~ '3~. M.O)~O)JI~~j:.~f6~f!, (itij.O)mtl¢W~li *.~~~f! C: J: ~ttl~. mfra'~#f!~i~~~f!, ~tt~~jjtJ: c O)m~I:Ji t; tl~. ~ tl GJJ:~f!~~n~¥A~P'J$O)~f!f1ftJL~:et ~ -C~tl~ t>(J) c:~I!JJ~ tlQ.
 
 -Cld:,
 
 c:
 
 9-7:
 
 i1rt.f*(J)imJJJt:t:5tt)L, ~ fJ 1t'1J ~.~1J) c~ t] ii~ (~~ii~O)fl.fit7t);¢fJtgiJ L,tJ:v\l1rt~~~=.:l. - ~ /l1rtJJJeJ::tt, ~O)J: 5 ~*JJJ~7J'9l1rtf*~~~=.:l. -" :/iif*c J:~~. faIij.n~JtgiJ9~ /l1rtJJJl:Jt.r{-rI='~tI9lN t) ti It\7J~~1uc:> -e 6;~. ~ fJ
 
 =.:l.- "
 
 ~1J C:~ t] iillO)Jt~j:Jin\~t(J)~tt~cet~ttl,l1rttJJ~1I~:etJ -C~ftT Q. i\1li1tT~ ~ t\'~t*~, -tj- A ~ / ~ 3 / ~j: tfim ~ (J) et 5 t~ l1rttJJ ~ ~T. l1rttJJ~1i~: J:: J ~A ~n~~.~tl~t~~~:~ L:Q c~x &Stt~T? '.J l::-O)W-g-, *t~~j:~tt~{f:>~ ~ <M5ii!ttl1rtf*) Q)jF)E~l1rt~ ~J:, JitJ\ ~tO)Mi1$ ~j:·~rp,ag 1:~{tT :Q. ~ 0) J: :> ttW -g- 't>, 1F=.:z.- " /l1rtJJJ':~6) t;tlQ:6~, Jit1\~t(J)Mtt.n~mfra'l::J:: -:J L~f~ Gttv)t> (J)t~~t ~~~=.:L f' /l1rtJJJ cT Q ~~:> tlftfim-r: 6; Q. *=.:1. - ~ /i1rttJJ~J:.mf!iilJJ,
 
 -r:
 
 "0
 
 -
 
 -125-
 
 -c
 
 • • (~JlI!2068)
 
 9-8:
 
 2 ~O)~~;¢~~f!k Gt~ ~ ~f§~t)!!JJJ~Ml¢)J:: 5
 
 cT ~ c
 
 ~,
 
 ~~ tt~~d:ffJ~t~JJJ~
 
 G-C
 
 v~ ~ c ~, ~f!koo~JmJJJ ~ ~llJ.l: GJ:: '5 c T ~ tJ ;¢~oo O)~./J[ti]~: fib O)ff::ftO)f~~ c: ~. i$f. ooJ:~:~J.I: G-Cv)~~~~d:, i$f.oo7J) GO)~TI[tJLtJ N c, *$f.ooJ:/J~:filJ;¢)'5 ~J.I:*~tJ F o ~~~tQ. N c F o O)fttJ R ~~~~:~tT QooO)tJLtJ c v) 5. v) ~i$f.ooJ:~:~~~ O)itt~~~, i$f.ooO)fijl~ e ~Gtiv~~:*~< G-Cv~< C, ~Qfijl~ eo -e~~~d:MlJlli T. eo 0) ~ c ~*~~ c v~ v~, ~J.I:*Il~~ J.lo c O)rl3'~: Jlo =tan eo O)~~;¢~~~. ~ ~7J~~J.I: G Lv~tl~t, 0 < tan (J < Jlo. -~~: 0 < F o< J-loN (1)~~7J~~ tJ llJ. ~~n~iii J:~ll~ LV)Q c ~~d: ()!!) JJJJ*lltJ F n~fib~, ~TI[tJLtJ N c~(7)~~~:~Q. F =J.1N fPJG~f!kooc:> GO)~~, J-l<J-lo ~~Q. ~n~IJ*Il~:Jv)-C~tJtHJ:FIN ~*Il~ ~c v)~ L, ~J.I:*Il~~Jlo c)!!JJJ*Ilf*~ Jl ~12S:}jIJT~. 0 < F o< JloN, Jlo tan eo , Jl < Jlo tet. cO)~~~d:fPJ*~~:~ IJ llJ. *Il~~,uo ~ ,u ~d:~f!kT Q 2 ~~O)ltf-fO)tJL
 
 =
 
 ~ftt>itO)~~7J), iii(7)rw~~~ifjM~JO)fl~, ~Q v)~d:7Mt~~i1Ia~~: ~~~ G, *~ < fil!~~;tQ O)-e, ~.~~ c:J!Q C: ~d:-e~tet. v). GiQ) G ~tl GO)~flI:;¢~-~tet. G~t,
 
 z:
 
 • • 00*/J\~~f!kOOflO)*/J\, ~~ v)~d:f§~tJm~O)*~~~=~~tet. < -~-e~Q. ~tl ~ Y:C / ~ /O)~J{IJ~Q v)~d:7 - 0 /O)~J{IJ C: J::v'S~ z: C: ~ ~~. *IlO)±tJ:Lij{f2g c G-C ~O) 3 Jn~*~j6tlQ. (1) J!7J)~tO)f.t€f!kiiiflO)fJ\J$0){iiJJ~7J)l:'7t-Trl3~0)~f!kn~~::, tJ .~T Q. f§~t~JJJO)~~~d:~ltl~.
 
 
, ~t> 67J)v)1J0)~~0)~1tJT(J)~~ ~ E,
 
 tJ)tc. ~ ~ H cT Q C:, E/H O)tl:~:ilI -c~v)t~o)7:, 7:t /' l' /,O)~J{Jj3; Q v) ~d:7·1:: /' l' /' · !/ - 0 /,0)~J{1j c et ~tnQ
 



 
~~i)\': L"iJ)~ft G~ t,) ~O)~j:IIUrf-c&>~. IImt~d:-fit:, t5ttO)fF.mn\*~t,)c~, 9tJ:b~iJittlO)V1J )vA'flO)fl«n~/J\ 
 -c
 
 c,
 
 ~~:~~9 ~tJ~, v1 J )vAf{n\~~~~fl«~l:~:tJ:~ Sgra'~':J: t) ~.~~~ t> JIIi1rt~, ~rp'~l:~{t9 ~~lIJim, t), V, p ~d:~tl~tli1rf~O)IJJt5tt$,
 
 z:.
 
 mll~~~. u" ~jJ'~imllcJ::~itl Lt-l~.
 
 !lOOn\ c; 
 A
 
 Ii 2.4-2.5 O)fjllO))E~, B
 
 5.5, filt,)c: 8.5
 
 ...
 
 9-16: tt~~~~ (r@j~~ V1
 
 O)W~O))E~-r~~
 
 1j:~ooO)m 
 .
 
 ~7.f ~~2206-2207)
 
 .I )VAf(O)
 
 i1rfttO)1:J~~.~O)t:p~~~GtlQJ: 5~lJitt*0)~
 
 '5. iJittlO)m~~d:-~l~, iJitttO).~~~9 o~~7Cf(-r~O v1 J )v Af{ Re O)mc c: t> ':~ft9 ~. Re n~Jt~~/J\ 
 
 ~:, 7t~Gt~miO~jE1itm~~Qtlft~Jm1ito) 7t~, ::tl~::~t G -C, tJtJJJO)~~O)et:> ~:,ra]WJmiJ~7t~9 ,'Qtlft~* y 77t~c v~:>. :: O)J::> t~v~ JiJ)0)7t~~*-It~1~, !LmtO)~miJ~~~9 Q. ::O)~~~d:*t~jJ~A c ~v~5iO~, jJ~A~d:!LmtJ: f] ~~.
 
 * °
 
 u
 
 °
 
 11!!1'f*~ ~:l&:> !Li1rt!Jl~JI ~::t:3 v~ -C ~d:, ~ ~:~ G-c, !LmtJmJ3t ~ ~*~Jr1(J)f'pffl iO~fI ~9 ,'QPJi~iO~ff1:E G, ::tl~ Jlmt~JI C: J:v'S~. ~(J)9 Q!Li1rt~:J V~L~J!m~~:PX: tJ tLJ~j{rj~~Q. -~O)!Lmt~::t:3v~L~d:, ]I ~t~~mJ1l!~{&iE~fflv~Lv1/ JVA'Jt\7J~lJl~JmJ3tC:~f*~'~t, Jt(I) ~mV)LlJl~Jm
 
 ltif
 
 =
 
 ~~).j(&'JQ.
 
 !Li1rtJm~ u O)kVC~t7t1fJ7J~~ra'~~: -f~t~-f~!Li1rt~:J v~ -C~d:, J: f] mmtJ:kVC~tJ1l!~ ~m~~~Q. ~i1rtO)Jm~tI~~*~*~tJt~k0)7-0IPX:7t(J)ftPX:C~X, ~i1rt (J)X*'Jv:¥- Q (1/2)ii2j2 O)A ~Jy ~ Jv7tm~ E(k) (k Ikl) C:9tl~t Q JoooE(k)dk (4) c~ ~ C:7J~~~~. !Li1rtO)x*,Jv:¥-~d:, tJt~~ra'rAJO)tt~~{jftJt~O)PJi~ k ~ k o ~: :t:3v~LUJJJ~~ tl, tJt~PX:?tra'O)~F*lWf§li{fffl~:J: J -C, ~;ff(, J: tJ ~tJt~O)PJi~~:& ~~ n, :fi~~~:~d:ti&'J-c~tJt~O)PJi~k ~ kd » ko ~:Sv~-c*~Jr1~:J: J -c1ft~ ~ tlQ.
 
 
 OO~i:J~~Q. §£~l..tt~~Li1rt~~d:x*)V:¥-~~JmJ3£ e ti~ti:J\~~ ~ x~2T ~ /, 7 :j -- ~ -- ~ ~ ~ c T ~ :J )~t:i 0 7 O)f§f~{&~ ~{&)ET ~ C, ~7C$ffi iJ) 6 oc 8 3 7J\~7J)tl-C, I) T ~ - ~ '} /' O)~j{rj0)~*7J\4;tGtl~. !LifrtiJ.tfit~d:~
 
 O)iJ.t~tJ: C B1tJ! GtlQ V~0 v~0tJ: ~~~~~:~tl~7J~, M~:~f*~~~~d:*.a9tJ:~~ ~U~T Q. ~f*~~d:~~ O)A-7-- )vi:J\*~v~t~&)~:!Li1rti:J~§£1::G ~Tv~ ~ C, *t~.~ :l:i~ J1t~:~~JJM. (ilJJJ.mJ3t, X*)};:¥--mJ3tfJ:c) 0)1\J~27J~~J L, ~::. -eO)~Lifrt~: J::Q~~JJM.O).~, TtJ:b~!Li1rt~~7J~rJ:J'~~:tJ:Q7J) G~~~.
 
 9-18:
 
 !Ltltc.7°3 .A'70)~m~J < ~ tfj l..t, ~ ~ ~O)J41t~~Jlfi~~rjm l..t-C7°7 A'7~j]1J ~T ~1J~. ~*JJ~d:, ~3 .A'7J:P ~:*mi1ri ~i1ri l..t, m-Tc 1;t /ra'O)fl3~tilJJJ~:J::~ 1 ;t /ff~/F*)EJt1*t~~d:=i1rtf*/F=tc)EJt1~:~~ Q. L"t~iJ!J L~f*O)JE1itif,t~~J±O)$~iJ) G{ttJ±O)$~~.~~~l¥J~:It~~it~ ~.:L )v· ~ ~ ~ /1t~-r:~d:X/?7)vt:-iJ~-JEfii~c Q. ~~?7- t: /~~3t~~tJ:c~::t3 ~t Qif,t1*O)JE1iti1rtO)!& IJ f& v~ -r: ~ x. /?7 )v t:-~d:fl~J.JtJ:~7J~Ii-r:d!> ~. ~~H/j\iMI~~:
 
 =
 
 -r:
 
 :t3~tQx./?7
 
 )vt:- H dH~
 
 ~~~9Q.
 
 O)~f~ dH ~d:
 
 TdS+ Vdp
 
 ~~-C~m~~S,
 
 p~d:~tl~tlJ:/~D1::-CJ±1.J-c'd!>t),
 
 ~d:*fg~tWtll: c1*3-r: d!> Q. ~~~d:PJi2!~f~~:~t L Lt~~t~ L~J:
 
 10-2:
 
 I / I' [J
 
 t::-
 
 '* Q.
 
 ,*te.T, V
 
 (~m~218-219)
 
 =
 
 ~1.J~l¥J*iO~Wtll: T (J)~tJjiO) G~1i L1Q ~~l&9 ~ PJi2!tJ:f,JX/J\~{I::~::t3v~-c, L1S t1(jT ti~tm1JD9 ~ *O)~!iJIi S ~ x /' ~ 0 1::-- C: v~ '5. r~~J ~:li~9 Q =¥ 1) ~7
 
 a~ 'Cpon1] ~:1Jl:J -C R. J. E. Clausius iJ~ltjA Gte. (18651¥). I . / l' 0 t:-~d:~0)J::> tJ: f1: J
 
 .~~J. (1) I / l' 0 l::--~d:*0)~7J~l¥J~mt~~t~:OO~9~. (~~.) -r:d!>Q. 9 tJ:b!>~j\~ A iJ) G~!iJ B ~O)PJi2!~f~O)~~~:lBJ -C L1(jT ~37} Gte. ~0)~d:~1m~:~ ~~~:, ~fiJ B, A ~::t3~tQI/ l' 0 t:-O)~ SB - SA ~:~ G v~. 9tJ:b!>
 
 fA B L1(jT = SB - SA -Cd!> IJ, ~ 0) ~ C ~M!'J -C, d!>Q£~O)~~iJ) GiQU'J te.I/ l' 0 t:--~~~l¥J~:tJt&'JQ ~ C7J~-r:~~. (2) I . / ~ 0 l:::--~d:1JD~l¥J-c'd!>Q. 9tJ:b!> , * 1 c* 2 O)I/ l' 01:: -iO~~h~h SI' 82 -c'~~tJ: G ~i, ~hG 0) 2 ~O)*~~bitt~*O)x/ l' 0 1::-~d:, 8 = 8 1 + 82 -c'~Q. 9tJ:V!>I./ l' 0 1::--~d:~.~~-r:~~. (3) 1*fi V7J!-JEO)~# -c', *O)I/ l' 0 l::- 8 ~d:I*J$X*)v=¥-- UiO~m9~:JhLm*9~. ~h~d:~7J~ Wtll: T 7J~IE-c' ~ Q ~ C ~~;t L (as/aU)v = liT O)OO~iJ) GI¥.J GiJ) -c' ~ Q. (4) ~ ~f±~ ~~$cO)rf3'~:tfjA IJ O)tJ:v~* (00 C:t~*) 7J~Dc tJ l:'~:~9~{~-c'~d:, I / l' 0 l::-~d:~Q~:m1JD9 ~ (~1.J~m=i!J{Ij). t~ c;t ~i~~O)$~C:: 0) rf3'O)f±WJ IJ ~ 1& IJ C, ~{*~d:Dc: tl-r~=H~5~9~. § E8Jt5~1~0)~1*~ ~ c:0)~j\~~:~9~:~d:f±$~1JD~~~t tJ: GtJ: v~iO~, I*J$I*)v=¥-~--JE~:1*--:J ~=~d:, f±~~f§~9 ~ t~~tO)~~~$~:Jtl:tfj 9~\~7J~~Q. t~iJ) GIt1~f~O)I/ l' 0 l::--~d:tt1~WJJ: IJ *~v~. (5) r*]$I*)v=¥--
 
 *Q
 
 -135-
 
 cf*fWiO'i-JEO)~{lfo)~-c'~d:, I / " 0 1::-O)ti*~:f§~T ~~miO'iil~1<JE~~~. c ~d:, t~ c;t~t~~O)$~c 0) rfl'O)f±-I1J fJ ~1& fJ *~ t~~O), 13 EBJJt5i0)iWr~~: t3~t~5«.f*O)~!m~tt~T~ c~ t3iJ)-c'~~. (6) ~~t~~~::t3~t~I./" 0 1::-~d:J tJ.~: 0 -c'~~ (~tJ~m=r!J{rj). ~ c ~ cX/" 0 1::-c v~5.~~j:, ~tJ~~~:~A~tlt~~o)~~:QiO'i, L. :: 0)::
 
 Boltzmann O)~~tJ~~~d:I/ " 0
 
 ciO'i.Ej.;t t3 tlt~ c
 
 ~ (J) IJJfj~tJ: ~
 
 7
 
 1::- s ~d:,
 
 0 tJ:~!m~
 
 ~O)f**o)I*}v~--,
 
 w ~ ffl v~ L
 
 f*fW,
 
 *1lT~tJ:
 
 S = (k) (log W) c~~tlQ.
 
 :::: -c' k ~d:~}vY~ /JE~~~~. w= exp (Slk)
 
 ~~::~m~
 
 w ~d:
 
 c~~ tl, I / " 0 1:::-iO'i*~ v~~m~d:, !L~~ O)~~7J'im~mJ~~~::*~ v~:: c ~~ T. !L~~ C~d:, il*~tJ:.~-c'~fJ, ~tl~::£':5v~LJE.~tlt~I/" 0 l:::-~il* ~tJ:.~~~~. /F1JJ~1t1~d:, ~ O)I/ " 0 l:::-m*O)r!j{rj~::J:: ~ L~2im~ tl~iJ) G:: tl~il*~tJ:.~~~~. f**o)I*}v~-E ~mJEGL, f**0)~ 7 otJ:~m~ W ~ w= W(E) c*~~:: ciO'i-c'~tl~t, ~}vY~ /0)~J:t~:J:: fJ "01:::- S iO'iI* )v~- E O)mJ~c GL S S(E) c*~~:: C ~::tJ:~. ~tl~::~tJ~O)~J:t aS/aE lIT (t~ti.G, T ~d:f**O)m~) ~mfflT Q c, I*}v~- E iO'im~O)mJ~ E E(D c G l*~ GtlQ. ::tliJ) t3X/ "01::-, 13 EBX*)v~-, tt~o)J:::> tJ:~tJ~~.iO'i, ~ 7 0 ~:~~-C:~~. ~tliJ'i Boltzmann O)~~tJ~O)£*~~~. ~O)J:: '5~:: Boltzmann (J)X/ l' 0 1::-0)~J:t~d:, ~~tJ~~: c '":J Lil~£iI~~:m~tJ:~J:t-C:~G.
 
 x>
 
 =
 
 t>tJ:~~: Boltzmann O)~~:~d:,
 
 =
 
 =
 
 ~O)~J:tiO'i~J~tllv~~.
 
 I / l' 0 ~~ c '":J l
 
 1::-cv~'5.~~d:, m¥li.~~T:: c~:~M!vtlQ. TtJ:Vt>. fl¥li.O)~t ~tl~fl¥lix/ l' 0 1::- c v~ '5. ~m~:~d:, fl~H~~f*(J) A (J)X/ l' 0 1::: -- S(A) ~d:, A O)7CA O)~~il*~ P(A) cT~ c S(A) L, {P(A) log P(A)}
 
 =-
 
 AeA
 
 10-3:
 
 ~gJ.l(~~258-259)
 
 ~iO'i 1 JO)~f*iJ) t3{ill0)~mf*~3JJJT GftJirm0)5i~ ~t~~T ~R~. ~ c ~ Cm~~d:, ~v~, lfJt~ v~ c v~'":J t~Ara'O)~jt~.~iO) G lHJ£ G t~ ~ (J)-c'~~iO'i, ~tl~d:ArJ:f'O)&:. '::f§~t~~::, ~0)3JJJ0)5~~ ~~T~O)-C:~~ L, ~O)J: 5 tJ:~jt~~~~tJ~~G-C~ .{~Gt~ ~O)iO'im~-c:~~. GiJ) G7 )v:I-)vm~~, *mm~~tJ:c, ~WO)f*~~:: ttfrtl G-C §!l£ Gtlt~m~~d:, ~O)~.~::M!m ~ tlt~MJ< 0)~WO)~JJt5i*1t1~:mJf* G-C v~~. m{~O)~jt~:MA~iO'i~~ J:: '5 ~:, m~~: ~~t.~:M!ffl ~ tl~~~~:J:: '":J L~V) i;'ilH-C d'Q/T~d: ~~?t-c'~~. ::O)~~?tiJ!*o)I/ ~ 0 e-O)~~H/J\~{~-c'~~. ~f*~JJJfnU-c'~d:, m~~d:?tTO)}1fLi1t~JJJo)I*)v~- c tt1?iJmJf*~:: ~ G. :: O)t~~,
 
 
tt\-C~~~ C, 7tT(J)I*")II:¥-~lli: E- ':7t~2 ~ hG7tTIt~J:~)~~x /~r exp (-E/kn ~:Jtgij9Q (k ~J:~)vYx/lElt). ~!l~J:7t rO)3¥iJ7tm ~iJt~ Q/\ 7 ~ -~ - -c' ~ ~. ~Ll7J~iflj t! G l: -:>tl-C, 7tTtt~ tt \I*" )v:¥-~lli:l:7tm9QJ::5l:t!¢. I
 
 G:: c:~9£Y!G, tJ 0 I) 'Y 7m~aJEG-C~0)*J(~d:~tJJti.C:±5~Gt::. (1798 if). ~0)1~, ~ ~ ~"~tJ:~-17°o)X*Jv~-O)f§li~~~:~ G-C J:*)v~-O)*,t.~J:--JE/F ~-ec15Q, c: v):> -~J*~c: G-CO)X*Jv:¥-f*fiRfJ7J!, J. R. von Mayer ~ H. L. F. von Helmholtz O)~fnB~~~t:)J:: LF J. P. Joule O)~.~~~tJ: c~:J:: J -Cilll ~ tlt::. (19 fft~-¥~t). m--~Jtfj~d:, ~ 7 0 ~:Y! -cMtJl: G -Cv)Q~mf*~~~d:~~I.*)v~-, t> J c iEil~: v);Z ~tpq$I*)v~- ~ t> !>, :: tl ~~ ;Z ~:Atltl~t~ijl~~: ~ v) -c t> X*Jv ~-f*fiJ{Ij7J~JiX:ll9Q ~ C: ~±~ Gt::. ~ o)-c'~ ~. ~ 7 0 tJ:ll!~7J) GY!tl~t!Jo/.)f*n~r*J$ x.*)v~-~ ~ J:: c: ~d: EI f!ij-ec15J -C, ~mf*~fMJiX:9 ~ ~ !7 0 tJ:*1l-TO)~tJJX*Jv~ .f3J:: V'JF-r /~'V )vX*Jv:¥-O)~f[]~:~~n)tJ: 6 tJ: v). ~mf*O)~~~f(j~:{~:> r*J$X* )v:¥-O)~f(jiJ)G, ~mf*~:1JD;Z 6 tlt::. ~ 7 0 tJ:~ 7J (1:: A ~ / ~¥fJ97J~I1!!J{**iIfi ~ fJ9~7J) O)tJ:97J~~tJ:1±.~5f*Jt::,9~tJ~,
 
 -139-
 
 '*
 
 ~~~ft:~:~G-C!Jo/.)f*n!~$iJ)GIJ&
 
 1& L" t=. ~. C: J: v'S~. ~ !7 0 tJ:li~7J\ 6 J! GtJ: 6 ~t, ~. 'b ~ !7 0 tJ:fjLT7J~li V~~: tJ ~ Ii ~£ L" ~ :> ~ C ~: J: ~ -C 2 -:JO)~~rp~~:~G tJ~tJ9I*Jv=¥-0)31JJ~~G7J~, ~!7 otJ:~N~im. L" -c31JJ 7J~fTbttGt=.&)~:, (~!7 A r) xJvO).~~:~J:IJJ~~'b)fAt=. tJ ~:~J:~~~:ff1Ij~T G ~ C O)~~tJ:V~~*7J~~~. ~tt~~1J~tJ9~:~~T~ 'bO)7J~~1J~m=r!Jlfj~d!>~. 2 J O)~~ ~~M ~ itt=. C ~ ~:, m-r!Jlfj ~J: -j] O)~ J t~~Ii7J~ftgj] (J) ~1& G t~~. ~~ ~ G v~ ~ cti~t~~*T OO)~:~tL", m=r!JtIj~J:MirAO)~~IQ\ 6{ttrAO)~~~~7J~3IJJT 0
 
 :: c ~~*T O. •~{f.j• • 0)J::> ~:{ttrA ('-f1\]) IQ\ 6 MirA (.-~) ~:~~3T~.~J:~ 07J~, :: O)~~~:~J:q::-~-~[EJT~ c ~:J: ~ LtJ~tJ9tJ:tt.7J~rRJmf~:tJ: ~ tt LV~~ . • ~{f.j• • O).tJ¥~• • ~ 0 ~:T 0 ~ c ~J:~~tJ: V~ c v~:> O)7J~m=r!j{fjO)±5I-c' ~ ~. m=r!~Ij~J: N. L. S. Carnot O)~~I./~/~:~ToJll!fR8tJ9iJf~(1824 iF) ~:M* tJ, R. J. E. Clausius, Kelvin 9IP~:J: ~ -Cilli ~ ttt~. ~I/~/~:~J:~rAO)~lJj(1J'J I) /0)
 
 G~1& L"t=.~.c:~~~:t&ttlT ~~.C: 0) ~l1n~tJ~tJ9tJ:tt¥~:Ji.~tt~. fttrA~lJj~:~-C 6tt~~Ii~ 0 ~~~~~tJ: 6, *7$ ~*~~~lJjc:L,,-C~O)f1\]$I*Jv=¥-~v~G. ~ Jy otJ:li~n\ 6J!.Q c, ~~a:pO)fjLTO)~IJJ~J:~ ~C:'b~.~~~tJ, ~O)N~~I/l'Dl::-~~~ttO.m=r!~~, t&~Ttt~~ !7 otJ:~JJJ~J:et t) -Jl~.~~:tJ:.Q c:n~~~ c: Iv cil~l:'~.Q c ~:li,*T G. *t~m =r!Jtfj~J:, rA~n~rn~~~: Gt~n~~ -C ~!7 otJ:~JJJ~J:.~~mG, *fg~t~~-e~d:~~tJ: .Ff~tm ~:tJ: G c ~:li,*T G O)~ ~ ~.
 
 z:
 
 
 Q 7J\~~0) et :> tJ:jj}~~:: ~d:, J±JJ O)~w ~~*Jl G-c § EI3 ~n1 3 -r: d!>.Q n\ 0) J: :> ~::l& tJ f&bttQ. TtJ:b t:>, 3 J 0) ~7} ~ lE-=.ftJ
 
 z:
 
 ~O)~m}~~::.t3~,
 
 iE_ftJ~pqo)}~~-c'*Jl~~~G,
 
 -141-
 
 z:
 
 z:.O)IE-=:ftJ~~~c
 
 G-C,
 
 z:.tt~::~
 
 1l~:iIil~~~e$(b~: c ~ LlLf*ffJtJ:~g~iO~tliO)tt~. ~O)J:: '5 ~:~~.~T Q~7to) ~n!~< t~Q c, ~tl[t~~g~~O)~n!m;t, ~g~~j:~*7C(1)~rl=l~~:tliO)tt¢~ c~: t~G. ~.~:J::~L~j:, ~d)~~n!~tI~il!tlO)~.~5!l. !fl~ffj.t~f9iJ~j:, -~7tO)~f*~t~~j:~f*-e, ~(7)c~~:~j:, iIil~ T ~/'7 ~-~-C L-C, ~O)J£n p
 
 =
 
 c~~ p O)mJ-f*~~2~9 QJtn~~~1JmJt-c:, ~1l!~f*O)~g1JmJtp kpT(k ~j:~Jv ~~ /)t~), 7]' / · TJv · ?-)VA(1)~~1JmJttJ:cn!c fJ v~t J:: ~ 6ttLv~~. iliJJO))t.n) c; Vn)Q J:: :> ~:, il!ttf*-c'O)il!ft cil!tlO)mJ-f*Jt, ~.f*-c'O).~7tfj c
 
 
 z:.c-r~Gn)G, *UJPG~9v)~~.~~g~~~=c~O)n~fj!frJ-C~~. t~c;t· ~, ~f*O)~7J~fj(]tt.O)~)t~f*fI-)t(})~f4:(})r-efi:>J::fJ~J±n-)t(})~f4:-cfi '51J7J!~j:G7J)~=~~tJ:~d:-r-r, f*flJ:: tJ ~d:J±n(})1J7J!fj!frjtJ:ffJrJJP~~-C~ fJ, Lt~7J!'"?
 
 s
 
 Lfj!ffJt~~~~~ti C: v) '5 z:. C~=tJ:Q. ~n~ffJEJ EI3~7J!m9~:JttL, ~m~~~~ ~ c; ~=~1J[l9Q!£'~7J!~G. ~~7}*-c'~d:~~7}~.O)~)v~7J!, ~t~~J:~~7}~=~t9 G{~~~T/~~ )v~, .tlr~=~G~.*-C~J:7tf.i7J).tl7J)~~m~~C G-C~1JDL tJ: ~ttt~ttJ: c; tJ: V1.
 
 10-15: ~7J~~=:J3Vl-C, ~.(})~m~~O)'5 ~iIil~ T ~-)t(})f~~=1*J t~ c ~O)fI!!O) 2 -.:J O)~~ (t~ c ;t~tJ±7J p cf*fI V) O)rff'O)~-f*~=-.:J V1L, z:.tt 6 ~m.$(b~= c J -C~~ G
 
 t~BB*l~~iIil*l~Q v)~d:~iIilBB*lc v) '5. ~1l!~f*-c'~d:, J±n~d:f*fI~:&itf9iJT ~ (~ -1 }v(})~JlIj) (})-C~iIil*l~J:JXBB*l~:tJ:~. m~O)~f*-c~J:, iIil~n!~v) C: ~~d:~1l!~f* cIPJC:~BB*l~=tJ:G7J!,
 
 ~~J±,
 
 tlfi\. -c'~d:
 
 tlfi\.~7J!{~v)c:~tt7J)GO)-rtt7J!~C:G.
 
 Vc ~i~~f*fI-c' ~ G. Tc
 
 V$(b~=1JlfT$7}7J!~ J
 
 O)il!{~BB*ltJ:
 
 L,
 
 Tc ~J:(i;~iIil~, Pc ~d:
 
 J: tJ ~iIil-e~j:~iIil*l~j:.IDM~1>~
 
 ~
 
 tJ,
 
 ~ttJ::
 
 2 -.:JO)f§7J!~ff G-Cv)G~m~:~tJit G-Cv)~.
 
 C ~~7J~fj(]~= ~d:~iIil*lO)-frtl-r ~ ~. -142-
 
 tJ {~ il! t1f* J
 
 10-16: 3!>Q£~}i~;:7J)GiltlJ t~, fttlI: Gt~~JJ~ffJf**o)I*)v~-. ~~~~~I/' l' 01:: - cf*3~: C J t~ C ~O)~JJ~~~~ 5. ~JJ~m-i!j{fj~:J::tl~t, pg$I*)v~ ~J:*O)cO)~JJ~ffJ~~~:~tGL~,~\-r.~Gt~fi~~J. g-tJ:V!>pg$I*)v~ ~d:~~ill:'3!> ~. ~ G ~:~JJ~m-i!j{fj ~:J::tl~t, ~JJ~ffJ*O)pg$I*)v~-~d::: 0) *~ifrttl~lut~~.t~~tm1JoG, *O)tJ: G t~tt.t~~t~1I'g- ~. ~ G, 3!> ~1&/J\tJ:~m ~:J:: J L*~ifrttl~lut~~.7J~ L1Q, *O)tJ: G t~tt.7J~ L1W l:'3!>~tJ: G ~t, 0) ~O) pg$I*)v~-O)~f~ L1U~J:~ (1) l:'4ft GtlG. g-tJ:V!> L1U=L1Q-L1W (1) ~3!>G. ~G*~DcJO)~JJ~ffJ~~~GWftG, 3!>Q~~~~CJLW~~CO)~ ~~:~GtJ: G ~t, pg$I*)v~-O)~f~~J: 0 ~3!>G. g-tJ:V!>-~O)~~~:rdJ LO)ft f{ffJ~flJ ~L1U ~d: 0 3!> Q. ~;t~: ~L1Q= ~L1 W. PJ~tJ:~~i/J\~f~~~d:, *~:if,ttl~luti~.~d:~JJ~m=i!Jlfj~:ettl~t TdS ~3!> lJ, *'t~*(J)tJ: G t~tt.~J: pdV ~ 3!> Q. :.:. ~ T ~d:*fS~trAJJt, S ~d:I /' l' 0 1::-, p ~J:1±JJ,
 
 v)
 
 :: c
 
 -r:
 
 v ~d:f*3. :. 0) c ~(J) u O)~~i/J\~fl: dU O)~
 
 dU =TdS - pdV (PJ~) iJ) GrA~ T C 1±JJ p iJ~~ (3) ~: J: J L>1< Q . T = (dUldS)v' p =-(dUldV)s :. O)et 5 ~: uiJ~ S, v O)~f{ c GL 4ft GtlQ
 
 *'
 
 (2)
 
 c,
 
 (3) ~~iJ)(J)~JJ~ffJ.7J~>1'1 number ~m~~
 
 m-i!JlfJ t*1:
 
 -7 -t 1
 
 nlJlrjJ(1
 
 ~->'1 ~~
 
 ->'117$ry'J-7
 
 gradually first law
 
 ->' /' cutting, judgement
 
 z:. CV(.Q) to apologize, to decline, to warn; t:::.('J) to interrupt, to shut off ~~EE. *U ~
 
 ->' /' J\ /'
 
 *'->' /'
 
 Y 7 '/ ~ ::L -7
 
 adiabatic compression judgement, decision
 
 ::. two vs~t:::'(J) two - 'h-l:tt 'lC -/A1"-PJ)g
 
 =*
 
 ~
 
 ~
 
 =~3ry
 
 secondary structure second power, squared
 
 *-/'buming ~(;Z.Q) to bum {vi}; ~(~T) to bum {vt}
 
 PJt!&!fo/.J t!&f-l-
 
 &
 
 =:J-::Jry'jry
 
 tJ*-/'7'Y *- /' 1)
 
 3
 
 ry
 
 combustible (substance) fuel
 
 1\ /' antagonism, anti-, opposite -i-( GT) to bend, to warp {vt}; -i-( .Q ) to curve, to warp {vi} {1::~NJt\ tJ jj -7 J\ /' J ry chemical reaction NM J\ /' ~ "V reflection
 
 ~ ry getting fat, swelling
 
 v's~
 
 , 1 tJ: ~ry73ry
 
 -146-
 
 huge, enormous swelling, expansion
 
 Reading Selections ~t.J ~~-;~Jllj (~J.l1562-1563)
 
 II-I:
 
 ~1J~O)£*~jtUo)DcJ. ~cv~5m~~~LI*)~:¥-f*#~±~9~~(J)-r:3!> ~ ~:J:: J Lilli ~ tlt~. ~~:~~~*-£• •~c L, -cO)I*Jv:¥-O)f{J.I:t3J::LF, ~tl~:£~v~-cJt~~fft fnU~:J:: tJ ~~tfj ~ tl~~jtU~rg:}JIJ L,t~ v~~~1J~m-~J{1j C v~ 5 :. ctJ~~v~. fm¥O)t~ J
 
 -C, R. Mayer, J. Joule, Kelvin 9l!P, R. J. E. Clausius, H. Helmholtz
 
 ~, *'-9, ~W(J)tfjAtJO)t~v~f**~:JV~-c~~~. rft.wc~Qc~4xL, f* *~~1Jl1ti~~ (I) iJ) G~1Jl1ti~~ (2) ~~{~~it~ C9~. (1) iJ) ~ (2) ~(J)~{~i&JN ~d:v~ ~ v~ ~ 3!> t) X -C, ~tl~:~ L W :t3J:: LF Q O){OO:tJ~.tJ::Q. L,tJ) L, fItij~O)fO W + Q , 9t~b~, f**tJ~~$iJ) G~l&~1J~~J:*Jv:¥-c:~~J:*}v:¥-(J)fO~j:, (1) C (2) iJ~IE*J-cv~Q~HtJ*~:-IE-r:3!>QJ (J:*J~:¥-O)f{J.I). v~* (1) iJ)G (2) ~(J)~ ~~1~~~~~i&JNcG, ~~t~~~~JtO)~ra~-r:~X:Q Z:(J) W + Q~d:3!>:Q.7tm J:t0).~7t~~~ tl~. l:(J)*-£• • ~~d:, z: O).~7tO)fOO:tJ~~O)ii1ffj~:J:: Gt~ v~ ~ c ~ ~L,~~O)~3!>J-c, Z:O)~~, ~(J).7tmJ:t~~X~~~~JtO)3!>~~~(z:tl~E C:9~)(J)~.7tC:L,-c~~tl~ . • ~7t0)~9~b~w+Q~ E 2 -E 1 = W + Q c:tJ:~. ~ ~ -r: E1 , E2 ~d: E 0) (1) :t3J::lt (2) ~O)f~~3!>~. ~O) E ~f**o)I*)v:¥ - c:~~~~t, pq$O)~~~:J:: ~$7t0)~~:~ (39 ~ C: ~, ~tl~pq$I*Jv:¥- C: J:: lt, itJm U-C:~9. ~1J~m-~J{u~d:pq$x*Jv:¥-c v~ 5 ~~.tJ~ff1£9 ~ z: C: ~±5~ 9 .Q~J{rj-C: 3!> ~ c ~ v~X ~. ft. W, ~ Q ~j:ii1ffj~: J:: J -C f!tJ: t), ~!ij.-C:~j:tJ:v~ . • /J\~{~~~ X:Q~~~:~d: dU d'W + d'Q C:~9. d' ~d:./j\.-r:~d:3!> ~tt~, ~.7t c: ~J: ~H Gt~ v~ z: C ~~9t~~-C:3!>~. ~~:, f** ~:~mWO)tfjAtl7J~3!>.Q~~~~XQ. z: 0) ~~~: ~Wfi~tFm ~:t!~~ I*Jv:¥-O)~{~ d'A (3!>.Q v~~j: A) ~~ X~ c ~:J:: tl, ~ (PJf~~:m-t~JlIj dU d'W + d'Q + d'A, V 2 -VI W + Q+ A 7J~JJX: t) liJ ~ c:iJ~7J'~ tl Q. *t~m-~Jtu~d:, J:*Jv:¥-O)*"i*B"~~~t'-9~:, {±.~tJ:L,~~t:QJJJ1JtI~, 9tJ: b~, m-flO)7k~tI~~J Q z: C: ~d:/FPJfi~-r3!>.Q C: ~1\~9 Q.
 
 c:
 
 c,
 
 =
 
 
.QJ , 3!>.Q v~~d: rft.7J!~~:~b.QiM1f.i~d:, ~~7J\~:{ilJ0)~{~~9~ GfJ:v)fJ: G~1/FPJ~i&!f~-C:3!>.QJ , 3!>.Q v~~'j: r4x Gtlt~f**O)ff:~O)~!ijO){£~O)lli m~:, ~0)~~7J\ G1tJT~~{~~:J:: J -C~d:JrJ~9 Q z: C: O)-r~tJ: v)~~7J!1/'tJ: C: ~ 1 J #1£9QJ c:v)5m~:~m~tl~. l:~:~~t~ 3 JO)mO)J*J.I~d:v~'-9tl~~t~-r:(J5~. fx:~~~:~d:J: / l' 0 l::-~m v)LJEJ:tf~-r:~ ~. H::t0)f**O)f£:t0)~1!J JV~::t3V)L, f**n1e&1&9 ~~. {2 ~~O)~O)#t*B"VjO)r.aJjt Tn -c'~UJ t~ ~ O)O)~f[J~j:, !J 79:/9
 
 
 Q :. C: iO~ ~ ~ tl Q .
 
 n
 
 :.tl~~Mt~i&Ifj~=ilffl G, ~fi7tO)~Jt~ffjfflTtl~t, ~.IiI/ l' 0 l:::- S 0)# 1£iO~~iO)tlQ. m=~RIj~d:, rf**~=~d:~.1tS iO~#1£G, ~O)~. (1) 10) 6 (2) ~O) -~0)~.~1~~=SV)-C~d:S2 - SI ~ d'Qlr e ) iO~~ lJ li'J J C:~~ tlQ. fi7t~J:Jifb C ~:rdJ -CO)~fi7t~jt~ G, d'Q ~d:./J\~il (Q v) 5 ~~O).7t~jt~T Q ~O)-C:~J:tJ: e ) ~d:~O)f3t~lJjO)lAJ3t-C:C1!>Q . • /J\tJ:~.~1~O)jjj v~:' C: ~~Tt~~~= d'Q C: Gt~), -@J~J: dS ~ d'QIr<e) -c: C1!> Q. ~~~d:~1~7J~PJ~~-C: C1!> ~ C: ~ ~:~ tJ li-.:J. ~Mt~ilfj-e~d: e d'QIT ctJ:Q. Gt~iO!J -Cm-~JtljC: ~ C:~-C ) cf**O)lAJ3t T ~d:~ G v~iO) 6 dS
 
 Ie
 
 c
 
 r
 
 r
 
 =
 
 dU=d'W+ TdS iO!~ lJ li-::J. ~~~Mt~i&Ifj-e~d: dS o (I/ l' 0 l::-m*) iO~~ lJ li'J.
 
 =0 (I./ l' 0
 
 1:::-/F~), ~~/FPJ~i&Ifj-e~d: dS>
 
 11-3:
 
 m 0 ~RIj, m-~Jtrj, m=~j{1j ctJ: 6~S~~1J~0)~*~j{Jj. ~1J~m=~RJjfd:*)v/ 1'. 77/70)~JJMc:~J:~tn, ~o)J::>~::v)v)~~n~. r¥-~7t~~':)~.tJ: ~f*O)I/ l' 0 l::-fd:, *fg~t~J3t~=J1I-:5< ~=~v~, ~.O)lim, ff), J±1J~=~~f*tJ: ~0)1~~=J1I-:5 < J . ): / l' 0 l:::-~d:~ItJt1O)Ii-r C1!> Q10) G, 1 mol ~ t~ tJ 0)): / l' 0 1:::~~;tQ C:l:0)-~0)1~~d:*ilm~~ctJ:Q. ~iJ{tl-c:r~'~C:tJ:QO)~d:I/ l' 0 1:::-0)~-c' C1!> Q 10) G, :. O)*ilm~~fd:{iiJ~=C: J -C ~ J:: v~ ~J:~-e C1!> Q. ~tl~ 0 C: T Q C: A
 
 limS=O T~O
 
 iO~~ t)
 
 li-.:J.
 
 -~~~=,
 
 «iJMlanH)
 
 ~tl~d:m-~RIj~Jto)W~:~
 
 G t~ ~ 0) C: v~:>
 
 ~ C:7J~'"e~
 
 Q.
 
 m-~J{rjn) G,
 
 ~JtO)~~1t (Cp ' Cv )' J±1JO)lAJ3tf*~«iJpliJn v )' mf~O)lAJ3tf*~ tJ:ciO~, *fg~t~l3t~=J1I:J'< ~=~v), 0 ~=J1I-:5< :: ctO~~i:tG. ~t~,
 
 r cO)
 
 :>
 
 J:: :> tJ:~Jt ~ fflv), cO) J:: tJ:i&Ifi~ I~ G -C~, 1f~i[§O)~fP'"efd:*fg~t~J3to)~.~ ~~T~:' c:fd:-c:~tJ:v)J (*fg~t~J3tO)~J~~PJti~Jt1) ~ C:tO~*fi~~tlG. TtJ:b~, C1!>~i!ftl3t T' (> 0) O)~.lOl G~~~ • ~~~ (~O)i&Ifjnt!ll~*~ < i!ftl3t~~-r~itG) tJ:~f!P~fTJ -C, lAl3t T" O)~.~=~f~~itt~cT Q. ): / l' 0 t:-O)~f~~j:tJ: v~7Jl6, Cp ~~~iiC: G -c, (Cpdtln = JOT (Cpdtln iJ!~ f'J li-:J. ;:;: -r*fgM~l3t-rO)x/t- 0 t:-0)1~nt~mJto)~~ ~= J:: 6 tJ: v):. c n!ffl v) 6 tl-Cv) G. T" 0 -c: C1!> Q C: T Q C:, JOT (Cpdtln 0 -c:tJ:~ttl~ttJ: 6tJ:v~. ~1J~~~~Jt17Jl6 Cp > 0 -rC1!>QIO) G, ~n~d:~-@J ~-r C1!> Q. TtJ:V ~ T" 0 C: T Q :: ~j:-c'~tJ: v~. ~ t~l:O) (dMliJn H ~ 0 (T ~ 0) ~d:~ ~~~m~~:J:: J -C T= 0 ~:~Jj~T Q:' C:7J!/FPJfj~'"eC1!>Q:'C: ~jt~T Q ~O)-rC1!>Q. ~~< O)~mJt~:~v~-c, ~f§, ~ff)-c'o)~.~{~, &}jt\tJ:cO)~M*5*n)G w. Nemst ~j:, 1906 iF~=~O)~j{rj~mtfjGt~. rr~f~setltl!!lJf~-rO)~lA· ~J±~tJ:~m~ ~, f~~~~f~~=sv)-C, x / l' 0 t:-O)~{~~d:*fg~tlAl3tc c ~~= 0 ~=J1I:J'< J :.tl~j: *Jv)-' A ~ O)~~JJM c J: ~:!tl, m-~.arjO)J*~ ctJ:G ~ 0)-c'C1!> Q. :. O)~JJM~d:, v) 0 v) o tJ:~Jto)):)-' ~ 0 t:-0)1~ ~~.iJ{U~n) 6 ~tJJT Q ~O)~~O)~~ ~ii~T G 0) ~=m ~tJ:jt~~~ J ~ 0)-c'C1!>~ tJ!, *fg~t~l3tO)~rJ~~QJfI~JttO)rp,e~~~T ~ t:::..~ ~::~d:~+
 
 JoT'
 
 =
 
 7t-c'C1!>~.
 
 :.O)m
 
 =
 
 =
 
 c
 
 *JJ&)~::iffi~t~, *JV/A l' · 7°7)-,70)~J1J!~d:~0)}~~~Iu-c'v)~. i:tJtfjO)jt~O)J1J!m~i~~Qt~&')~:~d:, 7tT~~tJ:~~, TtJ:b~~MJJ~~
 
 -148-
 
 ~(jjn\ G O)~~tJ~;(f~jj-r:3;~. Jf)~j1x /'O)J*~t:J::tl~i,
 
 k log W(k ~J:~)vYx /JElt)
 
 f*fi,
 
 f**O)x / " 0 t:-~d: s =
 
 -rlf7L Gtl~. =-:. c: w J1-1**Cl)Bmag (~1J~ag)
 
 ~~ I.*)~~--JE) ~:.t3lt)-CWf~tl~.T~~O)a~C'~~. ~jtt: limS=O ~j:,
 
 (
 
 T~
 
 *P'1O)~Tlt~fl
 
 cg- ~ c
 
 ~
 
 w tJ~ I' c:lt~-t-7t/j\~~)~ t: ~~~g-?;,tJ~,
 
 lim S = 0 tJ~ T~
 
 .m~:1JX tJ liJ~:~j:, ~~t~ErO)Bmag~~~~J: w= 1, g-~t>!>-1**l:Wf~ tt~.T ~~tJ~t~t~ I :J-c'~~ttt~i~Z;~~J . • T1J~ag~:~~7L~t, -1**O)£JlE~~(1).~IltJ~ I C'~~ ~ ~ ~:~tJtg- Q. ~t1~mT1J~ag,:-~ag~:~~g-~ C~d:-r~~lt)tJ~, 1* *P'1O)f§1ifFffl ~*~lt~ ~O)tJ'~ GIJ\ ~ It) t>O)"'.':~lI ~ -Clt) l:, -~~:.T~~O) m~n~~1< C:f'R~tlt,.~ ~ C7J~~ GtlLt,)~O)-r, to)it~~d:J:: <J!f'R'-r~~. *t::, et>~4mjtO)5«.f*~~C'o)I/ ~ 0 ~- S2(T, p) ~j: Sg(T. p) - So = lim fT. T(d'Qln-
 
 z:
 
 
 -wJ G ttt~ (Ifjf~) ~~O) J=f1J0)$~~:~~~ rtJ G)6&'J -c:J3. ~1.J~~-~Jlrj~:J:tl~~ dU= d'Q + d'W~~:Q7J~, v~ *O)$~ d'Q =0 ~~~iJ\ GJ::):\~j: 1 mol O)~f*~:~t L" L CydT= -pdV ct~o. :::.-r: Cy ~d:~ffft)Lttt~-c'~~. J!m~f*O)tJ\~1Jfi):\~mV~Lfff7tT::' C: pVt= -~ (1) c v~ ~ ~f*):\7J~1~ Gtl~. ~ z: -c' ~d:, ~J±t)Lttt~c:~ffftJLttt~O)tt (tt~tt)
 
 r
 
 r= Cp/Cy
 
 (2)
 
 ~~~~tl~iI-c' r> 1 -r~o. ):\ (1) ~d:~iA!i&1NO)):\ (pV= -~) c:tt~L p-vEIB*lO)f~~iJ~J:t) .GV~. ):\(1) ~d:*t~ W- I -~ (3)
 
 =
 
 z:.c~~~,'Q. v~9tl~: L" L~, ~ O)~~.~~:J: J L~f*~j:~$~:f±.~ L", tf'J$I*JLt;f-iJ~~ 1/'To. L"t~7J~JLiA!lJt7J~~iO~~. ~~~O) EI EB.~O)$~~j:~~EI EB.~C: v~ ~.
 
 c_
 L{ttiA!~tJjJ:: t], ({ 0)~~~1&G, ~Uli~mf*~: ~ = ({ + (J)~~4 ;t~ (J!m~tJ: 1::: -- ~ JF /7°0)$~). G t::.iJ~J L, ~ 0) 1::: -- ~ JF /7°0)It1fj~ £ ~d:
 
 w
 
 £
 
 =~/w = 1 + (Q/W) = Th/(Th - Tc) > 1 ~d:~UlifJlUO)iA!lJt, Tc ~d:{ttrlffi.fJlUO)iA!lJt-c'~~ . • ~~tJ:c~: ~~O)* *~~:~~T.Q J:: t]~, l::: -- ~ JF /7°0)1JiJ~~d:~7J\~:~~jj-r~
 
 -c4;tGtl,'Q. t::.ti.L", Th J:: t], Iaff€
 
 ~.
 
 w
 
 ~illO){-fJQlm~tm~d:,
 
 ::O)~J!~:£~:JV)LV)~.
 
 -151-
 
 11-10: ifrt-f*(J)i$)-*Il~im~~~:MG-Cti\.~1Jlj2~43tt:: C ~, im~~O)m~~:~{~~~ C~ ~ •. ~~(J)~~c~~~c~M~G~~~~.(J)-~~,~(J)~.~~~~~~C~ t!}~~:~d:'J v-~jj*cJ:: ~d:tl~. ft!!(J)~~~.~d:t.l~1JIfr!~:J:: ~~~(J)~~~:J:: ~-Cti\. ~1Jfi2 ~~ C Q~.~, T ~ 7 ~ -~jj* c J:: ~d:tlG. *,t::, ~~~~d: ~ O)1ij{J1M~:J:: ~-C ~ CG~~(J)7.t.NkfF~~~T G ~ c ~l>G. t:: c3t~d:, 1 f)((J)~"fi~~ti\.~:, ft!!(J) ~~fi~{ttti\.~:f*~ -C, ~"fira~~:Atlt::i$)-*Jl~(J)m~~~:ti\.~1JD2~~ C ~itG. ~~~~:J:: tJ t.l~7.tm7J~~ C, fJij~~:l.~7.tm~:J:: ~ -CJm~O)~~7J~~ C, ::tlt37J~~ ~~:~G-e, ~~fira~~::~~~tJ:.~7.tm, TtJ:b!>~7.tO)7.t.~~t;G. im~5a:-f*-r: ~d:rei7.tT.O)~7.t~d:{ttti\.fJ{tl, {tt7.tT.O)~7.t~d:~ti\.fJ{tl-r:t.l~7J~~ tJ: t], ~fW~m~-r: ~d:.fWt.~~d:fttti\.fJltl-r:rei tJ:Q. 5a:-f*im~~~ 71 'J ~ -7(J)7.t.~:mv) t3 tlG.
 
 
 11'
 
 ,'Q.
 
 ctJ:
 
 ~/*m'b~m~-c'l>,'Q.
 
 11-12: 2f1(J).~~~-f*(*,~~~~~(J)~~~.~G~M§~~~~. M
 
 v)
 
 v)
 
 §~O)~f~fJ}i~O)iNAtEt7J~ T 1 ,
 
 T2
 
 0) C ~,
 
 ~~T .Q~JEam7J
 
 X1*~~nAB' SO)SO)O)l'l\'.J~1*~~aA' ~d:-~~:,
 
 V
 
 =a(T2- T
 
 1)
 
 v ~d:,
 
 ~{* A, B 0)~)V7
 
 aB cT,'Qc, T 2 7J)G T1 0)l>~~1m~~
 
 + (b/2)(T2 2 - T12)
 
 O):m~:tJ:~(a, b~d:~-f*~:J::~tR:*,,'Q}E~).
 
 T1 ~-~~:f*~c, V~d:T2=-a/b(~tLWt tJ, *'t:: T2 = -2a/b - T1 -C~d:JEam7JO)71rPl7J~~b
 
 T1 ~:J:: GtJ:V)) -c'~*ctJ: ,'QO)~, i2!~iNAtEtCJ:~S~. ~G~:, dV/dT=a+bT~d:, M§~O)-71O)ftfJJ~~-~r.ffii tEt~:f*J c ~ ~:, ft!!71O)f1€~J~O)!fiftz:iNA~~{l::~:~t G -C ~ C .Q~JEam7JO)~fl::~* G, ~mfi~l> ~ V) ~d:~m$ C V) 5. ~JEam7J ~~ C ~ ~ O)M§~~d:~m~t c J:: ~ttl, f1€~J~ 0)-71 ~£~iNA~~:1* !>ftl!71 ~~iNA$ C: G -C, r.ffiitEttRfj~~~~~mm O)*T~::et m Gtl~.
 
 tEtCJ:'lF,
 
 < v)
 
 -152-
 
 t!m (f~~1056)
 
 11-13:
 
 1ltMf~It1~.7J~~c*~~GtJ:7J~ G~G < Mlf~~nQm~. ~~:~d:~f*r*J1!&~tJ:cm 1ttJ:Mlf~, d!>Q v~~d:Mlf~~:~R G~~ G v~~~~f~ 5 im~7J\tJ:f~~ocJit-Jf&~:m v~ GnQ ~ c ~ d!> Q. 1!&~n~~ ~ Q ~:~d:ocJit~. c G-C O)1!&f-f (m1!&~) cftf~~J, :f3J:: 'ltocJit ~IJ¥JMi~itQ t~69O)~1Q. ocJitn~IJ¥JMi Gt~O)!> f3~~:.~T Q 10\ C 5 iO\~d:ocJit~O)*~ ~~ocJit~J£~O)It1.~:J::Q. ~f*~d:~~d!> ~j-C1!&;t, ~f*~d: ~~~:J:: t], ~f*~d:7t$~:J::t] ~f*~~~ GL~~d!>~jG. *ERtJ: cO)~f*~d:~iiit!&~ T G. **ttJ: C~d:ft*#t~/FJEtJ:cO)tlti~d:7t$~:J::t] ~ c:t~tJAiO~1!&;t ~.WG L~ ctJ: t], ERO)JJ-n~~~1!&~TG. ~n~tI~c v~ 5. ftf~~J c G-C~d:jfI*~~*t~~d:Ml *n~frJm ~ n G n~, ilftf~~~~EtJ: CilflJft* ~~u ~ 0), ~~: ~d:=Mlf~~*. (? 7~ * ~'7 ~ 0)1!&~), Mlf~~ (7)V 3: '/ 1') tJ: cMlf~~O)ft*~ /\ 0 IT /n~M!bnG ~ c ~
 
 d!>G. 11-14: 1f&~~:J:: J -C~~ Gt~~.O), 1!&f-f0)~1~~:~tT GEf7t$. *~1!&~-c'~d: 100%. ~0)1!&~0)J:: 5 ~:*1f&~$7t~mtf&lt1tJAO)~~7J~d!>Q c 100% J:: t] IJ\~ < tJ:G.
 
 E
 
 11-15: ~.O)1f&mTGim~ ~ v~ 5. f!ij~tJ:~*i~j:tJ: G10\ c:~rmti G-C:f3 < c, 1f∈~: J:: J -C 1 G 7J~, *f
 
 c
 
 ~: ~n~j:1 ~. t::. c jt ~i, «/~ /O):l:~~, JJI!~tf&inocJit~d:C 6 H 6 (1) + (15/2) 02(g)
 
 -153-
 
 = 6C0 2 (g) + 3~0(1)
 
 -r: ~.Q tJ) ,;, L1ng = 6 - (15/2) =-3/2 c. t;t..Q.
 
 11-17:
 
 
 tJ~(l.t ~) close to, friendly, near; !> iJ)('~' t1)(:5~t ~ ) to allow to approach {vt} ilI~~ :f- /--e:f- jj -1 near infrared ililI -tr -1 :f- /' recently; these days
 
 ~(;t Q ) to be visible {vi}; ~(it ~ ) to display.. to show {vt}; ;Jj..(Q ) to look at, to see {vt} a.au J-,,- .... ~-l-r~ •• • ~m ''/ .", /.J - I opInIon, VIew ~Ji • J\ 'Y J;r :/ discovery
 
 .U!. .J L
 
 :J r) light
 
 iJ) tJ flash, gleam, light, sparkle; DtJ\( ~) to glitter, to shine, to sparkle 7ta :J 9 -e :/ light ray 7t7t~ 7" / :J 9 jj 7 spectroscopy
 
 m~
 
 looking upon. regarding as
 
 m1t
 
 ~13?
 
 .mtJ(JfJ:
 
 ~~T:f-tJ:
 
 -155-
 
 vision microscopic
 
 ~
 
 ~ purple, violet
 
 U G~ ~
 
 purple, violet ~~~
 
 ~jJ~t/ ~/7r)~jJ~
 
 .~~~
 
 19
 
 ~ =F color; ~ 3 7
 
 color ~ -0 color, countenance, kind, tint
 
 v
 
 fS1&~
 
 V~-0 ~.:z. r)~ /\7 ~ 3 7:J ry
 
 BfS7C
 
 !IX
 
 ultraviolet rays/radiation vacuum ultraviolet
 
 chromatic aberration white light
 
 ~ .:z. r) income
 
 ~ ~. ( ~ .Q ) to be paid, to be restored, to be settled {vi}; ~ ~ (~ .Q ) to collect, to pay, to supply {vt}
 
 1&. 1&*
 
 ~.:z.r)~.:z.r)
 
 ~.:z.r)V7
 
 collection, acquisition convergence
 
 J/i\ -e =F crimson, red, scarlet dtJiJ~ red; dtJn)(v~) red;
 
 dtJn)( GU) to turn red {vi};
 
 dtJ n)( G ~ .Q ) to (raise a) blush, to redden {vt} m$~
 
 :r./'-e=FjJ~
 
 $~~~
 
 ~=F*V~3r)~~
 
 far infrared red-hot state
 
 12 /' line, route, track, wire *JR~
 
 linear straight line
 
 i1i~
 
 ~
 
 :r 3
 
 r) head, manager, superiority, length
 
 tJ:7J~(v)) long
 
 !f1J~ ~!f
 
 5Sl.
 
 :r3r)$r)7~
 
 /\:r 3
 
 r)
 
 rectangle wavelength
 
 J\ wave tJ:Jj- wave
 
 mm~ ~tJJ ~
 
 T/~/\
 
 /\
 
 ~r)
 
 electromagnetic wave wave (motion)
 
 /' inclining, left radical (in kanji), side
 
 n) tc.. J:: (.Q ) to be biased, to lean ~I& ~~~1J~~
 
 polarization ~/:f-3!7 ~/~J/$ryT~~:f- partial differential equation
 
 -156-
 
 Reading Selections
 
 7t (4tJJJlI692-1693)
 
 12-1:
 
 .ml1t(J)5~-c'l1t~;Q~~ 1 nm-l mm(J)i!fH)pgl:6!>~~O). =-(J)5~l:~~~£I-400nm 400-750 nm O)i!lm ~ iiJmJ't., 750 nm-l mm O)i!lm ~~~. C: et~~ tJ~, ~l1t~IWW.(X.cO)ilW.), ~Dt~IWW.(~ IJDtCO)iJiW.) ':-:Jlt)L~j:6!>~m~(J) a:~i1;Q~6!>~. MJ7t, iJ!IJ@~tJ: £O)7.r~-r~j:~~:iiJm7t.t=~t ~ ~ 9i1-@; ~ 6!>~. J't(J)
 
 (J)i!fH) ~~~.,
 
 ~f*~:-:J
 
 :. c,
 
 v)l ~
 
 ~lt)tri6) GA,q ~J:7tO)fFffl ~:J: J
 
 L§
 
 ~~7J~J!;t ~
 
 z: C:,
 
 =
 
 7ttJ~i!i!9 ~
 
 1iMO)t!j{IJ~~tt5 ~ C, *t~7tO)fFffl ':J: J -cfLt~iO~~~9 ~ C: ~9IlJ -ct,)t~. :¥')~7, .T..~7a", 77e7tJ:£0)9c~~j:~~, f{~t~~)Gft~t¥i~~~£':LL7t ~!Jl~~!N t) t&-.J t~. 12 tttc ~'0iJ) G~~~ Grosseteste ~~d: {;&) C: 9 ~ e§~O) Ai:( l: J: J l /A'O)7t~~fFmO)m~, ~)(~~.fiJf~;Q~~Jll Gt~. 17 tttc':fJ:.g C: Galileo ~: J: -.J l~.~.~ C: ~ 0)f{~~~2~ ~£ ~:, t~ R. Descartes t: J: -:> -C 13 ~fg~~~
 
 v
 
 ~c:f{~~£~:,
 
 *
 
 7tO)*WI:-:Jlt)LO)!N t]t<)iO~fivtlQJ:: 5 ,:t~Jt::..
 
 GaliIeo ~d:J't
 
 ~./J\~f-c~xt~n~, Descartes ~j:9~LO)~ra'~itM1t~9 UI-T)~" ~~bQiIa%~ 1btJ:~) ~~d:~(7)illb~1: ~it ~ ~O) c ~ L C: £3 X, @O)~tii1~j: z: O)~~tJJO)ffiJfiii f3f.tJ~.tI.ot:::.r/)e Gt:::.. ,mt1TO)$JtIJ~j: 1621 iF W. Snell van Roijen ~:J:: '"? -C, 7 .r.)~x (J)Jl{J!!~d: 1657 ~ P. de Fennat ~:J: J -CijJ~ ttl 
 c:
 
 ~~11665 ~ R. Hooke ':J: J L, *t~7tn~.fiiJ~~~O)$7.rJ:ffiJt) ibUffiJffiO)lJl.~J:fPJ ~ F. M. Grimaldi ~:J: J Lj!~)t~~ tlt~. Hooke ~j:J't~~~-m-l:iiv)ilIl-e~b~.tI])~ ~b~l/J\~~)!iI1J~~X, ~W • • a:pl:'~j:-~ii~\:~.Gl rDtmiJ ~.~9 Q ~ ~~. ~0~X~Hoo~J1mffi®lJl~~~0)~~~~~~ffi, ~(J)£*~tI.i1.ffi~ ; 1))~:: ~ tlt~ (J) J11666 ~ I. Newton j~71) 'A'A l: J: ~ J't0)7.r~ ~~j! ~ t~ C ~ -c: 6!> ~. Newton ~d:J'tt1~i!il G -rtfDt 0) J: '5 l: ~j:ffiJtfilJl~tt~J~ ~ Iu EflMJ ~ tltJ: t ~ ~ C:, * t~ fI 7ttl~tfl1t(1)J:'5 tI..l1t~~1~~~~tJ:v) ~
 
 c'IJ);,
 
 7Lt~. JIt(})ii~~j: 1675 ~ O. R0mer
 
 -r*~o)~~J:J::~ft(7)flMJC'~j: L:&)-c3l '3 -Il15ftRE~:im9 C, ~O)15'IREo)@]~l·:J::J L~~7ti1~~ tJ:~ G~ fG7f
 
 -c#C* fJ, IJ.& l&O)~I3t~d:~ti-Tt- ~ / l'0)*~~-e#C*~0)-e, $~IJ.&l&A~~ l')vO)?J{tlJE~:et~ -cJt-TO)JEttJE.JtfJTiJ~r-r ;Z~. $~A ~~ l' )vO)?J{IJJE~:~d:~llfj~d:71) A'bJt7reHiJ~m v~ 6tlt~iJ~, .JlI~d:§Jffim-TJt7reHiJ~lli$~, m$~~Ji t;-Clf& G -cV)~. $~Jt7re ~::S~t~tt~~r~'Mo)DcJ~j:~mHO) SN H:7J~/J\~ V):: c-ed!>.Q. ~'1 Jr )v'J /~O) T~Jt7reH~m v~, 7- I) XJt7re~~:et-:> -c$~A ~~ r- }v~?J{lJtl~t SN H:iJ~rfijJ:T~. 12-3:
 
 ~9}.
 
 (tto/.JJ.l1082)
 
 IiJtJi7re_et tJ
 
 'b1Jt~iJ~~ ~, ~fFmiJ~*~ < ~_ C: 'b v~btl~. ~~*l~d:?J{IJ7rett~O)Il}~iJ\ J3 ~ J3~:
 
 *HJJtf~ ~ tl, tJt~ 0.75-2 flffi ~lli~~*l * t~ ~d:tilli~~*l, 2-60 flffi ~ (lfJi) ~~_ (2-20 flffi ~r:p~~*l), 25-5000 flrn ~m$~*lc: v~:>. c: ~ ~:~d: 25-60 f.1m ~r:pm$~ *l, 60 flrn ~J: ~~ 7" ~ 1) 1Jt c: ~ ~ :>. ~ tl G~d::S et.-'fO) ~Jt~ d!> ~, M! 5 A~: et -:> -c fitJ: tJ, ilJE G t~ 'b O)~~d:tJ: V~. ~ tJ:~~:tJt~ 50 flrn (tJtfx: 200 em-I) (J) hv (h ~d:7°7 / ~JEfx:, v ~d:7re0)~1JJfx:) ~d:I&!l3t T= 287 K(14°C) (J) kT(k ~d:~)v~~ /JEfx:) ~:f§~T
 
 v
 
 Q. ~~c:lucd!> G ~~Jt-TO)Jt-T(1q~JJJO)£~A~~ r-)v~d:-tfJi~~O)~~~:d!> tJ, ~~ Jt7CJtfJT~'j:It, cT~mra'O)il3~:~~< :A~? ,,)v~J:JiJm.~t1~c;.
 
 ")v,
 
 ~J .~.~.~I::±cL,-cmtl, ~tl~tll3Jm.A"",? .~A~? ")~J .~. ~ A ~? ")vtJ: c c J: ~itl~. A ~? ~ )viJ~&1IJ ~ tl~ l1t :&~.,::tt ~ -CJ ~t c; ttt~ tt
 
 f$-r ~ J L
 
 J
 
 4#JJ~B9I:Ij:~tl~~ c~jjIJtJ:~,*~J:tJ: ttl.
 
 12-7: ml:f!ij~ ~ ~~ r::~7C.. i1t:&fBtm~J:mttljjO)IWJfn\380-400 nm, :&ttljjCl)IWJfn~
 
 750-800 nm
 
 -r:,
 
 ~1rO)BA~;Q~~~.
 
 12-8:
 
 7C• •, *t~~j:, 7C.~jj*':etJL~t;,t~§m.T~t·)5. ~-f*~~l;l~1~-f*l:~~ .~¢ ltl~j:~tlJ:: tJ i1t:&O)mltl7C (1;t /ftI.*)~:¥-J:fJ *~lt)I*)v:¥-~ t>-:J7C r)~!fftMT~c, 5il~Jjj{T· ?tT-c'~J:7C • •~~~=J:JL§mCTC:1E1~/c~1: ~~~~J:~$7fC~*l:J: J -eEl m.Tn~~tl1~tl~. ~<J.)J::> ~:7C~:J:-:J L~ t~ EI mCT, 9tJ:b!>7C.To)I*)v:¥-?ttJi~jqll?ttJi ~3{lJJ£ G-C, Jjj{r· ?tT~~ ltl~J:~~J"JO).T~!il:OOT~tfft~~~;:. C ~7CCT7t7C$c It) 5. ~t~lim~pq-c'o) pq$7CC~*~:J:J-c~C:t~Elm.r-r,.~ffi~$0)~ft~~.1J(J)~~~cl:~4 90~0)'bJAltl.,*~0)7C.T~J::~ttt~.7C• •, ~$7C.~1J*, pq$7CC~jj*t~c 'Z:J::07CCT~j:~l~tlt>miM7C0)~ttlt: t>ffJfflT Q ctJ~-r:~, 7C.TO)~~TQ~;Qt 7CIilll:Jt~JT¢ C: ltl 5 ttl{ ~~ J -C, 7C%i1l0)mW;ilIJJ£;Q~~~ Q. ~ O)J:: :> tJ:7fCr
 
 c:,
 
 c:
 
 =
 
 -160-
 
 7t.~~ (~J!l667-668)
 
 12-9:
 
 ~.n~7t~~J& L, -C i3 m.T~~9 ~m~, *t~lj:~tlJ:et J -C~~~iJ~(1)~ftJ\C', ~$7t.~:JJ~clt\]$7tilrJJ~;Q~~~. 1f1~:7t~~1J~C~):> C: ~~:~d:, 7t~~J& Gt~~l* ~min)£3.Tn~1&ttl~tlQ~$7til~jrW:~~9. mttl9.T~7t.TC~)~), ~O)~~ ~7t.T1&ttlc:t>lt)5. Jjj{Tn)t;7t.T7J~1&ttl~n, ~0)~~~;t/7J~~9~C:~, ~ ,:7t~ ;t /1t C ~) 5. 7t.~jj~~i, 1&.m~(1)iiJf~tJ)6, H. R. Hertz ~:J:: J L§EJ! ~ tl
 
 (i887 iF), ~(J)tl,
 
 w. L. F. Hallwachs,
 
 J. P. L.J. Elster, H. F. Geitel, P. E. A. Lenard
 
 E ~:J:: J
 
 tJ.
 
 -CiiJf~~ ttt~. ~O)~~, 7t.TO).I*JLt:¥-'j:7tO)~~~:~d:~OOf*C'7t. 12.~mi7J\60)7t
 
 *)v.:¥-
 
 
. 7'G1E:~ 7t c: § ~7t0)~ ~ C: ~tJ:it ~ 7t ~$7}~7t c: v) v), 7'G1E:~7t~7}5~~ c: 1E:5~J3t 0) ~~ O)~7tJ3t C: v) 5. 7C7J~3fI3T~~7CT~Jmi&!Gtc. 'I), ~~iti-rocM Gtc. t) g- Q C, ~7C ~~7J~~{~T~. ~ 0) ~ c ~ffjm GL, ~7t~7\Ji~~~)aJ~tc.t), !fij:~O)~7t~~~J J t::. ~, Blt~0)7C~~~~D9~~tIc~Q z: ctJ:cn~-c~Q. ti?/)LtJt~O)~V)7t-c~~ x *j~::~t G, z:tl~-c~::PJ1Jl7C~~-c~ Gtl~ J: 5 tJ:7C~fflJt1:f* (~JJJitiO)@J$i~ ~t::. Gg-~.) (J)ff1:E~.~£ Gtc.~~~J:tJ: v). Gn1 G, Ul*j~7t Gtc. X *jn~*5m:rO)~ifliti-c' ~7 'Y 7"ocM~iaT C:, PJ1Jl7C0)~~iti-cO)ocMO)j:~~(J)J:: 5 ~:~7C~~n~~bQ. ~ G ~::, 7'G~*am:rr:p ~ ~7 ~ 7"ocM~f*v)tJ:n~ GJmiMIT ~ c, ~ifliti~:~UltJ:~7}c:iflfT
 
 
}aj.~:J 1::- V/A O)~ v~7t-c'~~ -e, Z:tl ~~v~i\~-c':J 1:: -- v/' l' tJ:7t-c'~Q. :J 1:: - V /' r-7t~d:, d:U4!fo/.JJ]!~ffJ~:~d:J]!~ffJtJ:lf!-IE~.O)iim.-c'~~tlQiOt , • -T1J~ffJ~:~d:l~~l~~-TO)mJ~~Jij~~~:J 1::- v/' 1'~~c G-e~~tl~. Z:O)~~ ~d:7t-T~ n O).tJ:Q~~O)It-T~JijO)mtd.~oit~~~ tJ, n ~:~ G~'O)~Q~~-c'~
 
 tJ:ot>::I 1:: - V /' A O)~ v~7t~ v~ 5.
 
 v /'
 
 
. § !l£~d:~'\~G ~.*(1[W't C ~d:~H 6 tJ: v~. §!l£~ 'b J 'b (J)~d:MtfjA 0~~~J~~c~/~D~-~-CGL, *~AN§~~'bJ'b(J)~~• • -T(~~ m-T~7°1J A'L) ~l& ~ ~< ~:i=:t ~--~-c G-emv~~:: ~iJtl:~~. [2] J*-T~~.tft-TO)~.~~~v~-c~d:, a*J, fJ*J (ii-T*J), r*JtJ:c(J)iJ{Jj~(J)~~7J), ~~ -T, q:t Jt1-T, n ~rf3'-T, K ~rf3'-Tt~c.fft-TO)itlt, I*)v~-, ~JJJItO)~fJT7J~~\~ ~~tJ, z:tlGo)I.*)V~-A~(J 1')v~iJ{1J~9~~llf~~f/J\GLA~(J 1'D~-~
 
 r*JO) ~ 5 ~: ~1t1O)*-ft-To)I.*)v~-?lIJ~~: ~d:~tl~tlO)tft-T Gtl, ~tl~:Jt\ClA~!J l' 0 ~--~- O)fjtl~~~~~.t~~ L iJ)( Q vl) bright, cheerful, clear; mijij 1 ~1 Jef!J=] J\ 'Y ~ 1 3
 
 n
 
 *ll
 
 transmitted light transparent
 
 d!> ~ ( Gtr~) bright, clear, distinct elucidation, explication invention
 
 I) .::L ry drop, grain J ~S~ drop, grain, {counter for tiny particles} *Bl*ft~ 0) ~ 1 I) :J. ~ 0) *ft-T I) 2. ~
 
 ry
 
 ry
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 fine grained particle
 
 Reading Selections V /.A (~~2298)
 
 13-1:
 
 jj:;; A ~77 AT 'Y? (J).J:::> tJ:~IJj • • ~
 
 '5. 2
 
 J(1)~OOO)dIJ$t:pIL'~fa~~iff.(J) ~
 
 2 --:Jo)f~OO~l&lmlvt~~O)~¥ v /' X C:: ~~
 
 C: ~ lfi 1/ /' A'O)$dJC {,~ 5.
 
 1 M(J)lt!
 
 v / X!>
 
 ~a~fi(})¥~/A~m~ftb~~~ftv/~~~~GLV/XC~~. V/A®tt~ ~d:~.,~fie.~::J:JLFa)£~tl~ . .ijil/o/AO) 2 ~O)1ffifJT~itiO)dIJ$*~~ TI , T:!., ~~ij ~jtO)~5~2.~ nt~ It). fIIJ~:~m:tJ:~.f*O).O)*~~ 0)~.f*(J)*~~
 
 .•
 
 ~:~t9~Jt~.ffl$*t~~j:¥l:ffl$ct-~:> m~7J~ +1 t:t~~.J:(l)~~I~O).~3: I~C lt~ '? 3:1~~JmJ -rflbl:~iitJ:3JlOO~3:¥Ufi C: lt~ -j. ~~~J~O)-1i~:AML,t fm1i t1~t;mM9Q7t.0).l:M9~M~. ~ffl$t)'~ +1 C'6;~~~J~~(1)m~IJ.,~, 1J1~~Jm IJ ,*~~~ifftJ:¥iti~lJ¥iii C It):>. ~.f*il~IJ.,~I:AtfGt::7t.~j:, A'~imil~{iiglJl~ ~Jm tJ Atf7t.I:¥rr
 
 v/
 
 ~:ltiM9~. ~J:O)1fJffl$O)JE~~j:, 7t~~~tJ:c-c'ffl
 
 t
 
 v) t;ttQ~m~O))£~c:Ij:iI-:>
 
 Llt~~.
 
 ~I~' 3:1~' 1JF.a~V/AO)3:~I~Clti5. 2 J(J)~J~IJ:1ilt)I:~~C'~j:t~lt). ±Ji1: ~~I~*l:'O)m.~~I~m.C lt~:>. 2 JO)3:.,~, ~~~tJ~6;~ ~ cl:~f~ L" 2 J(J) ~F.am.~6;~. ~~., (l)~(J)~~h~h~.f*.~F.am.fi• • ~F.am.,~ ~9. ~ ~ ¥~: A O)~I~m.l: J:: ~s~. ~.,~, {i1~*\:(J)m.~~n-ttt~~iJIg, {i{JIIJ±I~7i\ 6&IJ'J L S, S', V / A(l)~I~ 1!.~,C9~C (IIs') - (lis) = llf 7J~J£1L9o. ~O) 
 c
 
 v)
 
 ~O)fI
 
 ft~L (!to/.JJJl778-779)
 
 13-3:
 
 ~fJJ*t~~j:~Tn~"~!to/.J~1a~Lf*tJ: c~::J:: J -C ~ fB~fT~!L~ tlQm~~-~~::1a!L v) '5. 7t, X *l, .m~tJ: c O)~fJJ~~~Jl~tJ:~T~d:1a!Lm~ ~~9. tfiM, m!L~ ~-c'~d:, ff~H~~~::fiU1:£G -Cv)Q1aELf*~=, -T?t~1J7J) G ~- ktkO)~fJJ~~T~~A G -C1a!Lm~~5r~ G, fl91J~::1a!L ~ tl-C te-c ~~fJJ~*ftT~, 1a~Lf*7J) G-T?tllltl t~tJjm~::-t3v)t~~te~~:J:: J -ClllU9 G. AM~- k0)5m~ (!li{tl~ra~~:!li{tloofl~Jm J&!9 Q*ftT~*t~ ~:tI*)v=¥-) I, !li{tlf*~~t~ tJ O)~!Lf*O)~ N, AM ~1JrPJO) ~!Lf*O)~~ t, AM$fb7J) GliftJ 0, 1J{tlftJ qJ O)1JrPJO)~/J\1Lf*ftJ dQ f1g~:!li{tl~ra~~' c ~=A J -C Gm!L~T~*t~~j:I*)v=¥- dn (0, qJ) tJ: cn~1a~L~~7J) GlR~llJ~~ tLG.-cd!> GiJ't, ~tl G0).10) G1~ Gtl~ (da/dQ) = dn(O, qJ)/INt ~~~LO)~?t~oofl C v) '5. ~?tl'JToofl~d:, 1a!Lf*~=AM9 G*ftTiJ~ (0, qJ) 1JrPJ~:~EL ~ tlQ~$~4;t Q. £lI139tJ:t1~i!j{U~~fJJ1JNrt7J)G ~?tlfJfoofl~f:I~~~::~teGet '5 C9 Q ~O)iJ't
 
 c
 
 
Q. t::- ;t~t, J*T~~*~T 0) &:JJtl:'~j:, ~F5ij!Jt1fij~C: v) '5 maftiJ~ G ~t G ~tm v) GtlQ iJ!, ~ 0) C ~~:: ~j:~F5ij!Jr1~~L
 
 c
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 ~ tc. ~J:liJt\O) ~ C ~ ~ g-. ~!L ~d:~!LftJ ~~ J: J -C ~ 7}~ ~ n.Q . AM*1l TiJ~ 90° et t] /J\ ~ ~ ftJ ~ ~~ ~!L ~ n.Q c ~llfj15ft!L, 90° J: t] *~v~ftJ~~~ft!L~nQ c ~f~15ft!LcJ:~~n.Q. ~t~, ~!Lf* iJ~~ < O)ft!L*1lTO).~f*-e~QtI~~~, AM*1lTiJ~~~Lf*O)J:f=r-e 1110)ft~L*1lT~~J: J-Cft!L~n.Q llill~!L, f{1I0)ft!L*1lT~~J:J-C~,q cft!L~n.Qf{lillft!L, ~f{0)
 
 v
 
 ~!L*1lT':J: ~ LD tJ ~ Gft!L~ n~~mft!LiO~~.Q. ~< O)ft!L~.-e~J:, ~ll:_~~:AM*1lT~~A g-.QO)~, ft!Lf**1lTO)~}]m~lJJ. iJ~ 0 ~ ~.Q &_* ~~.~* c v~ 5. ~n~:~t GL, ~~IJJ.iO~ 0 -e ~.Q&_* ~mJL\ * c v~ 5. jJIij~O)~f*~d:O-V /y~~ (~tc.~d:jJ IJ V1 ~~) ':J: ~ L 4;t Gn.Q. 1It.Jl~*1lTO)J:f=rJL\iJ ~~J: Q~!L~d:, fi ~~~~tJ:ft!LrJ:J,m-e~.Q. J:f=rJL\iJO)tI~'~~d:, *1lTO)~~IJJ.iJ~f*t¥~n:QO)-e,AM~.t3J:vtft~L~~~~I1J.O).Tf{ f ~~Mg-Q $7}~~~7}mg-QO)iJ~{J!flj-e~Q. AM*1lTO)~~~ Acg-:Q c, ~~l1Ja f O)*1lT~d: f:ij~mf{ fA ~ ~J -Cv~.Q. ±c G-Cft!L~~~t~O)~d:, ft!Lf*O)~mJ: tJ /J\~ v~ fA 0) *1lT-e~.QiJ~G, *1lTo)I*Jv=¥--iJ~{!t < -C, AiJ~ft~Lf*J: t] *~ v~ C ~ ~~~d:, ft~L~ ~~tQO)~d:±~~A=OO)*1lT, g-tJ:b!> s~O)~-e~Q. AM*1lTo)I*Jv=¥-iJ~~< AiJ~/J\ ~ v~ C ~ ~~~J:, ft!Lf*O)f~15~~~iJ~~~ Q. ::.n~d:~ft!L~tc.~d:lillffi~!Lc J: ~~ nQ. ~~AM*1lTcft~f*~~~~~~~ 10 ~ l3 7~ '7 'Y ?~l!!JfJT, Q< 1 ~ ~ 77/ • z:.=-rd'j:.JtO)J¥~, n~;t1WfJT$, A~j:f3.rrl=J'~-r~~. 7~7··/?~
 
 l!!JfJTl:.t3~~lJd:, f3.rim~ffilfJT~ftI:~i\1J'@T ~t~~tC'tJ: i\1J,@
 
 T~~~~~~O)~, ~A®ffilfJT~V~~~~tt, n~~~tt~~G~TiJi~ C~J:, ~O)~~n~~AO)7tJ: tJ Jd:~~)~:mv)t~69, ~A, Jjj{-T, Jjj{-T~~cl:J: J lffilfJT~~
 
 ~~T.
 
 X.,
 
 .~, ~ttr.~E~ffilfJT~~mGl, ~AO).~~.~~O)~ffilfJT
 
 ~A~-e~~. ~.I*JLt:¥-(J)~r, ~ra'rtJ: E O)~f.ftt~O).7tttJfiiiM~d:, Illlfjn':jltt)LlJt1'\~ J
 
 -c,
 
 tt~PJ;6~!tlx~ ~:--:>tll,
 
 ~/j\,
 
 ti*~::tJ:~7CO)@]t1fi1tO)~~7t{fj
 
 C: fPJ t:/\:$7-:/
 
 ~~9. ~ttJd:AMi1ttJ)~~f!J3tJ:~t¥J~=~!& ~ tl-CC'~~~0)$7t~::, ~t¥J~:~t::G~ v)~1ltlO)i1tn~*bt) ~Iu C'-:J < ~ l!!Jt1ffiC'~ -:J -C, @]t1f/\:$7-:/ et J: tIn L~)~. ~.I. *JLt:¥-O)/\ ~ 0 /Wl~~~tt~L~ J:~~0)~d: ~ "5lt) -5 tJ~t-c: ~~. ~ 0) C ~(J)ffilfJTi1to) ~~7t{fj~7CO)~~~~G~~~~, M7tttJfimM~, (du/dQ) == (1 - 71)2If(Rq)2 e [11(qR8)/(qR8)]2
 
 ~4jt ~tt~. tt~PJ ~ .Q .
 
 -r:
 
 z: z: -c,
 
 ~t¥J~j:~f!J3~ 1], ~~ R 0)F9t1ie:
 
 G,
 
 q ttAM~(J)~lt, (1 ~d:
 
 @)fi~T (~~273-274)
 
 13-6:
 
 7fO)ffilfJT~"Jm Gt~7t7t*rO)-lI. ~iiijj7 Afi~: Al ~cO):i:~~~.G, ~(J)
 
 ~iiil::~rfl'IfMI~.~~J.Gt:: 'b 0) ~~iii (ffilVT) f3.r, [!!]~iti~:::i:.~~~G~I::iGJ -c~rfl'IfMJ~.~~J.Gt~ tlO) ~l!!Jiti (ffilfJT) f3.rc tJ):>.· l!!Jitil!!JfJTf3.r~j:#~~J&~~ c. J&~~'f*~t,~0)~, ~0)j{.,~~1mIE9~t~69~
 
 01 ~t)Ltiti{>fftF9itiO)~.JI:l!J.Gt~~ ~ (J) J: ~ t> (J) ~ 1~~ itiffiltJrf3.r ~ It ~ ~ itiffilfJTf3.r(J) ~~ , ilfJJJ#. Q) ~itil:~rfl'JM(J)~~~J.G, ~if&ffilt1f7t~flj.mT .Qmit(J) t>0) t>~~ . .&M7f~"JmT ~ mit 0) t> 0) ~ .&M~ffiJt1ff3.r, ~~7t~flJ.m 9 ~ t> 0) ~~if&~lilltJrf3.TC ~ ~ '5. 7t7f B(J)7tIt*rc GL m l3t1 Llt)~@]tJrf3.r~j:~~c Iu ct1'{.&M~l!!JfJT*3--Tl:'~~. ffiltJrf3.rJ:~j:.~t¥Jl:~~1~.:c:/ ~ tJ ':J :$7-~~J. Gt~.tft~J.@]fJTf3.rl: 7 l' :/A "~:T~.~m~M~tLl'lfFGt~*Dif77.{ ~?l!!Jt1ff3.rC;Q~~~. mJli~t1L It)~l!!JfJT*3-T~j:~I) ~T)It@]fJT*3-r~Jjj{~c:L,t~~I'l~ (1/7 1) tJffilfJT*3-r) -e~o. ffilfJTf3.-T~d:.&M7f~ Q ~ )~1~if&7C l:161WJt¥J~~ • .t3J: (J«t:tlI O)~f~ ~4 jt ~ t> (J)-C: ~ Q. ~Aftfi~:T~.~m~M~tt~~0)~j:~il7CO)m.l:161WJt¥J~~f~~4jt~.~(1)et"5 ~::~.(J)~~~{~~i!Q@)fJTf3.r~m;;f3.rc t,,):>. ~f!J3tJ:f&0)~iti~:~rl=J'~l::1!!J8~ J~tt~ ~(J)(J)~~~:~d:, ~~7t(J)«t:«Jn~JSJWJtJ(J':~ftG-Cv)o. ~ (J)J: 5 ~ffiltJr~-=r~ fY:t1If3.TC: tt~:>. ~imf3.rl:'d:-~~:~fi7t*~ AM~1t~. ~itiffilfJTf3.r-e~j:D-7 :/ ~F9J:l:AMA') 'Y "~lR< C: 0-7 / ~~':rdJlA~? ,,}vt1f~.9Q. ffilfJTf3.-Tt1\ ~ O)l!!JfJT7C(J)~~ (1)7t{fj~j:M~l:J:: J L*~ ~.~ ttQ. ~~O)jjrtiJl: *$7to)I*)J,:¥-i1~@JfJT9 ~ J:: ~:M~ ~~fj~~:9 ~ t~ c (J)Ixn~. ~ tl LV )~. (J)
 
 t> ~ 0 .
 
 :>.
 
 :>
 
 v)
 
 *
 
 

 
 13-7:
 
 v
 
 c;
 
 Imfi (~~523-524)
 
 [1]~lJJn~.tJ:~.JtO)ilW.oo~Ail9~~, -fi~:iftfijjrtiJ~~;t~. ~O)m.~ftB
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 ffi C: v):>. fpJ-• • q:.-e~,
 
 tAl3t~mJiX:O)~!$)-7t~~= { ,v)Jmffi.iO~tJt~~=tt~L~~
 
 ~iJ)~:~v~c~, tJtI1JO)~fT15rtiJiJ~im~a9~:~v~. :'O)~.~JmfficJ::~~:'ciJ~~ v). ~15'~ • • 1 iJ) Gfl!!O)~15t1 • • 2 ~:~ootJtiO~AMT ~iI~, !Jl~ooiO~tJt~~:tt~ +7tMGiJ)tJ:Gtf, JmffitJt~~ootJt-e~~. -~~:~d:, • • 1 ~:.&MtJt~f'v), ~tl~ ~ootJt~~~. ~O)c~, AMtJt, JmffitJt, .&MtJtO)~fi15rtiJ~J::~!Jl~O)~.~T~ -CfpJ-~oopq ~:~ ~. *.t::., !Jl~oo O)~.15rtiJ cAMtJt~J:: ~JmffitJtO)~fi15rtiJO)tJ:T jIj, TtJ:V!>, AMjIj (Jl cJmffijIj (J2 O)ra'~:~d:*J:t~~~tl~A*J!tO)~JlfjiO~JiX:t]llJ.
 
 (sin 0l)/(sin ( 2 ) = A1/A 2 =n l2 A2 ~d:~tl-:etl • • 1 ~e:t~ 2 ~~~~t.QtJt~~, n 12 ~m~tJmffi.C:e:t~~.
 
 ~ ~ -e, AI' *~= • • 1 iO~.~O)iI~, n 21 ~.~: • • 2 O)Jmffi.cJ::~~. Jmffi.~d:-~~=tJt~~:ft{ fiT~. AMtJtcJmffitJtO)~rJriO)~f*~d:tJtJJJO)fjm~:J: t] AtJ:~iO~, *~=Jilm7'ttJ: cO) .mtJtO)iI~~=~d:, A. J. Fresnel ~=J: t] ~ G WIJ~ Gtl LV)~. ~15i1~.7J)GA1Jt1 ~. (t~c;ttf, Jilm7't~=~tT~*5Mrf*) ~:AMT~ C, JmffitJtiO~ 2 JO)1JrtiJ~:7ttlo iJ~, ~O)~.~~JmfficJ::~S~. [2] X .O)e:t:> ~=~G tJt~O)~v).mtJt~=~tG -C~d:, *5MJ'f*~.~~=-fi • • c:J!~ ~ C:~d:-e~tJ:v)O)~*~tJ:~.]j~~tl~.~.O)Jmffi.n ~d: X .tJt~~~~~d: 1.0 J: ~ V97J)~=/J\~ v). 1- n O){il~d:)i1it 10- 5-10- 6 fil3t~, X .00tJt~ A 0) 2 ~~J:~~. q:. O).-T*l3t~:ttf?iJT Q. AtJ:Q~.r~~O)~oo~ X .]j~Jmi&1T Q C: X .00imfT1J[ti]~d: ~f~T 0 iO~, ~ tl ~d: Jilm7't 0) iI~ c fpJ fi ~: A* J!t 0) ~jtlj~: J:: J L if{ ~ tl 0 . • ~ q:. iJ) 6 ~.q:. ~:.[ti]7J)J -C X .7J~AMT ~~ft, n < 1 -r: ~ Q O)-r:Jil*Jl7'to)~~ C: ~d:i2!~:JmffijIj ~d:AMjIj J: ~ *~ tJ:~. 7°1) :A'b ~:'J:.Q X .00Jmffi~d: 1926 iJ:~:*~tJ:AMjIj (/J\ ~ tJ:JmMjIj) O)~~~:~}]&)-Cll~~ tl, ~-T.~~-TO)A1it7tft*,"iEJJ{O)mtlJE~: ~Jt\Jtj ~ tlt~. ~~.~Mr~:J:~ X .0)7~7 '/ !I.&M(J)~~~:~d:, Jmffi(J)~jj*~:J:t] .&MO)~ ~jIj~~d:7"7'/ !l0)~J{1j 2d(sin 0) A (d ~d:@Jffi~-Tmira'~., (J ~d: X .00AM1J[ti] C:~
 
 
. TM(TE) tJto) E z (Hz) ~d: ('1 2 , + Ym) lfI= 0 0)fiR. lfI-c:4;t GttG. t::- ti. G '1 2 t = (a2/ax 2 ) + (a 2/a y 2), Ym > 0 -c: d!> tJ, ~O)!ji~-c:
 
 TM ~J: lfI= 0, TE ~J: alfl/an =0 (a/an ~d:~*~1J1RJ0)1I7t) O)!ji~~#~~t::- ~ tJ: ~ttt~ttJ: GtJ: v). lfI ~ Jf.J v) -CfrnO)PX:7f7J~~~t Q 7J~~0)~-- ~ ~J:~I*J ~ dUJJt - kz) (k 2 = JlEM/C2 - Y m'
 
 O)J:: 5 ~:~fi-g- Q. z 1J O)~m:l:$}~d: TM ~:J V)l
 
 J,t, E ~J:~I*J~~Ji(J)~m$.t3J::lJ~~$, c ~d:.~q:.(J)J'timJ3t)
 
 1RJ(J)¥{ft«7
 
 ~ )1t~ e z c:-g-tt~;!tl1J1RJ t
 
 E, =(-jk/y m) V,lfI, TE
 
 H,
 
 =wick (Eo/JlO)1I2 e z x E,
 
 ~:JV)l
 
 ctJ:Q.
 
 H, = (-jk/y m) '1,lfI, E, = -wick (Eo/tto)1/2 e z x H, (V, == a/ax + a/ay) (Jlo' Eo ~d:, .~JftO)~m$.t3J::lJ~~$) ~$(I)~:mmrtJ:~wl*J-c:mrPl~.(J)C: ~ x, y 1J1RJ, F9fl6~.(J) c: ~ r, o1JIRJO)
 
 mm:l:$}O)rnO)~7J~~tt~tt m, n -c'd!>tt~;f, ~tt~tt TM nm tJt*t~~d: TEnm tJtC:J::v'S~. ~ fi~-~~~~~OOtJtffi~~-C: • • RM~.~~G~bcGL~fiR.~tlQffi,~< 2 C Ym/ EJ,t= M em ~ k 7J~ • • ~ctJ:Qt::-~~t!~~tJ: tJ:G. ::.tt~J:~O)~W~:tt""~ ~ ~rf3~tJt~
 
 A = 2nc/(EJ.l)1/2(J) n~/J\ ~ v) c: ~d: v);t tJ:
 
 < ~. *imO)*~~ 0)7t~i1N
 
 o
 
 ~~~J:, jWjv)Ml1t~m~l:'t-~7J~?t~G-Cv)~O)l:', v-~-~.O)~7tA~!J1')1; 0)~MO)tJ:7J)~:a,f{O)t- ~7J~fj1£G, 7c0)*. *.l:'~1v) ~7J)O)t- ~l:'rRJ~~:~i1N7J~~
 
 
 ~:~d:, *.-rjti1N~t:p~:~tl ~Att~tJ:cG-C, £*t~o)~l:'~i1N7J~~~J:::>~:~,M]JrJGL~. ~G~=, I 7' 0 /tJ: C, ?tMfj~O)~v)~*~ZIJ~~~i1N~1*J ~:iiI C: ~:J:: J -C, lfi-O)t- ~ 0) ~ ~~i1N9:Q J::
 
 '5 ~:I7c Gt~O)iJ~!li- (.) t -
 
 
 
 ~. v-~-~i1N~~=~d:, 3 M~J:O)1ZM.~~~ t~ 1) /'~~~i1N~~mv) Gtt, I) /' ~v-~-C:J::~ttt~. I) /~v-~-~~d:ti*.btl O)t- ~ clc*.b tl O)t- ~ c.7J~ ~!Rll~:fj1:EG, ~ G Vl:Jti1NJa]~f{~ ~ J -C (9tJ:b~.~ G-C) vl:Q. :Jti1N~iJ~@1Ji G -Cvl:Q C: ~ ~:~d:, .~7J! C: ~t-c, jti1NJa]~f(0)~~J:@1Jiim~~:ttf?iJ9 ~ 0)'1:', ~~ 1 0 A ::1-7 C. GL~m ~ tt~. Gn) G, jti1N~t:po) v-~- • • ~=J:: J -C.~ Gt~t- ~ 0
 
 7J~iifi~i1N~fTv), m7J7J~/F*~~:tJ:~O)~, *~tJ:~i1N~fT5 t~~~:~d:, 7777tjj*~fIJm G-C, -jj~~:*.b~t- ~ti~t-c'~i1N9~J::> ~:I7c9~~\~7J~d!>~. J.I
 
 ml¥JtJ:!}i-t- ~ v-~-O)m7J~d:,
 
 jG~tJ:1JlOOl1td!>~v)~d:J.1 JI.91J&--e)v~mll~:f*J t':I~ 0 /tJ: c(1)J61~~tI~~.~, v-if-(1)~IiJ61~~~ttlt:frbit Q J: -5 ':jtli~ ~*,J.9 o. :: (J) J: 5': GL, v--if -O)~IiJ61~fl~ 10-7 ~l:, f?i:~:~~~ ~J{!& ~t~ t>0)C'~J: 10-12 ~J:l:JejrIJ;;' ~ C:.iJ~ ~~~. v--if-(J)tf:Lh~m~j:,
 
 -~liti(7)il!~lliiJ~~1=:90
 
 ~90!\)VA~mlliiJ~~1=:90
 
 t>0) (!\)VA v--if-)
 
 t>0) (CW v--if-) C, f.fi
 
 ~l:*BIJ~no. CW
 
 l/--if-
 
 ~J:, J61~fl~~i1':9~.~it!>~~, ft.~~t>~~GT~I~~~-, .#~1~~J ~~~b·*~~ lm~*, IIF, CO, CO2 , ~o, HeN tJ: cn~it!>o. Jll-f* v--if-Uftc:' G-r~i, ti.~ .~ G t::.. ~.{S*n~m~-c' it!> Q. ~tlJ:7 ~l* v--if- ~tft C:. J:: lin;;, (J) ~d:, ~~~t6 A it!> 0 ~~Jj:# '7 A ~:~i1-1;t /~~MGt~ t>0)-e, ft.~~ t> 0) I:Jlt 1::- (A~031: C~ ~~MGt~t>0), =J-~ / • -!t7 717 (Al 20 3 I: Ti 3+), YAG ~#7 Al: N(J)~CtJ~it!>~. ~~l*~j:, ~~J.tv)ltffltJ~JVj~~tt~ v--if-Uft-c'it!>~. v--if-~:t3~t QftlAll5t1fj~1=:it (~/ t: /~it, Dih~it) C G -eJd:, *9~l* • • 00Jlfrim~it!>~ ~~~J:/\)vADiC ditC~~l* v-~-, GDL)~ 300 keV-I MeV O)CT• <m~fiB~.T- 1::- b, REB) (J)!!ftM (1I-T t:- bit!>o ~~Jj: REB Dih~ v--if-), {t~
 
 &ItO)fIJffl ({t~v--if-), wr~~~O)fIJffl (#A~~1T~ 'Y? v--if-it!>Q~~~d: GDL) tJ: cn'{it!>~. ~flO)Di.iJ~ v-~-~m lt~t::7t~ / l:: /~itJd:, it!> c;~~fI. (J)v--if-.W~:~tGL1t< mlt)Gt1~. ~~-f*v-~-~JJ:, .-Tl:-A~7t':J::~ Dih~ t>ffllt) '3 tJ~, ~ffl t>m~tJ:O)~d:, po fl~':m1JrPJ.l1tf~l1tfT ~ C:.l:J:: t) flfr$l:ftllJj£O)C-T5ttti ~~1=:9 ~i±A~ v--if-~it!>Q. *.t::.., ~f* v--if-l:it 9~~~~1Jitl::G-C, r:pi1-T~:J:J-C~~~~&It(l)1=:t£~l:J::J-CbJb~~fT5 t>Q) ~Dih~ v--if-) ~it!>~. v--if-(l)Zffl5t§~~b~T~ (tmM) > (m~) ~~ 1 ~,~:6~~:Q. il!~il3~ijJ-f*: ~~~ v--if- (~·1 ~- ~ v--if-, v--if-~·1~-~, ~~ ~\~J:i!Av --if-c ~~) '5) C'~:Q. ~~ v--if-~J:, Ci1rft~~t~, v--if-J't~.~l~ (ns~ 7'._) ON, OFF ~~ ~o)-c'J'timffi~c~:fi~tJ~J:: ft). *t~J\/ ~=¥~ '/7 (1-2 V) mll O)CJ±clc+ rnA Wll(J)Ci1rf-c', Ic~{,) GIc+ mwmllO) v--if-ttl1Jt1~m=c;tLQ. ~O)~jj~~j:,
 
 fmO) v--if-~:.Jt.r{Lti~L~~)
 
 *
 
 , ftl~It~1Jt~~~.f.ft~O)./J\O)t~ ~d: ~-T~mO).tj}7t
 
 
 ~:1~~9 ~ ~ 0) ~m7t c G, ~7tn~t~:S~~9.Q ~O)~ 0 lu7tc Gt~. ~1:E~d:, ~7tO)tI.~:J:J -C~~~ tl.Q::' c ~~. ~7t0) ~1ffl~d: 10- 9 s 7J\ G 10- 1 s -r:~~~d:m~~~t¥Jt: l> Q. ebZl& G t~7tO)t1f* c IPlt1f*O)7t ~ 1lt7t C: GL tfj9~~~:J:t~~1lt7t C: v~:>. -PN:~: ~d:WU~7tO)t1f*J: 0 1it7CO)t1f~~d:*V~. ~ 0) ~ C: ~ A l' ---7 A O)r!JlJj c v~ '5. ~~~d: X *l~lJiti.~m7t~tfj9tt~, PJtJl7t~
 
 A
 
 *.Q
 
 -184-
 
 ~~7t~~d:§£7t GtJ:v). 1ftl~~~d:1PJ
 
 C:A 1:: /'~mJJt~ t>J.-r~~ra'0).Til3~:J: c v) v), ~ffrr~d: 10- 9 s iJ) 6 10- 6 S f~~~ ~ Q. -~~:£JtE~~~d:-mJj~ ~~~ tJ, • • f§~~d:hifttUlb~-mJj~~iJ)G£JtE~~~(J)il3~:J::J L1Jt7tiJ!.iltl~ tlQ . • •f§~~d:, hiftt»l1J~~~O)~iJ)6§£7tiJ!~6tlQ:: C ~tJ-~t' O)i!J{U C V):>. Q§£7t~1Jt7t
 
 t~t!.G,
 
 »l1J~~~~fftO)ra'~~:J: J L~d:,
 
 iJ) 61Jt7tiJ!tfjQ tJ!~ t> ~ ~.
 
 7 A'V /'0)tJ!~0)J::>~:m=»l1J~-mJj~m ~f§ ~:s v) L~d:ilftt»l1J~-mJj~tmi'J) 6 0)§£7t C ~d:~H 6 tJ:
 
 v).
 
 »l1J~=mJj~~ra'O)il3~:J::Q§£7t~d:=mJj· =mJj1Jt7tcJ:~ttl:Q. 1Jt7t~~~ ~.~~t Qm~tJ:*Jt1~d:, 1Jt7tA ~7 ~ lv, 1Jt7t»l1J~A ~7 ~ lv, 1Jt7tJ&$, 1Jt7t~a *Jt1~~Q. ~JJtO)~v)1li{g7t~¥-~.~fftO)~~»l1J~GLf'6tl:Q1Jt7t~ SVL 1Jt
 
 7tcv):>. )v~
 
 14-7:
 
 *-I! / A
 
 ({~~1545-1546)
 
 c7ti'J!t&tfj ~ tl:Q. c:: 0iJ!, tto/.}.iJ!~rAl~:tJ: < L~{PJ GiJ)(J)wU.~:J: J L7t~t&tfjT QtJ!~iJ!~ tJ, ~tl~)v~ *~ A C v):>. §£7t c t>J:~itl~iJ!, ~~f'btJ:v~§£7ttJ:(J)~~7tc t> v~ 5. tto/.}.iJ!~J≫~I*,)v:¥-~ E3~.fj(o)J::> ~:tto/.}.~~rAl~:T ~
 
 /'
 
 7tcGLt&tfjT~~~(J):>~, ~t&M, ~xv/'~7.*, ~~/'.*, v~0-~& ~d:~~tJ:v). wU~I*,)v:¥-(J)4;t1J~:J:J L, ~ )v~ *,--e /' A, fIiti)v~ *,--e /' A,
 
 *' / t&M*JR)v *'*JR)v --e /' *' / *' / ~ ~ A, A, {~~)v~
 
 X
 
 *
 
 *' /
 
 *' *' /'
 
 ~ ~ A, ~)v ~ --e /' A, ~)v ~ ~ A, *~)v~ A, ~~§£7ttJ: C ~:7.tm~ tlQ. )v ~ --e /' A ~1Jt7t c fJ Iu
 
 ~
 
 7t~:7.tJiTQ:: C7J!~Q. ::(J)7.tJi~d:~It~mC:1ftl{~~~ml:'~d:.tJ::Q. ~tI§£7t1*~:J v~-C~d:, ~~~d:* ~ * ~ J.T~~ra'(J)il3~:J: Q§£7t~1Jt7t C: v~ v~, ~:> ~tJ: v~tJ!~~ tJ 1u7t C: v~:>. lmTiJ!»l1J~~fft~:»l1J~ ~ tlQ C:, ~tlJ: tJ fttv~I*,)v:¥-~fft~:fi~, ~ Q v~ ~d:~ 6 ~:fttv)~fft~:fi~, jlr~~:£JtE~~~:~~. ~ (J) ~»l1J~ ~ tl~ c ~ ~:~J& G t~
 
 c
 
 7t(J)I*')v:¥-- cr~(J)lIfi-c'ti~M~tlQ7t(J)x*,)v:¥- c ~d:-~ GtJ: v). ~d:, ~J& Gt~I*,)v:¥--(J)-$~7t-T~JJJ(J)W~~~.T -~~:~J&7t(J)~JJJ~~:tt«L§£7t(J)~JJJ~~d:/J\ ~ v~.
 
 Q ~ C:iJ!~v~.
 
 7tT(J)tJj~~:
 
 ~ (J)J: 5~:
 
 z: (J)~JJJ~(J)~1*
 
 G L,
 
 (~Q v~~d:~
 
 *(J)~1*) ~~MfJ9~:~v~t!.Gt~ G. G. Stokes (1819-1903) (J)1;~ C: J L, A 1'--7 A(J) i!J{U C: v~:>. )v ~ ~ A ~d:~tI~~ t>1ftl~m-c' t>mTiJ!»l1J~ ~ tlQ C: ~:J: J -C~~ ~~-c'~Q. A~7 l')v, m7t~Jt1, Jt7C~Jt1, ~a~Jt1, mtJ!~m:l:~(J)~:iJ*, rAl~{t{ ff Jt1, »l1J~lkjra~{t{ffJt1tJ: ~d:§£7CtI.~§£7tfj~: ~: J v~ -cm~tJ:~~ ~4;t ~.
 
 *' /
 
 z:
 
 c
 
 14-8: {~~liJit\~:f':»v ~
 
 v~:>. 7t{t:~liJit\(J)~(J)lIfj c~tJ:it Q.
 
 f' 5 liJit\~m. (J) »l1J~, »l1J~7tT * t~ ~d:»l1J~lm -T7J!fttt(J)7t-T~ Q v~~d:lm-T~:jj~ GL ~tl~»l1J~T ~ z: ctJ: c~:J: J -C~~. ~
 
 ~, ~ti ~ ~ Q. {~~liJit\~:
 
 14-9:
 
 )v ~
 
 *' / ~
 
 A (J) tJ:iJ) -c'~ ~:7t (~~*JR, PJ1J!7t*JR, !JF~*JR)~: -185-
 
 J:: QwU~l:'~ GQ)v ~
 
 -*12 / A.
 
 :m7tf*~ Q v~ ~J::m
 
 iO~~\~-c' ~ Q.
 
 *
 
 ~)J; ~ *
 
 tJ 1u7tf*O)7t~J&ftf~O)
 
 --e /
 
 A~: ~J::m7t,
 
 1f) 1v7t,
 
 s:p~: ~ Q tJt~(J)7t~wtlil:T Q ~
 
 ~~:m7ttJ: C;Q~~*tl~.
 
 *
 
 C:
 
 ~)J;
 
 ~ *--e / A O)5t~~llmtl GtJ:;Q~ Gjfitlil:7tO)tJt~~~~ LV~ < C, jfitlil:7tO)~tJt~~:~tT ~)J; ~ *-.e / A 0)5t~~1~;Q~~tl~. ~tl~Dlb~A~!7 ~)J; C v) v), ~7t.M~~7tm O)rm)E~:m~-e~:Q. )J; ~ -*--e / A O)tJt~~d:-~~:jfitlil:7tO)tJt~e:t 1f) ~~tJt~ctJ::Q. ~tl~A ~-!7
 
 AO)$j{ljcv)5.
 
 14-10: .~a9x-*)J;;f-~fimf*~.~:1J[]~~ ~ C ~:e:t --=> L~ C:Q~7t~~. ?fiEM, 71 ~:lm{~=¥~c GLV~~ f;iJ~~Q. -~~:~~~7t~d:, M~~~*TQM1t~7t0)-fj-c', 1l-TJ&$~d:~b69L
 
 ffliv). :m0)~:> ~:, ;t~~~j-~~0)-fj~~~)v~7 x '7-~ (~7tM~) O)fFm~: J:JL, )v~7XI) /(~7t*) ~M1tGL~7tTQt>0);Q~1bv);Q~,~~:, {tt1t-T~. O)fFm ~:~ --=> L I!7;t I) /O)J::> tet.§£7t~ / /,!7 .;Q~7t~tJjT~O)~ ~Q. Gn\ GI7 ;t I) /O)§£{gffi~J:, 1) ~ ~1 ~ 70))v~7 x I) / crm--e~Q. :m0))J;~7.r. I) / • )v :Y7 x '7~~*;Q~ ATP 0), *t~X7;t I) /tJ~ Ca2+ O)~tl~tlflll)EIl~:fljm~ tl-Cv) G. 14-12: )v~
 
 *t/ AO)-m-c',
 
 ') 1v7t (1~~1534) v$", J:> ~d:7tDlb~~:~G§£7t~v~'5.
 
 v) '5 7J~,
 
 ~ I) /0)~7t~ 1f)
 
 lu7tc
 
 ~tl~d:f~~)J;~ *-.e / AO)-J-c'~~. Ut*~d:fUil:7t~l& tJ *~ ct~ti~ ~:l~ ~T~~O)~:m7tcG, ~7t~~~M~TQ~O)~1f)Iv7tc.G~. ~~~§£7t0) • • ~:e:t J -c~lJIJT Q ~ C7J~1bv). Gn\ G~O))Efi~d:, ~7tf*;Q~~.~O)*6A-e~Qn\~M ~-c'~Gn\~:J: J L1b:P~tet.~. ~tI~AO)~~~:~d:, §£7tO)~ra~~ft7J~~~)E.-T~ mn\ 6, *t~~d:*aAO) l' '7 ~ 7°/?\ 6, ~a9i~Jttfttet.c~:J: J L~7t~:iOC~~4T QDlb~ ~m~il3T ~il$~:J: J -C3Z:t;2~ tl~ ~O) ~ v) '5. Ttet.b~, Dlb~~ tlt~.-T~d:*~ -~~~)E~m~J:7J~ tJ, ~tl/?\ G~I-*)v;f-~1~-C§£7ti&!fi~3G. 7Mt~7J~{tt< tet. tl~t~~)E~mn\ G~7t~m~Dlb~~tlQil$tJ~M tJ, ~7tO)1L~J:tJ~ 1f) c~1frl~d:~< tet.G. tJ 1v7t~d:WU~~~~tLV)Qra'-c''b§£it6tlG G, tJ lv7tc:m7t~rm~~:~TQ~m .'b~Qo)-c', fU~S:PO)~7t7J~:m7t/?\ tJ Ju7tn\~~ZIJT Q ~ C ~d:~b~-c~.tet.~~7J~
 
 -186-
 
 ~QO)~, wu.r:p0)~7t~1It7t, WU.1~0)~7t~7l7t~ G-C~ZIJTQ ~ C:~ffE~G-CVl ~O) ~ C: ~oc~ Gl, ~tI~m~~d:1It7t~t=.~d:t] 1v7t~~TQ ~0)~1f£ t] Iv 7tf.t'*t~~d:.~:1lt7tf.t'c J:1u~v~~. ~trt~d: 1(J3- s 10) G~c ~ -r 1 day ~:&~~~ c ~ ~ :Q. 1ftl{~~~O)~~~d:, .TA ~/?pm~O)NttJ:Q.T~~rp'O)il3~:£~J t~. *2nWJ 500 ~~ 0~: Pythagoras n~fTJ t~5iO)~JJJ~if~~::JV~LO)if~~J:,
 
 if.~O)~~t~<JA< EJ~f4~0)1k~~I&t)1&v~O)tH~J~\~:tJ:Jt~. ~O)ri, ~H~~ ~1ittJ: c O)~O)r~,m~j:, 1it~:~ 0) AO)~JL\O)~t~~:tJ: '"".) L~t~n~, ~O)!fo/.JJ!~i1.~: JV~LO)*~~tJ:if~n~M&IJ Gtlt~O)~j: Galileo O)Jfi¥{~n) G~l>~. ~O)ri 17-191it*2
 
 ~. ~t~~-7,{ l' 1) 7 b., A~ ~~tJ:cO)if.*fJti, f±~ tJ:cO)ifO)!i~~~G ~=-~~tJ:Hif!l~O)r~,m~:~d:, tt
 
 •
 
 ~, ~}if, t&ztJ:cO)tt~~d:,
 
 L LV~Q . •~MeHO)rm§£~J:, Jt~Jt ~~~~:ifO)1it~~rmv~t~C V~ '5 J~-c'*~tJ:l\~~ ~ J -CV~Q. ifPfO)if~~if.~O) m~tJ:-7tIf~:tJ:J -C.t3 ~, ~~=i!ili-c'~j:, .-r~tJJm~~ljm~O)~Pf*,J~, .~[EJ Im~m v~t::..ifPf~~tJ: cn~~m{~~ tl -CV~Q. ~iO~l>~ c ~, ~~~d:i1tfT1Jftij~:rdJ -Ctl:flJlJJJ1t L, :: O)~!iiO~~~t:p1t&.T Q. ~ O)d:: '5 ~:~.O)~JJJ1JftijiO~&fjRO)1Jftij~:-~T ~?1tJJJ~.?1t C v~ 5. ~~n~*~=tJ:J t::..$7tO)J±1J~d:J:~ G, &~t~:iEt~:tJ:J t~$7tO)J±1J ~d:{ftrT Q. TtJ:bt> , ~iO~l>G tJmO)~J±~J:, *~J±1tt:pJL\~: G -cm~1t. t) JJZT. :: '5 Gt~J±1JO)~{~$7t1t~J±C: v~ '5. ifJ±~J:tffiHl~O)~~jj{li-c'~~ tl, ¥f~~:~d: Pa iO~M!btlQ. iHl1it~d: 20 ,uPa 7J) 6
 
 {;f\j[ifi C~Iv-c'JL\J!~tJ:~O)~fiffiiO~m~tJ:{~~U1t*
 
 200 Pa fj!~O)ifJ±fBlm~if C: v~ J -Cv~.Q. ~t1~J: 2 x 10- 1 °_2 X 10- 3 attn ~:.f§ ~g- G ~ 0)
 
 -r:, Ara' O)!} ~=Bfj ::.;t.Q fBrm O)ifJ±7J~3-~?it~:/J\ ~ v~J±1J-c' l> t), ~:JAv~~c~~G-Cv~.Q.
 
 dB -c'£{~T.Q.
 
 I~O)7tIfl:~j:,
 
 ~
 
 G ~: ~O)$ftrmn~3-F1it
 
 ifJ±p O){~tJ ~:ifJ±v"")vn~~btlL,
 
 <Jir~O)if )v-7°~:*)jIJ~ tl,'Q.
 
 tffiiO)A t::-n-~5i~H, tT ~HO)jjj}~~~~d:, ~JJJT Qf&~~~:tj€ Lt~~~7J~~tl~:pt\~-CJlJJJ L, l>G~flf:O) C ~ ~~~~0)J±.Jt~i~~9 Q. ~ G -C:: O)~~O)J±1J~{~iO\~?1tC: LL JaJIm ~:&ffRT:Q. ~JJJT .Q~m~iJ) G§£~T .QifO)lti~~=~J:, ~JJJO)~7\!itJ: cn~~f*T G O)-c', -~~~:~j: 3-F?it ~~ fl~ ~: t~ G. ifO)§£~mfM~J:,
 
 v~
 
 -191-
 
 ·®~~.~~G~~5~~~m~~®~, ~~®~~~~~~t ¢~.-ti!C:fPjmlll:tJ:~. 7c(J)t::.~l:, .~~(J)~O)$~~:~@tfi~:J::J -C.t1t~b :Q::' C:1:t~:Q. *t~tfn~~.J£5t~~lu-c'lt~:Q C, &Mfic(J)T~~:J::-.:> -C.lEO)_*, ti/J\~~mtl~. ~-c0){f(J)~., ~l:ilm.~.-c'~j:, ~ 5 Gt~~lIJm*O)J&.O)I~ lO~l:, .*~{tf9~b!>.Lt7ttfj~Mn~*~tJ:J&.~ ~-.:> ~~)Q.
 
 n\
 
 15-2: ~jt(j(]~tfO)*~~n~ 2 «5, 3 «5~:~Jt~l::~, It{m:n~ 2 m, 3 f&l:tJ:QRJjt~~. et etlu -rlt)Q. ~(J)¥-fiL~J:'.l-/'~~~. 1000 Hz, 40 dB Q)~ {f0)*~~~ 1 'J-'/ c~O)-c{,~oO)-r, ~0)2mGl)*~~~:PfJ~X0.~j:2~-/, (j(]~:}j(~-ctfo)*~ ~
 
 10mO)*~~~:M~;t~if~d:10 'J-/ ~~Q • • O)*~~~t, 1JD.it~~-':>-C~)Q. 9tJ:b!> , *T~tto) 2 ~~l:O)tfn~fPjmJ~:~J t::..l:: ~O)tfo)*~ ~ Jt, ~tt~tl(J). O)*~~(1)fO~:~~. -fil:~~lco).~Q 2 J(1).~::J{,~~~d:, .l±v~)v])~IPlt::-e ~.O)*~~ ~1fPj 6~lt~ ~ c;6~~lt). ~·O)t::.~, fiiJ G*~ ~ O)tf~:fPj t::ltfi~4
 
 t:1:tJ:
 
 jt~Rllc
 
 G-c,
 
 tfo)*~~ 0) v~)~~~M!btlllt~~. ~~tfo)*~C!O)v~)ltcJj:,
 
 *
 
 ~(J).cfPj(;*~C!':M~jtQl000HzO)~fiO)tfJ±v~)vc:fPjC:lcfm:~,.oc~ /' c G t::. ~ O)~ ~ Q. t~ C it ~f 1000 Hz, 80 dB 0).1£ v~)vO)tfC fPj {; *~ ~ ~:PfJ ~
 
 */
 
 .•
 
 7L~.~i, ~(J).J±v~)v~:OO~tJ:< 80 O)*~~O)v~)vO).-e~~ (J)*~ ~O)v~)v~J:, fl~tf~i!J!~A~?~)v~~Jt::...ttc~.O)fi~::J"~Llt)'5 ~ cQ)-r: ~ ~ ~(J)-r~ot1~, ft:':~fil:Jlt)-C~J:, ~tJJlfc, .(J)~~ 0) v~}v, tfo)*~~Q) V ~)v(7)OO~~/J'9~7 r) ~ *.Attb.n~, H. Fletcher C W. A. Munson l:et J l1933 ~l: ~£(~tlt::.. fi(J)*~~(1)v~)vL{*/]c:tfo)*~~ S['J-/]c:(J)A~~j:, Lt1~ 20-120 (})i!1H:J-r~0) J:: -5 ,:tJ:~. loglo S = 0.03 (L - 4O>*t::..Ji S = 2(L-40)ftO
 
 '* /
 
 -192-
 
 15-3: ~~n!~~r:p ~~.9 ~ t: ~, fI,q O)M{(!;J ~:J:: ~ l-t-O)§~ ~d:id~9~. -t-O)m-~j:, ~=*O)l*ltlt:J::Q bO)lt)lt~, ~JJJ~iO~*~~ttl'i~O)C'~j:tJ: v~. ~~O)et 5l:m=tf.~~ t> J t::..~(J) ~~ ~J:, ~O)£*~tJJltc:1PJ C~JJJlto)~~O)~O)~~ ~::~ G ~C~(J)n~lfil~~~. ~O)~tJJlt~~ 2 ml:tJ:Q C:, ~O)~~n~ 2 m~::~Q c:~j:1SR c;~lt~. t::..l:,itli, 400Hz
 
 
~C ~ ~::~d:if(J)tJ: v)~m~O)J±7J ~qtJL\~:: C, L~{t9 Q.
 
 ~ O)J± i2~ P -r:~9. ifJ±(J).~fii~d:~r~~(J)~It~::tJ:QO)-r:, if
 
 7J(J)~{t$7t~ifJ±c
 
 v)v), ttiDl, ~r~~ T ~::J V)L ~O)~~fii [(lIn foT p 2(t) dt]1/2 ~~~ tt, ¥ fft~~~d: Pa (/\:AjJ)v) iO~M!btt~. ~~t:pO)if~~JV)L, *f~~I~O)7t!lf-c'~d:, ifJ±p O){~ tJ ~: L p = 10 loglo (p2IPo 2) l:)E~~ tt~ifJ± v«)v L p iO~M!vttLV)~. ~ ~ -c' Po ~d: J±~ V) '5
 
 c ~ ~:~d:,
 
 £~ifJ±l:, Po = 20 [,uPa] C9~.
 
 ifJ± v~)vO)¥f}[~;]: dB (T~«)V)
 
 l:d!>~.
 
 15-8: if~O) § ~~::iO)tJ: '5
 
 *~J-c'd!>~. O)if~tJ~d!>~
 
 et '5 ~::tIc&'J t;ttt=.~f1O)ifm~f*~ L~~ (J)Jm~:~2~1j~ ttt=. if 0) 1it~O)~~~:~tt~ttJl~ t::. ~mtJ~d!>Q et '5 ~::, ~~~~:~J:~tt~tt~!R*f L, if~~~O)if~iO)t;~\~~~::'1/iX:~ttL~t=.~(J)-c'd!>~. tf~*~O)
 
 if~~::~tt~tt*ffgtJ~d!>QO)~, if~O)JI'5 C~0tJ~*~V).
 
 m1£,
 
 ~Jm~:M!vttLV)
 
 Qif~~d:, liifif~, ¥if~, ~if~tJ:c-c'd!>:Q. ~1$if~-c'~~$tilItJ:~0)~d:, ~7 ~-7~ 5 ii(J)~ifc 2 iiO)¥if-c''1/iX: G Lv)~~if~~, ¥ifO)f}[fifO)mJl~::et ~ L *if~c~if~c~:7t~tGtt~. *if~~d:5f1=ifc5f1llQifcO)r~~, 5f1tifc5f1i\ifcO) r~~~:¥if~~ tJ,
 
 ~o)~;fn)O)ifm;¢~~if-c'd!>~7 iiO)ifO)if~-c'd!>:Q. ~if~~d:5f1=if
 
 c5f1=if C: (J)r~" 5f1liif c5f1Aif c
 
 O)r~'~:¥if~ ~ tJ, ~o)~;fn)~d:~if~d!>Q 7 00 0) if O)if~-rd!>:Q. ~ t; ~:, fD~~~if~, ~~~~if~~:~zrJ~ttLV)Q.
 
 15-9: if~~~9:Q~It~*I~tJ:C~$~ffJ\ G -CiftJ]{c v) '5. ~~O)iftJ]{~:~J:, A t:-tJ-~ ~~tJ: Cif~~~9 Q ~ c ~ § ~ c Gt::. ~O) C, *lfJ1t~.fJlijtJ: cRifO)J*(2g~:tJ:Q ~O) c 7J~d!> Q. iftJ]{O)Jt1~~d:, ~~if /\ 1)-0) )aJtJt~*fJt1, t~IRJ*fJt1~::et J -C~7J'~ ttQ. il'b!}i~tJ:iftJ]{~d:, J~~tJj-cd!>~. ~~O)iftJ]{~d:, J~iftJjo)~~~ G -Cl& tJ flkbtlQ. ~f1if.iJtU)EO)tJ:n)-r:~;]:, ~.O)§ ~~::~~9Q*f)EO)iftJ]{7J~M!vtt~~ ciO~d!>Q.
 
 15-10: ~.tJ:*HI*V)~~~~t:p*-c'U ~~~:IiB~f, ~ ~ ~:m~J~tt::. 'b0). t4!if~:ilIv)~ )E G t::.if~te90)-c', )aJtJt~O).~ c G Ltf 10) GM!vttLV) Q. ifX~d:?P~O)fi!ll~1JN th ~ 'b J LV) Q o)l!, 1JNthO)l:j.;Zn)t::. ~:J: J L~~9 QifO)$7tifO)f./iX:7J~~f~9 -Q. J 9 L~tlG, 7c0)~< ~J:tJNjJjfx: (~t~~d:~*) ~::J::
 
 -:> L{ftf§~Jjt7J~~{~g-
 
 Q5tftltt(J)~-c'~Q.
 
 ¥1R€~H~f*0)~mi~~b0 v-11)-~
 
 ~J:3-F5tftltt-c'~Q7J~, 7J~~, f&~~bQ 7 A~, ~~~b~5ijiltt~tJ:c~::~d:~< 0) -l::- ~7J~~ ~, v)9tl~5tftltt-c'~Q. ~~*J:: ~ +5t~::~v)~ (f*~) ~~bQ~~ O)~~ Cb ~J:, ~ /~$~ y C: GL Cb (Y/p)I/2 l:~Q. ~7J~~. ~oo~~~:Jv)-C, ~~}~~O)~O)~~M~Po' ~~~Io C9 ~c, ~Z:7J)GIi"x O)J~~:t3~t~~~MPc~~ 1 ~d: P Po e- ax , 1 10 e- 2ax ctJ:Q. z: Z:~, a ~d:.fV:~~ ~t~ t) O)~~jO)~~~~ G, ~J&f*~c v):>. x ~: t3~tQ~~iO)~~~d: ax neper ~~:Q C v)v), T~~)V-c'~9 c
 
 =
 
 -c'~~.
 
 Ii,.
 
 =
 
 20 loglO (pIP o) =10 loglO (111 0 )
 
 tJ:S, 'Z:..(J) a
 
 =-8.68 ax [dB]
 
 ~t~tf$c~t.t~~.
 
 5[~~~~J:1:t~:t3~t~~~~J&~d:~A~J&c7tr~J&~:*}jIJ~~Q. l1fJtf~d:±C G-C -rt)*~J~c~E~~=et~ ~o)-c', ~O)~tJJ~O)=*~=ttf?iJG, rAIJt~=ft{ff9Q (7 )),::f
 
 ') '7 At~ cO)/FffiJ~5[~~*.O)J:::> ~=~f~~o)J:: v)~~-c'~d: z: O)lIO)~J&iJ~3Z: ~2Et9~~G). ~1J, 7tr~J&~d: • • 7trO)*lfllm~~:J::~-C1::GQ~J&-r:,t~cx~t, ~5[~~j: 02 t3J::'lt N 2 7trO)~J.JJ*lfllm~~:f~5 ~J&n~±~t~ ~o)~~Q. z:tl~d:~ A~J&et tJ *~ K
 
 *
 
 ~. ~f*~ ~d:, ~'h.fIl, @I~.tt{t&:Jt\, ~ftM .~7D l' /3'htJ:c~:et~{t~&:Jt\, .~~~, .7tTm~(J)*6"ttt~cl6~~7Jt~J& ~~~~~~. •f*, ~f*~~7Jt~tt~~7tT~M~~~~~~~G7tT~.~~~et ~itl~. ~f*O)Jlft~d:3-F1it~~~
 
 < O)MaiO~~J&~:~4~~.
 
 ft~a9tJ: ~O)~j:, *6Mrf}L-r~:et ~
 
 ~a, ~~~U~~, ~"tt• •, ~.fIl, 7t-r*6Mr~O)~~~J&, 7*//~a, ~ f}[~J~j{~, 5i~.f*~0)7t~~0)3'h~f§~3, *~f*~~.~O)~~.T~:etQ~ J&tJ:C~~~. z:~~~tJ), .-r~ t:/~~~ t:/~~f§1tfPm~:et~~7Jt1itmtt~~~, ~7Jt~m.~~~tJ: C ~ ~ ~. 1j{tl)E=¥m~J:Jlm ~ tl~JaJ7Jtf{~~:et ~ L~ ~"*tJ:15#i;I6~~~. fitJaJ7Jt;6) GJm~:*~j ~ ~, 5iffjlJtJR'h#i;, ~tJR#i;, 91W#i;, m~7Jt-T~~, ~Pl#i;, m~7Jt/\)v ~#i;, -:f 7 'Y ~~&:M#i;, 7+ 1)::L7 /~!L#i;, ~1 ~ D7Jt~7fiJ~tJR~~mv~~15#i;, ~/\)v~#i;tJ:CtJ~
 
 *
 
 ~Q.
 
 ft. (~J]!262-263)
 
 15-18:
 
 QJL\J]!a9"'It!. A ~ v;ttf.~v~ '5 tf.O)It-n~ v~~d:.-~~ t:-jJ-tJ) Gttl ~ tlt~~~~~rJ:l'a9tJ:It7J~
 
 tfiO~t> -:J LV~Q~rJ:l'a9*~ ~ ~jt,*~
 
 fJ fJ
 
 ~~d:ZIJ~jt,*~,
 
 ~~Vf~~
 
 ~~C:, ~0)5i~ ~mit~i, ~Q v~~d:~fJJf{~f~< ~tl~i~rJ:l'a9*~~ ~d:m1JD~Q. tf~5i~ ~m~~~, ~~ v~~d:tJRfJJf(~f~< ~~ ~ ~~d:, v~-rtl~f1\]!I=~£~~~OO_
 
 f1\]!I=(J)OO_(}) GiJ)t~~:OOf*;6~~~ ~~ ft Gtl-C -15, • •jlfi{~OOf*~~d:, ~(J)5i~ ~tf.~et~S~~
 
 iJ~Itv~fBrm~:tJ:~ ~ ~ ~:~tJt\~ ~ (J)~,
 
 V~Q.
 
 ~O)~~ ~et~~~
 
 C: ~~Q.
 
 m~~QiO~, ~ ~ ~d:~.JL\J]!(J).~~:E8*~Q ~(J)l:, tf(J)5i~ ~mit~i~rJ:l'a9tJ:*~ ~tJ~mGJ±JJ~iJ~m~t~~~~.Q. *t~, jlfi{~@I~~:t3v~L*f)E(J)~~~1j{tl)EGt~~ft ~{§fj-(J)*~~ ~~.~etLJ, ~(J)*f~(J)~~~~.~~ v~ '5.
 
 -198-
 
 Lesson 16: Sound II (applications)
 
 II -"f
 
 -1 enclosure tr~
 
 ::. (5 ) to encircle, to enclose, to surround; 1J\ ~ (U) to encircle, to enclose, to surround }aj 1m
 
 Y :J.. r) -1
 
 $i]1m
 
 /\ /-1
 
 surroundings, environs range, span
 
 7J inferior, last volume (of a series); If inferior, last volume (of a series)
 
 ~tJ.j~ ~:~j:, ~if, Elf5~ifd!>~v~~d:~n~~~7~ )v?7-~:J::J -cfff~flJfJ~H Gt~J\ / ~ /-1 A', Blif, ~fjo)J')VAtJ:C~A e:-jJ-7J) Gt&MTQ . • ill~~d:, ~fjO)T~~?7)V
 
 7tfJTHc G-C~j:,
 
 f~~m~ttf,t~7J~if.m-mlJ~: ~fljm ~ n~ J:: 5 ~:tJ: tJ, FFT 7tfJTH~~d: C:ab~fjO)T~ ~ ?7 )vm-mtlH~~Jk< mv~ ~n-cV~Q. tJ::t3HifmIJJE~'±§a9c Gtc.ifWmIJJEHc G-CHif m-~~d!>~.
 
 16-5: if~~~7t~::&~£T~jj*, ~t~~d:if~c7ttJtO)f§1[fFmO)~ c. JHi*~d:mif~~:J::~7t O)iRrm, @]ffi, ~wm, )aJ~rx:~7 1', ~JffiffitJ:c~~T. iftJt~j:7t~a9~::~j:Jffiffi~O))aJ ma9~'h~~if~-c3'hT ~ ~(1)-cd!>~7J~, ifc7t(1)tJt~tt~:et J -c 3 mO)~jj*7J~mn~. (1) if~~~~tt~a9~v~C ~, +7t~:*HIv~7t*~ifO)jfgfT c I!Pl(1)1Jrm~:JHiT C, Jffiffi ~~lE~:J: J -c7t~7J~r~HB G, if(1))aJ~rx:~7t*j7J~iRrmjE~~n~. (2) iftJt~~~~ < tJ: tl, +7t~:Jkv~7t*~if~~:~I!AM~it~~flf:-c~d:,if~~d:7t~::~tL, -c{)]:f§f$-Tc G-CfFfflL" 7X/· TA@]ffi~~~~. (3) ~G~:if~~7J~~
 
 : ; ::L
 
 v-?7 --)
 
 ~j: ~ O)~jj*~ Jit\m
 
 Gt~ ~ (1) l:' d!>.Q.
 
 fi!!J1*g:rO)m~tJt-c~d: ~n ~ O)~jj*O)~~tr~~::, m~~O)Jit\7J-r~@~ tlQ7t~a9.1J't1 O)tc.~ ~=, 7tO)iRtJt1Jrm ~::J:: J L Jffiffi~7J~.tJ:Q~jj* (~JffitJT, *tc. ~j:7t5!fi't1~jj*) ~ ~ Q. ~ 0) J:: 5 tJ:~Jffiffi~j:j@j*5't1r~1*, j@j7t-Tm~, ~~~tc.~j:f&~fJ&*1l-T(1):J 0-1 ~ m~tJ: C
 
 Q v~ ~d:I.*)v:r:-- ~~0)f}N1:JJrx:~:~ v~-C*:iJ' Gt~ 'to). ~.A ~~ l' )v~d:, if~ 7 -1 )v?7--'"e'7ttJT Gte. ~, 7-- 1) I.~'℞:.m rm, 7 -- 1) I~7} G t~ tJ 9 ~ ~ c ~:: J:: J -C)j(~ 6 n~. ~ifO) A ~ ~ l' )v~d:, 1 J 0)f}N l:JJrx:t~~t~:~7}~ ~ J -CV~G. ~tc.~~tJ:~~~ 't J t~~~A~!J l' )V~:tJ:~. fl~tJ:iJt~-c'GtJ) ~~mJtttJ~tJ: tJ:~ C, ~.A~!J l' )V~d:9~L(J)~JJJ~~:bt~'?-C J£Jt~ ~ -::>il~A~!J l' )v,:tJ: ~.
 
 
Q. ~(J)t~~ (J)~lE1J#i: C G L, m1£-c'~J:f§1i~lE#i:7J~£*,:tJ: '? -CV):Q. -1 7 0 * / m JJ ~J:, ~ J±iJt~~:: tt~J G t~ .~{~ i% ,:: tJ: -:J LV) Q ;¢~, im~ O)~.mtl)E
 
 
 Q. *~::iJtrFli$0)*~tJ:~J±iJt~~mtl)E9 Q ~~: ~d:, ~0)~~jj{~~JJm9 G ~ c (J)-c'
 
 c
 
 ~ ~=*fJJt3flt!3~IiI~M!'5 ~ ctJ~m~-c'3!> ~ fi '5 t~fJJ ~::~d:,
 
 G.
 
 ff?jra'~~~:::t3~t Gfl~tJ:~J±iJt~~l&
 
 ~tt~~iJt~ ~~ e (J)~J±J£Jt~::J:: '? -C~7J'9 Q ~ ctJ~~v). ~*~d:7
 
 TO if~O) 7 -1 )v5'-~:J::~~iJt~JtfJTtJ~1Tbtt L:t3 ~, *~:~ma9tJ:~.mtl)Et~ eX ~d:M~(J)~iJt~JtfJT~:~d:, 1 ~!J5'-7'*t~~d: 1/3 ~!J5'-7~(J)m~~~'?t~7 -1 )v5' -tJ~M!bttLV)~. ~ 6~:~*HJtJ:~~~JtfJT~:~d:, ~TD?f-1 /1JJ:ttJ:C~M!bttL~ t::.. t::.ti. ~ (J)JtIf~:-::> v)-C ~T -1 ~5' )v~tmtl=F#i:7J~~m{~~ tt, i@iJm7- 1) I~.ti~ ~Jlm Gt::.~iJt~JtfJT (/\ r;- A~!J l' )v(J)mtl)E) 7J~It 1TbttQ J:: '5 ~:tJ: '? LV)~.
 
 
 L, .~Jj: -x, iER~d: +xn~~:51~r;tl, x1J~I~B. m~~.7Jn'\~-r~. ~tlt1~ AME~jj~-r3;~. 1 JO):f-~ I) ~-0)~0).~1:11, fij ¥~:~x~c, AME~jj~~d:~C:t~lt). aifaG~i, B~O)~.n~(y)I:AE~.~nt ~~, :f-~ I) ~-Jj: y 1i~l:lIJ~tt~ tt~t1\ G, m.~~J::Q 7J ~~~ta v)iO\ r; ~3;Q . • ~
 
 t:
 
 ~iER;6'\IPJIt3;~~~~:Jj:, .~~lERO).mt;6~tTl~ ~3; vlatJ~ r; y 1i~I: lJ 7 1'-e ~ GO)C: AMEWJ~iO~l:'QO)~3;Q. ~iJ\~, 1 :J0):f-.y I) ~-0)~0).~1~~ AME 7JJ~t1~~tlQO)~'\~ii L -y 1i~l:¥PG~~tlQ~lj:.~*~~l::G llt-:J tJ ~-::> -r~~Qt1'\, M,q O).~l:~ G-r9~L~ ~ lJ)b~tl:'Jd:tJ:~). ~(J)t::..¥J, Ii
 
 n{ti]O)
 
 ~O)afD~ra'0)
 
 I* Jlt~-{t{fff£l:• •a AME ~:lJ~iO~~tlQ ~ cl:a o.
 
 16-9: J±C~*~~tpl:B~~&.~it, ~(J)&tl1iftill:r«mt.~~W1JDG -rfl~(1) ~ I) 7 i'imJ3t~BimJ;Al:l:1JDim9Q)-, B~O)m~tJ~~-r~. ~tl~B • •~mtic:et~~. ~ $n\GB~~AtltJ: Q.
 
 16-13:
 
 tf.v
 
 tfiJt~Jijv~Ltto/.Jf*O)IJ*"~f'Q1Ji!O) 5 t>, /A't~ c~:J:: '"? Lfil~~:IJ*"~f' ~O)~~~.
 
 16-14:
 
 ifJmO)Jl:tJ:Q
 
 2 JO)~m~O)~m-r:O)iftJtO)JmtJT~frjJij
 
 G-c,
 
 iftJt~m*Gt~ t) 1JA~~
 
 itQ*T~ v):>. %liJmiftJt-f:)J::rt~t?JlIJ~IJ*"f~ c~!J!v~~m7J) iiiO)~~7\~::~d:, 7t~V/A'O)!j}~c:(PJ*~, J51Q. if. v /;A'O)m. f.J~~}~(r~J3f.tJ:c 0)It1tl~~{[ffi~:: ~d:, 7tO)tJt~ ~miftJtO)tJt~ ~::UI~;ttl~t, ~ViJ7t~~ -206-
 
 7 - 1) I7t~O) v /A(/)~iti1\-~M!;t~. t::.t:"G, .*~-A;Q~~t*':AM9~ cW
 
 -
 
 rm-c~?1t ••?Pi • iJijitt~oo~fJ:cO)t-I~~!ttt~~{;, • • tJ:~.n~E~t~~, ~ttff O)~fi, M~, I*)V:f-~mtJ:C~~ijl9~if.~/.A*(f)~~l:tt,~tt?1t~flO) ijlj~LlGtJ:~t.n~ifJ:t;tJ:~). ~~
 
 16-15:
 
 (¥lJJ!256)
 
 tJhbtlJd: i§ ~ ~M! J l EI 7.t(7)~~ ~ fO =F l: ~ X. L
 
 ~) ¢ tJ~, ~ 1i~j:iI 0) t:p ~: f1\jtE9 ~ HBj0)-r~-:> -C, ifPi~x*~:J: J L Jt.ft;9 Q ~ C-C:, iJJ~-CfO=F~:~;t~ ~ t.tJ)L~~. RJ{(J)l:tJ t:J1'lff9 ~~ ~~, ~?Pi~=~;t~ t1:\;Q:\b G9, ifJ1l?1t'j: ~~ C III c~fJC~fJ:~J!ijlj( C: l, L~ijl~ tt -Cv)~O) t> Oc: -:JO)~.~~~.
 
 
 tJ:if~, lltl,
 
 (.:to) z: cJt~-mOOIiC9 < fJ ltl9;:
 
 Ao)~~I:J:t;tJ:t,~-c':J
 
 C: ~ifPiftJ£c~):>.
 
 ~ t;tJ) G~~,,~tJ:!ltliifJlf~ifWlif~tJ:cifJlf¥~~.if G-Ct:3 ~, ~ht; ~~tRfj.9~jjit, ~ Gn:\ {;~ifPi~7.ttJTG-CifPit1im~Hbltl I., -ctl~, ~G. GL ~~ftjtj.Mm~~tRfljffl9 Q7.ttJTftJ£O)ti~, ~¢ ~~Ij:ifPi~7}tJT G -c~t~tI
 
 m~oo:tlflJffl9 .Q(1)-C~j:tJ:
 
 if~~~.9QiI~~d:~.-e, ~®~~Ij:BJjt;tJ~l~~~ttt~¥mC:9~. ~fil~t. O)~ ~) ~IWJE9 Q C:, if~O)~fil ~~am GL ¥Ii¥~ 0)~.1\ 7 ~ - ~ -l: et tJ, m~)~.gIJ9~ ~ ~t1tiiJfjg~fJ:~. ~.1'7 ;{-~-~ I., -cld:, 16Jl1tltA~?" 7 be, .~7lJl1J~lt, tfJDUDUf(tJ:cn~M!btl-cv)~. ~filO)Jil~*~~.1\7 ~-~-~ t: 7 ~ - ~ J\ ~ ? 9 ~ ~ C: .: et t), ~. ;::'l: l:¥~(J)~./' 5" ~ -~ ~ ~~fi9 Q z: C t>rrbttLt,.)~. (2)~fJCtfPi~fil: ~.;Q~~fJCG l~9X~~~1, ¥Ii~ cl~g-lJJ Gtl-r )td. ~t~\ tJ -r:fJ:. -C, ~lXifJ1lO)5C~tJ:~.~:~;t, -t(J)X ~tJ) C~~.~ tlLV)QA(J)t:ptJ) ~~O)~Fi=lf~.}jIJT Q. ~mfra~0)~~0)*f• • ~ m V) Q .ZlJr!;¢~if~ ~ tlLV)
 
 mv)~tlQ*f.J\7~-?T-~J:, I\?T - /t~ d!> ~.
 
 :Q.
 
 )v
 
 :
 
 - O).aa ~ m V) Q ~=lf.}jIJ c, c-C:
 
 16-18:
 
 ~mfra~1JZ~A~7 ~)v, .MTl~~Ic,
 
 A~7 ~
 
 if}li1t~ (!to/.J~256-257)
 
 z:
 
 tfFf(J)*fJ('1, *f~=~aaffl~~~5t~:> 5t l:'O)~.~tfFf?1ttJ) ~flIJmT Q c . •-Tat JJtltJ~mM!~tlQ.l2AiW~=~J:, tfFf(J)A~7 ~)v*fJ('1, ~~=~tl~~~.:j~tQ*)v~/ ~SJ::a*)v~/ ~,Jaj?1tIc;¢~±{~~~~LV)t~~~l:', tfFiO)A~7 l')v7}f)T, J\/' ~ I'A 7,{ )v?T-~::J::~tf~JiX:7}O)7}fJT, £*tJRlJJlc(J)flIJmtJ~±i1rtl:'d!>Jt~. *t~, ~tl G ~PJ;j)~=~1fai G t~ 'J T!l7 7 ~J:~ill:'d!>J t~. ~ G L z: O)i1rttl~J:, .-T~JJtI(J)fflm ~::J:: J -CiWiJm7- J) I~~ (FFf) ~::~b t), ~JiX:~=J::~7}f)Tr!~::£:jv)t~*)v~ / ' ~m JJJIc(J)flIJm=Fr!tJ~~~~tlt~. AlilI~d:, A ~7 l' )vO).~~r~,~~~=L"tJ)M!btJ: v)tfFf (J)~.1'7 ~-?T-O)flIJmtXf;f1, v)b~Q.M-Yltl, ~t~~J:ifii§cf§~ (J,-::J-)v) ~=J:: :Q7}fJTtJ~rm~~tl. Ii~Lfl~jjtJ:tf~?1tffl~m~=Fr! c L" -C~~ L" LV)Q.
 
 16-19:
 
 '.)j-- (!to/.J~1160-1161)
 
 sound navigation and ranging (J)~~. tf?1t~m V)LJ1 ~::mtf?1t/,)vA~JmML",
 
 &:M?1tO)
 
 ~Jj~mfr~'tJ) Gi!1iI~, *t~~?1t~l3ttJ~Al*~::tJ::Qz~?1t~(J)rm~tJ) ~n{}[~~:Q ~(J)l:' d!>:Q. ilIi!1ftm~~J: 200 kHz, 500 m .l2Al:(J)~i!.m~:: ~d: 24-75 kHz (J)mtf?1ttJ~mv~ G tl:Q. z~?1t~~@J~~it-C, v-~--O)J:::> ~::, :/7ry /~l:~==~n~/FTQ~ c ~ d!>:Q tJ~, 7J*~lt)t1\ r; -c'~~.
 
 -
 
 
 < ~rPJ~ ~ t>'J -Clt)Q. ~.t1'j:cm~(}) 1/ )'~O)~jtrjl:J:: J LJ.lfW~tl¢. (2).-TO)m~t ~ / "lj:mJll:J::Qf~11~~~tl, mJll~lJlfTtJ:1JrPJ~(p]~ :>et9Q. t> G, ~O).~ ft~:t~~I*)~;f-O)~lN t)=FiJ~~n~t, m~~- ~ / "~j:~.~:rPJ~~~x~ ~ C::..tJ~ C'~L, DllX ~tlt::mJll~lJLfTtJ:J£ft~Jl9. 9tJ:b!>, (1) c~l:, ~$t1\ ~ 0)1!J1 .,C: IPJ t:rPJ~O)mJl~J QJ:: 5l:~f~t1~i1!U'. ~tl~O).-TtI~~J LJJj{-T~J< ~ C ~l:~J:, /\ryl) O)JJj{J.ll:J: J L, IPJ CfJLiiO) 2
 
 z:
 
 
fTm~l>-:JL~* :>. ~ 5 ~LJ 1!-T~1;t/(J)tJ:n\~, M1Q~::>< -:>Llt)o.-TIj:~'i*C:~TJ. l>*.O mf!~~~1j.GtJ:~).
 
 ~6l:,
 
 ~ttr;;6'f{t~Mft~~-CJ
 
 7t-T~MA~-:J-:>~T, 1~/~ mf!~-T, mf!1;t/C~):>. (b)1tla, ft1tlO)~~.-T. (c) ~B:-c'~B:.0).-T~t> :Jft-T. Gt::.tJ~"':J T., *~B:0)~.~1j:~'i*C: G L (1) (})w.J*t~~tn'flJlttJ ~$n\~1m xt::.mJlc~rPJ~O)mft;6~~{;~. z:tl~Etmf!cIt)?. mJliO~~* tJ ~< tJ:~)1& 0, to)mftO)~~Ij:mJl(/)~~~:Jt~J9Q.Jt~J~B:, ~tJ:t>!>, mft*~j:ft-c', m~~ ~O)iiftO)'~iO\Jj:/J\~ It)m ~ ~. -1J, l:~¥~jt::. (a)-(c) O)J::> tJ:J1ft~:Ij:, (1), (2) jIlijjjO)• • n~.~, ~-f*c L, L~d:~~n~.~9~. im*(l)IIl~, mJl-e~d:.T(J)m ~-:c- ~ "cmJgc:O)mlifFm(J)I*)v;f-~j:~&g> ~ ~O)I*)v;f-J:: t) ~/J\~ ~);6) 6, ~.-T(})m~=c-j. /' "~J:~jtTrPJ~ ~~jtl~):Q]j~, 1JL~C: ~ -CmJl(})1JrPJO)pt frtJ~ 0 -rtJ: It}fll&(1)M:~ C:~. :.tl~~mf!, ~o lt~Ij:/~ 7mttC: It} 5. I\Lln~.&9-C
 
 c
 
 /
 
 flt~)Wft, mJl(l)tia6L5m~}J1ft~I*~)L, ~mtt'i*O)mf~(J)~~lj:mJl(J)~~'~Jt{JiJ
 
 z:
 
 9~. to)mft*~j:iiiLlc:~ t> ~:~ft9 Q c:nf~lt). ~ra'a9l:tlilI ~t::. 2.a).-T0) fa":Id:, ~t160)A t: /m~.:c- ~ / l' ~3flfT, * t:: JiEt3flfTl: Get 5et9 ~~lt)11t1f
 
 fiIJ
 
 l:;Q!
 
 ~ O)mfJTJ: ~ ~lE~~::I.*J!t=¥-J\/' ~o)J\7 ~-7'-~4;tG. ~< O)~~f*, ~{fl ~, SJ: V:~Kif*~:'~v) -eillJ~~ tl -ev) G. il30)iBtRmJlfj~J:, ii1it L1n 0 -C d; G.
 
 =
 
 :':'~n~'7/'~9$~O)a-T~~d;Q. 1tffili-Tfffc~.fffc~~.Jt.~.~Q~ft ~, ~tlG o)I*)!t=¥-;Q!*5MtJlIJJ.O)=~~rtn\ G-rtl -ev)Q~ft~d:L1n f~~, ~ t~BtE~tflJ\~j{ *5dLO)J: '5 ~::lJIijI.*}v=¥- /'\ /' ~ O)ti7J!f§li~:.-rtl-Cv)G~ft~J: L1n ~~O)il3;Q~lliltl~ tlG. ~Kif*O)~1&iliffl-C~d:WJ@-T5Cjj*;Q!~i 11 0). m5[~- ~ /' ~ 0)~7G~d: [ilifrt] x rooM] = [J:*Jv~-] x [mJR~I3£]-l tJ:~-e~:Q . • fft~M~t~ t) O)m5[~- ~ /' ~ ~d:m{~C:et~~tt:Q. ~m5[~- ~
 
 17-14: ~Gm.~tJ:tt~7J)G}JIJO)m5[~tJ:tt~~~3TG~~. m.~~*t~~d:m5[m~3 C: ~ v):>. 5!tmJf1~, 7:r. 1) mJf1~0)~~0)~3WtJJt-c'~:Q=f=-=z. 1) -WtI3£, Bt5!tmJf1-f*
 
 (J)~~(J)*- JvWtI3£~J:: -e~.!L~~~tL" § §Em{~*t~ ~d:$~~Tm{~ ~~v), ?itmJf1 ~~T~~n~{~.f?iJl:~G. Z:(J)~~7J)A 1:: /'¥J~2~U~:J:: t)m.~~Jf~1mn~}jIJO)~tt~: ~3TG~~tJ:~~~*ttG. ~1.J~~~:~d:=~fB~3-e~G~~7J~~v)~~, -~O)m ~3-c' ~ G C: ~ ~ ~ t), thb1.J~~O)-f?iJ C GL"~fW~ ttG. -~~:m.~3~:~GL"~d: *a~.~(J)~{~~d:tJ:v)n~, tt~, ~w~~~, iI.trem(J)WtI3£~~, .?it*-Jv~~, ~Jtt$tJ:~0)/FtE~~~{~~f~5. ~~1.J~J::~d:m.*~~~c: GL"JA< if~~ttL"v) ~.
 
 17-15: m~n!mJtt~~:1k~£T1'Jv!J (f~1.JO)~- ~ /' 1'). Jm~O)~Dil:'~d:, ±~:.*6~(J)F9 f&tt~f-+O)1tiI*J, ~Qv)~J:Jj(tt~f-+O)~~1tiI*J~:-*~tJ:fiJm~H ~1JD;t L", ~ttGO) 1ti~=~rn:tJ:$dJ(J)*b t) ~=~f~~@I~~it J:: '5 C9 ~ ~ )v7 ~iltl)E9.Q. ~mJtt-f*(J).*5 Mt~=+~~v)m~~1J[];t, m1~ M c:m~ H n~~~~~.lJZ1T~=tJ: J t~~~O)m. ~ )v7 ~ ~ T ~J:*5Mtm• • 1JJttx'*)V~-~ E a , 1tiI*JO)~)E(J)*5~$dJ1J(ti] ~m1~O)tJ:9PJ ~ qJ c GL", -(dEa/dqJ) l:'4;t GttG. ~ ~ -c'm~, Gt~nt~ L"m{~O)1Jrfij~~;ttJ:ntG T ~ilIJ)ETtt~~, ~~m5[.1JJ(1)E~nt*~ GttG. ~f-J.O)~tt7Jt$dJ~t~-etJ:v)~~~: ~J:, Btmj:~0)~JJ*~~~9~~\~7Jt~~. *t::., m~n~+~~< tJ:v)~~O)m. ~)v!JO)fW fJT~J:-~~:~~~:tJ:~. m. ~JV!J~iltl)E9Q~IR~m.~)v!J~cv)5. ~0)J*~~d:, ~f-J.~5liiJf1*l:~rn:~:J ~ G, ~ )v!J O)*~ ~ ~*0)tJ. Ctt7J) GillJ)E9 G ~ o)-c' ~ Q. Jm~~J:Ji~tJ:1Jrt-r:tJ.Ctt~~tfj G, *~:i2!(ti]~0) ~ )v!J ~1Jo;t L" §JJJ~~:J t) ~v)~
 
 0)*
 
 c:~~J:tO)~1if7J~mv) Gtl~.
 
 -218-
 
 17-16:
 
 °
 
 
~ it-e~}]&) c~O)/JrtiJ ~:+Jt*~ g-:Q. ~~: ~ c O)/JrtiJ~:rtiJn)J -c Gti.v~ ~:m1JD~ it G cill{tltb.~J: 1 ~O)M C t~Itb.~:tJ:~. :J * lJ %iillJtif*~J:lN~: C O)J::> tJ:illij)};O'{1Joft Gtt-cv~t~n)~:J: J -Cill{tO)~~n'{.tJ: lJ, m5a:Jttl*t~~J:m{to) f~~J:mij)}ti~t~iR:* 6 -r~:iMl*O)JfI~~:~~ GLV)Q. ~O) ~ c ~m5a: 1:: AT IJ ~A c v)v), ~O)MCt~m{tltb.~ (m5a:) l::AT 1) ~AJv-7cv~:>. illij)}H cill5. eAT IJ ~A JV-70)WfJn'{*~v) C.m~I*Jv:¥-O)-$Jtn'{~ctJ: fJ, t~ cft~~C1JfflO)~J± ~tJ: c~~J:I*Jv:¥-iO'{uti.~:tJ::Q. IJ\ ~ tJ:illij)}O)fBlm~MM~it ~ij)}~~:~J:1:: A T IJ ~ AJv-7~/J\ ~ v). ill{t 0) IJ\ ~ tJ:fBlm~O)m{tltb.O)w;o'{J J-loXaH + (1/2)e1]H2 ~JlI
 
 
 tJ:illij)} H O)fBlm ~ V1 -fBlm C v~ v~, 17 ~ V1 1) -~ltc J::vS~. Xa ~J: ~JJill{~$-c'~~. ~O)/J\illij)}fBImO) t::AT I) ~AJv-7~~~:V1 1) - • Jv-7 cJ::lt, ~O) 1:: A T I) ~ Atjt~~J: Wh (4/3)1]H 3 ~~~ tt~. ~ O)J::> ~:ill{tltb.iO'{Jv-7~fi 1)
 
 =
 
 < ;: C ~J:, 1:: A T
 
 I) ~ Am~~~-r~ ~tiO) lJ tJtWD-r~~~g- c v~:> j{J~~~-r~.
 
 -c:tJ: < reiJaJtJtillJL\ltf-f. c GL ffl V~ ~ij)}~,
 
 17-17:
 
 E
 
 n) G~ Gtt-Cv~t~. ~mO)ill t~/J\ 7 ~7 O)"":;(!/* ~7 c v~ '5!tf!4J ~:E8*
 
 m~J)A (Fe 304 ) 7J'{~~5r~~~t~Jtifto)~~ ~ C~d:d
 ~:~ft~m!Jq:t ~:~ < cill{tg- ~ m~~m5a:~~cV)V), ~0)*5*~ Ct~ill{t~~~ill{tc v):>. ft.ij)}~:~~t~ftC~ ~c(PJ~tJ:m~~~G. }JIJ~:, ill*~J3to)~ c:~ill~~~cv~5 ~ ~~G.
 
 c
 
 17-19:
 
 
(9) to display, to express {vt};~ ~b(tl~) to appear, to be revealed {vi} 1f/~3 r) phenomenon ~m l:: 3 r) If / expression, representation
 
 m.
 
 :i mutual, reciprocal t~ ~~(lt ~
 
 ,=) mutually, reciprocally
 
 lilttt m![fF m
 
 !Jc
 
 slow, sluggish easing, relaxation
 
 If / original, primitive Ii ~ field, plain, prairie
 
 itT It!!
 
 11
 
 jJ /x/~ jJ / r;
 
 ::JjJ /~-1
 
 '/ r) :J~ij- 3 r)
 
 compatibility interaction
 
 ~ 'Y disadvantage, error, loss
 
 '5 G t~(5 ) to lose, to miss (an opportunity) ~J& ~.m~
 
 ~'//\-1
 
 T//\/'/ /~'Y
 
 -221-
 
 failure propagation loss
 
 ~
 
 -I:I§
 
 1~
 
 ~ ~
 
 ::::I
 
 :-..- 3
 
 9
 
 image, shape;
 
 '/9 elephant
 
 ~~~~ ~t~
 
 ~~/'7/'~39 ~1~39
 
 natural phenomenon subject,object, target
 
 '/ /' disadvantage, handicap, loss ~ z: (t~ '5 ) to harm, to hurt, to injure; ~ z: (.tl ~ ) to harm, to hurt, to injure .fJm~ 7/') 3!7'/ /~'Y (electric) power loss ~.11~ =t97/'/ /~'Y dielectric loss
 
 T'Y iron ~~ ~F~~~
 
 r'Y~9
 
 1::rY=f/''/!7
 
 railroad, railway nonferrous metal
 
 l' 9 appropriate, fair, right ~(t~.Q) to dash against, to guess correctly, to shine on, to strike, to win (a prize) {vi}; ~(-C .Q) to assign, to bombard (with), to guess {vt}
 
 ~ mf
 
 * ;jR
 
 r- 9
 
 ~ (J)
 
 l' 9 :; l' 9
 
 */'
 
 freezing, frozen (over)
 
 Z::J3( Q) to be frozen (over), to freeze; z: ~"(;t Q) to be frozen (over), to freeze ~ 9 Jr Y freezing
 
 i**a {f.J i*
 
 ~
 
 (J)
 
 at that time, in those days true, actual
 
 v1
 
 ~
 
 9
 
 refrigeration
 
 *9
 
 satiation, weariness ~(i)'~T) to satiate, to tire{vt}; ~(~ Q) to become tired of {vi} i&!~fll tJ 9 iJ supersaturation ~F~flltRm 1:: *9 iJ:; 3 9 ~ 1 unsaturated (state)
 
 *
 
 p'~
 
 ;).1 barking, chirping, crying t~(
 
 ,
 
 ~
 
 z: Z:~, ff9Q.
 
 ocIfflp
 
 f~j:~i1rfmJlO)]aJ~f(-r:6;¢. We tt, ~f3f(})m~~*~~ l: t>f« if6]aJ~.~~p(1)*~lt~7x71r-~mV~QO)~J:, We~/J\~Q. /'\-7 01 ?tm~7-f:Jv7 7 Aftf ±m~*~~mtJ:cn~, ~(1)ft~~J-e6;~. 5imtt.m~j:, ~~~.t*, A/\~~ 1):/ ?~t*~*~t*tJ:C~:J::fJfF~~tlon~, mtt~j:~~~~lt, ~~~~tJjjA, £t&~lt ~£f&c~~lfiO)m~t.fiLtRA~tJ:c fFrl~{tf:':.~C' ~ QiJ\ 6 it~~~T Q. mPJ~~B: +JmT-Jilmlt~J:O)• • O)~mtt:}.:L lJ -lIltcl!fDmf~~j:, )~)~?O)~O)c6;~ t)~ be; tJ: v~;6~, ~ O)mPJ~TI:tJ:¢ c, C: t> ~:~fll:~1" L" ~t:::., &!fDmftO)il.llf«ti tt~j:7·D~*O)T3I2JlJjt1\13-rtlL ~.mt, dllJJS 1t~~ dl O)@J~O)gtJLc: m~@]~~~J:I 1t~m1.J, cj(dl/J,lS) 1tm~
 
 *
 
 gtJL ~ v) '5. !Ji~tJ:!i~O)f¥j~1t 7Lt~~~tJ:f¥j~O)mm@]~~~J:, ~)v t:: 'Y 7 O)~ j{fj7J~~ll.J. m~@]~O)~7L1J~d:.mE~~J£~O)~tM ·l&t)1&v)~:1fffl~~~. 18-7: m~@]~~:Sv)L, .~@]~O)gtJL~:m~TG.1tm~gtJL~~v)~J:l) 7 !J~ /A
 
 C
 
 m~@]~~~d:~m1.JNi (mmt x ~f{) n~~.1.J ~:, m~1tJm~m* 4> n~mmt~:m ~ G-Cs t), R m =Ni/4>7J~m~gtJL R m O)AE~~~~. ~m. Jl7J~m~~25.~:~tJt\G -cv)~O)~, ~~ I, ~OO~ S O)m'tif*O)m~gtJL~d: R m lIJlS ~47L GtlG. m~@]~ ~:s v) -c ~ .~@]~c [PJ3~::t:)v 1::: 'Y 7 (J)~J{rj n~ ~ll.T ~. G t~n~ J -cm~MtJL R ml
 
 v) 5.
 
 =
 
 *
 
 0) 2 'JO)m'tif*1tTIl~J~:'JtJ:~'~vitt~ ~O)~d: R ml + R m2 , Mt~U~:'JtJ:v)ti~O) ~J: (R m1 - 1 + R m2- 1)-1 ~ v) 5 *i! ~ O)m~MtJL1t~ J z: ~ ~:tJ:~. mtl~:J:: ~.~MtJLO)~ {fj~d:m~MtJL~jj* ~ J:: ~ttl~. ~ R m2
 
 18-8: mtl1t7J)~t~ z: C ~:J:: J -cm~MtJL7J~~{r:T ~m~. mtl7J~mmtO)rmi! ~:~TIltJ:tI~ 1ttM~*, .lJZfTtJ::I:~~1t.~jj*cv)v), tfJm~d:tM~*O)1J7J~1§Gv). Jm1it, gtJL~d:mtl n~7J)iJ)~ cm1JDT ~7J~, ~1>T ~tI~~ ~~. ~1>T ~:I:~~1t~~:~O)m~MtJL~jj*c v) 5. m~q:r 1tJl'hT ~~~m-=f~:~d:, JI'hO)rmi! ~:~TIl~: 0 - V /~1.J7J~fiIJ GiJ) G, m-=f0)7 I.)V~ OOiJ~~1Ja9tJ::t~~~:~d:, mt1rtO)rmi!~:~TIl~:mtl1tiJ)~tQ c, 0 -
 
 TQ. ~O)tI~, mtl~:J: tJg tJLn,m*T Q. m:l:~1tmi1rt~:.lJZfT~:iJ)~tt~ c i!~, 7 I)V~ OOiJ~ft1J,tia9~~tl~tMtJL 7J~m1JD9 ~. 5AtmtlO) ~ c: -r:, 7 I)V ~ OOl:O)m-=f~d:7 I)V ~ 00 O)mtl~:~TIltJ:~ tJ D ~:rdJ L@]~JI'h1tfT'5. -~~:, :. O)~ 0 Dn~M C:t~,Jt~1ttJ: GLV)G c i!, tM~jj* ~d:5Atm:l:~0)~~H-c'-'AEO){~~:~fDT~ z: C:7J~7J'~ tl~. 7 I)V~ OOn~JJ):1-7 /*O)!ji
 
 -225-
 
 1m v)t~fJL)!!7J~~ G.Q tJ.l,@;7J~~.Q. ~0)tJ.l,@; mtJ.l c c ~ ~:.Wij~:m1Jll9 ~. Gt~7J~J -C, §mtJ.l~:.t3~t ~
 
 ~~:f~ G-C v) Q C ~~: ~j:, mtJ.lO)rtiJ~~: J:: ~
 
 ~:~j:m~mm~d:~fDit~,
 
 m5ammO).1i JtttJ) 6, 7 xJLt~ OOo)~~:Jv)-C~~7J~ft6tl~. itO)m~mm~jj*tJ~ ~ GQtI. ~d: v) ::> v)::> ~.Q . mJtt~~lfo/.J ~~U~~ (! ~d:, mtJ.l ~ tJ) ~t .Q c ~~lfo/.J 0) A 1:: /O)rtiJ~7J~~~~tl.Qt~6b~:, ~~lfo/.JA 1:: /~:J::.Q • .:rO)fX!L;Q~5j~* ~, gm;Q~~~9 o. *t~~~lfo/.JO)t.l~;Q~~v)tJ.l,@;~:~J:, 1bfx:O)~~lfo/.J~:J::o::I l::: - V / "t~~!L~:J:: J -C.-T~~~:mi1£O)ftJirtiJn~~ GQ (7 /~- '/ / mi1£). ~0)~:1J*~:J:: fJ {!trA (!mm7J~m *9.Q;Q~, mtJ.l~tJ)~t.Q c~tl7J~ • .:rO)mi1£~.9i1J~~9Qt~6b~:, mmO)~~;Q~~
 
 6tl.Q.
 
 %tmJtt~,a-e~J:, EJ~m{~~:J::.QI*J$mtJ.l7J~&~ • .:r0)~'h~:~.900)~, ftfm~::.mtO)rtiJ~ ~::J: ~.1iJttn~~ C; ~. Z:tl 't>m~gm~jj*o)-.l: ~ Q.
 
 18-9: mJttf*O)m{~O)mv)=F~:fiJ~'hfl7J~f~J-Cv)~t::~~:, mJttf*O)m{~~{~cmJttf*~
 
 v) '5. EJ liI@]tiin~-e~.Q J:: '5 ~:~2[g
 
 f*0)@]tiiC7J~~f*9.Q~~, .y~1 Dm5a~:1J*c~ Gt~%tmJttf*~:, ~$tJ) 6 @]tii$dJ1irtiJ~:mtJ.l~1JD;t.Q
 
 C,
 
 ~O)mJttf*~:@]tiin~~
 
 G.Q.
 
 ~0)~~~71 /~.:z.~1 /- ~ • J\-A~:1J*CV)'5 (A. Einstein C W. J. deHaas, 1915 ~). lfo/.JJtq:tO)• .:rO)fJL)!!~'h*t::~j:A 1::: /~:J::.Q ~ 7 otJ:m5a~- ~ / "n~.-TO)7J ~l39fiJ~fJJ.c*5rtJv)-Cv).Q ~ C~:1iI*9Q. 5!im~ttf*0)P1tt~:.~J~t, *HIv)~~tt *-c'JQ G, ~fj{Uo):J1 JLt~:.ifrt~iJTtG-CmtJ.l~1Jll;t, mJttf*~J:rtiJ~~:m1~G-C.t3~, m~ttf*~~Jl: ~ it Q. ~~:-Imfi;tA1'/ 7~-Imfi;t-C.iJTtO)rtiJ~~~;t, mtJ.l~rrtiJ~ ~:: G, m~tif*O)m{~ ~ rrtiJ ~ ~::~;t.Q . m{~ ~::fiJ ~fJJfl7J~f~ J LV) ~ t:: ~, m1~ 0) ocE ~: f~J -C, m1~0){El v)=FO)fiJ~fJJ. ~OCE9 Q 7J~, fiJ~fJJ.f*ffJ{U~:fJEJ -C, ~fiJ~fJJ .~d: 0 ~:f*t::tltJ:~ttl~ttJ: GtJ:v)O)-e, m~ttf**f*tJ~m5[O)mv)=FO)fiJ~fJJ.~1~~fT ~~9 J:: '5 ~:@]E~Ml&) Q. ~O)@]E~d:m~t~f*~:~{t~tt::.~:~ -ct~7CO)fi.O) A7-J!t 1: O)~fJJ-etRU~l:'~Q. J:O)~~l:'~d:m5aO)m v)=FO)~fJJ cmJtif**f* c O)ra~ ~:fEfR f~m ~~Q~c~&~G~~, ~G~tl~~~tl~, m5a~-~/,,~~m~fJJ~~~Q~ ~tl:'ocEl:'~tJ:v). ~ O)~M7J) 6, m~O)mv)=FO)m5at-~ / "cfiJ~fJJ.cO)tl:7J~ t1c~-c'~ Q. ~0)*5*, ~ O)m Jtif*O)m5aO){El v)=F~d: • .:rO)fJL)!!~JJJ.-c'~d:tJ:
 
 
:Q v)~d:~~~~::~7J) Gmif~ (~JJJ~7 ~)v q, ftJ~JJJ~ m) ~imT C, ~O)
 
 et '5 tJ:m~7J~lliltl
 
 ~ tl~. (1) if.~17 0 ~ 0 /;jt~~'(q .1 H) : .T7J~7~ J /~~l&~-C7/7''7~{ftr~~~ilf$ ~, if~o)I*)v:¥-n~~~~~~:~l&~tl~m~. ~~~~flF~j: m= nme (n 1, 2, ...), tc.t2 ~ roe eHlmc (e ~j:.-T(1).fpJO)*f5~tf~, m ~j:.T(1)~~jj • •, c ~j:J't~). (2) ~{iiJ~~~~~ (q .1 H) : .TO)~1 7 0 ~ 0 /,)lJJJO)Ill~ 2re 2kF ltc/(eH) (k F ~j: 7 X )v~~~, It ~J:7°7 /7tE~~ 2n -c'~UJ t=:fi) cif~O)~~ A n~-~T ~ c ~~l&7J~1i *~:tJ:Qm~. ~~~~flF~J: 2re nA (n 1, 2, ...). (3) 1m v)t=:$JLiEtO)mT~:et ~~~~~l& (q .1 H) : 7 X)v ~ OO7J~1m v)t=:$JLiEt ~ 'b J~~~~J:, ~~.T~J:~~r~~~.mJML1x = Ghc/(eH) (G ~J:lmv)t=:$JLiEtO).mJM)O).mJM)lJJJ~T~. O).TO))lJJJjj(ti]~:if~~imT C, L1x nA (n 1, 2, ...) 7J~~t=: ~ tl~ C ~~~~~l&
 
 =
 
 =
 
 =
 
 =
 
 =
 
 =
 
 z:.
 
 =
 
 n~~~.
 
 (4) ~ • J\-'A-7 7 /' · 7 )v7 I /'~~JJJ (q .1 H) : 7 .:r.)v~ • X*Jv:¥-~'bJmT O)~~d: H ~~;t ~ c ~ .mJM~ ~:~{~T G. ~O)*a*, ~l&f*~ 'b H- l 0) .mJMOO~ tJ: ~. .mJM~d: LlH- l hel(mcep) (ep ~d:.TO) 7 X)v ~ • I*Jv:¥-). O)m~~j:, ~~~: .T~~m~~, m{~$O)~· J\-'A-77/· 7)v7I/,~jj*c(PJC:~m~~~tJf~'b J. (5) g*fi-T~a (q II H) : 5im:l:J (me » m) ~-C~J:, m-TO) 7 /'7''7~{ftO)r~'~7J~*~ t~ fJ, ~l&f*~~d: H (1)~~c ~ -C$lv) 1::-7 ~~T. ~l&~flF~J: Ep hWe (n + 1/2) (n 1, 2, ... ). .mJM LlH- 1 ~d: (4) c-~G, z:O)m~'b~~~:fiT~~m~-c'd!>:Q. ~l: (1)-(5) O)~~~:Jv)-C~l&f*~O).mJMLlH- 1 ~iltltET Q z: ~:J:: tJ, 7 x)v~ 00
 
 =
 
 c
 
 z:.
 
 
~~7Aft¥~m~7AftJJt T 2
 
 -227-
 
 -c'1T
 
 e, mlt1f*~'j:, m~I /' ~ 0 t:-O)m1Jo7t L1SJ ~, ~ L1Q2 (= L1SJ-T2 ) 0)~~~$i7\ 6 !&t)AtlQ. Gt~n~JL, llfj~O)lIm~~11fft~, f~~O)lIm~{lf11fft~fTlt~, ~tlG 2-:J ~
 
 O)lImO)rt3~~lI~tJ:lIm~~~~e, m~{-fJ{*~~? )vn~~,,*~tlQ. -15, {-fJ{*fF~~ fT~mlt1f*o)I/'"0 t:-~'j:, 11fftJJt T em~ H (1)OOIc-c'd!>Qm~I/' ~ 0 t:- SJ (T,
 
 
Q~TI/' ~ 0 t:- SL (n cO) fll~d!>~ (z:O)~ft, ~~.T~'j:1ft€1JlGllt~Q). Gt~n~-:J-C, SJ» SL 0){lf11fft~~~'j:, 2 JO)~11fftllmO)rt3~~, ~~l~m~J::ltmf~-r~~5~jJ)v.l-· ~~ ? )vn~, *t~ SJ -5: SL ~~~~'j:, fr{-fJ~~mlt~-c~,,*~tlQ~m~lIm~ 2 -:JO)~11fftllmrt3~~~lt, SL O)~jj *~'*< J:::> tJ:m~I. J)? '/ /' • ~~? )vn~mlt~ GtlLlt~Q.
 
 B)
 
 e,
 
 18-14: ~mlt1~JX~mlt!c~~f*Jt!~[I:JJ~~~7J'T~Ji~,~~f*c G-CO)fj~ O)It1JiIO~mJt!
 
 
 3d *t~~'j:4f~~~;t/'n~lI~tJ:f~~.IUH:~~ mrmT~:AJ -Clt~Q. ::tl G ~'j:fJl,,*~:J:: J L~mJt1i7\ G&~mlt1*-c'~bQ~#RtJ:m~ a9 Jt1Ji C, .~~~tJ: ~~f*a9~~It1 ~fJm ;t-C It ~ Q. ~::L J) -11fft~ (* t~ ~'j:* - )v11fftJJt)
 
 O)JlI< -c'm~~~$n~*~
 
 TQ. m~~Ii~~itQ e~~ 1) -V-~'j:~l5rttJ~:EtH~j Gtl, M*aftn!1>tJ: tJ: t), •
 
 
~.
 
 :.O)t~~, ~~J~A1 '/7, ~f}[--e/'~-tJ:c~:Jt\ffl~tl,'~'):J
 
 /'m
 
 5it~~1 ~- ~ ~d:, m~O)~l:tl ~:ffjffl ~ tl~.
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 Jll:~9~~.f*(J)~.tJ~.9.C L,l, M. Faraday l:et~l. A~tL~. ~.$~EC90cD=~C.~tLQ. e~.~$~k, .~(})a.$~ ~C9QC, £-=Xe+Eu(J)OO~tJ~~Q. =t>G~.~l:.1Jf£tJ~~tL~t, E~d:2.O)T/ 'J )vl:fJ:Q. ~ra,~ra'tt9I:~ft9Q~-r~j:, 7- 1) I~.~tLt~e~c mllcl:1P1 ~(J)~~~~tJn~. ~(J)~~, ~.*~~JJJD:c:l1tD:c~~ffTQ . •m~~~~o lit::.tJ: ~ ~~. t> ~ Q.
 
 ••
 
 20-26: rei~i1t1JD~(})-fj-c', jt1JD~~(l)~.~n~~IaJl1t• • ~ I: t)7)\tL¢ C, M.fft~l:et ~ L~~TQijl•. {lm]aJ~lliO~GHzm':&Iue'lt\¢ ~ c::../J~~, ~O)~~O)t>O)~x
 
 Jy o~1JD~c t>~~5. ~rr.t?it1ira'~:~.~tJ* tan 6, It• • ~ Er tJ:o~~~.~, etit1ira,ra'~ D [cm] 1:]aJ~llf[MHz], eJ± V [V] O)CIl~tt.9 ¢ C ~, 4#JJ~I:.J& ~ttQ¥{y:~3~t~ tJ (1).11 p ~J:jt1JD~~c.~O)ra'O)~~ d=O 0).~~J!:~4;tc; tLQ. P (5/9)/Er (tan ~ )(VID)2 X 10-12 [Wecm-3] ~1aJ~.It~J:=t?i1f~m~\t~EJfiJJ~~~l:J:~ 'bO)n~.t>~, Gn) ~Ui~(J)l:~ c c ~ ~:.5[tJfm(J) iJ9t~9 ~~.(J)f¥1£9 ~ ~ C ~J: M. Faraday (J)trtJ) G~ Gtl-cv~t::.. ~ (J)~(J)~.~J:~ ~ C (J)tlM~:J:: -::> -cmi1rtfFm (J)~ C ~ ~ c n~ 1904 if ~ -0 tJ) GbtJ)-::> -c~t~. ~tl~J:~ EltitJtU c G-C 7 ~~(J)ltitJt~:M!btl, t /~!lRMt{~mmi1rtU c G-c~i1rttJ) Gl!i1rt. tJ~f*J:~O)~:mv~ Gtl-cv~t~. GtJ) G~~f*0)~7)V~J:, 1931 if~:i)]~-C A. H. Wilson ~::J:: -::> -C_li ~ tlt~. z:. (J)~7)V ('7 .{ )v'/ /m~) ~J:, £Ar~::7J'9J:: 5 t~ ~ O)-c' ~ ~. fiTfRB~lJ!!If*fRB~:J::tl~t, *5mrt:p O).TO)x*)v=¥-~d:il~~~~d:tJ: -cmm7J\r7J\~. t::. c X ~t Si ~: V~O)/F~~ As t~c~ 1 ppm fiNO)~fi~A9 Q c (z:.tl~ ~- /!/ c v~ 5), As tJ! Si ct5~{-~J -c.T~ 1 J~te G, z:.tl7J!b9tJ)tJ:UiNO)J:~-c'~~m~:Ul1J~~ tl-C .5[~~~~CQ. &~t~: 3 ~O)/F~~m, t~C:X~tIn ~ ~-7°9~ c, .T~~mT mtJ) 6~v~If~J -C, IEfL~~ C, :.tl~:J:: -::> Lm5[f~~n!*~ tJ:Q. M~~J:i1.O)~tJJ mfPJ (:f--v I) ~-) ~:J:: -::> Lm5[~~~~ GQtf\ 6 n ~ (negative), f~~~d: p ~ (positive) C:J::~tlQ. mT~lJMx~5~0)/F$iH~~~~-, IER~Mx~3~0)/F$iH~~7 7 t7°~- c J::v'5~. ::.tl~::~t G -C/F$iH~(J)f¥1£ GtJ: v)~~f*~~Jt!~~f*c J::v'5~. mT (J)~tJ~139~T/~ -V )v~J: 7 x)v ~ ~{~ C: J:: ~!tl, ~Jt!O)!~~~d:~~fff c~mTfff c 0) t:pra'~:, n ~(J)~~~J:{~~m(J)~c: ~~-~{~c:(J)t:pra'~:, p ~(J)~~~:t{jffimTm O)]]{l: c 7 71z7°~-~f~cO)t:pra'~: Q.
 
 v
 
 -g:Q. :. o)J\ / ~ O)-g~O)mT~d:, ff4~O)~Ln~: J:::Q ~T / ~~ JvO) ~ G~'7J~*:fi v'lt::.~ ~::., (J; :QJJj{TO) ~mf-tilI~:fiU1£ G1JtIJJOO~O)JA
 
 7J~ 0 ~d:~~ ~JJj{Tm~-c'(J;:Q.
 
 -1J J\ /
 
 ~ rf'J$O)~~~d:1JtIJJOO~7J~~jt~'!*~:JA7J!? t::.
 
 ~FfiUtt~~-c' (J; Q. ~FfiU1£~~7J) GfiU1£~~~:~t>QtJl~~d:l!f:JiitJ:I.*Jv:¥-f~ ~ ~ J c:~;t Gtt-C:t3 tJ, ~ z: ~31JJ~ilfM C: v'l5. ~FfiU1£~~~:UiJJ~ ~ nt::. =f=- ~ 1) -V--O)~. V'l ~d:JtI(1~~,!*O) ~ 0) C: IQ] C:~ ~Q. ~ G ~::'J\ / ~:¥ ~ 'Y 7°0) g:t ~::'~d:5'/!/ 1) /!/~ / ~ tJ: C O)j{~ra~: EI3*-g Q:¥ ~ 'Y 7°~fij C: J:: ~inQ fiU1£mT~~ ~fftt-g:Q. fiUtt~~~::' V'lQ.T~d:~V t) 0)JJj{T~:mlt3 t) tJ:iO~ G~mjtg:t ~31JJ-g Q. ~ O)~IJJ~:J::Qm~~~ ~d:* 'Y t: /!/~~ CJ:: ~tn, m~f~~$ (T ~d: (Toe exp (-L1E/kn C V'l:J ffll(1{~~O)i1ffi.JJt{t{ ffl(1 ~ ~ J. :.:. L1£ ~d:ilI~-g Q 2 ~O)JJj{T~:fiU1£ Gt~mTO)x*Jv:¥--~~:tiv'lt~ v'l~ Gv'l. z: O)mlt3 t) JlIJJ~: ~d: 7 ~ J /o)X*Jv:¥-O)1l)j~tiO!~\~-C: (J; Q o)'""r, +7t {~i1ffi.~=tJ: tJ 7 ~ J /iO~1>tJ: v'l c:fi ~:~d:, ilI~-g:QJJj{T~:mlt3:QJ:: tJ ~tp,1>JM -C ~ L1£ O)/J\ ~ V'lJJj{T~J!~ ~tLmlt3Qii$0)1JiO!*:fi tJ: tJ, (Toe exp (_A/T1 / 4) C v'l5 *f ~tJ:i1ffi.JJt{t{ffl(1~~-gJ:: 5 ~:tJ:Q. z:n~PJ~~~* ~ t: /!/~~c v'l5. ~FMJjt~~'!*g:t~: ~d:~~ran~~\ 9fftt-g Q t::.~, *5MJ~~'!*~fTvnQ£J:'!*O)J*T cfiffi mT~O)~tJ:Q~~~mO) ~-- t: /!/~:J:: Q=f=-~ 1) -V--(J)$JJfij~d:-JN~:~.~(J;Q. t::.ti. G~FMJjt Si (J):I:~~~::.~:t71irf"£~ ~ J~fI~iO~l>Q.
 
 *
 
 ±
 
 C: It -C 7}T/~*fiM.~:~ It, 'Y 1:: /' !f&2j~:J::J -c.fpjiO~3JJJT Q iO~, ~fI{~ft~O)~~f*O) J:: :> t~/\ /' ~ .~-c'~;t GnQ ~ 0) ~ l> Q. • T, 1E:rL0)3tJJ~~d:1 cm2 ·V- 1·s- 1 J2Ar-c'~fI{~ft~O)~~f*ctt~-Ciflt < /J\ ~ v). *5M..~~: EB* It LV) Q .5«.&2i0)*~tJ:.15/~~d:~fI~2jf*o)D JO)*f.-c' ~ l> Q.
 
 c
 
 *t~/F~~{:>mTj{~O)~.~~~t{:>T V) *
 
 ~d:, ~fI{~ft~~d:JJX:~ It{:>Tv) z:. ~mOO~O)frJmiO~~;t Gn-Cv)Q.
 
 J
 
 L, 7t.itf!~~d: G~fll.( 0)
 
 21-7: J±.~j}*~~T, J* ~ *fiM.~:~t.J~1JD;tt~ c ~.5«.7}~iO~mnQ~2jf*0) z:. c-c', l:::x:l~~f*c~v)5. &E~t~/~O)tJ:v)*fiA.~~~J~O)~~IWGn, ZnS, ZnTe, r) )~'Y~~.~n~~O)f?iJ-c'l> CdTe, InSb tJ: C 0) OO!D!~~~.~{:>, CdS, CdTe tJ: ~ . •5«.7}~~d:~t.J~~J:: ~*fiM.o)D-r~~:J::J -C ~;t /'O)fE!~tf~fi!n~~{~T Qt~~~~ o)-c', tffJmO)~~~T /'~~ )~ti~t-c'tJ: t~~{~~T Q (~~~T
 
 /'~~ )~~:J:: Qfft!L~:~t It -C~d:, 3tJJ~~d: (m*)-SI2T3/2 ~:ttf?iJT ~). n~*~v)O)-c', mif~O)m~M{:>~~m~n~Jiv)ti~nLtt)Q.
 
 *t~if • • 5«.~j]*
 
 21-8: +7}~v)~~~~~Ju-c'~f*~~ft ltt~ c ~, ~f*1*J0) § EB.T~d:.Tt.J~~ l' /'* )v~jj*~:J:: t), l>~.$l!~~~~~~T~~ cn~-c'~~o)(!, ~f*ra'~:.i1rf~mtT:: cn'\(!~~. -15O)~f*n'\m&~f*O)mft, *t~~d:JX15O)~f*n'\c ~ ~~m&~f*O)mft, ~O) l' /'*)~.i1rf~d:~[J1JDmJ±~~tt{rtlit-r,~.tJ:mifrt· .J±~/~~~T. ~n~m{~~ l' /'*)v~jj*cV) '5. m{~~ l' /,*)~~jj*~:~d:, .T~t~~nlGmJJ~~nt~~fjLT~~ O)rJ3'~.Tn~31TT~~fjLTl' /,*)~~jj* (:¥I/\-1' /,*)~~jj*) JX15O)~1*n~ m{~~f*O):t~ft, -15O)m&~f*O).T~t7J'\ff3=PO)m&~{*~~MV'.T~t ctJ: J -cmn ~, J * t) .T~t0)31T~: J:: ~ :; 3 t 7 '} /' l' /' *)v~jj*O) 2 fj~7J~ l> ~. v) '5 * l! ~ tJ: :Q. -15, :; 31:7'J /' l' /'*)v~jj* l!~d:l>:Q*~mi1rf*l!.J£~ffbtJ:v).i1rf7J'\ifrtn:Q.~~~~~luti:;3 t 7 '} /'f~ft
 
 c:,
 
 l!~d:, *~mifrt~m;t~c:/Fi!l!~~~:~*1lTl' /*)~~J.J*O).ifrt • .J±8tJ*~~:3 ifrt~ r~jL ~*~.ifrtJ2Ar-c'.J± 0 O)~1\~~:m GtJ: v)!~ft7J~~v).
 
 tJ, •
 
 21-9: mifrtm~t~m7J'\~D~:tJ:~ C: v) '5 m{~~f*O)~
 
 G v~~~~frjm G L,
 
 mt.Jtj1~tJ:G~:
 
 m
 
 mifrt~ifrtTC: v~ '5 m~~:m v~ Gn:Qm*~, .t3J::V'~O)fjf-tc:tJ::Qm{~~~mW~~T. f~~*~fjc GLmv~Gn~mf~2¥fjf-t~::~d:, ~v~*~rH~, ~v~*~m:t~, ~v)*~m ifrtW~cv~5 3 JO)~ftJ:n'\:1 ~ C l:~~ • • ~tffi\Ilcli;gtl~J:t!*a9l~¥JJJi~~O)ttJi-c ~QO)l:~t G 'L, .~.i1afmIl~d:m*(J) l:: /' 1l:~0)1i~~~{t{ffTQfi-e~JLMflO)1JD I~~c(1)I~~~J: fJ rttJJ:~i!:> Qf£t&O) ~o)-c'~Q. A-f*a9~:~d:, ~ra'1JDI{>ffl-T. ftftMl:J:: J 'L.fia9~:1{~{>E~~:J J t~ IJ, ~!J D~tfim4'JJ~ C~.A 9 Q ~ c~: J:: J -eftO) t:: / 1l:~ ~lift9 Q 1i~tJ~ C ~ tl~. ~mJ:O)m~UMO)ffi.ttc tt~ :>1~tJ\ G ~d:, !J I/TCJ::~ttl~.~a9~m~~~~tl~:~9~toEftt1~m~~~-T!>, tmtM, ~~tJ:c~f-j5 ~ c tJ~~ffi7 • •~~bitt::~~~l'
 
 :to);6~~mft~tlt::.
 
 '7 /~A~-~j:G&9,
 
 ~fmO)~O)iltOO~~tttttm~~.q c:~lt)
 
 ~1£~fmmO)" ~ /~A~-;6~d; fJJt.9~
 
 c: ~O)J:::> ~:tJ:~.
 
 1\1~-'7- ~ '7 /:/A~
 
 ~~fi~~ ~~~ ~~jt.~ jt.fi~~ 7V-T-~ ~~~
 
 .W.~!l"7/:/A~fi~~ pnlt~~ ~3'Y"=\=--~~~ MOS~
 
 )\1 ~-'7- "'7 /:/ A~-~t~i1IL,t~ 2 -:JO) pn fi~ (Je , Jc ) l~J:: IJ Jt~t t;ttt~.I ~ ~ ~-, A\- A, :J v? ~-O) 3 :JO)fifiiJ!l;6~6!>~. IbfF~I:~j: Je ~j:.jj(R]~:7 Jc ~j: i2jj(R]I:/\17 A ~ t1.~. I ~ '/ ~-O)=\=-~ I) -V-~d: Je 0)i!I O)I~ '/ ~-t>J::U:~
 



 -.rm ~ ctJ:?J.
 
 ~- A ':ttA~ tlt::=\=-~ I) -V-ld:"'- AO)• • ~cld:&~tO)1>It=\=-.y I) -V--e6!>~t~atJl:, =\=-~ I) -V-t1t.~-e~J:~~:.J.l1J~t:J::Qjt1ft~,=\=-~ I) -V- ~ I) 7 ~~-e~j:~ • • w.~:et t) ~c GL ~ I) 7 ~ -c'::J V~ ~-~:(R]tI)5. ~- AQ)tJ:tI\.. ~ ~-$Jj:M~~~:J: t]t~~9?Jn~, *$JtlJ:::J V~~-I:jJil9:Q. :J v~~-I:jJiI Gt~=\=-~ I) -V-~j:::J v~ ~-.rm { ctJ: t), I.~ ~ ~-, ~zJl13etU:~-A Cl)tJ:tI) -e~~.Gt~Jt~d:~- A firm 4 ct~?J. ~'- Afif&(}).rm~iI. a ~j: a= -&/L1Ie c~~ (::I v~ ?7-, .:r:~ '/ ~-l:rmtl ~U.rm~iEjj(R]c9~). ~~(7) f' 7 /:/A~-(J)=:J v?~-.rmO)I£JtI::~d:, "c"(J)
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 v7 ~~~ftO)~zJl~~O))l[ml:'~PX:TQ=r-~ I) ~-~=J::Q~;O~1J[]bQ. ::n~J:x~ ~ ~-tmt&~~=~-A ~:J v7 ~-rl3~~:ifrfnQ_ifrfl:':Jv7 ~-il~_ifrfc J::~~. :J V 7~ -ilrfT_ifrf~J:/J\ ~ V~1J;O~ J:: v~. ~ 0) J:: 5 tJ:~Jll!~=J:: tJ, ~- A~!tf!l:' J: ~ ~ ~ - AtJ 0) ~ ~ ~J: Je ~ Jc 0)1 / e-~~ / A 0))1 V~ ~= J:: Q _J±fljf~;O~f~ Gn, X ~ ~ ~ -~!tf!l:'~ - A AtJ 0) ~ ~ ~J:_J±fIJf~ ~ IPJ~~=~- A _ifrf~:J v7 ~-_ifrfO)tt~:J::Q_ifrffIJf~~f~GnQ.:J v7 ~-~ft~: 7J);O)QiiJ£ ~~ft~ifrfnQiiifrf ~ O)fl~:J v 7 ~ ~m~ ~ J:: lJ, jtfpJ0)1 / t:-~~ / A 0)~~7J)~=:J
 
 mft~fTx~t:J v7~-m~~lPJc.tJ~jtfpJ~:l&tJ mT~ C;O~~~Q. J\1~~7"7 /~A~-O)JJJfF~::~J:*~-f*r:pO)$-Ic=r-~I ) ~~:f:)J::lJ1"Ic=r-~I) ~~, TtJ:b!> , _rcIEfLO)Pfij1J;O~~4TQ. ~n;O~J\1~~7-CJ::~tnQJll!E8~, npn~c pnp~ ~;O~~Q.
 
 pn ~ft~iifi..~jj*" 7
 
 /~A~-O)Pfijil#ij0).~0)5!>, =r-~ I) ~-~7~*)V~ifrf A~itQ1J~'J-A, =r-~ I) ~-~7~*)VJ::tJ ifrfm~itQ1J~ ~ V1 / cJ::~~. ~t~, 'J~A ~ ~ V1 /O)r:prl3~~=~~_~~ij'~"~J::~5~. ij'- "_J±~:J::~~zJjO)f$lJ~=
 
 J:: tJ 7~ *)v$M~~x -c, ~ V1 /_ifrf~*tl~TQ. £Al:0)" 7 /~A~-~:JV~-c±tJ:Jt1fj~~tt~G-C~Q.
 
 ft~~J\1~~7~" 7 / ~A~~~J:~~A$M~tI< l:'~-r, m$M*r~ G-C~J: 1 MHz < G v~;O~~ifi..l:'~ tJ, ;0) J.Ji: Jt1 ~~v~O)l:'ijl1:E~J:~Ji:~ n -Cv~tJ: v~O) ~::~t G-C, iJtfit~J\1 ~-7~ ~ '7 /~ A~-l:'~J: 10 GHz £AJ:.~~, ~ G ~::jj 1) r) b.l::*_fi..5ijj* ~ 7 /~A~-~~J: 100 GHz < G v~~~M!m~~G. _fi..5i:1J* ~ 7 /~A~~~d:AtJt!fm7J~reiv~tJ~, _tJm~i ~~d:J\1~~7- ~ '7 /~A~-tJ~*~v~. ~z:~, 1) =7.ffflm~-c'~d:AtJ~~.fi.. 5i:1J* ~ 7 /~A~~, m~i~~J\1~-7- ~ 7 /~A~-cTG!J)}fttJ~$-v~. MOS _fi..5ijj* ~ 7 /~A~~O)AtJ • mtJO)ra~Jt1~J:J:: < tJ:v~;O!, AtJt!fm~d:~~7J)O)~O) ~ '7 /~A~-~=tt~-c~~-Creiv~. ~t~, .~~M¥l:'/J\~~:J < nQO)l:'T~ ~~)v
 
 .fllm~~.PX:TGm~~*r~~G. 1 JO)~~ AO)tJ:7J)~::$-~O)X~ ~ ~~~~JJ:: 5 tJ:*f~tJ: ~ I~ ~ ~~ ~ '7 /~A~~) ~~GiJ~, -ttJm~J:=il#ijr*rl:'~G.
 
 '7 /~A~~
 
 **, G7J)
 
 ~
 
 7
 
 ('7 )V7 /~A~
 
 --~J:~Fra*l*r-c' ~ G tJ~, iLl~}aj7JtIcJ:: tJ tJ)tJ: tJ ftf V~}aj7JtIc-c', ~ IJ\tJN~ilh{"F~:~i JETn~t, ~~O)fj~lh*rc:~ x -C J:: v~. ~O)JJJ{"FmfJT~:~J:, ~fjffilm~c: G-C ~ '7 /~
 
 A~--O)~m~l¥Jf.PX:~&~Gt~T~JEIc(re' rb , rc , a)~=J:Gt>O)(vc=arcie)' ~t~, -il#ijr0)5!>0)IJ~AtJOO~mtJOOO)~Jm*rcG, ~tJ0)2J~AtJCmtJO)il#ijr ~: G-C=il#ijr~tlm~~~T~(J)tJ~~~.
 
 l' '7 /~ A~--~d:~fllm~~M!m C:X~tT ~ ~~ )vlm~-c'~J:7 1) ~
 
 ~
 
 n LV~~.
 
 77 0
 
 GtJ) G.ilI~d:M!m~J3tO)reiv~lm~,
 
 ~ 7°:f:)J::lJ~0)~~iJ)O)fnU~lm~,
 
 t~ 77-0 ~lm~
 
 ~~M.m~lm~~E~~M~O)~'7/~A~-C:~JJJ*r~.~ftb~Go)~~~OO49Qo)~:L::iF-:7-f':7 /~A~-~~e:t~tlQ. ~m~GL~, ~~ft~, ~3~f'=f--~ft~, ~ii~~ ~S e:t (J MOS ~n~ ~ Q. AJJgtfLn~tI~ -c~ lJ) :. ~ ~d: C O)~~: ~~Jm GLV:\ Q n~, *f ~: MOS ~~d:~v:\. pn ~ft~~ Mas ~~d:!l!~O)*T~G-c e:t lJ~, SO)SO) I) ::7_ fJl@1~~7.{ ~~ )Lt_fJl@1~O).~*TCGLm~~~Q. pn ~ft~, ~ 3 'Y f'=f--
 
 L,
 
 ~ft~, Mas ~O) ~ V1 /iimt· ~ V1 /.J£O)*fJt1n~f&fO~(~Q~~J:O).J£~:~t GL.ifrt7J~f&f[J GL ~ n~l: ~::m1J[] G t~ lJ)) ~ G (J) ~~~t GL, ~.~~~-r~d:3-Ff&fO ~~~G, ~mJ£, ~.JJmM*O).JJ.TcGL~htlQ.~~ft~, ~.~~~, Mas ~n~~ I) ::I /~ltf-fc9 QO)~::~tG L, ~ 3 'Y f'=f--~ft~~d:jj I) 9 b l::.~J < GtlQ. jj I) 9 b l:::*~~d:IlWO)~~a£f&~ ~ 3 'Y 1'=f--~ftn~~~~::J < tlQ:' C1J\ G:.O)e:t:> tJ:.~~::9Q. :.tl~d:~1? D~O)m~M*T~ GL~1±.~m~tJ:~O) ~, ~1?D~_fJl@1~0)±.~.T~~~Q.
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 22-3: ~aif-f'ii~~J.J*f' 7 /~A~-O)-~~, P ~~I)::I /£f&~mlJ:\t~~ft, =f-~ U~-~~~Q'J-A, =f-~U~-0).ttliitl~~Q~V1/~~~~~~Q. iff' ~d: Si02 ~~::J:: t) £f& C: ~d:~a~ tl-C S t), if- f' .tI~::.J£ ~1Jo;ttJ: lJ) C: 'J- A • ~ V1 /rp'~::.t1rt~~(7~*JLt) 7J~~~~tltJ:v:\~ft~::~d:if-f'~:IE.J£~1Jo;tL~ m9~. ~O)fJJfF~X/J\/A~/ f';C- ~ c:~G, if-f'iitl~:.J£~1Jo;ttJ:, *.BIJT~ c~rO)et '5 ~::7t.~h~. (1) }~~fg!7'~1;t- ~ : :itl~~~~~O)~fg!~::et~m.fFm ~fljm l"t~ ~O)~, ~ft ~.7J~/J\ ~ v~®~~~.m ~::ill" -Cv~~. (2) ~/' ~?f1;t- ~ : :itl*t~~J: • • ~/'\)J;A?I.~~~~~::13~l"t~~O)~,J~~ fg!7'''1;t- ~ et 0 ~1t17J~=tc~l" -Cv~~ . • lt~::et tJ y )J;/\-~ /' ~ *t~~1::f-)J;~~ /' ~ ~J::~!tl~. (3) ~ft7'''1;t- ~ : ~fjO)1Jt!l:'J 6h~ p~, n ~~~1*0)~ft~::J::~7'~1;t - ~l:', ~fF1Jt!~::.J:: tJ;fAO) ~0)7J~~~. (a) ft~~ft?f1;t- ~, (b) ilt.~ft7'~1;t - ~ (~-!t~7'''1;t-~, 7v-j--~?f1;t-~, It:7'=r-y~)J;~?f1;t- ~), (c) Y 3 'Y ~=r--~ft7'''1;t- ~, (d) ~~~ft7'''1;t-~. (4) pin 7''t1 ;t- ~ : p~, n ~®rl3~~::Jt't1~~~~~~Aht~ ~®~, ~JmlJJfF~:iI
 
 
 CPs (~ < CPs) tJ: 0) ~ , ~~f*7J) G• f (1£~L) iJ~~~ ~~~1T L, -C.5it =mJl7J~~~Q. ~O)C~~~f*~oo~~IE (~) O)~rJ3'.7itfJliJ~~~Q. ~~IJ~~r~, ~7itf JI (J)~f)[:~ (W.oo ~t!~~: L, t::.. ~~f*pq$(J)~{)[:) ~J:~~ C ~~f* C (J)flf!l!~f)[:~ ~~~ L, ~~f*iJ~ n ~ (p ~) 0) C ~ CfJoo = (~- cps)le > 0 (CfJoo = (CPs - ~)Ie < 0) ~ ~ Q. ~ O)~rJ3'~7itfJl~d:~~f*pq$~~tt~-C:t ~ 1) -V--tJlJjtiJ~{~V)~zJltJ:O)~, ~~ c ~~ f*rJ3'~~1JD5tt~~J± Va ~d:~zJl~=1JD5t GtlQ c ~=tJ: t), ~mtfFJtjiJ~~~Q. ~2if*7J~ n ~ (p ~) (J) C ~, ~~f*iJ~ft (1£) ~=tJ:Q e:t '5 tJ:~J± Va ~=~t L, -c~zJl(J)~{)[:~~J: CfJo = ~o - Va (~= ~o + Va) ctJ: t) ~zJl~d:~< tJ:QO)~, ~f (IE~L) 7J~~~f*7J) G~~~=
 
 d O)ri~~ p(z) = 0 C9Q ~ 3 'Y l' :t-O))}ift{ ~Jtj V)Q C, ~zJlO)J!t~ d c~zJlO)oo~7itf~I3t
 
 ~~J::~~zJlO)~~• • c~, ~~f*O)tt~~*~~, .~O)~~*~~cG-C, ~J:t~~~tl~. d = [2Es EolfJJe(No - N A)]1/2 (2) ~ = [2Es tU e (N o - N A)~]1/2 (3) C= [Esfue(No - N A)/2~]1/2 (4) ~ 3 'Y l' :t-~~ l/Jac ~d:, ~7Jrtil~mtO)~fl1f~O)i1i!I3tft{ffJt! C, E G ~=tt~-c X*J],:¥iO~/J\ ~ v)7t~mto)G~v)f~iO)G*~ Gtl~. ~~IJ~=~~t~~zJlO)~{}[~fPoo ~i lIe! ~ Va ~~~tG-C7°D'Y l' L,-C lIe! =0 ctJ:~ Va7J)G*~Gn~. ~~(J)~ 3 'Y ~:t-~~~d: (I) J:t~~d:*ittJ:V~. ~~f*O)J*Tc:~~J*Tc:O)~f*pq 0)1~~*a~~~J::~W.mJf§, W.mJ7':/,~l) :/'~if/~, mTj:{~(atJ:C, jf.mJ{1)}i0)~T~ {}[iO~~4 G -CV)~7J~, W.oof§iO~~ < -C ~tl G 0)~J.J*~jf.00~{}[(J)~J:t~~ t) ~lvt~jf.oo
 
 -271-
 
 ~{ftm~-c'~j:, ~O)et
 
 5
 
 ~::~2im~tl~. ~~C: n ~~~f*cO)~M~~;tt~c:~, ~M
 
 ~flfj'::~~f*~iii'::~v~~liE~~ D s O)~iii~{}[:~~~l!:fffJ*J~::l> t] ~z"~~~JiX:~ttL V~ ~ c G, ~iii ~::8 ~t ~ 7 x.)v ~ ~{ft;Q~~~fffO)rfi#ijO)r tPco ~: l> ~ c, ~M~: e:t t] ~ iii~{ftO).fn1~d:L1Qgs -e(l/Jac - tPco)D s ti~t~1~T ~. ~ 0) c ~~M.{ft~ (l/Jac + %~)/e ~d:~~c~iii~{ftc:O)rJ3,~:~-r~cT ~ C:, ~iii~:J¥~ 8eff, tt~.$ Eeff O)~a 2 f*";Q~ l> ~ C: ~t~ G (l/Jac + ~)/e8eff L1Qg sl EeffEu -c' l> ~ tJ~ 6 , a e 8efP sl EerA ~ m ~, ~3 'Y "q:.-~~~J:~J:t~~~tl~. l/Jac (~ %)/(1 + a) + atPcJ(l + a) (5) ~ I) :I /' c~fj.O)~~O)~Mo)~.-c'~d:8ef/Eeff == 0.1 nm, D s == 2 X 1018 m- 2eey- 1 ~(&~ GLi2im ~ tl~.giJtJ~l> ~. -~~: a O)fii~d:1;t /,~~If1;Q~5iv~~2iJf*-c'~J:/J\ ~ < l/Jac == ~ - % ~l> fJ, jtfl*6~If1;Q~5iv~~2If*~~d:*~ < l/Jac == tPco ct~~. Si, GaAs ~~J: l/Jac == 2EG/3 ct~"? LV~.Q.
 
 =
 
 =
 
 x-
 
 =
 
 =
 
 v
 
 -
 
 22-7: ~3 'Y "4=--~~~f(JmGt~?f1;t-~. Jm1JrRJO).J±~r~~/J\~ :Q. 7 1\7 /~X.~jj*~d:~1?o~~~ (7 1\7 /~X.?f1;t-~), 7t.i5ifO)m~M (7 1\7 /~ x. 7 ~ 1'?f1;t- ~), 4=-~ J) ~-O)r±A (7 1\7 /~ xr±A ~/F~~tJl~;Q~~v~tI~~d:~-j--~fj\~~~ C:,
 
 MOS ~t 1) - ) tJ:c~:~m~tl-CV~Q.
 
 22-9: pn ~~o) 7 1\ 7
 
 /' ~ x.~jj*':e:t Q .TtJ:t~tl~~O)4=- ~ -272-
 
 J) ~- c:, ~O)~fT~rl3'~jj
 
 *~:e:t~itJ~tJfm~~J~~1;t- ~-c, 1 /I,~ l' ~~1;t- ~ C ~e:t~ttl~. ~ - ~+ GHz (J)-:X17 o?1t~~Bc G-Cmv~ Gtl, ttltJ~d: lOW ~:~-tQ ~(J)~d!>Q. 71'\7/
 
 ~x~:JJ*~7t1lmtmf~~:mv~t~7t~ttlB~d:7 1'\7 /~x 7~
 
 MOS ~"f
 
 22-10:
 
 *-
 
 1'?f1;t- ~ cet~ttl~.
 
 ~ (#.J~2119)
 
 MIS (metal-insulator semiconductor) .~ (J) D C J -C d!> ~ MOS (metal-oxide semiconductor) .~ (£f&~~~~:~I):J /, ~am~: Si02 m~mv~t~ ~(J)) O)~iti:tl.ac£f&~~~ ~:1Iti~J~tt~~~1;t- ~. Si02!Si ~itiO).~~*fI~~lMJ«~~tJtJ:.~.MOS ~~1
 
 ;t- ~O)£*~*fl~~i~fi• 1IJ±*f1~-cd!>~. ~iti:tl.a.ti~:t=rJ1JD~tl~.J± v;6~Jt O)fiD:et t) IE(J)1Jrfij~: Gtl..v~ ~:m*-t ~ c ~, £f& ~ I) :J /~iti~d:~iti~:~j1Jo)IE~L (~ ~:t~ I) ~-) n~1!tfl Gt~~1m (A) et t), £f&1*J0)1Ifftn~Si02!Si ~iti*~1Jl:l:El~:tJ: lJ £ f&l*Jo)IE~0)1Ifitj;6~ 0 ~:tJ:~ 7 7 ~ 1'1'\ / ~ (B), ~itiilimJ: t) IE~L;6~m~"~t Gtlt~~ ZO)~Jm~*I-C, ~ G ~:£f&~iti~:1IT (j>~:t~ I) ~-) O)lrflGt~ocfi (C) O)~Jm~: ~{~-t Q. 1!tfl(J)~1m~~d:~itiilim~:IE~Ln~1!tfl-t Q t~~ MOS ?f1;t- ~ O)~fi~d:~~
 
 =
 
 e;.
 
 ~£~amO)~fi ~:-3t-t ~ (de;. I). £f&MMtI*J$~:1IfitjO)~'h~f* ~ 7 7 ~ 1'/'\ / ~:t3e:t lt~z~1fi-c~i, ::tl GO).fitj~~~:{* 5 ~.;6~*&a~~fi~:W:~Ij~:1JDb~t~ ~~f*(J)~.~d:{lf-r-t ~. ocfiJl q:t (J)1IT~J3£(J)~1~(J) ~~J3!J3£~d:±~:ocfiJl-r (J)~Z JBq:t ~::t3~t ~j>~:t~ I) ~-O)~~ • M*s~J3!l3t~:x~2~ tl~. Gt~;6~J -Cflfv~Ja]?1t~ ~~fi~mU~-t~ ~itiilim~::t3~t~ocfiJlq:tO).Tml3tO)~{~;6~~~-t~t~~~.
 
 c,
 
 ~d:*&am~.~:~~~£-3tG, ~Ja]?1t~:et~mU~~~d:ocfiJj-rO)~zJjttffii~::t3~t~IE~Lm l3to)~{~c G-C~~-t~t~~, ~.~d:flfv~f~~C:~.
 
 22-11:
 
 -c,
 
 ~~f*0) pn ~~~frjm G Jfmi1Jrfij~:1IJ±~45t~ C n ~~~:d!>~.T;6~ p ~~O) IEfLc:~~G-C, MM~~7t~~-t. ::O)~~~fIJm G-C.ifrt~i1I~7t~:~~-t~~~ f*~T~~7t?f1;t- ~ c:v~5. I.*)v~-~~ ~7°fil3tO)m?1l{mJ±-c, .TIE~Ln~f$ 'hG pn ~~ftili~~~-ttl~t, I.*)v~-~~~ 7°fil3t0)I.*)v~-~~J7tT;6~~ ~-t ~ (hv~ E g ). -~~:, W:~ilf$~O)~~f*GaAs (~~), Ga1_xAlxAs (-~15), GaAs1_xPx (~15) tJ:c~mv~~ c~v~~7t~:JJ$0)~7t?f1;t- ~;6~f~Gtl~ (I*J$~:JJ$~ +%, ~$~:JJ$~%). GaP ~J:ra~~ilf$-cd!>~n~ N 2 (ki15), 02 (~15) tJ:c ~-7°-tG:: C: ~:J:: tJ f!fJG v)~7tn~PJfj~~d!>~. ::tl G O)PJ1Jl*t~~d:~~~7t?f1;t- ~ ~J:*.~:~ ill ~ tl L :t3 tJ, ± C: GL ~7J'm ~:=tcfiffi~: {3t$ft ~ tl-C v) G. lllili SiC * t~ ~d: GaN ~ m v) t~W15(J)~7t~1;t- ~n~J Gn~J::> ~:tJ:J t~n~, GaAs tJ:c~:tt«-C~fF7J~Wf$lJ ~d!>Q. GaN ~~d: pn ~~n~-r~tJ:v)O)~:tl~ • ~Iti~~f* · n ~~~~~~~mV~Q. 76771 !'\-im{~m~:~J:, ~.l3t0)~7t~1;t-~n~~~~n~. 7t771/,\-O)iJijlR
 
 
tJ: v~~~7t, 0.8 J.lID 1ff (GaAs)
 
 *
 
 t~ ~d: 1.2-1.6 J.lID 1ff (Inl_XGaxAsyPl_y) n~m v~ Gtl~. ~.J3t~:-t Gt~~~:, v)~tl~~~f*v-~-O)et 5 tJ:=m~To.~~fIJm Greiv)t i1rtm l3t~'hfF ~ it ~ .
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 22-12: *~~v-~-c~v~5. *~~~::t3~t~M~~~:J::~~7f~fljm Gt~, 1lJ-r~ (:1 1::: - V / 1') 7f~~9 ~ ~ '1;1-- ~. ~7f~jJ$0)~v~rn:~il3*~~~:/F~!fo/.J~~.~: ~1JOGt~ pn ~~~mv~~. Jm1J(ti].mt~mtG-cttAGt~1"Ic=t:~ 1) .:v-c~O)M~~ ~:J:: ~7f~M G~~-ClE!II~~:J:: ~~tJR~~~ ~:9 ~ t~liJ ~:, ~7)V~ 7- D~~~ m v~ ~. ~tJRO)t~~O) G~v~fli.mtn~{g:V~:: cn~~* G V~. ~tJR7If*~d:.-=fn~il39 ~I.* )V~-~~:1ittf9ij9 ~. 7fO)imii&9 ~~§O)iJlijfj{tl~:~AO)~rm~ Cl:'~~ Gt~1iM.~ ~~-C7f~tJR~~9~777U~D-~~, .7If*~tJRO)~liJO)~~!II~~~~~. GaAs/GaAlAs, InP/InGaAsP O)7fim{~m~, PbTe/PbSnTe t~CO)*7If~~iJttlmn~~m~ n-CV~~. IlJfJl V-~-~d:m~9l1J1M, ~iJlIJ~lll:'~< Jt\m~n~. ~m.-=fj:t:?~~ ~:J v-~-O)if~n~!l£Iv~~~.
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 Lesson 23: Electronics II (other circuit elements and basic circuits)
 
 :m ~
 
 7 7 evil, wicked, wrong; ;t evil, wicked, wrong V.Q(lt)) bad, evil, immoral, inferior, malicious, unlucky, unsavory ~~ jJ 17 7 harm, injury ii~~ftf: ~17 7 Y 3 97 /' worst condition
 
 1 4=- level, limits, region, stage *f~7~ )v~~~
 
 ~114=-7~ )v~-
 
 IJ
 
 3
 
 band-pass filter region, domain, area
 
 91 4=-
 
 ~ 1 occasion, time, when ~ V edge, side, verge
 
 ~~~tJ:
 
 ~~ ~~
 
 jJ 7~1 j=-4=-tJ: Y'Y~1
 
 interdisciplinary in fact, actual, practical, real
 
 'J9~~~ IJ 39~~
 
 creator, founder user
 
 agent, person
 
 't:> (J) agent, person
 
 tUM:1tf flJffltf
 
 IE.
 
 1&1
 
 ~ 3 9 just(ice), punctuality, right(eousness); -t1 genuine, just(ice), positive, right(eousness) tc.ti.( G v)) correct, just, lawful, proper, right(eous); tC.ti.(9) to adjust, to correct, to reform, to straighten; ~IE :J 9 t 1 IE:fL t1 :J 9 7:' diagram, drawing, figure, illustration, plan; ~d:7J)( Q )
 
 *=
 
 ~ (~=) correctly, surely
 
 calibration (positive) hole
 
 r- plan
 
 to design, to plan
 
 ~~ ~~
 
 ,1=1
 
 *
 
 7:'71 A'l::
 
 3
 
 9
 
 t 1 details, energy, ghost, purity, skill, spirit, vitality ~JJt -t1 r: ~~tI~
 
 t1~Y4=-jJ1
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 figure, graphic(s) figures and tables
 
 precision, accuracy precision machinery
 
 f& -e -1 arranging C C (1)( 5 ) to be adjusted, to be arranged, to be prepared, to be settled {vi}; C C (1) (;t Q ) to adjust, to arrange, to prepare, to regulate, to settle {vt} m~ -1 :t? matching mlc -1 A ? integer
 
 -e -e
 
 illJ
 
 'J
 
 7 leaning, opposing, regret, side
 
 7J\ brow, side m~~ A~~ ~
 
 ~~Y037~b =~?037~b
 
 output (side) input (side)
 
 ~
 
 ;Z
 
 7- =t ? comment, notes ~~( ~~1~-~ (ffi ~m)~ml1rt~ (~1Jm) ~£n~~ t) J ±l:~IJ:J ~iiA~m~)l--:J< c;tt~. ffi~m* ~~ 1 ~O)~.ral:.~:~fl Gt~ ~0);Q~7 ~M@I~ (Ie) ~7 il:~~.tltJ:£,:/.& < mt.-) ~ .~.5 ~(J)n~~~. WJ~(:~d:J
 
 tl-ct.-)~. ~~~7t~:~.9~O)tJ~~7t*~~, ~7t~~1~-~, *~~l/--if-~£ tJ~ GaAs, GaP t~£(J)*liA, *~~~--:J
 
 
 Q~7° ~I v? AO)'±~l:~~-:>L~)~.
 
 o ~·1 ~- ~l:'lJltEO)~~1**+l:t:3~)L.~/.& mtt) t;ttQ£*~.~C:~-:> ltt~Q.
 
 
 DC. J~J:i±A:f- -V I) -V-O)"M7JJ*I: W'5 tlt~~:Ii-c' ~~. pn ti~Id:.i1rt, ~~, PJ~~.t:3J:rtJ't.~lttetc(J)tlfi~~J-C~)o ..•~ (J) pn ti~~m~~bitQ::' cl:J: tJ~3~tlfmO)~~-f*;«r;Q~~m~ttQ. (2) pnp ti~, npn tiil : 2 -:J(/) pn ti~~1JlfJ~tJitl:.ti G-cftCfI L,t~ pnp ~t::~j: npn fM~~J:J\1 iF-5-1' 5 /~A'~-(J)£*fM~-c'~ t), Z:O)fM~l:J:J -r~~, m ~, ~1y~~~rtJ't.~~~C®£*a9t1fmffi~m~tt~. (3) pnpn ~il : 3 -:J(/) pn ~ft~mQt~ pnpn fM~~d:-tr17 l' 0 /~~~t~.i1rf • CJ±~ tt~~9~~~~~-(J)£*fM~~~~. (4) nn t.t~, pp fi€ft : fftJJ*r~ G L(J)tlff~~U'~O)~~d:t~~);Q~, n *t~~d: p m~ "'O)«fHfmO);f-- btt~Mo)~~l:~. ~O).tirt:f'~:.J± V~1JDX~c, :J/T/~-~:~j:Q=CV O).fnf, w= (1/2) CV2 o)~.I*)v:¥-n~~x Gtl-Cv)~. C~j::J /T/~-O)~.~ .fnf~.X~tm1J~~G, ¥{ft~j:7 7 '7 ~ (F) ~d5~. :J /T/~-~:M!m~tl,'QM.
 
 i6,
 
 ~~:~j:v)
 
 0 v) 0
 
 tJ:fjmn~d5,'Q. ~tlttlo):J
 
 /T /~-O)J: LF1j ~j:M!m ~ tl-Cv),'Q M.
 
 ~O)l,jJi~:J:J L~* ~, ~O)*It1~j:M!m ~ tl-Cv)~M.~O)*It1l:'t>d5,'Q. :J / T / ~-O)~.~, .ti~2aO).fi.~~0)~ft, ~O)M.~O)M.*ECM~.tio)«
 
 ;jjlti~ s ~:ttf9ijG, ~.~O)}f:~ d ~:i2!ttf9ijg-~. c= £SId :J /T/~-~:~j:1) - ~.~.tiO)HftJi:, ~.~O)~aHftJi:tJ: cn~{'f~g-~. R s ~j: 1)-
 
 c
 
 ~., .tiO)HftJi:, ~~M.~O)~aHftJi:, L~0-~., .tio)~/¥~~/~, ~j:~.~.~~g-. ~i1rt.J± V ~1JDX~ c, I. t¥2ldt =jmcy, g-tJ:vt>.ffJ: tJ t>tLfEJ n~ 900 i1§lvt~.i1rtn~i1rttl,'Q ~j:-rl:' d5,'Q n~, ~~~:~j:J:~GO)HftJi:7tO)~~n) ~:, ~i1rt.~O) ~{~~:~.~O)7ttin~*IfJt~~tJ:v) ~ C ~:J: ~, .i1rt~j: d t~~t~tl, l = (jl1JC+ G)y' e: tJ: t) Gy2 o).~I.*)v:¥-n~l~.~ tl~. ~ ~ l:' tan 8= tan (roC/G) ~~.m~*t~~j:M
 
 =
 
 :J /T/~-O)~a~~g-§~o)DC:JC: GLV)~. ~o)I.*)v:¥-m ~~fltit19~:fIJm Gt~O)n~reiJaj7Jt1JD~l:'d5~. n 000):J /T/~-~mr~J*-t~~j:]ft~J~: ~~Gt~ e: ~O)ftJJt~.~d:~O)e:t:> ~:tJ:~. .IE~ce:tLF,
 
 1/c= ~(1/C;)
 
 (IR~lj~~)
 
 i
 
 :J /T/~-O)m~~d:fPJaMJ, {j{tl~, mri1rt~JiJ1:n~±l:'d5~n~, t&.J,)v~@]~tJ:c~~j:. fnfO)iJrfltJje: GL t>m v) GtlLV)G. :J /T/~-~:~d:M!m § t19~:J: ~ V)0 V)0tJ:~m n~d5Gi:J~, -~~:M!m~tlLV)~~O)~d:, *J£:J/T/~-, 7°'7AT'Y~· 7~ )vl\:J /T/~-, ?~~:J/T/~-, mi6:J/T/~-, .m:J/T/~-, ~~:J/T /~-t~Cl:~~.
 
 23-5: )2~~i6O)it~l:, im1it, :J /J\-~-n~~i1rt • IRrfrf~~i6~it~g-~O)~:~tGL, ~:~~g- ~ 1.J~d5 G v) ~d:~~ ~ v):>. ftttmJJ~ c EI mJJ~n~d5 ~, ~i1rt {j{tl~:.tJji:J~d5 ~!J!ft~d:ftttmJJ~, ~ / J\-~ - EI ~i:J~Emtmfj~~ t> J t> 0) ~ EI mJJ~ c1j ~
 
 mri1rtmfJ ~~rfrfmfJ
 
 ~tG. ~ /J\-~-~d:~*t19~:~d:A~'YT/!f*T~:J::tJ.JJt~tlL:t3tJ, ~ '7 /~A ~-~~~ 1) A~-i:J~M!Vtl-Cv)G. ~~~f!~jO)i1§~~:J: J L*.1Jm~~ 1) ~~ 7J~rm9£~tlLJ£:~7tIY-c'~~ 1) A~-1.J~n~~m{~~tlLV)~. ftttmJJ~~ /J\-~-~d:, ~~ 1) A ~-O)$tl~Pl ~ a C: GL 0° ~ a < 90° l:~J:~mtfJtU7J) Gm:mtfJtU~~.1J~J:~.~ tl ~ i:J~, 90° ~ a < 180° -c'~d:~~ 1) A ~ -0) ill fJ.J±~d:~ C: t~ tJ, ~d:mrmt{j{tli:J) G~rfrf fJtU~~~~t1~. g-t~tJt>~ /J\-~-JJJ{!P~fT:>. ElmJJ~~ /J\-~--c'~J:~i1rt{JtIJ~:: ~~fnf~~~~~~O)l:, ~~0A~-O)Emt~fiv~~~~Emt:J/T/~-~M!~
 
 mfJ
 
 -cv)~.
 
 ~ /J\-~-~J:~wm.tJj~~,
 
 rfrfzmt~
 
 c d5 G~ ~ 1.JOOl: C: t) Atl Gtl-C v) ~.
 
 ~mJ±~Jaj7Jt.tJj~~, Jaj7Jt~~~~~,
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 m:
 
 23-6: ~i1rtCfJ~lOCi1rtCfJ~:~~TQ~ c~mi1rtcetlt, ~O)@1~;¢~mi1rt@1~~, Ci1rt~ 1JrfijO)~~:i1rtTmi1rti6~frjmT~.~i1rt{JlUAfJ~:et ~ -clfim, -m, Ammi1rt@1JmtJ:c ~:Jtm~tt, *t~.i1rt1JJ:t~:et tJ*iJtmi1rt, ~iJt.i1rt@1~tJ:c~:Jtm~ttQ. mi1rtBc G-c.~~0~~mi1rti6~~bttQ. *CfJ~.O)~~, .fJ~=m~~C~tt~~~ =m~Q v)~d:~mmi1rt;¢~~btt~. mi1rt*-T~:~1 ') A7'-~mV)Q cmi1rti6O)lfjfJC ff~~~~~~. mCff.i1rt@1~~~ff.~m~~Q. ~tt60)&m.i1rt@1~O)lfjfJ~ ') ~7JvJt~~Iu~v)QO)~, ') ~7Jv~~~~itQt~~, -~~: LC1Jllit@1~~mv) Q. lfjfJ.ff~-~~:f*-.:J~,~;¢~~~~~~d:, ~ ') -A'V~.:L v-7'-*t~~d:~~ ~1' V~.:L v-7'-~mmT~.
 
 23-7: =Ii~ (C-T~) ~*~f*7'~1 ;1-- ~ tJ: C O)=)jfflj-T*-T~, ~ Q 1Jrfij~: ~d:.i1rt;¢~i1rttt ~T::. O)~f*~d:(PJ~-c'~Q.
 
 L."t~7J~~L,
 
 2
 
 2
 
 ~~7J)6*~f*~rfij7J)5~Ci1rt~d:,
 
 CJ± vO)~~
 
 CL.,,-c
 
 J(V) =JS~M(O) [eevlkT - 1] (2) c~~ttG. J:t (1) ~d:~1JrfijO)~fIlCi1rt~~T. (2) pn ~~O)mi1rtfFm : pn ~~-c'~d:, p ~*~f*7J) G n ~*~f*~:rfij7J) 5 .i1rt~d:~~
 
 ~:i1rttt.Q 7J~, ~O)~1JrfijO)Ci1rt~d:i1rttt~: < v). C-T clEfLO)M*fi~O)ii$7J~/J\~ < -C, pn fj€~pq~O)C-TClEfLO)M*S~n~~1Jl~~.QJfif, pn ~~O)mi1rtfFm~d:~O)et 5 ~:~ l!ij~n.Q. p ~{J{U7J~lE~: n ~{J{U7J~~~:tJ:~et 5 ~=, ~~O)C{}[:~~ VB ~=tt~-C/J\~ Vl
 
 Cff v~1JD;t.Qc, ~~O)~~~d: vti~t~~T~. ~O)*fi*, p~{j{U7J)6 n~{j{U~:IEfL 7J~, n ~{JtUiJ) G p ~{j{U~=C-T7J~i1rttt~~, il3f1Ji~pq~M*fi~7J~tJ:Vl c~tJ:tt~ C, iI 3f1Ji~0) n ~{Jtu O)tiffii X n ~:-t3 ~t ~ IEfL¥,IN ~d: ~ c 0)~1ti¥,IJ3£ PnO 0) exp (eVlkn 1& c td-. tJ , -280-
 
 il3ri~0) p ~llgO)* -Xp l:.t3~t ~tT.J3t~d: ~ C:O)~iJ.J3t npO (J) exp (eVlk1) f&e:tJ: ~. ::.:> G-c n ~.-rtm1JDGt~iEfLJ p ~lltl-c'tm1JDGt::tT~J:, tn~tl, itllO)IJ\~.
 
 23-8:
 
 attJEiiVfftlfj]j\ G~«J±O)~ifrt~m:Q~fl-c', -flo)~J±~. ~JL\':~@~iJ\tlt~-~:J1 JLtc,
 
 ~~:1 1 )~C: t>~)"5.
 
 ~®l:.(1)1b~@~iJ\tlt::=~:J1 )~C:~\G~Q.
 
 -
 
 ~:J 1 )~C: ii91jt:~~~i1~if!> fJ ~ (J)~~~O)~,.Jt~J:, ~JL~n~ft L, L~ )t~~ttl~t, ~tb-':: J: t) ~~~ ~M G Ltt)Q7J'\, ~IL~;6~m{t-t Q C: ijl ~J~t 6tlL, -~ffi]~®il!Vff~-fJ]~O)~if!>o.~~ • •J± eb ~~~tff e clPJmO)1iX7tl: 9()O(})1iX7tl:7t~tT IPJm.ifrtG, ~7t@~~BG~~n~nO)m~~, ~~®A, ~*~O)tff~J~~ D-)v-t~. ~ '5 GL~j}jtJ9I:*m1 /l::-~~/A ~ *CJ\7 /A~e: tJ, .:ttlttl (J)7 ~ - ~J\~ ?EE~i1lU~ l:-r! R ~ X 0)1iR;Q~il!i1l~~~. ~.@~~~ -c~t z (LO) ~frnO).~:~~-to~ C~d:3~-c'if!> t], M!ffl~~~.Im~~{t{ffT ~ ~~ ~~ut~&'), ~~tJ:iltl)E~:: ~d:iltl)E}aj?Jt~ ~m)E L", .7Ji~:: ~d:~aMJ ?JtO)~tJ:v) ~O)~M!fflT:Q. *.t~ lJ 775' / A, ~--e75' / AtJ: c~~~~~:}aj?Jt~iO'{ A:Qt.I~O)iltl)E~:~d:, .7Ji}aj?Jt~~d::t()EtJ: ~O)iO'{~\~~d!>:Q. -~~:@1~*T, .tJi~
 
 -r,
 
 ~m~fiI~d:Ml~~:~d:~1L~~d:d!> lJ;t Mt.~~, ~.gm, ffJ1i-1 /~ 75' /A ~:J:: t) ~~~n-Cv):Q. ~~0)71J ~ ~~~d:, ~t!1f!7 ~ ~ ~ 5' /AiO'{d!> lJ~~O)M~ ctJ:Q t.I~iO'{d!>:QiO'{,
 
 ~n~~ < t~~~: '7 7~T-~!1f!~filiO'{~7JJ~d!>:Q.
 
 AQ 7~IJ ~ ~~d:, ~~:}aj?Jt~f-t:tt~ffjfflL", L,,-CJ.t< Jitffl~n-Cv):Q.
 
 ~~~~~:}aj?Jt~iO'{
 
 .T@1~J1'J~7 ~ )v5'-@1~,
 
 (PJaMJ~Tc
 
 23-11: .tJi~:mrmi~fflv)t~7~IJ~ ~@1~~, .3{tgmO)~~iltl)E~:M!ffl~n:Q. gmfiiO)* IJ\, fI~, ~\~tJ:~J3t~::J::J-C15-flO)1J~n'{C::t;n~. $-1- ~A ~/,. 7 1J ~~~d:J.t v)iltl)E~1m (0.1-106 Q) C:: ~v)~J3t ~ ~ ::>t~&')-~~::J.t < Jitffl ~ nd!> t; ~ ~ 7 1 J ~ ~O) £*~d!>~. 3-F*~::{lfv)gmfii~iltl)ET:Q C:: ~~d: lJ - ~.O)gm~~MgmiQ'{~~C::tJ: ~t~&,)ll9ilffljTgm~M!v), ~nt; O)gm~MIET Qjtj)~m G:> ~~)E~:: GtJ:~tn~~tJ: t;
 
 7)v~/· ~7)v71J ~~~d:f-t:~:flfgmO)~~iltl)Effl~:~~~n, lJ- ~.gm tJ:CO)~.~~t;TJ:::> ~:I~~n-Cv)Q. ~v)gmfii~illJ)ET:Qt.I~~d:~t!1f!lingm
 
 tJ:v).
 
 ~Htm~~~t~7-A~:~tT:Qlingmn'{rl:t,actJ::Q. ~mi71J ~ ~~-~~:M!bnQ r; ijT-~!1f!~tJ:cO)M~~fflv)-C, ~t!1f!,ijjnHtmO)~jj*~~*L" -CillJ)ET Q~\~n'{d!> ~.
 
 23-12:
 
 r:f=tfiJ3tO)gm (0.1-106 Q) O)M~iltl)E~::J.t~;t t;n, B iQ'{/J\A T 'Y 7°-c' ~*DHtm (A, B,
 
 =
 
 -r
 
 Gn:Q.~n'{-~fJ9-c' d!> Q. ttf?iJill~d:ttO)fiijtj'{m~tJ:O)-c', A, C O)Htm~: ~d:}ajlm ilfftJ3ttJ: Cjtj'{~{~ L" -C ~ttn'{-)E~: f*t~n:Q J:::> ~:.~~~2fi1iO'{I~~ n -Cv),g. r.. (J) 7 lJ 'Y ~O)illJ)EMJ3t~d: 0.1-0.01 % fiJ3tl:' d!>:Q. A -1 'Y ~~d:.7Ji{j{UO) K 1 ~::~v~ -C~mtM{j{U 0) K 2 ~MC:Q (00< C::~~d:~O)i2!). ~0)71J 'Y~~d:-~O)gmillJ)EO)~~jtj)~::, !fo/.J~. O)~{~n'{Htm~{~ C:!li~tJ:~~~~~::d!>~t.I~~::~d:, .:cO)!fo/.J~.O)illJ)E~::J.t < Jitffl ~ n LV)Q. Htm(J)M~illJ)E~:~d:mri*.71I~M!fflT,g ~ cn'{~v)iQ'{, illJ)E 13 fJ9~:J:: J L~d:~ rfrtO)1Jjtj'{fI)~jtj'{~ v) C:: ~jtj'{ d!> tJ, mrmt-c'~d:~JEa.tJjtj'{~ c: t~ tJ, ~f*O)t.I~~d:7}~~ffl JO'{JEa tJ HtmfiiiO'{~~J: tJ mhD L", ~:t()E C:: tJ: ~ z: C:: iO'{ d!>:Q. ~ G ~:: ~ v):t()EJ3t(J)m~iJ3t ~d:~r*O)1Jn'{~d::Q n) ~::~~~Tv) z: C:: ~ d!> tJ, lJ 775' /' A7}~~m-c'~:QJ: '5 tJ:flf.mJ?Jt ~;t
 
 O)~mt.7Ji~flj)f.JT
 
 :Q1Jn!fffrJtJ: z: c::n!~v).
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 23-13:
 
 /\7'Y l' 7~IJ 7- ~*-T (BBD) c~fnJ*6~*-T
 
 ~~u~~-f*tltm*-TO)~fjj\. ~tl6 O)*-T~J:, ~$n\ 611~tJ:)ajmO)~ 0 'Y ~ /,)),:A ~~1JDT~ ~ c ~:et t), &~~ ~fnJO)~~*t)c~T~~-f*£.~$~~~~~t)~~~~t)T~~c~~~~. ~D ~d:{~~~fnJ~ n+ ~~JM~::~~G, n+pn+ ~.~~tl.Q MOS l' '7 /~A~-(J)A1 'Y7/~~tJJf'F~::et t), Jm~~~T ~ n+ ~~JM~{~~.fnJ~~~T~. CCD ~J: MOS ~·1~ ~ ~.ItM, ~oo~~::ft2~IjT~ ~ c ~:et t) .~~ tl, ~~~.~:~1JD~tl~.ff~:et t) £.~$~::~zJM~J.t~f, ~tl~:et J T~ C:~~{)[:#P ~:&~~fnJ~.fl~, ~ 0 'Y ~
 
 /\)),A O){)[:f§ ~-WJtf;t ~ ~ c
 
 (CCD)
 
 t) Jm~~~T ~ iI{)[:#p ~::{~~ilfnJ~~~T.Q. CCD ~:~d:, {~~.fnJ~ SilSi0 2 ~OO~::rdJT~~T~~oo7-~*,)),CCD c, SilSi02 ~ooet t) It Jlffi ~ V~£.~$ ~ ~~T .Q !.I)b~ 7- ~ *')), CCD c i:J~ ~ .Q . ~ tl6 0) *-T~J: 7:Jo ~~{~~~i!~9l1~~~ ~ ~ c, 13 BjE~tltmn~~ ~ ~ ctJ: en\ 6, ~liO)&~9l1~~ {I, ~~IJ-, ti.*-TtJ:e~~m~tlTv~~. ~::et
 
 •
 
 23-14:
 
 {iijM~tiT (~~1378-1379)
 
 7t.~.*-T~::~, *t~~cti*-T~:: ~M!;t.Q~~-f*-7 /\1 A. •~~d: p ~ ~ IJ :J
 
 /7-
 
 'Y ~J::~:~It(J) MOS (~~ • mt{~~ • ~~-f*):f-~ /,~~-~IOC~IJ~::Ml~t~ ~(J)~~ tJ, .ti~:IE.J± ~i:J\~t.Q c .ti~(J)~~-f*~:~zJMi:J~.~~ tl.Q. (J)~zJM ~::1"It4=- ~
 
 z:
 
 IJ ~-~i±ATG
 
 c.fnJi:J~~~~tlGi:J~,
 
 ~~:ilti~:~f§O)~ 0
 
 'Y ~ /'))'A~J:P1JDT.Q .5«.{~~c ~Tl& t) ttl
 
 ~ c~~zJM~~tJJ~it.Q c, ~~~fnJ~ ~tl~:f~JT~tJJ~, T~ ci:J~~~Q. 7:J-o l;f{~~~l& t)f&;tG. 7t.~~*-Tc ~TM!5tJ~~J: MOS 4=-~ J\~~-~:7t~JmM~T1"It4=-~ IJ ~-O)i±A~fT;t~d:et fi!!J-f*ti.~tI~7 7 ~ ~ ~ IJ O)~l& t) jE~~:M!btl -eV~Q. ~cti*-Tc ~ -eM! 5 tJ~~:~d: pn ~~iO\ 61"1t4=-~ IJ ~-0)i±A~fT5 i:J~, -7 -1 ~~ )),7 -1 )),~-tJ: e~:~m ~ tlTv~Q . •-TM)ftlmO) ~cti*-Tc ~-e, m5«./\7")),~cti~tlet t) ~JmtJ:J~~~~i:J~PJfj~tJ:, *t~mtJ~~\~C ~tJ:v~**t c G-ei±13 ~tl-eV~Q.
 
 *mm.3@1~ (LSI) OJfI*DJft, {tffiffimftOJimJIl, ~fiirmtJ:Jtlf~O) LSI O)frJm ~:'J:: J -c t> t:: G ~ tlQti~1fi*JT c ~O)7Jt1i5Cjj*~ v~:>. *i= ~::~ 1 !J D:J /' t::::J- -?7-O)~m ~::J:: ~, tI~tI~O)*,Jmtl.O)mrft, /J\~ft7J~{fEim
 
 ~tl, .~mo~~I', NCIfFtI~, *7~A*-I'~-~3/'tI~~CO).~~. Jm~:~*Gt::... :'0)*6*, ItiO)~.~ti~.H5FJT-e, 77!J l' I) -*-1' ~-~ 3 /' (FA), *7 ~ A*-1' ~-~ 3 /' (OA) ~:'J::Q ElfJJf~, 1ti7Jft7J~im~, ~*~J:*-b* -1' ~-~ 3 /' (HA) JJtrl7J~¥rJ*-tQ c v~btlQ. ~1!J OX V!J l' O=!J A1fitrl~J:, Iti, .H5FJT~O)~l'Jpq~~iJJH5W~~~1tiG,A~¥~fF~n)GfWt&GL*JTt::..tJ:~a9 ~.fflfJJ~:'rRl~tQf1JfJ~Jt1~t>t::GG t~&W, :r!J J A l' vA~VDT~~tJ:CO)rp'Jm, ~ G ~:'~J:JimW~O)~ft~:'f~ 5 *JTt::..tJ:tJ:~rp'M~p¥Iv~v~Q.
 
 24-3:
 
 ~"[8]m (!fo/.J~892-894)
 
 /'~A?7-~¥~f*v-~-, ~1 *-~, ~ 3 -t7'J /'f~~tJ:CO)mr7/'1 :J /'7/'~-tJ:CO)~fJJ$~~, ~tl~tlOO}JIJ~:'fF~G -C*§li~~~::J::~ @1~~.~-t~o)-c'~J:tJ:~v~.
 
 ~1± VLSI, ULSI iJ~~~~ tl-Cv~~ O)~J:~ 1) :J / ' t J I) ~~ !J.3@1~~, *i=~::
 
 MOS m~7JJ* l' 7 /'~A?7-~±t~~.~~~c-t~.3@1~~MOS .3@1~c:v~b
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 ttLV)Q. ~tt~:~tG/'1~--:7--1'7 /~A?7--~±t~Qf14~~~c-g-Q.fJ@J~~ /'1 ~-7-.fJf@J~cv) 5. /'1 ~-7--.fJf@J~0)*f.~J:, /'1 ~-:7--1':7/~A?7-O)~m:J/?7+!7?7 /A ;¢!~~'f1!~:e:t~ 9I.~ ~ ?7--/'17 A .mt~7Jc* fJ, *~V)O)~, Jafnj=r-~ 1,~?7 / A;¢!*~V)@J~~m~~.il!g~ra'~~ Q:: ctJ: en\ G*mm, ~.fl~=iIG -CV~Q. Gn\ GmtJJtmJJ~d:/J\ ~ v~t::.~, itfftf ~fi~:etQJm~(J){IfT~d:~G ~tLn!*i!v~@l~~~d:/\1 ~-7-.fl@lIm(J)1in!~ ~~::~JmctJ:Q. M!ffl~tlQ 1'7 "/~A5'-~::J:: fJ p 7~*)vMOS .fl@l~, N 7~ MOS .fl@llm, -t3J::lt@lImJ:t~::J:: fJ CMOS .fl@l~, BiCMOS .fl@l~~::7t.~
 
 Q. 1~~ tl9tJ: ~ (J) ~= SOl (silicon on insulator) .~n!~ GtL-C v~ ~. m1:E, *mm.fl@lIm(J)*$ 7tn~ MOS .fl@l~~d!>Q. @l~t19~::~d:7~ :/5' )v@l~n~±~d!>tJ, *~::fi!i!m*mm .fl@l~, ~1!J 070--e~~-, *~fi~2.~filtJ:e~::M!ffl~tL-Cv~~.
 
 24-5: ~7C*TtJ:e0)7/\1 'A~7C~tJtIm, 7C@l~~0)~flO)7C~*~.3-1*{~G t::.7C@l~. 7CJm{~ ~ 'A T b. ~7CJtJ~~~~:fflv~.Q c ~ § tl9 c G t::. ~O)-r: PIC c ~ J:: ~ttLQ. ~O)~~~::~d:tJ 1) ~~ !J~cJ\1 ~1) ~ ~~n~d!> fJ, ~t::., .fl~tLQ±tJ: 7C@lIm*T(J)fjli~:J: fJ, tl~JJJ~-t3J: lt~JJJ~~:7t~~ tL~. ~ G ~::, ~ 7 :/V'A 5'tJ:eO)7C7/\1 A CfiT7/\1 :AO).fl-1*{~~§t19~:: Gt::.7CflT.fl@l~(~7° ~I v!J ~o:='y!J.fl@lIm;OEIC) ~d!>~. ~JJJ@l~$TcG-C~d:7C~tJtIm, @ltJT~TtJ: e0)7.{ )v5'-, 1J~JI1*5~~, 7C71'j v-5'-, ~~~, ~7C~ (~tJtIm~), 7C:J 1) -tltl~ ~ ~ J $TtJ: e, ~ t::. tl~JJJ@lIm*T c G-C ~d:, .fl ~::1I Gt::. ~~f* v-~ l:'ftgO)7C*TC:0)*5~~~rt:Gt::.7t~!Jfff~~ v-~- (DFB v-~-), 7t~~7 'Y!/ ocM~ v-~- (DBR v-~-) tJ: en!ffl v~ GtL~. J 1) ~ '/ !J fI~JJJ~7C.fl@lIm~ 7C.T.~@lIm~:~d:, GaAs ~ InP tJ:eO)~~f*~f&n!fflv)GtLJ:: 5 c G-CV~Q. 7C. fl@llmO)*f*~d:, 7C71\1 :AO)/J\~-f*{~O)~-r:~d:tJ: ftgO)7C@llm*TCO)-1*{~~: J::Q7CT/\1 AO)Jt1fI~~J:, ~§:Jt1~J:, ~mJtJt7C~*~::tJ:v~mGv)7C@lImO)Jjtffl, 7C
 
 §e7C.
 
 z:
 
 :.c
 
 :.c
 
 ~j GtlQ.
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 24-6: ~ -1 !/ o1Jt (300 MHz-30 GHz) 1ff-c'M!fflT .Q.fl@J~~ v) 5. iGiv),JaJ1JtJt~tbfFT.Q ~ 7 /Y;A?T-~±1*~:, ~1Jt~~=f~ /\~?T-~.flG, ./J\tJ:oofl~:~tJR~~mM ~tJ:c(J)@J~~~~G-Cv).Q. iGiimtbfF, i'i61J1t~(J) ~ 7 /Y;A?T-(J)~~i?~@J~.~(J)
 
 1t~~:~J -C:t3
 
 fJ, 3tbJ3l(J)iWjv) GaAs ~0)1~~~~~1*~fflv).Q::ci?~1bv).
 
 24-7: r:p~9l1J11!~fiI (CPU) O)Mt~~ 1 Ml>.Qv)~d:~M(J)7~7l:~:.MGt~ LSI ~v)5. ::tl~:~tG, ~-1!/ D70-e·~~-~:ROM, RAM tJ:Co)~-l: I) -~AttltJ~fiI~f1 111l G t~ ~ A T A ~ -1 !/ tJ :J /' 1:: :J. -?T - C: J:: Iv l: ~}JIJT.Q . 1 7 '/ 7~ -1 !/ 0 :J /' 1:: -:I. -?T-~:t CPU C: ROM, RAM tJ: cO) ~ t 1) - , ~tl~::AttltJ~-l'~ 1 7'/7 l:~:.flGt~6t.M~l>~. ~-1!/ 07°0--e'/~-0)1*J$.~~d:, ALU(JJ~~J1I!l.JJ ~), vY;A?T-, 7°0!;/7AtJry/?T-, -6(lfJ7:J-?'-, ffjtl~@J~tJ:c~~u.
 
 x
 
 24-8: .M@J~(J)fF~~:fflv)~tt~(J)~f/J\. ry x - 7 7-f~~tt~, 1t1~tt~, ~~tt~, -1 ;t/i'±A, I) 'J!;/7 7 ~ -tt~, I 'Y 7 /!;/, ~~~~tt~tJ:cO)1JDItt~:t3etLFlj2 ~tt~7J) GtJ:~. 1) ry x - 7 7 -fF~tt~j . •fl@J~(J)~f&~.~T.Qry x - 7 7~d:, ~ 1) :J / (7-1~) ~tJ I) ry A t:~ (t:f~tJ I) ry A) tJ: cO)~2i1*!fi~A~w.J tJ ttl G -cfFQ7J~, ~O)~A~d:~b~-e~J3l7J~iWi < (99.99999999% ~l:), j{~O)~tJ:v) ci?~ ~}j(~tl~. !fi*fiMrO){~~1Ji*~d:~fl3~~r!iO~t>~ t>-~E19~, }](f-l-~.QJ~£I*J~m ik ~ itfl~ Mr ~~ G-e :: tl ~ 5 r ~ 1: ~f-e~~ ~ it .Q 5 r1: ~ji* C:, ~~ 0) fj!ij1*}](f-l-O)-$ ~1JD~ G-emik G~oo~tJ ~:J:: ~ -e7-¥v)tC.~~~:l>.Qmik$~f$tb~ittJ:7J~G~~~it Q7-¥ikmi*7J~l>~. 1~Gtltc.*aA(-1 /3'Y 1'c:et~~tl~) ~d:~Ef ,umO))!J~~:~<w.JtJ ttl G~OO~d:.oo~:ifMT Q. /'\-1 ~-7-.fl@J~~~d:, ~ 1) :J /~f&l:~:~ G ~:~Mr $flIiO~~~ 5 et 5~: ~ I) :J /~ I l:::?T=f~~ )v~~~ittc. ry x - 7 7-~fflv)~. 2) It
 
 z:
 
 c
 
 {~tt~j. ~~1*~OO~:.{~~~~~TGtt~~,.*~iGiilfft~oc~~it~::C7J~1b< ~ .{~c: ~J::~~tl, ~~7}JII~7-1'Ml{~~~~tJ:c~:ilffl~tl~.~ltf~O)1Ji*~:~d:~ • •{~, 1JDt1mIt{~tJ:C7J~ l> tJ, .{~~O))!J ~ ~1J1., EI E19~: J:: tJ ~{lI: ~~~S~. 3) ~~ tt~. ryx-77-r:p~~~~~~~~~Qtt~l:,.fl@J~0)7DtAtt~0)r:p~~ Gtl~. tc. c:;t~~, ~ I) :J /~f&O).fJt@J~~::t3~t.QMOS l' 7/Y;A?T-0)
 
 1b < fflv)
 
 ry x)v~~~1b*fiA~
 
 I) :J /~O) ~- e /!;/tJ: c~:, *tc./'\-1 ~-'7-1' '7 /~A?T O)I2.'Y?T-, «-A, :Jv!/?T-O)~~~:~ffl~tlG. 4)-1;t/i'±A. ~~~-1;t / ~.$l:'11IlJm G-c£f& r:p ~:~A T Q tt~jl:', itA 0) tc.liJ 0) 11DJm.J± ~: J:: ~ -c~A T Q
 
 Ii (tT~~Ii) ~7J)tJ: tJ J:: < $tl~l:'~ Q o)-c',
 
 J.t~~:ffl v) Gtl-eV)Q. -1;t /itA~d:, /'~A?TO)ry x)v, '/-A, v-1 /'o)~~~G~v)
 
 r
 
 ~'):J /'.~@J~l:'~d:MOS l' '7 {~.J±O)*tl~~:, *tc./'\-1~-'7-1''7 /~A?T-o)I2. 'Y?T-, ~-A, :J v!/?TO)~~~:ffl GtlQ. 5) I) '/ !;/ '7 7 -1 --tt~j. ry:c - 7 7 - J:~: EI EI9 C: T Q .fJt@J!m O)/\?T- /~~JJXTQtt~Jl:', ~~~t~tlt~@J!m~~A!/ ~:T QImc:~A!/ /\?T-/~ ry I -7 7 -- J:. ~:~~T Q V Y A l' IfiiJ) GtJ: Q. 7t ~ ffl V) Q 7 ~ l' 1) '/ !;/ '7 7 -1 -7J~
 
 v)
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 --
 
 ~ -J C: t>-WitJ(J-r6;~ tJ~, 1I-T l:-bfl9IOOl:et fJ if!f~r) I - 7 y -l:':/,~ /~mliX: 9 ~jj#it>6;~. 6) I 'YT/?~. I) ~?"7 7.( -tt~C'~I£~tlt~VYA ~/,~-:'/ ~S.t3btlL~)~$7t~~~~tRtJ(Jl:~*9 QI~~~):>. 7)?t,.mliX:tt*i. r) x 7 Y-l:~:ml£~tlt~~~(7)~.~I2.~fT5tt*i~lt)5. ~tl~:~d:, ~ttl~~-c'O){t
 
 
~){,o), 1 nun ~~O)HiM~ilfijifitJ\6.I.'YTGLtT~ < (/7 r) /'if ffl ~ ~ ~ r) x A ? ). Im~d: (a) Mf31.HiO)~~, ft., (b) V~A i'• •, (c) iifJm(1)1Jll~~JI(/V~
 
 ?), (d) 7* "xA?t1\~O)~mCT)fi~. (e) mat (t)~m(J)1JD~~JI(iF:A,,~ ?), (g) I '/T /'?~, (h) V~A "ttJ.J t:'(J,j~. ~~if77~-~.~1JllI~• • ~, ~®mW~7t®~fi~a~6h~. ~O)n.O) ~~.-T.J ~x., 1~/'l:-b~.A~h~. ~50~~O)mw~a~~~~~ 7'/~~-fJ'Y l'.(I~/T/'?~tJ~~jjtJ(Jt!~~t, V~A ".~OOJl:t>im~, Ufl~mn~it m~:tmQ ~ c) -c:6; t), ~O)ma~:~J:~ii1irPlx'YT~1l~§~9:Q&Jt~f!1~'/I 'Y ~, v~A,,~m.m~O)~'Y=t-t!c~.A~n~. I) ~ ?·7 7 -1-(J)m=O)~.~d:r!ro-q-#i:6~/j\~ It)C~, JJj{lil:rlro~~~. t) jgL,i! ~j Gt~. t) jg L,JJj{ni ~m (,o), -lll:~ttMO) (l' -7 '/:; A ~--c'~J:ttT.) rlro~-~ ~~-c'~ ~ ~ c-c'd!>~. ~ O)J:: 5l: G -c.PE9tt~iJjj{ftI6~~WI t] c It):> ~~-Cflfljl:tJ: ~. G~G~tt.®~~~~Jjj{ni®~~~~~C9~~~~~~~~. ~®Jjj{Ii®~fF
 
 ,: tt7t~tJ(Jt!~m~~tI, 6; ~ (,o )~d:.-T.fl9IOO~ifl 24-10:
 
 ~
 
 m~) ~.
 
 If. ':I '7- ~ (iWfilS83)
 
 ns
 
 ~.f*~ 'Y :1~J&tfi9 ~3~~ It) '5. ~~j:, ~~f*~fft@]~O)tf4IiX:$ft~fi2ifl, ~¥1t, f*a9~t~6)Q)~$~.~~J3~tt~fiG-C{,o)~. Uf31., ~~, !t.Il:1ii!l:et t) ~(J)J:: 5 l:ftmc! h~. Mf-} -r~d:, /7 AT 'Y 7/\ '/ 7-:; ~--e 7 ~ '/? /"\ '/7--:; ~:7t~t6h, ~$I)- ~®m~-r~J:, 1)- ~iJ~ 19lJt:~lvt~~/'if)V1/71 /I~'/Jr -:; c: 2 ~J(l)T .:L 7 JLt-1 /71 /'1\ 'Y 7- ~ ~:ft~t Gtl~ 1~;6\ I::: /'?~ I) ~ ~ 7 v1 ~ 7
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 7'Y 1'1, 'Y 7-~ CJ::~ttl~ ~ 17~~~. *t~!tll:~:~d:, ~~!tll:, 717 :A!tll:, 7 7:AT'Y~!tll:tJ:ciO~~~. v~9tlo)l''Y7-.y~:~, ~~J~, mi1mJ~, MJ}, ~fftt~j:, jiffj::J1 )vO)~f{tt a ~: ~ G ,
 
 ~i1rttt~d:,
 
 ~f{tt~:&:ttf9iJG,
 
 11 '1/ 2 nZ/n l lla ~t~, AJJCWJJO)mJJ~d:El/1'=aEIx (/ 21a) Ez/ z -e~Gv~~CiO\G, ~m~J±H'd: liJ± ~:n~T ~ tJJ~ ~fT '5 (J):!j.l! (J; ~. ~~O)~J±H'd:~JL' c:J 1 )v(J)tJt~~vit7J\ 6 11'J~~ C~~~(J) 2 ~m(J)f.~O) ~ 0)t1~ ~ tJ, ~JL,~jf-J.~d:~m$:S J: v:.~gmt1~rei
 
 =
 
 
~. ~ 6~:: 1907 iF, L. De Forest7)~=liT~::!lI) '/ ~~ l-fi~1J[]Gt~=liT~~fJijGL, m~MfFffl~~mG, *'t~ 1913 iF, A. Meissner ~j:, =liT~ftJ -e~fH~r-J~~it:Q ~ C ~::JJX:~ G, • .:rT~j: .m1f~O)ft)~ct~Jt~. ~O)r~, .~tt~O)~~cc~~::, 1920iFftiO)6*t3-~t~ • .:rTO)~fflm~::A tJ, 5ri!~i!=tiTO)JJ1fm~a~ Gt~~rt:t'.fiiJt3-.:rllQtiT, A!J 1)-/ !II) 'Y ~ rrnli'if, ~ 6~: ~tl~a!l Gt::1iti'if, b 'if7)~~fJij ~ tl, iWi}aj?1tO)~fH, m~M, lti?1ttJ:c, ~1JiID~::ftffl~tl-elif~, 1b.j!O)~~~:*i!~. m1:E, • .:r~~J:imffi, 1b.~0)~~7J)~::, ~~, 7t.~~, Miltl, ~.tJ:c~::fflv:\6tlLV:\~ . • .:rif~ffl~}jfJ~::7t~9 ~ c/J\~ • .:rtaHffl(J)~f~'if, ~.imffi~.j!ffl(J)~ffi'if,
 
 x!l*
 
 ~+ GHz *,~(J)m~}aJ?1t(J)~fH, m~i~::ffl v:\:Q!J 71 A l' 0/, ~fl?1t'if, ~ o /tJ:c, *'t~~7J'C GL~7'7 /T, 7taO)iltl~, ltilliffl~::7t.T, 7t• .:rmf*'if, iiftT, ~ftmf*'iftJ:ciO~d!>tJ, M,*tJ:~O)~: X .~~~9:Q X .'ifn~d!>:Q. (1)~f~if: 7~;t~ffita, TVe~3 /~ftta, ~Il§rJI.~~X1 !Jo?1to)r:p.~ filtJ: c ~::± G-e ffl v:\ Gtlt~. = Ii'if, =tiif, EIi'if, }aj?1t~~it'ifiO~d!>tJ, .~~ H~J:~~clvctJ7 A ~d!>:Qn~, *'tl~:mH~~~n~fflv:\ 6tlt~. §tf~T~J:/J\~O) • .:rT /\1 A G-C 1950 iFf~*,~J.&< frJffl~tlt~n), ~O)f~ ~ 7 /~A~--, Ie, LSI tJ:c O)~~~~.:r~:fiI~X Gtl, ~1£~~d:M,*tJ:ffl~fA~~::~j:~~clu cftffl ~ tl-ev:\tJ:V:\. ""'-J-~ 4HE~B~i:¥iJ-~-I:l-t""'-(J)""'-J-HIi 1" H -L-EEl~1J ~*-#~ ~~.eP-t~(J)-L-~ (2) Z'IS B : J",\if'JJ<Jt!1'IS -\-IJAZ Z'lsr~, v --/" ~, r'Bl/l:Jj1lX D.l\n~lEl, UltJfL ~{JfL rWJ~ iJl~H~*U~HtJ:c~::fflv:\GtlLV:\~. lli1J~d:~+w- ~Ef kW ~:&~~7J)/J\lli1JO)~ O)~d: Gtiv:\ ~::~~~~.:r~::mt~x 6tl-Cv:\~. (3) m~}aJtJtif : GHz - ~+ GHz ~:~~m~}aJtJt~tJJfF9~ • .:rif-c~1:E1t ftffl ~ tl-Cv~~'t>(J)~d:!J71A ~o/, ~fTtJtif, l'o/-cd!>:Q. !J71A l'O/~d:m ~}aJtJt.J±~::J::J -C~ C:t~ • .:rO)J*~~~)fiJ ~, ~ I) 7 l' ~rt:t' ~Jmi&!~itQ z:. ~:J:: J-C ~~~~ffi.J~:~x, z:.tl~lli7J~7fPJ~Jm -c.1J ~ 1& tJ lli9. il!~~ c'&M~n~d!> tJ, WI #~J:±c G-Cm~Mffl, f~#~j:~fHffl c G-Cfflv~ Gtl~. (4) ~~ffl • .:rif : Ai~!Ut~~tJ:~0)~d:7'7'7 /if-cd!>Q. 7'7'7 /if~d:, • • f~~ ~ • .:r 1::-- k 1lt7tJJl(J)fFffl ~:J: t) 7tft ~:~~ G, ~7J'9 :Q • .:rif-c d!> ~. 7c"(J) ~;I7J)M ~ • •T, ~.~~M~if, ~~• •if, 1lt7t~7J'if~cO)~~ffl• .:rif~d!>~. ~~ D!{.T(J)M,*~c G-C, tJ7 Af&O)filijrm~:J~tt~~fJij.lirt:t'O) • • ~frjffl Gt~7°7 X'X T~ A 7°v---n)d!>~. (5) 7t.~~~ : 7t.if, 7t• .:rmf*~~d:, 7t.(J)iltl)E~7tf~~(J) • • f~~~(J)~~ ~:M!ffl9Q. WI#~d:~1:El!!!I~(J)~7t*.:r~::~~;z 6tl-Cv:\:Q7J~, ~~~~d:7t~ffliJ{tl)EH~ M,*tJ:7tfJTH~:A,-tJ::aftffl ~ tl-cv:\~. 7t• .:rmf*if~d:, 7t.'if~:: • .:r(J)mf*{'Fffl ~ ~ t:-ttt~ ~(J)-c'd!>Q. iift~~d:7t~ft~ • • f~~~:~it9~ • .:r~-c', 7t.~tlftif e:7t ~.~iift~~:7t~t6tl~. ffl~~d:OOiftimf~~, ~fttaHtJ:c-cd!>:Q. ~W!mf*if~d:= ~ • .:rO)mf*fFffl ~:J: J L7t~ft~J: tJ ~Q v~7t~ft~::~~9 :Q • .:rif-c'd!>Q.
 
 c
 
 c
 
 x!l*
 
 c:
 
 c
 
 -300-
 
 
(7), ~t~~d:~ O)e:t :> ttCi1tf~i1tfTt~~~:, if~l:~n\tlt~:J 1 lit' (~O):J 1 lit' ~ 'J l/ J 1 ~:J 1 lve~):». 'J V J 1 ~n~~IW~:{f~ttl~i, ~O)~$(1)mJl~d: 0, rJ\J $O)mil~d:~~:3JlrrC'-flC'~~. P'.;$O)mJlO)*~~ H~d:, :11 )V':mt9Cmt~ I, !}!&{f~t~fJO)~~~~n l:Ttl~t, H=nl-r:47LGtl~. MiITO)mJl~, iIT~ag~:~ <J)ml:~ L, ~).
 
 mJlt:pO).iJt;Q~~~t ~ 1J ~fljm
 
 ~(7)q:tJL\
 
 (#.Jf:!2120)
 
 =t=-~ -
 
 25-10:
 
 +7}{flt)'}V}1
 
 L, -CC~I*)};=¥-
 
 ~[illfitJ: c(7).f;tI*)It=¥-~:~
 
 ~T~~ilC', Cfh.c~~)5. i1liJttlc~iJttln'{~~J, ~)Tt1.~iiJ~agC~.~C'~ ~. ~$tJ\t;C1J~{Jt~T~et-~-l:tJ:tJ, ffiIfitIJ1J~~~T~. ~t::'7 ~$t1\G ~fh.~.~agfh1J~4xffiIfi~~~c~C.ctt~, C1J~~~T~. i1liJtt-~ ~j:mil~4xQmti NS ~ ~ J~~-T, • •-T:J 1 JIt'e:.iJt-Ti!J\ l3tt-;> -c~)~ffiIfi-T, .i1tf-Tl:C1J~{Jt~T~t~~(J)J7~iJ\G.~~tlt~ffiIfi.C'~~. mE(l)illbJ1ffiIfi mil~J ~ ~ etJt-r:~, ffiIfimil(7)ffiIfi1irRJ c:J 1 )vO)@lfi1irRJ C ~i-JiT~.
 
 
0)t1~.~). (2) =.m~ IJ\• •tJ\l3*• • O)~O)~C'fi'b.<M!bn, .~ftij¥, ~~, ftfilfi~~
 
 ~~. (3)¥mmlfaf-T.:c-~-: i1l~~~j:~i1ljllijmt-~-~, Jjtmt-~-C~)tJtl -clt)~. (4) -m.iJt-T=C-~- : CJ±0)*,J.~7+ '7 ~0)31b-c'ftO¥l:@llftjlJ.;Q~-c'~ ~.
 
 (5)IPJWJ.fhll:
 
 =:mO)t)(1)t1~~ 1')v?-t-~-tJ:c:6~~~.
 
 iltlfi (#.Jf:!1145-1146)
 
 25-12:
 
 .1£ v)
 
 A7JC1J~tmi\GLlli1JcT~~O)~tm4rM~C:~):>.
 
 '7 / A (J)J:::> tt ~(J)~J:tm4IM~c:~j:~)bttIt).
 
 A1J
 
 ·lli1J.1JtJ~§ff~tt~ ~
 
 ~tm4JMT ~ ~
 
 C ~3=:EJ ag C9 Q t>0) ~
 
 C1±tmlJtM~, .iJt~tm4lT ~ t>O)~.i1tftmlJtM~c 5. *t::.lli7J.7JO)*~~t>(})~C 7J!tJ1JtM~1::~):>. • -Tif{>~~-f*tJ: cO)!tJIJtM*-TO)fhfF~~O)~U:1i~:J:: ~ L A Ii, AB ti, B ti, titmtll:7}~t~tt~. A7Jffi~n~lEftlt)~tlO)Jjj~t>tmtM~-Tt1~jJ 'Y ~ • ;t7T Q ~ etc! JltlfFm ~rr5 J:: 51:, ~ I) 7 ~~~- AtJ:~l:1J[).itQ/'{17 A.J±
 
 c
 
 
O)~ AlimtMc~)5. 1\17A~~< GLmtM*TiI~jJ'Y" • ~79tt9ttc~ ~et '5 ~:lbfF~~~~V:, A1Jffi"ry~~O)IE~t~~j:fto)t,~9tti6\0)¥i1t0)~~tmtMGJ ~ .ttO)~~O)M~~~tM*T~jJ'Y~·~7~~c~~~tMfFffl~~0)~B . IimlJrMct,~5. ~t::- Alic B 1i(1)t:pra'~:lbfFJ~~~Iu~lbfF~1t~:t>O)~ AB li~tM Ct,)'5. Bliett)~~~:1'17A~~< GL~IfrM*T~jJ~"· ~70)~~I:G-C.f:3~, A1Jffi"ryt1~lE~t~~d:ftO)6!>~{B~l:~:tJ:~ t::-t:. ~0)~mtM*Tn~lbfF9 ~et 5l: Gt:::t> O)~ C li~tMc t,) -5. C1J~iJ$~J: A m;Q~~~fIt c 1i~4I;6~il~~t,). A li!mtM~ ~~d:~~l}9~iJ~*~~)0)~, AB m~ B mm;M-e~d:~~'(}9~~~~ 9 ~t~rIJ/'/ ~.:L 7o)v@J~t~c~mV~L~~-g.1iX:;Q~fTbtt~. C m!mtM~j:A1Jffi"ry~~O)-$O)~~ ;6\!m1JlM L-~ ~)t::..~ ~:i1t~l}9~tJ~~ G tl11J@Jml: LC ~~§lm~ ~ ~t~ t], *t::-~d: ~~i1t1iX:7t~l&fJ tl1 Gt~ tJ 9 Q~~~:m lt~ G.t1~. mlJlM~O)m4rMll~j:-JE~~j:~ ]aji1t~~:J: J L~f~9~. ~n~]aj~~*l11c t,):>.
 
 im4rMllt1'{+~~~t
 
 
 tJ:JaJWJa9tJ:m~~/\ )vAa9tJ:m~~m~i9~tj~~d:, -JN~:{~~O)w:mt.6X:7}~d:/F~,~tJ:tj~iO~~it~ ~ c:~:J:JL~m~mfO)mn .J±n~ 0 ctJ:~ J: 5 ~: GLV)~. ~1£-r:~J: ~ O)J: 5 tJ:@1~tf4.6X:~:J:: ~.fi@1~ (IC) iO~
 
 npn
 
 lJi.m~MHIC c GL~~.~~ttLV)~(J)-r:, ~ttG ~mV~Q ~ c~~~~:It!mtm~M ~fT:> ~ ciO~~~~. ~~:i@jml3t(J)w:mtm~i~fT5tj~~d:, ;t7-e,/ 1'~J±:t3J::LF;t7
 
 --e '/
 
 1'~J±~lJJiO~tin/J\~ v)m~iHiO~~,~-r:~QiO~, ~(J)J:::> tJ:tj~~J:73 '/ I\-~m
 
 ~MHiO~mv)Gtt~.
 
 25-15: ~ifrff~~0)~~m~i9~m~iH. -~O)~ifrfm~MH-r:~j:An, mn:t3J::LFt5-m~MfjO) ltiifrfa9~: ~J:*5~ ~ tt-c
 
 fjra' ~J: l' '7 / A ~ ~ v~ ~d::1 /7 /~- ~im G-C*5~ ~ tt-C:t3 ~,
 
 z:.
 
 v~tJ:V~. ~O)t~~{~~O)ltimt.6X:7}~j:m~i@1~~Jm~ ciO~-r:~tJ:v~.
 
 ltimt*-c'm~M9Q
 
 m~iH-c'~J:mn(J);t7--e '/ 1'~J±(J)/F~iElt17J~~~t~~, ~/J\{~~(J)m~M-c'rJ:r'~~~~ Qtj~n~1bv~. ~ O)J:: 5 tJ:tj~, f~~O)W:ifrf.6X:7}7J~/F~tJ: G ~i3tmtm~iH~m V~Q O)n~ fil*Gv~. m~i*-=f-c'~Q 1''7/YA~-~~~~-c'~J:, An (/\\-A~QV~~J:ijl)'Y ~) O)ltimt/\17 A ~J±cmn (:1 v!7 ~-~Q v~~J:7°v- ~) (J)ltiifrf/\17 A ~ff~J:* ~ .tJ: J -C:t3 ~, *fJJlJo)I*:tJ: G ~:~j:t5-m~MfjO)mn ~lti~~fjO)An ~:~~9 Q::'
 
 
~mnO)£~~ff~.1JJ9Q. ::.tt~;t7-e'Y~~07 l' C::J::v5~. ~~:m~iHO)An$7}-r:~~Gt~;t7t'Y~ ~ I) 7 1'~J:, m~iHO)frj~'f!~: m~M~ tt-c mn ~:~ttQO)-c'~WiO~*~v~. Gt~7J~J -C~/J\tJ:ltimtm~~m~i9 ~tj~ ~::~j:, ::'O)J:::> tJ:;t7t '/ l' ~ I) 7 l' ~~~~ti~t/J\~ GtJ:~ttt~ttJ: GtJ:v). ::.O)J::
 
 '5 t~ §
 
 
. ~WO)~l&*7J) G"tltc.~Jh~O)~~-r:~d:ffif}Jlll~d: $Jlll~:~~ C Iv c~ L" v~. JtmO)d!>~~.-r:, d!> ~ijlra~iJ) GiE~iJt~z fJ L"tc. C9 ~ c, ~O)~.~;'Gt4fflJlll-r:im~, j}!tlT~~~~L,,~tJt~Mf}Jlll-c'~)$9Q.:.O)iJt ~ 7- 1) XJtm9tl~tf~f}~z lJ m9~fJfjO)~~~d:B:v) ~:7t~~:fTl~9 J:::> tJ:~JtiJto) mtJ.fJbi±-r:~~ tl, ~ra~7J~tc.Jc~JtiJt7J~~tl~tlO)Jlll-r:imtc.&) ~:, iE~iJtc: ~~ ~ .tJ: ~ tJt7J~~~ ~£$JlJJt-r:,gfl9Q C ~: tJ: Q.
 
 m
 
 z:.
 
 26-3:
 
 1ffffl9 ~f~f}O)*~ ~ C,
 
 f~f}~:imA 9 ~.1l0)*~ ~ O)tt~f~f}~t.1ltt~tc.~d: SN tt C: v~, tfim~d:T ~~)v (dB) -r:~9. .1l c G L~d:{~f},gz*pqO)m~M*T~ft!! O)@IIm$~7J) Gj£1:9 ~ ~(J), *~.1ltJ:cO)J:: '5 ~: § ~j£1:l3"JtJ: ~ 0), AI~tJ:j£1:
 
 v)
 
 ~. ~*j ~{~f!O)~m~~~~:M!vtlG::ciJ~~v)tJ~, ~fiO)@IIm~{~f},gzImO)}ajtJt~*Jtio)
 
 -307-
 
 ifttl)El:n\¥lJf£¥lJ~~O)7t7t~.tJ: cl: ~*~1fmC'~~4 m~~:J:: J L~*~d:.tJ:~n~, FaJi1t~t(~1l~i1tm(}9~tJ~1ttllt) C, ~t~Jtlt\m 11 v«)~$Btm-rftt.if-r·~~ ~ c
 
 =
 
 ~ciO~m~~~o.
 
 26-5:
 
 -em: c;ht~ft!!(J)~~.~ 7j- 0
 
 ~Iv 6 n\(l)¥lJ~.l:it.Lt G
 
 ~.l: It){.,),
 
 ~.tliQ~Mira'(f(J
 
 l:~f~9Qt:~, ~O)Mi*~Jm~~7j-Difm~t:{.,\5.t~c;t~i, ~t~ttilllMC', iNAll ~MntIJ9 QjJj-g-, ~ ~iAlLl*i!tm~-r'd:, iNA~I:!tf9iJ G t:..J±i6~m: t;tl~. G:6\ L,~~=~j:, r7j-D~J LVi:J-g~~d: rT1~~)LtJ '=~t!tl·-rM!tJtl, i!l!~(f(J~~~~ -:J.~ Yj-o ~ ~tJ~i!l!~(f(J~::~ft9 Qffl~~ yj- 0 ~ffl~ t:f*9 ~ c:n~~{.,). 7j-D~ffl~~T.{ ~~ )ltrffl~':~lt9~~c~yj-D~· T.{:;~ )Lt~lt(A-D~ It), ~O)~~fT'? ::C:~T.{ Y~.J~· 7TD~~lt(D-A~lt) C:~\5. *t:.., t::.cftL ~i, C~ffl~~::~tG, HIm~~., 1:/-Y7~/A, tmrfJM~tJ:cO)~~(f(J*-r(7j-D ~*-r) ~m~)L~I£Gt.:m~~~@I~~=et t) 7.{ )v~ I) /~tJ:CO)~~c.fT'5~ C:~,
 
 m,
 
 z:.
 
 yj-O ?~ffi~~~c:~\ '5. 26-6: 7j-D?~ffl~0)i1tm~mtJ:b9':I~~~::ON-OFF-C~QA1 ~T~~)5. M!m~.tl Ltt)o~~(f(JtJ:~~t**-r'::~d:~~1;t-~, i' '7 /'~A ~-, FEi (Cw.~jj* i' '7 /~ .A~-)i1~~~. ~O)ft!!, I) - ~ I) V-~*.tll~') v-tJ:C7J~MMJl6l:~< flJm~tl L~\t::.:b~, imllcffl.f£O)I~:6\ ~~ iO~~ijjt*A 1 ~ T~:~~;Q\;t E>ttT.tt\.Q. PET ~1 ON gmi1~J' (J) ~:~t G, 77-0 ~M~tI~~d: jG~IJ.1J~]fL~Jll~IO~£*~tJ:Q. im1it0)77-0 ~~~It~:~d:.~ll~~ (1JD~, m5t, ~T/~ 3 ~-?'-tJ:C) C~F.~ll~~ (*~~, :J /!'\- V--?'-tJ:C) 1O~Jf.Jjt~tl -C:t3 fJ, :.tlG (J)ra,~• • ~~m9Q:' C ~:J:: fJ ll~IO~r-rbtlQ.
 
 Gt~IO~J L, 47i- G tlt~r~'Jm7J\ G~fj(J)fPi~~ra'O)~m~f*)EG, !'\ ~ 7~- ~ J:~~(J)~2.~lT:>:. CtJ~, 77-D~M~tI(J)7D~7~/~~~Q. 77-0 ~M~tI(J)!t?f1l~7~ ~?' )v~~tlC~ttt9~ c~o)J:: 5 ~~tJ:~. (1) ll.~ O)tltm~d:, ~O)~J.lEJ9tJ:'~.~:etJLf**~t~~, 1JD.~, m5t~, *~~O)J:::>~:tI fmtJ~fi!!l)E1~~tlQ. (2) r~'Jm(J)fWfJTtJ~~J.I~~~:!1.7i-Gtl~t~~, .~EJ9tJ:il5t/]m Jt(J)fWfJT~:~d:.tlQtJ~, IfLJf.J'~~:~d:Z G (3) ~J.I~~~ Jf.J LV) ~ t~&), r~'JmO)~ J.lEJ9tJ:tEti, fW'RtJ~~~~tJ:Q. *t~, fWfJT~t~O)~f*O)~T~::>7J\U~ ~ ~~~~~ Q. (4) ]fL~Jll.tJ~1TbtlG t~~?l~lO~tt~EJ9Jlv). (5) ~J.lIt~t&:> t~&)mJ3t~:~H~tJ~ ~ fJ, rtliJ< 4 ~tt~(J)mJ3tG7J\~t~it~:. CIO~~~tJ:v).
 
 v).
 
 v)
 
 T ~ ~9 )v1!~ (~J.l1340-1341)
 
 26-9:
 
 ~~O)~U~:J::JL*~~tlt~{~i%. 77-07"{ai%~iI~tJ:~ra,ra'~~~/71) /~G, 77-0~ • 7~~?' )v~.~ (A-D ~.~) ~.T{~GL, ~~0)~1j~:~.9G. 77D7"fai%0)~::>m¥li~~b9~:7~~?' ) Vf~i%~9Gt~~~~~d:, ~/7°1) /~ra'~~ T = (1/2)fmax ~-r~:9 ~~\~iJ~~~. :::: -c: fmax ~d:77- 0 ~f~i%O) ~ Jji*}ajtJ!~JJX5t-c: ~~.
 
 ~*, f§i%(J) 7 ~ JLt?' I) /~tJ:cO)~J.I~d:77-D~f~JJ~fI~:J:: f JfTbtlLV)t~. G 10\ G, ilIiF, 77-0 ~f~i%~7~ :)?' )Ltf~i%~:~.GL7 ~ ~?' JVBtJJIt~~Jf.J0)7 ~ :;?' }vllJJ~fI~Jf.J v) L~J.I ~1T '5 7 ~ ~?' )Vf~i%~J.liJ~~.~:fIJJf.J ~ tlG J:: 5 ~:tJ: J t~. 7 ~ ~?' )vf~i%~J.lO)=Fi~c GL~d:, ~Jl7-1) I~. (FFf) ~7 ~ ~?' JLt7 ~ )v ?'-tJ:C7J!~m{~~tlLV)~. -/], im{~*~::t3V)L~, SN ttO)~J:~lti¥liItO)J.±m tJ:C~ EI ~"GL, 77-0 ~f~i%~7~ ~?' Jvf~i%~:~.GL~Z9G7 ~ :;?' JvJmf~iJ\ frJ Jf.J ~ tlLV) G.
 
 26-10:
 
 c.
 
 c.
 
 A'1 '/ TO) ON OFF ~:~tJit' G-CmJ±O)?ili, flt, mrfrto)~, ~ vl:> ~d: J ~ l'J G t~ ~~~JJJf'F9G~T~Jf.JVlL.JJXGt~(EJImO)::'C. 7~ ~?')v(EJIm~~d:ON, OFF ~ 1 C 0 ~:~tJit'~it=i1t$~:£~ (EJImf.~~frjJf.J GL, J:: fJ fl~tJ:~J.I(EJIm~f.JJX GLV) =)fg$0) 1 ~tt~~J\'17-1) -T~ ~'Y ~ ~v)vl, T~:)?' )vltO)£*ctJ:G C:'/ ~ ~d:Z: ::iJ\ G~*ttt~ ~o)-C:~Q. (EJIm~T~:~d:, mT~, ~ '7 /:) A?'-, 7''1;t- p, 1)1/-, J\'7J.. ~O/, S~:17, :;3t7'J/~TtJ:CiJ\~Q. T~:;?')v(EJIm-c:1i ~¥*~tJ:~~J.I(EJIm~d:~f!m (AND), ~f!fa (OR), ~)E~J.I (NOT) (J) 3 fjJi~~G. :: 0) 3 fj~O)~J.I(EJImiJ~tJi~'@IJ -C, J:: fJ fl~tJ:~J.I(EJIm~J ~, r'EilJ3ttJ:7 ~ ~?' ~~~A~b~~~~0)(EJIm~~ftB9Q. 70'/770'/7, ~~~~-, ~:;A ?,-, 7:1-7'-, I/:J-7'-, ~ )vT7°V7~---, ~:r: 1) -~ V)Jt~(EJIm~9~L
 
 ~. :AiiliO)T~ ~~ )V.ffM~d:, iJttliEft! Imn~ElJJJa9~~WJ t] tr\b~ ~O)n~~v~. *t~ffl~AfJ@J~~~;tL, gtfLfii~~i1rfO)flff, fli1rftJ:c~iJttliEg-QT~~~ )v.~iJttliEn~~i!~.
 
 26-12:
 
 .i1rf, .fftJ:c(J)77D!I.~T~ ~~ )v.~:~~g-~ ~ c~77D!I· T~ ~~)v ~. (A-D ~~) c v~ :>. A-D ~~B~: ~d:fI~a9 tJ: ~ 0) c fI ra9 tJ: ~ (J) iO~ li> ~ . 001!f~: ~d: ~~ 71'I/::I-~-tJ:cO)fI~a9@J~tLfiI~~fii{t9~ ~O)tJ:cn~li> t], .r~(J)15 ~c G-C~d:fl7t~, M~~li>Qv~~d:~~tt~~, Ml~lJtt~~ A-D::I //,-~-tJ:cn~ li>~. =mfl7t~ A-D ~~~J:MJjtn~iWiv~(J)-c', T ~ :;~ )v.ff~t~~M!bn:Q ~ cn~~
 
 v~.
 
 Ml~lJtt~~ ~d:~ ~ iWiJm-c', 1:: T;t{~ ~tJ: cO) A-D ~.~:: M!ffl ~ n, * t~~~tt~ ~~d:JmJjt, MJjt, 1iffim~::Sv~-C/\7 /AiO~cnt~~.15~-c', m1£~~~< M!ffl~n-c V~:Q.
 
 26-13: T,{:;~)vii-r*m~n-cv~.Qii~77D !lii~::~~g-:Q::c (D-A ~~) ~v~:>. O)flfj~ ~ ~ J ~r-C, ~ 0) ffl ~ ~ ~ ~ A-D ~~BO)JL\JJi$ C ~ tJ:.Q. ::I /' t:;I. -~-~:J:::Q77 0 !lffl~O)tlifJ, q:.~ 7/ (7 ~- *t~~d:!l7 7 ,{ 'Y (7 T ~ A 7° l/-~~, iEliffVl{, T~:;~ )v$tl~~~tJ:c~:~ffl~n:Q. J*J1I!~d:t~c;t~iiE.ifrtVl{ ~T~:';~ )VAJJ{~~-c'WJ~X -C, tliJJ~~~J:::O)liimO)fo, *t~~d:~tl~~~G-CliJ±
 
 D-A ~.B~d:::
 
 
. ~.Bc ~ v):>. _tli ~ n.Q~J1I!.c G-C~d:~{ft, £~, )±JJ, ifrtii, @J~~, }ajH~, tLm, ~Jjt, ~ii, ~., .M~., m-trH, ~7tO)R ~!:ttJ: c~flm~:bt~Q. -15::n G O)ii~~~~~:~d:li~~tJ:ii (liim, liJ±li>G v~ ~d:.~~., -1 /~(7~/A, .~gtfL) ~:~~9.g'bO);O~~'b~ ~ ~jt~:, ~t~~~WJJ~~d:t~ GlV)Q. 7
 
 26-15:
 
 ~1ti~liJf~~I~~iJ{tl ~:~ v) -Cn:vtl~iJ{tl)E7:q:rJL\
 
 ~
 
 )v9- (#.JJ.m1787)
 
 !M=)EO) )aJtJt~fBrm~: d!> ~ )aJtJt~O)f~ ~0)Jj- ~jii&l G,
 
 ~tl~~O) )aJtJtfAO)ffl~~Ma ~~lG*5=~TM§~. )aJtJt~h~~O)f~~~Ma~~, ~tl~~O))aJtJt~O)ffl ~~d:jii&l~~Q{tt~jii&l7 ~ )v?7-, )aJtJtfAfL ~~O)f~~~Ma~~, ~tl~~O))aJ tJtfAO)ffl~~jii&l ~ it Q i&i~jii&l7 ~ )v?7 --, )aJtJtfAfL tJ~ G)aJtJt~fH O)fBrm~: d!> Q{~ ~~d:jii&l~it, ~tl~~0))aJtJtfAO)ffl~~Ma~it~m~lmi&l7 ~ )v?7-, )aJtJt~fBrm fL-fH ~:d!>,'Qffl~~d:Ma~it, ~tl~~0))aJtJtfAO)ffl~~lmi&l~it~fff~~1l.I.l:7 ~ )v?7;¢~d!>,'Q. gtit, :J /T/-tr-, ::1-1 )vt~cO)~JJJ*TO)Jj--r:fM~~tlt~~JJJ7 ~ )v?7~:~tG-Cfj~JJJ*T(m~i*T)~~U7~ )v?7-~fi~JJJ7~)v?7-~v)5. *t~fI~~ 'h~f(Jm Gt~~:JJ =:JJ )v7.{ )v?7-, --e7 ~ 'Y 7 7 ~ )v?7-~d!>~. tJt~ffl~~T ~ ~ ?7 )V~J.m9 ~:: ~ ~:et t] 7 ~ )v?7-{tFm ~~~9,'Q ~O)~T ~ :J?7 )v7 ~ )v?7-~ v) 5.
 
 26-16: f~~~J.m~:mv)GtlQ 7.{ )v?7-O) 5 ~, f~~~~O)* *7:J-D !1§~~:J::J -C7 ~ )v?7 1J /!19~~0)~v)5. -1 /~7?7 /A~~~/\~?7 /A~.~*T~9~ LC 7.{ )v?7-, m~M~cgtit~:J::~ 7 7 T.{ 7'7 .{ }1;?7-, 7J<mr~'hT~:J:: Q7J<mr 7 ~ }1;?7-t~ctJ~'&JQ. -~~:, 7.{ )1;?7-~d:7:J-o!17.{)1;~-CT.{ ~~}1;7.{ )1;~--~::*ZIJ ~ tlQ. 7:J-0!17.{ )1;~--c'~d:, T.{ V?7 )1;7 .{ )1;?7-~:'&J t] tJ!~ t~~*{l:~:{':>~ ~, l~)fO)n&)~~, i&iv))aJtJt~~7}~~ -:J{~~O)tJkv)~: :Q. ~mr$dIO) }ajtJtlc~,tin~~*Er9 t~Jtifl~~~69:Q. ~mr$dImrfJMu-eA7Jm~~m~MG-C, -)E~rl:f' (-0.1 JlS) ~g~tt-c J7r) /~O).rtJfn\Gmt~.rt:-b~1irtilT:Q.fPJ~~~, m~O)-$~Jt~G-C~ ra~$dJ1M5I@1§0) l' 1) jJ-@l§~~Q. ~0)J:::> ~~ G-c.}~(O)~I«$dI1irtiln~~J:t;*,QJ:: t] 9G~~~ra~$dI0)1M5In~rm~~tlQ o)-r!, 7 /~ b ~~~~m~~ ~~O)rm~lWn\ GO)m~tJt tf3iO~Il?JtIj-c'i! ~. *t~~ra~$dI1M51 ~H::liO)~rl:f't~~~t~g (~g1M51) ~ it:Q ~ C ~-r!i! Q. ~tl~~J:: tJtJttf3O)H:AiO)$7t~~*G-CIl?Jtq-r!i!Q. -&:~: 2 ~O)m~~fPJ~~:1l ?JtIjPlt~~:tJ:J -C.f:) tJ, ~rf3~$dI1M51 ~ C ~:A7Jm~~-Ij}]~x~1Jltc, 1 ~0)1M51~rl:f~0) rl:f~-e 2 tJttf3~~im~:~li~:~ /7° 1) /!/G -C~7J'T,Q1JlttJ~d!> JJ, ~t~ct~~~~O)im
 
 *
 
 
 tJ, %~~~fPJ~ ~2m~~Il~-c'i!~2t:-AO)J7r)/~~M!fflGk~0)~d!>:Q. *k2m~~~tl ttl~I«$dJc~rf3'$dJ~:Atl, m1fO)f}[f~OOf*~~:Q:: c ~-c'i!:Q. ~~DA:J-7(J)lti fI~~d:±~~Il?JtUPlfI~tJ:f~ ~O) }ajtJtlc1ff~-c'~)E~ tlQ tJ~, ~~(J)1>tJ:v:\m~tJ~I«mDH-r J! GtlQ 10\ *t~~d:~~~.-c'i! Q7J\~d:J7 r) /,~O)Jtiff~, ±~~1JDim.l£cm7t~(J)ltiff~~: J:::QO)(!, ::ttG 'bm~(!~Q. ~flO)M!ffl~~:~~~it:Qt~~~iR$dIc~ra~$dJO)@I§ tJ~7°7!/1 /'1Jlto) 'b 0) 'b ~:Q.
 
 26-19: ~ /'7° I) /'!/~~ D;A :J -7° C: T ~ :; ~ }v~IcU C: ~tJl~~bitL, tlttf3O)Il?JtrJ c fPJ ~~~, f~~O)}ajWJ, 11:J: t) ~ra~, tJN~itJ: ~MJ3tJ:: T ~ :;~ )v~~-c'iJt~ ctl~ ~~ D;A:J-7°. A7Jtlttf3~d:~/7°1) /!/@I~-c', tlttf3O)-$~fEtIm~tl, .t)~GO)Jl!v) fEl1~tJttf3c GLJ7r) /'1f~:A7J~tl~. 1M5rfflO)~~tltc:, 1*J.00iRifrt~~.1£~~ /70)v~tlt~f~~tJt~rt~§J~-c'rt«,7JIJJ)E~tltc.*E*~~~T~. ?1 ~ D7°D~'Y ~-~I*J.G, ?Jt1j)E*E*~~$~:iJt~mGt~ ~, illj)E~#~~$7J\GfffrJ{MJT ~:: ctJ~-e
 
 c
 
 
~. 26-20:
 
 A~? i'7A777~~-(~~1043)
 
 A7J{~~~JaJtltlcJJX:7t~:7tmG, ~JJX:7t0)5iJ3t ~£{~T Q~.. ~flll*J~: ~d:JaJtJtlc fL (J)~$jftJNU~ ~ ':J -C.f:) t), A7Jf§~~d:fL ~:JlJJJ Gt~ 7 ~ )v~-~:J:: J -C f !>f 0)JJX:7t~d:
 
 fL±f O)JaJtJtlc~=~~ tlQ tJ~, JaJtJtf(hF «fJ 0) *b ~ ~:~v)Jm~1ff~~i~'b Jlftra'JaJ tJtf(m~iU~JmT cf=fL -hF O)JJX:7tti~tn~mtlQ. Gt~tJ~J L, fL ~tfffsrT Q C:, f~ ~lftO)~JJX:7t~~lli-r!i! ~tJ~, ~n~~tJt G1MsJ ~=fPJWJ Gt~~~ 0 A:J ---7°~=A7J9tl ~i, f~~O)~JaJtJtlcJJX:7ttJ~~~-ei!Q. JaJtltIcO)7tmfi~~d:lftrf3~JaJtJtlcm~iUO)1ff~~M J1hF tJ~/J\ ~ v) ~~ cl:tJ~Q tJ~, ~0)1ff~~tfff5rT Q ffi¥ra~ J1T ~d:~tl~:~ttfrtl G-e ~ GtJ: ~ttl~it~GtJ:v). ::tl~d:~ML\hF0)7~ )v~--~:~tT~f§~O)~~~:~d:, 1>tJ:< C:~
 
 
$JtJaPJ~jJJ.~~d6:Q~~~:~d:, ~n 6 ~:ffi1$i~1J[];tt~PJ~jJJ.~r~~~:m~a9~1i~m~~d6 t), A/'\.!J ~ }1t'.~~~~-g-:Q. ~®fWfJT~\ 6~~pq~_~~~S~:Q v~~:Jv~-Ctf~i¢~f~c;n:Q. -~~: ~.:L~ }v!Jw.J* {>~-~~w.J*~.~-g-:Q~~~.~~, OO.~c;~~~®_~~~~~-~~~~~ ~~n.Q. ~ c; ~:~~pqffi1$i{>&:$itJ:c*~tJ:~~i~~J~~pq~jJJ~:JV~-C~~~tJ: ~Ji;Q~f~ c;n:Q. *t~:A /'\.!J ~ )1t'.®~MiJ\ c;~~r~~1J ~~-r:Q ~ ~ ~ ~~:Q. _1Jtfi!i§ .~:J: tJ 50 fj~J:®~~®~1 !J o1Jt:A /'\.!J ~ )viJ~.?lq~ n -C:t3 ~, ~®~~l~~fI lt4tJ: c~:JV~-C~)t~J:m~tJ:~Ji~4;t -CV~:Q.
 
 *
 
 x
 
 26-25:
 
 ~ ? [J jSlilm (~~2052-2053)
 
 .mJ1Jt1t 300 MHz ~J: 30 GHz < 6 v~ * ~ ~~m1Jt ~-~~: ~ 1 !J o1Jt c J: Iu ~ :t3 tJ , ~ ~ .mJ1Jt1t1ft(J) _m1Jt ~ frj m-g-.Q ii {~ ~ ~ 1 !J 0 1Jtiim~ v~ '5. ~ 1 !J 0 1Jt ~d:* ~ IPJ ~
 
 ~:i«~JJ1~~t>, mJtIja9tJ:&:M~-g-:Q~~, ~~, TVt:~3 ~f~~, 7-~tJ:C~'m. fi§.~j!, r:p.~:J::Qm~m~fi§.ii{~, v-~-tJ:c~:fljm~n-cv~:Q. ~1!J o1Jt im{~ ~*f.~d:,
 
 (1) ~.*fJJ1;[email protected].;Q~~~:Q,
 
 (2) ~1ft~~j!;Q~~~:Q, (3) ~$~ifrJi;Q~:PtJ:v~, (4) IJ\~-c'~ffj1~7~Tj-;Q~M!;t:Q ~ ~tJ:c-c'd6 t), iJi~~< m v~ c;nLV~:Q. ~fi§.iiffi~~~~r:p.r~~~~d:7 I -~~!;I (~r~~~.Im~~{>&:M~:
 
 J::Qf~~5~J3t~~fJJ), ~iftJ: c~~l\IG L 3-50 Ian mJ3t':tJ::Q. ~wm1JJ:t~d:~~Im~ ~ifO)~.~~~t~: ~!Ln~*~ tJ:~. l1:~~n~r:p.AT'--~ 3 /~:M!mPJtl~ctJ:~ -C!-IBJ)j(~~~W;Q~imffi~rm ctJ:~ t~.
 
 Mt
 
 26-26: Jft~~*f~~~W~j!.Qf~z1JJ:t~ v) '5. *~ I*)1t~- c GL m v).Q5iJ3t~IDaJ1JJ:t c, *~1Jtc G-C mv~:Q:J 1:: - V / ~imf~1JJ:tn~d6:Q. {~fjl:k, ~1ft~, ~~~0)*7 7 1 J\-7-7")v*t~~d:~ra~~~~c GLmV~.Q. 1Jt~ (= 1/.mJ1Jt1t) O).tJ:.Q.lto)*{~
 
 ~~*tJ.-Cf~~-g- .Q~m{~1JJ:tn~d6 tJ, *{~~0)1Jt~ra'~~*/J\~:J: tJ, 1Jt~~m~~ 1JJ:t*t~~j:.mJ1Jt1t~~tl1bm~j!1JJ:tcJ:~1n.Q. *iiffi~AT b(J)lt4~~j:, _5a.. *~ ~~~c~zIm (*7 71 J,-*t~~d:~ra~)i:l~ GtJ:.Q. *imffiO)~U1~d: 1960 ~{~O) ~-O)JeIJfJ, *771 J,'--O)t~~~::fitM~JeG, VADi*~:J:~f~tJl:k*771J,-(J)~ m~~, ~fi§., * • •~j!1JJ:tc G-C§Iu~:~Jf~~n, ~m{~n~~~Gn-CV~G.
 
 v-
 
 26-27:
 
 *
 
 ~~~a9~~ ~lft~JJ1, ~JmJJ1,
 
 c G -Cm V) ~ {~ ~9l1~ ~ V) '5.
 
 -c,
 
 *{~ ~9l1~ ~d:.5a.{~ ~9l1~ c tt~ G ~ra~a9~~IjJJ1tJ:c~::OOGLffn-Cv)G. 7t{~~9l1~~d:±~::, 1) ~
 
 *~1j7j-O !;I9l1~, 2) ~*~1j74' V~ }v9l1~, 3) Ml~U7j-O!;I9l1~, 4) Ml~U74' V~ }v9l1~, ~=*7JIJ~nG. 1) c G-C~j:*O)~Im~~ffjm G-C!ft:~0)1Jt~~iittR-g-~*7 4' }v~-tJ:C~=J:~9l1~n~d6 tJ, 2) c G-C~j:*}X~~~~tJ:C~mV)t~T4' V~ )vffi1lm '=J::Q9l1~tJ:cn!d6Q. 3) ~j: 2 ~7t*t~~j: 3 ~7C(J)00i~{>7-~ ~~O)**Ml~lja9'=
 
 -314-
 
 m~~~~~~, 7-0X• •, ~~~~, .~ . •~, *Dij~7~-, moo~., ~r~~}aj~~7~ )};~ 1) /ijt:t-C(J)~~tJ~~~. 4) C G~~d:J't(J)~~Jm~fm1J~fJjm G t~15~, lOOfjm~~m(J)7D--t~-!T-(J)7-:f.T?T~-~~ C:~: L-t::.~~, ~ 6 ~:*f ~tJ: 7 )};:i 1) :A'.b. ~?Jt. *~~: J:: ~ ~~ tJ: C t:J~ ~ ~ •
 
 -315-
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 Lesson 27: Signals and Signal Processing II (applications) Ire: PITJ
 
 1J? alternate, every other, distance ~t~(f::.~ ) to be distant from, to be separated from {vi}; ~ t~( l ~ ) to interpose, to screen, to separate, to shield {vt}
 
 lI~nttl)£ ~
 
 ra'
 
 ~
 
 I / ' 1J ?
 
 'J ? 71
 
 1J /'1J !J
 
 1J :,.- emotion, feeling, impression, sense, sentiment ~EE*T 1J ~/ 7 'Y '/ ~ ~~M~
 
 1J/~1J1t~
 
 remote measurement space, spacing, interval
 
 pressure-sensitive element sensitivity analysis
 
 manuscript transmitted manuscript EI
 
 6
 
 ~ 'f maximum, most
 
 'b? C: ('b) most .~}]
 
 beginning, outset optimum value
 
 liilflR ~
 
 :;.:l.
 
 JiJ
 
 ~ .:l. r) circuit, circumference, lap, vicinity
 
 receiving 5 (~t:Q) to accept, to catch (a ball), to obtain, to receive, to undergo (an operation) ~ffi :; .:l ~ / ' receiving (a signal) .~ ~?5~ ~~~
 
 ~ b( fJ ) border, circumference, rotation, surroundings
 
 JaJJOj JaJitlt
 
 W
 
 ~.:z.r):t:
 
 ~.:z. r) I\'A r)
 
 period frequency
 
 t'Y carving, chopping. cutting, sawing ~(Q) to break off, to cut, to disconnect, to sell below cost, to tum off (power) {vt};
 
 ~(tt Q ) to be disconnected, to be injured, to be sharp, to break, to cut well, to snap {vi}
 
 *WJ~
 
 ~1
 
 ifiWJ~
 
 T~-e 'Y t~
 
 t 'Y t~
 
 -317-
 
 important suitable, appropriate, proper
 
 '} r) sendin 0 S (~) to see (someone) off, to send, to ship, to transmit fi~iill T/'Jr)'J?~ transfer rate &~iill T/'Jr)'J?~ transmission rate
 
 
- expanding jftJil Jilit
 
 progress, development malleability
 
 jI
 
 J\ planting, sowing; J\:;'; planting, sowing; J'\ :;.; planting, sowing ~ « ) to plant, to sow &1I~rfJ' T / /, :; tJ / propagation time &lIm9c T / /, 'J / ~'Y propagation loss
 
 M
 
 /\.1
 
 ~
 
 closing, shutting G(~ ~ ) to be closed, to be shut {vi}; G(aD Q) to close, to shut {vt}; C:. (~"9) to close, to shut {vt}; C: (G ~ ) to close, to shut {vt} Oft M tJ 1 ~ 1 opening and closing Mdbmi ~1 :f- 3 !J ~ / closed curve
 
 3 r) aim, essence, main point, need, secret It ~(~ ) to need, to require m~~ :;.:L r) 3 r)t~ ~~ 3r)'}
 
 -318-
 
 important element
 
 Reading Selections 27-1: ~~*~~.~~~~~• • @§~~MG, • • ~.G~O~~~~.B®~~. ~ MB~ ~et~1tl~. im1¥.;®.T@§~:mv~GtlQA1 ~T~d:, * • • ~iii.ff~jJk5~ ~ tJ~'.Ptd-v~®~, ~f!k$tJ~~.qt~:.lli~ tl LV~ ~.qt~MBtJ~~v~. *,*tJ: ~O)~~J:, ~J~~il.bO)qt~:Atlt~il.bA~Mt6, *t~~J~C.~~J:lt*.~jj7 A1fr*J$~:!\fAG,
 
 *.~~~~~.~OO~~~G~O~~~~.~0)*.A1~T~E~~~. ~tlG~ iii.ff, td- EO)~Mmf~:~-r~1tJ:v~ SiO z ~±fJX:7tcTQE~tJ'7 A~:Jffitfi$O)aIJ~~: B Z03 , PzOs' Geo z tJ:c ~1JD;tte. ~ 0), iJiJQ v~~d:'J-~EPJO)f?iJ~d:, &tliijfj~tJ:7tIm7J~ 1 ::>-r:, ~/'if)Itt- ~ 7 71 J\ - c et ~!tlQ. ~ 5 Dc::> ~d:7tIm7J~~fx: (:::: 1000) #1£T Q '7 )ItT1::- ~ 7 71
 
 tJ:;; A
 
 *'7
 
 J\--r:iJiJ:Q.
 
 ~7c.77~ ~O)m~-c'~tJ~T.&M§J~ii~~v~~O)~~~t-~, ptJ: v~ ~O)~{tf;~t- ~ c.J:~S~. ~ )YTt- ~~d:1 /' J\)YA7t~AMGt~c.~, fii6~t- ~
 
 c {tf;~1::- ~ O)7tIm~~:et tJ ~ilffij-c'~d:J\)YA 0) rtiJ~ tJ ~~-r:Q. z:tl~:.:c- ~ 7t=Jtt c. v) 5. ~-~7t=Jtt~&tlm.~~~TQ~~o)l::>-r:iJiJQ.:J70)~.O)Jffifi$~7t0)7Jt If~:~ tJ ~{~T Q c., 7JtIf~:rt7J~ tJ 7J~iJiJ Qtljft, If7JtIf c~7JtIf-c'7tIm~7J~-r:~ Q. z: t1~~jf-f7t=Jttc V~ v), &tlm.~ff1U~HT Q-~ ctJ:Q. ~ )YTt- ~ 7 71 J\-~d:1:: ~ 7t=Jtt~~jf-f7t=Jtt~:ettJ, &tlm.~d:~+ MHz-km- 1 fiJ3t~:tJ:G. ~ /'if)Itt- ~ 7 7 1 J\-~d:t- ~7t=Jtt~:~Gm.ff1Jj~H7J~tJ: ~flf~AA'~d:{~ ~a9tJ:*~f*tJA t /-!t--c'd!> tJ, *]}!mff)mtJ A.~mtJ: c~:ffjm ~ tL-cv~~.
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 Lesson 28: Computer Hardware I
 
 * A
 
 :D;
 
 (general) ;t ry middle
 
 r:p~9l1~~trl r:p~.tI
 
 7- ~ ry ;t ry Y 3
 
 I) 'J ry 77-~ry;tryT/~37
 
 central processing unit (CPU) c~~e~trooe
 
 I.. understanding; tJ -1 assembly, association, club, meeting, party (6 ( 5 ) to interview, to meet m¥llf~*±~ ~ 3 ry ry tJ y ~ tJ -1 information society ~*± tJ -1 y ~ company, corporation
 
 *
 
 Jim
 
 ~ an age, date, period, season, session, term, time
 
 .raJMM
 
 y~ry~tJ-1
 
 ~JJM
 
 Y3~
 
 periodic solution initial stage, early period
 
 v~~ V~~T~J\'YT/
 
 history historical development
 
 Y book, chronicles, history ~5t: ~5t:a9§E~
 
 8
 
 ~'Y day, sun; .:: T day, Japan, sun -iJ~ day;
 
 D date, day, sun
 
 B~~m
 
 B* i±
 
 =7-~3ry~-1tJ~
 
 =*/
 
 daily life Japan
 
 y -V association, company, Shinto shrine ~ G 0 Shinto shrine
 
 13*± ~*±a9tJ:
 
 ~JJ
 
 Y
 
 ~~~ ~/Y~T~tJ:
 
 the company itself company-wide
 
 3 beginning, first
 
 '5 v:\ first (time), beginning; -~(&) ~) to begin to ... ; ~d: C(&) beginning, origin; ~d: G(l1J-c) (for) the first time, not until; ~d:J beginning, first, new
 
 ~)]Mf~rl=J'Jm
 
 ~ 3 ~7-1:: /-;Y~-1
 
 ~)]m
 
 ~3
 
 l' ry
 
 -327-
 
 initial value problem beginning
 
 # =Dt
 
 ~3
 
 ry disguising, dressing, pretending; 'J ry disguising, dressing, pretending
 
 J:: ~ ~(:> ) to disguise, to dress, to pretend ~2ti~ til q:.;t !J 'J ry 7 AJJ~tII
 
 ::.:1. ry 1)
 
 3
 
 !J 'J ry7
 
 storage, memory input device
 
 --e /' mainly, solely ~ J ~t( G) mainly, solely
 
 ~r'7tJf ~ffl-
 
 ~
 
 ~/'~/'~/'~ ~/'3ry-
 
 specialized field!discipline dedicated, special-purpose
 
 T/~!J tJ/AryT/'~!J
 
 electronic calculator scientific calculator
 
 !J desk, table .£i[ ~~.£i[
 
 7 placing, putting, setting ~«) to employ, to leave behind, to place, to put, to set
 
 ~9:tif
 
 ft2tif
 
 ;.R,
 
 rRffl~7tT
 
 c
 
 *
 
 1\/3 ry1\ / 3 ry :J ry ~ / ~
 
 general purpose general-purpose polymer
 
 1:: / article, dignity, refinement G t~ article, brand, character, conditions, goods, item, quality ~j(~J1I! 1:: /' ~ 'Y tJ /' J) quality control/management ~31 tJ, ~tl~d:ilJfJ~ ~fiI~m~c!tl':"(at~flO)fmO)$7}O)ifltl~IJJ~~fT:>. M~fI~:it~O)3!>~f±¥~c!it ~t~~0)$1.J0)*~Ij~d:7D ~7 b eJ::~ttl~. 70 ~7 b3!>~ v~~d:~O)m-@r, ~t~~d:~ O)flfll19~-@rf*~~~GL'J 7 l' r;; I. 7 C: J::1u~v~~. 7 )v:f 1) A'bO)f!ijiltJ:f±¥~:~t GL~J:, ~O) l3119~~PX:~ ~ et:>~: 7°0 ~7 b ~~~ ~ C:7J~~~~. ~O)r,RmJI1~:et ~ L-7~:;~ )vM~fI~d:fmo)~~LO)fI~e~5JIJc!tl~. *JJm~:~d: 10 im~~f*m~~M ~fI~3!>~ t~7J~, ~B -r:~d:~~c:luc~~LO)at~fl7J~ 2 im~~f*m GLV~~. -7 ~ :;~ }ltM~fI~~.~~tG ~O)~j:, ~btl Lv~~fnUJ.I~Te ~ t 1) --O)IJJ~im~O)~~iJ\~:, ~f~O)m~c:.m~, $1.J 0) flm, 7 ~ VA~ra'O)*~c!, ~2ti~., ~O)fmO)v~b~ GM~fl7-~~~~~--c:et~tlG~0)~3!>G. ~tlGO)fI~O):>~M.flO) • • ~ .C:.~~§~1~O)m~~.C:GL~mc!tl~~0)~~~~07D~~~--eetlJ, c! G ~:~2ti~flt~ Am tJ • ilJfJ1ij~filO)-$tJ: C ~~ lut~ ~ 0) ~ 1 ~ ~ 7~ ~ !J 0 :J / :l--~- C:J::Iu-r:V~G. 1 JO)m~~.~:l&~~~ ~*Tf{O)fIltl~HiJ\ G, ~JJmO) ~ ~~.O)m~~7~VA~OO~*~ G tJ~, ~O)~BIJ~d:~\ ~ G ~ f!ijil-c'~d:tJ. G.
 
 TJ- ~7°D~~~-~7--bm~, ~attJ.cO)fll ~:tJ:.~ L~LV~~
 
 28-2:
 
 .
 
 • !il (1W~513-514)
 
 mT~!$IJ:~t.mO)Pm. ~-O)~{f~:J: ~, al3ti~tI~:f!;ffiC! tlt~ 7°0 ~7 b. ~:et
 
 tJ lJJ{f~Ui~f~~
 
 GtJ:.tJ~ G~t.~fT:> ~t.m tJ IJJ~~ ~-~O)M.fI c ~7J1J c! tl~. m!i! t~66(J) ~ (J)-c' 3!> tJ, AtJ~flt C: G L~ /~--, m tJ~
 
 ~d:, fJlJ: -c'rmJ{Jj?Ji.~miff~=fT:> fltC:GL.~.~~XG. W.~f{~~~-c'~~mfl~~f{m!$IC:J:~. W.~f{O)~ ~~:~d:, J\- P r;; I. 7 f~tJ)~~tJ: CORDIC 7 )v:f 1) :A'b ~m V~~~-@rtJ)~Vl. ~t~(J)
 
 ¥JIIi~actic!it:PtJ. vl~--it{f-c'~.tJ)-c'~ G J::> ~: G t~mfl~ 7°0 ~7 b m!$I C: J:~S~. ¥JIIi~f~~~ ~ t~66(J) § ~~d:, m!$I~' C: '=3!R EJ (J) §s§~~~JE~ G c:tJ)~Vl. r,Rm 0) §
 
 z:
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 ~~mv)L70!l'7 ~ /'!I~~~~ ~ ~(J)~j:, ~7 '/ ~::I /'1::.:J- -7'- cJ:~S~. ~1£(J). ~~d:~m(J)~17070-e'/~-~mv)-c.~~tt,flfj~(J)~1Jo~~J!~~tt~~~~tJ: t~~, ~tib(J)fj.~d:3-F1it~:~V). GIQ) G, pq$.~~:~J:d!> * tJ ~ tJ lQ~tJ: !}!fln~O) ~ (}) ~d:, $tib}~~iO~b '-9iJ) 5, 6 J~ ~ d!> ~ ·
 
 1ZQJ{lji~JJ~~WJG-cv)t~. 1962 iF~::.T~~::~JJ~fr:>.T~~J::~JffliO~iffj~ {t~ttt~. ~ G~: 1964 iF~:~d: ~ '7 /.~A7'-{t~ttt~.~iO~Y~-7~iJ) G~~~tt, ::ttiO~~1£O).~O)Jl(~ ctJ: J t~. ~ (J).~~d:$dlrJ~lciO~ 5000 111, m~ iO~ 25 kg -ed!>J t~. ~0)1~, ·IEJIm*TC G-c Ie ~mv)QJ::> ~:tJ: ~ ,. IJ\~{t, ~.1J{t~~imluti. Ml m¥~d:flfj~ C ~:IEJ~~~t~~:~~ G-Cv)t~. IEJ~O)~J!~:PtJ: g- Qt~~~:::I /I::.:J-7'--ef*m~tt-cv)~70 !I '7 A*,JJP(})~x15~l& ~ Att, 70 !I '7 A$7t~~~(J)~~ 1;t- ~iO)GtJ:Q ROM ~:~2.~itt~.~~mbttt~. ~ 6~:/J\~1~~ftimg-~t~~~: B*(J).~~-tJ-iO~7~ I) tJ0)1 /'7)V~C~(QJ~rm~Gt~o)iJ~1!t~~)]0)~17 07 O~'/~-~M~d!>~. ~17070-e,/~-(J)f*m-e.~fI~~~~·~~~~~ ~:tJ: ~, ~~.~~7D7-'7 A .~tJ: c~JJ1fj~(J).~iO~/J\~iJ)~~fiffi~:fFtt.Q J: 5 ~:tJ: J t~. LSI .flJ3t(J)-Jj(J)rtuJ:~:f~v), =F.flfl~, U~flfl~tJ: C ~frmxt~.~ ~ tHm G
 
 
 l:~jL ~ '5 ~\~n\tJ: v)frJ}~7J\d!> Q.
 
 28-8: iOOWJ:-rO)jJ~'})v~~~JIf~O)~JJJ~::fflv)G{}[ftfAtJ~lifO)-J.~
 
 ~:t?'7 A ~:m~ Gt~~~~ ~¥-c'rmT J:: 5 ~:ti{~TG
 
 G-Ct:> t), ?'7 A cfPJf~tJ:tltI~~*T. JJJ{~J*~~J:, rmEJ~ c, rmEJ~~::f~MGt~Ia3tTG2 JO)rmE$fb~:f~~~ttt~o
 
 ~~0~I./:J~5'~~rmEfBJO)rmE.~JJlliG, .~~6b,
 
 T
 
 ~
 
 ~0).~GrmE.0)2fBJ1J[tijO)rmE
 
 ~tl~:J:: ~ -cjJ-'} )v~~~JIf~O)iOOWJ:-c'O)~JJJ.~)E~Q.:; 31
 
 rmEJ~iJ) G¥~"GL~r:pli~~~:~imGtJ:v). ~t~~r) tifF~:~\~tJ:OOffn~~ 7 'Y 7~~)vO)~~lifWffti~t-c'mufrJJ~iJ\~Q.
 
 'Y!J c.tJ: t),
 
 TG c,
 
 7 '/ !J~-)1;
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 A
 
 A
 
 ctt~
 
 28-9: -'
 
 1OO.~7J'~.O)1OOooJ:~::mQ-C~«I~ t lGA 7 I) - /~O)fft.AJJ~tII~v~ 5. 10000 J:O)A 7 I) - /~::iIr~m-c'Mtl, -to)ffttlltwm~f~~~tII-c', ffttll~lli1JJt(J)~v~~:et fJ, ~ffJt, HftfL,.Jt, 7tffttll~lliJttJ:cO)1JJt~!~~. m-c'(J)1OOoo~O)fil~tlfF~:et ~ t~3b~tffi5Jf1~J:et v~~!, m7J'mI3£~!{lf 00000~!l15tl~ !X}~~!~ ~. 10000 C:Jlltl L~tII~ tl~ti~~::~J:, ~ 'Y 7/\*}~ C: et ~1tl~.
 
 
~. ~ t~~~~J3l2400 bps ~l:O)~Tb -c'~j:, ~ t) ~TlEflfj~~T-?7 J±.flfj~~ ~ J t~ 7°0
 
 l' :J)V~pq.GlV)Q. 28-15: LAN c::Pm~29Q. ~ra'a9mA~tJ~}l~pqtJ: E~:~H~~ ntc.i'BIm-c', ~A~~Jm{~rm.~m v)-e.~~nQ*'Y 1'lJ-!J. ~7'*'Y 1'lJ-!JO)-~. LAN ~~ra'a9~:~*GJ::t) I€ii~~: Gt~ ~ O)~:, 7t7 7" ~ 1'\--7-7')v~m v)t~ FDDI (fiber distributed digital interface), *fim~O) ~ l' D~ 1)?7 / I l ) 7 ~ l' '7-7 (MAN), ~ G ~:~*~ nt~m mO)rt~*'Y l' lJ-7 (WAN) 7J~d!>Q. LAN ~j:~ra~a9~:~j:mm7J~*,J~H~nt~*'Y1'lJ7~d!>Q7J~, ~b~LI€ii~tJ:Jmf~~~~~~Q. LAN ~j:*'Y l' lJ-70)m~~:J::Jl
 
 *
 
 7}~C'~, il~~< ~6tl~0)~d:J\Amlc::') /ifml-c'd!>~.
 
 ~tl~d:,
 
 *'Y l' ry--!J ~IPJ
 
 $dI-7--7')v~7t7 71 J\--7--7')V-c'~2*J9.Q~~=, ~tlGO)m~7J~ilt>*J~~7J~~< ll1i~, ~9:fiii~.~{~Q. I'\A~ ') /!1~m~9QJmf~
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 'r-'7 )V~d:, ::tt~::~~c!tt~ ~ A T bi01;Jt~M!mT ~ (J)-r:, 'r-7~)v J:.O)m~~~i01 liv~~::.~ GtJ: v~J::? ~::, .~lillil*,J.i01~,~-r:~G. :: O)*,J.~d:RV~~:7tft~~:~ll Gt~tR~-r:~~-r:~~ J:: '5 ~2Lm:c! tt, ::tt~:J:: J -C * ~ ~ '7-7 (J){~'ltti01ftiJJ:.T~. • ~lillil*,J.~j: MAC (media access control) CJ:: ~ttt, CSMAlCD 11rt~ ~ -7 /~: J:: ~ *,J.i01ft~~-r: ~ ~. lW1!f~j:J\A~* ~ ~ '7-7 ~:m v~ GttQ. f~1!f~:~J:/\A~~:mv~ ~ ~-7 //\A11rtc I) /7"~~:mv~Q ~-7 /1) /7"11rti01~~. LAN ~:!&~T~ ~ A T b 0)Iti01~v~tlft~J:,/\A~-r:~j:/\A ~~li~: I) l::-~- c J:: ~tttQ~.-r:~~ G*.~o)/\A*~ ~ 17-7 ~.~TQ. I) /!I~-r:~J:~mlJ /7"~ttmTQ:' c ~d!> ~. ~~7J\~:A~- (fIl) ~O)*~ ~ 1]-7 ~mv~ Gtt~. LAN (J)m¥ll~~~J:~;tm~~ ~JJ\'r~ ~~rt-r:fibtt~. ~~a:pJ\'r~ ~~:~~~t]i01~Ct~c~, ~t]~*ttlG M~~:J:: t] lillrlT ~flfm~ LLC (logical link control) ~:: ~t~it, ~tt~~1J[]TQ ~ ctJ1 ~~. 7 71 )v~-/\-~71J /' ~~-/\-~~~G, *3¥~(J)7t~*~"'7-7 ~~ ~TQ~~~~. -11, ~1/7v-bo)~*~LAN~:!&3G,7D/"I/~*~ "ry-!;J ~~~Gt~ t), 7 71 )v~ATA~~m7D~~~-~~~G-C/\~ 7 I./ ~ *~"ry-7~~~T~~~~~. ~~, ~-~?X1~frGL, ~~*~~ry-7~ ~li~~TQ~m{?iJ~~v~.
 
 28-16:
 
 7 7? i' V-~- 1';;( - y
 
 3 /
 
 (iW¥Il628)
 
 FA c~~TQ. ~.tJ:.~~J:*ti.llc!tt-Cv~tJ:v~tJ~, "~~O)MOOi, ~~M, ~ii: ~frmO) I3jJJ{~~fT'5 c c ~ ~:, 13 Et9O)~~~iiJi~:'~ii:T ~ t~&9O)*,J., ifJJl, ~mtJ: ~ 13 fJJ~~:fT '5 ItlO);gj~~ii:~ A T b" ~f~T ~ c i01~ v~. ~ti~:: ~J:IfPfI~~ 0 ~ ~ ~ tJ: C ~::et G ~ii:0) 13 jJJf~ c, ~ii:7J~~ii:O)~$XIJiO)ftiJJ:.~ 13 roT FMS ~roT tlft~ ~~. ~ii:~::s~t ~~~fj1".fl::, kfiWlO)~.fl::~::~t~ G L, ~i±tJ\ 6~ii:~:¥ ~ *~O)~ii:fflfJJ~:s~t~~P-l~AT b ~1*0)~jJ$~tJ:ifJJlc*,J.~fT5elM (computer integrated manufacturing) C rPJ ti~: 6 ;t 6 tt ~ J:: '5 ~: tJ: J -C ~ -C v~ ~ .
 
 c
 
 c
 
 28-17 : 7t~~~1Jt~~mv~-cltt~~5ll1JJlT ~MJJfI~ v~ '5. ~1:EO)~tJJfI~d:m~{~~~M!J l m~~5ll1JJl G -Cv)~tJ1, m-TJ:: ~ f$fJJJ*~O)J*v)7t~m-TO){~ ~ ~::M!mTtt~i5ll1JJlO);gj J*{(j7J~PJfj~ctJ:Q. 7C~lj{.5ll1JJl~:M!mT~tlft~:~,~ctJ:~7t.-T~d:, 7C~-~1I-T ~::~~ L,'"-CtJ) G5ll1JJl G, ~0)*5*~~~::If~ ~ ttlT C: '511rt~~~t~~, ~ffifJ~l:~d:, JJlm~tJ:IJifi~~d:~~ G tt -Cv~tJ:v~.
 
 v)
 
 -334-
 
 Lesson 29: Computer Hardware II (memory and recording) -.
 
 =f- shaking, waving, wielding v'S"" Q (
 
 :> ) to shake, to wave, to wield ~~Jt1~a. ~~
 
 71
 
 ~«
 
 ;A
 
 ~
 
 diameter, method, path li~ ~~1JrRJ
 
 =f-/\ ~~1 =f-?t7 /\ 'Y=f-
 
 volatile memory exhibition, display
 
 T3'Y71 /\ /71 $'7:J '7
 
 diameter radial direction
 
 IT =f- chink, crevice, discord, opportunity
 
 *
 
 g- ~ crack, gap, leisure, space; D dismissal, leave of absence, leisure ~~~ 7 '7 IT=fvoid, vacant space fl/J\rJ3'~~ 1: ~ 3 '7 tJ /IT=fminute/microscopic pore/gap
 
 z: (ts) to be crowded, to require work {vi}; Z:(~Q) to concentrate (on), to devote oneself (to), to include {vt}
 
 ~~~ts ~U~~
 
 iii
 
 ~~~ts b t) ~~
 
 ~re~~
 
 interrupt
 
 ~3
 
 book, handwriting, letter, note iJ~( to compose, to draw, to paint, to write
 
 fJ, 1 ~ATb~:!&~l:'~Q7-~tJ-" I) ~~~d:~Ef -~Tfill:'d!>Q. T-7~0) .~J6~ • Mt~l:tll./~d: VTR c(PJfi~:@]~m~~~ ~ ~:J::Q~ I) tJ )LtA;f-~ / (~~~) ~~~fi5. 7-~~0)7~~A~m~7~A~~.~~~Tfibn~. ~ATA~_ 0)~~~:ft2.~nt~~)V~~J7-~tJ-1' I) ~~m*t'i~, 7-~0).~J6~·Mt~l:tl ~~fi57-~~Gtifl.(DRD), 7-~tJ-" I) ~ ~~m*t'i~c DRD cO)rp'l:'3fJJ~ itQ 7 ~-eAfI.:SJ:lF{E:f*(J)*,J~fI.7J) GtJ:Q. j!ilI~d:tJ-" I) ~ ~T-7~1b~!&
 
 fJ 1012
 
 *t'i~T(PJfi~fI~~~~.~~(J)tJ-"0~~T-7~.~~~ Q.
 
 °
 
 c
 
 °
 
 JO)JL~j:~.fI(J)±~2tiJO) GtfftWJ~2ti~: ~~t~:Q *-c'm~~2ti;Q~±f*ctJ: J L JfJ ~~ Gnt~ ;Q~, j!ilI-c'~d:±~2ti~: ~d:J: fJ reiJm(J)~~f*~ ~ I) -iJ~rt < JfJ ~~ Gn:Q J: '5 ~:tJ: J t~. G JO) Gm1:El:' ~, m~ 7,{ A ~ ~ 7 0 'Y -7 ~ A ~, m~ T-7°tJ: c ~~ Iv C O)tfftWJ~2 ti~.~:~d:m~~2tiiJ~JfJ~~ GnL~~:Q. ±a2ti~:JfJ~~ Gnt~:J 7 ~~ 1) -~~d:~ll ~t~ fill? O):J 7pqO)m{~~(tij~:J: J La2ti~fTJ t~iJ~, tfftWJa2ti~.(J)~~-c'~d:1ff~0)" 7 ~ ~ cJ:v'S~i!l!~tJ:~~J:(J)~ ~ ~ "f}[.O)m{~~fflU~G L~2~T:Q.
 
 e
 
 c
 
 ia~T-"/(~~814)
 
 29-3:
 
 tf~~~flffii%tJ:c0)7:J-D iff~i%, ~.fI(J)7~ :;~ )Ltf~i%tJ:c(J)t1t~~~O)5i~~ ~:Jt\CLm{~~, ffii%~~~m{~c:~ La2~j~, ~tl~Mt~l:tlTZ:C;Q~-c'~QT-7~ O)m~~2.tlf*~~~. WFMtJLtD-A, jj[1~e=Jv, ~l) XATJv, ~l) XTV/T v7 ~ v-1'tJ: c0)7,{ )vbJ:~= l,urn ~-rO)mJt1.~~J\'1/?'-ci!Eif 10-15,urn 0)J!i~ ~=~~~t~ ~O)~JfJ~~:Q. mJt1f*~d:f*m1JJO~*~ < I3c~m~jj*;Q~/J\~ tl~. ~2SmJJt~j:" 7 '/? l:td-:> --C 6250, 1600, 800 (t3etlt556, 2OO)BPI(tY l---/1 /7) -c'~~. T-/O)1lliY:fifc:~*I:~d:7t~&M ~~?-~-ffi~O~~f>tlT~O,*~~W~~btl~. fe:tt3• • ~~S~.GT~ ~ f>l:T-~O)~IDt]~~~~jJljtJ:~~~~~~UZ:C:I:fe:tJLt3t),z:tl~T-/x -? C: ~) 5. ~ - " I) Y :)7- / C: G L ~d:, 1/2 1 /7tMO):t 0) C 1/41 /7J1rMO):t (J)
 
 *
 
 tJ'\~
 
 *) (])
 
 fJ, ry-? AT-~ 3
 
 /fe:tcO)~2ti.f*C:
 
 G -CflJm~tlT~)~.
 
 ffi~T-/itii (~~814-815)
 
 29-4:
 
 m~T-/~mllj:~JJtltJ:ctJ\GO)mfJ':J:JL, m~T-/l:~:T-~~~cSG, *t~WClN~t::..~I:, m~T-7°(l)~tJJ~ml, m~~~ ~t3etlt~tt':M~~~tltf4~~ U. GfM.tI~O)~< O)$5t~m~T-/*,J.~tlc G ljJIjO)fiiffil=m~li-c ~:. C: ~ L,~tL,~trrbtl~ . • ~~fe:tm~T-/~tlO)tf4~~d:, m~T-/~~lt)t::"T-/I) -j};C, *JTt::..I:T/~~lN~t::"~O)T-7°1)- )~~ ~ ~, O)l:f:lra,~:m~~ '/ ~ T- /J! fJ O)tltf4~:t JtJ~, ~ifl:~IIJ, Wll:~fT5T-/0)~~fe:t~fT~.~~~t,:~l:, T-7J!t] • •
 
 Gn'
 
 z:
 
 c:.
 
 C:T-71)-)};O)ra'I:~d:, T/~3 /7-btJ\.~:J7b~~~t, • • • • C:.GT~~.Q. Widj-~~0).O)T-7J!t) iflitt 0.32-6.4 mes- 1 , ~~ ~ GifJJtlj:iftt) :to)-r~j: 16 mes- I
 
 ~:t&~. m~T-7~ml~~tl~f*.~~~tlO)~$~.~.c:'L,-c~5a~, S~
 
 T~A?~.C:O)OO~T-~~~~~~~~~ti~M~.~~o. *~T-~®~.~ ffO)t::..~I:~m~tllt3
 
 t],
 
 T-7mO)1!.:t~~t.;tlL(,~~.
 
 29-5: .~~• • 0)~$~.~ml0)5~a~m~fe:tm~T~A?~.~tf4~9~~ • •~. mtt~fl-c'~.~h~.6fe:t~.~~O,-~®m.~.jj~~~~~T-~~~.G, *t::..Wi~WG~fT5. ~~~T~A?~~EG, .~~~, ~~WGm®S~~~F~~~, *~~3I1JG, ~O)flg~tll:M~~~~fj~*~~f-JGt~m~T~ A ?~~C:, Z:0)~IIC:AW1J7Y *")};®ra,I:1tl:EG -cWCdj-.~0)*,Jjp~tT5m~T ~ A ?$tJiQI~.c l:~~tT.~~ 0 ~ ctJ~~ ~ O)-c', A ~ T,{ 'Y !7 RAM C J::~tn, 1 1::'Y ~ ~t~ t) 0) ~:7 /'~A~-It~d: 4-8 00~~:Q. ~=~d:, 1 ':)9':)0) 1::'Y ~ ~::~tGLJ*~fJ9~::~d: 1 000) ~:7 /'~A~ c 1 ooO)./j\tJ::J /-7/~-~mv)Q ~O)~ ~:Q. l~fi~d::J /7 /~-- ~::.~ C:: GLirX Gtl LV) Q iO~, :: O).~~d:lI~~::J:: J L~~ RAM~::~d:(EJImf¥j~l:
 
 0
 
 ~g-QO)-c', mfi~~.~g-Q~\~7J~tJ: Q iO~.flJJt~d:rPJl:g- Q O)~ii~?P . ~~JG~l:JjG· .~~~O)JiJ /~~b.7 !/~A~.:c I) - (RAM) O)-fj. ~q: 1) -~)Vr:pO)~~/,~~
 
 ~:.;t Gtlt~.fpJIlO)~1"~:J:
 
 tJ ~ft~~2ti9 ~ ~ 1:: I) -~ V):>. 7
 
 ~1::1)-~)v~:mv)t~A~7.{'/!/ RAM
 
 ~ q: 1) -'"t)V~.PX:9 ~
 
 l' 7
 
 c.tJ:tJ,
 
 /~A~-O)
 
 '/770 '/ 7~
 
 I)
 
 ~~/,~~-~:.;t~tlt~.fpJ~J:
 
 pn ~fto) 1) -!/.i1rftJ:C~:J:
 
 J -C~,.q ~:t&
 
 !/~A GtJ:v)C ~-c'~-)E~ra~ ~'C:~:.ft~~/Am~MH-c'JG~ l:Jj G-CM.~~~9~ I) 71/'/ ~ :LtlfFiO~!£\~-c'd;.Q. ~~17 ~ '/!/ RAM O)~q:: 1)~)v~:~J:, 4 1'7/.yA~-Y17~ '/!/ RAM~)v, 3 l'7/.yA~-~~17~ '/!/ RAM~)v, 1 1'7/~A~-Y17~ '/!/ RAM~}viO~d;QiO~, 4~D~,/ ~~l:0)* ~.Y17~ 'Y!/ RAM ~:~J:~J ~tG 1 l' 7 /~A~-Y17 ~ '/!/ RAM -e)viO~fljm ~tl-Cv).Q. 1 1'7 /~A~-Y17~'/!/ RAMt)vO).flm~~~~/'~~-O)~ ll{iR~*~ 9 Qt~~~:, ~~0)J:::> ~:fj,.q O);(.:c I) -~}v.~iO~~A~tl-C~-CV)Q. .G~btl~O)-c',
 
 7
 


7J~~ W.1l~:acti~ft~M~-r~ ~ J:: 5 J\ 'Y!/ 7 '/ 7°macti~fJm;t -Q. Jm*~J:m5 t], m~~~~~~~t~~(J)7J~~*7t-=f~d!>~7J~, ~7t-=f~v~ 5 m m~d:~*7t-=f~(Rj~tJ:~~~:m v~ Gtl LV~:Q. 7t-=ffiv~ G~J:~~7t-=f~ ~~S~7J)~d:~ * J Lv~tJ: v~. ~7t-=f(J)~Ji~d:?P ~J.( (J)7t.$7J~d!> ~ 7J~, *~ AI~~:~PX:~ tlt~ ~PX:~7t-=f~, 13~~~:ff1:E~Q~~~7t-=f~~:*jjlJ-c'~Q. 1i~0)5~, -~O)~a, tlfj~ ~ ~ J L ~~I*J-c'~~ (J)fFm ~ ~ Q ~ / 1'\ 7 ., ~MttJ: C ~ ~~~7t-=f ~ ~ vS~. * t~~~~7t-=f~f~~~~:9l1~ G-C1~t~ ~ (J) ~, ~~IWi7t-=f~2i~d!>Q v~~d:~~PX:~7t-=f ~ ~~S~. ~7t-=f~.(J)*$7t~d:1fltf(j~~-c'd!>Q 7J~, 7 A ~A l' (J)J:: 5 tJ:~tI~~f(j~ ~, ~~.~c~~~~It~PX:IWi7t-=f~d!>Q. 7t-=fO).a~G~, ~a.&~mO)~5 ~:-.JtJ:7J~J t~jl~IWi7t-=fd!>Q v~~d:*j~IWi7t-=f (.~m~~)~, =~7Cd!>~ v)~d:=~7C ~~:~~ Gt~~~IWi7t-=f (~~m~~) ~:*}JIJ-c'~ Q. WJ~~d:ft7t7J)tl Gt~7t~~7t-=f ~ ~~~. jlO)ra'7J~~tI~~-c'*5~~ tlt~~tI~7t-=f~J:, ~tI(J)fi13t~:J:: J -cjl~d!> Q v~~J:~~~:iliVliJ1It~/F~. *t~lt,.£~ ~ -.J ~ 0) ~1Wi7t-=f.mlt~ J::~S~. 1Wi7t-=f(J).~~~~~G-C, -$(J)~~IWi7t-=f~.~, .a.&~(RjG-c'~7t-=ffi~(J)~(J).~ Q~~7t-=fO)ii~~-c'd!> t], (Rj~0)7t-=fJ:: t] PX:Qftf7t-=f~. ~~d:~~~iJ1lt7J~~~*~:. ~Q. 7t-=ffi~~~--c'7t-=ffi7t~~~~, .~7t-=ffi-c'.~~~~~.~-c'd!>t], 7t ~~~~&~.~~(J).~Q.~~~~~-, jtm~~~~~~~O)mPX:O)~~-,
 
 
~rei7t-=f~mJt-c'd!>t],~PX:rei7t-=f~:~tGLv~5. E~, ~-ffJ=, ~~ ~q: /' ~tJ: cO)~~~tI~7t-=fc, ~~I*J-C-.J 6tl.Q~~1ftl~7t-=f~ ~:*}JIJ~ tlQ. 1i~~d:~~~7t-=fc~ J:: ~itl.Q ~ C7J~d!> t], ~ /'1\ 7 It, ?PM, ~~:i btJ: c (J)J:: 5 tJ: ~~tJl.~f.PX:~ ~ rWJft'-=f~, ~mt, ~ /'1\ 7 IttJ: c(J)~ 5 tJ:~{*flfll§~:~J!l! G-CVl.Q ~ft'-=fc ~:ft'm~ tl~. -.~:, ~~~ft'-=f~d:{(j~~tJ:-~~a (.a.{ftO)ft2~1J, ~f~~, ft'-=ffitJ: C) tlfll§~~m~ ~ t;::&)(J)~~.a~1f G, ~(J)~~PX:ilf~~J:M
 
 
0). ~n~=~tG, f3~~et tJ ~~Gn:QifliJ}-Tit~. ~~~ifliJ}-TC: v:\ '5. f?iJ C: G-C, ErmJ}m7J AJ:P et tJ ~~ Gn:Qx7- ~ /O)f'f1JDmft~::et tJftPX:~n:Q~I)x7-~/, X7-~/?'"I) :J-)v:t3etvt7~7~)vItO)mWft~:et:Q~
 
 v-
 
 I) I. 7- ~ /7 V 7 ~ l' n~ d!>:Q. c G-ct~~t~tJ: 21f.'t1it1iJ}-T, ~~n~Jilfm G-Cv:\:Q.
 
 ft PX:jfljJ}-T~J:ifliJ}-Tf4~0)i1!~c c t> ~=7Rm ifliJ}-T
 
 30-4:
 
 .€i ({t~654)
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 -c'~@1~Jrt.B~c 5. ~@1~It1itB~O)f-lt~{rtl~d:J7j(*.B~, ~ ~ ~ /ttiB~, 7 x / .n~-c'~ tJ, ft1JD.ti~:J:: J -C~ Gtl:Q. J7j(*.n~, ;{ 7 ~ /.n~~J:~f&0)~~1fIJ c GL~.M!m ~ tl~. ~ (J) C: ~*f&O)~)vD- A 0) l:: ~ D:.F~ )v£C:(J).&Jt\~.tiJXJt\ J:P~::@~Q. *t~, ~@1~lt1.n~~d:-~~::-=:~7Cf.~~cGo)-c', ffii1~lt1, ffii1~r5bIt1, ffii1{~It1,
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 ft€~lt1,
 
 O)tJ~~ lt~. M~l:'Jt-rO)~JLvf}[filO)_ ~7C(fJ}ajmJl1tJ~~t>tlt~fi~, JtT~rmO)~Ft=tJ~~JLlt~~~~tJ~mlAl:'~~. mlA~: ~tJt~tl~ ~O)~:~faStt~AtJ~~ tJ, ::tlG ~rttrp~mcJ::~S~:: C: ~~~. Jt-rO)fi2~JO) tt1J~:ttJ L*~T'Y 7mlA, A~ 7T'Y 7~A, :J vAT') 'Y 7mlA~:*ZIJ~tl~. ~-~~tJ~ 2 fjm~J:O)mlA~~~rJilJ3t~f~~:J:: tJ7J'T{7iJ~~lt~. Ermt:'YT~:J-)V ~- )vO)~f~~fil:'~tl~~A~ml:'~d:, 1"flfi~O)~!l~~~ft~~tJ~'7 ~ '7.~~ C: J Lt3 ~, jJ-~*1 ~~ A rttrp~m c lt~ 5. Jt-rtJ~=~7Cfq.~0)~~~:~d:flJltt~ft2 ~JO)~m.mtJ~ttl~T~:: ctJ~~lliJ!lt~ti~tl, jJ 7 b~rttrp~m~Q,lt~~d:T ~ A:J T'Y 7 rttrp,m C: J:: rJ., tt*O)mlA C: ~ZIJ GLlt~ ~. A ~ 7 T'Y 7 ~A~jJ '7 b~~A~:~d:~ < O)fjmtJ~ff1:ET ~ O)l:', mlMI~~~~!ET ~ ~:~d:fAil7t • • • ~:J:: ~7t~~~0)1l~c:, .~rttJI1-r.@lffi~: J:: ~a~mfJTtJ~~\~ c tJ:~. ¥PX:JttJ) GPX:~~~O)rJilJ3t~ftl:'ttl mT GmlA~~~~-q:l' D 1::: 'Y 7~MIC:J::rJ., m.~:mtJ) Gt~ C: ~~::mtlG~PX:Jt* 0) I) ~ !' 0 1::: 'Y 7~A C: ~ZIJ GLlt~~. ¥3!k~Jt-C:~d:~MI~::tJ: GtJ: lt~.-r-m4~c.~~ ~O)~~~&~T~~, ~Q&~~.~Jt-rOO • • • ~~~~BPX:~tl, mlA~~~7J' T{7iJtJ~~ Gtl-clt~ Q. ::tl~d:¥PX:Jt* -C:~d:tJ: lt~iO~, ~-q: l' 0 1::: 'Y 7 mlA~:Jtm~ tl~. ff!!1J, ~QfjO)~Jt-r~mJ*B~Q lt~~d:rff~m~rtt-c:mlA~~~:tJ: ~, ~~:~Jt-r~Ac L,LJtm~tlG:: ctJ~~lt~. ~m.~~~(J)Jt-r~c~J~~crm~d:m~, .~, J±1J, rJilJ3t, ~~tJ: cO)~.~~~~:~~t, *t~~Acff!!(J)fm~O)~~~WO)~~~:: ~(t{ffT Q. ~ ~::J VA T ') 'Y 7 ~AO)~JjO)-T~t5~d: ~tl G 0)~12Sl ~:J:: ~ jG~~:~f~T G.. 7cO)t~~, ~m.T~A~V1, ~-~~77~-, # • • • •, rJilJ3tm~~, J3tJt.~!E, J±1J.~~, jjA.~~tJ:c~*3tJ:Jt\miO~tJ:~tl-clt~Q. *t~mlMIO)~2rmlti~lt~ '5~.
 
 x
 
 mv••
 
 ~ffjm G-C, lL~mJ{UII1~Jt-r(J)~PX:O)~c
 
 G-C,
 
 mlA~m.~::mlt~Q ~ c.iO~~Q.
 
 ~tJl.O)rtt~::~d:mlMIB~~C:Q ~O)~~ fJ, ~(J)JJ~ ~J: 6-10 nrn~, ~O)~T)Vc::t~~ 1) ~'J- b{J!!Jm(J) ') /D~ft=7}.:r~O)J!jI~ ~J: 6-8 run d!> Q. :kitifJ ~:tJ: Q C::, ~t1 § ~O)~~ ~f*fijT ~ t~ ~ ~:!£,~t~fI~~5tl3t ~ ~ t~t~ V~O)-C, -IN:~:iI~t~~fijf*(J)J:~:J ,;t1:Q. ~~C:: G L~J:, J{~.~, mtiti~~t~ C(J)_~~~~{J, ~itim~, ~~., • .:r.m~, 77Axm~~C(J)~~m~~~ cn~d!>Q. 7 /~ 3.. ::L 7 · ~D.y x 'Y 1'~~:et Q~fJJm~d:f~~~tJ:f9ij~d!>Q. mi'p)MJtJ: cO)mm7}.:r7}.O)~~7J), J±•• ~.~, *1'~D3..'Y~~, Iv~1'D~D~'Y~~, 7t~.Jr1~tJ:cfjl? o)I*)v=¥-~~~.:rcG L(J)fJj}fl7J~~;t ,;t1Lv~~.
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~. p ~d:~itiO)m ~ tJ: c O)g*Jl~t~~iti.~~:~~-e d!> ~, Jm~f$j~ G -Cv~:Q*S6b*1lO)~iti ~O)~~L~~V~L< :Q.
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 ~iti~:~f*7J~~~T Q P ~d:m1JDT Q. P c:~f*O)~iti~fI~ () O)~f*~d:, -IN:~::¥ ~tJ: 0 O)-;j(~-c'~d:~ittJ:v~. () O)m1JD~::ff5 P O)m1JD~d:, {~~~~~::J: ~ -C~ CQ*s ~~::~~pqO)~~• .:r7J~C Gt1L~1>TQ c: (0 ~::H:{ftlTQ), ~~fj7J~~t~~::~!L f*ctJ:Q ~::J: tJ ~ijij-c'~ Q. TtJ:bt> , § EH • .:rfl~7J~~ v~mfPJ~:t~ J LV~Q. G 10\ G, ~~*5*~JEfi~~::~ijij-g-Q ~::~d:~J -Cv)tJ: v). t~ C ;t~t, Au ",0) CO O)~~ O)J:: '3 tJ:!fo/.J~~~-C: d!> J L 'b, p O)~{~~d::k~ v). 0):: ~d:, .i1rfiJl~~*tJ: ctiftt 7JiA -c:~m~m ~7J{UJET Q~~, 7!~~{*0)~~7J~&~£-g-~~~+7}~::~ftT Q!£\~7J~d!>.Q
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 z:. c
 
 z:.
 
 c
 
 ::c~/FG-Cv).Q.
 
 ~F~~=~V)~i!I!~JJlo)~~-c'~d:, p O)~P1JD.ff:ft{ffJr1, ~3~~~JJl-c'O)iJl5«:ttfm~j) *, .~W~~*, ~.M~cO).MiJl~~*O)~JE.~JJlJ!jI,JJlO).~, ~~~f*~ C ~::5i ~W~ n:Q. ~.f*JJlO)JJl~7J~~~*~::~v)~~,JJl~15(1ij~:: l' / *)v~jj*~::J: :Q.~~~7J~~ C Q. ~ (J) .:r.M~;]:ftt.ffO)~~~;]:f=P1JD.ff~:ttf9iJ G, ~~;]:-JE(J)ttfmfi ~ ~ JiJ~, iWi.J±~~d:~P1JD.ff~mT c.i1rf7J~~~~:~1>T Q. TtJ:bt> , JtO)ttfm*Jr1~/FT.
 
 
.Q (PJ~~0)1;t/ CX~-g .Q~~, .t3J::V~O)Jit}fl ~ § ~ C G-CIf)( 0 t1k '315i:t. ~~=1;t /X.f*0)/F-g-1;t /X .&rt\~~JL'CG, ~0)~~7J\1;t /X.~0)1;t /~i&1Jt!~~O).5«:{~~fi"JJt1ft, fj~
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 O)Wk~f'Fm, M~f'Fm~1 ~ /~S"'~ v)~:lJ*tJ: c~~u. rnt~~~:~d:, ~OO~:-f:)V)L.5~*(t:» error, fault; d!>~*(J) to err, to make a mistake {vi}; 9 (~~ ~ ) to elapse, to exceed, to go past {vi}; 9 ( ~'9) to go through, to overdo, to pass (time) {vt}
 
 iMlflJ (J)
 
 J&Jm
 
 ~
 
 7J!J
 
 tJ :; 3 9 tJT4
 
 (J)
 
 excess process
 
 core, kernel, nucleus, seed ~m~~~ J*T~
 
 7J!J~~~39~4 J;I/'~7J!J
 
 nuclear magnetic resonance atomic nucleus
 
 7J /' caving in, falling (into), sinking, sliding (into)
 
 S t:> v)(~ ) to lapse (into), to slide (into) {vi}; S C: G v) (tl ~ ) to ensnare, to tempt {vt} mT!R~ra ::I 9 ~7 'Y tJ /' lattice defect .~!R~ ::I 9 '/97 'Y tJ /' structural defect ly 'Y gap, lack
 
 )
 
 it~( ~t ~ to be broken (oft), to be chipped, to be missing, to be vacant {vi}; iJ~(
 
 ~;t
 
 ~
 
 ~, ltf-f.~:~T Qf-I.~~t1k :>~r~'~ltf-f.l4~cJ::~S~. ~ltf-f.O)£~~:~ii~~:ffit~bJ LV)QIJ1Ji~ef~TQI~ O)£lIffBr,l:' ~ t), ~J.I~, {~~, f{~, 1:.~~tJ: e O)~J1I!~ C, *~,!*, ~~, iii?t -=ftJ: eo)I~O)~mffBr, cO)rl3'O)ta7JlG~~~T Q. Gt~iO~J L, ~tl~d:~mJ1l!~~~~ J L, ~J1I!~O)*i!tJ:ffBr,l:'~ Q~IJ1~J1I!~C ~1~, -rG t>*,j~t=.~~glj ~J ~tiO~t::v)iO~, ~1J1~J1I!~iO~J::t) ~J1I!~~l:~QO)~:~tG, ltf-f.l4~~1, J:: tJ I~£lI~~~~ c v)jt J:: 5. J~ t] ltf-f.l4~cv~ 5 ~r~'~d:, I~~~:.t3~tQ~m ~~j{~:Atl, ~O)=- A'~: ?'dJ t~ltf-f.~tUj!, '@JJJX:, rm~T QO)~:~,~tJ:£lI~fiJi~~ef~T QffBr'l:~~. Gt~ iO~J L~t~cT ~ltf-f.~1, ¥~:~~tJ:ltf-f.ti~tl:tJ: tJ:~A.~t>JI~ltf-f.~t> ~~t~Jbv)~Im~:bt~~. ~m~~ 1 J~aMJ~~~: t>, ~A~tiO) tJ ~tJ: ~FMtJi{>*~g '!*O)~m~t>~ii~':aMJ~~ t>o)l:~~. ~t~./J\/F~~iO~'t~~:m*tJ:;jJN:~1i~£T ~, ~O)M~~~~, ~~, *~,!*, stt'!*, ~.,!*, m~~'!*, ~~~~~~, #A Ji'!*, (@i?t-=f, .'@J,tf-f.1*, fr5g'!*, ~'!*" 11A'!*, 1:.~,!*tJ:e':~l:1i~S~. 7 ~ 1) tJ l:' ~1, materials science C ~ ~ ~t t~ ~ffB{>~l47J~*~ 0) q:a ~: tb fi1:ET Q iO~, ~1J1~J1I! ~ {>*tf-f.l4~O)ra~~: B *l:v~ 5 ~~ eO)~.~J:tJ: v~.
 
 .Q. ~MtC& 1*CO)q:rrt:l~ll9tJ:~~C G-c, &Mt (p-7 '}~=F~7 '.J- )1;tJ: C), ~fr5't1~A (~3 9 J 9), #7 A't1~Mt (~!7 D~=F~ J -)v) 7J~~ Gtt-cs tJ, *t~-~7CtJlJ{Ij't17J~7t~~: ~d:~llGtJ:v)~~~~~ (~Se04) ~~GttLV~Q.
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 33-4:
 
 (&1*, m&, ml!k1*tJ: c), l> Q v) ~d:~:ti:)EtJ: ~~7J) G:ti:)EtJ: ~~ (~Mt) ~O)§fT~~Af~*t~~d:Mtttl C v~:>. ~A~~~d:*5A~0)§£~C:~7J) G O)~AO)~*c O)·=-:JO)~~~:7t~t GtlQ. *6Mt~O)~~~d:J±tJ, 7IiAJ3t, ~O)fmO)JJj{~-c'lMIf&f[J ctJ: tJ, 1Jl~O)~tlt~~~-c'o) ~ G ~'O)~~ C GL~~~~-c'l& tJ ~vtt~. ~Mt~~d:~\ -, G ~ 5«.~, &~
 
 1WJ~~Mtc~~G-', .~~MtO).&T~~C~Q~c~l>Q(~c5t~Ie~!7~ ~:J::~*6Mt~*). ~ G ~'~::~Q~Mt~O)~~, 9tJ:V~*5A~c:tJ:QmJ3t*-c'*5Mt~ ~&T (7tT • JJj{T • 1 ~ /tJ: c) 7J~m* Q 0)~:~9 ~~ra~, ~1ti1l9~:~d:lMI~W C:7J~JM! f&fll C7J)0)~F1Jl~~flF7J~45t Gtl -e7J) GlltlU~:7J)7J)Qf~J3to)*~ ~ O)~MtfJTllin~~~~ b ttQWjra~ ~*5Mt{~~~Wjra' C: J::~S~. tJ:s, ~Mt~~::tJ:~ WJO)~~O)1>~O).~&TO)m * t) ~aJj~*t~~d:~~C v) 5. §£~ Gt~*aMt~7J)GO)~AO)~*~d:, *aMtfJTlliO)~flF9
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 tJ:b!>~t&fD~-t3et It*a5~n~JI~~d!>Q c, ~m.~~:*1lTn~f'f~L- Li1!fT L-, mltln~PJ fmtJ:fi~O)*~ ~ 0)*5 A ct~Q. -1N:~:= J~J:O)*6m.~1iO)d!> Q~~~JtO)~m.ft~ ~J:~t&fD, ~~*Pn~lf L- v)ti~, ~O)mA~~:-t3v) L/F:t(~~~ d!> QjjO)~tmiO~;'G~:fJTl:H
 
 L-,
 
 Jv)~:t(~~n~fJTlliTQ ~ cn~L-~t'L-~t'd!>Q ~ cn~tJ
Q. ~~$j7tTfi!lIf*~J: ~m.JtO)$7tc~AJtO)$7tc~~bO)~.~~d!>Q. ~tl~~~T~cd!>QmA~~~ ~~m.$7tn~~~~:m*TQ. ~tl~*6AftmA~cv)5. -jj, ~/I\~Jt~m.~O)~ Jjl~J:.iiO)~/1\~Jtiitf-fO)~m.ft~~\~cL-, ~O)t~li)~< O)15IL\n~fAbtl-Cv)Q.
 
 33-5: ~m.ltt~7tTO)~f*O)et:>~:, $7tff9~:*6m.ftL-t~~f*~:-t3v)l;*6m.Pl~n~~li)QwrJ ~~v)v), mil7t$xe d!>Qv)~J:~f.W7t$Pe ~£{T. ~AC~Fm.o)=JO)Pl~iO\G~Q tTJ!t (2 f§tTJ!t) ~{&~TQ c, ~tlttlO)m~~de C d a, ~f*O)m~~ d cTtl ~J:, Xc
 
 -c:4ftL Gn~.
 
 = de(d - da)/d(de - da), d!>~mA~-C:O)
 
 de
 
 Pc
 
 = (d - da)/(de -da)
 
 C da O){r«iO~biO\J -cV)Qti~~:'~d:, d
 
 O)~llj{r«iO\
 
 G*6
 
 m.f~~n~~1t-c'~Q. de ~d:!J!fftmTO)*~~ c~O)Jtt~:~*tlQ~J*TO)~7J\ G, da ~d: ~f*O)m~ ~~O)mA~ ~:fm~ L- L1fJ: GtlQ. *am.f~~O)ltl~rtc GL, ~~7J\ ~:lkmI / ~ J!t l::-O)?ltl~{il!7J\ G~&)'Qjjrt, X .@Jtfi~O)%l~7tW~*6m.-t3etlt~Fm.Pl~~:et Q @Jtfi~:7t1il GL ~O)oof.Wtt7J\ G~li)Qjjrt, X ./J\~~~LO)*fS~t%l~7J\ G~li)Qjjrt, ~~. 7~/A~~ 1'J!t~:~tlQ~APl~~:~~tJ:J\/ ~O)%l~iO\G~li)QjjrttJ:ciO~ d!>Q. ~7tTfi!lIf*~J:.*tJ:~*~f14~~ C J -CV)Q t~li)~: 2 *~tT)!t~J:-JO)ilI{t{~:T~' tJ:V). L-t~n~J L, IIJ~rt~:etJ -C*6m.{~~O)~{r«~d:~tJ: tJ, *t~~O){r«'b~J t~~~ ~'bJ.
 
 33-6: ~~~~OO~-c'~f§~~f§~G~~G~*6A~,.ffi~~Aoo~OO*tl, ~oof*O)~ ~ C Q. ~~O)*am.~~d:, IPlfiffitJ:*6Aoo ~d:v);t, j£~O)fi~7J~~ * ~"*~A.n~d!>Q. Gtr\ G, :@:< ~jjff9tJ:!itJl-C~~n~fTbtlQtJ: G~t', IPlfiffitJ:*aAoo~d:T~-C1Pl G*~~ ~:j£~T Q ~J:9-C d!> Q. ~~O)~A~J:!J!-O)lPlfiffioo~t'7J\tJ -COO *tl-Cv)~ b ~t~~d:tJ: < , {ilJfI~7J\O)lPlfiffioo7J~tiI.~~b ~ tl L-C~-C-t3 tJ (lPlfiffioo C:> G ~d:1Pl C:*~ ~), ~tl~J!g m~c: v):>. *am.O)~~~:~j:~$ff4~O)~tl$Jtt7J~&~~ tl:Q. }~'*O)~tl$tifF~*6m.O)
 
 c
 
 (h k 1) oo~:fFm ~it, 1~ Gtlt~lPlfiffitJ:ooO).~ {h k I} ~:et
 
 tJ OO*tlQ~oof*~*am.~c
 
 -*00
 
 *am.~~d:J!g~MC~d:~tJ:tJIf1~O)lPlfiffioo-c~~-cv)Q. ~m.~~d:*oo_, _~C:@:$-C~~d!>Q. *6m.~~~G~., ~O)~~~~J~**.~E.~c-c~ • L-, ~0)*aA**0)*5A~c ~d:~tJ::QBIJO)*aA~~~ L--Cv):Q ~ cn~d!>Q. ~tl~{&
 
 v)5.
 
 _CV):>. 33-7:
 
 ~~~. ( t 7268-269)
 
 d!> Q ~f*!to/.J.7J~~~0)1I/J\tJ:!J!*aA -c't.PX: ~ tl ~ V) Q ti~, -377-
 
 ~ O)~f*~Jt ~~*6A.
 
 ~d;:Q c v~ 5. -~~::fia~~J:~Mrf*C~F«L~~::7}Ji~ tl:Q;¢~, ~A~~~ t; ~::7}JiT:Q c.~lij{-T;¢~mJtljlE G < D2~JG, ;¢)Jd;:Q.~¥{1l:;¢~=~7t~~::.~i~::tJ: t; lu~v~:Q¥ ~«L c, ~~O)¥~A;¢~.tx,JJ;~::.~G-Cv~:Q~~«L~::7}~t t;tl:Q. ¥~«L~::~J:~~1 y
 
 ~~~, *«L, ~mE~e~d;:Q~, ~.O)~«L~O)*$7}~~~A~d;~. ~~«L~ .~ G -Cv~:Q¥~«L~~«L~*t~~J:!1 V1 ~ clP¥rJ, ~tl~tlO)!1i~~~«L!1i~*t~~J: ~~c v~ 5. ~«L;m~J:~~f1ilI~lij{-Tfi2~JO)}ajWJtt;¢~j{ri GLV~L, ;m~EI~~J:E{1l:tJ: eta--Tj{~raO).~~c~;t t;tl~. *t~, /F~!fIAt.~;¢~~ < tJ: lJ {>T tJ: v~1I t; iO)tJ:OO~ft4~~ tlG IO~, 1~~~~d:, ~m-TOO~: bt~ J -C1!!J80)~v~mtlt~oo~.~~ tlG~~n~~v~. ~OO~~«LO)~OOn~~tl~tlo)OO~{}[ ~*ir.i G tJ:iJ~ t; ~~~:~~T ~~m~~d:, ~!1i
 
 -c,
 
 ~0)~~fll~*t~~d:~l4t*Pl3t~:pt\C:-C~*G*5A~~~{IE~T~~JJ~~~tJJJJ~:~tG ~OOn~1JZ1T~:~JJJT G~~~~iJ~ eO)e:t '5 ~:tJ:GiJ), c v~J t~~~~~~~n~.~ ~:tJ:G. ~tl~::~d:, lJlijti)lflijc G-C, ~~~~n~±c: G-C~!1i~J1'J~O)!fIA.Mz{>~.z
 
 -C,
 
 ~~D2~tlG~~.~C:, ~H~~~±C:G-C~~~OO~O)M.lij{-TO)~OO=~n~~ ~m~~ tl,'Q~OO.~c:n~~}JIJ~ tlG. mtlt~OO-c'~d:iW~iJ~tI;tG, rl GiO)tJ:OO~~d:1~ ~n~tI;tTG. ~oo.~-c'm~~ tlG~~~::~d:, !i!1if§n) G~*~OO~::AMT Glij{-TO) '5 ~, ~5CJJ~::*5A~~:~Jl~i6*tlG ~O)~d:~O)-$7}~::~~'tJ: v~. z:tl~d:, 11 GiO)tJ:OO J:~~d:, ~OO~~~T Gf1.lij{-T~d:A T 'Y 7°l:0)=l=- /~ g~:~J~G -C*JJ&)-C~7JJ~::*5A ~~::fJlJ>i6*tlt~ z: C ~::tJ:,'Q O)~, vlJ t~Iu~OO~::{1.Gt~lij{-T~~, =l=- /~ J~~~::~Jj~ GtJ: vl ~ 0) ~d:, M~~{>Mmmo)~-c'~!1ifEI~::ERG t~liJ-c'd;,'Q. z: 0) J:: '5 ~::, f1.lij{-T
 
 O)~7JJ~I&tJi6J>DcG-C~mT~AT'Y~.~~~r.iT~G<J>cG-C~, ~.~~ ~~~«LO)~~O)=~7t~~.c, j>~O)E~~~u~~~~AO)~~O)G~IuE~~ .C:iO~d;,'Q.
 
 1;t /~«L, ill-V ft~!fIA*aA, II-VI ft~~m*5«L~0) ~~n)O)~7G*~A -e~d:, *-r~ g~~~~c G-C~JJ~~~JJJJJ~*~~~::~~~~~~~1T5iJ~, !fIA• • ~O)mv~~ c:tJ:~ r~*¥{}[J O)~~iJ~ eO)lij{-T-Cd; ,'QiJ) C: V1J t~.~~d:~\-rG ~~ GiJ)-C~d:tJ: Vl. *t~, ~
 
 ~A{tO)*~fi~:Jv~-C~,
 
 -c J:: vln~,
 
 ~~!imfElO)~~~d:lij{-TiJ~ 1 ~-rJJlmi~fJTtfjT,'Q
 
 t.~!im*§O):l:jj~~d:~:7
 
 c
 
 A ~-~O).ffiJ*-T7J~.~T,'Q PJfj~lt1iO~d;~.
 
 ~~~H-c'O)~OO~~~O)~~~~~~HO)m~~~~-ed;Q. ~G*m~~H-e~, ~~~::J:: J -c (1 0 0) OO-ef.~~tlt~IEAOO~~::tJ:J t~ tJ (111) oo-e.~~nt~IEi\OO ~~::tJ:~ z: c7J~d; 0 (A*EJ~{~), *t~~1dfitJ:~~OO-c'Im~ttt~ ~O)-c'~, D~j~~o)J:: 5 ~:, d;~ffb1J~O)*HI*v~~~~ C:G z: C: ~d;G (A~~fr;). ~fEI~ft, Mt~~fr;~d:vl
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 ~tl ~~iiiO)JJX:~JmJjEO)iii1J{}[{t{ffJ(1~:J: Q C:~;t
 
 6tl-Cv)Q.
 
 :.tl~:~t G -C, ~O).
 
 0)J:5~.~~M~~~*~JJX:~O)M.~, :.tl~, ~~~JjE*~~~~.JjE~*@~ ~'QtJ!~, JJX:~~iiin~3Jliii~*tnJ~@tJ: < tJ:Qt::"~-C:~Q. mtJJjQ~~:, (&~:3Jliiil:~:, ~Q~~D~.~0)~8~~(1) CWJ1~~ tl-Cv)Q. ~mlt f-J. c G -C M!ffl ~ tlQ t::. ~, L§{f-J.~ PXtt~7J) G{~ ,Ji'J1~1dfitt~, --e:7 ~ 'Y !J A (1)~* ~ V) G t:: ~~Mtt~~:: ~ Q-i!!! (1)ftf-J.I ~iO~illi G J J ~ Q.
 
 n)
 
 33-14:
 
 I v!J
 
 ~
 
 O=!J A(1)7t!f~mV)GtlQ--e7 ~ '/!J A -C~Q.
 
 z_.(1)~-T~§JJJ.O)
 
 ~~~~R~~n~mn.~~~m~m~$~~~~~cGL~m~n~t7~'/7A ~I v!J l' o--e 7 ~ 'Y!J A CJ::~~JJIJg- QiO!, -~~::~d:~~G v!J l' O=!J--e7 ~ '/ !J A C V~ 5. Al20 3 Jt~ 7 ~ '/ !J A0).31EJImffl O)~~£fi, MgO-TiOz *, BaTi03 *, SrTi03 *tJ:~o):J /T/~-, PbTi03 -PbZr03 *O)J±_l,tf-t, MnO~ CoO, NiO tJ: ~O)ilf$~~Mt1t~~fflv)t::'~-~A~-, Ti02 -SnOZ *, MgCr2 0 4 -Ti02 *tJ:~O)~~ --e/~-, ~}EijtJtmjJ-*/· 'J 1) '/ ~Mm, ZrO z *~ (3-7 )v~ 7-tJ:~O)I!!!If*.mJt, Mn-Zn *:t3J::V' Ni-Zn * 7 x 71 l' tJ: ~0):J1 )};mJL\~m~~ '/ ~ mf,tf-J., 7t~zmO) 717 A 7 71 J,-tJ:~, ~l:0)J:: 5 ~::.~ · .-Ta9, m~a9, 7t~a9~t~~d:{~~a9f1fl~ ~fJm;Zt~t7 ~ '/!J A -C~~. ~tlGO)~7 ~ '/!J A~d:, Ela9f1fl~~~}1Jg-QJ::'5 ~::~ Jt§f*O)~'J1, *1l~0)~'J1, ~Qv)~d:~Jt~[tiO)~'J1~fljfflg-Qt~&), t!l..cll*HI~~
 
 -eX
 
 iO~~~~::*,J~~
 
 tl -ev)~.
 
 33-15:
 
 
, J:: ~~M~tlt::m ~cfltlt~'fr!~~~t>J~'J1fj~--e:7 ~ '/!J A -C~~. ~O)flfj~~J:, .m~a9, 7t~a9, ~a9, fI~a9, ~~. {~~a9tJ:~ c~~-c~~n~, ~a9:t3J::V'fI~a9f1fl~~~~Gt~I /V=70/ijt7~'/7A~, IV7~D-7At3~'/7A~R~M~~~. *~, 7 71 / t 7 ~ '/ !J A ~d:~~itJ:, lI*HItJ:, ~J7jtJ:, r1G*JJ!~ tlt~ ~ J cIt ~ l- v)tJ: ~ 0) it~~, ~~::~~m~~~I~ffl~t7~ '/!J A~::~~btlLV)~.
 
 
 'J. ::. O)et '5 tJ: 13 ~~:ffl v~ Gtl~JJt ~t.J(1)*~v~~~ / ~ ~v~v~, ::.O)et '5 tJ::J /7 I) - ~ ~7 2:JJ Jlt7°vA ~ VA~A:J /7 I) - ~ v~ '5. HB~j~~.sJ::ltft~5~J3t~~l:~~.
 
 c
 
 mM7 )~~ j- (--e7190)
 
 34-3:
 
 ;'1 ~-it-c'f~Gtlt~*.f~7)lt~ ='7 A ~$!~ G, iI~tJ:*a~RJJ~1JD;t -CPX:~1~ ~ ~ 7 ~ t~ ~d: 0 -?t 1) -:f- Jlt /-c'~ 2000°C ~:~PX: G t~ 't> 0) ~trfJm.v~ '5. Al 2 0 3 ~d: 99% ~J:, N~O i:J~ 0.3% lJfjf~-c', .px:m~d: a-7 Jv2 T~±C G, /3-7 Jv2 T~~li{f G, ±~:ifift1 J: ~ttl~. -~j\~d: M2/nOeAl203-xSi02-yH20 (M =Na, K, Ca, Ba, n ~d:flffi~, x =2-10, y =2-7). (AI, Si) 04 DBWf*i:J~m}~~3t~ G L:J < Q=*7C~~ l3f14iilg:to)~ fL~:7 Jv:JJ I) • 7 Jv:JJ I) ±.~~, 7Jil0)7 )vtJ I) .-rO)fmO)PX:7t~J:Si02 c!XJt\G, #7 A~~it~WPX:T
 
 o.
 
 34-14: ffiji1!>~~O).~~:fB~O)J:: v~W~~.-rt~;tt~ t> O)~, ~*~t~ c O)::f~Wffiii 1 0) C:, @:~~O)pg~, ~#$~::M!ffl ~ tl:Q t> 0) ~::7t~t G tl, fJfj~~::~j:f:E.±~±J* f-f. C: G, 5!iYt~d:/J\ ~ lt~n~~~Jf1O) J:: v~ t> 0), r~~~::~d:~~Jf1~d:~~~.Qn~, ffiit1 o)-c', ffijt1 0) C:, ItSit¥E, rei? )v~ :r-ittJ:cO)~~J*f-f.~±1*C: G, ~ G ~::5!iYt~~TGfijPJf~:M!ffl~ tl:Q. ~tlG3~~~Jm, f:E.±it.][, ~±it.J[, ~~ifH1 LV~Q. J\ r) ~ / 7"(J)fj.~:et t) 77 A 7'/7, ~7 ~ 'Y 7, =t-~ / (~".) 1\ '/ -7-~~:7t~tGtlQ.
 
 34-28: ~7 ~ 'Y 7tJNtJJT~J:J±.~(J) BaTi03 , PZT *tJNtJJTcm~~(J)7:r. 71 ~*tJNtJJT ~:*}JIJ~ tlQ. J±.~(J) PZT *tJNtJJT~J:~.$7J~*~ v~t~~tJNtJJT(J)r*J$1 / e-?' /AiO~/J\~V~ z:. c, .~m~*5'@rf*fx:, ~~ff~$iO~*~v~tet.cO)%.iO~'JiJ~. ~ G ~:--e 7 ~ 'Y 7 AO)t~~, ~, *~~7J~H:~a9ff:1t~:-c~, ifiji~JJ17J~&v~. 7 I 711'tJNtJJ~ ~J: Ni-Cu-Co * 7:r. 71 ~ 7J~±mt. ~l;~~~~tfL~'t '":::> LV~~ o)-c'~v~Jaj1Jtfx:*-c'rii.J. mtm~n~tJ: &WtJ:ti~$~ G~T.
 
 
 tJ: ~m~: ~ Q ~* O)£*.~O)-B.}f* C tJ:~*!1B~it~~*llfjmf*c v) ~.
 
 8 Q n~, ~fBrm-c'~j:~1J~tJ:.~~ ~G. ~~1J~c G-C~j:, .t§~Jt7J)~O)~~~~~, AI\'Y~--~, {~~~~~ (CVD) c, ~f§~miO) G (J).~~, ~f*~{fJ~, .t3J:V*5Mrf§~(J)r:p't1-r!mM~, tJt~, -1 ;t/-1 /7°7 /T--~ 3 /~iJ~d!>~. ~FMrJt{~~::J:~'t1.(J)-~A9~f~c G-C, 1) • •&~SJ::V~O)ili!.f*~~d:*ili!-c'/J\~ tJ: tJ, ti{~ili!-c'~j:m&2i't1~/FT~~ 'b d!> ~ :: C:, 2) ~1Jfit~f*~~~1/' G, 3) 5ij!'t1$ ~ftf-r: G, 4) 5im't1JO~$Xm't1C: tJ: G~ ~~m~n!/J\ ~ tJ:~ ~(J) ~ d!>~:: C:, 5) -UI -C5iv)iJ!fli~ ~~ C:, 6) f~~A9J::ffl't1 ~~~0)-c'71 iO~, *SMr{~rMt~~ -r-e ~ J L ~~ 1< ~~~Jti ~~~iF~{~ ~~ C Q. ~J:(J)3-FMr.ft~(J)~It~J:, mJti~:~(J)~:> ~:'&~9:Q. (1) ImTrt:l,m"iO~-~-et~ v)(J)-e~ttf§lifFmiO~Jt~G, -~~:5imJti~.:L 1) -rMt~~J:*SMret tJ ~ftt-r9:QiO~, ~ ~:J:¥f9~ ~(J)~~:Q. (2) J.lmtJ9tJ:3-FMr.ft~~:~J:~Mrm • •~JtiiO~ff1:Eit9, .±~ G-C3-FMr~{"FJ£mf~=~A~tlQ~~m • •~Jti (.~tJ9t~ImT~tJtm, JiC\tJ, l}9~, m~,
 
 tttR.~) n~fftt9Q.
 
 ~ v)$XmJti ~~9
 
 ~JlPX:tt~lI~~=~v'S~cm~c1*mtJn~/J\~
 
 «FegCo62Ni30)7sBloSils t~ c).
 
 ~:Jt.~tl~. i)jfPJft~. 1)if1ijfPJft~: jfPJ~fffin~ 96-99.3% -c'1$~*j ctJ::Q. Cu-Be ft~~d:fJTttlB!{~~=~ tJ, ~mjfPJft~t:p.*O)~~~ 7l'9. 2) ~jfPJ : Cu-Zn =7Cft~-c' Zn 2% ~-r~f}jfPJ, 30% ~J:~~jfPJ C: v):>. 3) AA' 1fjfPJ : Cu-Sn =7Cft~-c'.~ C: G L5< 10) Gmv) Gtl L~t~. 4) 7 )v~ =91\ 1fjfPJ : Cu-Al=7Cft~. lI~fiO)As, Fe, Ni, Mn, Sn, sitJ:C~~1J[]GLmV)~. af§ft~ ~d:ifii1ttlti, (-firt:l'1J[]Iltin~~ , .~~.m~frJmTQ~.~~C:~-C1l~rEt~Cv)'5. ¥i: Jt~~~d:M~, m~~, ~*5~tJ:c~ifhr!l~pq~ml!k~.G, §~~~~ti~~~:TQ 7J\, ~Qv)~d:?'/ 1', A/'\-1 AtJ:CO)~r~~~~~~:v)-.Jt~lvt.~G, /F~~~d:A 7~ C: G-C7t.T:Ql5$~, mM~~~~d:mJ3tO)~~:et~-Cti~~, AJ'\-1 A, ?'/ 1'~:Qv) ~J:A 7~n~7t.G-Cff1£T:Q. A 7~~~0)~0)~d:~ G ~:i!~§~~~~1iQt~~~:~ ~m., ~O)fmO)l5$l:'~.~tlQ. ~pq~:~d:'±)]{f-tO)~~7J\mRU, ~f-t, iit7CRlJ, ~~ tJ:C~~A~tl, T~-Cn~I!k1*~:~TQet'5~::T~. -15, ~JtrEt~~d:JI~tJ:*m~m .~:~E~t~~d:m~~O)§~~~~mmG, ~O)m~iJ\G{~~~~t~~d:.~{~~~~:~ ~-1;t / ~iit7C G-C ~~~f*l&T Q 7J\, ~:Q v) ~d: § ~~~O)~~{~ft~~MJl:fjtt~~ it Ql5$l:', ~_JJA, '7:7 /~, /'\7:/'7 ~JJA, ~-::f~-1 1', M{~~JJA + ~ll~O)~ l:fj~d:tl iJ\ Gmv) Gtl, i!ili~d:{ltt5b{~~~:~Jlm ~ tl~ et '5 ~:tJ: ~ t~.
 
 
 ~'~IQ~ CI!> tJ, ::. tt ~~itcv~:>. ~itO)1J~c~-C~d:, ~ ~:t:-~~~tJ:c~fiO)~"• ~F~"~fI~mv~ Q~~~:, .~~it~1!lJffJfJ1lfJtJ: CIQ!CI!> Q. .tt~·:~tg-Q§ij~~d:,' l~f-l- c ~O)ttf!k!l!1i c O)m~~bit~:J:Q. t~c:;t~d:, 1itIA· t:pJJ1m~O)71Qft~c: ~-r~J:, .~ ~, ~7~/, iTfitti1IiJ~~, iTfittJJ1=~7)V· ~DA~~MtJ:c~J:.tt~~: ~:, i!mltf-}O)iltR ~JAv~:ft,*-c'O)~tt1J~o)Dc J
 
 c:~;t
 
 Gtt -rv~Q .
 
 • *(~~1417)
 
 36-20:
 
 ±~:Thlt1rt.~~ii~Thlt1rt~Yi!tl!~~:~~g-Q.t1rt~:J:Q~~O).it~~. Thlt1rtJ:t• • O)Ja rnr.i1rtIQ! v- )viO) G*!tB ~:~. ~, f'filIO)!tf!rfl~~~ (71Q v~~d: .ttJJ1~1* ~ ~*g- G. t~ c;t ~d:, 71 ~::tJ:Q. -t-7t{Jfv)tWtllr-r~d:, ~t~n) ~~D&r O)~ l::O)et :> ~:, '"? C: G-C:t3 t) ~ 7 077 ry /JlJh~1TbtJ: v). g-tJ:b~, ~ O)et:> tJ:~{lf:r-r~d:EJ EB'!*m
 
 Gt~7J~, *l~tJ:~~O)*J5±~][~:±~:ffjm ~ tlG. (3) tI~~~~d:7 1) 7 ~ 3 /7°v A, "!I)V7°VA, i'EbJ±7°VA, D-~ 1) -7°VAt~C(J)~~tI~M!m G-c~~TG7J~, ~~J±1J7J~%i ~1J[]7JtJ: v~t::.~, ~~~iEit, ~%il3t, J@jfl~*~~m~:m1J[]O)1J rtiJ~: d; Q.
 
 
~: Gt::.J±.~~tI, ~t~, ~(J)tlf!P ~ v~:>. ~1JJt1~f!3JttJ:~~~~t~G O)~:~G -CV~G. ~t~ji~~r§b~=lli:v~~~~=~~ TG::C:~~~G. ~ra'~fT5 ~0)~7J'-7°VAd;~v~~d:CIP, ~~~fT5 ~O)~
 
 --=>
 -C51J6:~tltJ:~~ Gil~~~:J±.~1$~ tlQ O)l:, 0-- )v-c'J±~~tlt~*jf-f~d:, ± ~ G-C ~¥1JrtiJ~=1$U:, If.Jra~J±~~~~tt~fjf-+~d:J±~.*ifJl.~~ G, 1JDIi!1~ G-c5i ~~d:J::ng-Gn~~I(1~d:{Itr:g-G.
 
 7cO)t~~M~1JD~~tJ:~ L--Cmfii~tlG
 
 z: c~!$lt).
 
 *.1:.ii:~:JlG,
 
 §th.m~f&7J) G~WdmMf&~-c'~~fjf-+O)*~~d:J±~-c'~~~tl-C 3-F~~fjf-+ ~ 'bfll< O)~m-rfIJm~ tl-Clt)~. J±~-c'mft~0-- )v~m It)t~ tJ,
 
 :t3 tJ, fJttl1JiJ) GO)o-)vc:~Il~~bitQ C:n~~~~~Uff~lj~J Q{t:~.~w. (CVD) O)-J-e, fJt*O)~tI{~fJ~~±L§{f"}~~ G t::.. CVD .tJ: ~, 7 )v4=- )vft:fJ~tJ: C O)1ftl1iZ:~{t:fJ~ ~ L§{f-J. C: T ~ jjjfJ, d!> ~ v~ ~d:7 )v:J4=-~ ~tJ:cO)1iZ:~fltl{tfJ~~ffjm9~ ~0)0)~~c: G-cM!btl-Cv)~ (Jim ~~~d:1ftl1iZ:"'{tfJ~~ffJm9~jjjfJ~j: OMCVD C: v~:». !t~a9fttlf! -efJPX:/O~llJtm-e d!> ~ 'C.. ctJ: c/O\ 6, ~~f*, ~.f*tJ: C O)fJPX:~~Jij v~ 6 tt-c t3 t], ililI-e~j: ALE J::~! tt~1JfL§{-TJI"O)fJPX:~~ ~lt'Jij ~ tt-cv~ ~.
 
 c
 
 c
 
 37-13:
 
 c,
 
 r
 
 «/~/tJ:cO)~{~**~f*~1600°C ~J:-c'~7}m9Q !li! ~~~!:lJlfT~~Al1~!lltiiJ~l!2rPJ G t::..JI~~*/O~f~ Gtt~. 'C..tt~1JDJ±~tJ: * GT Q c $lb0) *0 t] O)l!2rPJ~d:~Ltt -Cv~ ~ /O~, fill~d:if7 7 71 l' C: IPJ 1;/\1 0 1) '7 ~ 'Y 7 if 7
 
 }.?' /, 70/\/,
 
 c
 
 C:,
 
 771 1'iJ~-c'~Q. *t::.., SiH4~f*~H2' ArtJ:c-c'lff*RG, PH3 *t::"~d:B2H6 ~l1£A G-C 500-650°C -c'~7}m9Q c, n ~*t::"~d: p ~0)7t)v7 7 A ~1):J /iJ~1~GttQ.
 
 :: O)J: 5 ~=, ~f*O)~7}m~~J:: ~ Jm~1::PX:9 ~l1W.~ft:~~~W., tJ:v~ G~d:f~~~mpx: *, ~GLCVD c::v~3. ~f§PX:*W., &:ptJt1~~tJ:cc~J::v'S~. l:~(0)~0)0)~~7J)~=, Si02, Si3N4, Al20 3, SiC, GaAs, AlxGal_xAstJ:C±~~"*~f*I~-c'mv)GttLV~Q~ O)fpPX: ~=frjJij ~ tt-c vi Q. 'C.. 0) :> !> GaAs, AlxGa1_xAs tJ: C 0) 1::PX:~d:, AsH3 0) ~~7J) ~~ (CH3)3Ga, (CH3)3AI tJ: C O)1ftl~~ ~ Jij vi Q t::. ~, 1ftl1iZ:~~7}m~f§px:* (MOCVD), 1ftl~~~f§PX:*W.tJ: C C J::~!tt-Cv~.Q. ~ L- -C, GaAs-AlxGa1_xAs ~'7D .~O)~JI~-c'd!>Q~~f*~-~-*-TO)~fptJ: c~:J!< Jijv i 6tt-cv i Q. 37-14:
 
 77 ~'? (ft:~1236-1237)
 
 EJ EI3 ~=~JJJ9 Q ~~~£(JlJ~o)lE~O)fiiJ.*-1l-T]j~~ff L- L,
 
 .~a9~=~~~£g:.Jt1~f*J~~ ~v)5. ~Jt~1JD~L-LV~.Q0)-c', ~~~=mJ1l~itQ~=~j:105 Kfi~ ~l:O)iWilf!iJ~~'~-c' d!> t), 'C.. 0) J:: ~=~~~=.J1I L- t:::. 7°7 A'? ~~~.J1I7°7A'? C:: J:: ~~. 7°7 A'?*-1l-T0)~JJJX*)v~-]j1keY ~~~J::O)m~lf!-c'~d:, 1 ;t'/O)f§R1fi~ ~~J:: t) ~&:ptiJ~~:: Q. ::tl~~~.&pt C:: J: 0:, ~v)7C* C 3 L- (t::. c::;t~! 2H C:: 3H, *t::'~d: 2H C 2H) O)ikfJ.<'~d:~~l!kfJ.&ptcJ::~!ttQ. z:tt~=~tL-Lm7C~.~l*JtJ:
 
 :>
 
 -420-
 
 cfltJ±~-f*t&.~=J:: J LJ < Gtt~ 77 :A'x~j:1I"l3t7J~/J\~ ~ n~, 5 ~.
 
 
 Q ~-@J ~:WXtJ 1t~f1I!T Q.
 
 'JL ~ 7J~, ±tJ: ~ 0) ~ d!> ~f ~ c*(J) cS t] l: d!> Q. (1) ~.:1-}v1JlJ~ : 7°7 A'x0)1I5itMtfL1tfUm GL, 7°7 :A'?q:r ':~JEg~ tlt:::..~mt~:J: -422-
 
 :Q ~.:z. -
 
 )V~ (]2R) ~:J::QtJll~.
 
 (2) ~~J£rtitJD~ : ~$~) 6 %iv~m~~tJDk -C, 77 A'-X ~m~J£~:J: rtiG, m~I*)v=¥-~~I*)v=¥-~:~.T:Q ~O).
 
 J
 
 -C~~~~:J£
 
 (3)tltlJJtJD~: ~$~)6.m~~tJDk-C, 7°7A'-Xt:p~:tlt~Ul1J~G, 7/?7~'7Mlt, ~ 1 !/ D·" 0 /jt~~tJ:c, 77 A'-x*ft.:rC:tltc:O)mlifFffl ~:J: J -C*ft.:ro)I*)v=¥-~m
 
 * ~ it:Q tJll~. (4) iUiI*)v=¥-f1l.:r~:J::QtJll~ : iUiI*)v=¥-~.:r~77 'A'~~:AMG, ~O)~IJJI *)v=¥-~.~i&IN~:J: J -C77 A'~*k.:rO)~~IJJ~:~.T:Q1J7!~, E'- b. ~:J: J-C tlt~Ul1J~ G, 7 /?7~'7Ma~/\ 7 ~ ~ 1) '/ !/i&IN~:J:J -Ctlt~) 6*ft.:r~:I*)v=¥-~~
 
 .T
 
 :Q1J7!~~l>:Q. (5) !Li1rttJD~ : 77 A'-Xt:p ~:imv~liJ: t] 0).i1rt~~~G, ~~.~c:O)mlifFffl~~~T:Q~o).
 
 37-22:
 
 •
 
 .:r~JAv~~IJJA~!J ~ )v~
 
 77 ;(~;Jj (~J]!1845-1846)
 
 EJ~~~:~d:~,Q. ~.-c'~*~ tl:QfI.0)L§{.:r*t~~J:7t.:r0)1 ~ /~) GJ£:Q 77 A'X ~, tJ:/v GiJ)O)M Ci6~~~~:~J£T Q~fR~7°7 'A'~~1:.~flC: v~v~, %~:~0)5!>
 
 i;) 7° 7 A'~ ~J£$ ~ 77 A'-X1Jj C: v~ '5. 7° 7 A'-X1Jj~J: 7 7 A'~ ~~~ ~ it ~ ¥m~~~
 
 tI.~:J:J-C7t.~tl, /\)vA77A'-X1Jj, ~)E~77A'-X1Jj, )E1it7°7A~1Jj, Lai1rt 1&.77 'A'~tJj, iWjJaJtlt77 A'-X1Jj, PIa 7°7 A'x1JjtJ:C~~l>~. ~< ~J:1&.~:J:~~ 1*0)• • ~:J: J -C77 A'x~~~~it~7J~, 7 )v1J I) 7°7 A'XO)J: '5 ~:1tl~ooO)~M. 1iI~fflv~t::- ~O)~, v--if-7t~::J:Q.1iI~ffl v~t~ ~O) ~l>~. 77 A~1JjO)Jf1fm~~ Tm~tJ:/\7;{-?7-~d:, (1) .1iIJ3t, (2) 77 A'XO)mJ3t, (3) • .:r:t3J:lt1 ~/i1fftJ3t, (4) r.im~rp', (5) 77 A'XO)*~~, (6) mJ3t0)-fiJf1~/'7 ;{-?7-O)¥Jijl Jf1, (7) 7° 7 A'xO)t*J$~:tI!LtJ: c~lJJiJ~:PtJ:v~ ~ C:, (8) M Ci6~m~O)~~, (9) ilr~tt, tJ: c ~l>~. GiJ) G~~fI.~:J: J L, ~J£~tl~ 7°7 'A'XO)/\7 ~-?7-~J:~f~~, mJ3t ~J: l04-10 15 cm- 3 , • .:ri1fftJ3t O.l-~keV c:~*~"*~, 1 J0)77A'-X1Jj-c'T~LO)/\7 ~-?7-~Im~~t~ G '5 Q ~O)~d:tJ: ~.§~~:~C-C~~S~~\~iJ~l>Q. ~\-rG~. ~~tJ:t>O)~J:tJ:v~iJ~, -~~:, tt~~/J\m~O)~J]!~.~J: fflv~ Gtl~ ~O)c Gl~d:, (1) 1t17tt±, (2) *_Y-!/, (3) iWjJaJtlt*t::-~J:-X1 !/ otlt1&.1f, (4) ~ 3 '/!/7-.:z. -7',
 
 LM~t&.9 Q. ~ 0) J:: 3 ~: GT -~.~i6 *.tlt::. -t)v~d:, t&• • ~.iJiO)~~.t] ~ Gt&.n~~*7G~ tl~.
 
 c.,
 
 c,
 
 -424-
 
 Lesson 38: Materials VI (material properties)
 
 :tI
 
 7J l'
 
 breaking ~ b (T) to break, to destroy, to tear up {vt}; ~b(tt.Q) to be broken, to be demolished, to fall into ruin {vi} $&.~. ~'Y X / /\7J l' dielectric breakdown ~. /\ 7J l' failure, collapse, fracture
 
 11 + tortoise, turtle
 
 t.J~ liJ tortoise, turtle
 
 &~ ~mi&~
 
 +V'Y 1:::3?~/+V'Y
 
 crack surface crack
 
 + 3 !J composition, fault, melody, music, tune
 
 **
 
 (iJ~ .Q ) to be crooked, to bend, to curve, to decline {vi};
 
 (~f .Q ) to bend, to bow, to distort, to pawn {vt}
 
 EtiJ.
 
 ~mEtiJ.
 
 +3!J-e/ ~?~/+3!J~/
 
 curve isotherm
 
 7 + attacking, conquering, defeating
 
 :> (J) to attack, to conquer, to defeat •• ~3?7+ ~..
 
 ~
 
 *'Y~3?7+
 
 impact, shock, impulse thermal shock
 
 7 /' effect, testing ~~jtlj
 
 71'7/'J!J
 
 ~~~
 
 :;'/7/~'Y
 
 empirical law laboratory
 
 ~ l' crushing, pulverizing, smashing
 
 ~ ~Q$7.t'~fE.~j):6f:6)tJ\Q. ~ 0)Jit'j)
 
 ~d:3JlIi~J: fJ ~.*Jt~~-Tra'Jl!.~7tI:~~:> c9~.&fFfflj) (/>0) C~t]ftJL ~)~.
 
 -429-
 
 38-12: Mtfpjm~:J: J ~.Jt(J)EE.~~, 1±.~tt~, ~~Ja,
 
 1±.':J: ~~~t:>J::lt~O)if
 
 IlO)D&J~~$j)E90~.~tt)5. J±.~.C:t>~):>. Sit.Jtl:~~l:Mtfpjm~1JD;t'1:",
 
 Jit.l:~)t~:Q ~-eO)Jll*.£t1J ~MJ)E9 ~::
 
 ~.~ifJ±~.C:Pf~~=
 
 C: ~:J:: J~'3tl~,
 
 1±.~~ l:J~)-Co)c7}-O)
 
 C: t>6!>~.
 
 38-13: ~f-tO)tI~~~~O)-JC'6!> tJ, ~0)~f-t0)9}$iJ\Go)J±.1J':it9~mmtt~~9
 
 ~mt:6!>~. ~flO).EE~~.~j:, im1it, 31:111*, P1tt~, ~tt~tJ:cO)~~~~:J~. JtO)3Jlfi3Jloo~:EEtJ ~1JD;t~11Jt':J:: J -Cfibtl~. ~.Jt(J)-mO)3Jlfi3Jlool:EEfifpj m~iJ\~t, ~~~: t)t::~:m*7iiim P ~~O)1J[]1EU1TOOflA C'~ L,t~{~ (1c (uc = PIA) ~~O)
 
 ~flo)J±.~~ C::~) '5. J±.ait.':~G l~J:, ~.JtO)1JD1±oo~HtI~j5!l~ ~;j(6)~ • •~.~ v)?
 
 HtI~jiit.lj:ii#~
 
 P1tt~*t~~J:~tt~(J)~.Jtl:~tG-C 3 ~~HtI~j$6!>o ~\ld: 4 ~~EUJ~f$~m~)-CfJotlQ. ~(J)M.$~~~1J(J)~4~~~~.0)~~{>fpjm®~1JDifIl~~(f)HtI~5!l~~*~~ ~.~4;t~~C:~.Ghl~O, ~O)~.$O).31:~m~~~~. iit• • ~ii~fpjm
 
 ifIli6f 6!> 0 iHlmP'J-e 13 mt:~jt c3t1~ ~ (7)iO~fflv) c3 tlo.
 
 dB (111 ~ (-e '7438-439)
 
 38-15:
 
 
o. HtI~j~~O)M)ElJ: 3 ~~ Etb~j6!>:Q v~~d: 4 ~~Hb~j$~ fflv)t::.HtI~j~.I:J:: ~ -Cfibtl~. Hb~f§~ ~j:, im1it, ~. ~m.~6!>~ It)~j:Ib~7iifm ~n\~tL, ~O) ~ ~O)~U1T7iifmiO\ G31fJbtl~. ~.Jt~d:im~~tt~i1\~tt~-c', -to)dlJ~j~~ OJ ~d:,
 
 OJ=MIZ =Myll
 
 -c'4ft c3n¢. ~ z:. -r M ~d:ijXU1Tfpjm:~~~t9 ~fi*HtI~f.7f:- ~ / ~, z ~j:lfioo~~ (= Ily) , I~j:U1Tmi=~t- ~ / i', y ~d:t:p31:.;Q\c;~~~mi*-eO)~.~6!>~. 9iJ;t~i~tt~ ~f.f~3.,~Hb~jit~Sit.9~W~, M=P[J4, l=bh 3/12, y=hI2c:t~~, Z:Z:~P~d: L~j:T$~J~ra'AI'/, b SJ:lth ~d:~ttlfiooO)~C:rei~-r6!>o.
 
 mm,
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 38-16: *~Jt\7JiJt*~~O)~ C: -r: ~ J], -t 7 ~ '/ 7 A O)fI~~fltmtt ~~fiffiT ~ 0) ~:m~ C: tJ:~ltf-J.)E~O)-J-r:~G. -t:7 ~ '/ 7 AO)~.5i~~d:!/l) 7 ~ A~:J::tl~tltf-J.J*J~:M t:ET Ga~O)*~ ~ ~:{t{ff G-e:t3 J], OJ= Klc!(1rC)1~2 -r:~~ tlG c v~ 5. ~ ~ -r: OJ ~J:a ~iO~~~ G-c~.~:v~t~G5f~5i~-C~ J], c ~d:~1ti.~0)~~ ~G v~~J:J*J$O)P3~a ~~.~-r:~~. ~~Jt\7J.*~~~~~~cG-e~~Jt\7JiJt*~~~~~~.~tt ~ cP¥v'S~. K 1C ~J:~t~, (2Ey)1/2 ~:~ G N/m3/2 ~.{ftc G -e~~ tl.Q. ~ ~ -r: E ~J:.y
 
 
~.ttt*~7 ~ 7 A ~O).~~J:ilIM1 2 ~'i*0)00J±~8$~~;t LV:\~ ~ c~:tJ:~. ~O) ~pIij~'i*~~T ~~ t~li)~: ~J:8$~'-1ItJTT ~~m~~~,~ c tJ: ~. '-11ff~: J:: ~~.O) 7\.fi.~~ *~~d!>~. '-1lfftJ~j:8$0)~~:~)~)~ O)~~j:tJ: J:: tJ ~v:\$7t~: ~~);Q)~ LV:\~ ~ c
 
 
 0 ~O)~c, Jf'J$~0)77~70)~fT~~~~J::?tJ:.00.~~~~~~d!>o.
 
 38-21:
 
 • • ~::J::Q~.O)m~fI~~~a9, m.a9~::mlJ~~, .~II1~~~G~•. ~.~:M T Q*.(1);Q)~tjj~d:fjJ< f~~~ tl -eV:\Q. ~-)v ~ )v~~ •• ~::~J)j( c c ~ ~::~fl~ A tl-~~ra,r~O)mfl~mlJ~T~jj~, ~/ ~77 A ~~i'J)~~S~::>~tGjj~, @Jfi.~~: -~fpjm~7J)~tt~~f--+~:S~, iJfm~J~mt~L-~~ra,r~(1)~~~f~~mlJ~TGjj~tJ: C7J~d!>Q. ~!> 01u~.~::fljmT Q~tj[~::iliv:\jj~~~.T Q ~ c:n~~~~~ G v:\.
 
 38-22:
 
 c
 
 -~~:, ._fFm ~:J:: ':) L~'i*.oon~iJ9tflT G~a~.~ v:\ v:\, *~~:~tT GHftit tt~ifiit*~ll1c v:\ '5. ilIM1Q cT Q C, *~f*1e J,l ~d:, J,l"=F/P C G-e~.c!tlo. J:~-e.*~tJ~::mGL~'i*~tJJn\Tt~~~::~d:, J,lP 0) tJ ~ ~M 00 ~: ~fT~: 7J\ ~t 0 ~'~;Q~ d!> Q . *~f*1e ~:: ~d:tJJ v:\ LV :\ Q ~'i*~:: ~tT Q tJJ.*_f* Ie, Mtll:: ~ LV:\Q~'i*~::~tT QMtll::.~f*lec~~d!>Q. tJJ*~f*Ie~d:Mtll::*.f*IeJ:: t) /J\~v:\. •~f*Ie~J:~'i*O)fj., .00tJ\m, Ja]rm(J)~tj[~:J::-:J~D2~tt~.
 
 38-24:
 
 jfjlJ:JI1t (-t 7265)
 
 itJ ~ 5~- rO):J7 cm(1)~~O)mJ3t~.TII1.~, ns
 
 ~::m~~tlt~T~-eO)it -:J ~ 5~- r~:::>V:\Lm~c!tlLV:\Q. ~.Jt (*~jjltiJ 120mm, ~MjjJ1ij 50mm) 0)* ~jjJ1ijO)ttffiin\G 20 mm (J)~~::~JLT17l:.oom~WJJ-effi t) EItJ~f, tfi t) EItJ~f$7t ~:: 2 kg (J):S ~ t) ~ 1& t) ::> ~t, Mtn\~:: ~ ~1R L-, ~JrilT Qn) c 5 7J\ ~.~T Q. ~- r
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 O)~~:t3J:LF.~c 'bit'J ~
 
 '5 c~J"Gt~v~~ C: C:tI~G-CV~Q. iit.1J~~1ns A
 
 6901 "it'J ~ '5~-~" ~:tI~~n-CV~Q.
 
 itJll~t11 (~7265)
 
 38-25:
 
 Hlfo/.)~*~rp~:~£3 Gt::ci!~:~-r~lfo/.)J.la9ft~a9t~~ft~:~tTQgmJ~~v~'5. IfiJ illHO)jjft$J\Jt5 tJ QiO~, ~~~:~$~:~ £3 ~ n -CM!JtJT ~ll.JtJ*6±~~~WTt~ cO)ifMfti1~d:*i! < , ~iF (J)M!JtJ ~: if3t ~ .
 
 it7J*~tt!§~mf~~t>J~ft-et>, ~lt)~,*-e5tm'ti~:~~;:, ~ ~;Q~~lt) . • -1J~~: m~~- ~ / l';Q~m~JL,-cv)~~~~m~c: It)v), m~c:m~O)ra', Ttt!V~A 1:: /0) 1J~;Q~~~ ~:~f~G~v)~$7t~m~c:v),? .1J'ti;Q~~*~v)~Jt (t~c: 7L~t S~COI7 ~ N~FeI4B) ;Q~7k~mE*jf-tC: L,-cmv) Gtl, ffflJ1lPL,~Tv)m.O).1Jft ~~J~Jt (t~~7L~tt=. Fe2 0 3 ) ;Q~m~~c.*jf-t~:fIJm~tl~.
 
 39-2: ~~fjO)~~~:, *f~O)1J~~:h~1JD7L~ ~Jjt;h ~:ttf9iJ L,t=.iI~7tti;Q~~~L" -~t O)~~~mi~:iE~O)ilfpJ;Q~~ C~. z:. O)~~~J±.~, J±.7JJ*~t=.~J:iEJ±iI~jj*C: It) z:. 0) e:t tJ:~M:t~:.~~tJ)~t G C: iI~~:ttf9iJ L, t=. D-r ~;Q~~ L, ~. z:.tl~i2!J±.~jj *c:et~~. ~.se~~:~J:J±iI~jj*~J:.~E~:Jlt)-C, J. Curie, P. Curie 5lm~:e:t 0 1880 iF~:~J!~tlt=.. ~~n~J±.~jj*~~TtJ)~tJ)~J:*5~O)}i~$~t~,ti~:e:t ~ -Cik:~ t), 32 0)M:t~0):> ~J±iI~J.J*~~Tt>O)~J: 20 M:t~-e~~. ~tlG ~d:, (1) ~.,ti~7J'T 10 0)
 
 :>.
 
 :>
 
 M:t~, T~V~, =~~*:~, .~~*:~, ~, ~1J~*:~, tt1J~*:~, C4v ' =1JM:t*: C3, C3v ' 1\.1JM:t*: C6, C6v C, (2) ~0)~~7J) 10 0)M:t~, 9tJ:V~, i~ 1JM:t* : D 2, iE1JM:t*: D 4, D 2d , 84 , =1JM:t*: D 3, 1\.1J~*: D 6 , C3h , C3h , 1L1J
 
 M:t* : T, Td -e~Q. 7tti (~t=.~d:.~) cJjt;h (~t=.~d:D-r~) O)ra'O)ttf9iJml1*~~T 1*~~J±.$c v):>. 7tti~!J l' )vO)~7t~ Pi (i = 1, 2, 3), Jjt;hT)''J )vO)~7t~ Of
 
 (i=l, ... , 6)C9GC:~, Pi=~dijOjc:tJ:t), dijn~J±iI$-e~G. J±.$T),'J)v~J:3 ~O)T)''J )v-e~ t) 18 OOO)~7t~ t> Jn~, *6M:t0)~t~,ti;Q~r9i tJ:Q ~:~lt) 0 -ett! It)~ 7t0)~~d:~1I'T~. tc.~7L~ttL1J~*O)T, Td ~~d:, dijO):>~' dI4=d25=d360)~tJ~;f:f
 
 
 ~, ~O) 4 fln1~ 13 n LV~ Q. (1) PVDF : 7 ~f~l::= ') 7/ (VDF) O)*t~ ') ?--, (2) P(VDF-TrFE) : VDF c:=7 ~ {(jX7" V /O)~mft~, (3) P(VDF-TeFE) : VDF cflY7 ~{(jx7" V /O)~mft~, SJ:: It(4)P(VDCN-VAc) : ~7 / l::=1)7/C:fFlll::=)vO)~l[~mft~. ~n13O)~7tT 0)J±.~*~d:, (1), (2), (3) -c'~d: CF2 0), ~t~, (4) -c'~d: CN O)l2rtiJ7t.~:~tzgGLlt~ Q. (1), (2), (3) ~d:-~O)ffIE3~~J%i~.~l:'iJ!>~. *f~:, P(VDF-TrFE) 0)1Jl~d:, J:: ~~Gt~ '7 ~ '7~An) 13tJ: ~, B~tJ:5t~.*fIt1c%iv~J±tI~*~7J'9. ~t~, z:. n13O)J±.ttiWi5tT~.m~~~tI~l:'~iJ!>.Q. J±.It1iWi7tT~d: 0.2-0.3 O)falmO)tI~tI~*tiftf*~~tt> J. ~t~, 1R€tlJ±tlljf-f.~:tt ~G-C, ifV1 /t:-7"'/A;Q~/J\~ 1JDIttiQ~J::lt~. z:.n13O)*f.~fljmGL, rtlt~ }ajtJt~ttf~*It1 c:~lt~/')VAJJt~*fIt1 ~ ~ --:J.~ if.~~ltf-f c: GLO)JJtmiQ~~Iul:'v~ .Q. miftJt~{1 (5-100 MHz), miftJt~1tJT (3-50 MHz), miftJtJJi• • (50-1000 MHz) (J)
 
 
 .Q . ~ t::. ,
 
 • fg;llfftiQ) 13 400 K
 
 ~ -c' 0) llfftlJtfa 1m l:'.
 
 ~tI~*fiftf*~~d:~~~£-~O)~~ tt> JO)-c', iftJt!fo/.JIt1iJ{tl~m O)miftJt~~TC: ml:'~Q.
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 G-c tt>flj
 
 39-4: ff.~jj*~JmL" -C.~~~:Ul1J~~ tlt~tI~~tJJ~v~ '5. ff.tt*SA7J) 6*SA$dJ~:~tL" l*)EO)P.J~~WJ fJ ttl L"t~fi*t~~J:.O)*)EO)-~tO)mi~:.ti~f'f~t, ~tl~:~i1rf.ff ~t=P1JOT ~ c, i~J±.~jj*~:J:J -C*SAt1'J~:~i1rfO)Jt\JJjj}iO~~~T Q. ~O)t~~*SAfi ~d:tI~~tJ:~tJJ~~T. :: O)*SAfi ~ J±.~tJJT C: v~ 5. t=P1JOT Q ~i1rf.jj}O)~tJJlc;¢~, *SAfiO)tI~~~~Ja]i1tIc~:~ L" < t~Q C, *5Afi~d:tI~~t~~~~~T. ~O)~, *6 At1'JO)~i1rfJt\JJjj}~d:IEJ±.~jj*~:J: J -C~i1rf.~7tIi~~ G ~ O)~, ~~J~~~d:.tI~: *~tJ:.i1rfiO~i1rftl)bU. Tt~bt>tI~~~~}~(f'filI~~d:, .tit4fijT7J)GJ!t:.ff.~tJJT ~1~0).~~~~.C:~~~~~. ::O)~~~.~~~~lj~~~L, .~• • R O)iR~J~~~.~:, ~ '5 DC:~O).~ • • Co ~~~J~:~rtL"t~ ~O)~ilI~~~ Q. ~tl60)~~~T~, *SAO)m~, ~ • •, ff• •, ~tt., tI~~Q~c, ~
 
 c
 
 tim
 
 tJJTO)'f~~:J: J -CiR:*QO)~, jt~J~f'filIO)ff.~tJJTO).~~ /l:::-~~~ ~0)11J)E 7J)G z:tlGO)~Ji)EIc~>1 * t~ ~d:Jt\ J JJn~~-r Q t1Ji ~ ~ ~*T. J±.*T~: ~d:lli*5A C:~*5An~~ Q. .*5A*T~d:*A, o 'Y ~ .:r. )viji, LiTa03 , LiNb03 iO~R~~-c' ~ Q. LiTa03 , LiNb03 ~d:=1J MJ* -c'~fS)! ~, .~tI~*fi~f*lciO~*~ Q. t=rJ1JD.ti~~/J\~v~5!>~d:, ~~~£ .ti~~ttf?iJ9 Q D9~~1:9Qn~, *~ tJ:Q c.tiO)l::r~17 )v-c:5iM.~7tIiO) RI~~~~:~t~G-C~~n~-~GtJ:v~~~~7J'G, M!v~~G v~. ~~ -C:~G rm~~tt t=. ~(J)n~, ~ if*~t7 b=;t~m~ (PMN) *(J)m~ltf-t-~l>G. =*~tJ:~jj*~l>tJ tJ:n~ G, 10- 3 ~:~9 G D9~~~ G, 1Jo;t LJ*~~~:~d:RI~n~tJ:v~}~n~tt § ~ ttLV~Q. .~7 ?7-:L:r.-~-0)-~~!ft:J[1c G-C~d:, (1) ~+,urn ~~O)~{~.~ 0.01 ,urn O)~~~*,J1MJ~~lJJn~-cl>G, (2) ~~Jm~~d: 10,us m~~l>G. (3) ~~t.J~d: 400 kgf/cm2 ~l>G, (4) m5[~~:~G c~fitt~l>Gt~3D~:m~~::~TG.t.J~d:/J\~ m mA:7?7 .:L.:r.-~-O) 1/10 ~r-cl>G, ~ cn~l>~jGttG. ~~7 ?7-:LX-~-~J:m~jjA:~)G, J:P1JDTGmti':MGL~~~:~~G~ f)J:~fljJf.JTG~O)c, 3t*tti~::~tTQtI~~jt~~:f~'3~{)J:~ffJJf.JTQ~17° (mif ?1tt-~-) ~:*BIJ~ttQ. 1W~~d:~ G~:, ~{)J:~~-*m~TG~O)C:, ;t/·;t7 ~~:mIJJ9.Q~T~:7t.~tt.Q. *T'tf-f~~:v~5C:, mif?1t-t-~-O)ti~~:~d:, 1£ *O)ff.~IJJTJf.J-c~n)tJ:;t G n~, ~~~{)J: ~~ C Gti~~:: ~d:BfJO)!ft:J[1n~~>l ~. .mtlX;Q~~ra'~~tI G • • O).tJ:Q~~~:J ~ ~t~~ c, -$~d:btMG, ftl!~d:*JT Gv)• • g:t ~::A t) ~J& (Mlt) ~ tltJ:;Q~ G~tI GL
 
 v) :Q. {If.mJtlX~~d:~J&IO~
 
 1"tJ: ~::mtJ}7J~±f*O)tJ}'@;~d:ZI lOJ-lr -r: btMffl~ ~J: ~ lOErl4Z2 tJ: ~ . m'tlf* ~ ~c GL mv~ ~ C J.l ~ *, U ~ /J\ ~ d!> ~ ir\ G~J&~d:*~ btM~d:/J\ ~ tJ:~. G t::'7J~J L, {~}ajtlXO).tJ}~:~tG-C~d:bt Mfl~;Q~~j]*~tJ:O)-c', m'tlf*~:J: ~ ~-)v ~d:1f~jj-c'tJ: v~. {If}ajtlXO)mtJ}~~d:btMfJl ~J: t) ~J&fJl~7J~*~ v~O)~, J-l O)*~ v~ •• ~::J:: ~ ~-)v r:1O~1f~jj~d!>~. -110) ~ --)v ~/F-r7t0)tJ}'@;~d:~1I ~-)v 7J~~\~ C: tJ: G 7J~, jlP] c:~O)=m ~-)v -r:tJ:, itt
 
 c: G.~-r~.'tl£f&J:~:JIG~. f*~flll G, Z:O)MtJIGf*~OO~::I tJ7~.~:J:: t) -~~::~.~itG. ~~:IOOfj~$O). fpj~.JIG~:e:tt),*~, ftt.~fj~J< G . •fpj~~Jtc.~{g~D~~~d!>~1'7-~ftt. ~fj~:ftt.~~~it~cfj7J~J!it~. il1~~: ~7-fj~mki~:~1:J.G~{>J±7J~1J[)it-C ~~~it~. ~JlGf*~:M!'5JIG~.ltf-f.~d:, ~)]WlO).T1:J..-r:~d:~~~.Se {> ZnO ~D~7t 1ft*7J~M!btl-Cv~tc.iJ~, ~tt~~d: Se-Te, Se-As, CdS WD~7t1ft*tJ: c7J~~mft~ tl-Cv~
 
 o
 
 G.
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 39-10:
 
 .-T. ~ m V) LBit~ ~~* GL.~T Q ~.. V) ~ v) ~ tJ:~O)~.iO~ ~ Q iO~, Bitf-J. ~
 
 i!iI Gt~.-T.~ V / A'* ~ mv)LMflT Qi!iI~.-TlQfI., Bit~~jfi~)6 &:M Gt~ .-T.~MflTQ&:M~.-TJj• •, .*~tlt~.-T.~Bit~~jfil:~:~~GL, Bitf-J. 0)~~~~~)6~m~tlQ.-T~~mH~~~Lm.G,
 
 ~tl~Bit~l:O)~~c~m~
 
 itL77 r) /'if l:~::fl~~GtHT~~~.-TJj• • iO~J:: O)iO~~v~ ~~, 1JDim.ffiO~ 500 kV ~l:0) t>0) ~M:~:milGff.-TJjfl.cJ::Lt, iji1£ 3 MY O)j]oim .1£0) t> 0) *~~fF~tlm v) 6 tlLV) Q. .-T.O)Mfl~d:$Ib:Mfij\O).JA *t~ ~d:mJA~:J:: :Q.-T v / A~mV~L~-jotlQ . •-T v / A'~d:7t~V /A'~:tt~LJj(jfiJ&~iO~*~ ~Jt ~ IliIf*CmJt c et Iv '1: v~ G.
 
 40-2:
 
 • •~1W (ttn~1385)
 
 Cmt~mtT~ c ~~et J -C1.:. C~{~~oc~. *t~, ~tl~~fT~itQ1Jr!. C5(ta9x* )1t'~-~#t~TGt~~, § E8I*}1t'~-iO~m1JDT Get:> tJ:, tf)iO){~~oc~~~J:~ tJ;t tJ:v~oc~~~T~ciO~-C:~~. -1 ~/~~~~et J -cSfpfiO~~~ttlG~f* (.mJtm~, ~::-~tO)CIi~~AG, ~~tJ:SJ±~7J\~t~ c~Ii~::~-1 ~/, ~.~::~ -1-;t /iO~.* JJ, ~O)* *fJTttl~~ v~~j:C.~oo-c:oc~Giit~tJ:ttnJtiO~1.:.~~ tlQ. ~\ ~tJ:.5(tit~d:1.:.~~tl~ttn.O)it~:J:tf?iJG, .{}[ttn.it~t~ JJ zF -c: ~ G. ~ ~ -e z ~d: -1;t/ 1 fin~5t-T 1 fi~:tJ:~ C ~~:~4TQ.-TO)filc, F ~d:7 7 7T-~Ic-C:~~. S5(t5tm~d: ~ * ~"* tJ:5tIf-C: ~m ~ tlLV ~ Q. ~ 0) ±tJ: ~ (J) ~j:, .5(tm., Sm1JOI, C5(t~J~, Sm~M, Cm~/T/~-~C-C:~Q .
 
 MmijItJ:c)
 
 40-3: CtiOC~O)~fT~:{*J
 
 • •ami ({~~919-920)
 
 -CifrttlGCmt. 77 7T-CifrtC ~ v:\v:\,
 
 ~O)*~~ ~J:7 7
 
 7
 
 T-(J)r!J{Ij~~~:>. 0 + ne- ~ R -c'~~ tlQ.tioc~~:J::Q.mCifrt I ~d:, ~(J)OC~i* ]jt v (SI .{}[~d: molls) ~:J:tf?ilT Q. Ml1~1J~ R ~ 0 + ne- ~:~t~T QCifrt~$5t7 J-
 
 ~Cifrt la' Jl7C1J~ 0 + ne- ~ R ~:~t~T QCifrt~$5tjJ 'J- ~Cifrt Ie cT G C, ~. mCifrt I ~d: 1= la + Ie -c'4;t GtlQ. t:..t!.G, 7 J - ~Cifrt(J)~1%~IE (/ a > 0), jJ 'J~Cifrt(J)~1%~~(Ie < 0) cK8*T Q. la :t3J::lt Ie ~Ml1~:t3J::ltJln1J~(J)oc~i*]jt vox :t3J::lt Vred ~O)ra'~:~d:, ~O)~f*n~~.lLTQ I a = nFvox :t3J::lt Ie -nFvred • n ~d:CIiOC
 
 =
 
 ~O)Sfpflc, F~77~T-~Ic~~~.
 
 40-4:
 
 z:
 
 cm.O)m~~iiI!mttn~:s~I*)v~-~4;Z LS~5tmoc~~~ ~itL § a9ttn~ ~~~t~~O)~ta. cm~~ (Sfi), • •, ~~~~d:G~.m~O)r±AD, ~~ttlD, §£1.:. 5(tf*0)J& tJ ttl G D, {f.JW~tJ:cn\ G.~~ tl~. *t~.m~~M!m~tlQ.m.m~ (M ~) ~Cmmcv:\5.
 
 40-5:
 
 .f!i (1~~925-926)
 
 sm.m~, IliIf*CmJt*t~~d:~f*tJ:cO)*~:~$n\G.i1rt~)iTt~~,~~v~~d:Z:
 
 tlGO)*n\ G.i1rt~~$~:J&JJ ttlTt:..&J,
 
 ~Q V)~d:1t~*t~~j:~.f*tJ:CO)*~:.~~
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 4;tGt~~(J)~'1* (CT~~'1*) ~-~~: • • c v~5 . • ~(J)AIJ ct~GCtlcl:tl1J c t~G.ti(J), ~t~ < c 'b 21i(J).tint~G(J)ntttilli~~G. c.~:~J:m~~:~CLV~0
 
 v~0tJ:~~·*~~0)~0);6t~tJ,
 
 *tf-J.CGL~J:~~, ft~, ~*, ~.1t1~ltM,
 
 *2J
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