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FOREWORD

The National Curriculum Framework (NCF), 2005 recommends that childrens life at sc hool
must be linked to their life outside the school. This principle marks a departure from the
legacy of bookish learning which continues to shape our system and causes a gap between the
school, home and community. The syllabi and textbooks developed on the basis of NCF signify
an attempt to implement this basic idea. They also attempt to discourage rote learning and the
maintenance of sharp boundaries between different subject areas. We hope these measures will
take us significantly further in the direction of a child-centred system of education outlined in
the National Policy on Education (1986).

The success of this effort depends on the steps that school principals and teachers will take
to encourage children to reflect on their own learning and to pursue imaginative activities and
questions. We must recognise that, given space, time and freedom, children generate new
knowledge by engaging with the information passed on to them by adults. Treating the prescribed
textbook as the sole basis of examination is one of the key reasons why other resources and sites
of learning are ignored. Inculcating creativity and initiative is possible if we perceive and treat
children as participants in learning, not as receivers of a fixed body of knowledge.

These aims imply considerable change is school routines and mode of functioning. Flexibility
in the daily time-table is as necessary as rigour in implementing the annual calendar so that the
required number of teaching days are actually devoted to teaching. The methods used for teaching
and evaluation will also determine how effective this textbook proves for making childrens life
at school a happy experience, rather than a source of stress or boredom. Syllabus designers have
tried to address the problem of curricular burden by restructuring and reorienting knowledge at
different stages with greater consideration for child psychology and the time available for teaching,
The textbook attempts to enhance this endeavour by giving higher priority and space to
opportunities for contemplation and wondering, discussion in small groups, and activities requiring
hands-on experience.

The National Council of Educational Research and Training (NCERT) appreciates the
hard work done by the textbook development committee responsible for this book. We wish to
thank the Chairperson of the advisory group in science and mathematics, Professor J.V. Narlikar
and the Chief Advisor for this book, Professor A.W. Joshi for guiding the work of this committee.
Several teachers contributed to the development of this textbook; we are grateful to their
principals for making this possible. We are indebted to the institutions and organisations which
have generously permitted us to draw upon their resources, material and personnel. We are
especially grateful to the members of the National Monitoring Committee, appointed by the
Department of Secondary and Higher Education, Ministry of Human Resource Development
under the Chairpersonship of Professor Mrinal Miri and Professor G.P. Deshpande, for their
valuable time and contribution. As an organisation committed to systemic reform and continuous
improvement in the quality of its products, NCERT welcomes comments and suggestions which
will enable us to undertake further revision and refinement.

Director
New Delhi National Council of Educational
20 December 2005 Research and Training
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PREFACE

More than a decade ago, based on National Policy of Education (NPE-1986),
National Council of Educational Research and Training published physics
textbooks for Classes XI and XII, prepared under the chairmanship of
Professor T. V. Ramakrishnan, F.R.S., with the help of a team of learned co-authors.
The books were well received by the teachers and students alike. The books, in fact,
proved to be milestones and trend-setters. However, the development of textbooks,
particularly science books, is a dynamic process in view of the changing perceptions,
needs, feedback and the experiences of the students, educators and the society. Another
version of the physics books, which was the result of the revised syllabus based on
National Curriculum Framework for School Education-2000 (NCFSE-2000), was
brought out under the guidance of Professor Suresh Chandra, which continued up to
now. Recently the NCERT brought out the National Curriculum Framework-2005 (NCF-
2005), and the syllabus was accordingly revised during a curriculum renewal process
at school level. The higher secondary stage syllabus (NCERT, 2005) has been developed
accordingly. The Class XI textbook contains fifteen chapters in two parts. Part I contains
first eight chapters while Part II contains next seven chapters. This book is the result
of the renewed efforts of the present Textbook Development Team with the hope that
the students will appreciate the beauty and logic of physics. The students may or may
not continue to study physics beyond the higher secondary stage, but we feel that they
will find the thought process of physics useful in any other branch they may like to
pursue, be it finance, administration, social sciences, environment, engineering,
technology, biology or medicine. For those who pursue physics beyond this stage, the
matter developed in these books will certainly provide a sound base.

Physics is basic to the understanding of almost all the branches of science and
technology. It is interesting to note that the ideas and concepts of physics are increasingly
being used in other branches such as economics and commerce, and behavioural sciences
too. We are conscious of the fact that some of the underlying simple basic physics
principles are often conceptually quite intricate. In this book, we have tried to bring in
a conceptual coherence. The pedagogy and the use of easily understandable language
are at the core of our effort without sacrificing the rigour of the subject. The nature of
the subject of physics is such that a certain minimum use of mathematics is a must.
We have tried to develop the mathematical formulations in a logical fashion, as far as
possible.

Students and teachers of physics must realise that physics is a branch which
needs to be understood, not necessarily memorised. As one goes from secondary to
higher secondary stage and beyond, physics involves mainly four components,
(a) large amount of mathematical base, (b) technical words and terms, whose normal
English meanings could be quite different, (c) new intricate concepts, and (d)
experimental foundation. Physics needs mathematics because we wish to develop
objective description of the world around us and express our observations in terms of
measurable quantities. Physics discovers new properties of particles and wants to create
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a name for each one. The words are picked up normally from common English or
Latin or Greek, but gives entirely different meanings to these words. It would be
illuminating to look up words like energy, force, power, charge, spin, and several others,
in any standard English dictionary, and compare their meanings with their physics
meanings. Physics develops intricate and often weird-looking concepts to explain the
behaviour of particles. Finally, it must be remembered that entire physics is based on
observations and experiments, without which a theory does not get acceptance into the
domain of physics.

This book has some features which, we earnestly hope, will enhance its usefulness
for the students. Each chapter is provided with a Summary at its end for a quick
overview of the contents of the chapter. This is followed by Points to Ponder which
points out the likely misconceptions arising in the minds of students, hidden implications
of certain statements/principles given in the chapter and cautions needed in applying
the knowledge gained from the chapter. They also raise some thought-provoking
questions which would make a student think about life beyond physics. Students will
find it interesting to think and apply their mind on these points. Further, a large number
of solved examples are included in the text in order to clarify the concepts and/or to
illustrate the application of these concepts in everyday real-life situations. Occasionally,
historical perspective has been included to share the excitement of sequential
development of the subject of physics. Some Boxed items are introduced in many
chapters either for this purpose or to highlight some special features of the contents
requiring additional attention of the learners. Finally, a Subject Index has been added
at the end of the book for ease in locating keywords in the book.

The special nature of physics demands, apart from conceptual understanding, the
knowledge of certain conventions, basic mathematical tools, numerical values of
important physical constants, and systems of measurement units covering a vast range
from microscopic to galactic levels. In order to equip the students, we have included
the necessary tools and database in the form of Appendices A-1 to A-9 at the end of
the book. There are also some other appendices at the end of some chapters giving
additional information or applications of matter discussed in that chapter.

Special attention has been paid for providing illustrative figures. To increase the
clarity, the figures are drawn in two colours. A large number of Exercises are given at
the end of each chapter. Some of these are from real-life situations. Students are urged
to solve these and in doing so, they may find them very educative. Moreover, some
Additional Exercises are given which are more challenging. Answers and hints to
solve some of these are also included. In the entire book, SI units have been used. A
comprehensive account of units and measurement is given in Chapter 2 as a part of
prescribed syllabus/curriculum as well as a help in their pursuit of physics. A box-item
in this chapter brings out the difficulty in measuring as simple a thing as the length of
a long curved line. Tables of SI base units and other related units are given here
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merely to indicate the presently accepted definitions and to indicate the high degree of
accuracy with which measurements are possible today. The numbers given here are not
to be memorised or asked in examinations.

There is a perception among students, teachers, as well as the general public that
there is a steep gradient between secondary and higher secondary stages. But a little
thought shows that it is bound to be there in the present scenario of education. Education
up to secondary stage is general education where a student has to learn several subjects

sciences, social sciences, mathematics, languages, at an elementary level. Education

at the higher secondary stage and beyond, borders on acquiring professional competence,
in some chosen fields of endeavour. You may like to compare this with the following
situation. Children play cricket or badminton in lanes and small spaces outside (or
inside) their homes. But then some of them want to make it to the school team, then
district team, then State team and then the National team. At every stage, there is
bound to be a steep gradient. Hard work would have to be put in whether students
want to pursue their education in the area of sciences, humanities, languages, music,
fine arts, commerce, finance, architecture, or if they want to become sportspersons or
fashion designers.

Completing this book has only been possible because of the spontaneous and
continuous support of many people. The Textbook Development Team is thankful
to Dr. V. H. Raybagkar for allowing us to use his box item in Chapter 4 and to
Dr. F. I. Surve for allowing us to use two of his box items in Chapter 15. We
express also our gratitude to the Director, NCERT, for entrusting us with the task
of preparing this textbook as a part of national effort for improving science
education. The Head, Department of Education in Science and Mathematics,
NCERT, was always willing to help us in our endeavour in every possible way.

The previous text got excellent academic inputs from teachers, students and experts
who sincerely suggested improvement during the past few years. We are thankful to all
those who conveyed these inputs to NCERT. We are also thankful to the members of
the Review Workshop and Editing Workshop organised to discuss and refine the first
draft. We thank the Chairmen and their teams of authors for the text written by them
in 1988, which provided the base and reference for developing the 2002 version as
well as the present version of the textbook. Occasionally, substantial portions from the
earlier versions, particularly those appreciated by students/teachers, have been adopted/
adapted and retained in the present book for the benefit of coming generation of learners.

We welcome suggestions and comments from our valued users, especially students
and teachers. We wish our young readers a happy journey to the exciting realm of
physics.

A. W. JosHr
Chief Advisor
Textbook Development Committee
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ay wdd [azfd s asiy 9. il e 2 wdl 3 oad velal
yel3l ¢e ueld «ell,

gl Ugldd AlssA 2SR A URHIRL S B, B uslEdHl ISR
5 uRwRHL 32812 sl (2udl [A3ld sa1) ool %3 Ul ol
dd Adla 2use-dl Roil B4 siamyds vl dl d-dl dondu
2Ll ARl Y 8. AR dH [l 941 914 £l AR d Uldisll Y
U512 2 WRMERL WL HAd 8. uelddl % R 5180 [A3usen
g2 Sl d Uldidl Y0 SR A R YAurd 5389, dd
Ralausdl s& 9 ud Gau~t adl [Azued Raldaus [[3ua
5¢ 8. ¢OIEl (Putty) adl sted (mud)<ll [Ug U2 ol dd oo @y
ULSL dl dHl vididl WS 241512 uiol Haddisdl gl Sidl el vt
d suM W2 [QA3Rd 9§ 2nd 8. 2l yslld WlRes séald © i
st udl odd w22l (Plasticity) 58 9. ¢olEl A siea
2igdl WiRsl Aws B,

A[FMUREL Bapdui seusdl Rafaaus adeys el st

N

ad 9. Gelewl a3 Bletadl Roda sal w2 2a, silze
QIR Fal sedl-il Rulfaaus ol s €ld 330 9. AL %
Ad By, 2tieiHensd, Au-d-l Ratdd a9l =2 uel 2L dld
Al 9. idl uel ug yl wsiy 5 g ULl A4 sdsl ulg
wogold €l ddi @Al Bad 531 aglal ? 9 vl viai
sB 20 R 531 aslal 5 % east U Hyold Sl 7 Al MR
2dd 25l L5 T odl [Afre ¢l 9 7 ol M2 s1d olesell Sld
89, U (U g A2l 7 240 o4l % Wl galodl A3did A

usiL ol 5 ol 3dl Ad el el ddt uslld RMd 82 9,
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Alllasasiiz

del oAl Ay 9. L USWHL UL Bl
yeldldl RafRaus ades »a wibls apasidl
wedlA s, ¥ AL v ULl B3 >yl
9.2 u uglaldl Raliaus adgys

(ELASTIC BEHAVIOUR OF SOLIDS)
28l el el 3 oud usldui 8ds uMIg, b
2§, del il uMIRDAL 5 YL gl BAAAL
Sl B, wid uHIRdls § id edls ool ad
dil visollal A8 wsiddl €l 9 v 2] Afdd
AL 28 B, U U4 ueld [A3unl Aed
AUl YA 5 ARAL dMHl Aqadt el
RULAARA wd 9. uRRUH 2id wHedly (A4l
MIAR2ARANY) dHL 5512 Ad 9. wUIR [A3usoio
82 5L 2l €9 ALY 2id uMIRAlY 6ol du-
o 2d 4 d 8 A dd usld Wldidl 4o
L5 A URHIL Yuid 53 8. YetRUuAs] i
wiBal 2usla 9.140 eulda [RaL 2 ollani Hisa
GIRL UMD AU O, Ul olld MR dal Ry
§id UHIAls ool g 53 6.

=

—

< =
SO, )

2isld 9.1 a4 wed-l Ralazaus adys e

“lFor-olid” Hisd

A diL S5 uRL olldA dxil Adan Rl 2@udid
sAdlAl WAl sl dl (Rl dol elldd d-il 4ot
22l ULl A il WAl 5290, UM, B Yl ]
Ralaaus adgs ad ueldsdl e uslanl Adedl
auondl astd. Ay ofifasaill A6E €5
(S 1635-1703) UL w2 wdlaL s34 iddl s1ey
5 ueldlal GeMadl deitsHl 33512 aldl wle oa
wdl 6ll% (load)d AUHILHL &ld O, 167641 dBl

RaldReuusdidl Rud 2l @ gd gsl [Ruw 4l
oy 9. U8 dd [ uRwde 9,441 weuy
53090, olldarl [Faml ss 24l [Rad L [@std-l
A3AAAL HizllcHs AolHl UL vis 0. Al[F[RulEal
Rapldenl deal el el ol dsu sl ades
uledl vor o Heradl O,

9.3 ulaoin 214 [agla (STRESS AND

STRAIN)

Ul 5185 uslel U il Ad 610 sl Hid 3 d
g (Ul 2[reai) 22l Adandl 28 dl d 2Aeial
waiRi [A3uel Wi 9, F-l 2R yeldHl sl usl
dal [A3useandl Hid U ¢l 9. 2id ol as § arul
gl 2L [AzuRL s wsid g, uid [A3us ad ¥ sl
8. %12 Ueld YR [A3Us6101 ALLsAIMl U IR UsldHi
YA R2US6L0L BEQLA 6. UL YrARAUSH0L Hir AldL Uldel
ol g2d, o uiq d-il [A3g [Rami $ld 8. 2sH &isa
gls Gestadl Yriausoaq ulann sé 8. ueldai 4
U9l A5 dotlRAML AL Uk 6oL F 1 dl

ulastod i = F/4 (9.1)

ylastodl SI 254 N m™2 A2l Wisd (Pa) i
ds wRHIRs ¥ [MLTIT?] 8.

UL SIS B Usld UR GLEL 60l @ALSUME d
AR ddl uRHEml oL Ad FReR A uF 8. %
2isld 9.241 saldd 9. 2usld 9.2(a)Hi AvusiA
el 2AL0eA o3l 6L AMLA 610l dldL ULl v{AdMi
2idd 9. L BRuHD 2AsH 2e €ls YA
s e Wlaen (Tensile stress) s5¢ 9. ol
oLl 244 S50 AUSIR ASIAA UIH dl s EAnAs0
gls yriRalus oA glefla wlasin (Compresive
stress) 54 €. dold 4 slolld ulasaqd Addld
ulasn (Longitudinal stress) ugL s 69,

ol [Buml AAnusi-dl dousul 3812 Ay B,
uelddl douul adl 33812 AL i ueldsdl ya
doltsS L (U (Bl Aousiz HI2)HL ol ddld
[E{éx[\d (Longitudinal strain) 5¢ ©.
AL
L

A% sl 9.2(b)Hi saleur 3ol AvusR-L
LOE WAL URR [Aye [Raudl o e [A3us
OLOUL ARLLSALHL U IR, AoUsIRL AMAH] oLyl
Q22 AaL @id A 9. 2l @l ud el
6o 5181 HisH AosU ls Befladl YrReus toid
uelly staar 2us12 ulaetn (Tangential or
Shearing stress) PR

Aot [agla = (9.2)
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N, C

(cell) Ave-l GuAoL $41 edl.

Rl SAL S HHZFAL MISHL DUHIR AL

A0 ¢s (Robert Hooke) (§.4. 1635-1703)

Ale gl o 18 YalsS, 1635+ A% 3AAIRR, SUA 15 dAldeHl 2l
gdl. d Al adegll AW dsust WSl s RUR 2 ogyuil
WAL Sdl. dHdl 2isusd [Ralbenaudl A©ea A3 sdl udg $434 lds
2 asdl A& odi d ulaenauoll qds dotl otslladiz i [Biledrdl Rad-r
gl d ollde-aguu-dl -l a3l Aot olldarl vee-dla a3 8l edl. -dl
AU AU ARUUSAL UAPL-532R7 dE 166241 o [H38Ls wiil. 16654
d Aa SidHl oAl Widu oiwdl, oul dgl wollolly ddisdl sul. dusl
AoURUA udds 2lesiusl 2l 530, 2RBUHHL wi=l ARl 2 4R
ARAHSAML 215 el 2l 53 oy Uldiddl e U aHeL 528 dd YA
4, Ho AL [AoidaR IURRL ddR sal il d ugdlall ioeluyl il
Guylal 53 3oL UL GuRL-eR g8l Ul Al ol dgid sl WSl ‘@dd 4ol [Rud’ Ry sl
o vl e AABA sul adl. d Ad4A AL A4 (Fellow) a3 el HHiedl 214 1667 @l
1682 i AL Az dls Al 2l USSRUBAHL dqd d-l adis s>l usta
a2l Rugidd A 54 2 515 (Cork)l HouAl uReUM 243U waldsiidl Aecl UM duid 51N

AllsarRelAML A0 85 dusll RAMRAUSAAL Famsdl it 2 dll a4 waldd ¢dl, (Ut tensio,
sic vis) ¥l 25 AR Ud 8. Fell 2 A B ¥ [A3uel dd o, 0 Fud ulden 19 @l da

sl 9.2 (b) Mool @l uid ey sl 518
Ansidl ol AHAl AUl qRi Ae eAldR
Ax 8. wReud Gemadl (sl »usi2 (gl (Shearing
strain) d3L% 2AWA O A del AU WALAIdR Ax
dal Anusiedl doits Ll ol 2a3d cuvdid
AU 8.

w152 [asld = AX — tan 0 (9.3)

L
oul § [Ridor (Hausi-l yaRal) we s
sld 22AidR 6, A1 Fd O VoL % Y Sl B,

——
=
_+_
>
-

(@) (b)

el tan @ ¥l qalol GSIRL Fed Sl B, (Belsw
dls 6 = 10° €1, dl O i+ tan O ML 1 %
Fedl dsldd Sl 9.)

sl 9.2(c)ui sauledl Hosor U Yads el A
gotldl AH[[A% 45adiil 2d AR uRl d s
ET

24, sk [Asld =tan 6 = 6. (9.4)

sl 9.2 (dymi alenl 3ol uxt vl G2 soul
HR1AL 515 dRAME HsaUHL 209 AR Usled o ol
Mafid Ad soud . dra a3y usiad-dl qwidl-l e3s

(© (d)

25ld 9.2 (a) asua uloa-l 2132 sa dousiz vsid-dl doudql a4l AL (b) SR UR Aldd ISR
o d- 0 sl ved [Q3lid 52 ©. (c) sk o] 2 Ssa 28dl ugid (d) Al
835 [ig2 do3i aoal uldoa-] 2u Ssu 28dl 4 usid («dlas ulasa). se-lasla

AV/V, g 2LsIR¥[ $812 4dl -4l
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slogifas eonad 518 Gemadl (sl se-lagla
s& 8 i dd seddl $WR AV A HA se VAU
ARl AU AU sl U .

se-fasla = av

v (9.5)
2l [Asld wRmsidl 2812 2 3o wRwisil

gl glaiel dd s 2 5 WRMIRLS Yot el
9.4 g5 [Run (HOOKE’S LAW)

sl 9.240 galda el el uRRARIML Ulion
2 (sl el gel A3 MR 52 9. il [A3um
we ulaein 2 [agla visolladl AuueHl €l 9.
2l gl Hum 58 8. 20 Ad,

wlaota o< [agld

ulasta = k x [agla (9.6)

wul k= AUHRAIAL HHAnls © 3 Rl
s 58 0.

g5l [Hu s 2ioias Ry 8 244 HleL sl
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AUMIRLALAL Aoi8 waaldl Al
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(gl az-l el wllls dAd Aadl as §. deug
alaBlsdiziidl waeeid ulael o dp wdd
ulael AaLsR 5 diRA vAAML 2Ud 9. dollSHl Adl
2Ails z281R ([Agla) 24 (sl Bau~t a1 w2
AL Ui 6oL AHAUHD A 8. @l uidd oK
S AHIRAML 2ld O A dollSHL Adl FWIR
dlgami »ud 8. ulden (3 ¥ 254 dstsn €ls @y
wdd ool Wi w2 gl ©) [Ays Gerda [l
v Rl 2Ud 9. gld 9341 S s Hig
W2 Al dlaBls »UAv saldd 9. slolld 2 sl
uldolnl M2 ULl 2ldl o 2ldv Hadl asid 9. gel
el sl We uldsta-lagld asl gel el $ia 9.

]

A5l UA AUl ollg-ll ddRl A8 59 [A3um 29 d

AHFAHL SR Hee s 9. v, el sl
A5 wsly Wla 5, O Al 4 YL as yau 9.
[RcRHL g5l [Rumd wad a8, 2R [@3us s
g2 Sl A B AR Ul Uldidl 4o uRwiel
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25ld 9.3 51 As wg e ulasa-lAgla as

A Al B 3l [aral uldsa w4 [agld
AUHIEHL A2l 9di 61y g S, usld Vididi 3ol
WAl Wl 83 8. asdi [Big B 2ulAnleig
(Ralaausdidl ¢g) 58 ® 1 dd 21434 uldeian
geusfl U8 uslndl (Yield Strength) CH 5 0.

A ol AHRAUML U dl Bestag wlaeia s
worclel adl Ad 9 A AR sl AL 551
we [asladl vel o 25Ul anil i 9.

dst B A D 42l oldL 2L olield sald 8. B
wd D a2 sS As [Big 4Rl 5 C W ol g2
sl A dl usled dei 40 YRR 1oL Haddl
A2l il RElaul ulasn g aar odi [Gsld g
Al Aol A seuul sl @A Al 2 B i
sdald, 2l [[zued wlzes [Agua sdain 9.
v Ul [Blg DA seusil ildd deua usodl
(Tensile Strength) (c,) s¢ 9. i Bigdl am
AL udd ool gl »id diuer asiisdl (sl
Geatd 9 A E [Big wal ueld 4l o 9. oA ilan
wotaldl [Big D »nl 3562 Ui E WAWA €l dl
gl ol2st) s sd . A d [Glgl Ay g2 €l dl
GA dd s 58 0.

20UG i du el el sell w2 ulde-[ask adeys
el YEL €l B, BelgwW ds R d-ll ya doud
sl aR) A WAl AsA 6, 9l d Wldldl 4o USRI
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2i5ld 9.4 gganial A ad wal 14l
(Aorta)-l (R&lazarys 4ol e ulasa-
[asla as

ulEg §3 9. sl 9.440 geunl Q] HsLanHl-l
Ralraus Uall w2 ulaea-faslt as salde . 21l
Al 5 RalaRaus-[adiz vot o Hi2l ldl 9di i
s d (ARl g5l [RauA A 2l 2 ofly &
Al 515 e wieRs [Ardiz vel gl vetau-l-l usll,
BR WR Fal sl vl olg {12l (sl Bau~t 53
A5ty 9. dal selld SaRAHR 5 8.

9.6 Raldaus »is (ELASTIC MODULI)
wsAA 2 HygsARA A[HRUFE B we
uldetn-fagla asii Ralaausdidl ge uddi-l
AL [ (sl 9.341 04 [EdR) vot
% degradl . ulaen 4 (agla-l aeiin-
Raldaus 2is 5¢ O dal d 2ld s W2 dal@s
glale asuy 6.

9.6.1 ddl HigYAYU (Young’s Modulus)

UIAIBLS 2adlsl YAL 9 5 AL g4 U2 dRld
uldetn €l 5 elella wlaea, Gemadl (Aglad -
AHIA Sl 9. dvua (aal elelld) wldso (o) 24
Aod [sld (o) oLl 4o Higay s8¢ 8. d
Asd Y glRl salldld 8.

r=2 (9.7)

Al (9.1) 24 (9.2) vzl

Y = (FIA) | (AL/L)

= (Fx L)/ (4x AL) (9.8)

2l (gl wRHAed Al €lael Hou Hiskausll
2sH UldondAl 2sH Fdl o 2ed 3 N m 2 21dl
wisd (Pa) 8. 5125 9,141 32dis sedlnl 4oL HisaA
2 A UL &AL 2 6.

sies 9,140 2ud HURdl udl AS wusy B 5,
QgL |2 Aol MIREA AR B HIZ dl gkl
dAollSHL ALl 32812 5dL HIZ Hl2L oloedl %3 Ul
9. 0.1 cm? e aAs0 HRAAdl Ednl Wdo
el couSH 0.1 2st-ll dsiRl sl He 2000 N
ol %32 U 9. Al ¥ e &S0 HAUAAL
MU, Qdn 29 diotl Al iedl o [asld
Baurt 52l W2 %33 6oL 2A45% 690 N, 900 N i+
1100 N €l 89, 2l el el iy 5, e[y,
Rda 2 diell s2di 2l ay Ralaamus 9.
siReiAR gdl @ Holld 2 psArd (AAUHS)
Roaldaul ¥lad ue sl 2ud 9. dlsg, €lsg,
sifBe 2 sl W2 40l Higan oL G 8.

sm2s 9.1 32als sul d4ol Hisya, Ruldzauusdi-l ¢g 2R dRld-usadl
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L GEISRWL 9.1 15 25U Wla~L AUl Brosul
10 mm 2 ot 1.0 m €. d-l douS-l [Bauml
100 kKN 6101 glal d=l vl 2ud . A0l
(a) ulastar (b) deils-l a1l (elongation) i
(c) [Asla-l aadl s psard €ld Hie 4ot
WigEy 2.0 x 10" Nm2 8.

Gsa
Ul Rl dadul 5 AUl 215 93] wsdld Ava

8 e oflgn 93 Al doud-l Raunl F weq
ST TETRRTTRICHE D

A0l v uldota,

ylasm = % F

- 7O
100 X 10° N
3.14 X (1072 m)?
= 3.18 x 10 N m?
dolsl atRl,

(F/A)L
Y

AL =

(3.18 x 108 N'm)?2 (1 m)
2x10" Nm™

1.59 x 107 m

1.59 mm

AL/L
(1.59 x 102 m) / (I m)

1.59 x 103

0.16 % |

EEIR]

b GelsR@ 9.2 3.0 mm %F2dl UM A HRLAdL,
41l D41 A8 AHNAAL diodl 2 KAl diR+]
Aol iesH 2.2 m 2 1.6 m 8. 3R dH-
ol1% (Load) a3 VAL 29 €9 U dHl ot
Al $& 4R 0.70 mm MO €. AL wide ol
Hodl,

G3¢ dioll 2 2ldel ARl A dBid s dsa
£, 518 5 ddsl Ald, WlE dRle (AMLL 6ll%) AHIA
8 A 2LdEL AASN 4 uHIA O, Wl (9.7)
o,

ulotn = Ao Wisaay x [Agl, uell

WiA=Y x (AL / L)=Y x (AL /L)
C C (& S S S

UL ¢ el s VeAsH dioll 2 A KA HieHl
Asd O
(ALJAL)= (Y,/ ¥Y) X (L /L)

L,=22m ] L =16m e 9.

S5 9.1 yzal Y = 11X 10" N m™2 24

Y =20x 10" Nm?
AL /AL =(2.0x10"/1.1x 10')% (22/1.6)=2.5
oSl adl g quRl AL + AL = 7.0 X 107 m
Guasl AHSWIAL B3 HAAdl,
AL,=50x 10" m 21 AL =20 x 10" m
aql,
W= (Ax Y x AL)IL,
=m(1.5% 1073 x [(5.0x 107 x 1.1 x 10'1)/2.2]
= 1.8 x 10N <

B Geisawm 9.3 ubumi wira R dqRid
Yuril M ol s Alsd 5 o didisdl dls-l
ASLL YOS OUL SlU 9 del UdL U 25
(sl 9.540 salenl o)., AR -1
sl duIM sALsIRL, UllRdL e 2olds] sd 0
280 kg ©. dlma uldidl dls u2 S wa
s en 60 kg €. AL Alsdrl £35 AAAAL
glesidl dolls 50 ecm A HARS Bl
2.0 cm . dHIRAAL 6% SIRBL AAAAL €35
©lssl AslAr oLkl

2i5ld 9.5 usAH Hia QA
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B3¢ dHH sALSIRL, WAL 2R 2od 4ol sa e
=280 kg
AL Al edl sasied ea = 60 kg
[RRARAL d@d el sals1? udl YR 25dd eul
=280 — 60 = 220 kg
2l 2544 e At = 220 kg wt. = 220 X 9.8 N
= 2156 N
SALSIRHAL AAAAL 835 SlesL YR 2594
ol = 1/2 (2156) N = 1078 N
sttes 9.1 uRell glssl W2 oL kA,
Y= 94 x 10° N m™>
AL 825 elssiHl dousS L = 0.5 m
Ala-AL gsidl Bl = 2.0 cm
dell AAAAL L85l 2LseL AASN
A=t x 2x 102 m?>=126x% 107 m?
w50 9.8+1 GuAldL s AAAAL 825 Sl8sied
Asiad AL 1A Haor 2wl asd
AL = [(FX L)/ (Y X A)]
[(1078 x 0.5) / (9.4 x 10° x 1.26 x 107)]
4.55 % 107 m 2484l 4.55 X 107 cm

% vol % Y& 3281 O | AAanl SLssl il
geldl AL/L = 0.000091 >4l 0.0091 % |

9.6.2 dlRil scudl U HIsLAY s8] sl
(Determination of Young’s Modulus of the
Material of a Wire)

Al gl doL Higay sl sal Hiesdl [l
WllBLs otisagll susld 9.640 ealdd 8. dul R
26 R YRl UM dollS A dMIA Blesdianl o
AL AR WAL deside B, diz A (edl diR)
(lea{lex Musu-Al Hod 25d M e %< Ysdl Hi2
ue, (Pan) 414 6. [MafHd e x50 Huddl
AR B (ula dir) w2l uee wR1d o gl nelldl
a(Ral 44l asiy © uae diz Bel 93 edls Awl
ald MusH i O 2 A6l diz A AL Hu
Wusd M ¥Rd s3d 6. uealnl ysdl axlnal
AHUBUHL 6101 AT & it ULl diR deld Yldsiosdl
A S50 v 9. alHuz-l ollsanl glrl ulael
dlR{l doitsSHi adl atIRl (elongation) HIMAML i1d,
€9, UULAL dIUHLAHL Al 3517 $18L Al oS-l
§3812 aRULS (Compensate) 5cl HI2 Agal diz-ll
BuAlaL SAUML U 9. AL 5181 ulaRl dir-l dolsHi
AUMIAA 51280 ddl 33812 Asel dlrdl 33812 Fedl
o Gl O, (dumid-l 2dl 2AYAUAL 20AA 2UYBL

useL 1140 [Qordaur s3el.)

l ]
A g

Aeal diR ylael diz

M
Hlex g

V c N
(alfu 25¢)

L9 S VveTl

Aed

2504 9.6 AR gl 4oL HigdAA A58l s2ql
wedl Wbl ollsanil

UlEel diz A Aeel dird Al AvAl 1R old
AR WIAHL il ol @s0l Av{lA alHuR 2iadis
AldeHl 2 O, ¢d ulael did deid wldotosl
A S80 Alddl HIZ d-il 6lHL $HA: AHIRL ScUML
A B A AU 2adis 53 dldami 2ud 9.
6 AU adlsdl a2l dslad dikedl deilsHi
Beotdd adIRl U 8. IRl 5, ula A<l WklMs
Brosdl 24 dotls) 2isH 7 2l L 8 dl diel 248898+
gxs0 2 U3l HIZL 3 M s 1R8L dR+l doldui
AL %24l dHIRL 21y €. dlo) uldd o0 Mg %2¢ 49l
Ul g AReAUAdL 9. w35 (9.8) Ul il seusll
oL HiA,

_ 0o _ Mg L
Y= € Ii'tr2 AL
= Mg x L/(mr* x AL) 9.9)
Y| HaL ©.

9.6.3 »>us1R [Rulaus 2is (Shear Modulus)
2512 WG 2 el 24434 2512 (Al dplidR-

el 211512 RAMRAUS 2is 5 O i A= G gl ey

9. dd 2adl d8lLs (Modulus or rigidity) 42t 58 9.

G = 2R Wdda (o) / s [Asld (6)
= (FIA)/(Ax/L)
= FLIAAx (9.10)
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L I wMlswL (9.4) uxel,

G = (FlA)/ ©
= (F/48) (9.11)

2512 Ulet 6 A A Hoo uel saldl wsid B
G, =G x 8 (9.12)

w1512 RAMRAMUS 2isdl SI 251 N m™2 ddl
usd (Pa) 9. sis 9.24l 52dls UM gedlxl
L5 RAMRAMS 2is 2UAl O, 2] AT AsU 5
w5 RaAlRAUSs s (2edl dABlS) ALAA: ¥aL
Wil ol Sl B (51025 9.1 uzell). el eudtHl
sl "2, G = V/3

5s 9.2 S2dis AU gl 2us1R [Rlaaus

215 (G)

e G(10° Nm 2 294l GPa)
IJIRIEDE 25
ol (U ) 36
liel 42
512 23
dlvis 70
2l 5.6
REL 77
xld 84
ENEER] 150
CIEX 10

B Geis2w 9.4 50 cm euoyil oS H1Adl Al
25 ARA ARALAL %815 10 em 9. d-dl widoll
ol U2 9.0 x 10% N %ed wallu el @y uide
69, o AlAal-l 1Al ouoy olindldul e #3d
53¢l (riveted) 814, dl d-il Gu2 dzs-il o1y $edl
2AidRd 29l ?

G5e sl 9741 sallonl yosol Al 2Ald ¥R 534
£ 24 Lol 6l AHIAR 610 ALOL WIS 2Add 8. %
6L AHIAR 6L0L AILLSAUML 24U, 89 def &ois

A= 50 cm X 10 cm
0.5mx 0.1 m
= 0.05 m’

A uikd dlisa,

e

= (9.0 x 10* N/ 0.05 m?)
(1.8 X 10°N m™)

F—H "~ AN
‘: |
1 !

] ]

I ]

1 1

50 cm ! !
al al

(] (]

I ]

1 1

T T e h

Sllf'-frfffffif’f-‘Trf:f‘ffflfifffrfr,lf Tl
25l 9.7
1Bl 1Rl Sl 5,

U1 [Asl = (Ax/L) = (wlaea) / G. >uel, au-id
Ax=ulasaxL)/G.
= (1.8x 10°Nm2x 0.5m)/ (5.6 x 10°N m™>)
= 1.6 10*m = 0.16 mm <
9.6.4 selalaus »is (Bulk Modulus)

uR29e (9.3)4l Bl AY du U Ul
waldldl gottsaldl vid AR d sdilas uldea
(eotvirdl Hirl %ed )l AR dsn ud 9. el
ugld-l seul geldl A 9. el Gemadl sl se
[sla s & [alsan (9.5)]. sidgilas ulasn i
dd 243y st [Aglanl ol st Ralaraus 2is
(Bulk modulus) 5& © %4 B a3 saldid O

B = —pl/(AVIV) (9.13)

B (Al YA 9 5 eollaM] AL &Y dH seHiE2LLL
BeMa . UM p el €l AL AT BEL 2. UM, AdrAHl
2L oL HI2 615 HISLAA SHAL L S1UL 69, 61es WAL
2L5H £6URLAL % 2154 9. 212d 5 N'm 2 244l Pa. b2dls
AL gdlel 61es HISLEA 51025 9,341 AU 9,
S2s 9.3 b2dis AWHIU gL oies Hisad (B)

s (u-) B(10° N m 2 a1 GPa)

MUY 72
[da 61
dlio] 140
51 37
dlvis 100
Fsa 260
2ld 160
yasl

yueil 2.2
Sald 0.9
sl SL9uCsLO 1.56
AR 4.76
uizl 25
UYL

¢dl (ST P ) 1.0 x 107
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oles HiAAAL A eot-iludl s€ 8. dd k a3
galldld 9. oll@Ml s sHAL dfRL €ls seUl Al
AR5 3281 glRL dr AvARd s 9.
k= (1/B) = — (1/Ap) x (AVIV) (9.14)
51025 9,341 AU Rl U2 AL AU D 5 e ugldl
HI2 61es HLLAA UAlEIAL 61es ML Sl =Ll Hlal &
A UALElAL 6les MR UYL (gal)HL oles HIRe
5l ®RLL ML €1 8, M B A1 191 eoi-{ly €14 69,
12 AL A a8 eoie{ld €l 8, Bete{l 008 YL e
AlvL 2RI A eoteld Sl 69, Ayl eot{lucl af Sl e %
UM e el A8 et 8. dete{l Heot{ludl Peud
U319l URHIRAL LA AL 26 4oHAA 51200 S1dL 6. HallHl
248120 WL Ylclletl U2l AR A1 tEAHL €12 69, U3 dl
226, Ut A2l Gl F2e BeAdl S1d 69, Ayl 2L el
w39l 242120 12 Mol 4ous 419 8.
sives 9.4u0 el gel usi-l ulaoa, [agla
RalRaUs 2is 21 o) widl seusil 2aal eaidd 8.
Getg® 9.5 [d-e nerAdRl a2 GlELS
3000 m €. H&RULRAL dlmad wiell e tils
AsAd AV/VHL aRidl 520wl Hie oles
WREA 2.2 x 10 Nm™2 (g=10 m s dl.)

Gi¢ d@adl R U2 3000 m GRS wiell-
et 4l Beflagd eolsl,

P = hpg=3000 m X 1000 kg m™> x 10 m s>
3 x 10" kg m™ s

=3 x 10’ N m?

2§i[BLs AsA4 AVIV =
wlaet/B = (3 x 10’ Nm™2)/ (2.2 x 10° N m?)
= 1.36 x 1072 44l 1.36 % <
9.6.5 WA {g'&flﬂ% (Poisson’s Ratio)

ol HigdA-ll YAHL (URDe 9.6.241 Al
Hoyol) S1UYd sl AAdls L 22ld B % diReAl D]
Bloaml (2adl ciuul) didls =eldl i 8. dwl
yd sl @ol [Et§_[<\-ﬁ wls [C\Lés[& (Lateral strain)
s& 9. AU wdAd el sied 5, Ralararusdi-l
se AHL WBs (sl 2Aoud (sl e §iu
9. wlls sl 2 Ao [Qgkiqu ol Wduq
O\:l"eilda (Poission’s Ratio) 5& €. %l dla-dl 40 U1
d 2 s |8 cumi adl qeldl Ad €, dl
WlBls sl Ad/d 29. A dr-l 4o dousS L €d
dal uldeian i dousS-l atil AL Sl dl dld

sres 9.4 ulaon, [Agla a yer el Rulaaus »is

ulasin-l
usl:
della AU YUl oA AHIdR
244l Wi [A3g Rl [Rawml deudsHi
AL ol 6ol AW U col QHIRL 5 ASIAA
EXTE) (AL/L)
(6 = F/A) (Riactlasle)
LS AL 6L AWl U SR, O
AU AHIdR R (U USIR)
[A2e [Reudl aoldl
AU HeuHl 6L ool
(235 Bumi ueld wR
dawld uRal o 24
uRewdl 2is g )
(o, = F/A)
SLOAS  AMAU AUlAL &35 seHl 38R
[Gigal dot3u oo @l A ©.
9. sy &su €ls (As1AA xA”AL
danld ol (eoul) €35 [AdRel
[Bleal Al Sl 6. (AVIV)

adl 5812 | (Rlaraus [[Ralaaus
ASR | 5 25 2isd UH
gl -l Y= UR) U
(Fx L)/ ™&Kax
(4 x AL)
Sl “l G = L51R 8,
(F x 8)4 Q4
-l 6l B=-P 61es 8
(AVIY)  HiRkax yausl
]
a1y
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(sl AL/L. dell WS- owidz (Ad/d)/(AL/L)

wnyal (Ad/AL) x (L/d). vldust oelic o

[glaztidl oBid & d 2is & 24 dd uRHe 5

sH el dd Hed gaidl wsR U HlRd 8. ¥y

e dd yed 0.2841 0.30<1 a2l 9. ieyflHunHl

Pist gl He d gaeol 0.33 8.

9.6.6 VAU e AU Rafausly RalaBes
(Elastic Potential Energy in a Stretched
Wire)

PR A5 AR ARl WAsol €50l ALl S AR
AiduHIRdl ool [ 514 ad S B, 1 513 dRM
Rafaaugly G 30 us WA 9. L wedl 4o
LS A 4 U898 &S0 HAAL AR FAIR doilS-l
Raumi [A3us ol A o0 S1d AL HIRL &
dollSHL adl AL [ 9. dl axlsel (9.8) vl
F=YAx (/L) &l ¥ didl sl 401 Hisan 9.

¢l dollSil x[ayem dl Fedl dHIRlL Sl W2 59,
wid s dW, Fx dl »adl YAIdIL %ed, udl. w2
sl donsS L ol L+ 7 %edl s2aL Wiz 529 usd sl
W, %1=041=142 aqd sd 9.

/ 2
oyl g YA "
W_Ile 2 L
0
W—lx Y % (LZXAL
-2 L

x 4oL WiEad x ([Aglh)? x drd se

D= =

x ulasto x [agla x dird se

M, diRML AAld ad s Ralrawsly Rl
Qo (U) 8. 2 sy s €ls Aulkd RRlrausly
&[G (u)

-1
u= 5 o€

uel Ha 9.

9.7 sl Raldaus adgsl Guall
(APPLICATIONS OF ELASTIC
BEHAVIOUR OF MATERIALS)

ALFeL sl sl RS ades ol
alaL Mo €9, oidl o A[BFARL B w2 seusdl

Ralaraius ades- Adle st 33 9. Gelswl a3

Hsirteil Boade oteladl auid adet, ui2sl 2 iR+l

22546 Rl W12 qudi sl Haodld, stiqt €ld,

%33l 9. 9o i s€l [ 9 3 yadl a-ml 2uaR

A5 GUAIHL Adldl 6L AL 12 T 28Rl Sld & 7

all 12, HIZlHL gael 5 2531 AR 281l €l 8 ?

(A-1)

2L UgllAdl walel 21l duR s3d valdl U MLRd
252 W[ [HURAAL vieud YAl Hadl asi o,

Al ol Gulsal 2 s A ol @ 4
al Hie dupAdl sul g Hidd elR§ oL ol Al
A3, €l 9. AR 2 il Gualdl s30A el
GUR v{AAML A B, HIRL 5 B 2 5 oiedlddl
Aol latl B+l ot Glasaldl addl 10 2+
(1 ul2s 2t = 1000 kg) €, dl el 8 seel
gl 5ol 7 e 9 5 el SAdl2 5 el ellon
51280 51u3] [A3uRl + Wi, 240 12 [Azua Ralaads
gedl Ay A gld AT s 9.1 el 4y ¥la-l
2B wotoldl () 300 X 106 N m™2 9. 2UH €l4LxL
28898, AL 219 &5 (A),

Az WIS = MglS, (9.15)
(10* kg x 10 m s72)/(300 x 10° N m?)

=33 x 107 m?)

L e 2140 AdousiR el Blosdl @dtetol
1 em %edl 2, A A ARau-AL dqall 215 g
W (6llogeil 10 2181 %) vl a9, 2 Ad
AL 3 cm Blasdlal g £1g AuRdlt YAdddi
214 69, 2iell Blosaledl 215 diR ldelRs Jd 26 ulhl
SSAU. BIRE AASEIR, HAoLd VA BuledHl AL &
d HI2 SHal =Bl 6HL Yldal dize delldl Hiss sl
A1 el oisladiHl »ud 9.

518wyl Rt 2iell d diR sl a8 %
el d dlgrdddRel IR, ud- dli dld o i
Uldlrl aoeist Ao 530 a5, w19 I [Buleor] RaidHi
G 2 Y1241l GualdL giledl 9. oint [BRuLML ol
260 wedinl dsel wmaa [FR1s0L 529, Heraysl 8.
el af usdl andl 3 geal < BsH. 2usla 9.84i sallen
1ol HUURL s wesiel [AAR S35 5 % ol 93l Hs
LR UR 2594 9 i Y] ol desiad 9. dolls /,
yelus b 2t GlasS o awou AL (bar)l 5w 4 W
6ll% desladl A1l BeMadl dsixl Hll

8 = Wi’/ (4 bd’Y)

w2l HaL €9,

(9.16)

L 0 al

e R

'd

W

25ld 9.8 o 93 R Y2 2594 A Sw YR
@R uesl (Beam)
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s2dlls AR A dd ¥ oA s3 YsAl dsdl
Gualal s 2L Aol Aleid 53 wsid 9. wlsw
(9.16) el 2ure © % U 6% HIE dsd Halsdl
W2 Dl geurll GUAloL sl ASuL Feil 4ol HiRdu
Hi2l 1A, 2UUE g HI2 dsel Balsdl M uglous b
qaIRdl tled LS d ARl Al AASIRS W 9.
SR80 5§, g3 AUMIEL A p7A quHEL O, (A3 6l
251 a2 2idR [ 29 % €l ASH.) %l ol ALSSA
AU AL Sl AR, (Yat uR aldelld dlgaedgiRAL Hidl
allsarll s3qll sl3 ©.) U A WIS dHL AHIRL Sl
25l 9.9 (b) wwoer AlnAL (bar)ui [A3usl Gedd ©.
el os(Eol ¢ 8. el A (R Hie AL
298l 512 gl 9.9 (c) Fal AL 2Ud 8.
2Ll e Hiel MRdg Hiedl duwdl yil wd 8
e dset AsAL W Yl Gl 2ud 9. 21l 2812
Y2siedl UeLotdi-dl GLoL HALAL dIR WiRdle % 8ald
9 2 dll (Bd um 82l ay 8.

L 1
d
I
[0
(a) (b) ©)

21504 9.9 west (Beam )L AUL3ee-il Yel Yel 2is1R
(a) 45 aloar (bar )+l dotaled »15e9¢

(b) 15 ulaul 404l 244 d 341 20d s+

g1y 9. (c) auRds s2al Al (bar)

W1 41y Ald GuAlaMl ddidl 2369,

(Buedor 2 yaui aistdl 2»adl -l GuAldl
vol o WAk 9. sl 9.10 (a)ui saledl Hesol
ol Dyl aiMel, 9.10(b)Hi ealdd ay el
ga1adl Odlatl aiddl-dl quHell oL ol

ARIA

dgrt 82 9. 519 el [Biledar & yadl AAle Rad

NN

s2dl avid d oueldld A Avg ud 5 d 59
uRRARPIHE 514 5290 dedl Bod 3edl 29 24
Aotfad sl sl [Rau-dual 992 9 ¢ ?

(a) (b)

21504 9.10 2ot 22l aicdl (a) Alusi? 951 4l
qieidl (b) scldl 4uddl 93191l Aiciel

L 112 yeel Uzl SIS udddl HeaH Gl aoleial
10 km %edl €15 a5 ? 21 wallAl Gl wisidl
Rl opaHl uR (R saeuel Mol 9% &, udd-l
UL AHLA 8612l 8601 Eldl A2l AL oliold VLS ISR
UIAGLA Y ULS €9, %L 5181 vigsL ARSL A5 . 21~ U~
ol4l o gl 51280 Geatad Wlaston e 51201 vesl U
89 d silis s wlsta sl Ui €ig s,

B GRS uddel dBA uddel doete 51200 2L5H
21501 U AL 6l Apg S1U 8. %Al p Udd-tl seusdl
Bedl A g ARcAuddl 8. dd W, s RRidal
AUBAHL 2AL 6101 A4 89, Ut Uil 6L 2L ]
ol S1u 9, vi2d 5 2L [(BRUL 618l Al s5-A4 1AL
42, 241 WAool 21512 (ualld) a2s 8. % @dl™ol hpg
gedl % 0. ¢d [ARre ves w2 RE[RAS & 30 X 107
Nm?2 8. dd ApgA1d wviicl, oul p = 3 x 10°
kgm™ di, dl
hpg = 30 x 107 N m 2 2194l
h=30x 10'Nm?2/(3x 103 kgm> x 10 ms?)

= 10 km
% W2 awedl GAS KAl ay 9.

1. 5K &S Els YriRauso 2 Wlaotn © A uRHEHAL AilLs 38R i [Aglt ©.
QML 2L WSl WlAotor €l 9. (a) Ul Wlaoton - Aalduldoton (dsia Aig Asnda)
gl slofly ulasn (st e Asdd) (b) 2usR wlasto (c) siogilés wlisia.

2. unl sedl e [A3us A el AR st [Esla ause ¢l 8. % esnil [y dds
2LOUA . AUHELALAL 2AALs REA[ARAUS-21s sdad €9, [A3uRl ool 24 dsu
ueldldl  ulBul 24 RafRaUs adesd qdi sal 12 ~er Rafdaius-vist 4ol
WREY, YISR HIREA 2 oles HiRdA-l GUalol s2c1Ml 2Ud 8, 8xt uelal-dl AAs
USIR SARIHR A5 HUAvUA 8, % el [ wiee sl ell.

3. U1 56 UBld dRlld 3 ASIA S50 dld UR ¢l MU a3u F/4 = YAL/L
€l 8. ol A L/ Lugtd-l asua 3 ewofld [@sla, F [Asl Gt sdl sl iq 8.
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A UV AASN % FeAl UR 6l F AL uld 8. (¥ 4 A doalRadi 9) 24 ¥ ueld
We 4ol ey 8. dl uldea F/4 9.
uglasfl Guadl 2t 1Al AUl ARidR ool A @l uLsMl 20d B AR ueld Adl
Ad [Azust videid & 5 @l Gusil Awidl, Al awell a5 215 suy (G-
oid. Guadl qwidld wlalay (e AL RiRidor GRS L dol $id 9. i s+l
[A3umid 2usR [A3uRt ¢ 8. d 23y wlaen 2452 uldaen 58 9. g wlasta Hist
Aol o Ge®d 9. vl [A3uRl Hie ¢l (a1 a3 4 as

F/4A = GAL/L
ol AL o) uide ot Fl Bausi uetdal 3is 9l [EARaud 2 G 21812 HiRdd 9,
12 515 ugldl d-ll s3d dal udll gl AL Uidl wlasad sRA sidilas (eld)
ASIAA oA B AR gseil Ram -l 203U as wsy ¢

P = BAVIV)
oul P ol ualgld 518 ueld U dwdld seudl (sdld ulasta), AV/V 3L gouad 518
uelddl seul adl MRua AHils 3281 (se-faslt) 2 B usld-dl oles Higan ©.

1.

g [Qaeu-t Ye

SIS 285 dlRAl BRUML dlR 9d (celling) Udl d2sidd €l U d-l oflo 93 olles F
d2sielld dedl 212 den viadMl ULl €1, dl 69d glRL dril U2 dldld 6l MR %2d, %
2 drfl [A3g [BWHL Sld 9. %5 dReL SIS WSl 28898 4 U dldld doud 2 F %24, %
Sl 9 d 2F < 1S A5, UM, dold uldoton w154 &siso €ls dldldl delld wed 5 F/A4
ed Sld 6.

gseil (Ray wlaeo-[agld asdl vl eual He o a9,

oL Hidd e SR WA sl 8 uell AA Aol 9, 5122 3 A uelal %
Aol 2 ISR HAL 6.

oles HIGRAA e, ULl 2iml Ayl o8l o A1 AoiBd 9. 2D ugldHl Uds ®UdL UR
AHIAL ULAOL Al IR SEHL Al 35171 AeOUL d © 2 il 25141 33512 AdL ~ell.
QgL W2 Aol HiEAd Hed Madid v SARSMR sl ay i 9. ol HiRaus]
g Hed Al sl dollSul 4B 5% A2 Vet % dY ool 3R Ul 9.
ALFEL @adul il il wRRL €l © 5 o s ay vRl asi d ay Ralaaus
€9, U o "R VIl 9. dRdAHl ¥ s U 6l glRL ol Wil wsldl $1d d ay
RalaRas €l 9.

2Aus3U SIS s Rmi dy uidd [A3us oo 2 Rl [@sli Gaut 530 as 9.
il WRRARUL uldon i [l azdi-l auHedl »1s o Rafaus-2ls 43 asidl
A5t A3, Geleal a3 2dld [@Asla 2iddld dal di-l s uRH (A1sdexil Biosat)
AaH 381 Mretadl. Pl sedrl oflon RAlARAUS-215 (WS- JRIdR) a3 saldl asiy O,
ulcotn ule el ARL Al 53 5 ol AlssA [Ra 20l Asid 8 dx ulaotas dlssy (R >l
sl ~t2fl. ugieddl 5155 215 @121 uR, 2108l [ 6119 UR dloldi otoi 2155 [l €1 9,

9.1

9.2

ALY

4.7 m dollsS 2 3.0 X 1077 m? 208 &5 4L 28dl di dal 3.5 m dollsS
U 4.0 X 107 m? 20, A0 HAAAL diolil Al UR 2AUd AHIA IR d2slddl
oin il dotlul A adIZL wd B, dl e 2 diolldl 4oL HiKdaAHl oLl 9
vl 7

A st W2 wlon-[sld as 2usld 9.11 4 ealde 9, dl 21 s W2 (a) ddt
HiggdA 2 (b) iellsd B uelndl sedl ¢al ?
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(agla
25ld 9.1

9.3 usld 9.1240 s 4 A B =2 ulsa-[asli-sudu galdd 9.
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Rslr CYr I
25ld 9.12

LAV, AHIA HIUSH U ElRd 9.
(a) sdL souel doL Misan Hiel ¢il ?
(b) Gluiall 54 s ay wyold o !
9.4 <A 2la Q- suwyds ai@l sie ARd d WAL D 3 viel d weudl
(a) 2612l 4oL Hian ¥ld sdl {2l g 8,
(b) ojlaaud viaug (dons adiRl) d-l s Higau udl sl wy 9.
9.5 0.25 cm R 4AddL 6 dIR U8l 25 WAl i oflgl Rdadl oiddl 9. gl 9.13
Wl ddl IRA 53d 9. (Al AHaremi WEd-l diR-l dollS 1.5 m 2 ol
dRl doutS 1.0 m 8. ¥d 24 [UdnAl diRHL deilsHl adi atiRi-l a@dl 53

S

1.5 m
¥la

C 4.0 kg
1.0 m
[nn

[ ]60ke

2igld 9.13
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9.6 AFHuH-AL AxEA-l Bul (edge) 10 em @ioll 8. 21 -l »is 2wl RRidot [Raia
e #R s3d 9. d-ll [A3g drel Audla 100 kg e Asaimi »ud 8. vieqHHum-dl
LR HLRAYU 25 GPa S, dl 2L AUl RiRidot [Rauni [@eus seq u9l ?

9.7 ¥ Wlauidl oi-lddl AR YAl A AU AR 93 50,000 kg sndlal Hial
25U UAR HUUAHL Sl 9. 35 Aousiel e A oldRel Bl 2sd
30 cm i 60 cm 8. clR-adaRll AH Ad A B, du WA e AsusiRUL slelly
(gladl ol s,

9.8 152 mm X 19.1 mm oA HLDe| AA5N HAAdL divl-ll s 258l 44,500 N
GOl dRld A WAdl 2d © wel Hol RaldRams [A3u Geotd ©, dl BeMadl
fsladl awmdl s,

9.9 25 [AdRl Glert waldl (chair lift)-l 2R 25 WBldAl s6id 9. ¥+l Blesul 1.5 cm

9. o uedd uldetr 10° N m 2 ol awudl asid < €l dl 3eid edl Medd ®irq
A TCTERER TR T

9.10 2.0m douSHL 2Rl IR o3 15 kg 8L €6 A0 A Ad desidd 8. s ¥l
B4l 6L diRdlotil i a2l dlR clvidl 9. % 2AUA dlR AR Bl Hrietddl
gl ol dMel AL ORITR QM.

9.11 vl 9oL 1.0 m dolsd Hddl Kl diRA s 93 14.5 kg saqd ¥3d 53¢ 9.
drl Gl Audaml adousty griaami »id 9. adaoiul 1Al Bigal d-dl sy B
2 uREHRL /s . diRell Ve AxAs0 0.065 cm? B, %R ¥R 53 e AdaHIHL
ey Bigal gl AU dikel doitS-asiridl awidil s

9.12 1A uua Hledl uell wel w2 oes Higaudl amdl s wIlds se = 100.0
&2z, goleidl szl = 100.0 atm (1 atm = 1.013 x 10° Pa), 2i[Q% s¢ = 100.5
(@22, (AN druHia) well A dalni oies HiaA-ll danl s 2 ARl Al HIR
U2l 9 d AW AL UHomdl,

9.13 % Glasx souel 80 atm ¢1d Al wRlll addl El AwEl ux well-dl esdl
1.03 x 10° kgm™ 8. well-l eoefladt 458 x 107 Pa™! (1 Pa =1 N m™?)

9.14 10 atm %Al SLHZ1ES soll8l S50 SAL 5121l A1AAL(Slab) HI2 581 AiRs $3512+(] d181d3]
52,

9.15 10 cm dotSeil Beudlatr diolirl «1552 uHaA H2 7.0 x 10° Pa %edl e1diilas
gl U do0 se-AslAAHl Rl s

9.16 s [@eR welld 0.10 % sl s dedl URrll eolRMl $edl $$R sl ud 7

SETED RESTETD]

9.17 Sl s o wlRsuidl dusld 91440 ealledl HorotAdl s 281 (anvils) et-iidd
9. dedl Gudlol Gl golel Ssul seuril ddels dulAdl HIZ dld 9. WAL ALSL D4
WA AUL2 61yl A 0.50 mm €9, %l HRRUAL ULl D312 U 50,000 N+ elo{ld
OOl QAL ULdE S, dl WAL ALsSL B (tip) eollRl s2¢, Al

YEIRIREIE] —Hed dRse

2504 9.14



gt Ueldldl 4iBis el (MECHANICAL PROPERTIES OF SOLIDS)

245
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9.19

9.20

9.21

1.05 m ¢olls 2l Aoy e 4Addl s A 25l 9.1540 eallodl Hosot 6L diR
Al ol 939l @esidd 8. diz 4 ¥d A diR B HAAMMUHAL 8. dIR 4 2 dR Bl
BE A5 s 1.0 mm? 2 2.0 mm? O, AWMU U s Bigyl m ea
azstadimi 2Ud 5 el 2d A AQHFAAUAL oA AR (2) B Wsa (b) AR
(sl Geotd ?

Tk,

1.05 m

25ld 9.15

1.0 m dotsS 24 0.50 x 1072 cm? 2AsBe- &2150 421ddi A 2ld-l dikA o
aiataldl a2 uulElae Rami RERausdidl e (Hulel)Hi ¢ dy saami 21d
9. ¢d di-l wealigyl 100 g e desladidi d, dl died Helble seq <la
219 ?

Al ol uglalid 93, el ™ 6.0 mm 1 dal AR Rd2 gl vsoelle ull

N

3d 9. Rz uad sk ulaetn 6.9 x 107 Pa 2l amidl < asiy d w2 il
“

o

N

UZloil U HeTH dBud Sed uvd wsB 7 eds Rde s aAqalu el a¢

Py

5
9 dH HIRL

ulid HeRUWOIRHL 2iddl UL Al vud wel-l qwidldl 11 km Gl 9. vud-l
dma welld eena 1.1 x 10% Pa 8. 0.32 m® W3lds se 4uddl s Wla- edi
eRUML Aivtdl d LSl dBal Yyl Ui B, dl edlel seui Adl 3812 s2dl ¢dl 7
2lddl oles HiKad 160 GPa 9.
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10.1
10.2
10.3
10.4
10.5
10.6
10.7

ESTERE

golLaL

QAL e
oiell-l Rigid
urdl ([ReoHdl)
dlesy s
Yrscilel

AR

ST IR CRTEC TR TR EAE)
Y
CXTEIRERTLIE]
uRlare

10.1 Wdlda-L (INTRODUCTION)
2L UsWHL UL ULl A AUYAAL B2Als ALY OLRIHHIHL
e AL UL v Ayl adl U B e ddl dud ke
(Fluids) 58 9. qaeid d Ul 2 diyiidl 24 o s dxe
g uglaldl el ul o).

da Ul WA o8 % 9, yedld dald AL 9 2 d-l
(yedl-il) ol qdlaisn Al wiell a3 ésiadl 9. uel sl Ll %
Rt W2 w3 Al uig 835 U WLl ol HeLdl
Wl 8. aquld AlRd ol AL ddl WEAL draxdl Hiemel
A B, U dedAL AREHL A ddRls AnFAlLd A B,

R8s ugdiel 3l Ad gel ul D ? ualdlpil A iyl 569
sUoLdl AHIL © 7 8 ugledel] [ olotd 20 © 3, das didisl
Ml 241512 €ldl Al a2 uag] ueleld FBd se Sl 8 %l
A dedl WAL AHU st L & . HAUBL 2A0UBHL UsRAML 2flval
¢l 3 8 ugldid st wlasto (Stress) gl oledl Asld O, s, Uall
5 Ay se dril U aldl uldsn AHadl ot U 2UARA 9. FUIR
2481 8 3 Uall ueldinl MBI serdl did 53020 ¢l Ul d-dl 18
d 58 dldiaRRidl ol © dd AR, Al A a3 ualsl uelal
QAL dsldd 3 8 3 a2 waldl uslElHl ollel solaHl 3812
18 adl se-l 32512 4Rl Aol B, oflw WL Ut A UalE] Usleiisdl
goi-{ladl (Compressibility) a2l Avuxellul 8l (sl €.

L5 UK, ud ueldd s 220 AvllA Al 2R oledl A%
0. daasil Adl3u ol A B 3 Al s uldeaa well il
2§ eltid B, dH-ll L5, Yol Al s ulden g R
oledld 8. dad s WAoo, dx uslal WAl Yed sl qaetoL
B Alv g, Al Sld 8,
102 U (PRESSURE)
s dlgel Al 2uuRll @l uR eotlddi d dlHl Al 9. s dedl %
ot Hig AuS aAstsu R1Adl SIS o8l ueldl (AH2AAL WAL @ioL
%cll) d-l U gollddi ULl Al 256l S 9. ol HRA-l 9idl v
515 gl2ll Glotl 28 dl a-l uindll>il q2l oy 9. F+il oidl U 208 31,
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gAdg URL Hold ey uddl HsAHL 2d dl ARsA-
SALSIR 2Ll 253l o2l 2 8. 2ital UKL 2l
uRel 2AUBLA AHAA O 5 60l i deil [BRR &otsn
ol Mgl 9. ol dldld €U dd AN FU AHIR
Al Sl AR ol AR A €l 9. L VA B6URL
5 o 6.

WU SIS Usldd REAR dReMi oilsMl 2ud 9
AR da ddl AUl U e @l 9. L e
daul ueld-dl A dol i 9. 2 dldie
S10L 2 9 5 ol ool AUl AHidR SIS Hes
€l dl wyednl ol Faudl uReus a3 usld
uRl yaldl uR d AW AHIAR 6o datsd. At
ol drdd 2L AUl ARIdR AUld sAdd. Uq
da RER glal 2 4 ad as. el Rae
dret ad @ausld etor d«ll ara -l Ausni-l wwdla
dol gld ¥ v, vl otetd vigld 10.1(a)ul
galdd 9.

AA gl da daudg dot e Wl astd 9.
Bldl A5 BOURHIUS Al el a3u 2ugl
10.1(b)4i saldd . d 25 [WRe (Piston-e2l) U2
ALl oo Wual Hiesdl »i3d 3¢l R3aL YAl
Fald A3oias) o 9. 21 AL dasdl el 28
(Blgad sl 2Ud 9. e UR dre a3l ieR d2s
Al oo, Gl dRe-l ROl el Al AHdlA ©
2§ i Ad d w9,

I

215ld 10.1(a) slsyi+ aa a3 goeal usid 5
glald Y2 qousiq oa g5 [oigl

A del .
(b) soum qiuar 4 s 2igdl 2

W A &ss0 HAAdL [Ued U Aldldl 2L 4ol
6ol Uirl F S14, dll ARAW BB P A s &5t
Y2 dlldl dol ool ds AvuRd s 9.

(10.1)

Aagilts Ad, Mredqd aosn welos Ad g
oieldl asid 9. M sTA gollRd @al dA3UMI

_lim  AF
P= M50

Ay valRd AU ©.

gollRl L 2U[29 ARL O, 2H dlASA 2L Ule s2AAl2A
1ot 5 ualsel (10.1) A (10.2)41 2iani ad
ol v (Ulza) el A2l uiq elasdl, dlsiRd ALl
dot 825 9. d-l uRHiel [ML7'T?] 8. solgidl SI
s N m2 9. dd s [Qaudl edy ulksa
(1623-1662)lL Widl wsd (Pa) «Ud 2Auy €.
A8l dRadl gollel (90 Wiy el sul edl.
gOlRLAL 25 UMY BsH dAldld@l, (atm) ©. d
elRauldl AWyl daldiael ad elvdld eolRl €.
(1 atm = 1.013 x 10° Pa)

ol s AR ¥ dA-Al aslml Al § d
Heldl 0 0. m gUsl 2 V56 HAAAL de HL2,

(10.2)

p = % (10.3)

geididl uRMEeL [ML7] ®. d-dl SI »is4 kg m™
9. d 4e iR AR 9. nall ML eot-ild O -
ddl eral goudl dsdl d-ddl @oeL w120 8, olley ol
QUYL BolRL A1 Al Hl2l 335121 sald 9,

4°C (277 K) dlusid Wil geddt 1.0 x 10° kg
m= 9. 5165 sl AlUE dedl 2 dsil dedl 244 4°C
ctusil Wl il i 8. d YRuASA, H-
e ABL V. evial a5 MR-l e d-dl
2.7 8. ddl gndl 2.7 X 103 kg m™ 0. 32dis 1ML
dRelll 8ddl s1%es 10,140 salda ©.

s025 10.1 324ls AHA dRAAL STP* ¥ 8-dl

d& £ (kg m™)
ueil 1.00 x 10°
eRuwd wall 1.03 x 10°
uIRl 13.6 x 10°
SULdd vleslsie 0.806 x 10°
2yl ] (Al didl) 1.06 X 10°
gl 1.29
2154 1.43
SLdgose 9.0 X 1072
AidRARLSIL HHaslal Sl

* STP Yled UMaeid (Standard) adtuyi (0°C) 214 1 atm &6l
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Allla st

Gelga®l 10.1 10 cm? wed €35 Hsder
8ol HRLAdl AlA0AL 6 xRN ([Zu)
HiAdFlRAl GURHL ®IdLL 40 kg £ IR
AU B, 2L £35 2R (BHA) a3 As 52Ul
UL ToURLAL Vigly HAdl,

Gie BHAAL 6 Bes] &aAsN 4 =2 X 10 cm?
=20 X 107 m? du-l U2 dwid «n F =40 kg wt
=400 N (g = 10 m s ddl). 2l 610 x4z
Al © A ddl Fua ux dezl O, M, AU
goL18l

P =L -2 %105 Nm2 P
av A

10.2.1 wsa-l [Ruu (Pascal’s Law)

Fu [su-l ods wisd 2d Faw s 3, @R
dRAHL s A GlaS@ Hidal oal [Bigint eol
AL €l V. 2L ehlsdr] Fesiq s w0 Ad 53

= —

25ld 102 wese-r [vaudl ulbidl. ABC-DEF
o[22 Yl gel GOl 219
U (HAU) 9. L U A5 512500
(0281l 29 3UHL €9, 1 Vi el ~Hll
& 3 syl w2 Aol usiy
¢, u¢ dd uredl 4 Hlel s
elalde €.

sl 10.2 2is RAR UaldlHl, dril vietl L
e s vig suld 9. 2 vis ABC-DEF s 512512
Mol 2@3umi 9. Agilds Ad 210 Do Fdl vig
vl Al 8 gl dd oexs [Blg uadldl wuidlal
2sA0(l GlaLs>L ol wstd 2 defl 24l o8l Blgil
uR oRcdlstildl A B AW B, uId Wredl
HE AUEL AL v WL sEA oldidd 9. 2L vig
U ddldl 601, dRAAL GlLSlAl ML 43 ddldl iy 9

~

A GuaHl 2uL Yool dil AU dol Slu B,

WM, de A3 A, A, @ A dd ealdidi AxAsoll
821ddl s BEFC, ADFC i+ ADEB 6l%il U
doizu dlldl ol F, F, 2 F, 1434 o8l P,
P i P Gt 52 69, 2t

F sinb,= F, F_ cos0,= F  (dga~ udl)

A, sinf,= A4, A, cosO,= 4, (CIEINRED]Y
F, F F
U, A—E = A—‘; = A—:; P =P =P

2], R dayl 2dd [Bigal adl [Rauiimi
dald eolldl s AHA O, d &3edl uued e sud
9 5 oflo usiAeAL wlaotosdl o4, gount i Alza AL
Al de 51 (2o vl wasidl 2l R 214 golRiHl
SlU ddl dedl 2igedl el (2Udl AWl Yr-L)
SIS &S0 UR, d aatsn o d Fd ed €l diual
dpld oo d &g dezl i 9.

g AU ALDe, AAFN Bl AHE Ay uZl-L
A3UHL 28d da-vigl [QAR s 2 ugl Adadul
9, drll 6l 94 U dldl AE[Ae ool iseilen
AUAlAAl Slal S ™Al 6L DU U L6l s
AU Sl AT 2L ABA 52 B F Addnul el
yalgl 2 25 o Au[E[A%Y AHdQHD ddl oul
[Bleallal eoldl s AU €l 9. 4Rl 5 dral
AL-AI SUALHL L EOURL AL A Sl dl df
Qe Ald 5 da U wReuHl el dulg did. uel
Al QI deMl s o AHBA% AHdAn
olf gollRl i5AMLA SlU O, Yded Bl o8l dsladyl
Betlad sal dest .

1022 Gl WA souaul 3812 (Variation of
Pressure with Depth)

s wbHl ddl RER yadlHl [Bar s sl
10330 Big 1 21, Big 24l Gur A Glud» »uda .
[Bigail 1 245 2 SA2U0AL 6B SAeisH P 21 P, O.
dRedl M5 AOUSR VS 5 el Ul Adsn A4 A
GlausS /2 99 d-ll (AR 5. dret RER il uReusl
UHlldos ol g ud ASHL 2 wReul Gld ol
2L VgL A% ARl Sl BB draxL gelitid
dlld i Mol 212w (P 4) AHlRwmE 249 dlo
W (P,A) GledlZousi 9. A0UsRHL dRAsi A%t mg
€l dl,

(P,— P)A = mg (10.5)

ed, % dasdl en dddl p €y, dl wued
m = pV = phd 4, %l

P,— P = pgh

(10.4)

(10.6)



