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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







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




Vi

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. JosHi
Chief Advisor
Textbook Development Committee
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Ay, & ueldl ol el ea-fade 3dl Ad wy 6, drl w
AHRA B, sl 22 uetddl ot wHA Rl ¥4 ABid 2w
gdl. ABLAd: g2 usld Hed Adl Auid B veld el AR
A se Fld S 8. uiq drddui velda Wal, eondl § awll
sty 8. eulldl Ad ¥ ee Wla-l Al wel yq Mg slal oo
ay wdd [zl 53 asi O, 2udl 2 3 Ayl 3 ad yewl
yolzd 2e ueld «ell.

el el Al 2SR 2 URMEL S B, B ygldHdl 2R
5 uRHRHL 3381 sRal (ual [QA3Rd sa1) ool %32 ul. oA
ad adle sl ol DA siaepyds WAl dl d«dl dousui
ldl QHRl Ay B, i i REdLAL Bl 914 €L R d Wldiedl 3o
2512 2 URMERL WL AAA B, gl ¥ dadA sRA [Agusea
g2 Sl d Wldldl Y0 §sR A R yAurd 53 8. dd
RuleReusdl s& O xd Gau~t adl [A3uad Raldeaus @3ua
5¢ 8. @aIEl (Putty) adl slied (mud)l [ U2 %l dd ool @)
Ul dl dul Wil WRlees »usR wsl Aadasdl gl $idl el 21
d sy W2 [@A3Rd 48 d 8. 2idl veldid wRes sdaiy 8 Al
At 2iial oA walRe[E) (Plasticity) 58 9. @€l A sied
gl ksl 125 B,

Al FUFEoL Rotdel surdl Ralaius adgys Hewxdl oBist
axd 9. Gelgll a3y Bl Ratd saL w2 WP, silke
Al Fal sedll Ralwas oy sud €l o330 8. 2 %
Ad @, iedlensdd, Au-ddl Ratd a9l e el 2L dlid
WAl B, 2dl wsl wg yl ws 5 Y UL Ay sdsl Ul
wyeld €1y dal Al Rond 53wl 7 g 2uusl Hai
5B w00 Rode 531 wslal 5 % east U Hyold ¢l ? A HR
2dd 25+ 251 T Fal [ARe €ld ¢ 7 1 M2 512 6258l €l
8, s (o g Al ? 24 oL % Uslldl gaoidl AZutId A

wsiAL ol & ool 3l Ad ogel el ud usldld [RRd 536,
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dril wedindl Ay O, L USWHL ULl B
o - . o

veldll Rafaaus ades 2 4ibBis opasl-l

wneld s, B AL w8l Naldl Gia vl

9.2 u-t gl Raldaus adgys

(ELASTIC BEHAVIOUR OF SOLIDS)
gl el ¢lal 3 oud usidui e3s w3
2§ dedl udlall vl 5 2R gl dudal
Sl 8. Ald uHRdls 5 Aid uedls ool ad
dvil 2soflol Al wsdal €ld B e ] Aglad
HRAML W@ V. WU ud ueld [A3uLl wq@d
Al UHIGAL 5 UYL duril Adddd il
AlAidRd 21 9. uReud widl yuedly (a4l
Miduedld) iUl 33512 A 9. 2U1R [A3usea
g SAML 2ld 9 A id uRHIRlY ool dus
ya A 4 2d © a4 ueld Wldidl Yo
LSRR 2 URHBL Yedind 52 8. Yraunl i
uBUL wgld 9.140 ealda ROl 2 olla-i Hsa
GIRL AU ASIU B, Ul olld UM daul RYoL
AidR wHRdls ool g K 8.

DI, 2O
s M
O ='\\\\\ =
Mv \\\\\\\\\\\ i \\\\\\\\\\\\\\\

Ll}})ll}})l}})i]}l‘-
\\\\\\
O

R
)) \\\

[l[{({ﬂ[{ﬂﬂ[{{{ﬂ[l{ﬂ

—

SO 3

2i5ld 9.1 a4 usid«l Ralaaus adys wid

“lFor-olle” Hlsd

A i 56wl olldn d-ll Agaq Ralael @u-id
su4dlll Wderl 523 dl [ dot olidd d-L ya
2 UL A cldl Yot S8 2, e veldH]
RufRas ades ad uelddl Y uglaql Aeat
anondl asiu. Ay clfaswell A6 ¢
(5.4, 1635-1703) 3oL w2 udloL 304 Al 5163
3 uglglul Geoadl delS-l 32812 @Rl Wd ou
wdl 61% (load)d UAUHRHL €14 9. 167641 d8l

Raleiusdidl Fas sl ¥ gd g5l Ry a3
iy 9, 2usl dd [ wR0e 9.4 wewn
5309l olldanl [Munsl 1ss 20 [Ruyd wel [@Qsudsl
A3AALAAL HIollcHs Aoil UL 215 9. wA[F([RuFa
Rl el oel el ol Ss0 sl adgs
el vior o Hgrasdl 9.

9.3 ulavin 24 [agla (STRESS AND

STRAIN)

U1 516 ueld uR idl Ad 6o d@dusami ud 3 d
gy (dla-{l efeal) el Agaui 28 dl d Al
wALRH Q3w Wi B, Feil 2R veldHl sl ugld
dal [A3usendl Hid 4 €l 8. 2 ol a5 5yl
sl 2L [A3uRL oA AU AR, ug [A3usl ad o €l
8. w2 uelel U [Q3Us6l0 ddsaHi 21 IR ety
YA RAUUS6OL BEMA 8. AL YA RAUUSHOL Hir ALY U3
oL g2d % Ui d-ll [A3g Rwnl glu 8. sy &sisu
tls Gemadl yriausoan wlas sé 8. veldni 4
2889l BaAsu doetlRanl @l wdd oo F iy dl

wlaoad W4 = F/4 (9.1)

yleasdl SI 2154 N m™2 29dl wise (Pa) i
A wRMRS 3 MLIT?] 8

ouY SIS ad Ueld U GUEL 6l @dlME A
AR dedl uRHRM A2 Ad s 48 4 9. %
gl 9.240 salda 8. sl 9.2(a)Hi vusrA
el ALDEA dotzh 6l AUl 6ol dldL uLdla viuami
widd 8, L BRUE A5 vde €ls YrRAg
oA dgua uldein (Tensile stress) s& ©. ol
OUlIAl A S50 AUSIR ASIAA WA dl HsH 850
gls yriRaus oaq eloly ulatin (Compresive
stress) & ©. dold d elefly wsad ddd
wlasn (Longitudinal stress) U2l s& €.

ol Bl dnusiRdl doudHl 3812wy 9,
veldel doudui adl 381 AL U ueld«l 3o
doitsS L (24l Bl sz W)l dRiide ddld
Elé[& (Longitudinal strain) 53 €.

dud [k = AL 9.2)

A% sl 9.2(b)ui ealeul Haol, AnusRel
ALDEA AHIAR uRUR (A Rl 6 wwun [A3us
o1l @olsAlML 2Ud IR, A0SRl wHAL 6ol
Q22 A @l-id 2wy B, 2wl Ay uid welly
oLl 5181 HsH &ASU €ls BeMddl YrRAUS sl
ually 2aa 2us2 wlasa (Tangential or
Shearing stress) $8 8.
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AnZ 85 (Robert Hooke) (€., 1635-1703)

AGE sl o 18 Yals, 1635 Ay $UdleR, A 2is dldeui udl
gdl. d AL el e dsufisl Uil s EBR 2 olgyull
wlaeuaon gdl. dud Aisdsd Ral@enauui v2ea a3 sl uig s434 ids
a asul S oo d wlaeuuol Alus 4ol oieiariiz A4 Bt Rod-r
gl 4 ollSa-diguu-l -l sl Aeté olidadl Heelal dd WL gl «Adl
AN AUe ARUNAA UdL-54322° d3 166241 o [HH8s wBal, 166541
d A sidrdHl iRl WidA ol dl gl vl waclsdl sal. dudl
AoNRUA Ads 2lsiucdl -l 530, 2RGBUHHL widHl diRidl 244 241024
AlRHSOHL A5 el ld 53 o Uldidl Aa U MR s B dd YA
54, oL Al [AdidaR RN dur sal ¥+l d wedlell el Aol
Guylal s304 Mo el ema-e A8l wal, AL Aldd asld saL Wl ‘e adl Fuw’ 2y sl
A il ed AP sl 3R, d Aud ARNAA-AL A4 (Fellow) dld 421 i 14 1667 ¥l
1682 21l AU Az dF Al 2l WSSRUBAHL Wdd d-ll vadis AelHl usiail
ddl Rugidd 3a 56 24 515 (Cork)l 2odu-l URSUH 243U @aldsiivi-l Aecl Yuy duid 5
(cell) woe-l Gualal sul edl.

afllasauo{Al Aeie g5 dudl RalRasdil Fud-l iy w2 dldl ay wald dl, (Ut tensio,
sic vis) 2l 3 AR 12Ud V. Fell el wd B ¥ [A3uR dd s, 21 Fud wan 2w [k du
RufRausdl godld AHwAL Wl WUHIR UL,

25l 9.2 (b) WL EldL wld ey o 58 adl tan 6 2 @oaeRL B5R ‘%BC:L Sl 9. (Gelsal
Aousiefl & wnaedl Awdl a2l wla @wdicz R 6 =10° &4, dl @ 2 tan 64 WA 1 %
Ax ®. WRaud Geoad) s 252 Qg0 (Shearing  #2dl dstad €lu B.)

strain) dZ3 2avid ® A dd AeL @iAid Ax 21500 9.2(c)Hl sl Hae 2 s gl )

dul AousiR-l dois Lel a\gg[]xg 3N v d gotld]l Al 43dami wid Al uel d A
AU 8, LU

Ax W, 251 [Agld =tan 6 = 6. (9.4)

sk [gld = 5= = tan O (9:3) 15[ 9.2 ()i saienl ool an veleld Gl goust

wul 0 BRldol (dousial yaRald) e AusRy  HRAddl 51 dReHi sl 2d AR veld o] il
SRy i 8, AHd A 6 vol o YL E11 B, [Mulid Ad eoud B, daa ad usid-l AL s

£—;— —r::‘_‘: = = .

<>

I —
|+ G o -1?
T 7
F
(a) (b) (c) @

2i5ld 9.2 (a) asua uQeadl w2z sa sz usid-] doudil a4l AL (b) 512 U2 @Lalg ISR
e d4 0 se ved R3d 52 8. (c) 2s ulasa-l a2 dsa 8dl ustd (d) dwdl-
g3s (gl dogl aaal Aol wuuz dsa dl a4 usd (sidlas ulasa). se-[Asl
AV/V, u:q SUsR¥H[ 52612 Udl el



238

alllasf@sir

(Bigat doizl ol @l © 2 verd siddilas (wella)
Asiad-dl RalHl & du s 8. uReud olllas
LSRUL 3512 Ry d-l seal qaldl ad 8.

weldul AidRs YARUUs610 GeMd © ¥ dRA GIRL
dalldi ol Fed o ud d-dl e Rawii €lu 8.
(uetdl dral olgIR sledi d Uldiedl 3o U512 A
uRu1eL il Hod 8.) it BRuul s daisa €ls
idRs yrrausoin gudlas (rdlu) wlann a3
v 9. dd W addl@s eoust (s AxAsa
els dwldl o) Fed diu 8.

sLodllds eouvil SR8 Geatddl (gl se-lagla
56 8 A dil sedl 3R AV A HA se P
eiltz 23U lld sl »1d 8.

sefugl = &Y (9.5)

Al gl wRwRdl 525R 24 0 wRaueHdl
il Elatel dd 515 dsi § wRAMBS Yot -l
9.4 g5 [Run (HOOKE’S LAW)

sl 9.241 ealda el ogel uRRARRIME wlea
A (gl el el @3 e 2 8. Al [Qzuel
e ulast 2w [@Agld sisolladl auHem i 8.
A 8ol [Ran 58 9. 2 2d,

o o< [Asld

uldein = & x [agla (9.6)

Ul k= AuHRdIAL xaais 8 A Ralaauus
s 58 8.

gsll (U 21s vidoids Ry 8 4 3dleL el
gdlldl de wad Wy 9. A sedls sl il
AUMIRLALAL Aol waaldl el
9.5 ulasin-fagld as (STRESS-STRAIN

CURVE)

dsite WMo HHddld 2l g W2 e x4
(gl azal Aol wAdlBls Ad Aadl as &, deud
allBsdipiidl eed ulaeHl s dy wd
U|BRL AOLSR AL AR WAL LA B, dolSHl udl
ills 28R ([Agld) 2 (Al Gaumt saL w2
AL YR ool AMAHD 2d B, AL uild san
SHW: AHRAML 2Ud B A doulSul udl w12
AUl 2d 8. wlden (5 ¥ sy dAsa €ls @)
uRd slo-l i e €l 8) [B3g Geoida [Qgla-l
wAu eRAML 2d B, igld 9340 515 s g
W2 2ldl s 2udv ealdd 8. elofly w1 SR
uldotn e uel 2udl o 2udv Aadl asu 8. el
yel el 2 Wlasa-lAgli asl gel gel i 8. 2
asl e sdl ollyeil il Ad 39 [A3ue w4 d

AUFAURD 2R Hee 53 80, A wel bl
AS wslal ¢l %, O dl 4 Y-l a5 Yul B, 2
[BcRMl g5l [ wen a8, 2uR [A3us o
g Sl 2d B Al ueld dldidl 4o wRawell
YA 52 9. 2 @Rl ad ueld RafRaws
uelel a3 ad 8.

ALl e D
Gy
g \?\[i\q[awma adeys
= :'
M."/&l*-l‘ﬂ @Y
0 30 %
<1l % [agla —>

25ld 9.3 58 As g wé una-lasla as

4 4 B il [drul wliea a4 gl
ARl Aol ol oll €2 s, ueld Vil 3o
wRARml wisl 53 8. asul Big B 2u(RA6ig 2naql
(Ralazausdil ge) 58 © 24 dd 2434 wlsas
gedsfl (A uendl (Yield Strength) (o ) 58 9.

A ol q4RAML 2Ud dl GeMad wldeia U
wottel]l a4l Md § 2 AR uldedl il 3812
e [Agladl vot o Al auRl w8,

d$ B A D d2sl @l 2L slold eald 9. B
el D a2l 51§ As [Big WA 5 C wd oy
KAl 24 dl yeld ddl Ho uRae il Aoadl
Aell. el Rafui uldown g aal odi [@gld o
adl Adl QR sl siudHl R 2 o © AN
sdad. 2dl [zuad wilRes [@Qzua sday 8.
2wdv udl Blg DA geudl vildn deua ueindl
(ultimate tensile strength) (O'u) 5¢ 8. [?*[Qfﬂ
AU AL WI3E 6L B2Lsalil 21 diuat atiil [Qsld
Geatd © A E [Big W ustd ¢l su 9. A viln
uoldl Big D 2 35%2 W2 E wwd i dl
el o125R) s 58 B, A d Bigil ay g2 €lu dl
s AU s 58 0.

20UG i du el el sell w2 wea-fsh adeys
el el €l 9. Belgel dly Wik d-l 3 dons
sl 4g] Ay vl ast 9, 9di d Uldidi Ho 21540
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T 1.0
T
Z
?é 0.5—
S
z
ER
0 | I
0.5 1.0
(Qsla—

215ld 9.4 geayial A4 ad wdl wsiiyl
(Aorta)<l [Rlqzays ol e ulasa-
[Qsla as

uigg 53 8. gl 9.440 eeudl Ml uguu-l-]
RalaRaus el w2 wlea-Agf as sulda O, w1l
Al % REMRAMS-[AAIR vor o HI2L lal 9dl il
g d (Gl gsmil (R squrd el 2t ofly 3
Al 515 e wilR2s [RdR ugl el veim-l-l vall,
BR IR dl gl vld oty {1 [Asla Gout 530
st V. dal sedld SAURRMR 58 B,

9.6 Ralda1us 215 (ELASTIC MODULI)
WA il AygsAlol Al Rad we
ulsa-[agld asii Rularausdi-dl se uddixil
ALl @iz (Gusld 9.341 04 [EdR) vt
o uetddl 8. ulaea a4 (agladr apivr-d
Raldraus 2is 58 & dul d 2wld s w2 dals
€lal wRuy 8.

9.6.1 ¥dl HisYaA (Young’s Modulus)

WAHIBLS 2adlsHdl Yud 8 F UL 424 HI2 dRuld
wloar $ld 3 elolld wlaoa, Gepadl [glid -
AMLL SlY 9. deua (A4l slelly) wldsn (o) v
Ao (gl (&) opelidan doL ey 58 8. o
A3 ¥ gL eulad 8.

r=% (9.7)
s (9.1) 24 (9.2) uxdl,
Y = (F/A) / (AL/L)

= (FxL)/x AL) (9.8)

el gl wRAelEd AR Sl 400 il
wsd wlaenrl 2sH Fdl % ed 3 N m 2 »adl
W (Pa) 8. shes 9.1 Sedis sedl-i 4ol HiRdx
A A Yol Hell 2 B,

ses 9.1uL 2ua MR udl A8 usy & %,
Qg M2 4oL HiRad a4l © 2 dal gedldl
dollSHi -l 33812 RdAL HI2 M2l aasl %3 ul
8. 0.1 cm® 2Be Ass0 HAdl ¥ld-l wdo
dR+{l dolHl 0.1 251l d8IRL 5dAL H2 2000 N
ol %32 U3 B, vledl ¥ e Als0 HAd
vieyfFy, R 219 dioidl diyl 2uedl o [kt
Baurt 52dl W2 %33 6l ieisH 690 N, 900 N i-
1100 N €l 8. Al 2l Adl wiy 3, Al
a2 disit sl ¥l a4 Ralaaus 8.
sl edl QR Halld A RsAA (RAAUAUALS)
Roadrnl Wlad ude sl 20d 8. dlsd, 8Leg,
siBe 2 sl Hie 4oL Hisydau sl 8.

S12% 9.1 32dis el oL HIsYAY A lA-usndl

ilan (ugnn)
U AL
G, (10N m”)

UU[BA-UANAL

6,(10° N m”)

SIIEIEEE] 2710
EATICIEY! 8890
EERICRAEY) 7800-7900
| e 7860
| s’ 2190
| siele 2320
| asg” 525
| ewsg” 1900
| el 1050

70 110 95
110 400 200
190 330 170
200 400 250
65 50 -
30 40 -
13 50 -
9.4 170 -
3 48 -

Ay # i gedled udlam sonel 50wl B
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P Gels@ 9.1 s p5ARA EldxL ALl Brasul
10 mm i dell 1.0 m 8. d-ll donsS-l Rauxi
100 kN 6101 gll de WAami 2id 9. A0aHl
(a) Wein (b) dous-l atIRl (elongation) A<
(c) [Agladl awid?l 1. w@sA Rld | Yol
Wian 2.0 x 10" Nm? 8.

Gsd

A W a2 5 a2 93wl wsdld wdla
8 ud ol B Al doud-l Rl F weq
ol ¢ uld 9.

A u Uldeia,

- £ _ _E
ylang = A_?

100 X 10° N
3.14 X (1072 m)?
= 3.18 X 108 N m™?
dollSel datIRl,

(FrA)L
- Ty

AL

(3.18 x 10* N m) (1 m)
2 %10 Nm™

1.59 x 10> m

1.59 mm

[asle = AL/L
(1.59 X 10 m) / (1 m)
1.59 x 1073

0.16 % <

P Geig® 9.2 3.0 mm %F2dl AMIA AN HUAI,
41l 991 AL ANAAL diotl 21 Wlarl dlR
Aol gsH 2.2 m A 1.6 m 8. R duA
ollos (Load) d3 viAcIl 214 £ 2 du-] donsui
gl 6 442l 0.70 mm 4l 9. AL Ul iy

-

Qo).

G2¢ dioil 2 Pdnl ARl A¥L dBid wsa ds0
0. 51208 & ddal @l Wl dRlld (UM 6ll%) A
B A wBer Aoz 4 A B, w{lsw@ (9.7)
e,
wlstn = 4ot Wi x [Qgla, uell
WiA=Y x (AL /L) =Y x (AL / L)
[+ [+ c 5 5 hy

Ul ¢ A 5 s dioll A A Rld Hiesll
Asd .

(ALJAL)= (Y,/ Y) % (L, /L)
L,=22m 4 L =16m LTRSS
s 9.1 well ¥ o= 1.1 x 10" N m? 2
Y = 20x 10" Nm?
AL/AL =(2.0x10"/1.1x10")x (2.2/1.6)=2.5
doudui udl g4 AU AL + AL = 7.0 x 10 * m
Guastl aMlsel-Al G3a HAaadi,
AL,=50x 10" m % AL = 2.0 x 107 m
agll,
W= (Ax Y x AL)/L,
=m(1.5% 1032 % [(5.0x 107*x 1.1 x 10'1)/2.2]
=18 x 10°N |

b Gergew 9.3 wbuni wida MM dqlid
YUAL duIH ol 25 dlsd 5 % Yldisdl Yls-
ASR YY oAl 1A B d-dl WoL YR 2sad B
(sl 9.540 cauleqr Hot)., AR L
Sl A selsiRl, ilRdl 2 2edsd sa ea
280 kg ©. dal®md dldidl Yls w2 ¥ w4
5 e 60 kg 8. 21 Al5d-il €35 A
sLesi-l dolls 50 cm i 2ABIRS Brawul
2.0 cm €. A4RUAL 60y 518 AlUAAL £35
Slestd AslAA kL.,

2wisld 95 agunl wa Rl
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G2 dHM salsiRl, WRHL w201 993 sa ea
=280 kg
Rl d@d wal sdisikd e = 60 kg
RACKAL B Wl salsz oL v 25dd gl
=280 — 60 = 220 kg
2L 2544 e A%+t = 220 kg wt. = 220 X 9.8 N

= 2156 N

SALSIRAL AAAAL €35 8LSSL UR 2544
ollr = 1/2 (2156) N = 1078 N
s2s 9.1 uell €188l e ddl HISAA,
Y= 94 x 10° N m™?
AL £35 elsil dous L = 0.5 m
Al glssidl Blesdl = 2.0 cm
dell WANAL €l3siL 2U8Be Astsu
A=71 x 2x 102’ m?> =126 x 10> m?

w501 9.8+ Gualdl s WAAAL €35 SLesld
Aslat AL <l ool el asy -

AL = [(Fx L)/ (Y x A)]
= [(1078 % 0.5) / (9.4 x 10° x 1.26 x 1073)]
=455 % 10° m »84l 4.55 x 103 cm

% viol % Y& F%IR O | Aanl sLssl wils
qa18l AL/L = 0.000091 AgaL 0.0091 % <
9.6.2 dlRAl geudil Udl UIAEYU ] 42

(Determination of Young’s Modulus of the
Material of a Wire)

lRedl godsll doL HistaA sl sl el [l
wlBus olisasll »usl 9.64i ealdd 8. dui @R
26 AR UYL AL dollS A A Blaulai 6
AL AR WRALAL @esldd B, dik A (deel dr)
Pilaafle WusH-Al Yo et M 2 dysl Ysal W2
ued (Pan) Hud 8. Mulid 2de-d x50 4uadl
AR B (ulael diz) uel ued dud 8 Fui oneilal
qu(Hul Yol asiy 8 uael dir Bl 93 eds wd
alMd Wusv Ald B ud Al diR A Al Yy
Wusy M ¥Rd s3a 6. vealnl yidl aw(Aal
NUBAAL o1 U3 B 244 ulaRl diR deud ulaeiaxdl
AL ds0 vy V. alfuz-dl olsanl gl ulam
diR{l doisui adl atIRl (elongation) HucML 14
8. 1AL AlUMLAHL Al $51+ 5181 Al doulSHL
33512 eRULS (Compensate) $dl |12 Agel dR+l
GualoL salMi 21d B, 2L 519 ulael diz+{l dofiSui
dlui-d SR8 udl 38R Agal dik-l 3812 Fedl
o &1 9. (vl el 2AJAAL 2001 218
s 1130 [Qodar s304L.)

| ]

AY |.—_1B
deel di gLl dr
M |- r
Wles e | o1 (aluR 3%a)

ded

215ld 9.6 diRAL geuel Yol Hian Assl sl
el walBis olsasil

ulal diz A Agel dird AlEL AvaL W2 oid
AR\ WRAHE il ol d60 A alFuR AHadis
AlHai 21d 9. ¢d ulael dir+ deua sl
AR 801 Alddl HI2 dril GloHL $M9: AHIRL SaAML
2 B A aAlfusd vadisd 530 dinani 2ud 9.
A alu 2ddlsdl a2l dsidd diedl doudui
Geatdd aHRL U O, WRL 3, ulam Al wlds
Bosdl 2 dotls visi 7 2l L 8 dl il 2U8e-d
Axs0 2 4. HIRL 3 M e 5181 diredl doldui
AL %2dl qq1RL Ay, €9, o, uidd ol Mg wed 4l
Ul g AReaAdAdL 8. WH5wL (9.8) Ul il seusl
4oL Hia,

_ o _ Mg L
Y= € Jtrz AL
= Mg x LI(nr* X AL) 9.9)
wel Ha 8.

9.6.3 2usR [Ruldus vis (Shear Modulus)
U5 WA A el 2AA3U HULSIR [l SRl

goell 512 RE[QRAIUS 215 58 B 2 dA G glRL sl

8, dd gadl dRlLs (Modulus of rigidity) 4gl PR

G = 2R waan (o) / sk [Agli (6)
= (FIA)/(Ax/L)
= FL/AAx (9.10)
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21 JAd wdls@ (9.4) uxel,

G = (FId)/ ©
= (FI(A%8) (9.11)
AR W o A Ay o sauldl asu B ¢
6,=Gx 8 (9.12)

w52 RaARRAS sl SI 251 N m 2 2iydl
uiRsd (Pa) 6. s 9241 S2dis AMIA sedlsl
w512 RafRANS 2is 2Udl O, w1l AT wsU 3
AR RAMRAMS 15 (2adl dRUS) AWML 43
disaaual 21 1 B (s1es 9.1 urell). Hi2l e
sl M2, G = V/3

2% 92 Jzdis WM gl sk Rlaus

s (G)

2] G(10° Nm 2 1941 GPa)
SR DE 25
ol (o) 36
diel 42
S22 23
dlvig 70
ARy 5.6
Fisa 77
¥ld 84
2olert 150
alsg 10

P Gels28 9.4 50 cm o=l dotls H1adl Alul-l
25 ARA ARl 285 10 cm 8. Al widoll
6l U 9.0 X 10% N %e¢ ally ol @i uidet
8. % Aualdl {13 oigy cllua@al w8 ¥R
53¢\ (riveted) €14, dl d«ll GUR dsll ouy Sedl
2UUAARA 2dl ?

Gae 2ugla 9.741 ealon Yool Al e ¥R s3a
€ 24l Wil 6Ly AHIAR 6L0L ALOL WAL Hde . %
6l AU 6101 QIS 2L 8§ d~f AUl

A= 50 cm X 10 cm
05mx 0.1 m
= 0.05 m?

aw uikd wldea,

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

HE2

£

F—\ s, N
, %
1 1
] I
/ !
50 cm ] .
al B
(] ]
I' l'
< SR N
IT }1{ ITT{T} I[I }.{ [_} T'{"T"}_?'I'I"}'TI;'?'}'-'JA"T .J_].il '7'}'1"{"1"1'1 Jl..T E
2ugld 9.7
18l el el &,

25R [Agld = (Ax/L) = (ulaen) / G. »udl, @-idR
Ax= ke xL)/G.
= (1.8% 10°Nm2x 0.5m)/ (5.6 x 10°N m ?)
= 1.6 % 10* m = 0.16 mm <
9.6.4 selRulRRaus »is (Bulk Modulus)

uRade (9.3)ul el Wy du Ul ueldd
walglMl gotsami 2d AR d o edgifas wldsa
(eouadl Wit wed %)dl AR S wud B, el
weldHl seul geldl i 8. vl Geoadl [Aglhin se
sl 58 & Rellse (9.5)]. eddlas wlisa x4
dd 243w se (gl ol se RalRaus »is
(Bulk modulus) 5 & ¥4 B a3 salaid 8.

B = —p/(AVIV) (9.13)

2581 (Fau-{l YA 8 % golirinl adil Ay dy seul geldl
Ged 8. 2UH p Hel S dL AV 8L &8l A1, A
8AL ot H12 oles WIIAA SR Ut S1UL 69, vles LUt
UsH gollRldl % 54 9. 22d 5 Nm 2 184l Pa. S2dls
ALY, gLl oles WA 51025 9,341 2 B,
2% 9.3 J2dis AU sell-lL bies HIYAU (B)

g (an) B(10° N m ? 224l GPa)

vieyFRU 72
Rada 61
dliol 140
51y 37
dlvig 100
s 260
w¥ld 160
yasl

yieil 22
Sa-le 0.9
slolel SLUESISS 1.56
PauR 4.76
uIRL 25
YA

gdl (STP ) 1.0 x 10°*
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oles HIAUAL A got(ludl 58 8. dd &k
galald B, ol s AL AURL Els seMi Adl
RS 32512 glRL drl arvalid sy 8.

k= (1/B) = — (1/p) x (AVIV) (9.14)

S5 9,341 200 HIRA uell %S 2514 D % aet vl
L2 oles Hisgau YaldlHl oles U sl 8Rll 2L &
2 ULl oles HLSAAU UYL ($al)L oles HiseA
i8Rl Hl2L €l 8, B et Alefl AL got-{ly 11 8.
1R Ayl Al a4y eor{ly Sl . aete{l AUA Ayl e
@y 2181 ay eot{l Sl 8, Ayl eoir{ludl ay Sl 9 ¥
UL 24 6119l A8 sleetld 8, Brir{l 2est{ludl Huud
WALel wRHIRAL LA AL 8 Youte 51281 S1d 8. Walél-l
R0 WL Ylctrit wlell 249,211 18 6{ueAHL €14 8, 3t d
wed uolt Aol €l Fee il Sld 9. Ayl UL dil
udiell el 1 ol 4oue 8AA S,

s1%es 9.430 el gel usiRl ulaea, (agla
RafRAS 215 2 @ usdl seirll waral salda B,

Gelg@l 9.5 (Rt vl AU GlaLS

3000 m €. HeRAPRAL ddd wel 2 ¢l

Aslau AV/VHL ol s wiell e oes

Hean 22 x 10 Nm™2 (g=10 m s 2 dl.)

G3é a@unl a2 U2 3000 m GluSan wel-
A a3 GeMad eoulsl,
P = hpg=3000m x 1000 kg m™> x 10 m s>
3 x 107 kg m™! 52
3 x 10" N m?
wils AU AVIV =

WRe/B = (3 x 10’ Nm2) /(2.2 x 10° N m?)
1.36 X 102 udl 1.36 % <
9.6.5 A~ ?{y%h.ﬂ% (Poisson’s Ratio)

oL Higgaudl wdPl (WRade 9.6.241 AHnL
Hopol) Sy snil Hadlsl ld B 3 diRel 2H1sde-l
Blowdl (wadl cunmi) ddls qaldl a8, |l
udd sl eol [ﬂé[?l:i wls [Qg[& (Lateral strain)
5¢ O, WU dud Wl se 5, Raldeusdisdl
ve Yl wlls [Agla Ao Rgln weuasl gy
8. Wils sl w14 Aol Qs el WA
JRNTR (Poission’s Ratio) 58 8. % dlR-l Yo e
d . uldsiad dli cuuul adl g2l Ad i, dl
wils (gl Ad/d ad. A dwrsdl ya dous L $iu
ddl udend dlil dollSl awRl AL €l dl Add

Il

stes 9.4 wlann, [Agla a el el Ralarams vis

wlasia-l
sl
dBUE UMM YL dot ol AHIAR
YAl AN HEsl ouni donsui
gofla R [Gg Radidl  quiRl 3 Afan
(c=Fid) & o (AL/L)
(aclasla)
SR AL oL AWl U AR, O
(0= F/4) ¥ Auid2 v (Us 2UsR)
[Be [Rami aidi
AUl Heusdl 6 ool
(e3s Buni uerd w2
ald wRal s A
uReudl 215 g u.)
SLOARS  AUA AW €35 sedl 3R
(Bigal doizu ol @il Wy 8.
8. WsH AAsn €ls (RiSuA Al
awlg ol (sou8l) e3s  [AdRel
Bigal wut € 8. (AV/P)

adl 32812 | Rulams [Ruldzaus
&l -l Y — 3ol te
(Fx ) WiKax
(4 X AL)
o ol —_F [ausr o
Al @ o P oles 8l
AVIV  HlEd waitdl
e
ay
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@sla AL/L. ddl Wdu- sl (Ad/d)/(AL/IL)

nudl (Ad/AL) x (L/d). Wldu- deilci 6

glaaidl oRidr & d i & 2 dd uRwum 3

sH Al de Hed gl UsR U AR 8. ¥d

W2 ded yed 02841 030+ il 8. vieyFilhunHl

(sl il e d adlet 0.33 8.

9.6.6 VARMi WAl drHl Ralduuslu RafaGln
(Elastic Potential Energy in a Stretched
Wire)

B s dlR el wlaon dsn AN €l QLR
Aidumiedly ool (g sid ud €lu B, 211 51l dryl
RalRausl RARGE 30 dAe Wi 8. L F2dl yu
Aol A 4 288, Ao HAUAAL IR R doitS-l
Rl [A3us aa-dl 21Uy 80 €ld AR HIRL §
dollSHl adl ARl 7 9. dl aHlse (9.8) uadl,
F=YAx (/L) 2l Y cizel sl 4oL H{isan 9.

gl doilSHL A[AE df Fedl AHIRL S W2 539
wid s dW, F x dl 2adl YAIdI/L %2¢ a3, 12
dre{l dousS L ol L + 7 Fedl sl W2 53 usd s1d
W, %1=0d1=1x2ad 54 8.

= 2 x o Dsar x (BYR)? x ard s

= 2 WRea x Byl x drd s

2, drdl AAdld ad sl Ralramsy Ralk
Gl (U) 8. W2 Asi se els AARE Ralrarusly
REQGA (u)

-1
u= 3 oe

u:el wa 9.

9.7 sl [Ruldaus adgsl Gualal
(APPLICATIONS OF ELASTIC
BEHAVIOUR OF MATERIALS)

AlseL warui sl RuRRAS ddes 2l
aldL Mod 6, ot % w[HRURL RAatd w2 seusdl

RalRaus adesd wdle st #33 8. Gelsat a3

Uil Bt oi-ladl avid adet, uizdl 21 281+l

252 Rl W2 auudi sedlel waroldis st €id

%330 9. 9 ad s€l QA 8 3 yadl @Ml 2HR

d13 GUAPIHE Adldl AL AL 112 T wUs1RAL 11 & 7

Ul 112, WAL eatell & 253 MRS 2512+ €l & ?

(9.15)

L Wl walel vl dUlR 536 valel YR 2R
25U W[FHRURoAL vieun wyl dadl asiu 9.

QU olloe Gulsal i+ s gl oflon 2w af
ol HIZ quAAL S4l g Hid-d €18 euR ol A1
A3 Sl 8. 2R 2 Hizrll GualdL 530 el
GUR WAL A B, HIRL 5 UL wis 3+ oidlddl
Hio(lal el F Al ol Glasal]l &Mdl 10 2+
(1 4Bs 2 = 1000 kg) €, dl 31l S Seell
Gl SA 7 e B F 2ull SAdlA § €l ol
51281 sl [Azuel A i, 241 Wi [Qzuel Ralraus
gedl dy A dld AT, sles 9.1 well ¥ Wla-l
A WAL (O'y) ALl 300 X 10 Nm 2 8. 2u
E1R41L 20 B9 29 &g (A),

4 2 Wi, = Mg/o, (9.16)

= (10*kg x 10 m s2)/(300 x 10° N m?)
33 x 107 m?)

L Agal ER4UAL aduusiz el Bl aslel
1 om %eel ., WA d el Sl s Wi
Wl (ellogell 10 281 ) Aviaml 2ud B, 2L d
Aol 3 cm Bladldle g g1k alurdls yuddiml
1 89, 212l Brosledl 215 diR laelRs Jd ga Bl
sl BR§ AUSEIR, MUt el BeUleHl AL &
d M2 ERal "Bl oL dal dizA delldl Hiss sAseilon
A8 djelm olrlaal »ud 8.

5165 vt yetedl Raate Al A duiR s 20d 8 %
el d dlgridgiRel MR, Ydd dli dld oo -
Uldledl g%t A 530 A, 241 % d Buleor] Rl
AL i U2t Gualol 2nefldl €. oid Builui ol
G601 Wedll dseill WA MWL 539 Heraysl 8.
Wizl af usdl anndl § geal « S 2usld 9.841 eulen
Yool HUURL 215 wizdidll (AR 532 5 % ol S3ell s
UMIR YR 2594 © 2 QY] ol desiad 89, dousS [
wglous b i Gl d awo AL (bar)l 3w U W
6ll% d2sladl A4l GeMdaal dsstv{l il

& = Wi/ (4 bdY)

el 1o ©,

9.17)

W

25ld 9.8 6 93 AR w2 2544 U v uR
aRd yiesl (Beam)
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sedls oAl A dH F veuA 530 YsUL d-ll
Guylal s 2L Aoy B 53] wsiu B, uHsw@L
(9.16) uel Juw © 3, U 6l M2 ds Halsdl
WE vl gedril GualoL sl ASU P+l 4ol HiRay
HIZL Sl A g HIZ2 ds "alsdl HI2 uglous b
agRaln oled LS d ddiRdl df AAIRS W V.
S8 5 3, 739wl A 57w 8. (A% A
251 a2 2dR / e % €l ASA.) A ol AlssA
UM A 1Y IR, (Yet U dllaslla algrerdgiRil 2udl
dllsarll sdl 53+ B.) U A WS dUl AHIRL Sl
gl 9.9 (b) Hot AAL (bar)ul [A3usl GeMd 8.
e 5oL 5 . Yl M [RaRel W AL
HBEAL 2SR 2igld 9.9 (c) Fell Aviami 2d 8,
Al 20 Hlel elage sl Awdl Yyl uld 8
A dgel AsAl WS Yl GOLS 2l 9. Ul w512
W2diedl Uoodiel olloL AL 901 WIRdld d%+t "2l
® e ddl Bud ua =l 2 9.

(a) (b) (©)

215ld 9.9 uiest (Beam )4l i38e-ll Yel Yel AL51R
(a) 25 dldal (bar -l doidied 15698

(b) 215 uldol Al04l 214 d 341 2d 45+

Qi 8. (c) @R 3l Al (bar)

H1 A4 Ad GuylaH daldl 11seds.

[Buedol 24 yaui aletdl 2>adl del-l Gudlal
vo o uAlid 8. sl 9.10 (a)4i eulewn ot
A dyat aimer, 9.10(b)Hi saldd ay eudl
YAl Ogtaton diedldl Aeumelal oL ol

ARIA

gt 2 8. 59 wal Biledor 3 yadl udle Rod
s2dl avid d olleldld B Avd Wl 3 d 56
uRRAQAME 511 529; dell Bad Jedl 4 ¢4
Aatfd sl €esidld Qauu-dlad 99 g ¢ ?

I
B

S
(@) (b)
21514 9.10 it e wiGel (a) 2NaLsiR O30 4Ruddl
giciel (b) scldl Yuddl 931l dicEl

L W2 Yeell uel 516 ucddr{l Mo GlALS @dteiL
10 km %edl €1 A5 ? 2L walldl Gl wislel
Raraus aRHl u QR saail 1ol 93 8, udasdl
WAL AHLA 018l S601 ldl AL L ollold Vsl HISIR
ulaein Y3 wid 6. ¥ 5128 vigsl A6l A3 V. 21U uHl
ot % gellnl 519 GeMad Wldon A 518 WSl U
8 d silds 2812 wlaen sl 2 €l S,

A GaiSaial uddel d@A uddrl aog« 5128 254
A0 U2 AlLd ol hpg Sl B, %l p uddrl sl
deidl v g d3caudol 8. d@d We seu RRldol
LR AL 2L 6101 A4 B, U Uddefl ool 241 vl
Aol Sl 9. vied & 2L (BRI eollel AUl se-A 1AL
A2l 211 wasasdl 20502 (uelld) 8es 9. % qaedlL Apg
el % 8. ¢d [ARRe viss 12 RAMRAIUS & 30 X 107
Nm? 8. dd hpg Wa avuclA, ol p =3 x 10°
kgm™ &, dl
hpg = 30 x 10’ N m 2
h=30x10'Nm?2/(3x10°kgm> x 10 ms?)

= 10 km
o W2 ae-dl G sdl ay ©.

L 254 &assn €l yrirauuseln 2 s 8 a4 wRauedl 2ils 5281 2 [Qgla 8.
AL 2ABL W51+l Wlaota €l 9. (a) delrd Wlaen - Adidnfsto (dsia 118 Asudea )
AL slo{ly ulaeia (s A Asdd) (b) 24812 wlaeia (c) siddilés ulaoa,

2. ael godl W2 [A3uel g €l AR wden (@l auue $iu 8. % ¢si Fan dadls
ALY O, ANHRALAL 2ANLS RAlRAS-1s s 8. [A3uRl ol v dsn
weldldl  waBa 2 RAMRAMs adgsd asi4 sal W2 A8 Rafaius-»is 4ol
WRLER, SR HRAU A oles HiRaurll Gualol s2ciml 2ud 8, aet uglelidl s
WSR HARSIHR ALs 2AvUA 8, F el [Fd et sl .

3. o S8 ueld doud 3 Aslud s dld AR gsnil Mund@zw F/4 = YAL/L
€y 9, oui A L/ Lueidl deua 3 eiolld [@sla, F sl Gt sl ol Wi 8.
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A 2Bt AoASN ¥ Fetl U ol F AL uld 8. (¥ 4 A doaladl 9) A ¥ ueld
we A4 Higed 8. Al wkinn F/4 8.

4. ueiddl Guardl v DAl AWl wnidR ool s el e 2ud 8 iR veld 2Adl
Ad [Azusl 2xged 8§ Fedl Gur-l awdl, Al awdl-l ana s 2As ouy [Qraw-
veid, Gurll Al wHllaer [Qraud AL RiRldol Gl L4 dol €lu 8. L WsR-
(A3t 2812 [AguRt 58 8. d 21434 Uldeand 2us2 lden 58 8. 2ud uldean it
ariil % Geotd 8. vilal (A3 W12 gl Fuy {1 a3zl ad asy

Fid = GAL/L
ol AL @l udd ot Al Ranni ueldel 2s D31 (AU A G SR HiRan 8.

5. R 516 ueld d-l s Wl uadl g1 Ay widl ulean sRA iifas (ydly)

AsA goid B AR ¢sll [ (Al a3 ad asy :

P = BAVIV)
ol P 3wl 549 ueld u a@wld sonel (wely uRen), A7V A gouad S8
veldl sedl udl FRua Ails 3281 (se-lagld) 2 B ueld-l oles dian ©.

A ([Qaieu-i ye

1. 515 s diRl BRUML dRA 9d (celling) URY]l d2s1dd €ld 2t d-l ofloa 93 ol F
d2stdlnl d-ll 2R ds0 vAAUL il €14, dl 9d glL dril U dWld sl oL Fed %
Al (3¢ (Rl €ld &, %is el 516 U8l 2888 4 U dld deud A F %ed %
Sl B d 2F < €15 ad. M, doud WRsn w54 8250 €ls dldl dud ved 3 F/4
Fed €Iy B,
gseil [ wlaoa-Agld as vl ool w2 o A 8.

3. 0L HlLAA el ISR HIKAA HL A veldl A AelBd 9, 510 5 ud el ¥
dols 2 SR HRAd 8.

4. oles HIAY 8, Hldl 2 Ayl ofL o 018 Ao V. FUR ueld-l Uds ddL WR
AL WA ASL R sEUE Al FFRAL AERTHL A B AUl drll HUSRUL F51R UL L,

5. il 12 4oL Hisdud Hed Blatld 2 SaRMR sdl Ay €l 8. L Hisaus
WG He HUAdD sodlHl dolSul YBL 3SR M el % ay sl %3 W 8.

6. AlKel arui 2l Adl 4ol € & 5 ¥ s ay Wil wsin d ay Raldas

6, U3 d Rl Il 8. drdadl ¥ s HUd 6l gl 2ol WAl wsldl €ld d Ay
Ralaauus €l 8.

7. AUs3L SIS s Rl dy wlad [A3us ol 2 Rl gl Gt 53 ad 8.
sl uRRAUL uldoin wd [Aglt a2l ausadl 21y o Rulaus-is a3 agldl
as AR, Gelswl dlE Adid [Asld 2idold 8l diz-l wiBls wRnal (2usde-l Bos)
A 351 At el seudl oflon RARAS-s (WS- ARITR) o ealdl asiy 8.

8. wleotn e AL A2l 53 5 ol 2lssu [Raw 2l st & dx wlaeins sy [Ra 2udl
Asell A2l uetedel 515 215 audL uR, 21derll B 6119 U2 ALdl sl U155 [BaL €l 8,

ALY

9.1 4.7 m dous U 3.0 x 1070 m? 2iBe-i Assul HRuAdl ¥arl diR dal 3.5 m dous
2§ 4.0 x 107 m? 2sBe-i Ars0 HAAAL dioldl diR U AU AU IR d2slddl
ol el donul AU adRl wd 8, dl ¥ 2 diol-l ol Higausl 2Rl 9
edl ?

9.2 ld s w2 woa-As as 2wsl 9.11 4 ealda 8, dl 2 g W2 (a) ¥dL
Hisgadn 2 (b) ellyd 2wl woadl el ¢ ?
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~ 300 Zh
g 250 —
Z
Z 200 =
[}
< 150
$ 100 v
S sol <
0
0 0001 0002 0.003 0.004
(agla
25ld 9.1

9.3 augld 9.1241 s 4 2w B W2 wls-fagla-vudu ealda 8.

ulann
>

wlasin
oe}

sk sk

25ld 9.12
AV AU HUSH U kA B,
(a) su1 sl oL Higan H2l ¢dl ?
(b) claiell 54 st ay Hwod A !
9.4 A 2la Q- saoyds ail sro AR d WAl & § vl d ewudl
(a) ReRAL 4oL Higay Kld Kdl H2l € 8,
(b) ojam v (dous aul) del s Wian vl sl Wy 8.
9.5 025 cm A HRAAdL 6 iR U5l AAs Rldrll A ofld Randl oiddl 8. 2usld 9.13
Yool dil URd 3¢ 8. Rl wael @dnl di-dl dens 1.5 m 24 Qo
ARl dons 1.0 m 8. R¥d w1 Rl dRdl dondHl adi quRi-l ol 53U

Ll g

1.5 m
2la

[ 4.0 kg
1.0 m
o

| | 6.0 kg

215ld 9.13
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9.6 AeyPiHuudAL auan-l Bl (edge) 10 cm aioll 9. 1 ad-l A5 1udl [RRido Raa
ae ¥R 53¢ 8. d-ll [Age de-l 2wl 100 kg 9 ssaii 2ud 8. sAeyHRau-l
2512 WISAAA 25 GPa €14, dl 2L AWl RRldor [Rauui [ Sed aal ?

9.7 ¥ Wlanigl oidlddl AR Uldl A AHIA AUSR 43 50,000 kg sndlon Hiel
5 IR AL 2L B, g5 ANUSRAL e 2 Rl Bl s
30 cm 1 60 cm €. euR-AdAR(l A Ad Al B, dH WA oL SR elelly
[agladl 2@l s

9.8 152 mm x 19.1 mm dAARA ADerd AASN HAAAL dist-ll A5 gsiid 44,500 N
ol deud ad vidmi wd 8 Fel Wst Ralaus [@A3uel GeMd 8, dl Gesladl
Rugla-dl sl s3U.

9.9 2l [@cdMl Glert waldlL (chair lift)ll UM ¥ladl 25 doid O, %+ Biodl 1.5 cm
8. o ugdd uldoia 10 N m? ol adl asid 4 €1 dl Jold Sedl Hédd R
R TCTERER TR ST

9.10 2.0m douSHl 2R dlk 943 15 kg el €2 AR A Ad desidd 8. s@ sl
B3Il 6L il diolldl il a2l diz dbigell 8. % AL AR AN dRUA Bieeiddl
€l ol d¥el AL Rl Lkl

9.11  wdL go1R-L 1.0 m dolls 41ddl Elddl dird s 93 14.5 kg ead ¥Rd s34 9,
Al Gl Addani adousty gaadii »ud 8. ddamiui A Bigal d-dll 3ue[lq BU
2 WRGHEL /5 B, diRedl e Aosq 0.065 cm? B. Ul AR 3 e adaului
Mt Bigad €l AR dikdl dotS-aqiidl aedl 0.

9.12 1A 2udd Hledl well well e oes Hiaudl a@dl s wilds se = 100.0
(@22, eoueldl a4l = 100.0 atm (1 atm = 1.013 x 10° Pa), 2i[4 $¢ = 100.5
(@22, (mun dwid) well 2 gdidi oles Higgaudl qadl s 2 oLl W
2L B d AW AL Al

9.13 % Gladx eout 80 atm €14 i weldl addl eldl. Awdl v welldl addl
1.03 x 10° kgm™ &. welll eolladl 45.8 x 101 Pa™ (1 Pa =1 N m™?)

9.14 10 atm F2al SLOSUAS eollRl S50 WAL 51241 AIAAL(Slab) HI2 st YIRS 3512+ dR1d3]
53,

9.15 10 cm dousS-l Brulalal disiidl <552 aHad W2 7.0 x 10° Pa Fedl e1dlas
oLl A ds0 seAsAAAL dadl SR

9.16 s (&2 welld 0.10 % sl 5l ddl WRrll eollRdl sedl 3% KAl w3 7

AHIRAAL LAY

9.17 &Rl s o wlsuidl 2usld 9.14u0 galoy Wil 2LsRd 8L (anvils) eisldd
8. del Gudlal Gl goudl dsu seudl qckgs dUldAl HI2 2l 9. WAL ALsL DY
WA AUl Uyl A 0.50 mm 6. % A8 Ul DAL YR 50,000 N elelly
ol GOl W3 Sld, dl WAL AlsdL B3 (tip) eou e el

dRI-L 9y e b2

215ld 9.14
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9.18

9.19

9.20

9.21

1.05 m dols sl AcdRd e AL 31 AMAA gl 9.1541 ealewl Haot 6L diR
a3 oil B3l desidd 8. dIR 4 ¥Ed A diR B AYFHFAUUAL 8. diR 4 U dR Bl
ABed A2AsN s 1.0 mm? 2 2.0 mm? . AMAL R s BigA m e
azstadiil d 3 ol 2d A AFFRUAAL ol diRML () A WAea (b) AHL
[Agld Geord ?

N

1.05 m

215ld 9.15

1.0 m dotl§ x4 0.50 X 102 cm? 2WBef Ao1s0 HR1ddl 1Y ¥dxl dR+ 6
aicaldl a2 Wiy Rl RfRausdidl se (qalel)dl 28 dx WAl 2ud
9. 8d dlR-l Hulbigd 100 g eu destadil 2Ud, dl died wbiy seq 1A
2lag ?

gl 6l uZlalid 83, 35l A 6.0 mm €l ddl AR Rde gl AHsella wd
e B, Rde uad 2wsiR wlden 6.9 x 107 Pa 4l auizl 4 sy d w2 Ad
uglpil ue HedH deud 32¢ Amd AdA ? els Rde As Agala ol ded 52
8 dd HIRL.

ualid HSRAPRHUL 2ddl HAL Al v weldl 2wl 11 km GIéL 8. wus-
d@d welld eou 1.1 x 10% Pa 8. 032 m® W3lds se 4ddl As el edq

eRUML vl d Sl B Yl Ui 8, dl edil seul adl 812 s2dl ¢d ?
Rl oies Hidn 160 GPa .
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10.1
10.2
10.3
10.4
10.5
10.6

PENICETL

goLLBL

Q30 ded
oelldl Rigic
rdl ([R*1d4dl)
Yol

ARIA

dlgrt [QaRBIAL el
Y

QHIRUAL Y
yRREre

10.1 Yrdld-l (INTRODUCTION)
2L w20 U]l WA YL Fedls AL LRIl
el 5309 U A Ayl dl 2% B A ddl dud drd
(Fluids) $¢ 8. Yueid Ad wdlpil 2 digiiedl 21 2R duq
g el el ul 9.

dre el AR o o B, Yol galed 2A1a8L © 2 dsdl
(yeell-ll) o gellaian Awdl wiell a3 ésadl 8. well Hl 2uusn %
vReica W #33 Al U €5 A WLlllel oAUl HeEA
well 6. adifd ARA oHL AAH Adl WBUHL dradl Wl
ad B, WU daddl ARl A ades Anyald ol 8.

ke usl veiel 3ol Ad yel w B 7 ualdlpil A Al 56
ollotdl A 8 7 ad uelelel] [t oisid 2 8 3, drad vldidl
il 25 Sldl el 2 21 Yl werdll Ml se €l 8
Ay drll Wotedl A4 sed o=l & 9. Ul UG usAHL Alval
¢l 3 uelddl se uldota (Stress) gl otedl wsid O, u-, waél
5 Ay se d-ll U2 dwldl wikisa vadl eonst W R 8. s
U8l 8t % waldl veldiql FBad sexdl aid s34 ¢, R d-dl 218
d 8 cldlaRRidl el 8 dx AHYd. Ayl 2 A 5 uddl el
a2l dglad A O 3 ard vl Nl Ueldlnl ollel eolRrl 351
18 udl se-l 32512 8l 209l V. ol WEML At 2L U] el
got-{ludl (Compressibility) dtyii-ll vyl vl (e ©.

SR Wlan, ad veldd se A AL ddl 2812 oedl 43
8. daxil wdlgu ol A B 3 Al s wlksn- qell vl
§AAY elud B, AUl VSR, Vol «ldl s wlaen 4 ugt
oledld 8. dd- wsR Wkot, 8- yelal WAl Hed sl @l
g AlvL o i Sl 8.
10.2 gtull (PRESSURE)
s cllagl Al 2usll @Al v eoldadi d o4l v 8. %ls deal ¥
olngl WG AU AA5N AL SIS ol wetd (Al wadL el
%al) d-il U golladi 20Ul AL 2504 2 9. % WAL ©9idl U
515 €1l Gleil 28 dl d-ll Wil qdl md 9. -l 1dl u A8 i,
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gAg UL Hooyd UURY uddl HsUHL 2d dl AA
5ALSIR Al Hsaildel ol md 8. 2itdl ALFeL ol
el AR AHAL B F oo 2 drll [iReliRd Astsa
ol Heral 8. o dld €l dd Assn ¥ AU
Al Sl dd el A Y Gld B, v vad el
S 2lvUA 8.

R 516 ueldd RUAR draAdi ollsuml 2ud O
AR dd d-dl auwdl w2 e @il 8. wl e
dral uetddl auwdld det €l 8. A Slald
5180 2 9 5 ol oAl AW AHidR 5SS ues
€ld dl =yendl ol Fus-r uReus a3u ueld
el walgl U d AU AHIAR 6ol doldd. il
ol dred L AUl ARidR auld sdd. g
dd (U glawl »un 4 4 as. wel RaR
dd a3l @dllsld et d-fl Al Ausuiql quidld
dot glq ¥ ASH. vl sled 2qigla 10.1(a)
gulda 9.

Al [Bigad dd adndd do oo Wl wsiy 8,
Al s eolRHUS AUt el @3 2wl
10.1(b)xi ealda . d s [e- (Piston-t2l) U2
anldl o Hudl el »Bd sl [Bial 4uadl
Frald Ao oidd B, 21 2L dra-l vie-L As
Biga ygsami 2ud 8. [Med U dd 93 e ds
apld o, gl dgl (Bl s A wdlan 9
L Ad doHwy 8.

A5
A

AF

r

25ld 10.1(a) sls2uiu e 43 golear veid 3
elalg vz aousid o g5 g

Audde dol €.
(b) eous v WE As ed
A A A2sN HAddl (Ul U Eldldl 2L @ol
ool Ui F €14, dl ARAL 68 P A 53 Aozl

Y2 dldl dol ol ds cviRd sd 9.

p = £

w= g (10.1)

Asgilds Ad, e adasa wels Ad g
ol sty 9. M sAA gollLd da dAIUML

P = lim AF

AA—0 Ap

d3 aalRd sy 9.

eollRl 2l 2R AR O, 2H AlAS 2l Ule A2
lal & adlsael (10.1) 24 (10.2)30 aul 2iad
ol ¥ (AleaL) e el w3 etasdl, alsla AUl
dol 825 . d-il WRael [ML'T?] 9. esugi-l SI
s N m™? . dd 5% [Qsudl edy uwRsa
(1623-1662)L Mi-Hl Wse (Pa) <M 2wWY 9.
A8l de-l eolel 00 Wi 2euRl sul gdl.
£ollBL-l s UMY BsH dAldlarBl, (atm) 9. d
gRudl Al dldidl 4l apd eeust o,
(1 atm = 1.013 x 10° Pa)

ol vs AR ¥ dea-dl aelui xR & d
Heldl 0 9. m g0l A ¥ 58 H_AdL dd 12,

(10.2)

p = % (10.3)

geidldl WRMer [ML7P] 9. d-dl SI 154 kg m™
8. d e 2RA AR B, uadl A wgoily © w1
dell etl eoudl dll addl ddel 1A 8. ofley oy,
YL eolRl AL drdil Hi2L 38R0 euld B,

4°C (277 K) duHid wigll-l g-di 1.0 x 10° kg
m~> 9. 515 geur{l AUA HrAdl 2 d+dl deddl 24 4°C
ctuil wielll adciedl ol 6. d wWRwR(dd, 4
wlza AR B, ervial dly AeyfilRya-] wla andl
2.7 8. dsdl addL 2.7 x 10° kg m™ 8. 52dis ALY
dRell+l asidl Sves 10,140 sulda 9.

s 10.1 324ais A dRAAl STP* 2 8ndl

drd p (kg m™)
el 1.00 x 10°
eRul wiell 1.03 x 10°
Y2l 13.6 x 10°
Suldd iesidid 0.806 x 10°
2iyel digl (Aaadld digl) 1.06 x 10°
el 1.29
U5 1.43
SLdglet 9.0 x 1072
AidRARIEY HHaASLU =102

* STP ¥ed ueid (Standard) vt (0°C) 24 1 atm gousl
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Gelg® 10.1 10 cm?® %ed e3s e
Bolsul HRUddl WEaAl 6 AR (Fud)
HAANRAL Gul MRLAL 40 kg eqd AIHIR
U B, 2L e35 2R (BuA) a3 A8 52Ul
A eollBIAL el Aol

Gza Byl sa 2B @50 4 =2 X 10 cm?
=20 X 107 m? du-l U2 awiq ol F =40 kg wt
=400 N (g = 10 m s ddl). i 6o wAHRAMI
adl & ud ddl Bad wr dezl 8. »um, w3
EOLLRL

P =L =2x10°Nm? 4
10.2.1 Wsa-l [Run (Pascal’s Law)

5u [Qaudl odo wirsd Ad Maw i 3, RAR
dReMl s WA Glasal 2uddl obl gl eoust
LA, €1d B, 2L 8Slsded Fedd 215 a0 Ad 30

=N =

21504 102 wesa-u [au-l Albidl. ABC-DEF
A 222 yauslel, g+l UMl Add
v (Au) &, L WS Bs 51258
[BoHeil 2a3uHl 8. 2L vis Hedl «lxdl
8 3 gcusved] wH2 Aol A1
8, 4g del wredl He Hlel 534
oldlde £,

gl 10.2 215 RER walldl, d-l viesdl el
W s vig eald 8. 2 vis ABC-DEF s 1251
Dol @3udl 8. Agilds Ad 20 Bom Fdl vig
vol il © ol dd e [Glg waudl-l auidlel
gl GlaSuL el asty i dell 2L oal Bigyil
U dRclstRldl AL WS AU VD, uIG Wedl
We R AL vigd HR2L s oidida 9. L vig
U AL 60l deEAl 6iLslHL QL a3 ddldl §ld 9
A GuHl 2l Yoo dall AWl dol €U 8.

WA, e 4} 4, 4, @A 4 o3 euldidi Aegoll
41ddl 2153 BEFC, ADFC -l ADEB 6U%>il 42
dozl dlldl soll F, F, - F_ 2734 sssll P,
P A P Geu~t 52 8. 2l

F, sinb,= F, F cosb,= F (dqa~ uzell)

4, sin0,= A4, 4, cosO,= A (ifala well)

s, b= Lo o 5

A A A
wiel, RA daul da Bigal ol [Radu
awld ottt A5 M 8. d sl 2queH we sud
& % oflol usiRi-L wlasaxdl Fx, sount 24 ulRa AR
Al d- 1S Bar 20l wsidl Al RAR 244 gouHi
Sl ddl dexl el ol (2l ULE]l Yr-L)
S5 AAs0 U, d &Rt oA d Ad W €l dwel
apld o d assnd doizl Eli 9.

g AL ADe AAs0 1AL WAHEA ugl
AZUAL 28A dA-visL [@QAR 5. 2L ugl Adadl
9, drl ol 94 U dldl AHEY «ol wiseiloinA
UHdlAdl Elal ASH vYdl 6L DI U LoUBL WS
W €ld ATH. 2 Wi 52 O F Adaniul wWal
walgl W2 s o ARy AMdadl wudal ol
[Bigallal eolgl s AdA €l 6. WA 5 dral
AN GUIHL ML 6B AW A €ld dl drf
agr dld § dd 4 uRewdl e did eld. el
dge-l ARSI dreMl 25 ¥ AHBERQY HdAu]
olf golldl AsAUIA 1Y 9.

10.2.2 G WA gouRmi 3% (Variation of
Pressure with Depth)

; P=P =P, (104)

As wodl Wl RER wadldl QAR A gl
10341 [Big 1 24, Big 20l Gu A Gluda 2uda .
Bigail 1 24 2 2200 gollel s P 21 P, 8.
drarll s ANUSR vl F Al Wl A5 4 A
G 2 8 d-l [3aR U da R el wReuxl
ARy ool e ud AU uA uRRHl Gled oo
VL vlgel ageinl Addldg $ld ASH. daxll eolA
18 dwtdi ool 2 R (P A4) 2AtlRwH i d@
W (PA) GledRaumi 9. AUSRHL draxl A%t mg
Sl dl,

(P,— P)A = mg

: (10.5)

-

¢d, oA dd-dl eq dddl p €y, dl e
m = pV = phd ¥4, %l

P,— P, = pgh (10.6)
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/_ _‘\
M
anieit __;_C_j:)_ _;_: -
i ,,l — "}
s [ )| =] boy
e . i o i e s S
g I A

2504 103 Rl 2y 850 dre. I3ca~il YH2
Gt ANIsIR 2ol YRl EBl gIRl
galdd 6.

gollel dslad 6 Bigapll (1 x4 2) - Gled
[Rounivl HidR A, dra-l en Addl p 24 AU g
W AR 8. A Al g Big 14 wAdA dra
(Rl 3 well)l 2l ¥ aldaeml viedl © Qi as
%56l dl Pl el dldiaR@id geud (P) avll asiu
2 A8 P AL el P avilad dl, alse 10.6 uel,

P=P +pgh (10.7)
WA, U, dldiaeidl Ausil 8] da-dl awdldl b
GLaLSM goll8L P, dldla il eoll@l $dl, pgh %24
anl u 8. h GlasH auRiL ssiel P — P A d
f@igl;l Ay (gauge) souR 5¢ 8,

Als 10,740 [Rua (absolute) golleldl Yotul
AGULS1R AASU a2l UM dRe] Gl Herasdl
8, AR ¥ wsBe A5 5 wald Avsa § Wl
L. A % AHEQY U] vHL (A5 1 Gl
BR1adl) ofl [Bigdliad waldld eonsl vis A U 8.
salRad [aaena (Hydrostatic Paradox)-il
BElSRBL glL 2L URBUMA AUD ASY 9. el %l
2LSR-L A UL A, B 21l C (2l 10.4)-0L (@
A dvil Al WA s By Aol gl At
8. sl wiellell Ml AA8L wioiHl el el e well
lal odl AU 25 o ANEQY AHdAHl . Hq
edl HIZ2 8 3, oitl Uil [Qewdlisl 12 d@d el
wiell U £olll WS ML 9,

215ld 10.4  §g§22s daslsud GelgeL A8 il
gl el el ue wH Qe Y4l
nagl yad .

Getg® 10.2 s dvua-l quidlell 10 m Gl
WAL dAUL U ol e¢ sal ?

Gie nd,
h=10m 2+ p= 1000 kg m=. g= 10 m s 4l
g0 10.7 urdl
P =P + pgh
=1.01x10°Pa+1000kgm>X 10ms2x 10 m
=2.01 x 10° Pa
~ 2 atm

AULA] uz~ll soll@e]l AL 100 251+l aiRl sald 9.
1 km G2 goneidl a4zl 100 atm €ld €.
AU, Ul YA ollidl WAl 53 A adl
oLl 2d €9, |
10.2.3 dldlelRRL 6181 217 3% -E6URL (A tmospheric

Pressure and Gauge Pressure)

518 ueL [Bigal aldlazeld sousl, d gl Gur
atctaReil 212 Yl gaidl 2su w89 exil el
A% %ed €1u 8. eRuu-l AwlA d 1.013 x 10° Pa (1
atm — 1 dldlazel) 6. Seifaud sl Sar-ildel
2RA) (Evangelista Torricelli 1608-1647) 31 Aluux
alciar@le eouel Wyl A Wl 2ugld 10.5(a)ul
galledl Hosor s B3 ol €1y Aol 249wl MRl Ais
aioll sl Aol 25 WA eel WM Gl canauml
§d B, Wl JAAA WRL eolRtus (Mercury
Barometer) $& 6. (] 2ig2 WLl GuaHl »asia
WL WRLrdl oUsy H1d 8 2 ded solsl P teid g
Slalefl el usid B, wRLl M-l vieal A (B
210101 e6lllL = 0. 2+l e+ B Big 21010 eotlg,
C [Big, 21001 E0URL F2G 69, ¥ AllARRUL E6URL P, 6.

B 2Ll gollel = dldidreld goull P

P = pgh (10.8)

oul, p URLl deddl © wd A AGlHIAL WIRLrAL
doil Gl 8.
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wildl HHRML VM Y B §, eonaiiusil elRuul
AW 76 cm GRS WRAHL M eousl s
aAldlael (1 atm)d Adged 8. adlsw (10.8)l
pi ¥t audld wa 0 Aadl wsE 6. A
uglaui eotleldl cm %4l mm of mercury (Hg)xll
UeHl 2% UM 2Ud 8. 1 mm of mercury-l A
gollgld 1 torr (IRACAL UM udl) s O,

1 torr = 133 Pa

goll@ldl sl mm of mercury A torr A
A elsdAMl A A[AsUAHD aupd 9.
SAMIAARAHL gollBlAl UMY 254 d5 bar 2
millibar QuUY €,

1 bar = 10° Pa

vieell Aull 4Lad AedlHler eoli-dsiadl Wuai
GuAll ALt 8. o 2Ls Y-2yoie oirie B FHi d1oy YalEl
UV B, el 86U cdglald Wyl He el Bl Ualel
(Elcl., 1a) i M2l e6llBlL dsldd Hudl Hi2 4y
Artdled Uellgl (Eld., WRL) Avid B, 2yoi-l s B3
AALARRHL Vel 8 2 oflogl DL % cole eollel UY8l
Wud €1y d-ll 018 %3e B usla10.5(b)). dui A Big
LA goiel B [Big o1l eoliRl F2e 9. 21usl
AU % Wl €l d Gauge seuel (P—P)) 8
o U581 (10.8) ul 46l © 244 d HWA{le: Gl
Al AMUHIRIHI 9.

—~
«—pP=0
3 U-’g
L ]
A
i
5
h [
l.“':
. -&'
" a
‘:-é' _l
—

25ld 105 (a) wad oRller

_
| —~
N

(b) vieell Aollawg A-dp{le:

25ld 105 o soumys Uil

dRe HRAAdl Yool ol Ul AL AULE]
(Level)>l £6llBl uMIA €1 9. Wil M2 e6lsl
e dludldl Hi2l (@Rl Yl el Acdd 2l
WHIBLUL ety 6 2 HIUBL AL S¢iL U2
dr Adiid Ad A0 2Rl wgla ¢l ofle ouy
QYL eollRl A dlUMLAAL F81R1 A AAdLsL
dlel §35120 suld 9. dal a2l [udld,
vl {2 @l Aeot-{ly ol 2ud 8.

Getg@ 10.3 eRui-l quldl »u10 dldiazel-l
addl 1.29 kg/m® ©. GRS A8 dHi 38R
adl Al AU IR dl didiaRl Fedl Gl yHl
[Adig sal ?

Gzéa udlsaar (10.7)Al Gualol s34
pgh=129kgm>%x9.8ms?xh m=1.01x10°Pa
s h=7989 m = 8 km

aRdaul gal-l dddl G wd uedl wy &
A g Rl Gl A 82 9. AldldRW@L Hedl esiel
e @l 100 km AL (e 6. 20usl 2 wsL
dlag ASA 3, eRudl uudlH eoum Rl 760
mm €ld -4l. 10 mm of mercury ¥2dl ¥ dell ay
H2L8L ARl dlsldddl q3d 8. |

L Getseel 10.4 «RuMl 1000 m Gl
(a) (U eoust 32¢ gl ? (b) ol (gauge)
gollll 52 82l 7 (c) el GlaLML dldidRBl
gollBl Mnandd ¢ld ddl w5 AsHUA]
20 cm X 20 cmell 6udl U2 i QS ewdid
ol se¢ ¢ 7 (elRutdr wielldl eddl
1.03 X 10 kgm™ 8. g= 10 m s72)
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Gid A h= 1000 m 24 p = 1.03 x 10° kg m™
(a) u+ls@L (10.6) udl, [FHua eouml
P =P + pgh
= 1.01 X 10° Pa
+1.03x10° kgm2x 10 m s X 1000 m
= 104.01 X 10° Pa
= 104 atm
(b) 3% (Gauge) goudl P — P =pgh= Pg
Pg =1.03 X 10° kg m™ X 10 m s X 1000 m
=103 X 10° Pa
= 103 atm

C A B
5[ 10.6(2) 242 WoAMIHL dRet YR S e EAIY
aousall 2ud iR d o4l Bl 441
A0 yae uiA 6.
A eld B 3 ol AnusR-L viead ouRl anRaml

wW AR d eds WU wH A [@QdRd (Distrib-
uted) 8y 8. 20U 56l Al 3 AR oit WAHL AL

dRE UR GURL EGURL QIU3AHL 2 B AR d HeAU
Ricn €35 2 odl Bausi A Ad ugia 8. 20
wsarl [Rang ollyf :a3u 8 w1 AXF el Daui
d-iL agu Guall 8.

SIS (ag2 utA Q&S 6ls el wall -1l
uiserl [Rud w2 21l 9. 20 AUSHE eoll8l
WRAIRBL 5L W2 dRel auud 8. 2yl 10.641 ealed
Hoge 6 [Urert Q22+l ool Wl Mg 8. il 2188
A, Aol e, F| %2d oo Al daidl ur ddusal w2

(c) otdlnll e el P = P + pgh 24
adl viexq gena P8, el wwdl W awlg
A eouRl A % e Po= pgh 8. oudly
A0 4 = 0.04 m? d-{l W dwid s
F=PgA=103X105Pa><0.04m2=4.12x105N <

10.2.4 éléi\[@tfs 42 (Hydraulic Machines -

g AAléd 4aAL) _
Vg 6l UIAHL AVAL dE YL e6lRML $S1R

salefl 9 A 8 dell [ s Wred (s2l) Uldd-il
2w el el Bigall 220 A2 Gld Aullpil 4Ruadl
s AUy Aousi-l QAR 5. ARy A0sR-H]
vigar eoliel Gled Aollatimidl uatdl ot ¥ saiay
& i o4l AWML AL AL LSAIL % Sl d ALSSA
9. oA U8l (U e Wil dl €35 Aull2AHI
darll s AUl (dad) G 23 8 ¥ olHl A
Glasx ugial 8.

F
quAY 89, eollelL P = El YAl £38 22 YA el

AUUSIRHIAL 4, 21808 AU B Hl2l [Ure u2
Al 8. ¥+l uReud Gu ds P X 4, 80 Al 9. dell

FiA2 S o
d Mg HleL o Fy= P4, = A (\esii ur Hial
512 5 25+l Hl2L am)d 25l A3 8. 4 AL s

wEMB3 Rugia

dRE d¥i Hdal yeldd ad: 25 YA Ul B, 2R 516 vsld RIR wAddHi YRl ¥ viad: @ 0
AR drd, uele-dl d-l wa-l Aus audl v sousl @ou 9. 1Al ywdll u gourl Gurdl Awdlil
UL EGUBL SRl AY Sld B, 5B 5 Al esldl GlAS WA af @, L el sl wReudl s
GedRaumi €ld 8 %A Gadlds ool 58 8. WA 3 A5 A0SR ueld dRadl @lel 8. d-l d@a W
Aedlzouni @wld oo, d-ll 2 U AHRWHL Ll tn sl 4y O, da ueld R uRawl Gl oo
ed 3 Gaalds ol @l 8 % (P,— P )4 %2d 8. 1152 10440 2 A4 8 3 (P,— P4 =
pghd. €l hA ¥ - eldd 56 8 A phd d-dl Fedl % seedl Rl ea 8. (P, — P)4 = mg.
2w Gled Rauni ablg o, @lidRd 2ddl drd-l ax Fed 8. 2 wERR3L Rigid 8.

uelel ol d AUSRAL €14 U 2L uRRUH A B 2 2] dl A0SR ueld HnL AAAS YRl %
[QaRa O, yeld: oldal ueld w2, veld AR 53l dax] 48 dell dldidl se Fed €l 8. %
yeldel dddl dRasdl dddl sdl at €l dl ueld draul ol a9 512 3 ueidd ax- Gl el
(Gaenas o) sdi ay §id 8. % veldsll addl de-dl drdl sl 2l S dl d ueld dRaxi vigd:
el WA d 8. galdl ool s Adddl W2 WA § A veldd gd se P, i d-l galdl oudlg se
7, 8. At w2 QR dwig ot % iridRd addl drae 4% 8 d gl 8 2 d uetd-i -t
Yed ud ASA.p gV =pg Vo 2adLp /o =V /Y Rl Y el 3. el Uelele UARA oyl 9rd U B,

U Rlgidd 54l 2uH avll asd @ “dradl (dad: 3 yeld:) godl uelddl ag-ui-l valdl,
RUAIARA 286l dRaAsAl dyel tlAR E1 8.7
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52512 5304 wWiesidd Gur & 13 wAd asin 8. (b) weld dyel Aoy A8la 8. Aldl [Uzedd
Ve dg WAL F2d st vA ded ¥ st el

A
N, adddl s X OLEL HIZ SRAML LA, €9 M~ e dli oleR des W

Wl w99 (%) L WYUALAL UGBS e LA =LA,

Mechanical A 8. 1A+ Gelgwl d- 2 m)*

(Mec anical dvantage) 1 Gelewl d ;o iL _ 3:(1!2)(10_;:1)2 % 6% 102 m
nEls@l 53 69 ¢ AT 2(3/2x10%m)

~0.67 % 102 m = 0.67 cm

W AL ¥ ldiared eolist ol Ut e AH
8 2 d waodld 8. <

b Geigew 10.6 3is siR-lageul 5.0 em B
HRLAdL 25 -l (e YR ASR sal gl F
6l0] QRLLSCLHL 2A1d 9. AL goll 15.0 cm Bl
arladl ofln e 3l waR 8 (2ugld 10.6).
o Glasami suddl s+ e 1350 kg €1y, dl
F L owiddl 520, i s vt s2al w2 o33l
goldl 3¢ ¢d ? (g =9.8 ms?)

w5ld 10.6(b) s1g14s (aseql Rgla suladl

Astlcns 215l A A AU MY (3G YHA dRAML BeURL Azl [l YR ad, dleuell,
(Load ) Gasql #1E quad €.

0
b Geew 10.5 vuden el el &atsu Haadl F = A o ZEx10

2
5(1350 kg X 9.8 m s72)

m)

F,=————=5(
o = = ™ ~ 1 2
oL Ruer (2 @rifl) wiellell el & 249 wiellell A #(15%10 “m)
oRell 15 w6 WA Yrausl (Tightly) Aldl — 1470 N
6. RIE2AHIAL il U2 24 H12L Uil e
X . . . ~15%10°N
§sd 1.0 cm i1 3.0 cm 8. (a) U -l
et W2 10 N 66l @olisaltni 2id QiR Hlel Hi2g ool Bt 524l M2 el ol
Qe U2 awug oo Ml (b) @t Al e
S A, F, 1.5%10°N s
6.0 cm %2dl g ds WAL wd dl M2l P= A —=2X0 R~ = 1.9 % 10° Pa
Qe B8R drs 2el uudl ? Z(5x10 ") m
G2é (a) dredi solel 8zl Rl Yad Gl L EOLIRL AlALARBIAL S6UEL Sl AILAL 61HE, ©, <«
A, (312102 m)? AL SR ety s ual 21 Rgid Y2
F,= 3 F, = —5 X 10N s 53 0. U WIS YR WAL A3 Al 6
! 7z(1/2x10 “m) < N e A =
Usd (Pedal) ux a@dutdlat ¢9lad IR MR AuUSIRHI
=9N ey [Medt (el ds 4idid © a6 idd

2BAB» (8.4. yd 287-212) Archimedes (287-212 B.C,)
ABRERS A5 Als dralids, AR, Rl 214 %2 ¢dl. ddl Biela-l
A 53 2 MR A%l Glasdl Ui oRAI dat v G-l L 53
dril o=l 28 R2sAAL A &A (Hiero) 1T 3 d-l dil yasl pteni el
gl 515 Al ML ol 24l & 5 AR d yoled eil+t vl ([l A58l sralq
sel dsll ool Wid wdeddl gl A1iRs zasefl dd Ghasd A W,
gdsul WSl d RS- ANAMEL o €18 @duddl 2wxdledu “Eureka eu-
reka” F<ll el B “d U %R B, d U W] B sl 2l
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WRgd eolldl Hlel &xsa-l [Ued u dwl 8.
gl et U UG ool @l O A d 1A ds
gialdd os ud [@ARdiRd 22 8 ¥ ds adlHal
SERCTRNCETREN S

2l Ad Wa U @lde g oo U wr Mg
AAlA-[AAHS o AU B, 2L Al g Yo SlUEL A
8 % Wsarl @dlde eolrl AR Wl WA AL ol
AUSRAUL ¥HIA FAd UARA Wy & wA ddl ol

awlddl Yol ol Tl U AN €l 8.

103 ®RRv 4¢ (STREAMLINE FLOW)
e Yl 2uud R deAll e sdl. ol
52l drddl wedlud dd Alawet (Fluid
Dynamics) $& . o413 welldl A0 44l viadii
21d B AR AFBLAHE wiRl-dl Yals 40 (Smooth)
Sl 9 uBl ol Alsudl  wdlgsll 38U addi d
AL MLl € 8. dra -l ol AeuuAl 2l
w4 vua (Blel el yel dd S8l o u 8
dril U 2ug] il Slsd sTe. A 2l Biga
UAR Ul e SRULAL A9l AMA ALY ws Wl
S, dlddl qsdd 1l a8 58 8, il e
wdl Al 5 el el (bl o104l doL AU .
51§ s seLus [Bigdl ol (Blgal Audud-l
doL oedls w5 9. wed §, s ol (Bigl d-il
QoL el SIS w3 O uwl oflan €5 581 L ofln
(g2l WAL Al AU SHBLL % YALR AR AL 2UG-LL
seiflgu o ad ©. e35 581 AsARM UL AU
€ 2t sRLAL ML A so{lAnd Bedl .

Sy A

()

(b)

2i5ld 107 vzl 28 (a) drea s8-dl s
atal®s alaua (b) wyul as-i-il
[EEXTE]

Yl derdl dra sl dfud aRIRvL 8. dA
Bl 4% dF vARd S U B F AL 515 Ul
(Bigal als d Big 2010 draxl doil Raumi €lu 8.
[ 10.7(a)Hl ealen Hosol s gL oUfauarl
Q2012 5L 2L 4% 516 dre s uHY A 3d] Jd Al
5380 d eald 8. PQ ds drdxl deridl s syl
52 (Map) %dl 8, % dd 3dl Jd deg Wi & d
eald B, S & WAL Asellod Bedl 4, s
5 d 898 dl d Selbigdl 2ddl dedl ddl 581 218
ye Y4 ydl ol ue U S Ad A deet @l
Sl il 2] Al dgnl sl (Huolua) umy
A1 220l 9, 2s0e{lonedl vior Al HAUNA A1
3cl Ad ealdlal ? ot ULl dgn wiMdl g35 sel-l
AL sl dl o A vl sellanl @l
%S Addl oi+il AU, drel el Bl ot vl Ardal
[Q1R), eld., 2usld 10.7(b)Hi 28l Bigl P, R i
Q UL il AUVl Hal ude s3al 8 § du-l
Brudlall wRivnildl 2Ly o a3 ad FBd sud 8.
2l 28 2 B 5 P, R 4 Q 210101 ealdel Awdlaiid
AR 5l de sl Aval M AHUHL 285 A
8. 2L BigHil U0 ALBEAL AoASN 4, 4, @17 4,
Sld i dRe s8Il d3L v, v A D o l, dl 4,
APl Y AU AFHL YAR Adl dRde e0
Amy; p, 4,0, A 8. d % Ad A, WAl ys xEeuL
AP ¥R Ul et 89 ppdp UL AL A A wuaagl]
YRR Adl R 80 pod L Ar O, ot [l
elid Ag 2l ol [Fsag e A 8. 2uell,

PpAp VAl = PeA U AL = poA v AL (10.9)
el daAl ded HI2

Pp= Pp = Pq

aHls2eL (10.9) urdl,

AV, = AV = 4,0, (10.10)

¥ Add (Continuity) uHlsw 58 &, d
veoleld dredAl agAHl sndl dARaed [Qud 8.
s 34,

Av = 25y (10.11)
AvVL 2UsH AHULLS A WML $e-l w2l (Flux) 2l
agrt €2 (Flow Rate) 20 £ i dgrrll d43L Aol 210
28 O, M, 9 ALsL (AUl 5 2l HIRRWIRL WA
el © Ul 21101 2L A S1U D 24 wlon (Aol 5 o
IRV WHIBHL €2 €2 6 il 21010 2L AL 8. 2Ll
10.7(b) urell A 22 8 3 A >4, 289l v, < v R4Q
AR5 UAR Ydl ded UABLd w9, 24 eleid -l
AU{IHiAL dRE gAML EOUBLAL dFLod A2 ASOUAA 9,

agrdl 38w 2l Sl AR Al ded Mol B,
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sild 36w dly avildl ssudl 2s AlHid Hed sl
At oW M2 WL dgrt UlUR] o B Ul UgLeH
(Turbulent) oid €. U3 A3 HEU] ARBVUA WL
@2l Y B AR sl Al gxIl (axa) Fdl
(Aeuoll 21 8 A g[AUL YL 4L (White Water
Rapids) 5& €.

wisld 10.8 Jeals [Ale wsi-lL ag Hiel
RV eald 8. erval a3 2usla 10.8(a) Ry
Qe edld © 3wl daui yel yel Bigyl Ao
Wi el el SIS A% wal dudl Rl quidz o 8.
25l 10.8(b) uaed dgd Ul suld 8.

25ld 108 (a) dra-dr as wiql sedls
qra3vul (b) Audl lsadl gdl
qgrinl doigd 4sd Aule dsdld e
€. Ul HgoH qgiq GelsW ©.

10.4 t1idll (Asid (BERNOULLI’S
PRINCIPLE)

dreq ded A ¥Ra Herl B, uid wud G-
Aaeidl Gudlol sAA el 3 HRIRv] asd |2
seals Gualll d@udl Aadl ugli .

Bledldl AL 8250 YA AUl dget 5L
arasdl (A1 53 2ugl 10.930 ealent Yoo ull-]
Glas ueL sledldl a8, WL § 2L AdlHidl s
eol{ly dad ULl dge 53 8. Aldcdedl 5181
YRRIM 93U deil 491 sleeldl BSOS, 241l UL Geurm
5L 42 ool %32 8 % dell 2UAWAL dRe a3 GeMd
8, Wl el gel [AcLolMl eollRl yel Yel lal AL,
oidelld uHlsrel A 2us w5 8 3 F Aollaini 6
(igil q2l gollel dslade, dal-dsldd (UaGloixi

53512) 2 QA dstad (RARGEAML 32812) 6l Wil
Alsd V. R elilisfsau-dl IFud oi-ldla 21 ol
173841 AN &l

6 (&l 1 (¢ed § BC) 24 2 (242d 3 DE)
R derdl [QAR 5. WRMHL B 21 D 92+l
[AeuoHi R8AL dréxll [AA1R 52U, Vicdd Y& AR
At e(MULA 2L dé A 2. HIRL S B w10 38y
L, 2 D 2R B V) B, WINHHL B w010 84
R v AL AR sl C W w8, (v Ar A2g
Yl WML Al © 5 BC YL 253 HHieede
aRll wsla.) i o yuwdU elHAA WIsHl D
2P0 WA, drE VA7 ¥dR E U udiA 8. w4
[Rouoll 21l 4, w1 4, 82459 HLad] 6 oyl
UR BBl s P, 2l P visla yael dldl 8. giell
(BC) 83, dre w2 aq sl W, = P4 (v, A
=P AV 8. ol [Qoudlidl 25 wiiA 58 AV UAR
ad (Adetl w5 Harel) dlaiel, ol (DE) 63
aRd 4} agd sl W= PA (v, Af) = PAV & saal
dRd U ag sl —P AV 8. el de U2 ud g4 sl

W, + W, = (P, — P)AV
8. sl 235 oL draxl ARGlARL FsR
LAl AuA ogl-l auol dra-dl A RARGAUE
3351 SAUML QUAL 9. A drerdl dddl p €U A
Aulluiell Ar AMUML A WA 8 Am = p4, v At
= pAV € dl AR RARGAHL 38R

AU = pgAV (h,— h) 8.

d-fl ARGeHl 38R

AK = (%)DAV(U;‘— v?) 8.

28 514Gl WA (W@ 6) AuRl wsla 2
RIRTEL(R

(P —P,)AV= (%) PAV(v 2= v )+ pgAV(h,~h)
g5 el AV 93 ellldi,

P, =Py = (Yo~ v+ pgth,~ k)

3Rua oddl (1700-1782)

3Fad oddl Raa datlfis 214 ARdell gdl. F8 dlai-d 211542 A8 10 avid
ARLAAR HISi 3 AIH] WISy AAdd &d. Al elsd0Al uRL 200010 541 Sl 2t
eflogieinsril GlRAML AN et driQLURAL 20Us A3 dlSl dvid AU el def
Al woatd 518 gLOQAUABLRAML 8, ¥ [ANd 4L 28 o Rigid : G- e wel [AsRia
S41 Sl drll S1AML seA, Aolardl, 4t sl SRl Rigid 24 w4dllsd (Applied)
AL AHAA A1 D, A oulBilad ellsEstiqsl s 58 9.
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weldl ye: dlsasll s,
P+ (%)pu12+ pgh = P, + (%)pu; + pgh,

(10.12)

Wil 8. 2 oiddld udls@ B, Adlai 1 24 2
S16 uel 6 @Al Gedm 53 9 dell 2uEl ys3d
wuL AHlsA

P+ (%)pu2+ pgh = x1an (10.13)

Ay avil usla.

2i5ld 109 2ayid wissaral Aalul sigsl
dRér qsl. At #HAH[ v Al doigil
[acuayid drd v, At dolgel
[Qeuasi nd 8.

Aoel, el ulse 13 yarer avll asy

YL HIAIGIL A& FH 2oL alal du, goust (P),
]

- pU Y -

A st els ouliBlad (T] i A st €ls

RafBll (pgh)-l AWl HuA W 8.

wSl -Aldl 3, GQad-ieedl Riglddl Guylami
2l Ay W3l @l ® 3 adad dld S G-l ey
acl 2l el e4lsd A B 3 drddeAul dal el
%el (A wel el Addl dgd 53 9. L U
w56l v aeel @dlsdl €l . Bl G-l
Uy A B, dAxAL 2L ARAUHA @L-dl (Viscosity)
58 8 e dl [AdlddlR ©YRId2 8% WL 2LdHIRL
oo 53¢l 8. dd apuddl alaBled GuuBledui
3uida Wi O, a1 ol als2e 2ued Ad dl
% AL HRUddl 22d § el (Non-viscous)

ded dL ud B, oidelld uid @dusal Wi olly
g ot A B F drd ieotlu ld AU, s 3
da-l RkRaus (Elastic) Qo tu-ni dlia .
A% AAGIRHL dril BRI GUHLLL € i, il @lrdl
gradl weotld da e qell dedipil AHAMAdAl
uge3u Al 8. oirdled Alsa el Al g
(Turbulent) agenl @o widl asid el sR@L 3 dau
gAML dol Vi, e6lRL AHY AL Add d4H2 Udl U
8.

P A RER Sl © ed § ddl doL of e
At dlU 9 Al oidelld wdlsw g o B,

P +pgh = P,+ pgh,

(P, — P) = pglh,— h))

% wils@ 10.6 Hwod o O,
10.4.1 t81IR Uddl dRax{l B3

2IRANA Run (Speed of Efflux : Torricelli’s
Law) : 66 Efflux-l 2d olelR 4l ad dra.
ARAA 2n A 5 vieedl aigluial el {lsad
dra{l U ot A6 Hsd Udel sl el BguL
WA ¥ % B, p addid Wl wuadl 26l [@ar
A Bl w5 g d@uel y GlRus u As g 8.
(%>l 2isla 10.10.) dlwuel y, Glada yaidl-l
AU GuR 2well gal P el 8. Aldcdrdl w5
Y,

v, = v,

v =%U1

2

215l 10.10 ARAdI4l [Fay. wzl suyuial
ol wdlsaal yaell 4o oiel-
ls2er yoal qo . o ulal el
GOl AldldRIMl veq &ld dl

v, = |28k
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A 2lsldl 2Be] &z 4, (sl Asisa
sl 48] AR (4,>> 4,) Sld, dl 2udl 2l wR
de @l Raz ol asla, Hed 3 v, = 0.
g oidelld ulsaal 1 24 2 Bigailal asusdi A4
P, = dldldRel getel P8 du -lidld aHlse
(10.12) u=2dl,

1
P+ 5pvi +pgy=P+pgy,

y,— ¥, = h audi,

2(P-P)
V. = |28 h+—a

1 > (10.14)

wil. U P >> P gl e 2 ght wadel
Asty AR 2isligl oslR Bl 2iddl walgl-l e,
Yol golldl gl s8]l A O, »udl REMQ AdeHl
€l 8. ol oly, A 2isl dldiaeml vedl di, dl
P=P, i

L, = \2gh

WL Hsd Udrl sl ueldedl ddud o Yol B,
wflsea (10.15) ARADN Ran 53 B,

(10.15)

104.2 &—g&mﬂaa (Venturi-meter)

dyRuler vl veodly dddl agn-l sy
Wyaldl -l 8. d uglol e Hadl v Heui
Aslddl Adl As Aol oidd 8. (dusla 10.11)
a-dl A A Yool wsR Al A B,
Fell 25 0 UL [Acudl 2 oflAl oo AISIL U
ool A 215l 10.11 Yo e B, Arldledi p_
geiclale] Haldl 8. 4 &AsAsn HAdAdl udlou [Qeust
L A0flHiEl g wHdl Y]l Bgu v, Wl
9. Aldadrl W5 (10.10) Hwor WAL Al

[Rowomi o v, = %vl 8. oifdldl wlsadl
GuAldL SR,

1 1
P, + Epvl2 =P, + Epvl2 (A/a)

19,

2
P -P,= % pv 2 [(%) ~1] (10.16)

2L eolldl dslddn dlf y-zyoiil AisdL oL WA
e ol uadl ol o 2l QA A2 8. Glaus-
dstad s uel eslRl-dslad A &,

25l 1011 dyRyler-l Jvugla

a

P —P,=p,gh= % p”lz‘:(é)z_l]

w1l uglon (Aol LN dréxAl dgedl 34y,

o= 22 (4 )

L AyRlel Wi Wl Rigid-l agu Gualel
8. vidnloudanl sledeul s a3 Ada (-
Nozzle) €14 8, FHi US4 dal At »sul as- W
&, AlssL [Qeudl 210 golel 8l 2nd O w4 U2d
(FlRellA) ol A (VSA) 2ud & el
et W2 33 gl e saded dy B y3 wd
st Beer Uy ¥ 2iafle, v oz, 22U A
UREYRL AAAL FULASIAL 9251d HIZAL WU
(g2l 2800 10.12.) 21 % Rigid U 51 53D,

(10.17)

.
I
IPI
|_|[
—

215l 10.12 8o, [zent said Wl ssudl 434
9. sl sl oaal (Neck) Wi
goel 8l ny 6.
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P Gelsew 10.7 QLA Aol : dlewid K3al s
sl HIEL quATHIYl dgd wHdl dlgld
deRaflex WREA Uy WL Al wdd 8.
d=2[3{le2Al Lo cudLe Ao -l Az
¥2d % A= 8 mm? 8. Al MWL &osa
a=4mm’ 8. Wl eouvl w2ldl 24 Pa 8.
gu{lni addl dll-l ssu deel sl ?

Gid sres 101408 208 Al 4-dL 1.06 x 10°
kg m™ @, AaAsull-l Ll (%) =2 8. wlsw

10.17+1L GuAldL S,

| 2% 24Pa
17 41060 kg m > x (22 -1

v =012 ms! <«

10.4.3 AWl ag 21 8122125 (Blood Flow and
Heart Attack)

ol Rugld 4u{Hi dldld ag Waql
Hee3uw O, il dedl 2iexdl €laal u s (s
ustael Alsell weted)dl oL gl Aisd as oy 8.
2L A5 [QeuaHiy] Al 010 v3ddl W2 eedrdl
Buralladi-dl A2 wiol Geatd 8. 24l AlsslL [RarRxHi]
Al aen-l »eu a4l O, Fedl viedl M
gollel 42l MU © 2 s+ goua ¢l audl ot
gollS waldl (Collapse) AsUdl 8. &ed AU goULl
aolLdl el viledlrl Yuot 52 8w dldlA olyds
q3d 8. FH dldl Al vieal ouamiel 4l . 8.
du viexd eousl &30 AR d ¥ swaeEl w4l wu 8
e lialR 4HA]l ASRAD WU B, Al wReud
@léves wd 0.

==

10.4.4 3l (g2 (Dynamic Lift)
sy Rge A [l uiv, addsida saal

RulHoL olid Fal veld v daMi-l dusdl afd 18

awld el 8. B, 2, Adaelia Hual dlies Fdl

4Rl UMl RUA Ul %l olld gaMl 4 w10 98

® du del udddlsiz dliual Falbd wu 9

(Deviates). il otold oideldl Rigid uell iad:

AxAdl wusU 9.

(i) RuA 2 @ afd sdL eid (Ball moving
without spin) : ¥sld 10.13(a) dRa-l wla
RuA zul (AL alfd sdl oliddl 2wl
QRN suld 8, wAvup-l AR u:el
W 9 % ollddl Guril A {lAAl x3u
(Blgail U0 dexll (gdivdl) dol 21s AHL- 8,
YREUA eoll@l-dsldd 3ed ¢ 8. el gal olla
U GUR ds & -lA drs SIS ol @dusdl -l

(i) (Run a4 wd ald 54 «ia (Ball moving
with spin) : QU 4dl olid g d-{l W 23
(Drags) ®. 2 auldl vRedl €y dl 4y gdl
g B, sl 10.13(b) U Ul 5l
U WA RUA ddl olid W2 galdl UAIvAL
gald 8. oliet Fu 20100 AU 53 B A aArfl Aderi
gal wieen Al 52 9. 21l oliaxl Guarl gl
oL A 2 {lAl el doL 2l 8. UM Gur-il
AURLML BRIV (1A Ay B B (AL MUl
92l €92l (Rarified) €ld 6.

gal-dl doHinAl 2L dsladA 8 olia-l Gu w4

(Al AwElAl 922 golRl-dstad Geoid © A ddl

ol W s A (Net) ot GudlRausi @dl .

Rurt 2 A Geotddl 2 QuABs [ased HoA

(Magnus) 2142 58 €,

(a) (b) (c)

25ld 1013 (a) RAR o] wddl war adl dra-l @uwl (b) wxad B U+ adl ol
HIAYIY dRdxd] UM (c) »Rlsldd wde] yalr ddl sql
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A6 vaa Qurdl uiv W g Gldon
(Aerofoil or Lift on Aircraft Wing) : Ll
10.13(c)di s 2As18a calde B, A ws @R

WISRAL 8 veld 8 ¥l gamil wuBEQr A
18 Al 2 GedRaumi e @l 8. [l wivii-l
e sl 10.13(c)ui eulda, Asadl Fdl

adedl guitd . dell AWl HRAvUL YLl
sl saldd 9. sl A58 uasd-l 0 aly

53069 R dgedl Raudl A1da v du-
(Orientation), Wivtl Gua+l euaLdl “RAJvULA

AlAAL ool MR sl aHIR ofla oiAld €9,
Gul GURML gl 38U lAAL MREiAL Al
AU Sl Ay S B, 2l uivll u GrdRaui el

Al B A AL QAR (e QL ay-d audid
9. A Gelgwl 2 Y K2 B :

b Gecea 10.8 s s sidar AL ERIEEE
en 3.3 X 10° kg 8. d-il wivild g4 &0
500 m? 8. d 960 km/h-{l 3suell =AY Ggu-
530 28l 9. (a) vl 1A 249 Gu-l AWl
Al gollRl-dsldd WMl (b) wivl {121

ALl ada GuHl awdl vl gl Bu-l
ils (Fractional) 4l 324l ¢ ? (sl

Heldl p = 1.2 kg m™ 9.)

G2e (a) ool QUi ao, souR-dsiada dld
dapldl Gl ol o AHAlAI B,
AP X 4 =33 x 10° kg X 9.8 m s
AP = (3.3 X 10° kg X 9.8 m s72) / 500 m?
=6.5%x 10° N m™

(b) 15281 10.1240 2B Gu w4 <l
gL AL ey Gl dstad oA ¢l ¢d
dus{l a2l gollel-dslad

_ P, 2 2
AP = 5(02 - v)

wul v, Gudl AL Guasll gl agu & 2w

v, Aael JudlHl Al gaidl w9 :

2AP

(v,—v) = p(L, +V;)

U BU

v,,= (v, + v )2 =960 kmh =267 ms" adi,
AP

v.—v )v =

( 2 l) av pviv

Yivirl GuAl gatel 3w Al geedl 35y sl

§5d 8 %ay €ldl %33 8. <

10.5 2u1dl ([R+1244d1) (VISCOSITY)

W2l ooldl dd el dldl Al A dfad 555
WA QU3 V. dra~ll A ALl il HAAY WS
g yeld 6 AWl uR Al 2 AR dldl idRs
gl ¥dl 8, dd Widdl 58 8. U Rl R
q22 qa ol adl €l AR 20 e Al 8. 2ugld

= 0.08

10.14(a)4i sl Yool Ul siudl 6 W@e A

AVAL dd Bl drasdl [ 536, Al we R
(#53edl) 8 24 Gul We «{lA-{l el wud v
gedl U Al Al 53 B, A dad WA Uy
Yol dl Wed dedl o ol ol suddl W ay
dlel el %32 W3 8. 2l dd sl 4 Ay 2
(Viscous) & du 2wl s€lal ¢l 515 Awdl-
AuSui \al den d AWl 491 Fedl ¥ oL
8. el nadld ¥ R Gu-l Al A AusHi .
d v Feal Aol ol 52 B WA ¥ d RA W@e e
AuSHL O d R V. el Yel AL Ao, A (9w
dar)al Guril 2 (L v) Y4 Rald Ad asdl
Ad B, Ul SIS URL A BUE AR M
W 8w el 2 uen WA 9, L uReud
AU 42 6ol ARl B, AUl USRAL dé-dd ARy
agrt 5€ 8. 518 Yds AU 2ol U Sl d-ll
Guadl Yot ANAlAy o @udlal AR Ydsel

ULl B9 A% O du udlglddl L Asellan uR
Al Sl B, U dd SIS AUl dgd 529
QU A UL YLl R+l Aol HedH Sl 8§ A
AU FH Eldld ds FOB dd sHA: HE O WA
glald 42 gt oA 8, gl 10.14(b). tulluisl
A5 UULE]L YR oL w69,

L allad ¢lf 515 s 88 ABCD 2UsR¥i 8¢

uadldl Ar Fedl Y& AHUUAL olle AEFD SR
HI20L 53 0. L uHY el w2 Ax/l wedl
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—
F

2u5ld 1014 (@) uudly 22 ¥ sl o dHid?
We a2l 84 8. -lddl de [FrR
2 Guz+l de wyel das v 4ol
ald 52 . (b) AalMl 2 A HI
Qo [Adesl
§sR (gl (Shearing Strain) Aetdl ©. age
wHdl darglHi [Egla axd il Add andl wd 8.
ae ygldel wedl olioid 2 O 3§, el Wby Ad
ulion [aglad oed ‘faslaql 38120 € vual
‘sl e’ 2ed 3 Ax/(I Af) »adl v/l W
WM UGG FWRUY O, de U2 WiAdL dElis 1)
(Gaaurel : a)d s uldsn x4 [Agld e
delltz dly vdIld sl 2ud 8.

_ F/A _ FI
N=37T T 0a

Qrdl ARisAL ST sy WisRa (P1) 9. d-il
ol W54 N s m™ 2484l Pa s 6. 2di-ldl dLRlisL
wRael [MLT] 8. e Ad well, 2uesisia
A9 %l uldol Yetgl-dl wdl s (Coal tar),

(10.18)

Al

AR AR AR NARRALR AR AR AR AR

0.01 kg

25l 1015 yauslu s-idl sy Hiu-
dlél, RaAuRA wdl 3l wall sdi gl €l 69,
dlél 2 wiell 2031l 6 olletdl 2450 saldlad ¢,

¥ dHA SelA WUE Al Ses 102 suld © 3
alel, uell sl ati o (Al i) 9. atR

dlél-l wla @u-dl (nm . )0 °C 2t 37 °CHl

Q2 §AN W 8.
WAl 2eAdL diumid A8 82 B s Ayl

LAl duHid Al af 8,

P Gersaw 10.9 sl 10,1540 suleu 3ogol

0.10 m? As50-l gl As odls s el
a8l vl uAR udl €11 (emlsd 24
geR(Rd HI1) HRsd 0.010 kg su il Add
8. udlld 0.3 mm A4S YA AR ells i

S8 422 v 8, odise oUfd sdL eS3 AR
0.085 m s+l 210 »sul wHefl ds Al 52
6. Nl L RIS ALkl

Gia gl odls el dsuan dld el ds
Ald £ B, deud T W dsidd e mel 4%+
F2d 8. M, 2R [Agld AU s F=T= mg
=0010kg X 98 ms?2=98X 102N

; -2
de Yt AR WRe = Fig = 28x10° N
b 0.10 2

-1

aé['a €2 = % — 0‘085_3 ms
0.3x10 m

_ Haaa
= laslie:

(9.8x10 2 N)(0.30x10 > m)
(0.085m s 1)(0.10m?)
3.46 X 1072 Pa s |




264 allas@si
ses 102 32dls delAl ULl 4 B
6nnav, = 37 ap - o)g
dd TCC) | udl (mP1) . N NN 5
Pl p 2l 0 A AAsH oloul 2 drasl ea
el 20 1.0 .
geldl €9, 24 Yl AL,
100 0.3 )
_pa'g
alel 37 2.7 V=95 P-0 (10.20)
wall »iida 16 113 WA 8. el 2w dot v, ol Biosuil ad(+
38 34 AHUHLRIML 2 MM AL QUL ALl 43 WHIRLHL Sl €9,
Parln 20 830 LA 00HE A 5318 5612 GeleRel 6.2 RS d M,
u4 200 b Gergow 10.10 s 21514 20 °C U ol
gl 0 0.017 Qi 4S5 Ucel WMl 2.0 mm Biasdisdl 25 SIuR
40 0.019 olldeAl 2ifam dd1 6.5 cm s~ 9. 20 °C diumiA

10.5.1 221540 [RuH (Stokes’ Law) : 5413 91§
glds] dReml Udel 21U 8 QR dril Ausul 8al draxl
a2 Wit 12 8A3 8, AL Yel el i a2 AUa
afet Gead 8 A uReUH yeld oUfd-2a4s ola-l
A 53 B, AlexL UL wsd 2 dle sl dloui
eleirll 20l dUlal Sadls AL BeleWUL 8. Hd wruY
€9 3 il 610 Yglelel doLel AMUHIRNL 2 Al
(A [Rounl $1u 8. 6{lo % AL U AL 6L F 20412
AV D A el el 1) 2 ol Biosil a 8. SBas
Rt U2 1% 2. 22154 (1819-1903) 24 2uveus]
ARl & Wirdl ol F

F=6mmav (10.19)

Aol el wd B, A RAsAA Fun s B,
A RAsAAL [Fm B 5209 AR,

2L [y oufa-[a1s ol 3 ol AMUHRHL §11
dd 25 U Gelswl B, i WAL 45 udA

Wl weld U d«l uRReddl 2wl sien s3g,
aAlerd s Y sl Udd W del QAR s
WIeHl d oRctsda i udlid w8, % do af
9 di AUld-[A4s 6l did nd V. did UL Wlirdl
ol dtil Gaelas s (Buoyant Force) 2 ¢l
AlRldl 60l F2g, ot IR AWy (Net) 6l Ly o &
A UADL UL Y ol B, dRle Y (olloll) R
olle 2420 QL] {12 GldR B, UM, Al 2L vildx
(Terminal) QoL v, AL w50l Well HA O

ddsl i-dl ALl desll a-ddl 1.5 X 10° kg m™

8, dioil-l a-dl 8.9 X 10> kg m™ €.

Gsa 2dl, v, =65x102ms™, a=2%x10"m,
g=98ms? p=289x 10> kg m™
6 =15x%10° kg m>
AlsreL 10.20 w2l
(2x10)*m* x9.8 ms >
6.5x10 2 ms™
=99 x 107'kg m™ s~ <

10.6 Yr$diul (SURFACE TENSION)

dd seld Al ¢l 3 dd 2 well eadl <], wel
2Rl oflyd © wal oldsd eflrad e, Wl siud
oflogadl el we wiell siud AldA 8 8, R €lal
ol da Y-l ae W Rl [Bg GA 2@ 8,
s 2 wiell ganil wiedivi-l 2u yHl Gl 4y
8, il sarl diz 2R Y5t sl wellul gelal

Sl AR solla Afledla wdl Al el slelR sledl
dlaal 2l o-ld 8, 2L oHL 2 vl ofloa 8Ll
el Rl Ysd Awdil we Aol HAd 8.

ualdlaiid S5 AlssA 2SR eldl Al vl Fid s
Sl O ddl U dMA WAHL WAL A AR s
s AWEL U 52 B, il wwlil sedls quRisdl
Glod 4 B, 2L Herlld YNl 5& B A A Ht
Haldld o ld B SR § Ayl Ysd AwHil €ldl
gl wUUBL ¢ Vil Y2l AHDL,

n=%>< X 7.4x 10°kgm™
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10.6.1 ‘-l'ué@.%i (Surface Energy)

waleldl 28l 92l sisiad dlA yaidl s
A 8 B, walel-dl &ls Sy el ML WAl
516 2l (AR 52 2L AL vid Hal 8
5 d BUAWRAAL oL 2 AL a3 iy B [l
10.16 (a)]. il el uReuH @30 29 el
RufiGlol €lu 8, ¥ e s3dl Rl AU
AQAIAL vl 2 [Ad0L YR 2R AW B, U,
ol ARl a2 RERGA s AUl Elu B,
A gslsd L ool Ye 52 8 5 tial wARi-l

aldl %33 Gl 3eell €l ? Gu auel dx uadluisl
dq 2yel g2 sal W2 %33 QoA sl ddiMdL il
ded 3 eswidA Gol sdl gl €l 9.

d dl oy & 8 7 uadldl AL AR
53l dldl dlatell 516 Ayelugl dleel (sharp) Aulél
€1 wd Al sl 10.16(c)ni ealda Raml
sedls wRIAL WRHBLAL s34+, 2idR SUdl z =0
AP Yelgldl w2l AvaEAdl Budl w@lld
9wy oAl 8,

AR

(a)

% EESEONN

A
(©)

211514 10.16 gl qutd] vz wgiidl 24 aqi- dga--] dsucis 2isld. (@) nagl-l el 21g. 21
Y2 olloild @l il sl sulcdi . dle-l B suse 3 wHwse suld 6. (b)) d ¥
ouoicl Awel el »Q W (c) 2wiss (4) 2 Anuss (R) ol dgar

e (Uagl) df, duidl 2gild Asollangl viol
g2 A4S oS Al 3 e sdl e %33 elsiud

Gwil gell am €l 9. wiell M2 d 40 kJ/mol-i
syl ©,
gd, IRl AUl ADsl 209l QAR 530,

gl 10.16 (b). d-il (Al 2l ewar wagl
2w Al dudel 8. w4 18 d1dls wer RfGled
Sl 9. U aleulas Ad ¥ d gl vie: Wl
Hed 3 yIyl iex Wal Y-l RARGe sl
29l Bl 9; @AM drll sl w1gHl €lu B,
algll AWl UL AR WA 2ierdl A1l
Avielal dldl amiiddl God €la 8. i waldl,
¥ed A olel URRAQ 92 2l ded 8, qud
Y Aolgn HRAddl ddel Hd 8. Y assn
agRal H12 Qo+l »32 ud . Hlel eudlsl Yy el
2§l SSlsdel YeHl AN AsU 9. A AW W

10.6.2 ‘;I_Bé@"‘ﬁ | yssdlRl (Surface Energy and
Surface Tension)

8l AAl 53 A Aol ddl-l Y A atRi-dl
Qo Asnddl 8. se Bl ol slodl A0 ALA
Qi Y% (AWE)AL A% (Med 3 uwdmi amid
5dl) W2 quRIl Goddl %32 Wl B, 2 uMwal
H2 25 walldl aulEilaer s9l (film)-l Q1R 53U,
Fell B4l UL Al AHIARCUY U AURSAL HI2 Hsd

i

8. (dugla 10.17)

(2)
25ld 1017 s suldd WAld [zl
(a) Hga-yi 8¢l suiel (b) suldlA
qlsl qauRL Ha Y4l vddl O

(b)
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HIRL 5 2L gl 2ol diRA dldls vidR d Yl
A B, Ysee Aolsnl g €l dat WA ¢d ay
Glod B, Aed 3 AidRs ol el 565 514 s2Umi
w1, B9, W 5 UL AidRS 6l F 8. ollel ol a3 uq
514 F-d = Fd. Q=088 2412 21 513 atiisd]

Glod a3 sUdlui AuSld Wy B, A 2sH Arisn €ls
QAL ysBlod S €, dl Asisadl auizl 2 dl 9.
S 6 ol 2 a2 yadl © il o awdl 8
u quiil Gl

SQdl) = Fd

YL S = Fd / Q2dl) = F /2]

(10.21)
(10.22)

2L AR YRl Y 8. d Al Aiduwél-
AsH AAsaH el YrsBlod Feell © 2 d ded
dlz U2 AsH dollS €ls anld e 8. v Yol
Ul s yalgldl qudl-l i 530 9. @uus d,
AR w5 dd AU, ol de 5 e AWl
Ausui Qu del QR Al AW, dar BRu,
yssclel AWEll oid ouyal 2uddl sedl UL wER
AW B, elvdl d3, A sl Rl wsollns
5L €3 dl YosGlod 842 9 2 %l dil AuLsddl
g dl ynsBlod all 8. wun, ay uaed Ad dl, ysBlat

2 6 gl a2l iAW Glot © i d 4L oA
gl 4 wHIRA B,

GuariHidl 28l 1Al nadisdl s
(i) yvsciel 21 waldl-l Axde 219 oflo ueted -l

AidRAWEMHL 2sd dous €ls ddld sl (2Aaal
M5 Asu €l YsBlost) 8. d widRUWEL Ur-il
20 WA el vidRuio euotii-L w2l

Aume quil-l Glad vel 8.
(i) il Al R s wa Bigy

2uE 2y i A dl sl oid suya

Witd doizd, sH dolld €8 Yssdigidl ol

Wi u [Bg Rl duy, idaudl-u
AHAAHL €1 B, el 2L i AdarHl 8. ay
15 olrdl 112, AWEL U AR 5 UYL
25 vl sell, 1ol ool UM vt dndl
dg v Rl euytl ML i duHl

-

dis WA O, L uduA-l v dgua dsa
Adanul Wl 8. A 2L el AU B
w2 €, dl vusld 10.17 (a) 24 (b) o
wsy dolld €ls ol S AWEL UR §5d e drs
awl .
s 10.3 el el udlpildl ysdiel sald 9.
YrsdlRld HEd UM 4R IR AN 8. dledisl
W YLl Yool diudi 8 82 8.

sr2s 10.3 2ais Ul el Fel AU Yrodiat

au-l sisud, Gwyy 1l alul 9.

yadl | ansuoc | EAR | tusa Geuy
(N/m) | (kJ/mol)
DL -270 0.000239 0.115
WiBA%A  -183 0.0132 7.1
Sa-ld 20 0.0227 40.6
el 20 0.0727 44.16
uiRl 20 0.4355 63.2

A dd uA U a3l yrsBlod, de-gal a2+l
e dd-gal 4+l Yusladl AL sl ALl
i, dl da d ouad wuld  Alesld  (ALEA)
W B, aull ud Al wd uadl a=l s
8. d augld 1018 3o wdlBbs Ad  wwl
wste V. qaidl s e WA As weHl WAl

yalglul siadl A5 Aque dsdl G g 8.
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Ul dsdll wnlalas wr-d welldl ady QA vl
ol opadl Hsdl a%+t 43 Adfdd sl
wid B, ud Ay Gl wagl sia-dl ded
Ad% W ud yssdewd dli dd ady «ld
WA deq df walnl »id 8. AR olle e wellal
92l U3 Al Yl aw GHAML wd B,

A

25ld 1018 ywae wug
WAL 5 auiRld %330 At o8, uHlsw 10.22

Al 3¢l wal e, wadl-gal widAuwdl
Yuselll

S, = (Wi2l) = (mg/2])

8, odl m = a4RL e 2 [ el Wl doud 8.

(10.23)

w1l (A=UaR (subscript/(la)), 2 wdl€l-gal (liquid-
air) idAUAL dgla] did 4 8, 2 sald 8.
10.6.3 ussial (Angle of contact)

yaldldl Auldl oflon MisH AL AUS uMdA

2R A A a5 Sl B, Aus Bigal wawdl-l
AWAA s A a4 AWl a2 wadldl et
SRl AuS5 58 B, A 0 oY eulad B, d Al
2 a4 veledll el el s (pairs )l AidRAWAL
wPI Yel el Sl B, yaldl a4 AWl U A
%9l (spread)  dril U2 «lil ol (droplets) 242l d
Ol Yeu gl g8l wd 8. eral a3 well sua-l
wividl w2 sl 10.19 (a)ui euled Yoo i oje
A B o gl 10.19(b)Hi eauleul Yool @9

wWilRes We u sl oy .

S]a
0
gsa ésl
(a)
Sla
0

(b)

215ld 1019 2ideuueslyi+4 dsud 4 el
ofe (elul)l yel Yel s
(a) sHa-l wivd yz (b) %9 wils

de 4z
25l 10.19(a) 2t (b)ui eulewr yaor waldl-
gal, ei-gdl 2 de-Rald] ARAUZAHIAL 157
S

la’

S, ¥ S, a3 ealdd Ag yrediel-dl @Ak
s, AUS vl UR SR WLl azal yuotoll Aglad
adl A, ugld 10.19 (b) uel AL 2eoiy

ysaldyl Aadl asy
S, cos@ +85,. =S5 (10.24)
a sl sa

o uwRll-uivdl AidAuldldl Buidl 23
§,> 8, dl @352 (6> 90°) € & A well-
wiffes widaaudl Bruddl 33 S < S, €, dl
0 aysia (6 < 90) €1 B. 2 O AR5 Y B
AR UL Wldisil AR AAsollon Ae ay wotadiell
2LsMAAL U D A Betedl AL WA Folor gL
gud 8. el wadlad awdl @ar we w4l ay
Aol wddl w3 B A wadl add eflyag el
el 3 daqwll qudl w well e sud ¥ 2y
8 2 WL 2 S5 uRL Al wR g w8, oflw
ds o WallHl Pl Eeidl 2 YA weadil
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elilasf@sun

LN B dl S, 842 8 2 dol cos@Mi dHIAL wHaAl

OHL B21dl X 8. AL Bl 6 agsivl 8. g 512

3 wilRes wWe ux url He ud adedl 515 vl
AW WR WA W2 wd B (4 Faw B). Al

Reogwad 2 oAl ueldl oflwadl (ts) Hpl
(Agents) 8. oY dud GHAML 209 B AR AuS5RL
Al ol © el Al adR e Yl gl %S ws &
e, 2RU1S oA B, 6l drg, Well v R 4R
{2l Aussiel 2al W2 die YBdL Ayee GAAML
A1 B,
10.6.4 i¢ i U2l (Drops and Bubbles)
yssdlald s uReud A B 3, oA sl
AR ARl wstd A Sl dl WAl sje 24
w2l Yoo AL ALUSR €l 8. @1s-alls B

YAl FHL dH Al Ul AL e R
BL3El Aol uUlel dl il ole A uUlel

AR FH Sl 8 7 Al udlel sdl Jd 2l
(Stable) 28 & ?

248l 88fl Al sel © dd nalgl-gal AidRAUEA
Glod dlu 9, 2uell wuhal se W2 dgdd God uadl
AW AAs0 dgdy Sl B, olloud L A €1y
8. 3 d 2 Yasdl wulewdl ogR © uRL dd A
51l sl 9L 5 UHL Y 2L UdUL dLL 8
sl ay AR V. 2l A ARE A oflr ool
(el a3 edidl 2aR8) BAsusRs A, dl
ualdldi oje SlUsR €y 8.

yrscltle ofly s ume uReun 2 8 3 slousik
olerll e eolBL GGl eolRl Sl Ay Sld B
(gl 10.20). WRA ¥ r B s slousi sie
Adardl 8. d-l Blrunl Ar 2dl qqRl 21 dl
ariRil yesBlad

[4m(r + Ary— 4mr]S, = 87r Ar S, €14.(10.25)

A U oje Adail €l dl vddl usdl 20 Gled,
ogil el A GleIRAL gHlB-dsldd (P, — P) -+l

AT G0 [ Ui Glod Feefl ad)l RS, vl
[ardemi ag 514

W= (P — P) 4mr* Ar
well, (P,—P)=(28S,/7

(10.26)
(10.27)

s Ad, wal-ay widuwdl w2 elddiia
ol adl eollel s, vdollo ouyAdl ad o
ay Sld 8. elvidl d3 udldli el gai-l uuletxdl

v el a4 €l 8. il gl 10.20(b).

b
2i5ld 1020 r amm:( @)'s, ould (Cavity) i+l
wulel (sl Gelge HatglHdl »ieR
14dl yrvylel)
uURlL (gl 10.20(c)) 2 oje i 31l yel
W oH, dd o widuwdl € 8. Guwrdl ds @l
Wil 2uRA uyleL e
(P—P)=(4S,/r) ua 8. (10.28)
2 18 AL UYL Al W2 dUR ARl g5
HRdl U3, wsl ol %Rl e, el ewdl el
gollel Al a3zl 6.
10.6.5 3aollui uadld Gl ugd (Capillary Rise)

walgl-galedl as AidAweHAl 2ie 2 G-
gollBl-dglad s uReud 2 otg nelldl xu B 3

well wuisdl Aollmil dRcusial @Qyeui ua G
23 ®. Capilla Aoeil ARAHL e Al B, % Aol
atn Fedl widul (Aisdl) €, dl watgl aqiR
GR A2 B, AL Adl WL, adiusr 2B HAAdL

¥

(a) (b)

215ld 1021 Sa=alui dausl QA 28 8. (a) weilxi
serda dsiaal suqalg vl
(b) ticywel »waa- [Qaldda s3d
Rt
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Ged Zusdol (Bl a)d welleRdl viedl wsiul
viad: gouddl 8. (dugla 10.21). wel 214 512
Q2L AusSL @nsel 8. win saullmi well-l
AW 2iddin 8. 2l w8 A 8 § 2l qud-l
6L bUUL VHS ELUR-ASIAd . d

(P,— P) = (28/r) = 2S/(a sec )

= (2S/a) cos O (10.29)

14, AUl s [FAsa (Sar-ueil
widAW) wA weldl g2 soua, aldiaex
gouRl sdl g B. 2ugld 10.21(a) Yo o
Bigall A 211 B [QwRL. d2ll 25 w1 goud Sl
ASA. 2, ¥l P =P =P, =P, 9.

P+hpg=P=P, (10.30)

oul p wel-l addl 2 £ daqellal GlA e
waldl el Gl 8. (2ugld 10.21(a)). uxls

(10.29) 11 (10.30) u=ell,
hpg=(@P—P)=(2Scosf) /a (1031)

w536l am[ w1 w522 (10.26) 24 (10.97)
el e © % suoilni uadl ywdiad dd Gl
22 B, Bt g ¥ Al G A dowell Gl ay
gl 8. siu-dl Alsdl sadollpl w2 d 48l emell
s+l gy O, ewdl dild, % a= 0.05 cm €A, dl
welldl yssdiRidl Hed (sives 10.3)l Guulal sadi,
(a well-s11 W2 6 = 0 dleudl)

h=2S/p g a)

2 x (0.073Nm )

T 10° kgm)9.8 ms )5 x 10 *m)

=298 X 10?m = 2.98 cm

Al 3 o wadl-dl MR ol € (sl
uiRL HI2) M2d 5 cosf BeL €l dl uHlse (10.30)
el e B % dunolldl uadl A Qa:al !
10.6.6 RZ%*Z_\Q{ e Yyrsdidl (Detergents and

Surface Tension)
B YRGB F oflo 518 uR awlal Al & dadl
gadlal del susiviid wellui Beaway ¥ ey GAA
ddl sugia ellolld 214 gandld A1 53020 A, 20
WA 28l ay Al Ad WA

wiell a3 Watel Aflosdl G L <l g SR
2 & 5 well Alsiaall xglad oflgad -, xizd 3
auell a2 Ausd dnsn ug) 2 €l O, o wel
siacion uetd (grease)d oflydl a3 dl weil-l
walg gl Al dsll W e @ wu. Red-en
HRsd 2d 565 sl 2d B, Regrerdl -l
€2-U (hair pin) U1l €A 9. dedl s D3
uel s ol 3 Ay, da ¥ el ds wuslfd

S B A i well-de AidAWEL 2L Hi2
wacialla 9. L ulReuy 2ugld 10.2241 sugldil-l
A9l 30 ealda B,

20Ul cal, 2Rl A4 sl § Rewe GHdl
dell 2L s drg well 2 ol ds dd (3 da
veld)d 258 B, ddl ysdiel S (well-de) ug] 1l
Au 8. seld, 2udl wgla-l olon Bewweell 2 ugl
wellel ke €ld ddl-iduuelpl dld Gladsl
g[Ral w2l Asn (favourable) €l 8. Y Ay
Re%rad (vadl surfactants) AUl 2 Usis]
UBARL UL ASISSHUL AR uwel de, wlRy, siel
gl wrsulaui we Headl 8.

%lel-il QA

e o

AL Al 88 well ds 2uslid

f{ Fas *‘/’ff*%
“

»\\“

Alstaaioll w9y lardl 521 HAAG Ut

Recfee GHIA V. dell 21l ‘s’ Hlalaon B3
ol wigll dledld Hal B d A ds wislid 8.

=

L
% DY dlesldl 2 Al AL 53 O A
wotiel dlesl addl well gl g2 wd B,

PSS e e e R0 eseRreeeessneenesesnnees sy
ARG

dleslrl AR desdl i Aol Uil B 8.
25l 1022 Regre gl o 52 B d-l el
Ress-2-ul3ul
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L Gels®@ 10.12 2.00 mm ARl 255Ul
AL B3 oflsHiqAl weldl quwildl 8.00 cm
A Yl godd 8. Aol wielluidr 841
L0 25 NS URUIEL 2244l W2 Aol
sed eotlel %33 O 7 WAl divdid willy
yvsdlel 7.30 X 1072 Nm™' 8. 25 dldidrel
gollal 1.01 X 10° Pa 8. wellHl a-di = 1000
kg/m>, g = 9.80 m s dHIAAL eouRl-l wal
aRLd3l 5.

Gie wadl-l viex Ayl uulalHdl e quRlq
el 2 S/r, 8 ol S 3 uadl-aly widuwidly
yrsdlel O, dHIR 2 -id ASA § A s5d s ¥
vagl-awl 8. (g nagldl wuler w2 o
YAll-AU B 2l d BRUUL auIReHL gLy
Yol 4 S 9.) uledl Bl 7 9. gd ullelsdl

f’{é.li':l; TolLBL PO, dldldRRiAL golldl ddl wielldl 8.00
cm AL ollBl F2d B Hed I,
P_= (1.01 X 10° Pa + 0.08 m X 1000 kg m™
X 9.8 m s ?)
= 1.01784 x 10° Pa
wiell, wawletdl e eoust
P, =P + 258k
=1.01784x10° Pa+(2x7.3x10"2Pam/ 10™>m)
(1.01784 + 0.00146) x 10° Pa
= 1.02 X 10’ Pa

i, wulel-l Bl sanoll-l Bl wedl dlidl
B, 5120 5 uWIAL AR0N0USIR B, (Feuel s8lL Alels
215l Y4 round off 53¢ 8.) w2l el Al
gollel 146 Pa ©.

AR
1. dadl Hoed a8 A 8 3 d adl 43 8. dad A5l 33R-AL 515 [QAAY idl .
B, dRAl SR Uil R gL REBd w9,
2. vl Aol @ e dd Wldiedl Hsd Al €l 8. Ay eotfld © A ¥ ul WA d

AHA viasaMl [Qd3 8.

3. % dRd Al A Aas U dugl a@dlidld A F o, dl AR seud P A 6ol id
Aogael Ol dy cvald Kl 2ud 9.

- E
PW—A

4. eouRll 354 Pascal (Pa) ©. d N m2a Al . g6l 6l AL w5l il

oo, 8 :

1 atm = 1.01 x 10° Pa

1 bar = 10° Pa

1 torr = 133 Pa = 0.133 kPa

1 mm of Hg = 1 torr = 133 Pa

5. wRsadl Fun oeud 8 3, RUR draui A Glusl edl Bigil 2o eousl s
AL 1A B, 6l UL WAL dE YR @Al eslldddl $R dradl €35 [Blgad e

Yol €lald 4 ol [@d usiad 9.

6. Al goud GUS h AL P =P+ pgh Aol Hol sedld B, wdl p A dradl addl

9, % AN 2Rl V.

7. Rl dgnul UGB 2Bl Aollui 515 wal Bl 2omel €2 ASI AR AUdl

veofld drad se As AN G B,

VA = 220 (L A3l B 2 A 2§D A0 B.) 2L Al 2eotld dRAxAL agul

gn=8e 1 wa 8,

8. oiedellrl Rigid aeud & 3 wRividl A 28l F1 2010 a2l du gourl (P), s
st €ls ARG (pv22) A AsH se els RARGA (pgy)dl Aol A0 W S

I2EE pv2;’2 + pgy = ¥,
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10.

11.

2L AH150L Haoyd Ad 21l deAnl veolu drad @l God-irae 8. S5 dan
e il o], defl Gudsd sue Aol AR Wi A V. Uil A ULl g B A
Af-Glode GGl 3uid 52 8.

dRedl 2SR (gl 12 22 waoa-dl 32 4 glal 9di, 2UR dA UR 2R Udsa
sl 2Ud 8 R Ald Gedd 8 % AuA A AsR-ALAHL ARRL 52 B, AR
weo 2 2512 [Aglirl Axd-eAl Rl idl ARis 1 58 B, wul Asud

VAR 2 B 2 2L USRWAL QLilAHl AR S B,
Rl [ oud © 3 i deauidl, a Bl 4ddl 21 v datel Al sl dllew

W2 dpld W da F = — 6nnav 8.
yrsaldl 2 Ueldl 2 Al Al AWEL 2idAWEAL AUdeUl AsH dous €ls v
(wudl 2sH Astsa €ls AW God) 8. d idRAUEL uHl 280 WA AR

2l avielal 28l auri-l Gt 8,

g [Queurl Hewdl

goll 2 e AM B, “Vs dasn els o’ dy eouvidl v eour Ak
glatel vidl o Gloll 531w O, cvanl Bl vdg o B Bl U d il 8 d

Arsud dol3l ool 8es 8. ddd 2 A 83 dq Sl A dF aelaq
dolalotel 32 8. 2Bl deHl BigAd Biga cledldl wdl Ml Al Jalla ¢l
R dReed eolldl Wist wadl €lald Fal ad ueld UR 3 draul el B gl 25l
W Al dd (AR A ddu. dradl e3s [Bigdl eoldl Sl ¥ O, dradl s il
(gl 10.2310 gulen Fdl) Adadmi vedl W2 9 & %l yel oyl W abldi golRl
Wil €l B,

gl Yol P = P+ Pgh ¥ AR AU 8 5 AR ddt veot{ld gl O, gyl
sl dl dal A€l M2 A O, Full HEedl veold & wd d GRS wd wy0
Sl 69,

ol eolldl ¥l dRAlAs eolldl i dldlarell eolldl azd-l dslad 8. aell eeuR-Hus
RAALL 3% eolldl MU O, dDUHL 2LUR £oUBL A% i 6ds UAR M1y ([REFOUHAR{2R )L
AM Y D,

QAL A e dgeril Asall . il agAnl 6 WAL 1ol Bedl el s
3o Ad €ld dl del 2l o wy 3 d Bigyl da saud 6 sy daL €.

oifell-ll Rigid dRani @il el At el 9l (@) usdl «l.) 2 Ralax
Y 5L Wirdl 6ol g2l ag st il dd W3 wA Py (dugld 10.9) wlse
10.12 ol 40dl Hed Sl 2 €y 8,

At Al A waldlAl qdl ay oldslld oA u uAdRRls oS 8. Ayl
dAlUMLAAL QIR A UMl d4RL 53 9 A 1 Al 9.

Yl AaRU10 RRaRHIAL A2l RARGEAA AU AWEL UL 2L WA
ARl RARGIEAA dlf yusaiel Geoid 8. 6l sedl Fuial 20l 9 s dre 8 dasdl
2idRAUE U2 2]l RAMRGA 1R S B, d s draxll Hisalsil R Al
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Alas Al VIEXTI]

Pa s »ydl
poisetulles (PI)

WY

10.1

10.2

10.3

10.4

10.5

Pascal (Pa)

kg m™>

AHAAL, AL MR

(a) *uani woL 2019 dldle eotidl (blood pressure), H1% AL €14 d St A, €l 8.

(b) dictiazeidl Gl 100 kmell ugL ay glal e9di @dedl 6 kmel Gl didiael
gollel adl d-l eRutedl AWl AL Yeud @dtepl 3 Slu 8.

(c) eolRl L 610l oYL AxAsul dldl 89di e1dRRs (salAd) eoilel 2 xR AR B,

AHAAL, AL MR

(a) watedl s d-Al Aussiel oRse & wul welldl s il Ausbia agse |,

(b) 2a29 sia-l awdl w2 wel s Ad & U d % AU R WRL GEl A 8.
(ol Ad s¢lA dl, well sad oflyd & w3 WL s1Ad oflxadl <)

(c) waudld yrocial AUl AoAsn U 2R 4l

(d) Rexwe 2dudal weld il AussLl o B,

(e) ouel ololirl A 80 L €l dq ualél oje Rl SlUSR U B,

€35 sUq A A welHiAL Ao (woel) Al vidl Ul Yyl ¢

(a) nallaAlAl YssdlLl AHIAd: dluMLd QLA ... (a8 9a2 9.)
(b) cwyail-l 2lddl diwdid Wd ... , R HaAlElpldl @ddl diudid e
. (a8 B2 9.)

(c) 2usiz REMRANSAL »is 4ddl a-d uewdl W2 s [Us oo ... 4
AHUHIRHL U3 YA |2 d ... 4 AunHeHl g 8. (pusR [l
2R [Aglarl €)

(d) 2edl dgniuinl de 2, A5RAA (AL5L) oL LA Al BEUUL AU ....... o

AR B, (en Aa/odelldl Rigia)

(e) uansll edai @Al 4yl (3a) W2 ¥ AU ugoddl A d, drdlas [@xu-
el % AU UgeHdl AA drll SRl e S B, (A2l1)

AHAAL, AL MR

(a) sl gsdid wul@lar Avial W2 dl d-dl Gur g5 wRdl w3, «ld .

(b) 2w 2uu8l weldl And 2uRll il oit saldl udel s34 eflad AR
uidLullaAl 9l oouimial welldl dotdd Rl 4l 2ud 6.

(c) S=%sar wuuaAMi diser gl vidslel etvtdldl ol sl RRwl g uRwa
dgrrl e ay W Ad s 30 w48 8.

(d) Wil <ttt (Bogatiall oteiR adl adl dad YRRUA WAl wR [ARe Rl 4ssl
Al 9.

(e) sami RUA adl B2 olid uday dlfquas wu-AAL 4l

Glall 244l o2 uddl 50 kg <l s 915 s AL U Adart wad 8. el w4l

AR 1.0 em 8. A4 o ufElky dlb R ded esua sl ?
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10.6  ARAAL G2 WA audl edl. Wsd 984 kg m™> addidl FA A auzlA
dddl Asd 53 ABUA dAldldBAL eollRl W ddedl el G dedl il ?

10.7 s G ainsn 107 Pa o dedd URGG A 530 93 B, 2L olitsin wgrll 2est
ddeil 4al U Hsal H 4y 8 7 Agell GIUS 3 km 9. AdgHiAl Yl a8l

10.8 s auddil@s pllenda (g2 Head 3000 kg en-l sR Glasal 2 oi-iddl 9.
2L Ayt GRsdl QgL 21Ber Aas0 425 cm?® B, 2 e 24 Hedu gl
A 5wl ?

10.9 s Yol vl a3 el uddl well A [MEdes RuRe aRal 8. s epwu
10.0 cm well i ol 12.5 em RURe a3 ol eruiql WRlHl el s daqui
(el s o il audadi) »ud 8. RuRed QAR R« ded sal ?

10.10 20uG-L Wil o a4l 15.0 cm well 24 RUR2 243y opeavildl sl 2ud dl 6
AL WAL ddd (Auldl) a2l dslad Fedl ¢l ? wiRld Qe oRa = 13.6

10.11 oijell a5 Aglain a0 el wRlldl déee asld s2dl W2 4l asy ? 1xedl.

10.12 A adelld wilsa awy wanl Fria souad oled SIS 917 (gauge) eolRl Au
dl 32 W 7 uundl

10.13 1.5 m doutS i 1.0 cm Bl 4uadl »is wullasy ol Refdd el ag-
oS 28] V. A s DY AsBid sAdl PRl %2l 4.0 x 107 kgs | &l dl ofl-
A4 B3 ol dslad eel ol ? (BadlRdadl addl = 1.3 x 10° kg m™> 24
BaulR-l 2ddl = 0.83 Pa s)

10.14 uas-l 2ddul 315 43l (model )l [Quird Ul WAL uiviel Gu 2t Al qudl>il
N qrte] HU 2egsA 70 m s 244 63 ms L B, A Ui Asisa 2.5 m?
dl uivt w2 Gled sl (e1a) (lift) 32l ¢d ? gaiedl asddl 1.3 kg m > .

10.15 2ugld 10.23 (a) 2 (b) s (teoidld) natdl-l @l ag 231l 8. il 5§
gl wilEl & 7 3w 7

0

() (b)
215ld 10.23

10.16 WY (2514 W2 augudl Yu)dl s Aol 218e 8.0 cm? ©. d«l s BY

1.0 mm -l 40 [ogL 8. % Aolll viex Ul age-l 34 1.5 m min~!

(Boginiell eigl tadt dadl-l s sedl ¢ ?

10.17 25 U151+ dIR Aol sle@Hl olloll deR s18d 8. dIR e gasl Usdl % (slider)
Q@A Aoyl widoll s91EL (film) 1.5 X 1072 N ax«iq 254 8. (¥l d o+ ax-
uel quufare 9.) Asdl ol dots 30 cm 8. dl d sUEl yssdel deq edl ?

10.18 213l 10.24 (a) waueldl A5 widol s90E 4.5 x 1072 N ax-d azsiadl sald

8. d % yaldl d o dad wdel sl 2ugla (b) 24 ()il sed ax+t
azsladl sa ?

S, dl
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40 cm

(a) (b) (c)
215ld 10.24

10.19 2031ty 3.0 mm Bl Wt oje ()l e eoun de¢ ¢ ? wiRld

d dudil (20 °C) yrecial 4.65 X 1070 N m™! 8. aidiarel esuel 1.01 x10° Pa.
oleil viead amiad eouel uRL wRudlL

10.20 WAL @laBll 20 °C duiad Yl 2.50 X 1072 N m™ 2idd 8. 5.00 mm

Brosdiel ol glagiil uvieldl viexd qrined eoust s2¢ ¢ ? ot o wRHEl
gellrll URWlel WlAAMiAL Aloll glal (1l axdl 1.2) <l 242 40.0 cm GLsLSH 214, dl
A uxdlewdl vigrsd sol 32 ¢l ? (1 cldidr@ gsiel = 1.01 x 10° Pa)

AYLRAAL ALY

10.21

10.22

10.23

1.0 m? sad dRA dOy Hadl 25 2l waul s G lae @} Roulsd s2a

8. 2 gladdl dBA 35 Al PR 20 cm? Assad i) B. 2iflal s

(Rieuorl well x4 oflonl RS (1.7 A4 addl 4uddl) ol 4.0 mell Glus 4l

A O, il 6URBUA 64 Avdl W2 %3 sl dEdl SR,

gl 10.25(a)ui ealenn oo s Aeli{ler 25 6l Wil Ay gour Wl 8, a3

s U Fedls Ay oleR s O AR A-ille’ 2l 10.25 (b)ui saledl Horol goumt

Wl B, Al quRIAE WALl WRL B el dldld8lg eolldl WRLL 76 cm F2¢ B.

(a) ot Wil Ayl [Rua eouRl i 9l (gauge) gousl (Bl (a) 4 (b) W2
URLAL cm el 250 Ul

(b) B (b)ui A 13.6 cm wiell (W2l Wed < olag) A-l{lel FHeL o
WlHl 2d, dl il qudl2l (levels) 3¢l oleendl ?

Uy
T
20 n
stcm
() (b
215ld 10.25

6L Wl Alfiaiel A 82150 UG Yl 2SR B, oirl sl e Gus Yl well
@Al W2 Hud Ul ofl sl een seed well Asu 8. o Busil well a3
Al w2 aoudd ot AHd sl 7 %l di €ld dl d A Gl yHl wellerRar will
dyuius U 34 el vadlsdl suld © 7
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10.24

10.25

10.26

10.27

10.28

10.29

10.30

dlel Agtadl-l s wWEAEL A 2000 Pa 3% eolidl €l ddl R eva 524 8.
dlglorRd ot sedl Qs g wd¥ 5 %l digl Rl eva aaidl agaiid
ay 7 (Riyel dlll addr sies 1014kl dl.)

oifelld Al WA sanl 28 da 42 addl s d-l RAfGA 24
AM-GloArl 33812 WA Uvudd 9. (a) s AU W d Ad dldlAl agnAl Hedn
WAL AL 2 X 1073 m cpu-l au-luidl d2dl ¢ ? (b) dradl Aol a4l dx
Glof-ud 5ARL 6ol Hewadl ot B 7 dRucts Al 3.

(a) dge 2dd % 28 A Ad 2 X 1072 m Bl qau-luial didldl gl edu
A28 AL edl 8 ? (b) de 3u dgri-e sedl s ? (clll guidl 2.084 X
107 Pas dl.)

a5 Qe a0 poudl Al Gsurni 8 2 Aui-l €35 uivie Asis0 25 m? B.

ol uiviedl {lAl awdlaA dot 180 km/h 2t Guadl AW AL 234 km/h €M, dl
Raude g0 bl (gl addt 1 kg m™> dl.)

Rilisrl oAlde QU Wi 2.0 X 10 m Bt 24 1.2 x 10° kg m™>

q1ddl e (drop)-il [ (terminal) dol 32dl ¢ ? YAl duAid galel 2dirdl

Bl

1.8 x 107> Pas dl. d 25U 6fg U irdl ol 3ed ¢ ? (scl Al ojef Gaaiad
Aq2180.)

URIAL AASH 512 WAL A5 140° 9. 2udl sia-l 1.00 mm Bl 218
widoll <ol Wil el WAl olldel 8. eigi-dl walgl Al wua Aol wRl deal
wieiil A Qe 7 waloldl vl WiRld yssdigl 0.465 N m~ 8. wilsll
addl = 13.6 x 10° kg m .

3.0 mm 1 6.0 mm AL 6L it (gl 2Asella W Al s Yool @A B, ¥
ol 893 viedl 8. A Yol Wkl AN Sl dl yoirll 6 eHl AW QL
dastad 32dl ¢l ? ol druid welld ysdia 7.3 x 1072 N m™! 8. dusdel

et 2 wielll wddl 1.0 x 10° kg m™ @l (g = 9.8 m s72)

sesud2R/seR waRd U

10.31

(a) 2 2neld 8 % gl addr p, Gl py wd
p=n, e,
waeL 82 8, wul g = 125 kg m> 2 gRuledl AWl AP BeddL D 2 y,

§ANLS V. Hridirdl L $$1R AUAARBIAL Hud 58 8. ddlaBled dlUHIA 260
A (Al Ral) i Fad dRdl g Hed w8l A0 "Rl

(b) 400 kgl ol (payload) Glasal 2 1425 m® st g He tge aul 9.
ot GRA 23 du Bl a0 Avid W3l dl d sed GlA ed ?

(v, = 8000 m 1 p, = 0.18 kg m™)
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uRRre 10.1 : QA souv 8 & ?
(APPENDIX 10.1 : WHAT IS BLOOD PRESSURE ?)

Besilarl SlAginul x5 Al A4U gdl 3R W2 Glell RIfAL wR Adl A4y duadlsdl 232id
53 gl i 518 YERUMAM ot M2 Feells w3RUAL Geadl, {lAAl Bl dsl eed dg dldld e
dladl BRI2AME 3510 4dl 24l dd dle 530 Al 3 QR0 2 dddl 2Ad]l aoll2il © 3 FHeL gL dldl
Reddl LY 53 O, Hrdl ud Brus Fal welliid didld ol [gHl Gur dg alld suadil olsidd
Ul dlHl 8. (st Al iy 9.) uId A, Ge 2w Al Fal el A Qo usdl Aval
i dl duil Yoy wudl, siReL 5 dlgl Al Sl WA W B A Bl dol dil eed dg Hlsaal
U2 AHASd B, 26.8 kPa 9.3 kPa 133 kPa
132 kPa 13.3 kPa 13,1 kPa

25ld 1026 Gou Batql 5 st sl Rl w-aule [@lQy el g4 oy (gauge)
gouQdl Asiics igla 20l salda gouel ggdqit s s (Heart cycle) 2 dldd
AAwu .

gl 10.26 HraadlRui el el Bigl 2o 4u-l20Ml A0 eougll suld B, wlddl A sl
dlaefl L gotRiAl Hell andl W2 2l oidelld a{lse 10,13 @l agla

P+ %pvz + pgy = 149 (Constant)

o8l HHeflelMi Aol qedl Al (= 0.1 m sT!) A adlepl wAn daEl ARG ue (puv?2)

waolell s, 2l oLy, BEd 2R WAL BWIAAL AYEHIBL AsH Py, Py @A P, A%
P,.=P,+ pgh, = P, + pgh, (10.34)

Aot 2wl O, %l p 2w Al Ardl B, eed A Hay YL GRudHL cwals el b= 1.3 m
wd hy=17m 8. p=1.06 x 10° kg m™ &di, P, = 13.3 kPa-ll »ulel 44 W2 P, = 26.8 kPa
(kilopascal) Al P, = 9.3 kPa Hdl ®. »Ud, %R Alsd QAd ¢l AR 2Rel (AL 24 GuR-L auolmi
gollRll Hiedl ol el Sl 8. ug 2R lst 2wl WA €l AU eolRll @oLdL AN Sl B, W8kl
aviieil oRied © di ARRIA A AR e Ad quRidL eeldiil AL torr A4 mm of H 8.
1 mm of H = 1 torr = 0.133 kPa. ¥¥ &4 210 AR €ol9L Py = 13.3 k Pa = 100 mm of H_ %24
QU

AaAR 2 ged-dl vyl O, adlel Al Sl sl Rl dacas] axy €l 9, %
dl€l ked dgs Add A AR vd 8 A Al Gdl wdl Wdcl 53 AU ol Ay B, Al Ul
AoifBd URiasdd dlf 2 wgal e $291adl +uyii-l dazlsdl gl €l uel digl we s 8.
2L uel AHd B 5 AR wladd Raful Glew Wal-dl 32 glal didld xydL Rl geyul
ulg viadid dld {Bd (dei) a8 13 8. dd Asd w1 YAl 2l 21d, dl golRll A1 A Ay
8 A d Wl eudAHl widl nd 9.
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REoARIeR A A A Ad Aedlg dldld eou Wl 8. d agul, vgrierdl wA Biei-
2545 (non-invasive) 2[545 8 e disern e€ldl derdl 20l [Quu-dla vaid 20l 8. wuadl uBun »uglt
102741 ealdl 8. ¢la-dl Gu+l el ARl 68 5180 8. UM d sedrll dadyi (W GRSl ed)
8 e wdl WAl Yedl eed AP HedlHl 28l A5l Sl B, glaril GuAAL SR Hat s AR B
A Yl -l 4ul (brachial artery)d Asludld Add U3 D, 28l A1 ULl wideflail sist v 3yl
HoisR14L €2 (pulse rate) HIUA €. 35 HOLSIR 25 ASS Sl ALY LS AHY A B, 835 HosR el
Reddi 2 YRRAGRULL dAUi o8l AsaR Hery AR eed a3 dlél U edlRl @dusd AR (systolic
pressure) A A5 @M U1 eed QA 2y R (diastolic pressure) ol €. RFMWIARI A Al
WAL B 3 % 2L vicd goul WU B, d Adl Rigid 2 514 53 B 3 Qe Gu-u awdrmi-l 41l (brachial
artery Juiell Al ag, Aou Asla gL Aunidl ugen oi-idl asia O, waed adq G-l . s
8 A Al tal Rersiuni usdl s B.

gladl Guasil ol wR [Faididl gl s Slaell (air sack)did Slyeoua As AAlez wadl el
(dial) eouRitus a3 WudHl 20d 8. 2l 10.27. SlaollHi eoudl wad ed aqiRadl »Ud 8 % brachial
el oif i, uedl Slaolaig eount HlA IR B2l id © A sluoll-l udy 1A 3id 4RSI brachial
Qi GEGLAdL Al UGGl W2 AUAY V. FAR
gollel systolic (HSTH) sl Ay o 2 €l
AR Yl Ady vd B, AL g5l MY U vor RARSM
Agld au-l-l REMAE LAl doL quiR A4 uages
Sl 8 el qall 2l AMOUY B, L il RARSY
W 8Ndl 2511 Fdl G B, w3 Saeluid eou
8 H2lsadlMl 2d AR HHHl geu-us elMaulq
ol Y e vieell 8 B, AU 9, el HotslR-l
gRAl@s (qudy eou)dl RERQUL 4 oy Q8.
UM, 25RIAL Helladl AHoUdll diodl B, Slavliig
EOUR diastolic eolldl ¥ed i R Wil wwu gl 1027 REouli-ller A RelRsiudl weedl
ed-As (Ul viedl 28 B, AN, dsd € Ul el ol el
UEOH B AAY ST D, URL 25RAAL Al
oled RARSIUUL Add H2L 2y Aoy 8,

eel dldld eolll systolic 2 diastolic gouglll RNt d3 ealaqii 2ud 8, [ KRdl dgrd
Yo eifsd 2 dd awl®s et 120/80 mm of A (120/80 torr) 8. 140/90 dl Guasi eslell e elsdl
alsdl 32 W 8. dldl Gl eotad 1 ged, Byl 2 oflo Aaudid qsut wd © e de (e
d o W8,

(Release) dlical
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11.1
11.2
11.3
11.4

11.5
11.6
11.7
11.8
11.9
11.10

PERICE]
dluMld 2 GwiL

UL, HIuA

edl iy wlsw 2 Frua
AluHLe

Guily wu:w

[@lre GouaRdl

PRRIRE

ARl $S1R

Guiie 2eidR (YA8L)
el olldadl [Fun
AU

A [AuRBUAL Heldl
Y

AHIRUAL 1Y

11.1 Weld+l (INTRODUCTION)

GWL il cluMI M2 SUUBIL 64l WA B AU ofgrd vald
9. dluul ueldedl dRMUBLY WY 8. ogYl KAl olisA sl
Bsaq, well 4nadl sledl ay o €l 8. olllasfasuni »uust
GWL, dludid Adldedl vald slamyds e sal %33 8.
WL USWHL A Gl o) 8 A d Wud 3ol Ad wd d sl
oA 528 A Gl As verdidl ol velddi dg WA ddl
el %el UBAUAL voqn 5200l L MU dd Rl 3
481z dvigHdl aaqy (Ra)d elnedudidl assidi 4l w2 Fe sl
WAUG AL M2 ORAU 53 B A W W2 URA Ul udd A
G asl @iz [Ayg Rarii gsia O, di 21y oflwall § g
g own 8 5wl wel Glsd wudl s u AR L W
e(Muld d-fl 2ie2 ¥ AR drg uell Gl dgd wiHdl glal el
dludld sledld iyl

11.2 dluHii v+ Gl (TEMPERATURE AND
HEAT)

WU dludid A Godl cariel geasil Gufly oeiaall
Aol w3AId s, AU 2 dRHUBL & SRl AU
WY udl YA B, A AU Gy diuml HR1d 8 2 6RsL
258l Al dlwdid wd B, du sél usia. As ueld sl G
Al Buddl oflod ueld Ay oM § du sdai. Al ikl §
MRY, ued & A Gl A Al Bl wia Ruf §. wwuel 2wl
glRL i soidl aglal lal udd vl drwsuesdl eyl
EuAdy & A dals Squ d-dl GudldL saL W2 d-ll
Ridiz well HullRd €u 8.

d-ll

Grutoumi oY [Rad @g-l wellel eRe wiad 2ed wR
Yglol dl AMY Al oMU UL B WA VL % 261 U dRH AUL
ML 54 &4L A B, A WUBL Aged gkl AS wslA Sl
il 2 A WU 3 2L BRUUL AR 6RsAL d4L Wl waal
ARY, Al AluHL defl AAURAAL WA Sl YE SH AR dad
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A el AUAURAL WAL, AUHIA AL A 2 A
Al ot ud dell siAwAAL Wy 9 Gl
A-A A 9, 2R 2 el el A 3 eRsAl
st welldl eRal slusdl widldl BRuml 6w
aldlaRmiyl slAAl Widl dd wdIR dRM AUl-l
BRudl de g Al sunidl dldlaam a9,
wH Ul s¢l wsla gl 3 G, QoA A
WU B B as A (naa Al ay) dA a2
§YAl SIS dA A Al WRA A diumiAHl
astadl 5120 A B, ded uiHdl GeuGled-l SI
W o (DML salald 8 U diudidAl ST AAsH
H@d (K) 21 divdiid Hi2 4 d Guaoii
Adidl A5y i AlRan (°C) 8. w1 58 veldd
M S 1 AR AUl HRUGHL 38130 AL B, dvi
Al a4l 23 9, d [@dRd (expand) 48 A3 O;
arll wal oedls a3 8. vadl YREEML 2uud

gelogel ueld U Gl 2 Rl vew s

11.3 diMd Hiut (MEASUREMENT
OF TEMPERATURE)

ai3{leadl Gualal 530wl M s3 AslA
B, dlulAHl ddI A geael wlL oLy Rl
adl vald 33811, aisler-dl @AM 2R
dly Guulal &3 sy 8. diudid wd yatgl-l
sedl ddl 38R A A Ad Gualdl daldl
st B, Gelswl dly A= wHiHleR (sl
M3d walgl usia)dl dil Al wRRd ol walel - sia
aiHleadi W2 owdl wal dly wesigla i
WLl GualaL w6,

aulHledld vign ddl Ad sl 2wd B 3
Bl d e diudid Aisasla Hed 2l a3, 518
s YHRLOA HUusH qllid sal w2 o [Hd
Agel Biglll 032 ul. ¢d dludid 8 e35 usld-l
uRHIRL gl 9, wAeL W2 Fus Aeel Guasy
Aol s, w33 [Mlad Big d o dusid oiddl
dllls se-lvil wd AeiBd &g A2, 2w 6
A M Bigll welldl 6, well-d siel Big 2t
Beseirt [Blg,. @i 6L [Blgll % Lzl WHIRLIed eolsl
S50 g WR(L s128L WH el Besart WA d 8. $-1dle
dludld Husd i AlRUd diwd qusy 2
Ll 6L elldl Hiusy 8. siRalbig v Gesaribig
w2 $dle Husy U Hedll Adsd 32 °F
212 °F dal AR Wust 4 0 °C i 100 °C 8.
L ol deol Bigyil 92 33dle usH U 180 in
A[RUA HLUSH YR 100 AL AU 8.

212} =t

180°

dludld (°F)

L
(3]
|
|
|
|
|
|
|
|
Il
—
(=
==}

C)
I
I
I
I
e

0 AL (°C) 100 L
wigld 1.0 F2mdle avcun (1) Qe Al

Ay (rc)-ﬂ 24

ol HIUsH A2l 3UidW U2l sl 3l
A (7)) [Be AlQE drt (1) 2w
wedl qadl wsiy V. % s W & (2usla 11.1).
% wlsel Al oo 8§

tp—32 t

= _¢_
180 100 (11.1)

11.4 2uedl iy AuHlsw x4 [Rua

Ayt (IDEAL-GAS EQUATION

AND ABSOLUTE TEMPERATURE)
el el ualdldl Gully uaReil oMl el el
Slald 5180 walgl-s121 44121 a3 Hual diyHisdl
Fud Bigail sdl el € 8. uig 515 wel Ayl
Gualal s34 otridd Ay aRHle: Al LAl
yell AMA 4A B, wall euld B 3 2l addl
B1adl ol o Ayl uaRaHl ades Wi Gy
8. 2ta ozl (en)dl Ayl adeys eouRl, se wq
Al (P, VoA T) (2ul T=¢ + 273.15, t °Cui
dluMld) Fal A4 93 agldl wsd B, AU duHIA
AN AUAHL UG QAR AU LAl YL 6Bl
e 58 ARAAL A6 PV = 21AN 8. 2L d6iY sllHexdl
Fay a3 onelldl 8. % iy @Rl A2
odd (1627-1691) Wl sdl. »AN eoidl A
edldl dlyedl 56 e dludld Al Aoy
VIT = »a0 9. vl Aol 34 dallFs F5u el
(1747-1823)40 «x udl Aled«dl Mun a3
ARMAL 8. Ycll el Betdiaion diyil i Hasle
i 53069, He did wsBld A As AYsd
Aol a3 saldl asa.




280 atfasi@siq
L6118l 5
il L0118l dwy A
/ iy B
—273.15 °C A C
‘_v’lx 1 1 i >
—200°C —100°C 0°C 100°C pellHIr —273.15 °C 0 °C RIEN R
0 K)

2izld 112 el adaiauar quy-it »A9 52 sosl
[Qzg adia-l sdv

B -l & NG el Ay W2 B PV = AN A
VIT = 220§ dl PP/T A 42l 240 48 b, i
dAolt vuiedary M a3 nelldl O, A a4 s
AU @vil asiy B 3wl vUle w2l SIS Vs Ay
W2 Al uig S5 weL il 56 4R e (dilute) A
awy uLdl asid B, F4 sueday aHlsw 58 9.

T = MR
wudl PV = URT (11.2)

aul, p wdd sl Ha AvdL B ud R A
AdBLs Ay Rudis 58 8.

R =831 J mol™' K™

Alswl (11.2) wdl 20udl ellvar 3 eollel e
56 WMLl AUMIRUL & 1 PV ooc T, 1L Aoy
ALl HUA HI2 20 e Ay 2l Ayl
Gualol s2ael 24llgld 20 B, Ay S8 AHAN ANAHL
A AR P o T U 8. 21 Ad A0 58 Ay
ga{lafler Al MUAE dluHIA eolael UeHl HA B, i
Baudl eoud [A3g drvmid-dl 2uduw eRai »ud
dl d il 11.2 3oer 33w 3o 8.

A % {laAl dltudi AR (s Ay W2 Aadal Husl
yedl viedlay Fau-l @R Horoldl yedl sadl yel
U3 6. U UMl M2l (AR M2 delt vy €ld
€ Ul g, Al 1AL D § % Ly AyHL AU ¥ W
dl Ml 82Ldl Sl eolsl o 4 Al 8. sl
11.340 eallodl Hasot 33ut AuA e Y4l dotaaiii
2 dl el Ay w2 U8 qgdi v Jadl
AslY B, L dludAd Hed —273.15 °C Hdl 8
ud d (RUA gu a3 2lavu 8. BRa dsuls
dld e eulel 8 3, 3@ dusd Husi wadl

25ld 113 goumt [Ag diudie-l QY ¥4 uLe9n
des doiddl d sald & 5 ]
gedcdlalal Ayl Wi [R48 Y
dludie gauld 8.

(FRUa dtudi HusHl 20HR (FRUa 9d 8. 21
WUsH U —273.15 °CA yrulbig dls daii 2ud &
w4ld d 0 K (»usl 11.4) .

Gesarilbig 373.15K-—1f 100°G--—{ 212°F
srelisfl 273.15k--f|  0°c----H 32°F
EED]
®dboo x  --dl-273.15 c- 4145969
)

25l 1.4 3@, Al@an wa $2-dle dv
sl Hq2vuHel

ULl BlEa 2 AU HUSHAL HSHAL HIY

AHA S, defl 2 HUSHLUR diudie-L Ao 1A Yool

T =1 +273.15 (11.3)

11.5 Gu{la yARW

(THERMAL EXPANSION)
aft uefl quid wadisd s sl 3 gl wieida
alsRll (lid) <3 Avd Ad ol 3¢l ollead viladl
We oY Wil LSl AMY W2 ANAHL Hd B,
i, sl Mgl alsRld WAL A™ B A dil
uwiel Al viedl wse B, waldl- BRuxdl dd
wadls s34 ¢l 3, o ailer AL gston el
Ysalul A R uRL wdidledl Gur w9, A
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L wHldlern Ry welliidl elgir sl dl
el awdl s30 A Qa? 8. 2 % Ad ayql
(BRRuml, 15 00U &8 2UR4ML A8l geldl d- 1Y
welHl sl 20d, dl d d« yel uRe 3ol sa
6. dritell Quld yel Ad gada goousd b5 wefli
Sotsadl 2d 8 AR drll 2iex Wl galedl AslAAA
S0 d AslUdld A K2 8.

BUBIL AHLA A Sl R\l B §, Hl2l el
ugldld dRM 5l d WAL WA D A 4L ULgdl
ASIAA 9. Al AUMAML Al 3514 5180 dil
YRAMAHL F51R A B, Al dluMlidl dHIRL ddi
el WRMERIRL adiRl i 8, 3 Gully U8l ¢ 8.
doilSui adi asiu 2u{la wue (linear expansion )
s€ 8. &lasuul udl ARl Yve-uuRW
(area expansion) $& . seMi di A4 $E-UUW
(volume expansion) PRIE) (%tlg[?l. 11.5)

g—
7] —3 AJ ad| i
| ) /J Ml

Al _ AA _ ay _
; _ocl;,}}'” A —2O(IAT =3, AT

(a) vlld AR (b) YM-HAWL (C) $E-UUWL

2i5ld 11.5 Gld yu2e

A ueld dioll AMAUL 213U E14 2 Al diuHLi
AT %2dl -l 33512 AL 2l1d, dl d-l eonsul
adl wills 33812 AV, AT A ALl Sl 9,

AL _
7 —aJAT

wudl, o A uflu wuRws (adl iy durd) a3
LY, B, WA d AALAL geuedl [Afe oL 9. Shes
11.141 32ats weldl #i2 0°C ol 100°CHi diumis
sua W2 v{ly wARelsl [ARre w3 Yedl sudal
. 2L ses el s s dion W2 o, A yedldl
ARLUHR{L 531 L Ul A wslA Sl § diumisL
AMLL AHIA HIS 51U Sl clio] WiAoLR] dY WAL WH
. A A UM WAWL Y Ay B AL Al
o+t Hedl wwai Gl e 9.

(11.4)

stes 11.1 324is gl W2 vl yuRiis yel

el o, (1075 K™
syFFuy 2.5
o (Rda) 1.8
dlels 1.2
disf 1.7
gl 1.9
Al 1.4
512 (WUISA) 0.32
e 0.29

2w % Ad S uelddl ANl AT %edl
5351 Sl dell seul adl wils 381 AV/YV
adA dl $E-NAWILS (UL 58 UAUR(L) o 12 3ol
AuAIAd 531 wsA

_ (Av) 1
o, = ( v ) AT
wudl, o uerdel aalisdl & uig dAssaud

wAdls Al W Ad doddd W siMRd 8
(gl 11.6). i Aal 4ad 8 & Had Gl dradis

o, @Al u4 Ny 6.

(11.5)

250 500
T (K)—»

2154 11.6 arusid (394 213 aloi=i se-uu2805
Hel

5105 11.240 0 °C &l 100 °CHl diudidisL duan
U2 J2als AN gl HIZ se-UAWIISL Hedl Al
V. i AS ASL L 3 2L werdl (A 3 uudl) 2
SE-HUWLSAL Yl A UHIRML Ul 8. U3 wula
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s A SR (tad-Fsadl vua Ba ag) Fal
sadl w2 oAl Hell Alssuull ol O, 2 sies
uel 2 usl S wsy O § viesidia (Sd-dla) w2
o - ‘LC:Q HRL sl aq & A dl%‘tlddl UM
QHRL W2 WA Sl WA YR ay W 8,

Ses 11.2 32els Ueldlnl SE-UAAS Y

gedl o (K™
NeyPHUH 7 X 107
ard () 6 x 107°
dlvis 3.55 x 107
PETES] 58.8 x 107
s (ML) 25 %107
s (wuda) 1 %107
Avid 1R 24 %107
$ealR 2 x 107°
Rl 182 x 1075
wiell 20.7 x 1073
w1ehlEld (Sa-le) 110 x 1075

el x1HUfid adgys sald 8. a4 0 °C 4l 4 °C
YL ORM Sl ASAA A B, 2 el Wil
ALStAL cdtudiddl 8181 Al d dludLe
4°C win il 3ol se w2 & [pusld [11.7(a)]. 4 °C
A dd se af & A ddl wddl w2 & [usld
[11.7(b)].

el 2 A A 3 4 °C drwd welll and
Y €ld B, 2L -l s Hewall wsls R

. 4
“& 1.04343
=
X 2
2
"HEF
=
= 1.00013
[=11]
2 1.000000, % o

0 s 10v 100 !

dlyHit (°C)
(a)

w8 3, doud, YA Fdl wuLadl-dl Gul qulél
uuH SR8 WA 8. %q AAdR 4 °C Yol &§ Wy
Al AWEL ms well dldidl Gt didiaaii
auld & ud 8z AN B A A Wy 9. dlnd
W, g5l 2 uz well Gur wud 8. uig FUR
AUl vl welld i s auid 4 °C <l
ugid 8 AR ddl dddl 42 ® 2wd del d Awel
Y % W 0 A Al d osRel w{l au 8. A
WRlldl el AR A €ld, dl A4 A doudsg
wiell dlael Gu Yol sikel wHl wu Fel el
ALl 0™ WIRlAlL A aqdfddl @ad -l
wiMl nd.

ALY AU et 2 RaAll2l Sl Ayl ay
UAWL woid 8. uallail M2 se-UAWLS AEL
A st U 2R A8, Uid UYL HE d diudid
U R B, el Ay A5 Ul wAN goud)
gl Al W2 se-uAes Aadl ws B,

PV = URT
YU 6118l
PAV = URAT

AV _ AT

L

T (11.6)

el Ay W2

0 °C a0 =3.7 X 107 K™ & & 2
yalglal sdi qel {2l 8. wdlse (11.6) sald
® 3 o dludid R R 8, d dluulnl
QuIL AL B2 8. BRSLAL Al Al HI2 AHAN

P
1.00000

|
|
I
I
I
I
I
I
|
|
|
|
|
1

asidl (kg/m® x 10%)

099970LL L 1 1 |

0 5 10
ddd (°0)

(b)

2i5ld 117 weld Gwld uuw
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goUll 0 @dLaidl 3300 X 107K 8. 21 3eu [Rre
UAEIAIAL se-UAWUS Sl LU L2l s¥ O,
se-uARwUs (o) 2 U yarais (o)) a2}
AW Ao O, HIRL 5 [ doldHdl w5 AMHA O,
Ul dell dluHIdAdl AT 2dl duIRL $UMD 2id
® AR d ol o RBWHl s HIA AW WH 9.
adl, Al = o JAT
W2 AV = (I + Al — P ~ 3PAl (11.7)
AMlsel 11,740 2uusl (AN Ml qvumelx
Al gl 5180 (A)? i (A4 woEia .
g,

AV = @ =3V o, AT (11.8)
% ul WA & 3,
o, =30, (11.9)

s AU deL ol Bl 22 HR A A%
BRct s34 df Go{la wAweL AsaAHl 20d dl
owd 7 e 8 5 22 AR 4 Ayl
4L U AL Uil GlEl ololld 5181 dul ele(ld
(Agld Gaumt ugl. 4 243w Al Geoadl
yload adla ulaso (thermal stress) s&
9. Gelgawl i3, HIRL 5 Wla-l s weldl
dollS 5 m A Al B AAs0 40 cm® B
A dHAHE 10 °C Fedl dauRl 53 dd il

YUWL AsAHL 2d 8, Wladl wld wAWS

— -5 -1 3
0 g = 12 X 107 K71 8. dell ewelld [gla
Al _ — -5 _ -4
1 = %Y ) AT=12x 107 x10 =12 X 10
CIEN
1 N — 11 -2
Wl W2 YL HiEA Yea = 2 X 10/N'm
J ' AR _ Al\ —
del Geotad anly wldwa == =¥, (T) =

2.4 % 10" N m=.
%l VAU OUEL 6l

AF = AY,, (%) =24 x 107 x 40 x 107
~ 10° N.

ol Al idl 6l vlaldl ol 93 %RBd sl
Sl A dudl e’ dgel 6 991 Al €, dl
Aizdl Yeus ol Wl A0l el el

Getg2®t 11.1 £l % g yeld-] dotdRu dsdl
HIZ YS-UAWILS (A/AYAT d-l u{ld Y88

o, 5l oHRIL 1Y 8.

— A4, = (Aa) (Ab)
/_AAI = a(Ab) l
I Ab
b
N a Aa
]
A4, = b(Aa)
254 11.8

QR 3 ad gl s doARA dsdldl dous a
A USUS b B (sl 11.8). 2R drll dluHLAxL
AT %26l IRl 521 ld 9 QU @ i Adl 4R
Aa =, a AT . Hul Adl QHIRL Ab = o, b AT
gl 11.8 wrell, dxAsnni adl quRl

Ad = Ad + A4, + AA3

A4 =a Ab + b Aa + (Aa) (Ab)

=aobhAT+baa AT+ (ocl,)2 ab (ATY
a, ab AT 2 + a, AT)
o, A4 AT (2 + a, AT)

A% o = 1075 K7L £ves 11.1 wyl 21

AUl hE dlvdinAl duol e AT
sRtsul Al €ldiell dAl ol sy B, adl,

(%) ﬁ = 20, <
b GergR®l 11.2 %5 g 6lnedUsi-l dlssis
Wil IR uR dvisel Rl %3 8. 27 °C diudu
Udiedl H12 il Rolel 2 vUesH 5.243 m wie
5231 m 9, dl Rod daefl R w2 ogal w2
Sedl i Yl 2Ry sl ASH 7 i,

(o, =120 x 107° K1)

G4 wud T, =27°C
=523l m
5.243 m

LTl

T2

al,
Ly, =Ly [1+ 0, (T,= T)]
5.243m=5.231m[1+1.20x 107 K™ (7,~27°C)]

. T,=218 °C <
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11.6 [aldre GwutRdl (SPECIFIC HEAT
CAPACITY)

215 wlptHi wiell daf dA eid u 38l oM 53, ddl
Al 5, well+l yulel Gur viadid a3 528, FH
dluMid a8 dx wiel-dl seu-l ol a8l © - uieil
Bsaal al Al il d-l ol waen ol A 8.
uele el diuMiAHl aHIL 5241 112 %33 Gaiel el
sU UR6L0NL U 2UHRA 9 7 241 Uil G Haddl Hi2,
wud dossinl wudd el el diusid
20 °C %2d d4IRdl ML 2124 53 27l AL W2 dldldl
AHY AL s3] AHA gL welA d o Geili
UL 93 del diuHidl 40 °C 2dl dHIRL 5. 1L
2 dldl MY iudiadl Heedl Aidl. dd As
ASAL 5, VilAVd GOLCLL GBI AHY GOl 89, A ed
5, uML o2l WRllel diusiMl oiHell 941l $34L
H12 %33 GrLeAl 2l MR 1Y 69,

oflnt doissiil R el e wel 4f d %
Gyt 2l dlsasll glal d«l diuMi-i
20 °Cell 9411 53 dd AS AsA 3 2L HIZ dlRldl
AHY UUM dGlSSIHL ARldl AMU Sl olMell edl.

Al deissidl, wRlld eled dedl o gl 5SS
dd (AU da)q 914 530 def didid 20 °C Rl
2§l M ARl MY d % RAUdi™ a3 AiHl di B
ASAL & 2L HIZ APRLAL AHY 200 €10 B, vled §,
Al o331 Geidl 2ell, UM gealAl well-dl
AlUMIAHL AMIA dHIRL AL M2 w331 Gl el
PERTRENTIN )

Bul Aadlsdl sld & 3 2uhal yedd o™
50l WIS %33 Geiel el veldel €01 m, dldHIAsL
3812 AT i1 uelddl od 4 2HRd 8. R
w0 G-l ool yeld ol M Al Gl
AR dell dluMARL 5512 WA 9, L ala@isdl
yeielefl GuutlRdl (heat capacity) -l AR @3
o 8. R GRHRAL S {2 Aol v
53 wslA -
AQ
AT

oul, AQ uelddl diusimi 7 4l 7 + AT %edl
51 SUHL qUa Gl el 9.

il vadls 54 62l 3, gel el Uelelel AL Y2l
AHIA 2Ll B3HL UL Al WREIH] diusitaHi adl
33512 AL Sldl el d-l (Fosy 2dl lsal 3 s

s = (11.10)

01 HRAGL 35 UElEel dluMIsHL 215 M54l 38R Sl
W2 el 3 GroAdl Guuet oo Hed ieted (RBLd)
Gl B, el 20 A d yeiddl [QRre GwuaRa
(Specific heat capacity ) 5& 6.

A m tU HAAdl Uelddl diudAul AT Fedl
5251 sdl 2 AMdl 3 GaF wHdl Gl
el AQ €U, dl d ueid-dl @Bk GwuaRdl {1
Yool Al wsy

s _ 150

§ = =

m ~ m AT
(Al GuuaRdl gouadl s idl ol 8 3,
PUR drl glRl 2UdE el Geud wlvel (taa
Gig+) A AR (A3U oledld L QA dl) d-l
Al Al 33812 s8] 52 9. s el yeldHi
AL M5 25Ul 381 5L W2 Al 3
G Hdl G-l o2l 9 de cpvaulRd sud
9. d uelddl % 2 dril diuHld Y2 BHR AN B,
RRre GuusRdldl SI 24 J kg™ K7 8.

A ugleddl el Gedu e m, kg A oled ¥
pel uedl salaqi 214, dl 2uud ueidl RRre
GuutRdl wladia 1A yoe cuvuld 530 wslA ¢

A

i, CA ugld+{l HaR [ARkre GuuaRda (Molar
specific heat capacity ) 58 8. S-{l 1155 % C yeld-{l o
WA dlUHld YR IR A 9, Wla [Aluse
GutRaldl SI 5% J mol™! K™ 8. %3 awail
e [QAlre GwaRdldl AeidHl CA e 54l
seclls atiRidl Al %330 €lu 9. i BRunMi gesl
MUl 58 210 ALl Gl [RRHY 530 asu 8.
A Gratel ARy eMale diyd eslel 20 AvAdE
A dl dd 2ddl AR seudl Wa [aline
GuutlRdl 58 8. % c, a¥ sulay 8. olw Ad
Gl [AfHHA elHud iy s A0 AvAHl
219 dl dd 2idal AN s WaR [@QRre GunaRadl
5¢ 8. 34 €, a3 el 8. [@didar WRdl w2
USRWL 12 2L AldldRBAL 6181 el ALY dluHIA
Jeals ugidl QB GuuaRdrl YR ses 1134
guldd B, @ Shes 11440 Jeals Ayl w2
e [@Rre GwuaRdidl YA 2wula 8.

ses 11.3 wdl dil oA Al 9l 3 2ied ueiidl
AvumelHl well w2 [ARre GeusRdid yeu 1y
0. vl sRRIAR, diMsudanl RAML Wds @

(11.11)

(11.12)
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5025 11.3 AldldRRAL s6Ul 2R 2034 dlum 2as el RRre GwuaRd

[@fre GuualRa

[QRre GuualRa

( kg™ K7
NeHFUH 900.0
siolet 506.5
dls 386.4
Al 127.7
gl 236.1
2ol 134.4
viell 4186.0

(J kg™ K™
015 2060
514 840
dlvig 450
ERIENIE 2118
vedd 1965
wiRL 140

w0y yelldl ol dius dlF weldl Gudll
Al 9. Uldl-l Gl [Qfre G utIRdld s1381 Grwumi
ol sl el viey o Hlafl oufaell a1 A B, A
S0 o Adg wl 2iadl vasl dldn €l 8. ¢d
d¥ sl A5 oL 5, Al 12 WL @R Ray B
ol gudl oM A A Agudl &4 ud B,

S5 11.4 S241s Al 12 HaR [@ARre GwuaRa

ay |C J mol ' K') | C, (@ mol"! K™)

He 20.8 12.5
H, 28.8 20.4
N, 29.1 20.8
0, 29.4 21.1

co, 37.0 28.5

11.7 QRN (CALORIMETRY)

dot 2 dril WRAUR 92 Gl BEl-Held 2Aadl
[AlFay udl < €l dl dal datsd 21adL 53¢ dat 56 8.
P A 4L il YEL YEL IO el YEL
Al €l AR Glal diuMidaio euotmigl Geiel
el Al diuHHaln cml agd w8, Gl
At dd owdl opudd G, lal diwe el
ML RN BRL BRI SIU 8.

JAIRA ed Gl Mud. A WRAR a3 G
il A €1d, dl Glal diudid el axdA ofle {lau
Al 2eel aqel AUSHL Al 2d AR dRY
QR AHIdd G 4l argd Hadd Gl GlRIGR A
B, G WU 531 wsid Al A SARMe: s

8. d s o wg Fdl 3, dio] x2ual APRuHHie]

oirlldd HiqUla 2 d % Hidd Gl HR1A 6. AL Wistd

deluge Fol GMIRIMS gedl ML ALssLrl LA 1AL

Yl U 8. ol 2R Gl 59 a3 ad

2 gl wAHiE] Adl Gwicuy w21l o, slual

AULARRAHL 25 (9% (519)) €1 8, %l gl elidleui

Rl aHleR erva saMl 2ud S(2usld 11.20).

‘Aondet G 2 oA BWHL A €1 8. L Rigiarl

Gualal 53 2ule Bt veldHl [ARre GeutiRdl sl

sl A 1A 200 GelgRA YL UR D :

P Gelse®el 11.3 0.047 kg t0 HLddl
AeFFAUAL 25 00U Ydl A4 H2 Blsag
el Ml Wotil Hid 8. wReud 2 sl
Al 100 °C i 9. ¢d i oloud dd %
20 °C dludid 4ladl 0.25 kg welleRal,
0.14 kg e dioitdl 3dR1Hl2Hl 2tidld
sl 21d 8, welld s adld 23 °C
RRAR drudi ad 8, dl AHedfiluudl [Ree
GoHIHIRALAL dlRidR] 530,

Gia 2 Gelsadl G3a W2 sl 2 ¢Slsdxil

Gualol s3g) & el Aareml AMRUHAL dAlouA

e G, wiell A 3diRldle: a3 dudl Gwu

Fedl i 8.

AU oo eq (m,) = 0.047 kg

AYFFRU-L ol WRAs dwsid = 100 °C

@ldd divdid = 23 °C

AluHIHME 8dl 3381 (AT) = (100 °C — 23 °C)
=77 °C

Wl 3 ABFauAL ool [Rre GuuaRal

8.

Sal
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ellla s

APFUHAL Q0o dpde Gl el

= ms,, AT = 0.047 kg X 5,, X 77 °C

welld e (m,) = 025 kg

sdillexd ea (m,) = 0.14 kg

well 2 3R {led wilks dtuHid = 20 °C

FiaRied 2ilad divdq = 23 °C

dlusii adl $2812 (AT,) =23 °C—20°C=3°C

well-l [@fee GeualRdl (s)) = 4.18 x 10°
J kgt K1

dietrl Fel{leal [@kre GuudRdl

= s, = 0386 x 10° J kg™ K™

wiell A 3elRHle doda Guedl ool

=m,s, AT2 +m s, AT2

=[mys, + ms,] (ATZ)

=[0.25 kg X 4.18 X 10° J kg”! K™' + 0.14 kg
X 0.386 X 10° J kg™ K™'] (23 °C — 20 °C )
2] BaRal W2 AYFFUUAL dlloua dpdd Gwil
= yiellat daddl 6w + 3dRl{le gkl daddl
G™iL
w2, 0.047 kg X s,,% 77 °C.

= (0.25 kg X 4.18 X 10° J kg”! K™' + 0.14 kg
X 0.386 x 10° J kg™! K™H)(3 °C)

5,,= 0911 kI Kg' K™! “
11.8 a4l 5812 (CHANGE OF
STATE)

A Ad g AR AL HAD O ¢ 8, YLl
e Ay, w1 Rl WL 2 vl olw
WRAIML JUIdR AU dd 2ARA-3F1R 58 9. 6
AHIY, AR5 auig]l gl »A yeugluiyl
Ay (druel Glag uat) 8. ol ueld A del uRuR
a2 Gwi-l [QAMU 218 AR 2L 33812 AU B9, dRH
sl 3 skl Udl AA[™I-3S1-AL 2ARUA HIR
{12 20l uglt s :

6L 5edls 2ssl o5l dl. 6lRs dluuLA
(0°C) lHl. 210 GwL wiltRald a3 d- 414 4|
AU 531, €35 (M2 drusits «Hl wiell dal sis«i
(Faeid Add salddl 6L AUl v AHY 2L
v €1RL (25l 11.9) Hwel. diL AS wsL 8L
Y4l oflsul 615 €U i YL Al 3251 4l AR,
2L WAL, ot Add G¥HL AL 89l dell dtuHIAHL
1S o 32512 Adl Ul 2], 20104 Gl U (6128)
Ml watdl (Wsll) el 3uid 1ML dugAd 9.

100 -+ !

diydid (°C)

m Ay (MfRe)

2i5ld 11.9 oA o2y s2al d«l Al wal
$2512 galddl Al (436 AMU-il
widu (234 4oUR)

et iUl UaAlEl vaAML Adi JuidA ddA
(melting) 24 datél aemial a4 ML Adi
3Uid &1R8 (fusion) 58 8. Ad adiBd ada &
3 ouun ad uetddl ol Wl A4 oy il ¥l
dludin 2120 28 9, yeld-l aanigl uadl saeHi
FUidR MU At 21 Yl oid vl Gwlly
Al AR 4 B, F s vetell a-
2 Walgl el Asollw we Gwlla Agaul
€ 8 d dudiial yetds Aabig (melting point)
5¢ 9. d uelddl A5 @lmBisdl 9. d eongl Gu el
AHRA B, AMLA dAldlaBiAl s6ll8l veled-i
ULC-L'-l[?*ig.fl YALHIY °lél'1[5i§$ (normal melting
point) 5& 8. ¢d UG G+l el UFuL AxAaAl
Al ugl s -

olRgL s ARG dl HidHll s diR dl 24 5 kg
el 6l 6ells iRl B3I U2 ot vugld 11,1040
gallodl ool ARAL U dlR 5l diL A sl 3
dlR 618l AAA™id]l AR Wy B, ardlasdl © 3
dirdl 1A el olsUl Al dluHid eolRHD A4IR)
ddi o12s UlIA 8. UL diR uAR AT N B AR
dlee{l Guas well ye:s8l wd 6. wH, dIR
AR wdlel oRsd Alug [l ag 4l srei-dl
@l "2l Yr:81R8L (regelation) s€ 6. 612§
(snow) w2 erdl 1A wel aqaEl o BEa wusy
olel 69, gollRlrdl dfdld 51280 WiRll oid 8 A Wi
well glde (Goa) a3y ad 8.
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25ld 11.10

ol % 625 ulellHl 3uldr WH QR olle % d-d
AR 5l 241010 AL, AL L U B ASLA 1A
5, dluHI addl 23w d(2usld 11.9). duyin

100 °C il <25 udld i Yl dxl amiRl udl 8
9 ud d RU odl My O, wudl Gl e,
walgl ARl QAN HUAL dly-AdRAHL 3UidR
AL QuAL 9.

yalgl-viaamial duo (dadl diy)Hl ddl
3uidd euwdlseL (vaporisation) 58 8. AS
w5ty B 5 walgldl AHA wel dAANL JUidRd
aly Al yHl dludid xan @ 9. yagluiyl
aly-aaaldl gurder wliEalr eai ofd
a2l Gl Adaddl ueARFac vad 8. %
dludid watgl 2 ay Guila Adadi AsARade
R1d 8. dd ueldd Gesarilbig (boiling point)
s¢ 8, welldl Gsuardl wBal Aneal we ¢d
1A el uglt s

wgrell ay well el s a0 dliidil (G
6lleH) AR dl. Al iR U HSL A sAIRsL oAUl

P A
(atf'l) A
28E .C
g '
yagl /o
0006 F----A2" qiy
B . . >
(a)

(Al5ig (Triple Point)

yeldd dsfl Aaenml 32512 A d AU def il A0 28 8. (ARAU-3$1R). ueld W2
Al T 24 g6ll8l P Aol 2UAUH dril $95 SIUAM 29l P — T 30y & 6. {13 suglaui wel
sl CO, Ml 30y S salde 8. 2L 3 WA P = T A¥dds 8 [FRdR, iy Btz 247 weidl
[RRAR 14 218l R Rowdt 8. 21 A0 Gledlse (uBadaq) as (BO), sikal (g427) as (AO)
A oA (QuASHaA) as (CO) Fa asl a3 el W 8. ABanu as (BO) wr-l Bigail a-t 14
a1y 2a3UL ASHRACHL H1ddl €l del iRl eald 8. sUR 45 OA U+l Bigiat 8 2t yaudl
2A3UL ASARAAUL €1Y ddl xarall tald B, duLEBa a5 (CO) ur-il Bigailal uawdl 1A aiy-2q3ul
A8 VRl 1Y defl a1l eald B, eoURl A AUHIAAL F Hedl W2 YL a5, AUASIAA d$ e
Al a5 10l B A ueleldl A4 AU AARACUL €ld A Bign d ueidd Blbig 58 8. Gersawl
a3, wel-i Bibiga drudid 273.16 K 2 eoust 6.11 X 107 Pa o3 eula 8.

UG-l $5 S4uH (a) well e A (b) CO, e (Bauy 2)

P A
(atm)

A
73.0p=mmnnmnnnnfunnnns  C
56,05t 97 |

w [
Sl Q
Lol oy i
B | ok >
—78.5—56.6 20 31.1 T20)
(b)
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el s

ap{ler dal ai st Aol uaR s34 d opan
gle s (2ugld 11.11). seisl e well AR sl
Al el 20 gal, Adidl Yylel A3l s8R
2wid 9. Ul d@A AL YUl A D, ¥ S8
Wil Gledorid WMl 22 U S1R0L WA ) i 218
4 A O, vid AU Welldl w22ud v 100 °C
U UG QR dANAL UUl2L AUl U ugiA 8. %4
wiell Glsaal 1oy d seald 8. sdisul Wl au
A wstdl Al uig d Bl garsl agr lsd 8
IR Y wiell-il ofel 30 skl widl Y4 (foggy) 2a3u
gulY 9,

2504 11.11 Gesart w34l

A gd A s Aol dld) A58 R oM
539 gARSUL eolBl aHRAML 2Ud, dl dd A
asell 3 welld Gsnard ol w8, well-l Gsuai-l
ulBul 531 A3 M d uSdl dluHIAHL drIRL 54l
w2 ay Guidl ¥32 Ul 8. (¥ eollLldl ¥Rl U
AHRA 9.) 243 eollBldl adiA e BesaAlbigil
QHIRL wd 6,

sd 2l ol g2 5304 welld 80 °C Ml &
adl el gidley A aua [Fvgin Aol e S0
SARST SR oA A3 ol S W UL FARSA

GlEL H8L e drll W olRgd 6§ well L A sl
gaRsdl el Wl welldl a s WH & A
garsul wWdl well-l Awel wd eous 82
Aflal dusid well sl Glsa 9. M, eolRIHi
galdl udi del Gesasligui uwl =eldl iy 8.

LYYl e AY 9 3, Al {2 veldlasiHl RS
5B 8. ay GlRusH dldiared eolat Al gl
51280 eRuidl Awdl-l avuuela welld Geserlbig
{12 1 8. deitell [Quld, RaRgs™L el quIRl
sAA Besanligul atil sal 2ud 9. Fl RS
»eul wid B, wHIRleLd dldlaRel geusl ueled i
GesarilBigd YuHY @r&él't[aig (normal boiling
point) & ©.

A%, otl o ugldl ad, yatgl A Ay AwH
ARY vapiiidl uAaR adi Al 3edls ldl
ugldl © % A Ad dd-viaai] Alul o aiy
ARYML (dudl [Quld uel) 3uidz 24 anu 9.
algl daaldl Fuldl 4dl QoI 8l wdeidl
aly-sdeldl  Adl 3uldeid  Gleduldq
(sublimation) 5 8 4 2udl ueidd Gleduidl
ueld 5¢ O, Y5l 4g (a4t CO,) Geduid wi
8. ARA uel wudl o veld 9. Glduld-sl
uBul el ueldHdl old ad Ul A Ay
UL Gl Adaddl Sl 8.

11.8.1 3d Gvy (Latent Heat)

uRade 11.840 U8l dlval 3 w1 el
wARYIHL 3251 U AR yeld A del uRA
Q2 AlssA Gl el MY Wi 9, ueldHl
MARA-35R el veldAl sy ea gls [AMRNY
uidl Guudl ozud d wBal w2l el oy
Gul & £ Beledl d3, —10 °C dludld HR1ddl
e wlAl 6251 BBl AL 2 dl 6lRE
i del dadlEie (0 °C) Hl weld i yHl
A . L dluMid Ay G¥L Budl dlUHLAHL
qil adl Al g ek Wlimdl dl © adl
wdlgl AN FUid 41U O, o4l % 6s Yol
Ay ugl ay G spudidl wid, dl wielldl
AL QIR Ad O, Gesarligad watdl ay
vl 3uidR e 2udl o uRRAR Fule
ald 8. Bsndl welld af G¥L 2UudL dluHL-Hl
QHIRL YUl AR ARUAML FuldRd A 6,
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SM2s 115 1 ldlaRRl g6l J2cls Ueidinl Al JUidRL diUH 2R PGSz

ueld iy
(°C) (10°

SPEIIC) -114

2l 1063

EE 328 0.25
Y12l -39 0.12
AUH21% —210 0.26
215U -219 0.14
el 0 3.33

MaAL-52512 eAHUld 3] G¥Ldl MR
3UldBL B3 2 UL 3SR WUl Yeld-l g0
GuR WAl . 1M, s wRAMIY] ol viaH]
3Wid2 WHdl yeld] e m @A d W2 %33 Guil
gl O &ld dl,

O=mlL

wWudl L = Q/m (11.13)

ul, L4 2wt 6wl 58 & A4 d uelddl
alglsdl 8. ddl SI 2s4 J kg™ 8. Ld dew
gollel U 4Bl MR &, Ak Ad dd Hed
WHIRLOLA dlclldRBl eolll daldl 2id 8. d--ydlgl
wal $281R Ml G Adq Gl (L)
(Latent heat of fusion) 5¢ © nd Waldl-aly
2512 M2 d Gesart dpaGuu (L )(Latent heat
of vaporisation) 5¢ €. a2l @R d- dAdqG¥
wd olidd G dls Gedu sl wd 9.
gl 11,1230, welldr ool e dusid [a3g
GIGloddl w1dv sulda 8. ses 11.541 deals
uelall oGyl dusil sReABiE A GesanBigil

W2 ud 9.

226 x 10° I/ kg
(540 k cal/kg)

Geseriliy,

333 x 10° J/ kg
(80 k cal/kg)

CIDEC R
(azitm)

2

ellgl-widzal

Py (wuel)

- — = =

dludl (°C)
f=]

BwL

wigld 1112 1 e sousl wel e diyyis
[Aga Gwusl 2udv (auy o)

0.645

L Besarilolg L
J kg™ (°C) 10° J kg™
1.0 78 8.5

2660 15.8
1744 8.67
357 2.7
-196 2.0
—183 2.1
100 22.6

AL AL & wUl waUL-F512 eAHul G
BHRALML (5 g2 $AML) d AR dluHLA AN
W V. sl 11,12 enld & 3, abl o 2waa
vl el AMLA Al ¥ yud 9§ gel gel
nal 12 [Alse Gyl Hedl A 4l
LRI Sl oL L B3l A i LA GHL v 53
L,=3.33%10°Jkg™ 24 L =22.6 X 10° J kg™’
® ved 5 1 kg 61s+ 0 °C dluid fauaal i
3.33 X 10° J GsHL 4 1 kg wielld 100 °C
dludld dLaul $ddl 412 22.6 X 10° J Gwi-l
%32 Ul 9. 21l 100 °C diuyid 284l aia 100 °C
dluid 8dl wiell sdl 22.6 x 105 J kg™ G
ay 41d 6. e, Gsudl wiell sdl Auy Ad
azle ay de{lz Id end 8.

P Gerg2e 11.4 03 s wui 0 °C i
8dl 0.15 kg 628 50 °C diuyid Wdl
0.30 kg uellmi aloqaimi »ud R uReusl
dludld 6.7 °C 21y 8, 6l wPunal 12 %331
Gou ol (s = 4186 J kg™ K™')

at

Gsa
well ad dpaidl Gui = ms (6, 6)
= (0.30 kg) (4186 J kg™' K™) (50.0 °C — 6.7 °C)
= 54376.14 ]
oiR¢ Wloraal W2 %33 6L =m L = (0.15kg) L,
oRgel WRllAL didn 2ilad diud ydl as
Al W2 ¥Rl 6oL = ms (0,— ),
= (0.15 kg) (4186 J kg™ K™) (6.7 °C — 0 °C)
= 420693 ]
sl Gui = Analdl Gwi
54376.14 J = (0.15 kg) L+ 4206.93 J
L,=334x10°J kg «
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b Gelgwt 11.5 vis 51+l —12 °C diuxiA
8dl 3 kg 6l dldlaBll gouel 100 °C
dluiAalll a0 3uidRd 54l Hie-dl #33]
Gauldl aeldl s, wul, es-dl [Alire
GuualRdl = 2100 J kg K7, well-l [afare
GuutlRAL = 4186 J kg™ K71, 618+l aied-opd
GwiL = 3.35 X 10° T kg™ 24 a1+l oisuiy«
AABGWML = 2.256 X 10° J kg™ 2de 8.

G2é »ugll wa,
olRg el m =3 kg
o5+l [alre GuualRdl Sie

= 2100 J kg”' K!
wel-dl [abre GwusulRdl S ater
= 4186 J kg”' K!

g+l ol GWL L
=335 x 10° J kg™’
Rl ousde opaGs L o
= 2.256 x 10° J kg
—12 °C diudld 8dl 3 kg 6is
100° C <R10HI 3UidR sl HI2 %33 GwL
—12 °C 2 2ddl 3 kg 61§ dluHn
0 °CHi 3uidR sal w2 %33 Gwi
= m s, AT, = (3 kg) (2100 J kg™
K™ [0 = (=12)] °C = 75600 J
0° C diudid 8el 3 kg o8+ 0 °C
diuiAai uelHi 3uidRd sdl W2
o33l Gwil
= mL, =3 kg (335x10° J kg™
1005000 J
0 °C i 284l 3 kg well- 100 °C o
wiellMi 3uidRd sal el #33 Guu
= ms, AT, = (3 kg) (4186 J kg™ K™)
(100 °C)
= 125580017
0, = 100 °C awu 3 kg welld 100 °C il
ARANHL 3UidR 2l M2 %33 Gl
= (3 kg) (2.256 x 10° J

-

@ 0 =

9, =

= m Lstream
kg™)
= 6768000 ]
W, 9 = 0, +0,+0,+0,
= 75600] + 1005000 J

+ 12558007 + 6768000 J

= 9.1 x10%J <

11.9 Gwiid YW (HEAT TRANSFER)

2uEl ool A 3 Gl 2 Glod 9 A dlumiAdL
dslad 518 Qo s datniell oflo datil 2l
datrdl 25 euoruil oflan el AL WY B, el
%el sAL USIRL gl 2L GloA-d uuel 4 a7 Gwi
QAR 2R o€l Yl Al B : Gouidest, Girdn
2 Geufalde (gl 11.13).

25lA 1113 Gouden, Gu-aq dar GulQBel
glRl dlyt

11.9.1 Giag (Conduction)

Ugldldl WRARAAL 6 [Qewdll a2l diuiddl dslade
S0 Gl wARL ddi-l 4Bty wEw Gwuag-
56 O, WAL 5 gl A0UAL As B wdldHL
Yl L dldl ARl % ABALAL ofld B3l vledl 24
2l 5 di veal ¢ld dd usdl sl R, e,
AlHL G YW, Goden gkl ALl 1Y
3l del el el cuolmigl uuR ASH ol B4l
AL iy 9. ayildl Geialssdl 2l €y 9. 2l
UL Gridlesdl det 2 Ayl 4 €l 8.

HolleHs Jd Goided, ‘SIS gl AU dHIARAL
dslad W2 Guilden-l AHU-8 A3 aglaaimi 2ud
8. 4Rl 3, dous L A Flud 2088e+ aosa 4
H1ddl 25 Ml A0ULAL 6L B el el A
Aval 8. Gelsel dly ABAAL B wesH T,
2 T UL BR1Ad] 2l Gl s il 6wl
Ausul Avial (ugla 11.14) 8.

il RAQ =2 DAL oyl Ayeiudl Gy
wdlgs sdl AUl ougdl v wRu ql
Guulafay adl «ell.

2ldl AMY olle, Al AL Nl ABAL diuuL
T, dl Ty 3l (T, > 7)) 2id2 il A dd @2
8. C WA GuRides xun €3 G 2 8. %
AL g2t waRRL Wl d % A0 2 D WA Wl
AALES U B,
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E

C D

2A5ld 1114 4 3 T, 24 T, (T, >T,) 924
Al yadle :8d €l dal Aoyl
Grtagn gl 2@l RAlani G
qet

wdiBls Ad oddl vo 9 5, @l vaAlHi
Gulagn-l e (Al GRuudls) H, diuMld-l dslad
(T, = T,) 2 ABerl ArASU AL AUHRAL dall
AU dollsS Ll A uMlRMl i 9.
T.-T,

H=KA (11.14)

AUULRLAL AANLS KA gl GeHidlg sdl
(Thermal Conductivity) 5¢ O, S g M2 K-j;
Yt ed 4R ded dHz Bul G dg-. KL SI
Ast J s mT KT vadl WomT KT8, sives
11,640 el el ueldl-dl Guuaissdldl wel 2ula
8. 2l Hell divuid we og HlN sgeud 8. dall
ALl A (1R W dd a0 awell as.

gl Fdl ARl GvalesiHl Bwiaigsdisdl
ARl wMIRML ARL G AA8sL Fal 5 alsd,
ddiAgd Aol Boialesdl WA 5. dd Al il
S2dls RS AARIA AR disli, 218l Aeldd Sy
9. diol WL Yalss dldll SRA d AlURIAL AUN
Al Goiie [Adzer ARl dd iy © 2 vius
savll AL w51, driell Quld wilRes siu % o e
AUdL gal-ll 5122 (Air Pockets - sal-q2[As1) HRudqdl
latell af AR G LS U 8. Ule 5 5 Ayl He
GRLALSS © i 515 11,641 el 2Ll Geualg sl
AL, oflon Ll (BRuU1IML B3L AAS i UUWL Heanil
€l 8. Gruou-l [Rarilmi sisleall otried Hsi-iedl o oig
»sudl o S U O, s1eL 3 silBerl Gwiatesdl gell
28l €ledl Aol (A5 Al wvunela yadl il
8.) M2 LSl M2 ML sl 9c U MLl viaL Gwil
WlARAMs Sl 2UAWL sl uAe 52 8. el B
YAWL 225§ i 3HA S8 uv . wwe(l

wRRufAHE Gy warel wnHad (silas)
(Critical) €lu 8. Gelsl dly ~ylsauz Juisen
A Gl WA dal WAld s ¥33 B, ¥l
Aaaserll 512 [Aenorl ylsaur Aduq (slad) grl
Geotadl wis Gl yadl ¢l olgR dg AsH
sudl wstd i 512 (ewa)q ay usdl oy adl

vesicl wsd.
Ss 11.6 %2dis sl Guualgsdiil

Gl sl
J sTm! K
Hig il
gl 406
dief 385
AHFFUH 205
e (M) 109
¥l 50.2
AR 34.7
Rl 8.3
241g AL
Aellgs Sz 0.15
sile 0.8
AR+l 26l 0.20
3e2 (G su8) 0.04
5% 0.8
) 1.6
ddIngd 0.04
alsg 0.12
wieil 0.8
ayil
Al 0.024
21001 0.016
SLSot 0.14
b Gesea 11.6 M 111540 galea ool da
21l taeml 8, dl e dlolel Fseeted diudir
s2¢, ¢ql 7 ¥lad udusl dens = 15.0 cm.
dleitl AL dotls = 10.0 em. Mgl diuHiA
= 300 °C. olo 931, diumld 0 °C. 2la-l
AMULAL 218898 &losn dioiidl Wl
AU el &l2UE0 sdl oy, . (el
Gualgsdl = 502 J s m KT e dioitedl
Gualssdl = 385 J s m™ K1)
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TS
25
il MI—T-IM
00°C [ lo°c

Guyylias e
yelel

215ld 11.15

Gia il s3d 2éq GRuulas el
AL o uel Ul Guiidl ey gl 8. ddl Gwiir
agr ol AR doudHHl Raumi a9, aBurl
SIS Bl 201098l [RAR 52, ] AL SIS s
AURML elud Udl Bl duigl sl «lsadl Gw el
% dd. AlRdR d eudL Al God Had Haal dpHd
A def w20l 82 AR, 2un, 2l vaal
le-dioilril AYsd AL dons u-i eds [Bigaii
21808 HIY] clgrl UMl G3HLAL £ ADALAL 2ALs9eHiY]
UAIR Ul BRIl 82 Fedl €ld O, HIRL & 2l Raxl
Rld-cioirl Fsord Al T 8 dl,

K4 (300-T)  K,A(T-0)
L a L,
dl (1) 2 (2) 2t ¥ i dioiel A@qd
Yurt 52 0. 4,=24,, L, = 15.0 cm, L, = 10.0 cm,
K, =50217 s m? K, K, =385 J s m™ K
CIER
502x2(300-T) _ 385T
15 10
% udYl, T= 44.4 °C <

b Gerg2e 11.7 28 111640 salcul woo Hs
dlvigel Altul (L, = 0.1 m, 4,=0.02 m?,
K =79 Wm™ K™) 24 215 a1l alu
(£,=0.1m, 4,=0.02 m?, K,=109 Wm™ K™l
5124l A506{1201 A8 A3 8. A8 et GURArL Y5el
3124l dludi 253 373 K 211 273 K %24,
el Avi 2ud 8, (i) olel AMULrAL % 59U
i (i) At Al Aued Gauale sl v
(iii) Adsc AMUHi] YAR Al GRUALS HiRHL
Yol Hondl 2 A=l dteidl uet 52U

Gsd
o TO
=313K T.=273K

2
\- Alvis WA -/

2usld 11.16

L=L=L=01m A4 =4,=4=002m% K,
=79 Wm' K", K,=109 Wm™ K", 7, =373 K
wd T,=273 K 24 8.

] 2l vidold, dvigl ARAHD Gouydle
(H,) > sl aami Geunae (H,) awu-
Sy 9,

We, H= H, = H,

KA T KATG-T)

L L

A=A, =A 6 L =L =L &l 21 3l
{12 Haor ¢al :

KT -1)=K,(T,-T)

2w, 6 ABAUAL FsAAL duHLe

T = (K\T} +K,T))
0 (K, +K,)

L AHLSWAAL GUALL Sl SIS uel Al
C TN

g - KAG-T) _ KAG-T)

L L
_ ( KK, )A(Ti -T,) _ AT -T,)
T K +K L N
1 2 L L+L
Kl KZ

2L L5281l Gualol Sl L + L, = 2L dsusil
AYs A0 M2 GRS 2 A Al auqe
Gulclesdl K {1 Harer wal :
KAT-T)
2L
2KK,
K, +K,

H’:

K =

(K\T, +K,T;)

) T, = —(k,+K,)

(T9Wm 'K (373K + 109Wm 'K ) 273K)
9Wm 'K '+ 109Wm 'K
315 K
2K K,
Kl + K2

(ii) K’

2x (T9Wm K1) x 109Wm ' K™
TOWm 'K +109Wm ™ K}
91.6 W m™' K!
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o, KA -Ty)

i) H =H=———2
_ 91L.6Wm ' K™) x (0.02m?) x (373 K-273K)
- 2 x (0.1 m)
=916 W <

11.9.2 G¥i4u- (Convection)
gl AiRdlds ol gl ddl G 2elAidRAL WUl
UsIRA Goirud 58 8. d Hiol dd usldlHl Wy 8.
Guudud wiglis 3 AR €S ab. wglas Gwuu-al
ARALSUBL Ul Mol o1%d B, el dxll dAliidell
AU 5l ARM, ML ([ 9 A Al Al addl 82
8. Gadlas ol 518 d GUR d$ WU B A Gl
841 oot [ARalld 52 8. % 53 dRU udA GUR Y
8 A drasl $8L Mt [Aalid 53 8. 20 wBu
Add AUl 52 9. Gl RlidReAL AL UsR e Fd
Guildge Sl Yel 9. GWlddAUl dardl Yel YEl
SIEIRRETE RO TR
WRA GoI AL geiml UU 2l 214 elllds Al

gl2L ol SAAAUHL U 69, 8 AYAUHL WellEld-aly, diun
ot M YRR dot 247 Al AFl 2llds
dal AR ARA Guiiddenl A Gelgel 8. Hird
a1l ged s Wu adly sl 53 8. ¥ YARA ud-U el
el SUONHL BHEL 5 6, 2L el URd Goide a3 B
22lAR 530 R Al HsaRv Al AN S.

wiglis Guiud asll yuldid qe-disll {2 wAoElR
8. [Ra el wouadiql well sdi o3l sual
ARY A V. 5101 3wl [RRre GuuaRdl Gl
8w del wddl Gui BBl gl well-d

o

/q::{;l\
i et

(A3l al)

\_P_,’

[Bax

32

gl el 5l ARY 1 B

[Qsua eyl @UAS 9y O, M %Al AusHl
il gal GMMIded 93 dRH Al € e UAWL WA
©. uReud d«l 20wl 84 sal sl d-ll wxdl
ge 8, %l uReUN d1RH gal (AU HRIL) Gu U
® e & gal Al A (uad) viel wiedl wou
ol & 8. 2, W2l Bl 195 AHlU Yaradl
Getd 8. 64 gl {12 21d B A A AU GuAuA
245 AU B, % G el €2 drs lidRd
538, ABAL AHA ol G psuell opud 8 A
el awel #dld sl ay oiRd gl 8. ¥4
uReud A5 Gaas «u © (pugla 11.17).

wiglas Gwuund s ofly Gelsaw Gu ydel
[Ayagt dg addl yedl Uil el Ysld vadl 3+
YIRURS at (Trade wind) 58 . %+{l HagiRs wredl
2L Aol 8. Yeelldl [Ayagdla i gy &sll v
6L H0d B, Ayagd WA Yl auidl Aws el
gal dRM SlY 8. UR Yl WA GUIAL aAldLaRRIHL
gal &4l Sld 9. iy uRell (factor)-l dle1o3luL,
GuHiAdel Helsl U 8. gal [Ayagdly ywel Gur
oS Yl s ol 52 8. culel WAL A ds 2udl
Yri: [Ayagd dRs agn 2 8. wd yedl-il wRereiA
51200 2L BHIAUA UALSIHL 3512 24 8, 2Ll 518
gl o5 yd ds ol sl gaidll 35w 1600
km/h 412 el WA d-fl 554 94 ld 8, %l uReud
gal Hel WA (8, uid 30° N (Grir) 2iatia wd {12
G2 © w4 [Ayagd ds wesl 53 0. ¥ w3
uar (trade wind) 5¢ €.

UGB

C

R

i
Q(_,f/—

el ol 5dl JRH iU 8

25ld 11.17 Guan-a5
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el s

11.9.3 Goufal3@1 (Radiation)

Grlagt 2l GAUAHL A HiH dR13 S2dis gl
%3 U3 0. YAl s Al w1s0{lonell g2 Aetdl dal ugial
23, Gwie At 2L Uglavil a3 us asd el uig vot
% el i el il yedl Gwil A9 B e gl
Guiel AAeualss glal e9di dl Goidud 1 d udal
A g5l videid agudl Wy O, Gwy nuedl
Al uglani el 2iaasdl €idl 9l dA [k
(radiation) 58 © du [Agdeisld doll gL G,
Goiq [Ale61 (radiant energy) 58 6, [El%d
Aoi5ly dolmi [Agld A ot Sludiadl eldsll Hasiaul
WA A Udl S1U B, 516 uRL dRolll Higs [Agaeisla
Aol %€l el dRoLeollsS A € e YrdldSIAHL WS
AL »sul Al 53 9, FA usiadl neu s& 9,
F3X 108 ms™! . 2L lioid-l (Aol aY oA d
ugdl 524Ul U3 e dd el 91 5 Al e [Akel gl
Gometl UAWL 112 MMl %32 el i d 12 B8yl
8. 21 A v graiasta el yeol A4 iR 52
6. oitl % uelel (A3 Glod] G 53 0 udl oid A
o 8rt, Ul el Ay §i, 516w ueld dnl diumis
51280 % [Agd 2oy a3l Gaig- 53 8 - 214 el
dlvigl ABaniel 2xadl [@Qed snoini Ba-exigl
dlsndi [l ¥4 - ad Gully (Al 5é 8.

1 Go{ly (A8 2 yeld U2 W3 © Al d-d
iR uadd 2 AR v wn & [AkRe gl
ueldl GwHiL % ozl alet 530 A% 9, d ueld-l 391
U BHR AN B,

U d AL D F 2oL est oL weld sl sl
3oL uetal [Alel Gl Aiuel A Gyt Ay, AR
Ad 53 8. 2l AReAlsdL 2uuen e[Fs a-ui g sl
GuLoAHL A AU B, VUYL BrUOUHL AFE VAL 2L
ga sl 301l susl Ut 9l & el d yduiel sl
Gui 2l 52, w3 Rruon e3aie »uuel 8 3du-l
SugL w1t o el ay G alve 53 2amel
AR g510] AV WIRLS AL ABIHAL [0 st
UL vl A1 . el d L 22l AP HedH
Gwi 2l 530 ded Acl Wl wseuA Ul

2L o A 6L glalddioll aRs vaal adly olied
s Al A D 3 % olledil MRA dr AU ol
WRa a2 Gl [AHd agdy sdl slasdl o
glatelale] ot 8. -l viex gl €lael u2
Al gl Azlde €1 8. el €laa a3 [Ale
wlede Wil oliedui 8A aml wi &3 8. AL ¥
Ad e+l €late oigrell 2uddl 516w [Qfeiq

vdldd 52 9. 6 glaidl-l a2l goud yudsRid
53] ddel 2 AU gIRL Ui Gl iy LMl wd
8 27 seiRs oA (cork) el Gl WARMS UR sl
A B, WIR o L A ARH A (FHE, gl)A 64
adl A% B duy Asls Ad 64 axd (w43, 6rg) AAdld
52l |2 Gudldll 8.

11.9.4 51U ugield (A2 (Black body Radiation)
ey Al 2wl Gl [Aleml dadens-l [@odl
galda gl 516 wel diuid adl Guily [@ABRe w2
sl ollotd d 8 %, d 516 s (2aql ALl 4ell) o=
Aol AR gL il {2l daidons Huddl Al
aelue 41d 9, %3, [ABweL Gl el el diddosil
H12 oleetl 8. sl 11,1841 5101 Uelel gL MsH ArAsu
gls s dordous els BRulFd [Bw Qo [g el
ol dlulsl doldonsl Walbls asl salda 8.

A

Q
3.
s
2

LT"" Ly
A CERPETE]
e (6000 K)
5 Tt
& w(3000K)
z oeoy Bade
]

A J

l Y
10,000 A 40,000 A

215[d 11.18: st wgiel 418 el el drvdid Geul¥a
Qo Qg azados

Al 3 Mo Gl W2 dzadens A dumi af
du 82 8. A i T a2l 2isid dlisl iR [Ruw
a3 wnelldl 8 d {3 Yool sala 8 :

A, T =an (11.15)

wANLST He (dl 2A0i8) 2.9 X 10° mK 8. v
My A4 8 5 AL 112 dlvisl 258 24 wdldH
dulddl deil 220 WUH 2101 dled A1d 9, Ul dlalausdl
loll 2 Bed uze wd B, Usg, Yo w14 olog il Fal
51l weldldl AULElAL vyl el sl 12
dladl Man Gualal o, Aguial vlddl 14 um
datesuSatal wsiatl dlsidl Hedi 1ol 8, -l Fuy
uell 2igedl AULl, dAluHiA 200 K el 2513 9. -l
(Al G, A =4753 X M2 werd €U 8. %A
AU AWML T = 6060 K 8. dle AL &, 24 diumld
Al AUl B, Al viesl eudid 4l



gyl Gy Ogiltllflr (THERMAL PROPERTIES OF MATTER) 295

UM 11,1840 stou weteletl (A3 asiv viot o wielysl
Ael A O 3 sl AABLS 9. d §5d diuld GU R
8 uel URHIBL, ISR Ul 51001 Uelddl ged U
1R Al dluHl ALl a32AHE sl ugldHi
(alel Agilas ungdlal waclia olilasEsunl
sclwey, dlesll sildd Gaa 2w, ¥ did ¢d ugl-il
veyasuHl ollvial,

vol o Wlel Al Yl HuHl syl
(yruasiani) G- anid: ke gL 530 asi
8. [FRUA A 721 verduid] G ga Regaiaslu
QoA dril WRHIRL drfl GRiFA-audl (Bugsdl) s
Al Herae detl A U R €l B, Ayl
B s weld W2 AsH WHUHL G Qo (H) 1A
Woror Y AsLY B

H= AoT* (11.16)
odl, 4 850 AU T ueleed MUs diuin 6. 2 Aol
WllBLs A Res+ g1 WL 1dl 247 ued] Agilis Ad
ollezgiia Al sl FA Resnt olicerin Run 53 8
2 wAALS 0 AR5 ollezgii AANTS 5¢ 8. d SI
A5l qed 5.67 x 10° Wm® KW 8. 2l eloteil
el alsel A2 a4 Hadl Gl g+l $2dls o @lol
BUl¥d 53 8. €lai-l 4o (Lamp Black) ¥l uslal il
wuleldl voL o s ol asiy, w2 uRMeRRd
Bt sdl dld huvidl ARl en @vuRid 301,

H = AeoT* (11.17)
qoil Asly O :

2l AYel GFs W2 e = 1. Gelswl dy orex

oleol HI2 e = ML 0.4 8. 2], 2312+ sieotxil 3000
K diusid i1 0.3 cm? AUl Axsanial GilFd
G-l .2 H =03 x 10* x 0.4 X 567 X 10°x
(3000)* = 55.11 W.

T, diudialon WRARAL M. T diusieiol ueld
Bloe GF 52 B d o Ad Aad V. Ayl GuFs
ueldd W2 [Aa Glod dpiaaldl Al €2

H= 0A(T' - T})

e BTl Yddl veld M2 Gusd sy w4l
325 WA A Yool 20l wsA

H=eoA(T' =T} (11.18)

Gelswl dly, suvs ARMiE]l Glrd GwiuHl
ety sl HIRL S s @lsanl ARl qwdld daisa
1.9 m? %2¢ © 2 AR dlmi 22 °C 8. 2uudl
il 9l o el wle RS diwe 37 °C %ed
€l 8. A diudid 28 °C (MIRL 3) €16 s,
[gaorsly [k Gty W2 Asmudd -l
BiFsdl 0.97 8, dl Gl dpuadi-l €3;

H=567x10%x19x 097 X {(301)*— (295)"}
=664 W

¥ RE2 RARML 2R iRl Gauld adl Glod-l €2
(120 W) sl 2i8miell ay 8. il GWHIHY AABRS
Ad meisal (e sudl sl ay A1) 2u8Fs 25Rs
(GriR Yo nearil) susizidi widd), ansiedle] qid
ArIRL 21aR8L S 8, % WHAHL 21010 laell A=Al
(aBelq wrialid 2 9.

11.9.5 AL18U »1u2 (Green House Effect)
luiel Anda Glod- yedl i 30 GRg 82 8,
el a-dl Awdl Guily B 2Ald 8. 21 [@ABRIHL
dotdolls disl dadousl ($-5138) [Qeual in
8. uid U [l {2l eudt A6 Ayl Fal
%, sl Qs (CO,), Hld (CH,), -z
AisASs (N,0), sl si6i4 (CF Cl) @i
ZlilRgalRs 2l (0,) al v 8. 2 G
dldlaed A4 52 8 A 532l yedld ay Glad 2l
. ulReud yeelll auidl gsiol 8 8. 2ud 5128l
AL [AGR0A dladl all 8. Guz adldd uBuid
2s, el W2 [+ 1A il Yol 2wy 28 8. vilan
Ry 23l yedldl quidl i didiarRl R4 A
8. 3 AI6U VAR 58 B, AHSIGU A A 1Y
dl yeelle diid —18 °C €ld.

Wedld Ugfriia 5128 AlA816U Ayl Algdim
iRl 24l © % yeeld ay oY el WL V. 2L
QHIRAA S8 g Biely Hwel L Adiogl-l A3l
yYeellel QA dluHiARi 0.3 ol 0.6 °C F2dl a1l
2 Wl 8. U ¥d ull Aclegl-l Hea ousl il
yeefle (oclotet A Aus) ULl 2L dluHIA Sl
1°C 4l 3°C ¥eq aui} ¢il. 2l ddloid diB{a
Uiaas, aeufaoll 214 welleil w2 yAlodd s
oAl o ol ([Aa carus a¥1)4 5128l
[uallenail asuell Wloimal, Aygdl Awel aual 24
aldlaRidl - (eld) sleatdl. qou efRal3xi
A ol ellel Ml 9. AASIGU AL AR
WEBUA 28 [RcRHD qHIRL Agl. AHA gl ddlse
ABPoL] A, dydH 5L WAL YUl 52 9.
11.10 =42l -l [Rud (NEWTON’S

LAW OF COOLING)
2148l ell2l 912 3 oM wiRll 3 U gl 2ol U
w4l AviaAl 20d, dl d 3 A ssL wsalsll a3pid
529 ud D92 URARAL drwiid ugld 8. 2l el
dstl YRR We Gl [y s34 3ol Ad s4 w3
8. drll e s2dl 1A Yol ught s :
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alllas@surt

das AAAL FadllRHleaul deqs wwell, Rl 3
300 ml & L 6 (gl alsell 48 el 52U s 28
[Eogiell 24 aa{flern oflon [Boguiall uaR 53 Ml ysl.
a1l22+AL oleot (WLl aidt) Wil ¢at d-{l viidsl
s, wul{led Aadls bl 2L Aadls WRu
a7, 8. 3diRylenl dldal weld diumid
HR3AL el ay (ed 3 uRuAL diaid) Aed
% 40 °C wy Al Yl 9™ 53 Geiuliad g 53
welld ARY 5dl ofd 52U, U™ A S AU
2155 UL M2, FHE, Uds FA2 @lus a3 wielld
Add galddi WL A q1{leAl Aadls-l -kl
wielly diudid 7, WRA-L diusiqdl 5 °C ay
Al Yl Add v AL QR olle Al
ol % HEll W2 AT =T, = T Y-8 U2 2 dd
AeL3U AHY 1 X-E U A4S wdu €l
(2ugle 11.19).

AT(°C)

My (Ml-e2)

25ld 1119 ayy ad aen weld uldd salddl
24w

M well dil el Asl 9L % 3l Aa a1y well
Alldr Wldidl i WRAIAL dludid-l dsldd YR
UHRA 9. d d wRL 4 4 w5l & WIeHL ld--l
€2 A A Uglde dludid 82 dH d 82 B,

Guysd w9l suld ® 3 2% ugld d-ll Gwil
RaAL Geulafiel a3d opud 8. 6wl dpuddil
g2 Ueld e dell WRUR a2l dludi-l dsldd UR
HIRA 9. e dl Yad dulFs sdl Fudl oiy
weuel-l viex el vetdl gt dpaldl Gl dal d-it
clUMIA, A2l A6ieAl dloetlolg w1, sl

el lldrirl MU AR, 515 veld-l Gwi
duladldl 82 —dQ/dr ueld A d«l uRAR -
AUl dglad AT = (T,— T)4 A%HieL €1 9. 2l
(FUM ALl dluHLA dglad W2 % uoud 8. Guid [alw
glat Al GwiL weted«{l Al gl 2 viedl
AULEIAL 8250 U 2R 8. M2 2048l @vil Al 35,

—%Q = k(T,~ T) (11.19)
ol & AUHELALAL Hel 2ANLS D, % wgiel] awidl-l
wgld i Eo1s0 U WHRA 8. HIRL 5, T, diwdis
weld e m A [ARke GRIRAL 5 6. WA 3
R divdid 7, O, %l df F2el AHAHL diwddl
gl «Al-il 8218l d7, €, ol dadl Guel e,
dQ = ms dT,
oo BB dpgalHl R,

dQ T,
a Mg

uHls@L (11.15) 44 (11.16) urdl,

(11.20)

dT.
—msd—t2 = KT,- T

dT,
I,-T1,

= K 4r = —kdr (11.21)
ms

wul, K=k/ms

AseA Sl

log(T,= T)) ==Kt +¢ (11.22)

wadl T,= T, + C' ™ 2ul, C" =¢*  (11.23)

A58 (11.23)] Heedl diymia-l 2155y [EAd1R
12 et dldrdl wnasl aed wsy 8.

AUl dSleldel ALl QUL HIE Bide, G¥iddst
A GeufalZRedl AYsd Ad ollddl g2 dluwdiesl
£ AnARL Sl . 519 IRewmial AR
2l WHAL G, 2R €laidl glal Adl Gwieny
2l 2oid U Hie sudl 8ell Al 2l 2wl
widl ul~tsedl 8.

log (T, - T))

(a) (®)
215ld 1120 yged dlas- [qax-l 258l
il 11.20(a)xi sulda wdlBs Alsagll gl
el Alde-dl Fum usdl as 9. 1 olsaslui
ol glald 42uddl uet (V) 6l glatdi-l a2l el
@2 €1 8. oM well Mg diel ddllRale: (C) o



¢yeil Go{ly oMMl (THERMAL PROPERTIES OF MATTER) 297

glald 4RLddl Wil e qaaui 20d 8, ojusl viedl
AR sRal ol adiHlesdl Heedl FdRMleul 28al
welld diusit 7, s o gladl-l 922 2dal a1y
welld diud 7, Al as 8. dlRylen 2dal
o1y iRl clludicl AHAUAL AR QUL W2 AL
A 8. log (T,— T,) 2= A4 (1) 42 AU gRAM
214 8, 2 2udvi-l wslt 2ugl 11.20(b)Hi eaulen
Woror B Lol Hladl v 8, ¥ wdlsel (11.22)4
IR 52 B,

Getgel 11.8 20 °C RSl dluMld 24
ANBIML M3 dRYU el 6 [M[FeHi 94 °CHl
86 °C %2d 6§ wd 8. d dwrwdur 71 °cyl
69 °C 2dl W12 32¢l YUY gl ?

G3¢ 94 °C i 86 °Cr A]RAA il 90 °C 2 ¥
BURSLAL dlwAl sl 70 °C ay 8. 2L RAlAL s

2 [(fReul 8 °C %ed &§ w8, ulsa 11.21-0
BudloL S,

dldHLIAHL Udl 52812
UHY

= KAT

8°C _ k(70 °C)

2min

69 °C im. 71 °C+f ARULW dAludl 70 °C 8, %
2URIAL UM 52l 50 °C ay &, 241 Rl Hie el
K 3y Rafa Fedl A 8,

0
2 C — k(50 °C)
HHY
BuaHl i AHsW@UAL GURLSIR Sl

8§ °C/2min K (70 °C)
2 °Crann K (50 °C)

UHY = (0.7 min

=425

AR

1. 6o 2 Glode 2a3u 8. % uetd 2 drll ARWRAAL W a2l AHLnl dslddd sRE
dusll a2 deq Wil 8. veldd oMU, MAAS3U diumld 23U F3RA KA 20d 9.

2. dwdiAdus L (RuiHleR)dl Seals Wil wsid day dul (B4 didla dRieHl 58
£9)dl GUALoL Sl 2Ud 8, ¥ dAludI AL 331 2oid 8. Yel gl wudlel yel yel
UL, HIUSH 4D 8, dUHIAL WUSH dUIR 5l W2 6L [Haud [Bigyil 58l saiml »ud 8
A drl WAL UL 6L Y95 Yedl AAssl s Ud 9. L 6L AL HUSHAL
BedH e dell Hsudl uRR MBad 82 8.

3. ARy sy (1) 2t $2-dle (7;) a2l dein
t,=(9/5) 1.+ 32
4. gouR (P), se (V) uiA FRua drasied (7) azd-Al 2ol salad ey aHlse,

PV = uURT

o, p Hld Aval 2 R WdBls Ay Mudis 8.

5. [FRUA i HUsHHL WusH 2 2 Al (FRUs 21 8. 2L A diwiid 8 § ol
sedul wWal el adl 2ulEas Bl agdi du 8. 3 Rl dus-d Husy
(7)4L st WRAEL 2 AREA v Husi (7)1 Ssuel YRR W Sl O,

u3g YA [Gigdidl dslad €l 8.

T c= T—-273.15
6. vilu w25 (o) 2 se-yRals (o)A 1A 2ila AsiH 4 wrvuRd AU S

Al
7= C(.IAT

AV
v = C(.VAT

wdl, Al 2 AV s dolls [ 2R 58 VAl AT diui adi 325131 eald 8. duedl a2l

Aol

o =3

v
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10.

11.

vetddl [RRre GuutiRdl 1A Yool cvailid sud S ¢

=

3=
2l

i, m ueldd e A AQ del dluMAHL AT %edl 38R sl el 330 Gui 8.
vell e [ARre GwuaRal 1A Yoo, epvailid suy @

140

AT

oul, W uelds{l Hia vl 9,

dAcdrt At WL (L), AL UL A g6ll8l :A5Y. g0l YA art veldad wadlii 3uld
Sl M2 %33 G B,

osdIAe A GuHL (L), diudiv 24 eolRIHl §3§1 8l AOR 25 0l Uil Ayl
3UidR Sl 112 %33 G B,

Gel-uuReAl AL Fdl 9 1 Gided, GoiddA wA GwulaErel,

Guiagul, uelel-dl WAWA el [AoUoll a2 Guiled AW AL -l WIS AY
8. Ul g de ag ell. L dons 2 4 Rafid 2048 ot dadl alias o
B diudi T, 2 T %edd el Amanl 2Udd Sl AR Goidgndl e H

’l

(=

H=K4 2T

i, K Al gl Guiaissdl ©.
“eridi dlldel My w012, uelddl oldndl g2 YR AUA velddl aRIL diwsidd

o _
AUHIEL €U 6, — == KT,-T)

i, T, WRAR B diudied 248 T, elel divdie 8.

allasell A | wRwlds A 25U
ueldHl el w [mol] mol
Al dumiA 1, [K] RE t,=T—273.15
@ MRl dwsud T K] K
wlly warells o, [K™1] K
S6-UARULS o, K K™! =30
daq 2hd GwiL AQ [ML?*T2) J O Aldd naeL W2 el
QRre Gwy s [L2T2K™ J kgt k!
WIS Sl K MLTK™] ) sk H=-kaSE
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1.

gt [Aweu-t yerdl

et diudit (7) et AR v (7)) Aisedl el

T=1+273.15

e wiell-ii Bifelg, W2 7= 273.16 K 2oit qeangd © (wriedll yoror). 2 uriedll yosot, Al
HUSH YR 6§ AdAlblg A WRlld Gosarlbig (6l 1 dldlardl eoldl) 2=ssd 0 °C 244
100 °C+{l viot o 425 89, uid qatel d d-l Feal % Al. dBdHL 21 Fad Bigl 21 el
Yo AU HUsHHUL 0 °C 27 100 °Cril weadl 8 (uriedll 3aot) uid ¢d [Hud Big a3
wiRllil BilsigA ue sl 20d 8. 51220 & drd, AlUHIA 2ty S11 8.

walel iy A8 A Rl 1 AR A4 dAML dHHAL dlwdLe dal selldl A $1d 8.
Aarinl 28dl 6 vaUBL ddlL 58 2 el U3 B (2ed ¥ anidl). Alid Ralaul el
o deell vl 2al He 2L aled WAl ©.

GwiL 2alldHL dHal A dall 2Aadl s % dalrll 6L ML A2 diuAll dslad Asudd
€l 8. Gl AR FUL S WSl il dsldd A AL i d G« €l
GUirUARL dRerl CUOLAL AAHIA UL S8 g dert Asudd 8. 516 uilial
wdl e well-l 4R A sy AMAL sl udl Gourl v21dl, Al awel i well
a2 Gwdedd (18 ad 9, AR ¥ wwelHi GHiAu--] Jd.

11.1

11.2

11.3

11.4

11.5

ALY

(Ml 2 sl gidisudeAl Bilblg wtesd 24.57 K uted 216.55 K 9. 2L diudid

yelll AlRuA A 33-1dle HusHui galdl,

oL (A8 usH 4 24 B ur Wikl Bilbig 200 A 244 350 B gl cvaifid s2¢ 8, dl

T, sl T, a2 g 2eit €15 a5 ?

eals uaullerxil [Agdly e 20l At 18 {12 salda iellrd M R

oleeld & :

R=R,[1+a(T-T)]

welli Bubig (273.16 K) 3 aHiHleAl 24414 101.6 Q e ARl A1H1-4 Ay

(600.5 K) U2 2R 165.5 Q 0, dl a3ileadl a1 123.4 Q €1 AR dsi dludi

sed ¢l ?

1AL el 2l

(a) »uafrs aliAgH welld Buble waulid Fad Big 8. w w2 ? ke dadbig
A well-l Gesant (Bign wRied Fadlig alsRari (Fu 3o Alun WusuHl
dlgiRa) vilg o & ?

(b) Gur ealon oot o Al WusHHL 6 [Fad Bigiial 23U 58l s3a Avaril
s 0 °C i 100 °C 8. [Hua 2uusy ur axidl s [Rud [Blg well e
Bilbig, dami »ud 8. B 5@ WHRAG HUsH YR d-l Hq3u Avdl 273.16 K
551 43¢ 9, L Wusd uR (3eax) olly [Rud [Big 9 sol ?

(c) [atat diusiet (Blean miusn) T+l AlQuUA HusH dlymi 7 0e-L 0ol {12 Yool & :

l,= T—273.15
2L WIS BUURL 2L AolHHL 273.16 A oled 273.15 dlL © ?

(d) [FRua sy ux welldi Bultly M2 2d s34 il 8 5 ol M sy ouoile
Rl $le HUsH wRL 2sH ououAl YRAuLL Fed % edl ?

o iedl Ay, 2R 4 2 BHL 25 2B A @19 oAl GualdL scHl

Bl V. HAdl adlsl {12 Yool 6

oL gelLL
dAlYHI

il A wuiHle: B
welld Bl 1.250 x 10° Pa 0.200 x 10° Pa

AsL A daAbie  1.797 X 10° Pa 0.287 x 10° Pa
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(a) Aesef A dd-ABigd FRUa drudi a2 4 2l Bl aiudt Hool 9 ¢al ?
(b) 23i12R 4 e B <AL iotil dldl dsldd Slals S8 dHIL Hded Yool 9 €1
a3 7 (olA wuidle: aldrl@d ©.) oid did-isl a2’ [Eddddl garal e il
wdoml 59 uglt (sidusuel) %30 @ ?

1.6 1 m aioll 2¥asil wgld 27.0 °C dwudid DsuSyds »isd 536 8. oM Rad ould
dluMicd 45 °C Sl R 2lal 218 AL dollsS 24l ugl 43 Wudl d 63.0 cm 44 8.
dl 2 [Rad wudl ardl@s doud o e2l ? 2 % Rladl aldauddl dens 27.0 °C
dluridain Bad Jeel ¢dl ? ¥dla w2 nfly warelis = 1.20 x 107 K7L

11.7 25 el ¥adl Wi d o geasdl oiddl Hidl 43l Gu siusiud 524 8. 27 °C diuid
30+l oIl A1 8.70 cm A Wstell Seal 8 (g (la)-l @A 8.69 cm B, s
oiRg a3 4 44 s3d O, AL sAL AL UG dl uR usAL @Rl %330 dluMisnl
[z w2 el 3fla warais w2 28 8. du sl o, = 1.20 X 107 K7

1.8 diousll A5 dsdlul Bg ude 8. ¥+l 27.0 °C dludid A 4.24 cm 8. U dioil
asdlal 227 °C Yl o1RM 2l 2, dl (gl 2Rl udl 3251 el al ?
diouel v{la waalls = 1.70 x 107 K™

11.9 27 °C drwdid 1.8 m aiol ol dikd 6l 22 2UHRL a2l ved deud AE %Rd 53¢
8. % diRrl =39 °C i Yol 44 uisaldi 2ud dl diRdi Geotadl deld Sedl
8 7 AR+l A 2.0 mm B, Ran W2 e wAWis 2.0 X 107 K 2ted At
Hiwad = 091 x 10! Pa.

11.10 50 cm @il 244 3.0 mm el [Rda-l wBan dedl o doils A dedl o 2
BR1adl 2lerl A0 A8 Bl 2419 B, AYsd AL Y dons 40 °C A 8.
A AU 250 OC SaML 241d, L 21 oSl adl 3512 2l gl ? 9 s uR Gw{ly
uldeia @Ei‘lqii ? AUl BG4 YAWL WAL A2 Hsd B, (Ao e {lu wueils =
2.0 X 107 K7, 2dld w2 vlla warais = 1.2 x 107° K7

11,11 PR w2 se-uuwlis 49 x 107 K 8, oA del dtysidl 30 °C «il a1l sl
219, dl Al aecidl adl 2iRs 32812 Sedl il ?

11.12 8.0 kg el A>yBiRun-L s oadisul [B9g wisal w2 10 kWl [Zauall--il
Gualol sl 2 8. 2.5 (el odlsl dlumidl Seddl quRl 48l ? 50 %
W Reanalldd oy adidi vadl uRUML Wy 8 du wRl. ARl
RAre GwualRal = 091 J ¢! K7L

11.13 2.5 kg £q-ll dioliril s odis gl 500 °C dwmiet Yol 214 sl 2id 8, AR
olle dn Hlel 6iRsl 6dls GUR HsAUHL Ud B, 32dl HedH %Ll 6lRs o1 ?
(cioudl [Rre GunaRdl = 0.39 T g7 K, wiell w2 ate- opd Gwi = 335 7 g71).

11.14 gl [QRre GuuaRdidl v 150 °C drudid 8dl 0.20 kg eadlal Hidl odls
dleitdl SellRalenl qsal 2d 8. (weldl waqedls 0.025 kg) Bl
150 cm® well 27 °C dwaid »udd 8. il diuwid 40 °C w9, wg-l [@Rre
GouRLAL 2121l 530, %l WRARML ey, adl Goid el 4 21d dl see ALl
gL HAdl 2l walel digHl ardlds GuusRdidl yeuell ay ¢l 3 2l ?

11.15 204040 dtudid 32als A= Al e ar [@ARre GwutRdidl wHadisl 12

el © :
AU e RRre GwaBa (C,)
(cal mol ™! K_l)
QLo 4.87
A2+ 4.97
215U 5.02
ASRS 24150158 4.99
PRERN PRI 5.01
sAlR+ 6.17
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11.16

11.17

11.18

11.19

11.20

L Ayl W2 Ald WaR [@ARre GuuRdaipil Ay wiltas aiy-l Waz [@Alee
GuuRael e Fd gl 8. ulasicets Ad s uHEas Ayl e [@Rre GwutRdl
2.92 cal/mol K €. il dgladi rlssl 52U salRet {2 2 Hed ay (eusl-l sdl) 8.
d M2 a9 M drasil ?

101 °F dludid 421ddl 215 slnsa FUORA (dla g2usdal Hiel edl) 2yl 21id 6.

el 518 dril A1ML YRAALAL AL HAL €2 98 8. A 20 (lR2ui dia 98 °F yHl

(12 21efl 29U B L el gl Adi AHIRAAL AL € S2ell 82 7 23 415120 5 Gyl

BUEHIL Rl GBI B, 6lLsf gl 30 kg . HiraalR-L [AfRre GRuRdl 2’

well{l GuuRdl Feel % 0. 21 druxi well-l elrsias did G 580 cal g7 8.

2HL5letrL 2ULHAOLSAHL Gritoul-l il gl Wt Al vilLs aadd(l Ad Axdl

214 e 9. 30 omell sUgAoU AMEA 2USACLSAA] 2318 5.0 cm B. A 4.0 kg 484

Al Hsel 2Ud dl 6 sals olle dil EAL 6iRFL w2l iely ANl GleIRT, dluHL

45 °C B, 2uisla-l Gwuassdl 0.01 J s m™ K1 8.

(welll desond G =335 x 10° T kg™)

0.15 m? Wil Ax50 4R1adl Rdasi slide-dl ds 1.0 cm 8. d- dluzed U Ysdi d

6.0 kg/min L g2l wigll Gs1a 9. elldarsl AusHl 8] 2l AUHIA LA S0,

Rrasl Guuaigsdl = 109 J s~ m™ K™!, wiell-l susuiaq Gui = 2256 x 10° T kg™

el 430 AL MR

(a) aY uRnddsdl 4uddl ueld 20l Buzrs dlu B

(b) vot 84l Rl [ 2xiar, dusdiedl 2 sdl ay 6§ @l .

(c) tedl sl veleddl QB M2 B s RAMl 20 O, dd ilfBsa waile:
(Glan ciwsi Hudl H2) viedidl A 211 dlalon dlvisl 2sdid diusi {12
eld B, uiq d % dlvigl gsdil gl Hdd Sl AU AU AR Hed 2l B,

(d) yeell deil didiazel adR wlasn Ad 64 4 iy .

(e) [Buledorn €510 Avial M, dR¥ WRlll Ml YR 2UHRA dudal sdl drua
WReMR R HRA diwdbll ay sidas S 8.

215 ueld 5 mindi 80 °C ¥l 50 °C ¥4l &3 wa B, A 60 °C ¥l 30 °C Y4l 431 wigal

HIZ Aldldl A AL YRARL dimi 20 °C 8.

AYLAAL ALY

11.21

11.22

Slolet JEISAUSS Ml P — T 335 $18H U 20HRA Rl wallel ool 2l :

(a) 54 A 2 goldl CO L art, Maldl 2l iy ARl Adfid Rl A
ARAH gdl ?

(b) eou@il 82Lgl A CO L ety 2t GesanAlbig U ¢ 22 udl ?

(c) CO, 2 silds drumir 2 gouRl & B ? drd Mo & B ?

(d) (a) =70 °C dludisl i 1 cldlaRel solsl
(b) —60 °C A i 10 cldidRl golldl
(c) 15 °C diumid 2 56 cldlcaRBl esudl
CO, art, Yaldl 2 aiy ASl 56§ stareudi dl ?

CO,7L P = T &3 A 22 (AL wall-ll el UM :

(a) 1 cudiarel goudl 2 —60 °C diwdii CO,{ Al A5 2L 2ud 8.
9 d wagl 2l ¥ ?

(b) CO, eot 4 didiarel Fed 24200 AL def 20801 i Yl 61281 sAqcl
2 dl o ?

(c) 10 Acla@t 86U 2t —65 °C dludiel 2Ula %2l 8- CO,of sollal 210 vl
BRAAL AUHLAL A 91RM Sl Uddl dRUAS 3FRI asi 52U

(d) CO, 70 °C ¥4l 2R3 531 AHAl A5 RAUHL 2Ud B, AaAdls W2 di d-l
suL Rl 38R+ wla Avall ?
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U [A5U (THERMODYNAMICS)

12.1
12.2
12.3

12.4
12.5
12.6
12.7

12.8
12.9
12.10
12.11
12.12
12.13

WERIEE]

difla Agan
2RAUSUARLSA-AL et Sl
B UK

G, AidRs Glod A 51
HLSUARSAAL WuH [Run
[Qlre GoutRdl (aMdl)
dULSLUAHS 2aUl A
ARAL 2 a2l A58
ULUARS WAL

Gy B[l

Az 24 dle (Gwil) vl
LU ARSAAL oflod [y
uldedl 29 2AufQadl uBuiil
sieile A (B

AL

et [QurRBuAL el
Y

12.1 YdAld-l (INTRODUCTION)

BUAULAL WSLIHL UL geatedl GW{ly dyRiyul-Al wedi sal, 2L
w5 20Ul GG (Thermal Energy)«i [auue s2dl Fudli-l
2ouR 539 Ul Al UBAAAL Hou 5319 5 FUi st Gl
3UicRaL ud €l 2 dell [ARe uat ag €l Rauoumi, 4R sl
wuell eadollall sofloa-l e vl AR UL dRMCL QWL
(retann) 9. 206l sAollul waal w2 uda el Gwi Goaut wy 8.
ofley ol1%, AU (Steam Engine)Hi eisu (o)l ‘Goir’l Guylol
[Q2exie oUl AUl Gualoll st i &, ¥ wReIHA 2l Ui 63 8.

allfas(@stimi, 2048 G, divdis, s Q9L Rigidl uxwA
(2ayds) rvald Al dda. ARSRSs Ad, Gwiql dy
il YAl ugiaal Hie well AMY ddl 8. AYHs v uddi,
Gwid AMioL e YAl w@usdl Ml 2iadl edl, ¥ geuui
e (941 oRldl edl. 2121 w63 uglal Asolloadl AuUSHL 2d
A, L uAdl (I 3aRs sdaid) 641 verlall oM el ds ddd
e ! 2 dl el YEl Glus Yl welloRdl 6 2islaiid 2s wlalay
WL a3 Al wq w4y wul Yl ol 2islaiinl well s uwvll
Gl Al 4 usid Al Yl 24 dus wen 2 8. d ¥ Ad, Gou-
FaRs’ W3uHl SRS 7AW (2ed I dluHA) UHIA L Wy
L Gwi ad .

UMY i, wY[s vala yoror Guiiel Glad-2azusil avinelui
Gl Watlgl a3uAl v Wil oMl Ll detl AN 28
UL UHL 179841 6leA Lt el (B 51672 5L UH uBL
220l 8.) gL 2L il dHA Aot & Rl div eiriaal dui
18] wigal{l WFuL eMand vioy o GuL Gt iy 8, % wiell Bslaal
H12 Yadl €1y 8. ay e 30 581 dl, (AR (Drill)< 3aaL 2
814l GUAIRL glRL) Gt 2de Bol $5d 512 U 2HIR AW B, AR
5 AL dlaeidl (2ell) u. 5alRs 2z 3o, 2xellel wdl,
stRUARI] AfIR GWL lgIR 512, U3 dd wRuY AR | 2L wadisHl
uislis vedaed Ad a3 6wl 2 Glostdl 25 USR8 2 241 WHIdL
Guai AAsuiz] ofloa wsR - sduidl Guuni 3uida saley.
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2LUARSR 2 olllas(Asiasdl Al wen ® 3
% GoL Bl il Rigidl dal Goi i Gladsii
oflon WsIRL AL AUidRS Fuidel-l wd Asnuda
8. HLUABsA 2 @a (A 8. d e doll
A s WR Wl B dul d gedsdl duedls -
yul Gl od dl. eslsddi, geued wRdly
23U 26 Ad wlUd 4y d ueai viwellaal el
dl Rugldl 2 Rl 88l edl. aisanA s
s dadl dldls Yo AdARBA wisd O, ¥
el AL W1 dd YRl YAAEAL © e lul
Wl wsid B, eld., NS wdd Y wedHed 527l
Ay AU AL ALl AYAL UL 2 ALl
yedl oA, aynl alaalenl 2wwldd wduen
[Aordat el 9di d 2w -l dod [Adel 4r1d
8. oll®w ds, Ay aHisuAlMs wdued, Al
2ecls wdsedd el 8. il uvHeMI,
2NUABRAAL Ayl el Yo AdARD Fd]
% g0l $8, dluMid, e A Baer auell Sl
al Hulel voidl asu ud Wl wsu B

Aot W UAHLAARSA a2l Gl Al Ul
Avial Bl B, UAWBANL, L] Bl Youd ool §
bl MA s oA KL S8l 3 yeldl W €y B,
dRHLUARSAA AyEl datel ald WA S8 dagal
4ol A dl ueld-l 2idRs @o waraL WA dagal
€l B, 2l ns olull (efd2)d siesuiddl eisanl
2id AR el 4ilis Aol (U séla dl, ol
Glod) sledid 8, dr dlumid AR, 21 oyfde dLsdH
galld 2123 8 AR dsll ARG Guuni 3uidel
AA B, % o2 daUl @lsdiril YUY L AR AUl
oted 8. Al oldedl HidRs (FRdud) ARGA
W wisudd 8, A 3wl ofdedl ald wel.

12.2 drdlu Ada

(THERMAL EQUILIBRIUM)
AoAWBHL Al Uddor 2 3 dat U alold Alvy
GUEL 60l A 25 Yrd B, uLUARSRAUL Adar’
dogell el 2ru AgalHl KA WA B 1 A doatn
ealladl 220 AaAQ0 A4y, W8 oedldl A €4, dl

dot Al el © di séaid. eld., ¥ WRuRA]
[Blaga 2nd (2aol - Insulated) 53¢ €1y, ddl iy
26 oMl Wl Ay, Bl eolsl, 58, dUMIA, EY,
AU AlE sleeldi A dld, d alsEnAs dgaddl
S EEDTCTIN?)

(b
25ld 12.1 (a) d2ll A 211 B (6 y2il) ¥ G
et «t 4l € ddl G¥L Aalss glad a3
el W3 &9, (b) iU 6l dal A ¢ B
Guilalss glald 43 Yel UI3d 6. % Gold
214 syl oila sty adal . 2t (34141,
#Hd vl divly dga- qadl usiy 6.

Ay Ad, dot Adandl sl 8 5 -l
dedl 22 URAR U A dotd wRuel uadL
sl gldldnl Uslz U 2R AN 9, yel yel o
ol 28dl Ayl 4 uwd B odl wdbis Jd
8L AR ¢l 5, b ehAl Ay eeust
A 58 dell o @dal 24 a3 as wdlal, Wl 3
L AL S8 A 58 WesH (P, V) A
(Py, V) O. uddl 41l 3 ol dolld euy sy
Aval B uig As ouysll Qo (Gwu)d olle ouy
agd « 4dl & ddl uHdl €l (Adiabatic-
Wall)-2dles glaid (F wAdl asia ddl eiu)yl
el U3 8. L dolld -y uRdl 2udl o

oyl AAs Al Al adAlA us sl a5 ¥ vl Slmal vird sged] asdl 4 sl Ld., Agldl, vi-ed]
Q913; 2 Al ol 24 a8, % 3 AHlIHAAS a2 g8, 58, AU, HidRs QA 2 Ayl
At WY 2aRaL ] g1l el 6. A2l daii-l 2eaapi iy 8. A-eued] dauil ga G iy 8.
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Wl glaedl ad el widd 8. 2 wRRAR, gl
12.1(a)Hi el 8. 2 uRRAGHL (P, V) el
SIS wel sy A (P, V) HedlHl S uel sy
28 WA Al 28 8, ¢d, WAL 5 U=l (Adiabatic)
glalda-l ooui1x GrHidles (Diathermic) €lald
wsai 20d 8. % As ouyl ol ouy Qo (Gwi)
det udl €. ¢d g ey © 5 wul Yl oid dat
Adardl Rufadl 4 2ud &l Y4l 4 24 B da-l
0 QAR 2 sedld] 8 6. QIR slle
dudl sauul S 3R adl Al 2 wWRRAR
sl 12.1(b)ul ealel 8. oid ayaii-l aauRiil
gollel A e dedlSH (P, V,))) w4 (P, V)
Ay 9 3 FYl 4 wd Bl AAdl vauil Asoiloa
A Adadl 2d, * AR olle s dgdl ollw
ds Glod-dl AU Ad] adl QR ol 2l sl
sl 3 dat 4, dot B ddla AqadHl 9.

6 dollrl dirfld el uRRAMA cal®isdl 9

8 7 A vdeid wrell e QaRl gl adld

Adarl, virl dolldl diusi Adi 8. 8d el 2

ASY 3 wAULAARSAUL Ayl [Reuadl (vae)

Al 3l Ad 2wad 7wl g sl

(Fax de yudt 53 8.

12.3 aH3UAMsuA u su-l [Raw
(ZEROTH LAW OF
THERMODYNAMICS)

2L 5 6 doll 4 2 B, uxI) (GWL Aclgs) glae a3

£92L WAL 8 2 AL €35 ol 2l ol C WA Guals s

glald a3 AusHi 8 (U5l 12.2(a)). 2 dolie{l viaRail

(2@ % dxiell 240 2aABAL) 24l Y v doll 4 214 B,

C e drla Adei + 2ud Al Yol stedidl 8. x4

AL oL, 4IRL 5 4 e B a1 B3 wdlss gldiasl

oY Glales glaled YsaAlul 2Ud €9 x1d C A 4 e

B Gl Aalgs glaid a3 og Wi »ud 8 (usla

12.2(b)). A, %RUA & 5 4 4 Beil AR g4 24110

otealldl 4], Aed 3 duil gollon WA ardly Adanui

Sl 8. 2L Hadlsd ARHTIAA sUU - $1-L

Ranl 20412 . % eald © 3 ‘6L dall ada d 81§

Al dat wd ddla dqarul WAL €,

dl Aol wAsollon wd us didla Agaul §ia’.

2HLAA 5L UAH 2 ol [RUHL YAdLdL 2
ML $3 UUAUHE UL AUR6LLE 8BIL 1Y Wedl S0,
193 130 R, 2. 516A3 1L [y 240l gdl.

g el (Fud e eald 8 3 ol 6 doll
A A B didld Adadil gld AR @l Adl 58S
allasARL €l ASA 3 B Heu ol W2 Ag AN~
Gl 2L 2HEARS AdAR § B4yt dld
AdartHl dal ol doll W A €l dL v
(T) 58 9. 2™, %A 4 24 B oid @dat Ad C
Al €, L T, =T, % T, = T, 2 s2ld 8

-

5T, =T, wed 5 doll 4 2 B wal dijly
Adariul 9.

S A SHAL AR gl AL v Yl
ugiadl a9l 8d us A B 3, el el ueldidl
Al A ddl yedl 3l Ad ulsnal ? ol
AGEIHE, dluMlrAl WusH 3l d @adl ? qHIA
5% 2L WALl ug AE Asoudd 9 d-l Gedvl ¢d
ugdlAl wRadeni 2uudl 5303

(b)

254 12.2 (a) dotlA 214 B G Aaes glaid a3 gl

YI3A €9, % €35 219 d=l C A8 G¥IdlSS

glald 43 AuSH( 9. (b) A ¢ B a2 Gl

w4185 glatdl w01yl G3idIss gldid

AU 219 €9, 7413 Crl A 214 Bel Gl

wHqles glald 43 x2aol sq1Hl (el
IRCTETENTNS )

* ol YqAlA2l) seald] ¥320 dl. d vigul (Constraints) Y2 WHURA €. L., 2 UYL AUAN sedU
wAlHl 6ld, dl didld Adgant Midd $2aL HIS §5d UYL EHUSL ¥ g
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12.4 6w, AidRs Gloa 21 51
(HEAT, INTERNAL ENERGY AND
WORK)

g sHell [Hud 2R divdidl Rigld dRg
el u 8, ¥ gl WwHA ofgrl adisdl we
HAdL AU B, dludid 2 veld-l QrMueu’ Faurl
8. d 2 A usild Asellondl AusHL s Eu
AR Gl Rar s8]l 52 9. Gl diuHi 8dl
ueld dsdl «lal diusid 8al yeld dis Gw ad
0. AU dAUHIA AMLA QM AR dg 228l AU 9,
8 L oA uelel e Aqadul €l B, yel yel
veldldl diumid saladl W2 diuHid Husy 3dl 2ld
duir sal 4 2wudl Al Glaeyds Ay ed. ¢d
WG Gl A ddl ol AR Fdl 3 2xidRs
Glosl A sl vl U1

dotel AidRs Gl vaie uHwcl 8L Al
AR R(lA ¢dla 5 515 Rl g (Bulk) dat HIEL
Avlel 2100 A B, AidRs Gl A 2L 24\~
ARG uA RARQGIAAL A % V. 2UG Y8l
gRU & 5, aALSAAPIsUHD AuAuRl dotsl
Aot ueta Adl. el 2ialRs Glod, ¥+l WA
dot geurinl sl RAR €l ddl HEa 3 (Frame
of Reference)di g+l ot 4 (RlaGl-l
AAAL V. UM, d §5d dot-il vRdd Al Sl
21921 A1 As0UA]L (2AAURA) Glod suld V. 208l
drdl AidRs Qo ‘U o3 ealdlat .

T, RAUGQARSAA @Bl andl § b yHl, ¢
U AHidRS Glostell 2iel uHaAl W 248, WUl
Gudldl il B, U 2 dadl 2s 90 el o 8.
oAl dld A B 3 widRs Al A s5d daidl
AL YR AR AW O, 2L waRel 54l d Aadl
Arll U AR ! doel 2idRs Gl U A aisiuAls
‘Ucral A’ Gele B, dd Y §5d daA-l 28
WAL U % 2R AL B; del Slasin (cudsia)
u A3, ed 3, 2 varal Y4l ugiual e dldal
Wl uR AR, M, 2ha earl Ayl 2idRs Glad
BOLRL, 58 Ul dluHidl AlssA yell @ suldd
vl YR AR AV B, Ayl 2 vl 3dl Ad
el dtl YR d 2R AL Al goliBl, 58, dluHLA
2L AidRS Glod 2 ot ()l wHLGAARLS ARl
2l 8, (ol ulRade 12.7.) 2 20Ul YAl -

Mid Aot waRlPA dl d, Ayl x1idRs Gl
aril 480l 2 AUl 1A Asoudd dURGAxAL
AR g2l ¥ €ld B, 2L wldl UL 2Ll
ASYL 5 Ayl i ol s5d wild Adl €ldl (ded
5 UL seul us (Gigdl oflan [Big -l auld); d
224l AS1H 2t Sue oAl weL ud & (dugle
12.3).

(a) (b)

2isld 12.3 (a) 2R slsulER RARQH €Y A,
gl 2idlRs Qo U 2 deil 2Qil-]
A 4 REAREAAHIAL aa1al Fed]
sly 9. yel el usiel ala (v,
2814, $4-1) 2dalld UAGAIA UHi
dHiqal-dl €. (b) o 2 2w ollsd Sle
dor e alad s €l4, dl oisyl
AAGA Uni aidat-il «4l.

il ]
'u‘ll,a LI
P 1] l:“'.
0
150 020
0 "® w -' L]

215[d 12.4 G 2 514 2 -l GQotag-nil v1edl
4312 8 B dedl wldlRs Qo §2512
1S walolgl? 6. (a) G¥HL A d2l 21
URd2 423 diyHlIdl dSldd-dl 51281
ad Qod d . (b) 514 ¥ eflw 20d
4l (€1, d., [Qredd Gy 5 14 vl
5 d-l A8 nsiddl 4w eelsl)
Aol RAHY & ¥ Al dsldd
g Asomde «4l.
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S8 datell AidRs Glonl oledal W2l sul Gl
(L) & 7 2usla 12.4340 sulen yoo s3], AL
BUAR A5 AUSRHL d AL55A e HAAAL Ay dat
QL AAMd gald © 3 Al xa (A4 defl d-ll
AidRs Q) sleddl M-l o MRl ©. A Wl 2
9 3 L A1y sl G2 diudic HAAdL ueld-L dusui
L (1Y) AUsRA HSL 2L AL dglddHl $18
Glod (Gwi) oM uerdddl Ay ds dgd 59wl
Al AidRs Gl asal. ofld ol 2 H § e
{2 d2s Ul HRAL Med 3 AL dol WR s 529,
d uel Ayl AidRs Gl anrdl. Aaoid, 2 ol
axq Gl ol wel ad s, wRar lar dusud
€1, dl Gl iyl WRAR ds addl. d ¥ d,
Qg [edd Gu a43d 2und uRu w sl 3.
25, GWHL e s 2 ARULIAARLS dotel A
olgdal M2 A dedl 2widRs GQoAni 38R s
wgdl A el 9.

GwL [RdeL vaidd widRs Glod [Qdel wiuagl
s10Yds Yel diadl B, Gl AlssAud Glod
dl 8, uid d dgd wudl Qo (%) 8. 20 46
el ™ Al 2L dslad Yaoyd Jd voel Ll
9. 2HLAARLS doarll el Al 2idRs God R
galay B, 6w 4 R, Ad [Rud 3 ‘8 A
NG RN QAL AUl 25 AU WHRIHL
GuL €l 8. - 2ied R B, d o Ad A [@HA 3,
SIS s A VARUHT WA AYHT Yy AL5A
uHml S €l 9.7 ua e qdrd 8. el Wi,
S5 A5 WA Ul QAL AUl Al
wHRHL RS G Sl 8. - & [RuA Ayel
AR, d o Ad g QA 3, ‘daAd 28 A
UL Gol syl sudl 8. waal ‘da gRy
Yy A5 YD s 2y 8. =iyel Aduor B,

AR A 3, wEARSAHL GoL A 512 2
ozl AdL AUl d dotdl Qod [ euld © %
-l 2idRs Gl 33512 52 B, % oUG el du
vl A4AR B,

AR AldAldul, 208 Gl 2 2idRs Glod
ol oouinl GUUlIHL @S dlal. du-l qa-l
dle 54135 ollfasfstiadl WMs -l Wdsiul
ARBE Sl 9. dRHSUARSAAL Rl wnEL M2,
WL Ble AHFAL vl #3369,

12.5 2RHIARSAUAL waH [RuH (FIRST
LAW OF THERMODINAMICS)
2l Ay § ol widRs Gl U, 6 wsiRel Gl
[AlAny gl oedl asy -
Guil 2 sl WD 3,

AQ = URAR gl daid Ml 2dd Gw
AW
AU = dall idRs Qi adl 38R

dal glel WRA u uda s

il Glod dme-l euus Rigld 1ot
AQ = AU + AW (12.1)

wed 5, datd vl addl 6wl (AQ)-L €lsL
AL ol widRs Qo (AUYMI, U3 6lSlHl elal
uRA U2 Adl s (AL 2w 8. Auxlsw@
(12.1)9 =2uisdAsadl van Ran 58 8. d
dal U @ade Qled-imeldl s Fay 8 Fui
Qo WRAR ds 3 uRuAi] cslR ds [afHuy
dRLAIHL daldi 2d 6. gl AMlseL (12.1)4

ol Fd avllal dl
AQ - AW = AU (12.2)

el, dat WRMs vazal ildu siaul YHl
qeuottl Mol oS w3, Gelswl dld, Al Aaal
(P, V) 4l (P, 7,) yHl eleadl, »Wusl sousl
a0 AN uddl aiyd se ¥, ol v, Yl eedl
wsla. A2d 3 uddl el (P, V) Rulani ¥6A
2 AR ollg, s6 AN AN Ay s ool
P, yHl agdla, % Ay (P, V) Rulaa ad .
ol Ad, 28l uddi s¢ AN ABA AR olle
gollRl 2AA0 Av] Ao, U vl »a glael, AU

s5d WS i ildn AaIBL U % HIHIR AV
8, "l & aiyal syl olle vaul yHl wdl w2

dlfial |l U, dH 9di, AQ 4 AW, ALY
Ad, Wl vilan vauipil YHl gl e dlial
ol YR BUHIR AW B, 9di, 2HLAABISAAL YA
Maw, aHlser (12.2), wl 21 yre ¢ 3§
AQ — AW+ Adx+t dlial 3wl adat 9. 2
gald 8 3 ol dotd 2dl wBunigl R saaui
wd 5 dul AU = 0 (eld., el iy audl
AW, uR2de 12.8 %il), dl

AQ = AW

§Wed 3, dod vl widdl Gwl, dal gl
uRA U sl sl AYelud quAS 9.
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A dol, Al A5 dadl (e HAAAL ANSRUL
Wdl Ay odd €, dl Bredd vl e Ay
S 52 9, 610 B gold A AnisuHl dRUsR i),
dal Axs0 e eAidd RS st elddl dluel,
dal glRL AN goldl P W2 Udd sid

AW = PAV

Bl AV A Ayl sedl dAdl $$IR O, 2N, il
Zul, wadlsea (12.1) weel

AQ = AU + PAV (12.3)

wlsel (12.3) Guadal salaql, w2 3 1 g
welld walgl @3yl oy (du0) w3uHl @ wdl
gl AidRs Gladdl adl 3812 AUl aSA.
wiell-{l e ond G 2256 J/g 8. 2], 1 g well
2 AQ = 2256 J. dldlaReidl eoudl, 1 g welld se
walgl a3udl 1 em® 24 aaa (eusy) @3umi
1671 cm® &l ©. 2udl
AW = P(V, = V) = 1.013 X 10° X (1670) X 107

=169.2 ]
w14, wHls@L (12.3) wrdl,

AU = 2256 — 169.2 = 2086.8 ]

248 A wglA ¢l 5, wielldl watdl @zunil
ARAVL WIUHL 3uidwL e(MUld M2l epatdl Gwi
Al 2idRs Glod atiRAl quad 8.

12.6 [aloare GuwuslRal
(SPECIFIC HEAT CAPACITY)

QA 5 ueldd wuai 2uddl G AQ, d
it 7ol 7+ AT %2 oled 8. »uu8l veld-l
GoutRatd 2L Ad carvaild 53021 9l (wseL
11 %il.)
A
S = &
Sl Ao ¢l 3 AQ i ddll, GuuiRdl
S 3 velddl oA AHuHEL idl ASB. 2 GURid,
A dludld U uRL 2R Avdl €IS a3, Aed ¥ el
el UM, dluMLAMl 54 ddIRL SdL M2 w33
Gl g€l el €1 a3, vl d-l 2l (Amount)¥l
Aol I AR sl W2 BB S el
kg Ml e m a3 el dl

L

(12.4)

(12.5)

s welddl QBRe GoARdL 433 Alavnd 8.
ueldl w5l 2 deil dludid U 2R AV
[QBre GRdiAL 254 J kg™ K &,

d
8.

A uelddl w2l dedl W o (s ma kgl
oied) a3 saladidi ud, dl 2uuel uewed-l Wa €ls
GuitiRdl i d craiRd 531 wslal.

1A
u H AT

C A el Wz [REre GuualRdl 58 8. s+l ¥4,
C uRL uetdel el ada 8. C uelddl usld; d-u
Al 2 56 UWRRAQAHE B3 2l 2udl ©
del U IR UM 9, C Al 254 J mol™! K™
8. ¢d uegl siuel ASY § (ayxii-l [aluse
GuudiRdidl Aeolul), C 3 s A arvallid sa W2
ofl2 qtiRl-l Wil uLlL %32 ud w3 C A rvuild
5L W9l 4 2 © 5 Hiar [Aline GwuaRdiil
(gL AL il 53] A,

515 12140 dldlaR@lAL e6ll8l A RSl
A dludld Hdd [RRve sd qid Gw-
Rl wgl 2de O,

U581 1340 2UUBL ASY & A [Afve Gwui
UL HEL AR UIBLS el 08 HodL 2ud
8. el welel-{l Ml [ARre GuualRdid vediq 524l
Hi2edl Glost AH[QAeUo el Rl 208 20l ut Gualol
53 wdla (g2l WR%E 13.5 i 13.6). WAL 3 A an
YELEAL N SR, Al HeHir 2wl BURAWRAL Sust 53
8. ¥ uRMEHL desdl w3 Gl 2% Sk T=k, T
Sl 8. BruRauei w3 Gl 3k, 71U 8. As Ml
ael ueld M2, 5o Glod

U=3k,I X N, =3 RT (-.-kBTxNA=R)

gd, AN eollsl AQ = AU + P AV = AU, s1R2l
3 oud ueld M2 AV waoed §id 9. s,

(12.6)

A
czA—gz%ﬂR (12.7)
A2512.1  BRSIL AYHIA A AldldRBIqL
eoldl 2eus u- yelll [Qlkre »1
WAR GuuaRarl

yealdl | [QRre GautiRdl | War Rire GeutRa
J kg' K [ @ mol K7
SISIBIER 900.0 24.4
16l 506.5 6.1
ol 386.4 245
A 127.7 26.5
gl 236.1 255
22t 134.4 249

sres 12,140 eled Horol, 2 cwdl Wby dd
Andd Hedl, AHA Al AR qedl 3R w1
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Hodi 2 B (sl 25 2quale V). Al diyHs
WL YAl Hadi 2adi el

wellHl [Alre GrutulRa

(Specific Heat Capacity of Water)

Gratedl il sy 3] ¢l uddi 1 g welld diusid
1 °C a4rRdl 2 %33 GwidlL wed sa3l sdadl,
Y, ALLALEYAEAL WU GIRL AR MR 8 5, Wl
ARre Gl dimid wd 41l sleeny 8. usld
12,540 2L 32512 (eleana) 0 4l 100 °C dludie~l
pon 2 saledl B,

— —
o =
=) =)
N o0

1.000

)lll]lllllll
IIIIIIIIIIIII

e
o
O
=N

Qe GwL (cal/g °C)—*

20 40 60 8 100
dldid (°C) —»

2gld 12.5 a2l w4l [Qlare Gwiyl
gl $2$12

wiel, Al Ay AU vl W2, AL
s ouall galadl %33 8. 1 g weld dudi-
14.5 °C 4l 15.5 °C yHl aual e 330 G-
el s Fal dly cvalld sl wd 9,
GwL 2 GloA-l s wsR lalell, d-dl sy % )
auidl aq1iz ey 9. ST wsH uglami, el
[@fre GwualRdl 4186 J kg™ K71, »l2d 5 4.186
J g K 9. 1 3@l 6%l Gaul 54l W12 %37l
s 2l Guusdl 4iBis qeuis séla o, %
R dl Glostdl 6 A5, Sl el 3uidrei-dl
wsu V. SI 2isH uglaul, Gl s1d 3 Gl »iwy
516 23U W2 el gaddl Gualal s A,
el Uiy qedis 2oe quIRLAl A B3l 9.

AU UG AR dd 5§ wBUAL § wd dsn
Guie dgel Y B del v [Akre GuuaRdl 20H1R
AW B, eld, Ayl W2, 2wl o [l Gwul
avaid s3I agla o nam se [k Gwl wA
wam eoud [ARme GwiL 2uedl dwy w2, 2wuel
WA Ag wlsel 8.

C,—C,=R (12.8)

Ul C, 2l C), 3 2gs3H AN e6RL 2 58
W2 el addl e [RARre GwumlRdl w4 R
A AdBls ayHudlis 9. 2«0 wxlse wlbid
sdl, UL 1 dla diy e s (12.3)-
Gulol s :

AQ =AU+ P AV

A wAN s AQ (Gwid) dluwl ad €y, dl
AV =0

c,=(37),= (38), = (3%
V V
odl Beel YeHl ¥V aviaml dddl Al S8l 3
sl Ay 2 U s5d dlusld U AR v 8. (3
AR 20 Avl Eld dA Subscrip 43 salain 8)
ol ouy, A AQ AN eoldl Al $1 dl,

- (), -8, i

(12.9)

(12.10)

wan venidl P g aslal siRel 3 owied ay
WS U g5d T 4 20HR Av 8. ¢d, s g
el Ay w2,

PV = RT
il w3l

P(ﬂ): R

AT (12.11)

Axls2ell (12.9)dl (12.11) vl v a5
(12.8) A

12.7 auisia[s vaal A

A v Adlse

(THERMODYNAMIC STATE
VARIABLES AND EQUATION
OF STATE)

aiguAlMs doidl ey ddlad v 208
WO AQURAAL s el a3 saldl asu 9;
FHA Ul AARARGL 4L 58 8. el d., Ayl
Al vaRal del eollRl, 58, AU 2 g0 (@A
A Ayl Mae € dl duiel sigire) vl saldl
asty 8, wLAARS da daal Adaul ol €id.
Belgwl 3U, YrdlaslaMl diysd Hod UAWL A Adar
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vaRal Al (gl 12.6(a)). Ul WAW e,
g eoudl ol ol A A UL €. d % Fd,
AANABLs WEAL gl AL Bl wast (@ssl)
wy (eld., Ugladl avin s Al Bs@e da
glRl Uwdlid sl wd) d Addd vl -l
L UL del dludi A gouRl AL el (usld
12.6(b)). A ¥, Y AL AUHIA A eoU8l
Wt 53 9 2 URAR WA Al 2 AiBLs Aqe-ul
24 8.

215ld 12.6 (a) elisuni 21dd usel (glaia) AHAuds
g2 sequl d 9 24l Ay Ysd
QL A 89, (b) wyil-l (Rawni
AR uBFAL gl Ysisl L .
o wRRAlAx iy Aglad A2arHl
a4l 2d ded 2w YA 93
gld] usiy -l3.

gsMl, 2GRS vl AARAL dA-] Aqfd
2Rel tAld B, Yol Yel wdl A AAsolloag]l widat
glal o330 Al Ul 2aARAA g A58,
Al W5l sdad B, Gelerl a3, wuesl Ay
We, el Ay AR A Al R B9,

PV=uRT

wiel, AlssA Il Ay M2, Hed § wud U
HI2 $5d ol Wcdal AQARRAL €14 O, FHE, P A
YAl T 244 V. AN UM gollBl-sel ds Axddl
(Isotherm) sddld . ARd[As Ayl il
wlswll ay olRa &S s,

AL1UABs qaAal 6 wsrRAl €l 8 -
AgRia ([ARga) 2 §-2(Rua (due) : A2 (Ra
AaURAL dotd “uRWRY (Size) euld B, $-2[RAuq

AR ZH 5 eoldl A dluHid wRAel Al
galadl. 56 AR AelRa 3 $r2(RUd B A s8]
5dl, Al W S5 dot dl vA WA F d
sAAL 6L oMl adAAg V. ol oL W2 ¥
2qARAAL el vediy A8 d Sl s, o
AAARAAL Y@l E25 BLUAUL AL A1 d Ase[Ra
seald. d udalSyl A usi. L., AidRs QA U,
58V, $4 e M A AgelRa adil 8. eoust
P, ddlrl T i addl p ol SwelRd qqulizil 8.
ARARAAL 2L qo{l5281) Guadlol 53 wMLARS

axlseleAl Adtdl A Ad asifl s 9. eld.,
AQ = AU+ P AV

Alseil i oug(l AR A (Rax B, (SR
AR FH § P, e 2R AL, AVHL dusi2
gelAa €l 89.)

12.8 2usAMs uBa

(THERMODYNAMIC

PROCESSES)
12.8.1 saius RRs (wd-edl) ua

(Quasi-Static Proccss)
9120 3, Ag Ay uRA A ddly 244 YiBLs Aqa-l
8. 2l YRR iy eolsl, olal ssusl Fed A
del dludid, WRARCL dludid Fed €l 9. 'Rl 3,
GUEL EOLLRL VA HLSAHL 2Ud B (HIRL 5, dyulaiui
vall 93 dal [Ued uad ay- Glagl ad-d). 2w
[uzet otgl-l dg udall ala s 20 wBu
g, Ay Adl vaaR0HY]l yuRr w4l i %
Agfad 4 . dfad vaid Assu Ad
AuYRd s3I0 wsld ddl eolRl A diuMid €l
Aol 2 o 2d, B Uy v drll WRAR 42 diwiesl
gulldl dsldd €y, dl Al Gwid Budl Hietd-Ueld
((Alu) 29 ¥ elhuiq diy vRidfdd viaainigl
UAR 4. AHY dl 2L A 2 WRARAL YeuvdiRd
ddl (Well Defined) iyt i eollel 018 Ac(ed
Rulaul tad. g-alasiadl aiy [Ader w14
ABLs WEUL gl il Bl [@sle ad,
¥ uRde 12741 suled 8 dd, d dat wiqlid
viRaMid]l YR dg Sldirl Gelswll 8.

dotell AfAd AR A S0 WR U

ey 9. 2], wdl 2wed uBul @ard dwa
sdaldl & Ful eds Rulasl dot Aqfad aaxl
g, il uBal, Agilas Ad, 2xcid HH{l €l 8

* o woUG wsuY g d e, Q ¥ wq QAR Al 2 oal, AQ U3 daATU AU AUHHAH €

2 4] iselaa ©.
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wd del dd sl (sdiRus-2Rs) 58 8. dal
d-l aail (P, T, V) vledl HH 44 oed ©
5 %dl d eds avd uRu wd Al x4 wibis
Adanl 28, vl uBAAL s dotssii, datsl
gollRl e 6llel eollRl a2d -l dslad wulayau
(Infinitesimally Small) €. 2413 dal »d uRaR
QA Al dslad €ld AR UL 2L AA 8 (2l
12.7). Ay s 2l (P, 7)Yl ol saal
(P, T') ydl salus-2Rs uBal gl as ol
U2, BNBL GUEL E6LBLA g % ALl WAL 2d]
Ad oedlal ¥ Fl dat del WRA w8 Agant 530
A% A 2l WBU nld Al Kl Sl daad
gollel P YHl aldl asid. d o d, diumisd sledal
HZ w8l dal 2 uRAU AUld (Reservoirs-GwL
wiltcieid) a2 layet Al dstad vl
A d Jd 7l 7 AL afdl s3HeAL diila
Gwl wildRaldl ude sdl S, dl dal diusd
7" 34l ueial.

215ld 12,7 wnteuy] (salad-2223) ulBaui
ofgLel Gl wilazaiq (WRu)4
ML Al IR EOUSL AUl dlUHLA
2l EOUBIE] S Y& HHIDH] HE
lY .

R uBuL 2 2uildl Ad duRs (Hypotheti-
cal) ¥4+l (Construct) . &5lsdMi, ¥ UFU d
gl €y A [Ued wdall ala 4nddl 4 €y,
dluHIAAl 12l dslad (Gradient) < €1y 4913, @1e19)
2wledl sAlAS2Rs UBAAl ulsedl 8. ¢d ugl
ol YL e sl A wd b Yl salu R[S
MEDTERCITEETRCTY IR

% WEAML A YH dotd i HAn e
Sl dd auadl wika (Isothermal Process)
sedld, AN dluHld €Al Hiel wiltaald
(Reservoir)Hi #3d Hiddl <0USIR WML Ay
yauel A Al ulBag Gelgwl €. (Hlel
iRl datdl 2udal Gwil M Ad el
UIMAULAAL dluMld U 21U sl Y], s18L 5
dedl GyaRdl vor W12l €y §.) AnELL
(Isobaric) WEAAHI collol 2AN €14 B U AUSE
(Isochoric) UBUIMI s wuN €U 9.

MMl % dod uRAWL (AAlss glrL) AHadl
5L A, dl ot 2 UWRAR 422 Bl g ad
A¢l. 241 WL auH) (Adiabatic) seaid 8. Sives
12.240 21 WBUALAL iUl 2l 2uia 9.

ses 12.2 2dls i 2uAMs uEai

uBarl usi2 viRud (Feature)

AHA AN dAlUHLA

AULlel AN LOURL

AUSE AN 58

A dal 24 YRR a2l
GeuagH -8 (AQ = 0)

HUd gd 2L UBURAAL Glsayds wew s

12.8.2 AxAy] ulsu (Isothermal Process)

Al wBUL (7 2a0) W2 el ay alna
Y4,

PV = 230
Ned 3, U eU-l Ay eoURl del Seril dd
YHIRHL sledld 8, i olidd-dl R O,

QR 3 As wed Ay AHAl Ad (7 dusie)
WRMs Aqzal (P, V,)dl »ilas 2aral (P, V)
Al oy V. a2l S desd P oeoudl d-i se Pl
V+ AV (AV i) ydl sleald 8.

AW =PAV

AV — 0 ddi 4 Ayel uBu el AM

AW AR Sl

V2
_ [pav

Y

av

—_— VZ
V = WRT ln;1 (12.12)

WRT

_ "'—'smﬂ
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HeTul oflo ueHi 20ugl el ay uxlswl
PV = URT-L Guaildl il © A AN Asetns{]
olglz lal 8. e Ay W2, 2widRs QA §5d
Al U R A O, il AHA]L WEuH
el Ayl AidlRs Qodui S8 525 usdl <yl
2RHLYAARSAAL Yan [Fm yad © 5, Ayl 2ud
el Gwl, Ay a3 adal sl gedl i B
0= w. wls2e (12.12) u=ell 4L 3 V7, >V, a2
W>0; 2 V,< ¥, %2 W<0. 2ed 3, audl
WARRML Ay Gl A B A sl 52D Ul
AUl AN WRUR aF Ay ¥R s A B e
iy Gwl opud 9.
12.8.3 a4l ulsa (Adiabatic Process)
Al UGl uRaRell dat qlnd (waol s2¢)
Su B A dldl 3 opuddl Gwi oy dly 8,
alsrel (12.1) wrell, 20wl A agd 3 ay a3
add s ddl AidRs Godui vadl 83 & (2 dell
el Al duddl ueL). S8 ue ulBidl @R
2148 @vil AL (el URRIML dH G weAUSHIMI
oell) 3 2iedl awy we wisll uBumi,

PVY = »3n (12.13)
oul ¥ ul wAN eolldl wAd wAN st (AR Guull
(AU 3 HER)HL dRiar 6.

C
y=—&
C,
wiiel, o wedl ay Wil Ad (P, 7)) wael
(P, 7,) wHl 2y d,
PV =PV = waais (12.14)
gl 12,841 2uedl Ay W2 P—pL 6 AHwil

-

A 6 AuAl asl el B,

T
P

2i5ld 12.8 gl iyl ayivyl e Al
UBuil P~V asl

WUGAL M 2l 2ied aydl (P, V), T))
ARl (P, V), T,) Azl 3l el $:s12
e udd s ol wslaA

v
2
w = | Pav
V.
1
Vv
_ fav R
= wyuis x J 77 = 2qunis x
7V 1-7
1 "
_ ANl [ 11 ] (12.15)
- -1 -1
(1 — y) sz V]Y

wflsra (12.14) w2edl, vadisd yeu4 P VY 3
INAN

¥ ¥

1 BV, AW

W = 7 VH_V”_'
2 1

el AAT AT w (12.16)
AL Yool A Ay gl Al wBaD sl ad

S (W > 0), dl alse (12.16) well 7, < T,

ol ouy % Ay W s uy i (W< 0), dl

T,> T, 48, 224 3 iy diudid A 8,

12.8.4 #4sg ulsa (Isochoric Process)

Wise UBABL 7 2An € 8, Ay R § Ay 9l
st ad Al wdlsren (12.1) v, diy a3 dinddl
Gwil Ayeluel d-l AwidRs God 2ud dlumid
oleddldl quAgY 9. widd wealdl Gy w2
AlHLARD ddl 38R AN 52 Aysl [ARre Gwy
waedl il wsi 8.

12.8.5 augit Wl (Isobaric Process)

Auelol WBAHL P wun S 8. Ay @ add s,
W= P(V,— V)= uRT,— T) (12.17)
dludi A8 2idRs Gt usl seai . druddl

Gel 2ldls AidRs Glastel qrMl 2 €ldls sl

Al NY 9. wWNA weAldl G M2 dluHLIAM]

adl 33512 AN eolldl Ayl [Ale G uel
el asy B,

12.8.6 2slu ulzal ( Cyclic Process )

5l WBAAHL ot d-l WRBs iazan Yol we 2ud
8. 2idRs Glod aal yaull €l 504 wBu
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We AU = 0. alse (12.1) wdl aiuddl Gwi

dot a3 udal s edl i 8.

12.9 Gy (=l (HEAT ENGINES)

Goil [ A WA O F Bell gl ot AslA

WAL 5, Bl uRRuA Gwie s1EME 3uidR Wy B,

(1) 4 58450 ugd-auadl dote od 8. eld.,
U2d 3 dna wAl[F-ul aade-dl sum (daa)
2 Ay e, 3 g 4ol aun 2 s sel
uelal 9.

(2) sdsl uetd wpllod]l Bl ywR wsq
s A5 43 52 O, 2ni-l Feells wBuAdl 4
A GlAL Ay 7, U2 8al oteiznl uRauiYl
54 GwL 0 AW 8.

(3) sl Jeells wBudi sidsidl ued g4 O,
Gol, flal divdiel 7, 20 284l sl URARMI
Hsd 82 8.

(4) a5 e dot a3 wda s (W) S8 g
gl R Al udid B, (eld., sdsdl ueld
Wl A3 ddl Qe H2AddL A0SR UMl €S
A% ¥ BBt HiRYL (Shaft) glal GlelRi
Uiyl udiar.)

Gl 2[Hedl yaod asei-l 3uvit gl

12.941 ealdl 8.

W
A &
Q Q
yRar 4 2 EETE)
T, e

21504 12.9 6w Al Haad [, T,
dryrid 8l uRuruial Al Q,
Gu Had &. T, vy 8dl
uRuHl O, G¥L 435 52 &9 e
olsleell (Ml s1d W usiul 6.

A dd w2 Gualdll sl a2 AL A5 Al
adlal yrirtaldd sasl 2ud 8. 2l Pisusl
UL HOL Gl A[Feirdl ACURAHL A B, A
woold wal Geil Al sidaudl 0l Al 8.
2l Gl A[Bel el (77), 24l A ArAlRd
Ay B,

W

n=g (12.18)

i, O A wlell G 2ed ¥ 2s Ausl us elruiq
dol bl GwiL 2w o Ayel As gAML

WRAU UR uld s B, As Uus Al s weuHl
Guil (Q,) WRARML U s 4 €15 A, 2, s
A5 HE ARAARSAAL Wan [Fay Yoo,

w=0 -0, (12.19)
Q0
o

0,=0 42 M =1, 22d 5 Guu s 3uiaR
sall A[Fdl sdandl 100 % il bl 3
QMSUARLSUAL ey Fud 22d 3, Gt Aael-l
(an 2l 2A[Fd Adsidl <dl. uig e
gald 8 3, awrdls Gl AlH-L 08 qAsndal
el el WsIR-AL M g2 52 dlus = 1 &l
dd el Al sel wsy 4l uslal AABRls
Rugid ool 2 evud 2ud 8 5, 6w 2A[Hsdl
stdamdi-dl w18 Agilas Hulel 9, F 2HLQUARISRAAL
oflol [Ruy sdaun © (WRade 12.11).

ddl, n =1 - (12.20)

Gwie sl 3uidR sa Wi+l sidueudl el
el B¥HL wi[FreAl HIZ AL USR] €1d 9. AL
Ad 2l 6l UsR B @ ol (FHS Ay 5 Ayil-l
(Mael) oel ozl (Furnace) glil 21 SALML
wld, 4L B[l Bu; vydl GxHLalus
(Exothermic) u1ulBLs ulBul glal vigdl o 214
sl 2Ud, FUS AidRs oladel 21[< (Internal
Combustion Engine). 25 As (il qsoudal
[y ue (deisst) (Steps) uol ws [+l ol
Al W2 el €15 A3,

12.10 (523231 w1 €l2 (Gw) yul
(REFRIGERATORS AND HEAT
PUMPS)

Usier, Gwl (Bl Gag 8. el slsil
weld, 7 diuia 28dl &6 uRauidl 0, 6w Aad
(VA) 8. s oller s W odel U UMl 2d 8
e T, cdluMid 8dl A4 URARML O, G Hsd
AL 2Ud 6,

2015ld 12.10  &le A4 Qag Asyier 3 e Wu-]
Juul
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2UIUARSAUL YR A (Pioneers of Thermodynamics)

ald (& ([Aldun Duur) Lord Kelvin (William Thomson)
(1824-1907) 2uudsrl Basiedl B=Aal, % iRluH Al B2
[sti{ltnidL 202l 80l (Foremost) [Qsti-l 8. %x4 e (1818-
1889), %l Hu (1814-1878) il 84 demsiees (1821-1894)
3 FEU 53¢ Gla=iaeiAl Ryl [RQsuml diell viot 2olxdl sloll
69, duel Anelldl ge-dliAed A (Prdiasiaml Ayl duWL eHulA
d 68 W) 2 g WA s s e Ml MRUa 4 diudiddl
RBigid 22l edl 24 FMUs diudid HiusH saledl ¢dl, % dusil
WMl HE&A WusH sea 8, AEl sidle (1796-1832)L s1d el
el UL oflod [y 2l dlHq sigyull dlaeuaion
alildsauall edl, FHg 2ol Uelt [Aeddoisly Rigid 2 %a
afdauet (Hydrodynamics)4i uel €.

33ies saifun (Rudolf Clausius) (1822-1888) Wld-si -3l
% AMLUARSAAL ol Favel A4S a3 onglldl 8. sl 244
lHAAAL Sl 2UH1R, sAlRUA AL 24014l Rigld diRedl %
AHA 2RULUABSAAL ol Fud des €1R] 2, ¥ eald © 3
adl g3l dadl A2l saRy 8l Al A sclRuA Ayil-l
afdate U ugl s s eq el 2Rl WRWRL AU, Hsd Aldua

I3 QY R wEeUHL Aol 8dl.

Y =

gl2 u A Wsrer Fdl ¥ B, UL LAl Ak
Al 2 AMAAL & UR AHR AW 8. A dldls
g, FH & AL vigrAl ML 4L Sl E1d A
olgled WRAR Glal diudid €l dl d Ml a4
28l g2 sélA Yl A &g s oML (AR
ARl &8 1Y IR SHRAAL 2URML) GwiL elmd
sl 1Y dl d Hizell Al gleuu se 9.

Agrieanl sl vetd (2L eudl, iy d3uni)
(LAl dotsstaibiig]l waR w8 ¢ (a) ayd Gl
gotlelel «{lAl eolBl ds wAAS (AW, ¥ dd &4l
538 A dd oimu-ydldl MaRHl uidRd 52 9,
(b) % (a1 ciwsid gawsald 8 daiel &8 el
ad Gwie atwel, el waldld ol 3uid Wy 8.
(c) dat u olgRel adl s14 Al olisus dluMid
aqiRd n (d) eusw glRl URAML G Hsd sl
el sl d Uldidl WS AL 2D A Bl
A5 Y3 U

Asmieadl washi-u (s1d Rlz) aweis (o)
(Coefficient of Performance) il 3ld euldiy,
(23
W
wul, O, ¥ &4 Wida-uid]l Aada 6o & 2 W

o = (12.21)

2 A2 wed ¥ dot uR wda sl B, (Ll vy w2
ad O/ 43 Arulid suy 8.) 4l 5 e
worol 77 sA3U 1 Sl Al 4 Asdl el 2ul o,
1 Rl ay €S a3, Gld-=RaR ol G (3RH)
WRAML Y5 ddd Gwi

Q=W+ 0,
i, o = 2
2d, o0 = 0 -0, (12.22)

gl A[Feui, Gui Ayel Ad sidul 3uidRa

ad wsdl dl; d o Ad UsweHl wul YHl da

w2 ollel st Ay AR Al ydl d sid 3 wsq

Al 2ed 3, wdlsawl (12.21)41 ushi-u dwiis

uddd 4 s Al

12.11 AH3ARSAAL ollon [Ran
(SECOND LAW OF
THERMODYNAMICS)

2RHLAARSRAAL uddl Fum Glad-diaadl Rigid
8. ALY Aoid eld © 3 Al Jeely uBull
5 oo uddl [faud wad s2dl i A o9dl dud
adlst A s €l eld., 20d U Udd YResi

s0134 5160 il nd 2o v GA sesl HIRG A
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Ay Slu. A Glad-drael Mg o As UL vitd
(Restriction) €ld dl $el UM AU oldd. 261d
seld AAIS 6§ A, Bl d-l AidRs Gl deal
vl Yasdl aiBisBlatul 3uidRa wd. ¥ AR
olle Hadd BB wiged RufBed Fedl
Glus Al ge5l M. U e sA3U ad -l
el d Glod-iaeil Rigldd AxHA 52¢ Sl
9ctl, usla-l ollod S wal Rigid 2ud adl edl
Aodl. L Rigid, 7 aHisABsadl udal [Husd
uldad sdl el wlBaleil adl edl «dl, d-
UL UABSAAL ol [ux 58 8,

LA sl ol [Ru gle A (Bl
stdandl 2 AUl usBL=A oLy el
waeid Huleldl suld 9. el ol d sald &
3 dle ARl sidandl sa3u 1 Fedl 4 €1
2%, wdlsel (12.20) wwol, 651 URARML Hsd
sl wdel Guil s uel gt A s A,
Wewiex W ol [Hun euld 8 3, ugi-
dRlls $UR UBL Asid A 1S ws. uHlsw (12.21)
worol, LAl Hddol B 3 ollel sid () s uRl
g A €S ad, A wdd o [Rudn udg
sl@n nd wiesd 9, % yool wed €le WA
asy Al w olly sdiRund 8, ¥ Yol viedl
Uszizx 3 €le vy asy Al 3l Gusi vadis-lxdL
Al ARl B,

guisiyAsaql ol [Auy (Second Law of

Thermodynamics )
sl sy suq
Al S5 uBul asd Al Bl vsHL wReunzl
Gwil e (WRAR Uil Gune almel 4 y3ysl
Guie s 3uidR ww,
salfuAd sa
Al UBUL AsH 2l F Feil AsHoL wRRUMIY Grel
QR (agd) 64 uewddell o1H ueld ds al.
2 AL 53 Asl 3 GUAL ol (Bl AHed 8.
12.12 wadl 218 vimfad uBui
(REVERSIBLE AND
IRREVERSIBLE PROCESSES)
1S uBal [l 5 FHl AR dal
wiR[s vazal ol vlan va FyHl nd 8. 2
uul elMuid dol uRaKidl Q wedl Gy ld
(Had) 8 A ddl w2 7 sl 53 9. 9 gl 2
uZud Qaaidld dat 2d WRA eldd suiy uml
§ S AR IR dHAl WARLS Bl Yl

as oS wsll ? vdoid eald ® 3 geaasdl Hal
ol UBUL W2 L sy AUl gedsdl Add:
(Spontaneous) WBul nuldadl €l 9. deais
Gelgell 2yl asi. Al (Mgl) U yhal qul
(W) dly deu ol euollel ay oM ¢l
P QB A4S ddldi ld AR GWL d-il
dlal ol ool dis oy 9; Fdl ulsl AMLA
Aludid uglad (¥ uHA wdl URARAL diuHi yHl
6 Ul 9). 2L uBuA Gaeldl A wsld; ARl
SUS @l HIWAGL $8L U3 Aol Dy dRY WY A
A8 o, ol A Ad dl d U™HLLAABIRAAL olln
(a Gedad 522, gl s34 wnoudy 4gle
wd gdlg Bl Gaaidl A asy. AL O
Rula-suigl aadl (Aaidl/Leaking) Sl tuvil
RAUL WA B, wARALAL 2L UBUL wd Gaals
el dlUA wiesl Rldrul M 2 -le. ulRaR
Al didly AusH ddl wadld udd (A5l Ad)
geladi 2dd s Gwml 3uid wiudl, %l uRur-l
AidRs Qo afl. 21 UBAL dent Qaaid]l asi AR,
AR d-l uReud G Aysiudl sidui 3uidR
Ay, ¥ wRAEARSRIAL ol [Run-d Gedan 53,
nulaadiug] 21, sudie A8 wol ged-l FRud 9.

wuldadlug youcd o 5180 Gemd © : s,
gell Bl (Fu3F 4sd [Adwl Aaqa [Asles
1AM UBAL) doAd vAQ[Ad el YHl €13
u 9; ofly, Hiel cuodl uBal adel, diddl
wd ol Glod uu sdl (Dissipative) He-izil
(etat., AR s2dl S werd Asiw Al YW d-ll
YiBLsGoAA %l 2 uelelul GyLAL 3umi diadl
o, wallii AslY ol s wilby i-tdiel 51280
Astd 214 dell iBisBlod spuidld waldl-l 2idRs
Gladl auRl 53). G-l ud 5dl seAvll e3s
WYL IR Sl B el dHA Yrtdd 53 ASIY 9,
uid [Braga e 530 astdl 4l Hew ool wEai
Fudl Al wuel sl 56 Wl d - nulaadl
Sl 8,

.

¥ uBud Gaaidl asiy & Fel oid dal A
yRa [anl ofly suiy 518 32812 ddR du-dl
UM Al Yol udid dl 20 wBar (wazal
i — wal )1 uliadl séain. 2wouG-l 2l
worer, wlaadl uBal s 2uedae 9. S5 wBal
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wiadl dl o ¢l ol d sAiudRRs (635 doissimi
ol URAR AL AdaH) Sl 2R dui S Glad uy
sl UBU AL €. eld., s el iy, vl
A% dal [ HAddL AUSIR WL, sAid-22s
Al (Aol 2 wlaadl uBa 8.
2ULUARSRHL L M2 wlaadlug 2wl
Rigidc 8 7 2uugl Ay du, 2uisABsHdl s
Reioit 24 ual 8 3, Gwid sidui 3uid dedl

~3
- A ~

silanale]l wn 9. aHigluABsudAl ol [Muy
euld 8 3 100 % sidamdiag €le wUlae lasdl
Asddl gl uid 7, w7, diuMid HUddL 4
YR a2 514 sl l2 APl Hedu sidamdl
el €18 u% ? A agud © 3 el Id udl
wladl wBuil w2 €le 2[Fxl sidaHdl HedH
Sl 0. ouslel oflon 2[R FHi 2ulaadl wEuil
Asnddl €ld (% AiRdadl oial Hadl wA[FAui
S 8) dusdl silamdl 2 Heul 29l a8,
12.13 s112 A[=+ (CARNOT ENGINE)
HIRL 5 2Bl WAl 2R3 URAR T diumid 2 £§
WRAR T, diudid 8. i 6 WRUR a2 sl sl
gle w[Fgel Hedu stdaHdl sedl 1S u% w4
WL HSTH slaUdL Aaddl W2 5§ UGl As
Al dd A 7 18240 = AlH[Hu wdl
5112 (Sadi Carnot) il 48 4R wud = 3(=d
s, ol B ed § GwL A uHLQAARSUAL
YL viial A58l @Ad 2ul Aeldl, 2 yddi
sielled AR wdlol 1L,

2Rl el G w3 5 6 diudid a2 sl
s el lHA wldadl 2007 €ld A,
WoUGL [euol enlef du wulaadiug) 2 Gl
oy 2l WEULL WA Asoudd B A d stdandl
gl 8. % wBul wdel (saiud-2Rs) 2
Qoteud sl + €l d ultadl €. 2uusl Ay
gd 5 % uBUL dat A uRu Azl AU
AlUHLAAL dslad ld d sAluS-2Rs A &l -l
Hddo 2 3 6 diudid 928 s1d sdi wladl ¢le
W[BAUL, Gl anel (31RM WRAMIYL) Al
el AU (681 URAR ds) uel AHdIdl glal A S,
214, 248l wlaadl €le AlB-dL 6 dotsst el
alar @ T, dlusld audiwl wlFal gl oy
uRadidl Q) Gwied dlvel A T, diudid Q,
Guledl . A5 Y3 57l W2, NG datd Tl T,
Al A4S %9 Ul A AUR olle Ul dluM
T, dl T, wr. el 5§ uldadl uBul & u-dl

UG 2L HIZ2 Gualal 3 aslaA ? al wlalBa
dl 24 58 O 3 il W2 el 3l wliadl
Uizl Gualol 531 aglaA, i uRuuidl 518
gl usiRedl Gwil [RMAMU adl gl ol el
oflo 515 wBui-dl Gualol s34 § o xR L Sl
410 & Awnse (Isochoric) WBAL dl daAd 25 diuHi-y]
oflon i Yl @ wal w2 wuad THl T,
L dtwisd]l Halei vudal uRARLHL s Al
32 Ul Fdl eds waAMi wBul salus-2Rs
8. (s30el e 8 3 B sdis-RRs 24 wlkadl
Slal W2, dol A uRAT 42 ALBA dluHinsl
dslad < €ldl Adu). uid 2wusl Aq wlaadl
AlH A B § % g5d 6 diudl a2 s1d 53
9. 2 AHHL uBuL 2L (B W2 datdl
i 7, 4l T, v T, dl T, 3yl af ol
A 5A.

P, V, T,
T(l )

V., T)

(P

e By B}

3 "2

0 VvV —»

25ld 1211 gle Al Wi sidle a5 P4l
wied Ay 51452 usd ads a4

-

52 9.

o it @22l sl sed wladl €le 213,
siedle AP sdaid, sl 1211340 ealear ool
sidle Asul 2 2lF s A5 M 2ulal
Asllolg dotssiziing s1d s €lg ASA. 2wud
sile (Bl 514512 ueld dd 2ued Ay
dladl 8.

(a) dotssl 1 — 2 iy AuHdl (@dReL ¥ d-
(P], Vs Tl) ol (Pz, v, Tl)
wazal Yol 4 ay ©.

T, diudinl el YRARMIL iy a3 dimddl Gw
(@R wdlsa (12.12)41 ealdl 8. d iy <3 uRur
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w oadal sl (7, ) %edl 8.

— — VZ
W, ,,= 0= W RT |3 (12.23)

(b) astsst 2 — 3 (P, V,, T,) 4l (P, V,, T,)
Al A Al yaReL
alsa (12.16) wrell iy 4 add s

_ HR(=T))

3= (12.24)

(c) detssl 3 — 4 (P, V,, T,) 4l (P, V,, T)
Al Ay AMddl Aslan.
T, diuminl 8al WRAML Ay, a3 Hsd add G

(0,), wlsael (12.12) a3 ealdl 8. d ual uRwR
a Ay wr wda sd (W, ) dedl 8.

V3
W, ,=0,= WRT)n [E] (12.25)

(d) dessl 4 —» 1 (P, V,, T,) &l (P, V,, T,)
Al iy Al 2igaq
(flsa (12.16) wrel) iy v ada s

_urlih
Wy 1= BRI— =

aylsel (12.23) ol (12.26) udl, 25 43
glMal Ay a3y 2da sa sl

W=W, _,t W, =W, =W,

(12.26)

— | VZ ﬁ
= KT, In| 3| = WRT, In| 7, (12.27)
sidlle AlB-l sdaudl 7 ye,
v _,_2
"o "7y
V3
) vl
=1-|7 (12.28)

V.
In| —=
[V]

dotssl 2 — 3wl uBul gl

y=1_ y -1
T|V2 _Tz V3

V. T W(y-1)
Al 7 = [—2] (12.29)

3 5

d o Fd, dessl 4 — 1 aHel uBu glal,
r-1_ y-1
T,V, =TV,

. Vl T2 W=D
agl, v, = |7

Axlse (12.29) ¢4 (12.30) uryl,

(12.30)

V3
v, (12.31)

15w (12.31)4 Guael yHls@ (12.28)x0
5,

T. .. =
n=1- F2 (stlle 2A[Z5+t) (12.32)

1

-

AR UG AY 8q 3, st-ile [F 21 leadl
Al 8. 55 d ¥ g wsy ulaadl 21lH & 3
% ogel el dludid dl ol URAR a2 s1d 2 B,
gl (12.11)40 ealda sile A[F-l e25 dotssl
Gaaidl wstd ©. ML T, diudid ddl 681
wRaMiEl Gl Q) af dal ux W B st 83l
el ARH URUAL Gl O Hsd Ul wid B,
L yladl A2 8.

¢d AU s oL uReuy (el AR sidled
wdY sdald 8) wild A9 5 (a) wsd T, id
T, divmidl R8al 2R3 A 880 wRA a2 g1
52l 515 ugl ¢le AlFAl sidandl sidle 2(F-
5l Ay A €18 U3, wud (b) sidle 2wl[Fgsdl
stdandl s1dsRl velddl ugft W 2R avdl
ol

uReud (a) Awlbid sal 4 ¥ 6wl Wil
(source) (1M WRAR) 24 810 4l (sink)
(6§ uRAR) azd s s2d wladl (sidle) (B
R 4 dulaadl 20 7 @Rl 2uusl, 7 4
RA Adl Ad il ¢l 5 7 €le (B dd ad
2w R AU%Ie2 dld dAd. AL 3 Gwi Wil
1, O, %edl Gwu A B, W’ e s 53 (20U)
B U 8128 AU O = W %edl Gl ysd
53 9. 28l wid] dnganil 530 3, s18L Myl
0, 6oL a4 wA W =0 - 0, %ed %3 sl
del 42 aql e84, R dedl % Gwi O Gwl
wildadd wel 20l ¢d wRl 5 7, <7, ¥ed
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5o R W[ dld s1d sal €1y, dl d T sl
g 514 Qu (output) »iud, 34l 2uld O W2
W< W. R3AepeR dy s1d s2q, €lany], wRpun
)3d 0, =0, — W > Q,— W' 2y, oy 3ild
Gel wilRald 3 ofly suid 515 uBl 38R AR
I — R 2da dot &g wlRaruidl (0, — W) —
(O, = W)= (W' = W) G2 40a 2 deq ¥
sid w5 A eAHUA 20U, 2L W2 uBl (e
legedl sue Aol AALSUARSUAL ofla [
Gedud 52 8. w18l g R 3 p > 7, IE 8.
S uRL W[l sidandl sidle (B s2dL ay

Wf
Q
Tl H Tz
w

2i5ld 12.12 wylaadl A« (1)1 ulaaal

syier (R) wd Asien. A
W'> W, dl W’ — W %edl 6w
SR cyqaiyie] wulng 48 U4 d
Ayeluel syl 3uidlRa ad, ¥
wulsiadlisanr ol [qad
Geeteret €9,

4SS s g ¥ A ofly (A s wsiy, ¥
eald 3 s Assu velddl Gudlal 53¢ ulaadl
A[Be, oflo ueldHl Gualol sl A[Fr sl ay
sidan 4 G ud. wilse (12.32) gL saldel
sieile [l gy sidandl sidle sl
Bl sl dadl uglael adst €l 8. 2,
steile [Apesll sidamdl 7l aRidalal suedl ays
dat s Al sl oRle ALBd duL ¢l
el Ay waal AlsW WA B, F 2Ll
peil ol Hee3w W ©, uig e lan
ufReus [uxlsel (12.32)] 2 518wl sidle 2[R
WS AA 8.

2 wifH YA sald B 3 sidle A,

) I
0, "1, (12.33)

A daadl ugladl ad= wdbBls wlsa 8.
AU O A Q, 2rsH sirile AHHL wal
Ad wnddl 2 Ysd (uy) addl (il -
d91 uRuAIA]) G 8. 20l uMlswL (12.33)-1
Gualol Al AABLs 2HTUARLS UM HIUSH,
5 g sidile Asul Gualol s3e dotel Alssu opRiuHlel
A2l €l dd AAIRd sdlL vz U4 A4S, v,
45130 veld dd el Ay €1, dl 2w wdBis
a3 uRade 12,1140 ealda el awyHl
AL Fed ¥ €.

ARAA

L 2ol g sudl R sald 8 3 o dot oAlo dot wd iy dda-Hi sy
dl d o ug dseiln wd Ay dgaddi €ld. i sHell [HUd il v dis

el onu ©.

2. dodl AidRs Qo dodl vuedls q2si-l aufaBe A RERQGABIAL A Fedl €l
8. d dorl aHAudl AQGeA Al WMl Gl xSl A daui Qo [@QRMaHL &
WSRO ¢ odol 2 URAR 42 dluHIrHL dsladnl 5180 ddl Glod-l QMY 2 Gol B,
s 3 ofly Ad adl G-l QAMHY B, FHE, Ay 4Addl 4R WoHl [BRed 0l
AUIAL A%l a4l 5 galdl s3A dell WIAML FBR 5L

3. algARsAAL uddl Fuy A God-iraedl M Fad 8 % 58 uel dat 3 Fuidl
2§l el dRs WRARHIEL (G 5 514 glrl) Glod+il [[FRHY adl €. d eald & 3

AQ = AU + AW

wul, AQ A o el Gl B, AW 3 ot a3 wdd s A AU A datell 2ialls

Gladsl adl $WR 9.
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4. uesdl [QRre GuutiRdl, cuval 3ol
L
m AT

ol m A ugld g0 2 AQ A dri diudit AT %2¢ sledal 2 %33 GwiL 8. gl
Hla [l GouaRdl el 3o,

S

5 =

oul, w3 ugldAl el v B, ad ueld W2, Glod wulAeus--Al Fud Hare
C=3R
¥ AL AW WL WA @dledL Hag 2id D, Gudl ol sH dall 8. 1 g
welly i 14.5 °C @l 15.5 °C yHl atal 2 #3301 Gwud 1 a3l 58 8.
1 cal = 4.186 J.
5. el iy W2 AN gouRl A st MR [ARre GwL andi),
C,—-C,=R
Algeld MM 82 0, oul R A WdBLs Ay-Mudis 8.

6.  UULUARS dotrll Aqard Al waRAl QARG ad eald] wsy B, Al
AR Hed s5d d-ll 215U AaAL U AIHR AV B, 2L Haral Yl Hadl e
del dlfar wel yr AR, eoust (P), s (V), diumid (7) 24 ea (m) 2 iaa
AAARGAL Gelgwil . Gl A sid-vaal AdARL Al il 1+{sw
(Bu3, Ay vaRal wH{lsw PV = pRT) A gel el daral AaARA Aisag
wlsw O,

7. sdiud-RRs wEu Aedl ol Hdl 1 B & el WA UBA el dA-uRaR WA
Al 2 diBLs Adadl 28 B, sAiUGRRs WEUH, URARBAL €6llRL 2 dluHLL dat
Rl Aldad wHLHl ¥ gel €1 9.

8. T drwdisl edl Al se ¥, dl V), il andidl [GedRe elreud alvddl G
(0), wy a¥ adal sd (W) Fedl S 8, ¥ . AHLsW A wu, B,

Vs
O=W=uRT In (?1)

9. 2ued Ay w2 wisl uBul elrui

PV7 = w0
: Cp
o, = =
=g
2ied Ay gRL AL (P, v, T4 (P, V,, T,) 3l-u {32512 e wdd
s,
uR(T -T,)
= — 5~

10.  le 2B g AWM B F Fl ot Aslu UBAL el G sl 3uiar 52 8. A
Gl wifrele (source)igll dliat Gl Q) €1, 61281 AL (sink)Hi s (ud) 54
Guil O, Sl A s us el Ada sl ol dl

W o,

n:alzl—Ql
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11.

112

13.

14.

15.

Usrrer 3 dle Uyl dat sRa-aadidl o O AN B A O Fedl GwL dRY

WRAML Yo 52 B, AR dol U Al s W Gld B, AspReeAl WS dRlis U
dd 3d 8

(]

2 )

W 9-9

21U ARISAAL udal [uy w8 yRiold Jedls Bl 2uigaABsHAL ollw Fan
AHele Ul 2l d-l QL

o =

Sleanausd (A4

wdl s uBUL wsy AUl 3 el wsMpl URRUMZU uRAMIY]L Gl e wiA ol o
Guiie sidul 3uid? A

CERER LT

Adl S5 uBuL asd Al 3 FAl Aset WRRUMZU AU (d) G s41 uelddall
ol Ueld d$ ddr iy, AEl oumdl, ol Fas-Al Hdao 2 3 518 wel €le (Bl
sEHAL Nl Hed 1 Fed A G5 U3 A 416 url Asneadl S dRIs o teld
4 & .

A ol A URA dHe{l WS el YL otglAl [Qanl 516 UL 331 QR Wil
w0l 43 dl d B wlaadl seai. gedui @RS (Fudlzid) adl B 2ulaadl
Sl 9. 2ed3w wWRadl uBu A sdiad-RRs wBul O, FHi adel, @AdL Q912
Glof-uedl WRHo @idi Al

sidile B A 6 diuHIAL T, (G wilReust - source) Al T, (s1281-4cal - sink)
Q2 s1d 53 wRadl 2@ 9. si-le A5 6 Al UBA 2 6 W wBul-AL
Al yel wy 9. sidle AlE-dl sdamal

TZ

n=1-7 (s1ile 2A[Hst)

CRIETICTON:Y

6L el a2 g1 sl 51 uRL Al sidaidl sidle Al sl ay + €1 ud,
A Q> 0 daAdl GwiL ud 9,

A Q<0 dal a3 Gl oy 8.

A W >0 datal sid ay B,

A W< 0 dat 2 s wa B,

o2l s uRHwt wsH Ay
se-UAWIiS o, K™Y K! =3,
dad il Gui AQ [ML?T?) J Q 2 Rl A .
[@fGre GuutlRdl s [L2T2K™Y Tkg ' K71
GeLAlS Sl K MLT k™Y 1 skt H=— KA%
(Thermal
Conductivity)




320 allfasf@stina
|

gt [QuRRu-t Yewill (Point to Ponder)

1. ueldd diusid ddl 2idRs Glod w1l AsnudAd €ld B; dell gl dradl aufasl aufaGloAd
A A3, oigsnidl eoedl olloll (eyfdie) d«ll Beuril 5128 Glul A el €ledl.

2. dRHLIUARSRAHL Adanel Hadol 2 3 ¥ URRARML datedl 23RS waal galadl
AR WML U SHRA 4 Sl dAWRAAL Adari-l Hddol 2§ dod U dwld 44
(Rv)) o A 25 e €,

3. aHlARS Aqadsl vaeul dadl 3 (microscopic) desl (s8lL) Adlad Ralaxl
(dtauzatedl oliml) gldi Al

4. U3 dad BB Al 2Ud AR dal 585 WFumiEl AR Wy 8 ddl uR el el
GutRdL 2uHR AvL 8.

5. Al sAlud-2es UFWHL Ay divdid slgladl URUR Fed €l il da-l e3s
ML B 51 dl WA B 5 Al Ysd A B, dat A WRA aldAl wlays
AL dglddl SR8 WM ud U B,

WY

12.1 s BulHel 3.0 (@2l eall AR adl welld B 27 °C &l 77 °C YHl 2Ry
538, A B, da odl ur sl sd €ld A ond@l (combustion) Gl
4.0 x 10* J/g €, dl sladei-dl quala-dl g3 3edl ¢l ?

12.2 20 goudl 8al 2.0 X 1072 kg USA% (2340 dluHA ) diusid 45 °C Fed

arRal M2 32ell G el wsdl ? (N L 2o = 28 5 R = 83 Jmol ' K7)

12,3 uxadl :

(a) T, ] T, dluui SRlddl 6L veldld ddld AuSHL dladi due AW dluHA
(T, + T,)/2 €4 %33 .

(b) uulds 3 YlserR wiedl Wdl ga-e (Med ¥ el Yel Yel ool
ulagd oy adl W dd wad)l @Qlre 6w ay &idl A,

(¢) $12 ualadl avd dedl 2Rl o af .

(d) eRuBR 2idd oiead (Harbour) dlcld2@l A¥i &I HAAdL HAQHL Hiddl
AL 5l dRH (BwaL) Ll .

12.4 vl 23 ddl (U2 HAddl 28 A0SR UPHL WHIRAGA il i eoldl 3 Hld
Lol el B, AR Ulai-l glaldl L walss ugldHl oiddl 8 w4 Qe u
3dlAl goldl s 2dlss oirlledl B, W Ay dddl S8 sl L g8 YL AR
KAl A dl Ay eolRl Fedl YL oeald ?

12.5 25 Ay Adfad 2iaran 4 ol e Ad Aqfad qaran B 3l ad oan we, da Ww
adad s 223 J Fed B. %A datdl 4 ¥l B Raf ¥l Al Ad @ i 2ud § el
ddl aludel Al G 9.35 34l €ld, dl ol BRuml da a3 g Ave] 51wy
s 7 (1 %3l = 4.19 J dl.)

12.6  savll aMdl Hddl 6 A0SR ol 4 A B dsollod wd Rusts (eld 530 asy
dal sis) al Adl 9. 4 Ay WHEAMd diudid A eond 8dl 9. B iyel d
vidl (evacuated) 9. v dot didly Fd Al (Hadl) 36 D, RIUSIS AHAAS
viladiii 2id 8, (AL odler Bl
(a) 4 2l Bl iy eouat 32¢ el ?

(b) -l 2idRs Godui 32dl 33%12 udl il ?

(c) cayril il dedl 38R udl ¢dl ?

(d) o dadl a2l Aazll (vilin Aqad 2Rl RER adi wdal) d-u
P-V-Tuwll w2 ¢d ?



2L ARISA (THERMODYNAMICS) 1

12.7 s andA s Ml 5.4 x 108 T s 20l & 2 d-i olidauigl s Bzl
3.6 x 107 J GwiL y3l uld 8. AlFdl sidanial deell ¢ ? Ay el deell Gua
assidl e ?

12.8 s §dBBzs €ler, dad 100 WHL eell Gl Y3l wd 8. % dat s As~Hl 75 el
el s 2d €, dl d-dl 2idRs QoA aualdl €2 32l ¢dl ?

12,9 dugll 12,1340 ealod 3ol 315 algAlis dadl d-{l WGty vaendl ausuosl
(intermediate) ezl ¥4l vlla UBUL gL aS i 2ud 8.

r'y D
I 600
S
oYY/ — « .
5 {F i E
3 : :
w A H

0 2.0 5.0

se V(im®) —>

2gld 12.13

AR olle d s¢ E ol F Yl avelot wEa gl g2l yo qey 3l diaal 2ud
®. diy gl D ¢l Edl F ylui ada ga sid awil.

12.10 s g2l Avld WRsA 9 °C diuHid Aaddldl 8, o 2R304 diwd 36 °C
€, dl wghl=i-ops (sl Rl 2els) s,
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dAldae (KiNeTic THEORY)

13.1
13.2
13.3
13.4
13.5
13.6
13.7

ENIEET]
sl 2URaAs 3u

Ayl ades

2esl Al dlfddle
Glo-it AfAeuonidl [Fuu
[alare Gw-aHdl

AU Hsd Y

AR

et [QurRBuAL Yedl
a1y

1AL AU

13.1 Ydld-il INTRODUCTION)

166141 6llSA 25 [Fuy el ¥ de UH Ul 0 8. Ayil
Al wRHLedls sRlHL oAl 8 dd Hisild ollda, et 2 ol au
Ayl ades AHAndA Ndet sl Sl AR ole 150 v ugl ull
2gle A 24l dAldiedi Ayl adgs, ay 21 Buel AUl
5l URHIGAL i UR2AUAL oAl £ dall BiefHirel SUHIR AHACAHL
id O, L vedl HIZ ASH O 3, UHIRAL 922l AidRs o, ¥
del dal walgl M 330 g5l 2idel 6ol ©, d diy, W2 adell
Asty deal la &, 2ewiladl uelii Hsudd, olepid 2
ofloala oulddle [Asatedl ¢dl. d «dldulal Id usa Wil 8. d
YL EOUBL Ao UL elee A0l 3UnE 208 B A
el Rl 20 AABLAL 20Bds 201d B, d wew diyil [Rre
Gyl-atidl Aoy Jd AuoAd B, d Ayii-l Wl Asy dal oyl
Fdl 5 lnidl, dlssdl, 2ol siad (Diffusion) 4913 HHgilrl
il 18 AR B, Feil uel 0L 58 A e (A3 el Aadl
A5l B, L w5 Aldate (A wals wldl 20l 8.

13.2 QCLlj ey SY(MOLECULAR NATURE OF
MATTER)

2041 A€l 1l Rstil20iAL 215 Al RALE B (Richard
Feynman)-l Hd “‘ged (Uelel) URHIRRAl ot 67 31 98 2Acid M-l
8. oA Hird AMxe1RlYds AR ad dl Hidaond-l sel gyl i as
odl (=4[5 gHaIleL 51281) & ugdl [ a9l (didiael 24sdixl
$138L). A 2id Ald A (st oty o 2l A WA dl Bl 1d
‘yaugate’ [Agl{l HulEdl dl Qi 2ua-ul Ul Yl weiugdl o wsa.
uH1RY AR5 (Hypothesis) AL & : £35 il uHigil{l oidel . ya
$0UL AU IR AUl 53 6 dal w1 visollond] sl 2dl €ld AR
L5 B, Ui vl 15 AU AR Aol wuLsd B,

all wou1ad i, el AGUAINHL Al Hiddl gdl 3, g Add -
wal QS a3, elRddl saue 2 Al B A sl ed ¥, aoud
ole1el AlAcuoy 8. dailHs ue ‘U, dle’ M €l ez (John
Dalton) 42l U4l 21 8. UL, YOl dradl ALS5A el AL WAL
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Wil euRd x4 Alanl uR HIYY A[Ad5 (Atomic Hypothesis in Ancient India and Greece)

A% [QAstirt A e 1-Lale Al ted 42l (Credit) g €14, U dell oig uedi Wzl
o 2l ARl sttflorellan uRHIG, Bl 1R [ e 53e. (S0 ud 195l AEUL) GlRAAL iUl
2ild AARSL WOUHL MBuAdH Hidd ed d Horet U, Rl R ©ell 2t Ad 2l A1l
8. UL WA, 253l 53 AU dall (Aed2), HlAAs 2 gUril e [BRAL AUl Hddl gl
NG HiAdMl 2dd 6d 5 A g Add dlsdl WA dl AR udd 2 ASHL el 923 515 535 - W,
AR WSRAL QAL (MRHIGL-wALAML ALl 581 Hiedl Axgd ot )l seudl scuml 2udl gdl d o
(2+l), 24U (), Aot (AA0+) 247 iy, (Sa) FH 2A155A e 247 oflogt A Sl 2518 (AA512)
uniRdls ofHRRL AAel 2 d Add Al %S (AAd) © dH WAL SUdd S, UL dow Holld el
el 2Rl 2L 53 9. (el.ct., 6L UL @R 1ol [Zursiedls g, (3815, »18L uRHIRL elaw Holld
2185 5 Bruzaiedls 218, oiild), duel ARal diel Yaod Wl usli 2 dusl iR wR
BUHIR AV B, UHIALAL WRHSL Wel Ao glRL 5 Ul il Al dell wglaiiel el sied
gl WA L yedl yel sl alddl BRawR, S ud ofle A€W avudal nelldl ol DadaARaAUL
VAL 52U YL AARAL WRHAL 58, 107meL s34 uad »ud 8.

oetl Al UGy (S ud Al uel) dei umgae W2 welldl . AlsHi ‘UHRY Aveil
wY Al 4w dd’ B, dsl eulodl ool il Asellndl s5d olllis Ad 2R, se 2w ofln
oM el . Feil URRUA ddrll AU Al oieddl ueldl-l ol udl el 8. welldl wgil
dlal, 20 2 visollni iU’ (Hook) 2dl « glatedl yadl/url adeusyl ad 8. onfld (yedl)-u
URHIRAL WReASL o viddlon ]l d Asolloal w85l AW B A 5881 ueld oeld B, BAEHHAL
URHIYAL si2ldlon gl A dell d guterds d el 8. 2L 2isis vaidl, disl sa0dl Gl 9di, dHi
L0 Gesilel + A, 5812 d sleulAs WA 8dl 2 2 vl s sus 4 gdl § walbis Ad

251209 AHRAHL AL A Sl F 2l Qs dRiaidl wadl 8.

HUHL AL 2S5 Sl DA A eirld O d AHAAdL
uHgALe AL Ul Fum sald © 3 wild Al
28l el e A wHAnl U B, oflA Fax eald
8 % U3 6l el BloLL YT 2% Sl AU AL oirlld
A3 518 2% dradeil ALssAU e {12, 6191 drellrl 01 ALl
yalls AvailelL ARIRHL €1y 8.

2l Fal Axoadl sieed, a3 200 ad uddi,
YU (Suggested) 3 515 AL AlUHL AL $8L
URHIYAL . s drdedl UURML As AU
(Indentical) €14 8, Ui d oflwl drdl $dl %l
Sl 8. 35 dradl Al (duedl) Avadl uHILl
alatl olld  (AALASA) AdLAAl 248, ol .
wiowelll welil il dleydsdl Fuy sald 8 3,
P Ayl ANARS UBA 43 A ol Ay
oirlld QUR, ddel serll Ol -l ud AlssA
yals vl g 8. wdBAL Fad suld © 3,
A w2 eolldl dal, AsAW 58 HAAdL,
€35 Ayl ALl AvdL ARl €l B,
ABGAL R el Rigid wa wolld Sieydisl
Fuy aHod 69, 21€] drell Hi2l ML 2ARAAL 3UML
glaell, dleaeil UHIRlAlE SIS ged Wil wURdle
Ul 58 9. ¢d i Rigidd [Qausladl gl dieddl uat

Wil 8. uid AR ALl vid Yo 8 wvad
[Qsie{lall uHIaled ARAL Hiddl A gdl |
YR ACLSL olle, UYL AHUHL 2081 2R
¢l 5 AR (% A5 § A RAUIRRAAL sl 8),
ALASA g4 oield 9. SAsAA HIOSIREIU 244 B[
2-[@o1L WH5RAY (Scanning Tunneling Microscope)il
deedl A dHd S uRl wslal dlal wme
WRHEL @oleal A2 (10710 m) Fed, €lu 8. u-t
ugledl, % vol olAdl 414 © (Tightly Packed), dui
YRHIGRIL Al BdR AHS AORZM (2 A) Fedl %
€ B, WAl wal wREdl a2 vidR ddlMaL
2L sH o €U B, 8 velelidl FH uAdHl MR
22 ?ld oidd dldl el wel d 2UAUAHL (B1yoUgHl)
ol 53 ¥ 8. i sR@el waldl agl a3 9. i
UMY 42l 2idR e ARRZMAL Sl U O,
HAIHRL U YA ST AIAA A UL Hsd
U (Mean Free Path) $& €. qy2ldi 21l duL
Usd UYL €A ARRZMAL sHAL Sl 8. Ay
WU AU Hsd €l B 2 (Asoflann) e
QIR diof 2id sl wd 8. A ol WaAnl 4 €1y dl
d2il [@vAS (disperse) 24 . @ A WALl
2 21 vsoflonsdl s dlalel Hid 218, ool HgTa
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alllas@sur

atl oy 9. dioll vd W2 L oo wsl w25l
MR W2 AU Sl B, URHIRAL 25 AR
2dd Sl AR (Asollonn) s © uig R dvil
125 wd AR ST B, Ay RBR 8 dq [@un
SReloll 8. iy vl % [Faiella © 2t d-l suldalledt
Ad[d €1d &, dUlasly AertHl, AL AANH & Aot
R e dde{l Beu cledld B, $5d AR
Al o wA 2 B,

URHBLALE YR Adlelldl Hd Adl, uig d dl
A3 B, 2R gd el edlal 5, gL el
4 wdl astd dal ¥ AlQuedld Al d ylsaan wd
dasgll ol 8. lseuA did uBl <y2id e
WA oidd 8. WA A Y2 uRl salbAsL
oifdl 8. U Guid s Yl Al ald 22sdl
Al AR wdi 1Rl Fal 2«[Asedld 219 (Entities)
€IS %, gead WA uRl W2 ael il 9, ual
A (deu) =izl e Hi2 edl uldeeld]l i 0
ddl ol €Hal Ae Sld B, 2L LWL, vl
55d Ayl (wl dlgl A ud ueldl) Add
AL sl 2YAAL AL UMD adBs ANFaAL
e lsd s3
13.3 a2l ddgs (BEHAVIOUR OF

GASES)
aet 2 Yalle{l ARvuHelHl diyilel adeys wdl
uell B, i You 5120 A B F Aypinl QD
soilondl €2 €ld 9 uA dusdl azd-l AidAzuidl,
6oL 2R AHAY AR Al YH), Alad €l 8. ddl
yagl (3 ae) a2l 2id, d uddiqi -l
gollRl 2t GlAL diudid, U iyl Ayl He,
Al eollBl, dludld 2d st Alsndl wHlsel
(>l ws2eL 11).

PV = KT

AWML 52D,

(13.1)

|, dlumiit 7 3@ (vadr FRus) HusHul
8. diydl AU Al W K AN € B9 ulg
Ayl st A oledld . % BUBL UMY 3
QAL (A BUAML )AL Ageldl Rl dl K,
e AxAL W2 w AL Avul N (RIRL §)-
AHYHAHL Sl B, 2l avll sl 3 K = N k.
2L Al AU B F oL % UYL W2 K A5 A
% 8. A ellepiadl AHaais 58 8 ud ky 43

galad 8. wdl,

FV, E,V.
11 — 22:3}‘[3{01:

NI, N,T, B (132)

gledl, ol P, ¥ il T AL S, dll 6ldl dlyil Hi2
N ougl qdid % Gl 2l AR 2ARBdS O, 3
(Mad s 2 esldl 28l ol o (e35) Ayl
HI2 BsH st el 220 AvaL sV (L)
i B, e Ay e 22.4 (A2l il vl
6.02 X 10 €11 8. %A AL 25 58 & A d
N, st a3 eulan 8. 224 Reaql eds iy
wedly e STP 3 (WHIAG diudid 273 K i
6Ll 1 atm) AL dril 2UREUR F2d, Sl 8, Ueld-l
vledl Feld s Hld (dy Jre auvdl W2 U5
2 %l) s . ARG ANABS UBUu2AL u]
(M iy 249 eoll8l 15 AHIAL 58 YL Al
HIS 2L AvAL A5 A S dY A e Alddle 2
BASA wepille 200 B,

el Ay wlsa o Ad avll ws.

PV = u RT (13.3)

wul, p ¥ L vl 2w R=N, k, 21 udBis
UANLS O, AWML T 2 [RUs diudid 9. [[ua

o\ 31e2 (John Dalton) (1766-1844)

d 2130% JRHRWRAL gdl. PUR el el USRAL URHIRPAL AN AR d2dl s
AL Rl Wi 53 9, gleerell uRHIRLALE 2L Al (Rl adamd 8. dusl
Vvt HeHl Rigid uel 2l gdl.

R ﬁ@lﬁi\ (Amedo Avogadro) (1776-1856)
ML 21s AU A 5L & AMIA AU S OlEL AMHIA
sedl Wl Ayl § ALl AvaL A €l 8. wuell, gel
el Ayl Be (det) anganl dee Holl 2l 24 ¢d 2L Rugid
(Fran) 58 0. dudl 2 wa sale] 3 o, 2w 2 St Fal
AUAL Al Al 8251 AR AR Ui [BuHiedls wRil 8.
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dluHis, sl ealdlA dl, R =8.314 T mol™ K.
21,

U= Mio = NlA (13.4)
WU, M B N ARl Hiddl Ay e, M) iR
g A N, AdBIEHL 2aais 8. wlsel (13.4)
A (13.3) wrel avil asiy 3,
PV = ky NT »udl P = k, nT

wedl awy /

— T>T,>T

I_o T2 1 2 3

E L

=
2ls E

1 1 1 1 1 1 1 1
0 200 400 600 800
P (atm)

25ld 130 Al goust 2w Q. v qizalds
gl adys 2wed 4y wal
sy .

oul, n ¥l AvUL Yedl, ved & WsH seul wWal
2RI vl 8. 219UG ealel du &y, 3L olleegii-l
wUNis B, ST Asd uglaul d+ e 1.38 x 1072
JK! 8.

Als8L (13.3) ofly o1 @3u

RT
= ‘;4—0 (13.5)
8, i, p A Ayl en dddl B.

% Ay e35 ol A dil wls L (13.3)
dyel wd 53 A4 wued Ay (Ideal Gas) 58 O,
el Ay A iy Wiell As Asilds Ayl O, drdani,
S8 uRL ardl@s @y el €dl w4l 2usl 13,141
JABL MM W2 dRdl@s Ay 2iedl Al e
(Departure) eallel 8. 3 AHl 3 «{la gonpt 214 Gl
UL o8l % asl el Ay ddels dRs Rl Ad B,

flar geel 294l GlRaL diudid AL w56yl
g2 Sl 8 A 2l a2l AU AlRad €y
8. idBuAl SR Ay 2ied Ad ad B,

oA 28l XS (13.3)41 @ 24 T a0 A,
dl 2uued

PV = w0 (13.6)

WAL, vled %, diudid 20 Al dl, wd easdl
Y EOUBL drll Seril HAA WHIAUL oleclld B,
oAalldl eliadl Ram 8. 2usl 13240 wdlbis Ad
J0det PV afl 24 olideril Fay a3 Aadd Agils
asl a2l aenuel ealdl 8. 2], s ad Gl
dludid 2 Al ol Rl A4 A5 wsl Bl AR
ollg, A dd P AAn AW dl, wH{lse 13.1 3ol
Ve T, wi2d 3, [Rud eoudl aiyd se del [Mua
dAlvdld 71 Aundedl (AR AUy Charles’
Law) €11 8. %l 2usla 13.3.

0T 4o 10220
V—>

215ld 13.2 A8 diy¥i e sy (qua ) uElls
P—V asl (a2 dlél) 24 sl [Hay
(a2 dld])l vungl. P ¥ 22 atm-il
AsH (Uni)Hi 24 V 2 0.09 litreil
IPTTTIN)

Adni, AidABuL 4 52 dal el i Braw
WRL oAy Il g e, Qi 20 g e WOk, V
seedl UL T UMl 2 P ogoldl 8dl 8.
Busiml 312 iy vtazal {58 (Equation of State)
WL Yool B

PV = (u+ i, + ..)RT (13.7)

(13.8)
=P +P,+ .. (13.9)
AW B 5P = RT/V A, %R ol il
SL%R A Sl AR, 2L % 58 Ve A WRRARRAMI,
iy 1 oad arld esua 8. s ayd AHils eoust
(Partial Pressure) $& 6. U, 2ilesl diydill Braeid
5 eoll8l, d Al iR eouRldl AL Feq
Sl 8. 2L sl RS eouRil [Huu 8,

well, P = »“1% + ,uz";—T + ..
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0 |
0 100 200

2isld 13.3 =9 souw we CO,u wAHlPis -V
asl (daol dldl) i el a4 43
dadd asl (Aes dl). T+ yed 300
Kl 23440 24 Ve 4ed 0.13 litres+il
ELETN

S UL AL Aal Gelewll ASA § ¥ wuR
AL 43 AAAA 58 A A5 w1l 58 [ Wl
AN,

P Gewgew 13.1 welll a-dl 1000 kg m™ 9.
100°C diuid 214 1 atm e6usl wiell-l ey
Ardl 0.6 kg m™ . 8L 5¢ el d¥l g Avall-L
AalsiRA RS st 5€ . GUR AU dluMlA
2 golll uRRAMQHUL e welll ousy w2
§RAS s¢ 2d dol dudd gd se-dl OBl
aell,

Gza L ARpdiel Ala 0 W2, se dy €ld
dl aedl el €l 8. 2l susud 52 1000/0.6 =
16 x 107 2ug, 4 €. ot wwelldl ool 24
Rl 242111 Bl A €1y, dl weudl @3uni
2iBas se 2 ga seedl Bl 1 Sl 8. euwy
3udl se Al O, 2l sedl JBld dedl ed 3
6 X 107 wHRHl il €1 8. <

Getg®@ 13.2 Gelsel 13,141 2wl Hulddl
el wiellvl 248y st Hadl,

G3a waldl wcral (3 ae)i, weldl 209l w4l
25 Olsdlddl ¢l 8. el weldl xRl Al

@deidL WiRll-l el Bddl = 1000 kg m™ %edl
AU Aty welldl A1 e se qaddl W2, 2l
welldl 25 29l e el ul. 2uudl sl el
5, 1 Wa uwelld e 2w (2 + 16)g = 18 g =
0.018 kg %ed Slu 8.

Ui, 1 Haul daepl 6 X 107 2 0l (AAdlgl
“012) glael, wiell-i s 2181 e (0.018)/(6 % 10%)
kg = 3 X 107 kg. e, wielldl {9 dalel se
1A Jd Aadl asy ¢

welldl 9 s

= (3 x 102 kg) | (1000 kg m™)

=3 % 10% m?

= (4 /3) n (Bewa)’

2, Bl ~2x 1000 m=2 A <

Getgr@ 13.3 Rl wgil a2, (Aidr
LRaAS) AAA d S2¢ & ? Gelswll 13.1
e 13.2+1 MUlAL GuadlaL s3U.

Gid ara (susu) a3udi 8a wld soeL wielld
s¢ dedl o sadl uleldl ydigl W3u sl
1.67 x 10% 2g) €lu 8 (Gelgel 13.1). dedl %
WHIRHE $seedl a’Rl wielldl e3s 2 e Holl 8 9.
IR s¢ 10° o) afl cul Bl o< 717 22d 510

aell afl 8. ed 3 10 x 2 A =20 A. 2,
AW 2R 2 X 20 = 40 A F2d ©. <

b Getsew 13.4 A5 unii A 2Bl UYL
dl 8. MUl (A5 unlRas) 2 2Rz~
(B-wmilBas). dudl AiRs eoupi-dl dpeiid
3:28. dl, (i) 2qdi-dl Avar, 24 (ii) wWaAHl
(Rt 24 2] Brcleil dRild Hadl.
(Hadiete] w1, e9 Ne = 20.2 u., Hil5uy-ie
29 €0 0, = 32.0 u.

Gia awyrl Brard ifs eoul, dedal o st 2
Al Wist d S5 As dyel eRAl Sid QUL Ay
- eolel wed Sld B (2lFualla Ayl Faed sa
BOUBL drtl 835 AUYl-l AHiRLS eollRAL AL Feg
€l B).e35 Ay (2ued qRa 8) A Huud wan
B, ol Ayl WS VA T us o dal, PV
= WRT 2\ P,V = pRT ad\ (P /P)) = (U/p,).
AL 1 24 2 [l 2 AHUFuwe sald 8.
(P,/P,) = (3/2) (wudd B), 2uell (u,/1,) =3/2.
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() wa Wy g = (N/N,) 23 4, = (N/N,),
WL N, 2L N, 2L 1 24 2+ 2l vl &
el N, A 2AdBIGL 25 (Ava) O, il
(N /N, = (4,/p1,) = 3/2.

(i) 28 g = (m /M) ¥y, = (m /M) W&
avll wslaA, wul my A my B 1 2 2L g
B; 2 M, 2 M, dudl 2Ras eoll 8. (vid
m, WA M dal m, A M, A wAsH
galadl ASH). A p, A p, si 1 A 2+
gUl Heidl Sl1d dl,

Py my IV m, My M,
_ 3, 202
=5 X 550 = 0947 <
13.4 2ugel Ayl dldae (KINETIC
THEORY OF IDEAL GAS)

Ayl dUldale gedl 2R A3 YR AR 8.
20 weall dly 3 HEL Avaisdl (ddier lBigl
Vigl sHAL) WY AU 9, ¥ Add A Ol
Sl SlA B, AU e6lRL e dluMld, YL
qa AW AHdR, AYAL ALULAd: wRuLeL

(2 A)L sl 10 28 3 defl ay S 8. 2wl
il a2+l 2id0UL Aldad $lu 8 2w wusl
g widl wslAd 5 Al el uddl [Run oo
Hsd Ad Al vunl ol 53 9. wm dl, el
AR dall sellAndl A®s dd 8 Aid wlkas
OOl HOd © el ddril doL ety 9. Aidl
AidATARAL B (AUMBL) sdcld 9. w01
wsollon Al udl elaldl el wlEad Asid
Gl €14 B A dudl doL oledldl 8 8. L
vagHeld Rulfaams owl as, oufddle udl
B Ayl gouRl e AuHlsw drdl aslal.
8L A Hrlld A3 s3gL Ayl 4201 2AfAd
vt OUAHl B dul ol WA wA Uoisdl
Bauel 08 Adl 2qd B, 22l a2l xidRs
UM AHAAL 2R A glalell ARl wUHBI
RadRaus 8. 2l Hddol A % ga UG Aa
Ay 8. éluddl FH g dolud AwRL WA .
13.4.1 2ugsl Ay eoud (Pressure of an Ideal
Gas)

HIRL 5 As iy [ oAsd gedl ol Huddl
AMEAHL oAl B, 25l 13,4410 gl WA Anans]
ool Al 2l dl (v, v, L) Aol YAl
ws MY yz Adddd AN Wl WHdd elad-l

W l,u;@x
(_Ux’ Uyy"

Vs

25ld 134041 glata A iyl A1l
Raldzaus el

A= P) 854509 viu9d 9. 6448 Ralraius g,
21, dedl o oLyl ULl U3 €, AAUHRAMUL drdl ddLsL
y ¥z uesl sledldl o, uig x-des d-{l Asu
(Ral) Geeld ©. 2ied 5, qHULMBL olle ddl
(-v, v, V) 0. QAL dAHIAHL Udl 3§ :
= mu_= (mv,) = =2mv_. PMIAAL AeeL Fum
AR, AAHRL gL gl Had Aol = 2mU
gldld U dldlg ol (A eolRl) Aadal, el
s AHUUL eldlad wad doud g Wl Ar
Fedl Y AMAHL, x-Ramidl ues v %edl At
HLAdL 218y eleiadll v Ar Fedl vid YA €A dl
glaldd 2299l Hed 3, 4v Ar seui 8l o
QAL % A ANYAL Eldledn 2ALS UG, U UIAA
Ad, 2HIAL 2881 glalld ds 2 olLSldl 2L8HL
glaldl €2 drs AUl sl Gl B, U, elaad Ar
AHYAL AL (v, v, L) dol HR1ddlL ALl
Ayl %Avat n O AUl n B WEH seHl WAl
2Rl AvUL B, 2L YL 4 A7 AHUAUL glaids
Wl doLMie :
0= (2mvx)(% n Av_Af) (13.10)
gldld U2 ddld ol 2 doLlddlL 3R+ €2
O/At & diq eolRl 3 2sH &oAs0 €ls 6l & :
P=Q/(AA)=nmv} (13.11)
SSlsdHl, AYHl el oldl % w2l ddl
M €ldl Al wd dl do-fadw@ (Distribution)
€l 8. 2l Guad wlseel, x Rawiql 4o v
B1AAL R AHSHAL SRE ALl EOlRL M 72 i
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218, Al AL dl eld B, 21, GHL o AHSIAL
SO0l AAL Sl g eouRl

P=nmv’ (13.12)

AL Ui, L2 B v 2 AR B, ¢d Ay oAl
(Isotropic) ©. d2d %, UlHL 1AL dol 18
widldl/2Asu  (Preferred) Ral €idl «zl. 20,

ABR yorel

= (B [V + 0 + 21=(B)  (13.13)

L, L RU B uA b2 Bl ARNA A B D,
219,

P=01B)nmv? (13.14)

L ARARIHL UMD AMAL FAL Helpil. udd,
U U oA AHEA WY €Y, Ui WAl AR
516 Herd 421ddl AUl AFABd 2LSRAL UL HIZ,
2l dRAl Y N Al (Araa) Astsa @R
WSl i Guadl e Ul wsla, il 3 ilan
uReUMHL 4 Al Ar ddl Al wRsadl [Ruy
Yopol, W59 1041 AAUe, Adat Ryl el iy

W5 oAl @l eoust ofly ol wsl ved ¥ €lu 8.
ofly, 2Bl AT 515 UL us-Al vageiA
PRl O, od il el AbBd Rl w8 S,
Ui S A IAd uHw wdlA § del uRedl
aeRal (vilel) wRaudl R 40, Ar vyl €lad

A AL 2RRALAL AL %nAuxAt Holl edl. ¢d

Ay, el Raldl 8 nd wHaaHel AuFd 8.
wiell, % (v, v, V) doL 1AL 1S 2A4R) AUIHELrAL
51281 ol QoL Had, dl cul oflsl 515 el 219, vl
dldl % AT 3 % wAHA e (v, v, V) ol
Hod, % 2 A €ld dl, il aduell (Distribution)
R 4 . A6 u WRRARHE 2l v A
¢l i, il Ad, 29pddl Ha94e) (A d
Add A €l A A48 eAHUAAL AHU 548
YR dRAAL UMY Sdl ARdd €l dl) Guasl
ARATIA AU [ 53,

13.42 dwwird dlds wdued (Kinetic
Interpretation of Temperature)

150 13.144 2 Ad uel quil wsly

PV = (1/3) nVmv* (13.15a)

1 ddl.

HAMLS sald B,

AUYAL YRHIBLALEL S (Founders of Kinetic Theory of Gases)

FRY 15 Hsudd (James Clerk Maxwell) (1831-1879) : 2AR~610],
2sledwil el ¥ 2RI AL e clllas@sti-llAlnia ws 8.
A8l AL AR difly Aot (Al (Distribution) (A8 el 2wy
8, ¥l uel irdl Fdl Wyl asiy ddl AL (@ w3 4 as
6. Asunddril Hetddd Rilg 2 odl & dxsl [@gd s Yorscatt Faaid
(visollon ule) Alsolld Aol YollAHls00 (¥ gael, =ires, AR
e FAIV ALAL gdll)Adl AYS AL ¥ A AsAdaddl w1520l s
69, ULyl duBl 25 vicid 2L dlRBL U § usta A [Agdyoisly
doL 9. uUe A B F (332 auryds ealdal [gd [@sduei- Myl
wool) [AeLdoir s8L 2a3u Hd 8 dal [ Al AsAdd deud

g3lda viiczyit  (Ludwing Boltzmann) (1844-1906) : [,
WIRRAHL =24l gdl, B8 AL Aldle YR Hsuday] ada ld s
54 e, d uaedl wuR [Bxdl edy, @ aldatedl wakl Rigid 8.
sliczoied  AHISUARISUAL oo [Fam 2 2] R wisssly selaed
A e, dud wAld wisssla daAlastindl FsHiL s LA sid
6. dWoAlasni Glod 2 diusidd AMUHEHE AisAdl wAALS oliegpil-ixil

-~
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PV = (23) N X ()4 mv*) (13.15b)

oil, N (= nV) d Ay-dlul 286l 21211l vl 8,

Sl AR Ayl 2090l 238 3014 oUdAGlA
9. el awysdl widRs God E Ayl alaslu*
glanyl,

E=Nx(2) mv? (13.16)
2wl W@ (13.15b) Hawel
PV =0R)E (13.17)

S UL dlyMLHL olfds vedaed W2 duiR A,
Al (13.17) 2t 2ueel iy wdlsaw (13.3) wrell
E = (3/2) ky NT (13.18)

WAl E/N= Y, m v* = G/2k, T (13.19)

ed ¥, awyrl 2l aRua Gl d- Fria
AlYHLAAL AHRHIBHL S14 9 d el 5¢ vadl e
Ayl uslael adat gl 89, 2 yaed (Rigld) wlse
druid, ¥ Hdl asi ddl gl g Al 9 (4
2H181UARLS A uBL 58 8), de wuedls AR, vied
3 29l w322 ARG WA Aisd B, 241 oA [[ewoll
(Domains) olleztiedl HANLS a3 Asoudal 8. ayHl
2udl Al 3 wlls (13.18) 3ot viedl ayl
MidRs QoA $5d dell dludiq U 2HR AW B, -l
3 26U HUAL 58 U, dlUMLd-L 2L Helaed A8, iesl
Ayl ollctdle 2L viedl Ay AHlsWW A d-ll 2
HLRA ol ARl e yriold 8.

Furella Al AHied wi-L B w2, Bawul
Wd €35 Ay ga eousl sl 2 8. Alsw
(13.14) w24,

P=(13) [nmo? +nmk+.] (1320
Agad-l Rafaxi, yel gel e3s diy-l 2w il
WA OUAGA WA s 22 3,

Yo mool = (%) mpy; = 32k, T

212,

P=m+n+.)k T (13.21)

¥ i[5 eolRl w2l dee-tdl [fuy (Dalton’s
Law) 9.

Als2w (13.19) wedl, vl diystt 20 il
B8 Bedl dl dell el HA 8. 7 =300 K diudLd,
A2t Ayl 2 Al ARAA adld Bw (Mean
Square Speed) il Ild WML,

N, 28
N, 6.02x10%

=4.65 x 107 kg

v’ =3k, T/ m= (516 m*s?

v? il iy A3t Bsurd adlym (Root
Mean Square (rms) Speed) $& € 4 d v, a3

eala ©, (2uudl v A <v2> a3 url ealdll )
v =516 ms™
Fms .
2L AU EUHE B+l Asudl su-dl 8. uHlsel
(13.19) u2ell 2ume © % »iL % diuHIA sdst (Lighter)

2§ Al rms AU Ay €l B,

b Gesea 13.5 s oflsaui 2ol 21 selRet
AYBAL €0 2 1 1 WAAHE WL 8. v Prsigie
dludit 27 °C 9. dl oid dly-l 2R 112
(i) 218, €18 A9 AMAGloA A (ii) U3 adfld
asud by v Aadl,

LAl WRHIAIR = 39.9 1,

selReAAL 2§ = 709 u

Gse we AvAl Fdl YEL 2 B 3 5 un (duedl)

Al (29, €ls) A oGl (Md d 2wl

B s uMRas, selR-l 2 [B-uulBas 3 oy

WIS €li) Rl (3/2) ky T wedl Qi O, d

F5 UM YR VIR ABL B el UYL UHR WR

IR AL Al

() wgUel el LA 2 SRR oirid A
W lal, ol asl (2 €ls) A
AAGLA-AL Rl 1:1 8,

() ¢d () m v, * =8 ¢ls a2 Ao =
(3/2) ky T, %4l m 2 iyl 249 e 6. sl
2

i Y
2

_ (M), _ 709

T m,  On, 399 ~ L7

(e

o, M alyd wiRas g guld 8. (2l w2,
2l 2, A o umgy B.)

ol oy adlyu ddi,
M =1.33

(Urms )C]

2 Ule A ¥ Gul a1 el 3ul Fisigil
GUHL AU B, B UL sledld L €1 dl gasll

¥ E dRs Gl Uil vila euor gald & w4i ollon usieeil Ysddiu vl 48 Asudd] God va €l 3.

ulRx9s 13.5 il
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oflol S wHMIeLAL 2l wA SR WS uel
(i) 2 (i)l 2 % e Hadl. <

Gé Mad diumid AR QoA = (%)m <v> 10
Sl 8, 2R e Fed 29, dedl B A, Beuil

el edril opRildReil dolqiel R WHIEHL €ld
9. Ul g0l 349 e 352 unit 9, el
Vayo / Vs, = (3527 349)' = 1.0044

wiell, dsldd 7 =044 %

25U wwellfs y(sa2r [Quig (Fission) ™2
qQuAA B, yuse wdRul ol siddl wRallHs
BRIl dd el udl He, v B (gl
Adsiel ad Aval 2ud B, 0 [Bae] dosiR
Al e AL ldl ASB 5wl AR 2 Qlotl
Poglanell €lane A ~adl S ARiEdl uAR 4
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%, HlML AR sl AU 24, A WHIRHL 68IR
dlsadl 24 dell gast Al (4 wwe) (s
ol el ay e (gl 13.5). 2w uglt oy
stdgn Al e ydl wMesl dadal W d-
alidliz sl ud 8]

I Ayl Asellnul Madl (Diffuse) €14, AR
MUdll €2 ddell enil AR AMPRML Gy D
(Rentqiy 13.12 i), Guaril diol Ul dd Anydl
(G2l ast ? |

/f

2504 13.5 Bay elaaxial uaR 4l A

b Gaaw 3.7 (a) w12 1S 21, (3 RUlaulus
olld), (euel) glald ALE AHUU AU 2 %
assuell uiesl ud (53) 9. AR s olld Hyold
Ad usdl AvAL GUR 6l2 AL HAY AU Y8
UH % UL €9, BUH 9l 2UIR 62 olld dRs 2l
5, 14, AR ollet el Asual wiesl 53 89, olid
a1 el 3 1Al wiesl wsdl ? (swl 6 vl
dqd RaldRaius a4l dle 2149,)

(b) 2R [UR2rin AousRML H3ellnl dui 28al Ay
golddldl (ASAUHL) 2Ud, AR df diudld a8
8. Gu (a)di 2wt aldatendl AeelHi -l
Al Ul

(c) %R ASIAAA ALy, (e 6l8IR H3A e
UAW WH AR o Wy B 7 dd g vadis
s 7

(d) B3z widl auid AR dgas: aud olel
Gualol 43 8. 9 o 2 51 Ld GuAdll ugl ?

G2 (a) WA 5 tia-l wieourl 2u~{l 0108 olia{l By
u . A w@us{l A Gieolld ds ¥ asuell Al s €lu

(2ad &), dl ties{l UA 62 drs olia-dl B ¥+ u
Sl U2 (GUR 62 WA AU olid ol 514 AR
Al gy, eles{l 104, cleell €2 ds ¥+ u wedl S,
e, 22Ul Ada, 2l €2 ds, L Fsaal oliaxil
BV +(V+u)=2V+u &lu.

M, 62 AL AUIMBL GlE 6lld HU USS V. A
ol MY o €l dl ol el AU w0 sl Al
SIS U3, Y HIZ Al HdAol 2 5 dluHA qHal.

(@) el uel di (b), (c) 2t (d)l weaot
A4l sl

(AL 2 23U (sl4olAdL) A5l dle AvilL R
— 62, ISR —> R¥Y, wY —> olid) <
13.5 Qo axfacur [Ran (LAW

OF EQUIPARTITION OF ENERGY)

s 21l dAlaGled

€ = lmv2 + lmv2 + lmui

Fmuy + ml 4 (13.22)

8. T dudid, Gufly Agaddl wWal iyl a3
Aol <e> a3 ealdlad d,

<e>= <—mv> (%mvi>+<—mv) —kBT(IB 23)
wHel, 518 SR (uAedlldl) Rar « el
Alse (13.23) wrdl,

1o\ 1, (1,2
<2mvx> =7 kT <2m°

y) - % kyT
<%mv§) =1kr (13.24)

astaMi ol 53 03 ddl Ysd 28 e ealadl
AR WM w3 Sl D, A d 55 515 AHdAMl aUld
52dl H12 6i[Ad (Constrained) €14 dl dd 6 24 oA
d 515 vl uR ol saL W2 6l €ld dl dsf e
A%l Sl M2 s5d A5 o W 3 B, 2w ol
Ad wel A1 wstd, Ul sl wsla § d-l Asddis
gl il wR (vflu) Al sRal w2 s, AMAQH
Al sl W2 6l AU daAsgUl Ald saAL W AR
gl 8. AuA ueld-l (as a whole), 25 [Gigyl ofln
(Blg -l aulad ufld ol s& B, 2un, vasianl
Ald sl W2 Hsd Al 8 vl Al Hsddiel

vigll ool gl 8. Wy Alardl Hsddidl es i
., Emv 294 d ¥

A v 2l v AL UL $100L w08 B, Gl A
AHlsw (13.24)ul 20udl A8 aslal ¢l 3 2

Al 515 s AdAL adl eld.

.- 1
€25 et AR Sk, T 9.
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AL FAl A URHUEAS AR $5d vy sl
Ysddiril gl ¥ QU 8. U3, O, Al N, %l
[BuatlRas 292l 4lddl ayd & 7 Ol 29
Wiy oufaddl Ysddidl 2l 28l Sl B, wLlL 2L
GURI o Wldirl gt Sesel i asould uat
53 % 8. sl (13.6)41 AU Euw-AL 6 Ui
Aicdl dad cdot 3U Wl 6l Wdat sl wHal
1 24 2 galdl 8. Fusdl 2w 219 Al 530
wh*, R AUl Hsddirl el 6 Sl 8. FH-il
$l00l uBL g Qaiel uel : (U Qo g 2 wsdld
Glad € i Sl B,
£r+8r:% mvi +% mvi +% mug +% Ilmlz +% Iz‘”%

(13.25)

)

215l 13.6 [gurauldas gl wsoud-l 6 wad>t
ey

U, @ @, weAsd 2l 1 i 2+ 2nau
(un8) sefly oasu daul 1, 1 %scadl s 9.
Al 3, wsollirdl eds Hsddidll via Gl uedl
sl 200 O, FHL AL Aet-l a0l 2idd & 8.

A1U8L GuR Wiy ¢q 3, O, 29 A ‘¢ A8, (Rigid
Rotator) &, 22d 3 28 5ud $dl ¥l O, w2
s3d L wRel ([FABid diudid) A glal 69di,
SRl e A2l €ldl. CO Fel QAL UM duHIA
uRL SUt HRLddl €14 8 Bed ¥, del UHIQIL AidR
MR w8 U ws-Ra eldsl FH Sud sl Sld
8, % gd Glodul, su- Qo (Vibration Energy)< ue €,
ueld 53 6.

e=¢g +¢&+¢ (13.26)

ela el ou-2ANlS B A y d-tl Sun

Ui, k A
qy (ad) O,

wdlsael (13.26)40 usl SudBladdi uel, Su-
dldsl AL y i dy/df -l @dlHl ue Hud ).

2L RalUL, w52 (13.26) 21s 20ULA diReL
Al g5 lly uA wuLlY sddidl v wdlse
(13.26)4l s5d 25 ad(ld ue el 53 © L Fye-l
A5 Ul (Mode) 6 ‘adfld el weld 52 & :
2w RRGIAAL

Glosieil Als@Hl wad €35 [Bald (Quadratic) Ue
A 209l Gl 2A0MeL (Absorption)-il Wsi2 eld O,
B AY D 5, T (Hua diudid ddld Agadl, e3s

vl ol UslR MBS AR QoA %kBT 8. MisaLslu

Y[t Ustaledl vor LAl Rigid (¥ uam Hsudd
Al 54l ¢dl) sald 8 3 wuq Gloriell £35 UsR 2
Sl B, v(ly, A1y w1 S, 2ed §, Ada-t-l Rl
s Bl £35 il QoAximi auid Ad [Qdld €

8, ¥ es usiR{l uRna Gl %kBT Fedl Slu V.

wid QoA Aufacuxadl Ruu (Law of
Equipartition of Energy) 5& ©. 23l ¢35 {1y

e A1 Ysddisdl 249 GlodHi %kBT Ue el 52 6,

R €35 Sul WY 2 X Sk T= kT e delt 82
8, 51280 5 Sud WsRML Al A RALL ol w51+l
Gl Sl B,

Blodsl Aol Wbl 2 Yadsdl waleid

oIR8, el 2B 21 FUU-AL Gudlol 5304 Agilds
Ad Ayl [ARre Glod lddl wuct 5309

P %dl 28 84 uelel-l RQRre Guyi-
Gualoll (Al uel dsui wal 5309

13.6 [alare Gmu-amdy
(SPECIFIC HEAT CAPACITY)

13.6.1 dsumildas Cllg%il (Monoatomic Gases)
ASUAUUBAS Ayl w1 v{ld Hsddidl §5d AR
2ol €U 8. 2], T dlusid il 28l a3 Glod
(3/2)k,T €11 8. 2L aiyil s Haxll ga AHidRs
Glost,

* uIRild Asdl vl Gy, wsoulal uss aldad €l 8, ¥ salwen dAWH Y¥o S sl 2]

2iddl. uRx9s 13.6+ »Hd ol yil.
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_3 -3
U= Sk, TXN, = SRT (13.27)
9, 2N s Ha [@QRre Gwu Cpi M,
~ dU 3
C, (s wulas ay) = G = SR (13.28)
el Ay 2,
C,-—C,=R (13.29)

wul, C, 2 a0 gondl e Qe 6w 8.
214,

Cp=

b2 jun

R (13.30)

N =~ C
RRre Guuaddl opla: y = == = 2 (13.31)

G 3
13.6.2 [2uzsulsas Cllg%l] (Diatomic Gases)
WP AUANX, d Yorol, $6id (Dumbbell)-l ¥4
(M3uel $3@ Rigid Rotator (sl 530 4% dal €2
29) [EurmifEas 28 5 Ysddidl el ¢lu & @ 3

{1y v 2 AslU. Qo wMQeuy- M-l Gualal
i, Al s W Al ga 21idRs G,

-3 =3
U= Sk,TXN, = SRT (13.32)

Lyl Hidr [[Rre Gwyl.

-3 -1
C, (¢& [BuilRas) = SR C,= 3R (13.33)

y (26 RuraiRas) = % (13.34)

A [GualEas 29 22 4 €l Ui d AdRE
Su uRlL HAAdl €l dl

_ (2 =1
U= (2k8T+kBT)NA_ ~RT

9 9

R C,=3Ry =3 (13.35)

13.6.3 ©ig VXTI Cllgbil (Polyatomic Gases)

A Jd sguHRas w9 3 {ly, 3 asly
Usdldl AL 2 AHS AvAL (f )AL SuAL USIRL
(Modes) €14 €. Glol uHfEeny-dl Fuy el
AelSyl AS wfla 3,

U= (%kBT+%kBT+kaT N,
adl, C, =3B+ /)R C,=(4+ /)R

CET)

Y =G5 (13.36)

AL 3 s, (2 3 opguulEas Aal 516 uRL el
ay e C,— C,=R uy 8.

Ayl Sus oUadl UsRL (Modes) taoeild
Agilds Ad 2«pid @R Guusl yedl-dl Aria
sres 13,140 ealedl 8. Wby Ad eals dyi
W Aadd [@ARre Gwudl yell shes 13.240 sulda
9, Fu-l A 2L Yl Hadi wd B, s ol
Sedls CL, CH, 2l 2 6lguRHIRLs Fal iyl
We [ARre Guidl AHFd 2 ardlds yedl a2
dslad 8 (s1esHl oldldd ell). AL 2L w2l
@Bre Gwudl wdlBls yedl stes 13141 salda
AU Y&l sl el €l 8, ¥ yud 8 3
aRldIHL Alardl Sud WsiReAl Aud s dul
qlefl Wl Yl wsy 9.

wIH, AN A Gt amfeuy-dl Ry
WaiBls Ad uasrRl asa 9.

stes 13.1 Ayl [QRre Gw-aHdiu
AU YR (Sut us vaorilq)

c,—C,

O mot K

B EURHURY S 12.5 20.8 831 1.67
BuMLBas

BruMiBas

20.8 29.1 831 140

2493 3324 831 133

sres 132 seans Al [Afee
Grl-AHALL HINA HeAl

(3 mol® K7) [(J mol® K7)|(J mol™ K7)

5B He 125 208 830 1.66
AsRHIRYS Ne 127 208 812 1.64
Hsumil®as  Ar 125 208 830 1.67

[guaul®as H, 204 288 845 14l
Guaulas O, 210 293 832 140
Buaulas N, 208 291 832 140
Braulas H,0 270 354 835 131

354 836 131

olguMIBas CH, 27.1
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Gelg®l 13.8 155y st ds ANUSIR (Uot)

WHIRG Al il golldl 44.8 litre (3[&uu

Ay HAAd . A0USIRAL AL AL ML

15.0°C %ed, aniRal w2 seel Gwy 3l & ?

(R =831 J mol" K™)
Gsd Qiy-l ud PV = uRTHL Gualdl s34 dd
Asell ]l saldl wsl ¥ Frua ddd (273 K) i
gollgl (1 atm = 1.01 X 10° Pa)» 1 Hld %edl
(2itesl) iy 22.4 litre 52 A3 B, L WdBLs seA
R 58 58 O, il GeleWHI U A0SR 2 Hld
[Blaum 4Ad 9. 21l Guid, [RRAuM 2is-um1Bas
glal, 2120 52 d-dl Agilas (w4 wABls) HaR
[ERre Gui, C, = (3/2)R 2 A goudl HaR
[@Rre 6wl C, = 3/2)R + R = (5/2)R 8. “ousl+
56 wA0 dludl, %33l Gui C) Al Heeell 2l as
0. el %33 Gw = Hla-l Aval x War [@fkre
GML X Ml QHIRl.

=2X15RX150=45R

=45 x 831 =3741] |
13.6.4 u+ usialdl [QRre Gwu-sudl (Specific

Heat Capacity of Solids)

w8 Gt Au[eusdl FHundl Gualol a-
uedldl [@Are Gw Angal 530 wslat. N uHigil
qradl s 8q veld [RQARL & F20 dddl A
LAl VAU SUA Sl Sld. s uRMLLHL
siglan-l Wun QoA 2 x ) kT = kT & 9.
Brulsues, w3ua G 3k,7. 25 Wld Fedl -
weld W2, N =N, ¥4 g Qo

U=3k,T XN, =3RT

uid, AN el8 AQ = AU + PAV = AU, sR3
3 ud veld W2 AV Al asid dd €lu 8. e,

_ A0 _ AU _
C=2= =47 =3R (13.37)
525 13.3 UL Al i dldldRRAAL

goudl s2eus a4 uglal-l [QAlre Gy-aHdl

ued [QRre Gwu |[war [QRre Gwu
J kg K [ @ mol! K
ST B 900.0 24.4
slolet 506.5 6.1
dlie 386.4 245
Al 127.7 26.5
gl 236.1 25.5
éolren 134.4 249

s%es 13.3 sald © %) A1 diumid (siolq Riaiy)
AU 536 qedl WAIBLs yedl WA Hadl 2 8.

13.6.5 wel-l [Aldre Gw-giHdl (Specific Heat
Capacity of Water)

w8 wRlld a8 uelddl FH o2l (Treat)
¢l €25 uig, M2 AR G 3k, T.

welldl 249 28l YHLE, €1d 9, 6L €1y
s U el del W2

U=3x3kTXN,=9RT

M C=AQ/ AT =AU/ AT = 9R

WAL HEd ddls glRl Hadd 8 A d ug
yad 2wd 8. 34, wn, RAl s, well-l
@l GwL s s ¥ s34 9. wUR
1 a3l = 4.179 % A s Ha well 18 WA
yed €ld, R Hd €ls [@Alre 6w ~ 75 T mol™!
K™ ~ 9R %2dl €ld 8. M 9di sl w1l
AR Fdl #2d (Complex) AL HI2, Hseldleil
2ol U2 IR edldl (Arguments) A4 dlAdLdl
CEINTE )

dul, Gt wufdcusydl walid FHuy-dl sl
(ale Guuail 34l Ad x4l 520 asia d yel
A2, v 524 (AR Gl diudiel adat
9. 2uBl Al diuMld drs OB, AR uBl, il
AHIANL AL dsldd dl 8 B, FH T — 0 d¥,
ol yelal-l [afive Gol gpu L weid 8. ¥ A
eslsd Al Asudd 8 5 Al dudid Hsddidl
2120 (WA (Frozen) o+l 24 & s B85
ol 8. AlMA dolBl W6l Yscldldl Al 516
uel AHA sealdl A AR, ([alire Gwudl 2w
adels, wald dsteuadl Hulel sald 8 ud d
sqived Yotaiedl Heedl unocl sy, ¥ AluAy
et el g, sdired dolupl Hol,
Wsddidl 2l L ud d udal %330 agdy Gl
§Yy Gldl ASA. Fedls Buplul o suddl
Yscdlril (AL AL Ul i 2L UBL A5 5181 B,

13.7 3R Ysd YA (MEAN FREE PATH)

AL 2R 8l AR Ayl Bsuril sH el
A3 AU €l B, 9dl, WL ereanidl yaldl
(Leaking) Aty (3d) 04iel ol vpuall yHl
UACAL AR Al Ay A 8. gLl dleasl 21
qol salsl Yl 28 O, 2L Adld S0 W B 3,
Ayl AR 2AlssA URL Al se €l 6, el
dil 2sellon Ad AYHRL 53 % 9. uReuH, dil
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[ATTURER I SER] (Seeing is Believing)

SIS AUAHL AU sl AL A A5 ? @dledl Al o 51S wiell-l =Rl Al agl wdl gel-l
WAARY AT UF L MG wRHEL ~107 m Fed $ld B, 18274i, Wled~sl dulauoll
(Botanist) e allG-, udsRsiunial sidi A 3, welul dadl (sdla) sdl-dl wpaRy Add,
et Al 53 69,

afdale il aenlell WEl Axo U B, welli ddl S5 UL ueld e well-l gl ol oyl
Add AL A B, YAl AR 2adezd el A wel ueidd A5 Bamidl Haddl 14 0
Avy, (g Raunidl xadidl 1] dval yedl Sl 8. Rl 2L AAHHRAAL dsldd AU, SEl
ugtdd 2asidl 2l sa Avaidl avunelui aRdd, 1 9 A el 2wl uelddl Ay
geruen Al wsdl e,

oy el YRel el Sl 9di ual wdsRsiuHiEl RS s Bl U AR, wad Rwimidl
AUl 2RRAA] Aol dslad 2ol ws Adl €ldl Al ed ¥, HEHUL ddl usld U Wiy
(well 3 oflon 515 uadl)rl 2424 A3 Adl WAL SR8 ALl 4551 5 LAl AU 9Lu Ad) Al
ML 25 5 ol Rl s Al 4551 3 25 dadl ©. 2uel, ddl el 2RdAd sarddd 52 O i
FABA A 4% B, 2 AR FA 8 ‘GUBRAA AR 58 B d 290l adesHl 2ulldl yridl 8. Sel
50 A % d«fl 2wl x40 B 2ol wA ofloa @AY WsRAL SRS AS wusU D,

198741 ARsML 514 s2dL Sl [Raul AgHe Fade (Ahmed Zewail)h Q0L % AR uig
dusfl idBale uel xadisd s ed. 2 510 duBL AU/AL USLAAL 251 AHUINAU, £ F32L Aswsell
sl 20150 53 A Qe $leL WA s ed, (1 338 As=s = 1075 5). ¢d dl 515 s oite

335

@Al ¥ qedlll "erlidl uRl e s3I A B, L vRvR A wsy & !

YL Qo1 AUl %S Asdl Al wA dHAL MLl
Add Saldl €l 8,

.....

AilA 137 At qnadl w2 2ldY 6, THI
21ddl S g gy dedll wd sl

QUL 5 iyl YL d AL Sl B, UIAA
HU <> HAAAL 2R, YR I S[Bd s S ual
QY F Fral AL R d YL 2de Eli -l
AL 2L 21, wu81. AF AHUHL d 7 P <v> Af st
§idd V), FHL 2Uddl 515 UL 213, d-fl Al 21949,
(20l 2gld 13.7.) % 2sH sedl 2udd 2w il

Aval G, dl Af AMUML 8 n @ <v> Af
UHRIL eeiadl. el U080 €2 na & <v>
8 ual 6l 55 AAIULAL 424l AHY AU U

T = U(nm<v> &P) (13.38)

ol s0Ls waMBl g2 ARAA idR, F ARAA
Ysduy [ sdan 8, d :

I=<v>1=1nzd (13.39)
8. UL LRI, UUBL oflo L R & dd Wy
g, U MM dl o4l % AL AUl Sl B A
AYIIHELAL B2 AL AIAA ALU&L 4oL vl Hadl
As1A, U, 28 A58 (13.38)41 <v>l @ouit
<L >Aud ASH. 4y AlssA -3 (Treatment) U2,

[ =1/\2 nmd (13.40)

HA 9, Al gd 2B AR B <L> = (485m/s)
Hlddl 2R 2 [ 2 T 2l STP 2

b (6.02x10%)
(22.4x107%)
=27 10® m>
d=2x10""m, ddl
T=61x%x10"5s

ud /=29 % 107 m = 1500 d (13.41)
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alilaslstiq

wUaL Ao, uHlsw (13.40)ad Hadl AU
wsdua, AHRAldl Aval sddl wd wRHieiel
qadyuRl 9. vt «lal eourialdl (highly
evacuated) 0llMl GlAs 7 Al €l B A YR
usd vy ol dous wedl M2l wal €S ad.

Gelg@ 13.9 373 K diuid winll-l susy 32
wiRflAl 248)L AL Y5y AlHL 216 e
Gelgwl 13.1 w4 wuulsel (13.41)40 »ua
HURALAL GuyldL 53,

Gia wrlll osy W2 de Hen gdl Fed ¥ €l
. AvUL EAdl [MUal dludld-dl dad YWHIRMHL
Sl 9. 2] 373 K dluHLeA,

— 25 273 _ 25 3
n=27x10 x373—2X10 m

wlefl, ARAW Hsdud /=4 X 107 m.
Al 3 AWRNA Ysdua, 206 ddd AidAEas

R ~ 40 A =4 X 10° m sdl 100 2e .
AL ysduadl wtedl W@l Bud aysdl Assy
usiR-ll ddBls M2 FelolelR B, S5 Wat doR Ay
RMd (Confine) 531 wsidl «ell.

Ayl oufddiedl Gualal s34, Wl wsiy ddl
W AR el § Airdl, G A A YA
(Diffusion)n gl s¢ (wRMEl) Fdl yau AR
W uisell wsiw V. vial wlswl well Anan
QAL WRMIRL el Hidl gl

ARAA

1. eoud (P), s (V) »d Rla drwid (7)4 Aisad 2ued ay a{lse
PV = p RT = k, NT 9.
wdl, po¥ Hadl Aval A N 2 2RpdHdl dva 8. R Ak, wdBis waais 8.

R = 8314 J mol” K, k= =
NA

=138 x 1072 J K

dRdl@s Ayl 2ied diy Al @Rl o AU O, R Al eourt 2 Gl

Al Ay AU B,
2. Ayl aldale Rl

3

lenmv

2

2

Alse WAL B, Ul 7 A AL AvAL Bddl m Y e 2 0P A Qdfld Bgusd
AU B, el Ay e WA Holld d dudidd oy wdaed B,

1.2 _3 __21;2_’ﬁ
2mv = szT, U, = (v) = "

2l suld B 3 Ay diusud, ddl 21l w139 ARG Hu suld O, ¥ Ay 3
QAL UsRAL dcdat €ld B, [HUd diuHid diyaiidl Bl ol 219l A2 3¢y

w19l Elu .
3. w{ly kG,

-3
—2%NT

L Yl
PV =
A58l U4,

4. God anfcumsdl Fax cald 8 3, MRl dsd 7 3 24 da Aqadal €d, il
5 Glod 1 2lvRL (Absorption) GloA<l el el WsIAME Al d aduidell S B, Ful
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s wsi-ll God Yok, T %2l €l 8. 65 llu A ASlU Hsddidl via dluel G-
s U5l (Mode) il Asouda & 24 ddl Qo Sk, T €lu 8. €5 dud 2ughq o
sl Gl €l & (U 2 RR). 3 G, 2 x Yk, T=k, T & 8.
Gloietl AM[AGU-AL i uell, il Hiaz @Rre Guu ol asiu © 2d 21 Budl
all Ayl Wby Ad dadd [@ARre Gl wE qadl 2ud 8. il AHHAdL AIRdAL W2
AfAAL Su-t WS ULl GHRaAL ASH.
AR Hsdud [ 3 29l 6 5By AAQHRAL 922 A1 SUA ARAA R B,

]=—1

\E nnd?

ul, n W YL AL BAdl A d B AR D,

1.

g [QaRu-t Yeil (POINTS TO PONDER)

waldl (Fluid)- eoldl $5d glatd v «dl dwoid. eolel wadlil e3s ool asl 8.
Wl 2dal Ay SIS ueL R uudlad RAMG ¢l 8 5131 5 2L AL ol iy
AMIA eolBl Sl 8.

YU AIAUEAS A W2 U8l A0S yds AL (AR ASH. AU ol e
A, 8ot 2 RAllHL AidR AUEASHA 2t d @oLeidL 10 -] & el 2uuin-d €ld
B, dslad 1 8 3, UYHL ARAA Y5dud Ald2U[S HdR 53l 100 AL & 2 2484
uRHIEL Sdl 1000 =il 6.

Qo uH[@cuaAl Fau > Jd ealdl asy -

dly Adaui Wa €5 Hsddidl vadl Qod Sk, T 9. 2l ga ol euladl
wHlsel wiad e3s [Rald (Quadratic) e Hsddidl el dld aRid ASU. 2, €38
Sud WSR, 2 X Yk, T =k, T @i 23w 2 (1 el) sddirit viall (GUd i
RafGe wsiel) 4,

R Wl aril il dudl ay (Gll) 36U A Add vAQHAL 5180 {13 udld
ol U (RealsdRlAL 51281) Gl odl gl Adan-l WRRARYL 2 GRS addim
VoL ALY, AHIRL (AUAlRRHE €11 8 dH) Sl 8. 2L AU 2L €l B 51 5 MY
GlaSial 21241l RARGA (mgh), ¥ Al God Ymu? sdi aell 2l €l 8.
<v?> €ha (<u>) Fed -l did. adld Heud AR SHAL ARNAAL ol Fed U A
%331 Al il (@A W2 d¥d Geleel WHL wsl.

WY

13.1 STP ¥l U5yl Ay glRL WleR 5¢ 2 AAA dRA(As se-il Rl KL [Suw--iL

- 4] ~
AUYAL HA 3 A Al

13.2 wueld diudit i eold (STP : 1 didideid eou, 0 °C) 1 Hld Fedl 515 gL

(@uedl) Ay gl Audd sed AR st 58 O, saldl 3 d 224 [ 9.

13.3 6L wedl diudil 1.00 X 107 kg A5x4y we PY/T [@yg Pl 2udv sl

13.841 saladl 8.



338 ofllas@stin

v

P X

2izld 13.8

(a) 2% as 9 eald & ?
(b) 4wl ®:7,>T, 57,<T,7?
(c) asl y-uan odl W0 & Al PV/T 4t oL & ?
(d) ot 20uEl 1.00 X 107 kg &Ll HI2 2ldl a5l ol €ld, dl 2L a5l p-a-
ul WAL B Al A 9 AL ¥ Y HAd T A L, dl GIAgeAL sl ea W
wuRA (vl {lal eolgl A Gl dididi [@BaR|L) PY/T 2 % Yt
wa 7 (H,d Wl g = 2.02 u, O < MR €4 = 32.0 u, R=8.31 Jmol™ K™')
13.4 30 (422 se-il HilEu%-L olledld 27 °C diwid WRes Sl eoldl (Guage Pressure)
15 atm 8. oleaial =l AU sle usdl, Wue- Al gou@ 4l 11 atm i
i 8eld 17 °C a8, oeaiidl olglR slddl wi[Euwd e 2l
(R = 831 J mol! K™, O, &R g0 = 32 u)
13.5 s douasdl 40 m Glas2dl 12 °C dwaiid 1.0 cm® se-ll gl 215 U2 BUR ds
2ld 9, 2L d AW YR A, § B Al 35 °C B, AR dri st e ¢l ?
13.6 27°C diwdid 24 1 atmestdl 25.0 m'<{l addianl 20800 Wl (AR,
UG, galedl s v oL ofln Al L) gatddl 2wl Ava
oLgil.
13,7 RR# wawg, W2 (i) ARAL diudi (27 °C), (i) =l Awdl uadl duwin
(6000 K) (iii) 10 Buldud 3fead (diidl S By diudia) 22 a3 6wy
Glod 2wl
13.8 AM ALl 281 iy UL Ay A4 AU 2 eoldl 8al 9. udd wiat Rl
(ds wasileas) aud 9, ofly st sdllR ([Gusileas) »q oy y3iRuy
E5HEAIRUDS (et MBAS) HAd B, 9 €5 AN derd3U AL AvAAL AL
g 7 g od Bl udua aofld susd adlia WA ¢l ? o AL dl sl Rrdrul
v, HeTH sl 7
13.9 54l i iUl dal okl a3 aofla agud adlyn —20 °C A Wal
(Bl iyl w1l rms 3w Fed ¢l 7 (Ard wMg, e = 39.9 u, Heri uHuIgeu
=4.0 u)
13.10 2.0 atm 7l 17 °C cludlndl U621% 4Addl AUl AUS2onl g H2 43

Ysdud A ARl 82 (RUgR) WL AwSAwt A Al Bl el 1.0 A @l
AHAYHRAL AR Yl A 5[5 A AL AHY WA WvAL (N L 249 84
= 28.0 u).
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QRIRAY, WA

13.11 s Hle aioll sy (Aoll) (Bore) Al aviel 6, (d-l ol 931 it s34l 9) %
76 cm @iotl WLl 2114 2t (Thread) 42UA € A d 15 cm %2¢ll gl ™ 22 (Traps)
8. A il drll vieel B3 Alal ds Q¢ d [RRldoL vl dl g &gl ?

13.12 8185 A1ssy Al gLl daal (ael) (Diffusion)-dl 31 €2 28.7 cm?® 57!
8. 2L % WRRAQAL oflon dly, W12 eladl-l A9 €2 7.2 ecm® 571 WMl 2ud 9, i
Uy 54l 62l d 2L
(At @ Aeimeil waReeL [Famsl GudloL 3L R /R, = (M, / M)"2, %4l R, R,
WAl 1 2 20l JARAIAL €2 O, dal M, 2l M) 2iris¥ dateil HldR g9 8. il
(Ray afdene vel AlEl ) 204 9.)

13.13 Adai 8al 25 Ayl dedl v el drl sedi 1 Ad adwddl 8. 2w §5d
dl % wsd 8 3 ol ol WRRARMAL 21U 4 Rdl Ed. eld., AcUsiRL S50
gl el aedl (B gonat) s Hal () didl el ddl 2lal Avdl ¢l dx,
d-dl addl Gus wd 42 9. AssA wadoiq 2 oneldl dldiaedl Fud uel il
AsY O,

n,=n, exp [ —-mg (h,— h) / k,T]

Ul ny, n, wegsd QRASHL A 29 Ay M2 vl gddl B, i w50l Gudlal s34

Adanil wWdl sdld glavl (Suspension)tl 0UsURY Gl 8122 (Sedimentation)
Adar wed ulsre,

h,= n, exp [ —-mg NA(p_ p,) (h2 - hl) / (PRT)]
qadl, i, p A sdla sall #a p° d-ll 2L ] addL 8. (N, AL
s B wud R A WdBs wy-sanis 8.)

(A : ERRR L Rigiarl Gualal s34 sefld 2 (Suspended Particle)i »tourl
(Apparent) %l 2UHL.)

13.14 32als ast vt Yl addl {12 20l 9. dHdl uRHIRRlAL ¢ [ el 2l

ueld wauilGas g0 (u) | addl (10° kg m™)
seld () 12.01 222
Al 197.00 19.32
Al (uagl) 14.01 1.00
(R 6.94 0.53
iRl (naudl) 19.00 1.14

(At @ oA vEdl ddldl vadml Rl lldvla dllsdiddl 8, di Ml v
AL 2isel ARl Heurll GuadL s A% dHRL [QAlAY wRHL WRae 12 dis
waldl drd@s dvall oig xaR9: (Literally) ddl dul &, Oflalolla ciudar-idl
wURusa Al~isedinl dld wRRUHL Hol ved o yud 8 F el wRael Feals

] . -
Al sMAL €1 B.)
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gld-l (OSCILLATIONS)

14.1
14.2
14.3
14.4
14.5
14.6

14.7
14.8

14.9

TERICE]
idd @A el il
W adaila

WM AU 2 FUBid
adany Al

AW UAdAHL ddL 2
udal

AW vadald HE sl
(BUK]

W siadaLaHl Gl

WO Aadoldt sl Sedis
dall

iR A 2uadalld

14.10 YeURd (dailRd) ela-dl 24

BHle
ARIA

ol [QaIRBIAL el
AAUY,

ARIRUAL e

14.1 Ydld-l (INTRODUCTION)

2Rl B[Hs @al 20Ul el Yel UsiRel AUl vqed 53
gl i duidl Feells ol (Ao uddel o alval ol €l d., d3u
Al A WA AR L ol Al YAl B, 20Ul Yo Hsan
AL Fubid adonid ald 2t safly oul (gl uwl llval el 2
(Budia, alded s Alssu LU Ul Yrldd wd 9, HAed 3
d 2lldd (periodic) 8. dMIL GLOUBIML dH WRBUHE vl AsL U2
Aedl virle WRUL o 8ol U ol oAl yraldd usi-ll 8, uig d
S5 Ael 2iadaifel meaol 8, vl veld A FBId (i) el
vl 2L-wn Ol £2 8. Rt-wadl widl sadola-i
Geleel 8 : ALl Gua~lA (elas-3las) adl olie, AANUAHL 21210~
uieu adl [MRed ddi. (2l dHH veldl 2p-yisn suddalld 52
8.) Ul afad elldd 2l (oscillatory motion) sl 2 €9, il
WSRRAHL UL 2L OUfdedl o 538l

allldsa M2 Elldd dfa-dl 2°ea 3wl 8; qel difas
gl uny 12 d-ll [Reladl %330 9. R, Bk x1udq il
el A2(Ldrtl AGAML, 2UBLA 5UA 5l IR BB B, ¥ Wiriselus
tlM Gl 53 9. 2[5l w52 UL 4R 2 JUSHHIAL
ugel (W36ir) duel Rl a1 sqasla Sud 52 8, gdiril 20 41xi
Sudl tafel uaRR s ot . ddl o Jd, aed uelddi 1 il
durll Agd ((Rfd) @ien vqaald eladl 53 9. dustl elas-l
AAA Gl A dlusirAl AHUHHE €11 O, AC WA Aeiyyi]
HOd) dle2 B URL Eldrt 53 8 el d dril AL Hed ()<l U
Vs Ul 2 88 ALY B,

A Ad 2adold s vin s34 glldd alasl asiui,
ldd 5101 (periodic time/period), 29[ (frequency), l-lidR
(displacement), 5u[3d12 (amplitude) < s01 (phase) <l bedclls
Haod [Qeiddiidl %32 W3 8. L vadd ([Qouadipid) ed
ugdldl URdeui Y SAML vl B,
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14.2 204d 1 €ldd afdil
(PERIODIC AND OSCILLATORY
MOTIONS)

25l 14.1 32els iad Al sald 8. W 3 46

s % s aloudall 1ol U Gu A2 B A 13

ud B A d WM [Blg w2 iy »ud 8. v B

d A3l Yrldde 52 8. o dit el dsll Gl

(e Axu-l 2udv elRall dl d 2ugld 14.1 (a) %l

guldl. ol S1S 6los s WoLlRY GUR A v {1 2ud,

2 2 Bt uriade 52, dl %3l Guasdl asll Gl

A 2150 14.1(b)4i galedr el 2uudl, ol dil sl

ual oliad xRl sAull A %l 92 Geotnal ™d

AL 9L AR, Al Gl [Ag Ana-l udvl 3wl

14.1 (c) <l grdl. <Ml 3 sl 14.1 (c)uidL oid

as GlOLL 2 s UAAY~L GLRIL § ¥ ~Yeridl dldxl

A58 gl vl 20d 8 (%2l uRAde 3.6).

h=ut+ %gtz A3 dsdl ald w2,

h=ut— 3gf  Guz dredl ol w2

% e3s Bl WM Aol el el el e 8.
21 2Ll Geleell 8. 2uH, ¥ AUl did AUl

Fabid 2idedl w yradd 52 8 dd suadald
(Periodic Motion) sS4l 2419 89,

x(1)
(2)

x(1)

v

(©)

1
N\ 1
\V4

>

!
25ld 141 2wadolaqi Getsqel. €35 Bl
swadsin T suldd 6.

4ol auid Hadolld s2di ueldd del uasi suis
s Adad RA S B, 2w veid 20 Rl
AR dril ¥R e Al (Net) ollal ool duolg el
ddl, o d-l Al RER 914 taMi 2ud dl d suH W
Al % W B, %A usidd @Al A eAiaR
Al 2wd, dl s A o s wd B F
weldd Adat Bl e aladidl yan 2 8, %
ala-l (oscillations) % Syl (vibrations) Geui £3
9. Gelgel dly, aest (euBa)ui ysami wdd
olld dril d@d AgaHl s o 2 Bigdl d
AIAIARA SAML 2d, dl d alsMi gladl 51,
€35 elldd oUld ad €l B, uig s vuadola
gldd dlu d %33 «dl. adauy (uslu~Circular
Motion) aUld adald 8, uid d €lldd <l

gldril Ul Su-dl a2 SIS Ml dslad -l
ol YR 2l €l B (35 gadl wriel €ladl
ell), AR 2UUBL dA glad sl la, R g
ay €l 8 (Adllddl WAL ARl Sudl Fdl), AR
B del Sunt séla el

A0 2idd (Ul / harmonic) AU €A dlas
Al Ag @3u V. U €lldd ueld we ol d-i
Ui @A (% Adert @l U 8) ol eeidReAL
AHYUHRME €14, AR 2L AUl Bt iy 8. Ayl
dril €leedl SIS uBL dotsd, UL ol Adard Rald drs
Raulad du 8.

glRul, 488l A A gIRL BeMadl AadedHL
sield 18 ladt sadl ueldl 2m dudl Agad
REQ w2 R B 219 8. A%, Jedls olal idd
uRein glRL dlid eladul Avial M2 §3% Wl as
8. 8l w¥Rd (Damped) 24 WelRd (Forced)
gl aeipiiel 2l 21 wseiL vidul s34

SIS UBL gey WA HIZL AvAHl You glds)
(coupled oscillators)l A4e dls A wsy V. 515
WAl g2sll ARS adHl dldid doll @zl
Yol 53 6. dId0Al GelewMl wielldl dI2Ll,
Bc{lsudl doll, [Qeadoeisly dol-l Ada Y 8.
oLl aeriiledl 2UuRL iUl WsRHL veuN 5319k
14.2.1 2udd 510 27, lrllq[?i (Period and frequency)

2Rl Ay B 5 56 uwal ol F WAl Rulid
el U2 Uld Yeiad $2 9 dd suadafd sdami
A B, uHUAl agdu ddAd 5 ¥ ugdl 2 alag
yd2lddd AU 8 A A4l 2wadsi (periodic
time / period) $8<Ud 8. Aldl U wadsia (agay
AHWAUALA) sl T gl suldlat, d-l S visu
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allles@sin

Asws (second) 9. wddolll 3 ¥ Asweell et U
vor AUl Aaal vol HlHl €ld, dl d-l W2 AUl
e w50 ASHAL GUALL s 21 B, sU
@Rsl Sudl-ll AnLAUAL WSERAS~A (1076 5)-L
259041 caulaciml 209 © ¥ AR us 9 sula
8. oll® ds, o4 (Mercury) Al sald 2ladsin
88 yedl [Rax 6. ddldl yudq €2 76 ai usl
ARICIRL N

T e 3, M AHUAHL Ul Yetuad-llel Avyy
Wl B, 2 AR uaddfadl sught sdaumi 2ud
A, dd udls v gkl sulaql 2d B, M, v A
T QL Aoid

v=1UT (14.1)
8. i, vel A s B, S6RU s g2
(1857-1894)L 34l d3oll-l ALl olle, 2igRieL
A QAN A 2wl 20 B, A 82 (hertz)
(&ML Hz) $ecuMi 2Ud 69, A,
1 8eh(hertz) =1 Hz=1¢€la wld A5 =157 (14.2)

At 53 3 wgR v, 2 yals o G d 3Rl Yl

Gelg® 14.1 WMy d HiAdeey s MlR2ul
75 avid Hotsq wRud 8. d-l w9k A
widdstal dRd] 43

Gsd
gedrl "otsRHl gl = 75/(1 min)
75/(60 s)
125 57!
1.25 Hz
1/(1.25 s71)
=08 s <4

14.2.2 Qid2 (Displacement)

YRade 4241, 24148l 52Ul @lidRA drll lAAB L
333R ddd arAld s O, 2wl wsRMl wuud
2lAidR Aoesll Gualal A cius el 539 AR
AUl Al dlfia S8 uel olifis duetu-L
UMY WAL olgdld W2 Gedvuy 9, BGelsdl a3,
S1S AU uR RlaL 28 ollal 33vt Ul BRus,
Wi Bigdl anusil [Q8d ddly dd vid: ¥ 2aA-
2R 8. Gearilbigl uriedll 2 wdasdl-l euoid
8. w5 [@dL WA AAd oddisl QAR 52U 5, F+ll
oflAl B3l 22 glald W e €l [yl 2ugld 14.2
(a)]. Arta Ad, d-ll Ader RaQuiel ueiddd -id
WU weAsn B, s eldd sl AUlel dlds He,
AL @AY a3 RiRlde (Qled)el At S euidR

wadsi T

24 dly a4 wsid B, [yl 2usld 14.2(b)]. eridR
yen ERAl AL Aeolil o dd AU Ad .
Rl Ay USR-L @UAidR Al w2l E1S AuF B,

U R

SITITTITTSELISI TSI FT7

215ld 14.2 (a) s [Blor aud A31dd odls, ¥l ol
93l 25 ¢¢ glald Y wsarl 2dd
&, 21 odls As aiEB8d AuE] YR
o 52 6. 2 odisl aula-d Agart
Rl dr id? vaal 2lid? x-l
ye i qoldl 4514 6.

ACNRRRRRRRRRRRRRRRSSY

\ PSS

215ld 14.2 (b) el s2¢ Ag dlds; d-l ala-d
Qudyl siely 2aid: Ot ueHl
aeldl st .
w5 IR uaddl diey, Al ulfedi uxu wd
Geclld 9, M Al WALId A4 ULl 9, 3 o d,
t[FA0LrlL HRARAHL E6lLBL] AHA WA sledlad, Wsla-l
doll sledldl [Qed e Aeislusol AHadl HadL
Aeollul eiidal Geleall 9. @Aid A el A
BRL AN ol Hedl A A3 B, elddl Ul WAUML,
QLA A0 AHAIL ANL UL 2 D,
Al AHAAL dURAs A8y gL 2y &1
wsty O, wddafadl Brumi, 2 @By axy uR
2dd 8. §0QAN 20ad RALMIY] 254
f({®) = A4 cos wt
dils Y sAA 8.
o il [Q8UAL SRS (argument), ®f A 271
Wi yails ow@isul all, dl 2 (A8 yeu e

T Y

2 % ¢ V. M, 2 QAU £(7) A 2ad B 2 dsil

(14.3a)

2 6
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viadstr T 1A 3ol suual 2ud 8 ¢

_ 2t
r= 2 (14.3b)

2w, @AY A hadsia 7 08 siad 8,

S =ft+ 1)

oA 28l sine A8, f{f) = Asin @ ASH dlul
2L wReun eu{ldl 2Ad w2 B, a4l sine A4 cosine
(B 2ulld ddl u3,

ft) = A sin wt + B cos wt (14.3¢)
2 uel d % wddsion 7 a0 viad @Ay 8.

A= Dcos @ i B =D sin ¢
Adi 5@ (14.3¢)4

fH) = D sin (wt + @)
dals vl asu ©®,

Sl D 2 g nuNiSA

B

— . — -1
D= A2+BZ er"lqb—tan (Z)

(14.3d)

glRL ML 2Ud B,

sine 24 cosine idd (AU Hewd 3
AR, 2 o2 Ads SRy (1768-1830)
glRl AL 4da Al uReuud dld 8; S ul
siad [A8ad dow ugamisl wd-u (alay
wlAd Sl sine A cosine (AR AULAURL
ddly cusd 53 sy V.

P Gesew 14.2 13 wda uxadi R &4
(a) 2uddalld 24 (b) Bistztadald sald 8 ?
sladafidl g3 Bl w2 wadsia il
[@ 2 51 4 2x13uis D).

(i) sin @t + cos it

(ii) sin @t + cos 2 wt + sin 4 wt
(i) e~

(iv) log (1)

Gs4

(i sin @f + cos @t A ad @8y B,

dd 2sin (@f + T/4) a3 w2l @il sy,
& +/2 sin (@t + T/4) =2 sin(wt + T/4 + 27)
=42 sin [@ (I + 21/ W) + T/4]

21 @AYl 2nadsia 2/ @ 9.

(i) 20 adalid s Gelea ©. 3 Aluani »ud 3
eds ue (Al Sly gl w8 wad [y 2y
530, AMUAL ¥ Al AL vdAd ole [&8y
dril Yeud yrddd 82 8 d adsa 8. dell
sin @t -l adsia T, =2nlw 9; cos 2ar ~ll
AAdS /0= T /2 - sin 4 L 2adsia

MA@ = T /4 &. wuu uesdl siadsia del 6
eell wadsiadl dRlisul 8. dell T 21 sl
W AgdH AR B F % wedl ABY YEIAL AL
yriRlaldd Ald 8 A UH WA 25 viad @Y
8 %l wAds 27T/ @ 8.

(i) (84 e Buad Aol d AL AHIRL A1 Asugld
Ad 42 B el £ —> o0 W YU A EIUS ANY B
A WM, el Yede $U3YU Yeidde ag el

(iv) (A8y log (r) A 7 018 Asualy d af 9. dadl,
drll qeurd 50134 Yrtiddd dd el 2 A Bietiiad
(@B . d AldeuMl 20 5 BH £ —> oo, d¥ log (wr)
HUALRA 4 oo YL ULIA V. dell, d 5165 uL wsR+d
aflls alidR 2% 531 s 4l <

14.3 u 2nadald
(SIMPLE HARMONIC MOTION)

21dl, UL 2Lyl 14330 oldiel YHE X-ta-il
Gowleigal 2@l + 4 2d — 4 l a3
A0l oUgB Elad sl s SRl [QAR
530,

—A . + A

<>

25l 143 X-viau Gloviloign vrasld + A i
— A A2 922 PNV SYr
5l 52l

21l EllRd AU AR % idd (uAatgl) s¢l as

5 oo L seid Griligal 2a-ide wva we
Al 2uda Asin WSl sedld €A

x(#) = A cos (wt + @) (14.4)

ol A, @ A @ 2 UGS O,

wWH, 56 ULl vadalfd 2 U iadal el
uig d Ul 5 FHL AULAAR 2 AU ASQALS e
(Med ¥ sine usied wuladl) R84 8. d A2

-

8. sl 14.4 1, ANyl €35 2dud 7/4 €l
ddl el el AHA AALIL sl 8L 22l suld

-

®, wul T 2 afa-dl 2uddsia 8.

A



344 ol slastiv
< Ve AALALAL SUEARCAR A4 3 2L $2UAL e @R
= ® K @ Ui 8, [l AUSALAL 516 WBL A5l AR, A A Het
0 —A O Ay AS.] FH AHU~L cosine (AR ¥ + 1 2 — 1+l
f=0 t=TA a3 oleclld 8, dX lAldR 2 6 AHAMAL (HMid
v (Bigail) +4 21 — 4 «{l 423 olectld B, @ YA @ A~
& & . €l ddl uig Yel SUlAdIR 4 24 B HRuadl 6 wa
—-A O A -A 0 A addada sl 14.7(a) Hi sulda 8.
t=1/2 t=3TH
X 2
v T B
<« max A
A @ z @ 4 1
O -A 0 A ) i
(=T t=5TA k2
215[d 14.4 AH-i @0 a0 yedl t =0, T/A,T/2, —Ar
3T/4, T, 5T/4 412 d.%41.90. 5l 58l -B}-

UL, ¥ dHY ol AL oAUld d
yrt:2Aiqd1 $3 6 A T . T ¥ 2144 28
&9 wud d a¥ Wleis Rala (1 =0) 58
Al dl el deit w2 2R el a~
AR (x = 0 4R) WS B 4T
2l ouldeil ¥icy [Gig 2l 42 25sY Y €9.

sld 14540 x [Ag 7+l 20dv WmilBd 52 8
5 % @l AHA AL Add [ARUAL Yl 20l
9. 2 AR 4, @ 21 @ 5 ¥ L AALISA
altBiscaizl 55l 52 & dd wugld 74.640 d-i

-

wHRIed AL A salda O,

I AN
£ 0 t—
T \/ \/
T —Al-----
215ld 14.5 anyel dda @8y als @20 2uadala
e R
x(7) DRI x B AN 7oA [RBd a3
A : 5U[ARdAR (Amplitude)
(0] : 54 2wg[® (Angular Frequency)
Wt + ¢ ;s (MY 2AHRA)
[Phase (Time-Dependent)]
o : s0-240is (Phase Constant)
25ld 14.6  q¥lse (14.4 )40l 3ugieid dsiiil-l

Bl

215ld 14.7 (a) qna A5 [Q94 @215 2aid-l
@ =0 e udlse (14.4) uzal
Qadd 2du. a5l 1 21 2 A o Yel
el sulAectil A ¥ B el .

I3 A AL M2 SURAR 4 2A0 &Iy
U, 515 ULl 7 AHA 2L SRl AU~ (RuULA 2
ddL) cosine (@84l SRS (@f + @) A3 AHAML
g 8. i AMA 2HRA AR, (of + @) 4 2l
S0 (Phase) $€cll 21d 8, 7 =0 AHY s0U
PO e dd SUU-2ANLS (Phase Constant) 5 SUU1-
5181 (Phase Angle) s3ald €. 2% $uld2dlz 8Ll
ELSA, dl 481l 7 =0 UL Wldid uAl ¢ Akl
ASLY B, AU 4 A @ 14 ddl uig el sl @
gradl d w0 aladalaxiid 2sla 14.7(b)ul
galda 9.

X
I ¢ =—m/4
NN\

215ld 147 (b) wdls@L 14.4 udl Aadd 2udv
asl 3 A 4 s @ = 0 A
—t/4 Mzl 0. L oid asl W2
sulddlR AL 9.
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2idHl, AR @ 2 AL vuadsio 7 0d AeiBid
B dn S wsd O, AL 12, uHlswL (14.4)41
@ =0 ddi, 2uuel-
x() = A cos wt (14.5)
HA B, 2L A, 2adsion T A sudd €ldidi $128
x() ¥ x(t + 7) 9. ved 3,
Acoswt=Acosw (t+ 1) (14.6)
¢d cosine [Q84 1 ladsi 2 WA 2wad &,
2d ¥ R d-ll Sl 270 ARl Wd AR d didie
Wd yrladd 53 9. 2,
®@E+T)= ot + 21
W, @ = 27/T (14.7)
@ A a2l Sella gl 58 8. Sl
gL ST 254 3B / A4<¢ (radian per second)
8. eldsli-l 2uglt 2 1/T 8. dell @ 2 el 21
wgael 21 2Rl . A 4 24 @ &S wd ddl
uid %€l @ HuAdl 6 W 2nadA@A A5l
14.841 sldd ©. 21l wAWHL A5 g i 45 b «il
2lads 208 B A wigR omall B,

X

N/\b
_A\k)(/ VO

2R —»

215ld 14.8  wlseer (14.4)4 ¢ =0 e o Yel
215N HISAl HIAV)

k Getgewl 14.3 A-Aigl Axu-dl su [@Q8UL
(a) AW waddlfd A (b) 2idd uid UM
wldd A4l dH Y s V. eds B W
2lAAS10 UYL

(1) sin wt — cos wr

(2) sin®> wt

Bia
(a) sin Wt = cos wt
= sin @l = sin (/2 — Wr)
2 cos (/4) sin (wt — 1/4)

V2 sin (wt = /4)

2 RA% wadsin T = 2m/@ 2 sn-5
(—/4) wudl (Tm/4) HRAddl A% wladould
gald 8.
(b) sin®> ot
1

_1_1
=3 20052(01‘

(%Y viad © Fedl adsia T= /@ 8. d
el viadolll w2y 2 B 3 ¥ Aqan Big
g oed 2 w2 dd du, S
14.4 u0 20addfd A Raffd agnua

aAld (SIMPLE HARMONIC

MOTION AND UNIFORM

CIRCULAR MOTION)
2L WRadEHL 20U ottellyl & adarl eu R Fufid
adamd aUldedl WAY A 2Ol 52 D, L U
GRMIA S0l A5 AW YL BURA Hee3uw Ul
(gl 14.9). 816 €11l 25 B3 25 edld ol i
ad Fad Bigd sqaala auElar addani 2ua
st au wd afd sudl. i edl gl wnlEla
Andanl Fubid aduda ol 519, dUd-dl Audal
g i 3l s3AA edld ouy wrel wual wHHl
vadlsd g2 L edl wufly e uR wRene
[Bign ullg 1y Al U010-U1e9n AUl Sl LUl
ad aslas Ad 2Us a’lcuc—t U UBL VL ESlAL ULl
adlst 53 AL B, F Al AN dol B, i
Bl w8l ¥ Hadlis 530 el gl d sl
Adldl B dol, adael e u2 ollasl Al 8,

25ld 14.9 25 wudaul sl adany oudd R
Y] %dl d AL v

Mlé[& 14.10 1 2L % uRRAlt sullas a3y
eld 8, 515 4 Bl ada W Frafict Sl 3w
@ A UL 5l S8 A5 581 P Rl 2L wRatnei-l
o aRuaqr steill ala-dl [a3g Raunl ©. 2
sl WR[Ms 2R Med 5 OP X-2ial - (B
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B B Gelsaw 14.4 sl 14.10 2 & adumy

S af euld 8. 2 wwslni ada-dl By,
aHRldl viadsion, Wl Rl »id aaetsdl
ol culaqni 2ida 8. udls Baudl anst
s : Sl 581 P Al Blosdi-ulRadl X-usiu-l a:a
wladalld Hadl.

2i5ld 14.10 T=4s

-

AL 7=0 AL @ el id B, 7 XL s.u-l
WIHARY, @f Fedl a4 $l8L AldAl 2 ¢d d-ll
AR U x-via WA @f + @l 518 oAl
AL OP -l x-2t8 W+l 38U Rkl d 0P, (424

gl 581 P M . adn wR Al 82 8, du du X R
P x-u8l uad 2 (a) t =0 4, OP 2 X-wa-l (4 Raw) wd

x(1) =4 cos (0t + @) 45° = m/4 rad-l s "LEEI. oielld . F UHY
Al AL 2Ud B, ¥ ALALA AR 52d ugl, d alRua stedl aladl fye R
s B, 2L eld B 3 oA 52 P 3 [ulid adany
A 53, dl dell AU P73 ddadl A YR AL,
538, A5 PAAL L adh 3 B wR A Alt 2 D e w
a- gel aR ?:{-j_,)s‘?l %ii.@!:'&l(reference particle) (?r * Z) w3 arud 9.
A Aeedladn (reference circle) a3 Havai
2wd 9,

YR Pl dfadl uay S5 uRl i u as
Sl Sl FUE Y-uia uR. vl Bl P Y-
U AR

(@) = A sin (0f + @)

well %t«i §Wal d 8 A X-ua A

fuMA X-28 42 OP <l waud

_ 2r, . T
x(t) = A cos (Tt+4)

q3 ML 20d 9,

a3 WAL A 9, q UL X-28 Yrll YA€ T=4s g2,
WA Sul@RdRA wid /2 sl Bt AAdl s
AL B, x(f) = A cos (%Tﬂt + %)
adamuy A WAL 42 Al Aol ldl odi,
wily A0 iAol sl 52 U @l sl A saA % SURAR A, 2Adsia 4 5w wIlds s

Fufid adosia ol avar %330 ol oa
Sl UEdR [Bt UsiR €l 8.

%-{l AL (SHM) 8.

* o slaedl wuglas visd 034 (Radian) €, ¥ WY (arc) ¥ Byl (Radius)il 2R gl AviAd 4dd €.
S8 A uRweldd w2 8. wudl w2 el 7, 5 dl YIS F GuoRsHL d-l Gyl s R gHal
A w32l w4l 3 2y8l Radian As4 galqaql ul. Radian i Degree 4% 3uidQl Meter i
Centimetre 3 Mile-il d434 <2l 9 8¢ Bislafdly Q4440 587 As4 QR suldd €14, dl d-il 254
Radian & A% dA4%dld. ol® d2s, o weusil sy Degree dl3 Guylor 524l €1y, di d ureyd] aiqdl
AYA. Gele®l d?l3, sin (15°) 2led 3 15 Degreed] sine &Y €9, ue’g sine (15) ied % 15 Radians-il
sin. ¢4 uedl 28l 49l R rad’ A AsH d2s S @uild w4 d #HY @Y 5 vuR S HsH QAR Sl
S35 Avalcns Hey d2ls Gedv syl 2dd €lY, dl d-l radian d?l3 ALyl 2iudd €.
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-

(b) £ = 0L 21l AWML, OP ¢ X-u8 Y

90°= %-ﬁ 5181 oild B, 7 UMY 6lg, d

alRuiaAL stetl ala-dl Raml %t-ﬂ 5181

A B A d X-ua wd (%—%t) well
oirld €, ¢ AHA OPll X-248 Yl WAU
T 2m
x(f) = B cos (3 - ?I)
= B sin (z?ﬁt)
a3 ealaai »ud 8,
T =30 s H2,
. T
x(f) = Bsin (15!)
b T Fi4 . b
Uit x(f) = B cos (BI—E) duicdl, A+

AH158L (14.4) WA AvLAL, UYL BLel HAL
8 3, il SUlQdR B, vUddsia 30 s w4 wlds

3Uu—%-{l AL (SHM) 8. <

14.5 un 2udddUfdHl AoL A7 yaal
(VELOCITY AND ACCELERATION
IN SIMPLE HARMONIC MOTION)

Fafid adnmy ald sl 56 s el 3w v A
L adasdl Bt 4 L d-ll @ s1ed 3w 2wl diu 8.

(14.8)
S5 el £ MY doL vl R ¥ v qHA s0L %

24 9 d ada vl BigAl sl Bani € 9.
sl 14,11+ ofala uell 2 e 8 3, uau s

P/l t ¥Md daL

v = @A

V() = — @A sin (@t + @) B. (14.9)
Y wA
; ot + @
PP
wt+ ¢ -
of vir|

25ld 1411 s@ Pl 4 v, ¥ deol s Peu
doL v+l HEu 8.

pul Bl RgA suld & 3 vl Raw A
X-uadl (e Bar 8. allse (14.9) A0l
Sl SIS A suiAl dlceil®ls doL qd 9, ol
lAidd AW (14.4) a yadHl 2x1d 9,
wlse (14.4)4 anusll wua [Qsad sdi, 2wl
515 wa eliflis edld adR ual il yHls@L Had)
wslol i,

V() = %x(t) (14.10)

AL Sl 518 58 destldq wdol Haqal
W uel wugl A o Ad Aeel adaxdl Ada-l
Guulal 531 wslal el el oaellad ¢lal 3
Frafid adau ol sl P oseidl ol wdaid
e VY4 3 @P4 O dal d 3 ds Rasud 9,
sed 3 [RAl PO dis ©. UM WaU s-1 P/l
dleail®s wdar (2usld 14.12 %20).

a(f) = — @’A cos (ot + @)

alt) = = @’x() 9. (14.11)
y
wA i ot + @
o P
ot + @ {

= i@ X

O
a(r)

25ld 1412 s&0 Pl ¥4 a@)¥ dgel 58 Peu

4oL @+il ¥EY O,
W15 (14.11) 2 AL 5l S8+l Yol gald
8. a0l (14.9) glRL UUAML Hddl AL v()

AHuel wUA [sadt sl Al o 53l 20 wllse
qadl as §
_d
a®) = 3, v®

28l A5 (14.11) vl s Herayel wReux

(14.12)

Al 3 A2ALOLHL WAL 2 ALAIdRA UAHUHIERL §l1U

-y

9. x(f) > 0 W2 a@) < 0 4 x(7) < 0 w2
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allfas@siin

a(f) > 0. UM, —4 = 4l 9231 x -l 516 uel yey
U2 AL a(f) M €Al 3% drs ¥ Bk Sl B,
AL W2, @ = 0 HS5L 2 x(7), v(7) 2 a(f)-l
uHlsel a@vil,
x(t) = A cos wt, V() = —w A sin ot 4
a(f) = —@* 4 cos . A AHA3U AL 25l
141340 saldd 8. 2L ol o AR uxy WA
sine W53 (wulaldy - sinusoidally) dleclld 8; $5d
duldl HETHIML 53512 9 2 2L HAAMNADL
widvii-l sl gel-9el ©. x A —4 2l Al a3
V(i) A —w 4 4l @ Al 42 A a(r) A -’
Adl @F A< a2 ozald 9. eUAidAL A1d ]
ALUA, dotrl AWML SUU-dSldd /2 € i Uadl-L

BUAUHL S0L-dsldd T 6.
X

T il

QIR —p

-

QoL —p
o

-

+a’AF

_a,zti / © \ -

25ld 14.13 #a 2adald sl A8 s sa-u
2ylld? 49 A ¥4I YU
2A1qds19- & s sl [t 6.
Gels2@ 14.5 %5 usid
X =5 cos [2nt + /4]
AHLS0L (ST AHLHML) AAAR AL 53 9.
t=1.5s "2 2 ueldl (a) @id2 (b) By
w4 (c) udoatl 2Rl 5.
Gze 20 vglEddl SRy gk © = 21 s A
drll 2lddsin T= 1 s 8.
I=15s MR
(a) 2utidr = (5.0 m) cos [(21 s7') X 1.5 s + /4]
(5.0 m) cos [(3m + T/4)]
- 5.0 X 0.707 m
=—3535m

ydo, —»

(b) 158l (14.9)Al GudldL sdi 24l ueted-dl By
==(5.0m)2n s H)sin [2n s x 1.5 s + T/4]
—(5.0 m) (2n s7Y) sin [(3m + w/4))
10m X 0.707 m s~}
22 ms!
(c) ulsal (14.11)4L Gualol sdi 2L veld-l udal
= —(21 s7')? x JWAIdR
= —(2n s')? x (-3.535 m)
= 140 m s? <
14.6 A duddold W2 sl [Raw
(FORCE LAW FOR SIMPLE
HARMONIC MOTION)
<essl AL ofloa My w14 w0 2ddaId sl
seiAl yaatdl udlsae (14.11)41 Gudldl sdi
AL Sl m gAUHIAAL 58 YR AL 6la

F(®) = ma
= - ma)zx(t)
8. ved 3 F()= — k x(0) (14.13)
o k = ma? (14.14a)
Al @ = % (14.14b)

uaoldl %M, il 60 QL AL HHIA el
(Bal gl ld 8. defl dl A2AILHUL SUIRS YelRUIUS
ol (Restoring Force) W8l $dalil Ud 8. AR
Al 22l wflar s dL ke wadaldd 6
Auqed Ad cvdillid s3I0 AsA. AR WL
aHlsel (14.4) ad % del slal Rus § o als:e
(14.13) a3 i 20d . Alse (14.4)9)
w52 (14.13) ds odl de 6L duid [Asan 59
wi ddl o 3, wdlswe (14.13)d 6 avid Asa-
Sl 2R ug Al (14.4) wa.

Al 3wl (14.13)0d o xR (u{l)
AHUHIRIHL Ad 9. 515 581 5 % Al ool AWML
el 5l S, dl dd v{ld 2iad €lds sdanil 2ud
8. ARd@s woldul, 2 o x2, x> Q3 WA Ald
“Alefl atitedl yelalil ugl 81d 9. @l idl eldsid
213u{l4 €lesl (NonLinear Oscilliators) $&d1 €.

b Gersevr14.6 L5l 14,1440 oidledl YHIBL k
RI21-mANLS Y] 6L AL RE2M m geuHIA AL
oefls AL 2 RU IR A8 AAE B, el 3
U2 L gl dll Aceet Rl 51 wel ouy
AlAldARd ([ERalud) wd, AR d 215 0A
AU 53 9. 24 Eletrll 2ddsion 0.
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215ld 14.14

Gz il 14,1540 sale Wl Agat Rkl
ouell oyl HIRL 5, 2l gedide il 2idR x F2d
AR A 8.

215ld 14.15

2L WRRAUL d6ll ouzgl R3aL x cousSel [Qd4
(vi21dl) 2 el oly-l oL 3 2L o dotdyl
AR A B, 2L gAML YR ALLAL 6Ll 8.

Ky

—hx (S0l o1 w2 [R¥RL gL edadl 2idd
6o, % gAML HEAULA UL dRS
gl yug 53 9.)

]
I

—kx  (wuell euy u (Bl glal ddusau
2ldq 610, ¥ gAML WU @l
dRs Hiddl-l WU 53 9.)

WM, GHHIA YR dld A o F &,

F=-2k

VUM, gAML UL AL 2L 6oL dril AUlAidR L
UHUHIBIHL 2 UM WA dRs B 6,
W2 L 58l ol A viadolld 8. L glerdl
wlad s 8,

— m
T=2mn %

14.7 ¥ 2uadeldui Gl (ENERGY IN
SIMPLE HARMONIC MOTION)

AU wladald sdl §18 usl seidl aulaGlest
(kinetic energy) >4 [RGB (potential energy)
9 WA AUl HeTH Hedl d2i oedldl 8 B,

URBe 14.540 U8l MY O F AL Sl
5@l Aol A AU 2ad Q8L B, d Wil
2y 2l g1 9. dul 2ual sadl oG
(K)A «lla Hoor cqrvdlld sl 2ud 8 -

K=2% mv?

Emu

I~

= 5 ma’ A sin® (0t + §)

-

= 5 k4% sin® (wt + ¢) (14.15)
¥ AU 2idd @AY yel 9, 2ud WiHid Hedd
S B AR d L Sl B A PR S8 HHIA
W U El B AR d ueTd g1 B, iHlL & Kl
vl Mausdldl S5 e Al ddl Kl 2iadsio
T2 8.

AR 2ddold sl sl RufG (PE) o
8 7 uswl 6ui, wudl Ay B 3 RulBod-l
Aseudl s5d AW el (Conservative Forces)
HE % sy O, RYdL ol F = — kx o ARall oo
8, %<l W Asnda QG

U= % k ¥ (14.16)

B, qudl A 2uadofd sl sal RaRGet

3=

Ulx) k x*

= % k A cos® (wt + @)

I AW AlAdodl sl sodl RaRGel ua
2idd B, Fil 20Ad0 T/2 B, % HAHIA LA YA
8 e HeH WA {2 Hedd 9,

(14.17)
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alllas(sun

Al (14.15) 24 (14.17) uxell daasdl ga
QA E 8 :

E=U+K

k A cos® (wt + @)+ %kAzsinz(wH )]

=

= £ kA [cos* (w1t + §) + sin* (i + ¢)]

BisiaBilat onelldl 2deidedl GuAldl sl SlAi
wWd AR HA AHs B, 2,
k A%

E= (14.18)

=

2w, A5 uel sl ga UBsGd 2 anudl
AWda B % sl Ll Al ool 2 ald W2
WUMEd B, vy W 2iad elasdl Rl 24
AMAGIA, AHA 2L @Al U 2R B A sl
14.16M1 oldiddii 2de 6.

E [/E = K@ + U®
Ut
&
K(1)
O 1/2 T !
(a)
|/1((;»‘:) + Ux)
E U(x)
&
K(x) ¥
- A o + A
(b)

2i5ld 14.16 (a) AL a1 A 25 $89 0
AAGIA, [RAGIH 27 s Qo aH-l
Q94 a3 [(a)ul suldd &] 24
2yl Q84 a?l3 [(b)4i eulda
&9]. AlAGod w4 [RAGA oidd T/2
AHY ollg YeiAddw wd . g4 Qo
€351 3 x e A9 8 Y.

-

gl 14.1640 2 [ARlawt sA 5 ALLul
ARAGA 2 RARG 2 6 Al 4 B, A6l
WAV SR uRl 1Rl Sldl Adl SRR 3 A ossusl
adldl wueHl 24 8. RRGAAL 2sid xAANis]
wiedlldl 59 REQRGA 8+ Sl 8. ARG A4
RRGA A o UAS 2adsia U A auid
i HedH oA 8. x = 0 W2, ol % Gl 2Bl
B e AlH x = + A W2 d ol ¥ RRGA B.
ol e, 2L A 21l a2, RRGleAAL qec]
ARGl auIRl w8 uual el Glag uad
Sl 8.

b GeldWl 14.7 25 odls ¥ gedi+d | kg €
dqd [RUor wd oida . w0 Yol kYo
2139065 50 N m™ &. s odisd oAl
quel u: t = 0 uHY dedl dqdd A
x =0 o [FRR Ryl vl-d x = 10 cm
Ad? dldquHl 2id . rUR d HeHi+ Ralqd]
5 A4l g2 & cu? 21 odlsl AlAGAd, QG
2w g4 Qo+l avd] sl

Gze 2L odls AL 53 O, wdls (14.14b)
wHdl, d-l swelle 2ugk

o- E
m

ad AMNAHL a9,

_ |50Nm '
D= \"1ke

= 7.07 rad s~
del S8 wel £ uMA, dell @I

x(t) = 0.1 cos (7.07¢)
Al AL B 9,

U3 6ells dril Heuid 20l 5 cm g2 8l AR
2vel wal

0.05 = 0.1 cos (7.07¢)

2Ydl cos (7.07t) = 0.5 2 dell

sin (7.071) = % = 0.866



£ldrl (OSCILLATIONS)

351

L 6ellsdl x = 5 cm UL A9
= 0.1 x 7.07 X 0.866 m s~
= 0.6] m s

dgl 2L odisl 214

_ 1 2
—2mv

=V [1kg x (06123 m s™')?

= 0.19 ]
) oeflsdl RARGA

_ 1
—2kx2

=}, (50 Nm™ x 0.05 m x 0.05 m)

= 0.0625 J
X =5 cm W odisl s Gl

= K. E. + P. E.

=025
M8 2 yel el ¢l 3 Hedu aUAdR WR
ARGA Y B 2 dxfl wauell-l ga Glod A RARGIA
o162 €lu 9. dedl, weudldl sa Gl

= (50 Nm™ x 0.1 m x 0.1 m)

= 0251
2l Gl 5 emrll LidR U2 oA Glarl ARa
Feell ©. L GoA=iraRl Rigide uud s2ug 8. <

14.8 A 2uadld sl s24is dall

(SOME SYSTEMS EXECUTING
SIMPLE HARMONIC MOTION)

Auel Ys AR addAAl S elllas Gelgall
ol iRl A8 AU Wl AR a@dLeiaL
AW dddld sl ol Aul B 2L [eudiA
iUl GUOLHL, U8l Hdl Fedis dall gRL S
wadl ol 2l sy,

14.8.1 ¥is [RUa 18 €lal (Oscillations due
to a Spring)

AW addldd u evlld Gelsaw A ugld
14.1740 oidiedl UHI8L 518 e €ldie Ae Al R
A AL m el S5 s odisel Al €lasdl 8.
L odisd weRRd AERY AW U Ysami
2idd B, A odisd ws ouyB WAlA Yisami »ud
dl o uedl Hepe A sl vy ol
5280, wdl x = 0 2 R (FBoL AgadHi €l AR
oclisel Seaefl QAR eald 8. —4 2 +4 43 eulda

215l 14.17 25 vy a0 2iad slas ¥ [
A8 Audd m gedHiaAl A5 odlls
qad . w1 edls aNwRlSd wwl]
Y2 ala 52 6. 2l oclsd yu WYl
3 43¢ld oldl £dl, d 42 wadould
52 8.

Il Hel 2AY] g6l A ARl dRgL HedH

2Aid suld B, el udal alvai o ¢l 3

Ruad [afuve sl 8, %4 AL uan iy

AlllAsaRe{l A0 &5 gL AHAML AL gl dudl

ol oq & 2idl weudld R [ Sai 2d

0 AR dril YR YRS o Aol 8, B WA,

(A3uel 2adl Alidedl AU 8 2 d [ARe

Rami sl 53 8. dd sl Fud (usa 9) a3

vl wd 8. RbHL doud-l qaridl -l

A@lAidR M2 d WAL wadld 9. SIS UL £ AHA, o

Wi el oddls RUAIdR x ld, dl edls U

SR yARAWS oo F

F(x) = —kx (14.19)

0. AUHIBLALAL A5, kA RHL AnANis sa1d 6,

P Hed [Riol Ralausdiql aRiEdl a3 2iglid

wd 8. 535 [RBoL W2 kg qer g 2 1S yg (H4)

[RioL 2 kd Hew -id i 8. ulsaw (14.19) 2

AALILAL ol [Fam Fg o © 1 dell 24 weuel

AW 2l 53 8. uHlswl (14.14) urell 2y

W = (14.20)
A B A EldsHl vadsio, 74
T = 2nJ% (14.21)

gIRL ML 21d 8,

Avid [R3oL el Yeuddl k (RUaL xuais) 4rud 6,
A58l (14.20) AR, el sHMld meil 56 28
ocls 518 535 [RBoL WA A0Ad U, dl d {2 el
29[ HR1a9l, ¥ ellldsla qReL wHEl ©.



352

alllas(sun

P Gelsew 14.8 As 500 N m™' (&L »aais
qRlad] REal e 5 kg L slaR (uzl) Aada
9. d quRL 9o AHEQY ABAUL U AP B, i
S1AR dsil Agdnt Ul 10.0 cm @AIdARA 4§
U Ao AN B, VL SER HIR

(a) €l »uadsia

(b) HedM U

(c) Mgdu udoldl awdl s

G34
(a) axlsawl (14.21) 43 2L €lad-dl 2ladsia
BYAHL U 69,

50k
T = 211:\/% =2m ,f;‘_l
500 N m

(2m/10) s
= 0.63 s
(b) AMLIL Sl L S+ dd1
v() = —Aw sin (ot + @)
a3 wYAML 21d &
dul Hedd AU

v = Aw
m
_ 3
=0.1 X p
500N m "
= 0.1 X Ske
=1 ms!

A d x= 0 U U WY B,
(c) 2Aqert Ralaxiel ude @R x(7) U UL Sld+l
UL a(f) = —a@? x(f) 93 WA D,

- _k
at) = ——=x(?)
del HedH udal
a = a4 o,
max
_ S00Nm '
a = _Skg X 0.1 m
= 10 m s~2
A d ABiid [Blgpid A 1a 8. <

14.82 g QA4s (Simple Pendulum)

g sdad B % AARAN ddl AL HolsR gL
A4 AAdl oPMRAL s WU s g, dugl
A 3 el ot 2ad edl. 2 weudl A s

usiel dlas gl 8. 2w 100 cm aloll vl
asty ddl Ag €1 U vl A5 gsii ol dil
uBl dMIy Uldid dles oirildl A5l Ol duRL dldsd
oy iRl desidl ¥yl d dsd Ad elad 20
A%, v B oLy WS Al B WlAldR
Y] 2 A 9L €L L YeuR pta-ua ould
28, % 2ald © Fdl vadsi ool 2 s 9.

Ul ¢d A4 eAldly 3 2L viadald A weHA
Al el eI W2 A vadald 9. s
AUE dlds dl, FHl m gl s et ddous vl
A4 w5y ddl, aw-ed, L dous-l €3] a1 oliteumi
2ldd 8. A XL oflod B3l 9l R A8 olifld
€. 2L Ol Mg AUdanl, R Blguidl yur adl
Gled Jvid 2daald fladdl 53 8. sl 14.18(a)
2 wauell eald 8. gl 14.18(b) 3 el dlas-l
21200 UR 514 sl oLl ealadl free body diagram
(35 vt Ul 8.

LTS LIS SIS SIS LLLTT
ok
e WER |
: m
“—o—"
(a)

LLLLLALLLITTLL LS

2i5ld 1418 (a) Wldirl q&4RaU et Hasle
glan s2dl A5 olal. (b) Giraiadl
o T- mg cos O ¥ Swzoul s y3
w3 & ue 2R vadla ¢ 2is
el 2yl o mg sin © A YRS
els yg w3 8.
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el Gl g oiAdl 5181 @ 9. 2 i 2l
Adar Al ¢l AR 4 = 0.

211 OO YR §5 6L ool @l © : elR1Mie dBua
o (Tension) T A ARclsdel ol (= m g). U
ol m g eRldl RwHi m g cos @ [Birwiadl qes
(RRue s¥lAA2)] 24 dd dol m g sin @ [ually
aes (Zo[ud sl--2) 4l [[eulsd 530 asu 9.
2L otousdl ol B Frg 2qwMRlBly €l dal L
Brosuisit ado u+il ald 8, del 2 ool Brosdiadl
wdol (@’L) 4d & »4 d-d s welly udal ua
8. i el udat A adadl 2wl AHU B
Aalad sl 8. w1 Brrwiadl wdar 1 uReusl
Blratadl ol T-mg cos @ glRl HUUH Hid 9,
oyq1d ATy wdad mg sin @ a3 ML 21 9.
IR el 2L5 Al 51 59, Ay AdLAsdioy
89, 5120 3 Blarniadl s 94 215 2l 8. 214
waalld 25 73 Ayeiugl sadl welly wes gL
AL 219 9.

7 = =L (mg sin 6) (14.22)

2L YRS 25 B ¥ SRlld @i qalsdl W
sl 53 9 2 dedl el Aol B, el AsARAL
[Fay iR

T=10 (14.23)

Ul I 3 2HREIEA vdasldl weudll sl
ALSHIAL O 2 o 2 del sielly udal 9. 4,

Jo=—-mgsin 0L (14.24)
WYL

L
o =—252 n @ (14.25)

1

A wusl WP § AR 6 A g 8, dl
ULl 2L AH15wL (14.25)4 a0 531 sl 9,
wuel el ¢l 3 osin @ A4 1A wHEl Asd
A Asy B

sin 6 = 0 — g—j + % F.. (14.26)

¢l O radianMi 9.

¢d % @ -l € dl, sin O < ulFse O gL
el ASIA O e usdl uHlsw (14.25)4

mg L
I

d3 avil s,

sres 14.140, uudl S8l 64 Ralll, dl AHde
readians#l 21 sin @ (A8l yeudl el 2ule 8.

o=— 0 (14.27)

353

A0 SHM SUQrdir 324l -l
il Al ?

Fq3 dd Al dldsdl suadsio FallRd
Sl YURL S O, AR dHIRL [as dxA
SUfQR ALl AnAL 58 8. UG g dA SR
Yeorl 8 & Al Bed deell Al ? 59, 29, 1°
ydl 0.5° wedl Sul@RdR ASA ? ydl d
10°, 20° 284l 30° &1 u% ?

Vel U0LAAL AHFAL HI2, 2L dY U1y 8
3 el el SUldaciz M2 d-ll Blddsi Hudiui
wild, Aot Hiel SURRAIR HIZ, dHIR A 5109
Adl usdl 3 dlds s Gltd AUdAMl lad K.
2Ll AU Aletl-5ulEReRAL Elettel sad st
7(0) ad saldlsd 4 ) sulfrdiz Hi2-l
wiadstan 7(6) = c7(0) @il »ui ¢ ¥ deiis
uRetr 8. A dil ¢ [@g G-l v el dl
dud 565 249 {13 ealda yell vad :

g, : 20° 45 50° 70° 90°

c : 102 104 105 1.10 1.18

el we A =YL 5 200 sulddi-l
dladstadl 2 % Fedl, 50° sulddiz-l
ALAASIHE 5 %, 70° SulAdRAL HiAdsOHL
10 % 244 90° 5ulRdRAL 2Uddsiaml 18 %
AR 8.

AL YRR, dd SARY wRL T(0)d A
53 asal AR s 3 el 2w A B 3l
A lad-l ). Agilas Ad, s5d @=0 =2
% sin @ ¥ 6 -l oRAGR 1 B, G Al ny
duiy Hedl W2 seells AASSAL ¢ %, 6 L
dqdl AL UL dslad a8 8. dedl uel sl
R WA 5 2wl sedl AR Acudl uslu
¢lal, S8 v sa3u dyel Al Al aHR
Bl FAl A Wl U w2 [QARY ASA
Fuy Rudiasdl A 4 B 7 wRiudia A3
AL 2 AsAH dHRl Wil s 9l
8 7 dud vild A9l § 2L 2 AR W]
uAledl AU 5 % Al 10 % Sl ay
WL Aol Gledl. Gudsd Ses olcld B 3 s
2uadsia 50° SulRdizdl Hedsfl dstl sl
suliRdil yeurll AvuHela el o 5 %
Al ©. d¥ dARL WEPLAHL 50° Zedl SuldrdR
Abil sl L.
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alllas(sun

il sresuidl v A wsy 8 % 20 Rall weaw el
weu M2 uel sin 0 W dasdl A o W B %
0 4 Wuui % sdl Ay,

S2% 14.1 sin 6 2 5@ 9 - [QAY 433

6@ (degrees) 6 (radians) sin @
0 0 0
5 0.087 0.087
10 0.174 0.174
15 0.262 0.259
20 0.349 0.342

AH1501 (14.27) 2 ou@ilas Ad uaHlsw (14.11)4
AU 8. 525 viedl % 8 & A d15 Sielld e-idr
8. i, AU WG 54 3 -l 6 32 2L ol
Al 2 A 2iad B,

AHlswll (14.27) 24 (14.11) uzdl,

_ |mgL
=N

i

I
T= Zn,’m

¢d, ulel dlasdl el geumiqAsd 9, dyl
scaril ALsHGL 7 3 mL? O, wMlswl (14.28)
QAR olle ALl dldsl adsin W yuldd Yol
AU B,

L
oo L

r Gelsgl 14.9 % £ A~ 2ls 53 €0 ddl Alel

(14.28)

(14.29)

dlasl doud edl ag ?

Gia uvlsea (14.29) wrell el dlasdl 2uadsia
{2 WAl vyl 2d B

L
T=2m \/;
UL A6lY v UL MOl

gT>
47*
¥ £ Asws 25 53 ddl Alel sl vadsio 2

-

SO, WH, g =98 ms? ud T=2s M2,

L=

9.8(m s %) x4(s%)
L = 2
4n

=1m 4
14.9 aHled u 2uadold (DAMPED

SIMPLE HARMONIC MOTION)
2L nellal a3 sl adi As Ael dlds-l
al, H13 Y13 vidul A4S Ny B, WM M Uy
8 7 wid SR8 A B 3§, edld viwwl (Drag) -
IR U 4@l (Friction) A clasl ol Al
8 e Ayl d-l Gl HR A oy wy B, i
dlas vaHlzd eianl (damped oscillations) &Qc\i:
sdaldl 2ud B, wadRd ladiul, A3 uesudl-l
Glod Add Ad Al € D, UM Ol il HAHexA
W2 d eladl euldl Ad 2ad ¥ W@ B, il
WA Rl 6ol AHIUEL 8Bl ool . elasl ald
U Al ollel ololl-l AL AHFAL HIZ, ALl
8L 25l 1419490 oldledl Wl s Gelgwsl
. w1l k Ro-xanis 4uadl g oL wd
A3 m gAHIAAL s odlls u Geddani ([RRldet)
glad 53 9, L odish (Al s dlgs Al

Ysd sadl, ddl elan-dl sy 2u9ft o = ‘/%

adl % x50l (14.20)41 AS sty B, A% AR,
RARAL WY, (8al) A 241 oalisel Ald U AR
GloL ALY B A AL oedis-[801L weuel-l uiBisGloni
ga1dl adl. Glad-l 21l B2l 3 AL HiyH]
(i ocllsel wal) G dly vy 8, [2usld 14.19]

X

26 VMR

AR A M TE N ET
B N

215ld 14.19 2uA 2+ n A ellda B
U2 s AUl WA @Ud &9 ¥ HdH
dd PR £2 8.
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2l A ool A WAL HUAL ugld
U2 AHIRA €l 9. o vl odisd UaAlElHl goitsalHi
2d, dl Haded wor qfd gl A Gloddl uy
gell osdl wgl. AMLUd:, vdded w odisdl (3
ollot)dl daldl AHUMIRML €ld O [R5 [Hun
Yie 520, A58 (10.19)] 2t dowl [A3g Rauxi
Al 8. A e tad Fy a3 sulaaini 21d, dl
2148t

F,=—bv (14.30)

HOL 9, Ul 4 AANLS H A HIHHAL clEBsdizl
(Gelewl d3 RRoMdL) ¢ 6disedl LSRR i
uRael a9} uR wHRA 9. uHlse (14.30) A
g «llrl doL 2 yaed 9,

Ul m st (sl 14.19 i ealew
woroy Ged @esidel) oL d AdA sl 2ud
8, AR [RBor dldl vl A L gHUA 2YS
G w2 R ad. 2ugld 14.1940 20 Rl
O gl ealadidi »da 8, d 21l gemi-l Aqad
Rald 8. o getuidd dlgs <2 vaani 2ud 3
Bu u3daldl 21d, dl R s1Rel edis uR
yrReus o F o= —kx apl 8, oul x A d-il
Agart 2wl gl 2UlidR . M, 516 Ul
fAMA g YR dlld §d o F = —kx — bu
8. o 1 UL geudL-l UL a(f) S1Y, dl “Yesi-il
Al Bfld Fun g aulasdl Rad stdasld,
IR

m a(t) = —k x(t) — b v(f) (14.31)

HA, el 248 AR Add Al dlui 5128 3 28l
AsuRHR0Y Al wr Al 3] 2w Wl L v
A UAOL a(f) U VAsA x(H)l wuH @A [l
[Asendl Gualdl s, 2Bl
2
dx dx _

m 2 +bclr +kx=0
1Al 9. 15w (14.32)1 B3 ol vadRd s (¥
otetl AHUHRAL B )+{l g1 dUld sl oedlsel ol
auld 52 8. 63 2 (1Al @Funi Al 1A D,

(14.32)

x(f) = A e cos(@’t + @) (14.33)

wUl A g2 warled eldsl SUERAR 2
-l sl »ugl 8. 34,

o = |-
m gm?
o3 UYML 2 6,
2 [QA43L, cosine [QAUAL 2ladsia 27/ &
§WH odi @AY x(f) A we 2ad Al s 3
ePm yaud 18 d AU A Add =edl AU 9.
oAk, s vAds T eMA adl AL 21l % sl
€l dl w1528 (14.33) gl Wdd AL Ul @vteidl
2ldd 8.
2L B3e, W50 (14.33), 2usld 14.2040 oidiedl
UHIBL 2UAVAL UMD 2% 53 AsE V. R dA
cosine [A8% 3 Rl uslal 3 ¥l SulddiR
A e @ q A A qHu WA w2 B,

10

(14.34)

-10 5 10 15 20 25
t
215ld 14.20 s Anpiled glds A gld-d-u qeal
Suldeazaly @2ueol siad €. ay
e A1 d-l elddl Asudl <
Wy .

ed, waHRd (21ed) elasdl aiBisGlot
E = 112 kA? ©. xadlRd €lds W2, d-l aiBis@ot
A Al UG o AHY A 42 D, A vaded il
€, dl gl Sulidiz A e ydld d o

1Al Guall 53 wslad el

E() = %kAZ b (14.35)

alsR2l (14.35) ld © % 241 weudl-dl ga Glod
UMY A =A-EdiSlY Ad 42 D, Al U F Al

aHedl wd O 3 (L] uRaRifd oLl

Jkm
1 4l o -l 8.

* oRelsiel S50 L odlls A [RBOL R RAR Addad Rl O w2 ¢d; Adl x d Bigdl @iiar 7% 2 8.
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wneold, B AWML b = 0 YA, dl AR gleisHi
2wl uRaBedAl oal o ulsell 2, wda Yoo,
e [Adidl (ded) glasl 43w alswin
3uidRa 2,

b Geis2w 14.10 >5[ 141940 it w1l
AR elas A2, odlsd goudld 200 g,
k=90 Nm™?' 2od 2saved q3als b,
40 g s7' 9 dl (a) eldrl 2ddsia (b) d-il
glartrl SU@RaRd Hed WMS Hew sl 2184
adl W2 dldl A4 Ae (¢) d-l 4iBisBlA
qed WIAMS e sl e Al W2 Aldldl
AHuAl ardl 52U

Gsd

(a) 2uuBl S 9l 5 km =90 X 0.2 = 18 kg N
m™ = 18 kg® s 2l Vikm = 4.243 kg s

2§ b = 0.04 kg s~ 20l b A Vimell vor
Al 9. 2l w5 (14.34) gL 2lddsio T
Y] AsY,

- m

T = 2‘11:\/;

o 0.2 kgl
90 Nm

=03s

(b) ed, uHlswl (14.33) udl, Sul@dikA d-il
wiRleLs yeuol igdl "al M2 ddldl AHY,
T,, 9% ANl 209 8,

_ In(2)
Ip = b/2m

_ 0.693
= 10 X 2 X 200 s

6.93 s

() Al uiBis G-l w3leLs Heud 24l 2 w2
AqMl vlddl 1AMy £, diddl s2al S el
wdlsRel (14.35)0 Gualal s3al. 2w s

Wyl 2R 1Ol

E(t,,)E(0) = exp (=bt,, / m)

QIREEEIE]
¥l Y, = exp (=bt,, /m)
In(1/2) = —(bt,,/m)
_ _0.693
#HYdl L, = m X 200g
=346s

21 SulAcieAL qu sl HioL HHHL B, 2L Uudogets
ofl, 518 3 Aalsel (14.33) 27 (14.35) AR,
Blod 3 SulBRrcRel 2ol U2 2R AV B, i dl 3
BlHE 2+l 215 A ol ARSI well 8. |
14.10 We0l2d (AR ) el 27 Bi-le

(FORCED OSCILLATIONS AND

RESONANCE)
U SIS ws wsuel (wdl § WE dlas vHud [RBid
Al e ws odis)d d-dl Adlad ;araunidl
QAR s %5 sl 20, dL o d-l wglas
AR @ WA eladl 520 24 2L elddld Ysd
£l (free oscillations) sS4 €. 5144 €1%R Adl
AHe OOlAL 518 G4l % Hsd eldddl AHE Fdll
g WA B, M Odi, SIS el uRen 2wl gldxdl
esidl vl A3 V. 2qal eladld qARd (Forced)
2udl WS[Rd (driven) €ld-l (Oscillations) s3cld
8. R As 2ldd olal olaxll BRI @y ¥ %+l
YR @, B 3 % welld 29k sda 8. 46
ol WRA 2ad €ld-il 12 A A Heéwd A B 3
2 weudl d-l wglas 2ugft @ wd Al L oual
uReadl 2ugft @Ml ela-dl 28 A d-l Ysd
gldrll va¥endl 518 228l odl. iR €ldrte
Al ay yaldd Getsw 2, ol dlasiul addl
SIS s ouns L gldsdl andl Aval dAl wotl
AU olAn g5l @oud B (dtadl oy 515 20
GlLAS AU Hs5L ddlldg €ld.) d 8.

WL 5 S As AlRd elas W F, %edl
AR AU cedld S5 ad ouel el F(7)
AL Wl 8. wal o A el 2y s3I0 wsE B

F(f) = F, cos @t (14.36)

Wy y«Raus 6ol (restoring force), HdHerd
ol (damping force) 2 A5 (14.36) gL 2%
SAYA AHY 2HIRA uRlRd (was) oo (driving
force)dl Aysd R «{lAd sa-l alaq
m a(t) = —k x(t) = bv(t) + F cos @ t (14.37a)
ad AL 2d B,

2wl udlsel (14.37a)40 uddl W2 d®x/dP sdi
A Al yeolsael s,
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d2x dx

mdr_z + bE + kx = F, cos @t (14.37b)
WAL . VL m gL elds] AHSWL 8 ¥l U
(stell) 2u9f @ 1 ldd 61 @AM vide D, i
elds AL d-l wislas 2ug o WA eladl 53 8.
U3 AIYEL ollel 2idd el @tdy s sl Al
wislas AtigRini eledl allel i 2144 wedl 20 ueld
olleL 2Aldd ool (S1R0a) 2gR e gla-dl 53 9. d-
wiglels viadsl Ayel s WA QAR ole d-l i

x(t) = A cos (@t + @) (14.38)
a3 Al 2ud 8.

o, MY 14 riRell B Aad el @y wdki
d el Wuarl »ud 8.

SRR 4 A oiRd 9Rt @, A wiglds
wWyRt i @A B, [@sAua sald 8 % dd [
30 galdami »ud .

F,
0
= 14.39
{mz(wz_wj)z +w3b2}”2 ( a)
A %
Ul tang = ®,% (14.39b)

Ul m W s g © A v A x) A
£=0AHA s8Il doL 2 SR R@IAidR B, L A
AU B 3 a2l wad oo dpl wia ¢,
w5201 (14.392) ldid & 3 (aRRd €letsl iadsia
ALe s ol (Sel) 2ugft W 2R B, 242 @, A
@)l LR [t Sld IR, dl Ul d @ <l Aws
€l I, 2 elasl el el ddd Al wa 9.
8L 2L 6 BRuiil Qe s30g.

(a) g vaded ud4 was gkt wglas
z’uq[?teﬂ v "glﬂ S (Small Damping, Driving
Frequency Far from Natural Frequency) : il
Budl @b A m(@’ — @) sl qell 2l sdl
e AU d ueed 2Rl wsla ¢l 2l uHlse
(14.39) a3,

A= —0 (14.40)
m@” —wy)

dail [, Histiel sl s1rul elesel
AR SulddR, Alds ot (driving force)-l s1{ld
gl wR &dl Ad 2R A B d 2ugla (14.21)40
el @, d diud @l 3l @,/ 0 =1 AR
A BRulHl Sul@adir Al W2l g 8. il
gl asl eld © 3 ¥ e Al di vrsle
(resonance) (UL GlAL i AIsH €ld 9.

1 b=50g)'s (el »ik3
a¥en,

e L b=70g/s

T

@ :
3 A‘-._I_-b-moy

\‘-__E
06 08 1.0 12 14
W,/®
25ld14.21  was ol sella suafi-w [@d as

NelRel eletsl @A SUfAAIR vidHle
Wd @/ @=1 A0 SURAR HaH
8. 2181 A5L Ml U dell %l YEL v
AAIUD. A5 1 2L 3 dAML 2N @
VL HETH AHAHEAL 2AAIUD,

g Sl WAs oo-l wgfid sleddi #SA dl
U2 d wglls gl elReR Wy AR SufRdR
Med dg WA D, UId 2l YA wddHeAAl wiedl
Bl 8, ¥ s ardl@s yeudmi s34 asy gl
51280 3 e AYRIURL 4 s434 AL €S A3, ad
sl xma sdl €ldl AU 3 AU dHRL HLsLedl
Ay sl 2iadsin 0l yAa Wl O AR dHRl
(Basl qgdu Sul@RARA W 52 8. 2 SuldRdR
2l 1U 89, Ui irict +tell, 51281 5 $HAl Rl sl
565 i viaMed Sl % 9 % ¢d vl (b)HL e 2l
(b) was 2ugln 2 wylas 2ugln-dl 425 dw :
(Driving Frequency Close to Natural
Frequency) : % @, 2 @l o % @5l g d),
m(@*— @ ) % @ b 52l 48 2 ¢, bril 515 w2
argell yeu w2 ugl wlsw (14.39a)

F,

= Wob (14.41)
290, LW 52 B 5 A Ads aa-dl 29l e
HerH AsA SU[RAR A Ads gt v wd¥en
gL 2R B A d AR wddd udl el R
ets ol gl 2 elasl wglis 2ughi-l ws
€l AR SulAiRul adi atRidl gedid vrle

(Resonance) secii 2d €.
2Bl 2[5 @adul uudl Jeeld aenl wqmdla

¢l FHL irirlle A B, lusirl vieeid B vierles
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alllas(sun

AZ Gele 8. duqd seld Ay ¢ § Sl ay
Glaus u adadid fuen A sl wslis gk
A ol UR AR @dllsalAll dudl YHAUL W 8.

L Held dY uMAdal W Aldl sigld 14.2241
oldledl WML As o el @esldd yel-gel ui
dollSHl Alel dlesiql Ay RAHl adA. dids 1
A 4 AHIA doUSHAL B A sl doilS el
wnadl 8. ¢d wdl dias 14 alanl didla, 2
dlasl G AolAd-(5452101)-1R1 HREd 2-d
dlasidi dogld g9l 2 d2il eldd A3 53 9. AL
AGBA-€1T] glal AAds 6l Ueld sl 2ud 8.
w1l ool gl 2dl w9l & 5 Pl 2w
dlas-1 gla- 53 9. % U8l dldsl 2, 3 4 5+l
wlaBuld vadis s, dl Auan dal du-
gladl wiglas 2ugfall 24 [Aln suladr
ud eladl 43 52 8. ug L oUld A Hl9 ay
Wi 9 A 5194 Wd] A2l el dudl gl

5
A15ld 14.22 25 ¥ 2w v aesidar yel el

doudril A Alel dldsl

HlA A oledld © A Ha2 dil dias 1+l 2w
wed 5 was aadl 29kl wd uel [alay
SUlBacl AL eldd 53 9, ddl Al SulddiR
WA elad 52 9. dias 44 wlaBul dlasiqi il
quell [Re 8. d dlas 14l i 2ugh 0l eldn
528 v dddl Sul®RdR 24 HA Al & 24 d ve
o HIZL oAl B, 2L s vidrile Fdl uldend Adl 1o
8. 5128 & 2UHL virrile Herll A Adlud 8, vied
5 weudldl wiglis 2ugk 24 as sasd 2ugl w8
w530 Ud 9. Al wWH o 9.

U8l AR Yl Al o elldd neuelil dlHl
gdl 3 Fud s o wglis gl Sl A
Ad, weudl s sl ay wglas 29l q2uadl
€l 8. widl wruelaidl Gelgwil (5urt sl dir,
galel e a93) di e¢d uedldl wsWML Al
516 wRL 4ibBis e, ¥ s [Buedal, s (B,
5 s gl iy ws sl auR wiglas 2ugfii
glatdl asudl 8. S A5 6lEl widd 6o 2l
Aay 2 2 weudld wellRd eldadul ysd. o
wisRHs Ad, wellkd 29k @, 2 2 weudl-l
1S s uiglis 2ugfadl 4wl sa, dl elasdi-l
5UfRAR au? a4dl (2-Ule - resonance) -l
Asd AsAHL WRRIAL 2 o seel yd AR
cdl aud ARG sucldl 53 B, 2wl o S8R,
MSUdl 3 AU [ARAL 5 UsIAL 5 %
AU HAOLALS A HIQAHIAAL oiel €ld dlusl
d Ui ald wgladl el wsiadl wglas 2uglt
o oddl G ud e uRenl wd [
RRuAL usla ur 2ualRd 8. ¥l wslas 2ugk
AaHls (esunl) datl 2ugltidl dms-l ¢iu dq
Ay sl wdiedl asddl 9.

ARAA

1. i YRladd s2aidl ol suddald s 8.
2. wadsia 7 2 s dyel sud 2gal s A5 22 330 wvd 9. d 29l wd

=1
v

ad Aeilfd 8.
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10.

2lad 28l eldet Al g 2 2sH uHY €ls Elerl-l Avul V. SI Hi d heartzdi
HUAHL 2ld 9,
1 heartz = 1 Hz = 1 gld uld A5 = 1 57!
AW AR (AALOLSHM)HL el et eel 52 el x(H (Al 238
AL 1A B,
x(t) = A cos (@t + @) (RAUAIdR)

FHL A B AL SufdiR 9. ABL (wf + @) 2 AL 501 S uAd @ A S-S
8. ey w9kt @, 2 wads w14 29k WA

2z _

Q)=T

21y (selld 2ugf)

a3 Asifd B,
A0 uadollad Fufid aduny ol d adaql e ueil uau a3 Bl wsiy 9.
AHuAL (8% a3 AL eI S8l Aol A wddL {ld Yoo B
V() = —wA sin (@f + @) (A1)
a(f) = —a’4 cos (0t + @)
= —@’x(f) (4a2)
2L Ad 2u8 €l wglaAd Gl 3, A0 2iadalfd sl usldHl Aol A UddL i 2iad
(A8 B, 3 Ul wsd AL SURAR v = @4 A UL SWEARAR @ = @4 9.

AW AU €U AL 6 A WUAIdRAL AU S ® A dRal dla-l
HHIA @A dR§ I B,

0 wadalt sl sed 6 uel wd Aulllw K = Ymo? wd Rulled

U= Yhe® u 8. % A6 ugl alal ¢192 4 4, dl K 2 U ¥44 0l oleelldi dlal
9l usuel-l wiBisGlad E = K + U daal 2aa 8 8.

F=—kx g2 2ucidl 2idal g5l [Hud ool yRaus ool 26 80 m
gMlrte 581 3 AW AU K2 B Bl W2,

W = J% (stella 2u9(x)

T= Zn\/% (2adsia)

el uoueld Wl eles uR sy 9.
Al wRual YUl sddl Alel dlasdl ol @nedl AW dd B, L glddxil

wladsin & :
/L
T=2m 2

drRdls eld dodi 4iBsBlod eldndl eldu 22 & 581 % oUal ololl, FHy uvel
gl Al B 2 UBLSGAA GRuBlaul 3uidR 53 8. AR ardlas €lds A dxdl
ARA AR gl sdaid B, A Aded o F, = =bv gl uml 24,
odl U W eldsel Aol B A b A dded §ANLS S, dl elds Wi
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ollas{sit

cllasul ulas yRwwl AsH AAlH
(Physical Quantity) | (Symbol) (Dimensions) | (Unit) (Remarks)

([Quarar @ias Yerdl (POINTS TO PONDER)

I 2adsia 7 d 2dl @9y 3ud 8 3 AR ol dld Wd YRadd 52 9. 2, Al
nT wdl o yRladd 53 9 odl, n A5 yals 8.

2. 235 2adafd w0 vuadolld gl ¥ suddol eunl Fud F = —k x gll AAdd €y
d % Mol AW dd AR 9.

3. xd-adl [Rud oo (Al afani) Guid RB-ulZawelyi w0 2qaden —mar 4
SR8 adamy Al Gau~t i 8. ofla Bunl, 6 dotad RBami (x 24 y) aulasdl
sl @2 wedl uaal Gldl B, M, 51 x5 50 5 @l wilds Rala (o, 4)
24 A3 (@4, 0) €A d-tl R —mafr 60 @dllsdl d 4 Bloui-l s adadi Ralid
Ad aula 2 9.

4. ud o ~{l fla W0 2adafd W2 o wels Wty 2dl ¢330 S i ol Ayelud
A5l 52l H2 A udld 9. 2 W wd : (1) wilds Rl v wklds dot 2ual
(i) 5ul@adiz 24 sou udl (i) Glod 24 sou €15 93 .
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10.

11.

Guisd Yel 4 W], A SulReiR wadl Gl 2ula €, dl Wil Rl saa wilds
QoL gL Al souil WHAUHL 2d .

-

oozl Al 3 ugx9 SUlRAIRL AA sl Al 6 a0 vadalded Al 2iad o
€. 2 As Al 2gR 2wl gkl s yals ois §, R F-d wuad 2y
8. %%, vuadold ddal qou Ul WAl vidd suadofiidl da d33 saldl
ASIA, 6.

AALILAL AAAS0 2 SUQRRAIR L Glod A=l SAU-2AALS U BUHIR AVl Al %
Rl (Bl Sl Fun) dsa Akl aum saiql wadsia wd [@AHeu
gald 8.

s Al dlasl AR Al Selld WIAidR H2 A vad B,

s+l AUl A Bdd dl M2 dell @AUAIdR xl AAL @]l 5SS wel A5 Funl
% galddl A :

X =Acos wt+ Bsin @t

x=Acos (wt + o), x=Bsin (awt + P)

L 28l AU AYRIUEL AMded 9. (516 uel s 2wy 6 UL ueul @dsd 53]
Asld 9.)

2l Ad AR w0 vhadorfe [uxlsel (14.31)] 2 vl wHeHi 0 241dd Al
d 2193 HIol 2m/b 5dl UBIL 9L UMY WAL W2 % WL D, wUL b Bl WA
wAULS 6,

oURA (UBlRA) eladlui el el ald (s eladl -iel W udl) 2s A
sadald 8, F{l 2uglt 2 wslas 29k @ 4l dl wal d wlRd €l Gt sdi
aiel sl w9k @, 3.

g ieiestll 2ued RAQML 2iririle YR A0 2adolfdnl SUlRAR wrid S 8. L 515
AL Al M dalds neuelpiiil o1 ded) it Rl elgs dl mare €l o 9. dell udl

Rafa sl glal 1ol .
Wl (A0dRA) elaui, sl 2tadoldqdl sou wellRd ool sougl o €id 9.

14.1

14.2

14.3

WY

fA-unigfl sui Gelgwel 2iadaif sald & ?
(a) 25 a2l 25 gl s Bl ofloa B 214 el ud-dl us2 yel 53 8.

(b) 25 s Ad adesidd AU qoisd d-l N-S [Raunial @u-id 2l el s
KA 2 B,

(c) dril gt 3rgnl vidaalld AUl sl St uHIR,

(d) s aguuiall 9Rq dR

AAAuiel sul Gersell 2 (dviedl) A viddlld sald © 2wd 541 ¥ widd sald

8 uid W vadod saladl «dl ?

(a) yedl-l 420 tqaslld dd aum

(b) U-zuoui elldd wRl-l Ml aufa

(c) s oliaoilZon 2y (Rl as aesldl e Al Faddau Bigdl 2las Gu- Big
wael 14l el 2d ARl ald

(d) d-il qat RARA ndaalld slguMlEas 2L AL Sul

gl 1423 2 AS sl wlld oUfd W2 x-7 AL AR Al euld V. saL 2udvil

wiadald sald 8 ? Aldddl 2nddsian (duadolfast Bruul) o 8 ?
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X

(a) >

x
(c) \)_/-\F\/lw\/\ 5
4 7 10 13 (s)

25ld 14.23

14.4 A 1l QAR s (a) AR 2adafd (b) 2idd uid AR 2iadolld + §iu
uq (c) Brrziiadofd cald 8 ? siadafidl e3s Buni 2uadsia 208l (515 4
AULS @ HIRZ) :

(a) sin @t — cos wt

(b) sin® wt

(¢) 3 cos (/4 — 2aw0)

(d) cos @t + cos 3wt + cos Swt
(e) exp (—a*t)

(f) 1+ ot + &’

145 s 52 10 cm g2 dl 6 Bigall, A 2 Bl a2 1l a0 2qadild 2D,
A @l Bel Raud fe @l 24 Aoy, 4ddl 2 otael A 2L U3 d s

(a) A B3 U &l

(b) B 941l U €1

(c) AB-iL H=lolg W A dg ol [auml
(d) B 4l 2 cm &2 A+l ds odi

() Adl 3 cm &2 B ds dl i

(f) Bl 4 cm g2 A d’s %dl
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14.6

14.7

14.8

14.9

14.10

14.11

SRLAL YAl @ A UUAIdR x 42l 1AL AeiHiE] s41 A viadolld qud & ?

(a) a = 0.7x
(b) a = —200x2
(¢) a =—-10x
(d) a = 100x*

A0 2adolfd sl sl QA @iiar @A

x(f) = A cos (ot + @) g1 aslacidi »ud S

A R WRMS (7 = 0) 2 1 cm €11 i d-ll WRARLS Aol @ cm/s €A, dl d-ll
Suldar wd wlds sou WEl sael sy 29l 2 7 s 8. A cosine [ARuAL
Al ALILA aeladl W2 28 sine @AY x = B sin (of + o) Wdie s3A, dl
Gudsd WiMs Al WA sourdl SuERAR 2 WiMs sou g ud ?

(RioL old-ul % B & d 0 4l 50 kg YL B, Ball dous 20 cm V. 3 sia w2
desladii »dd s uelda @AAdRA 30 Hsd Al 2l B, dl d 0.6 s+l
piadsion A Elldd wd D, 2L ueldd g ded ¢dl ?

2igld 142440 odied w8 1200 N m7'Al [RBidi-zais w2uadl 2is (o 2is
WAl o wR olsdd s 8. vl RO Hsd 8L WR 3 kg ¥2d g A
8. 2 gUdlAn s ol 2.0 cmell vid Y vl sd sl 2d 8,

25ld 14.24

(i) elad-dl 2ugft (i) sl Mgad uddl 2 (jii) sl Hedi »su 2L
AlAY 14941, Adl vl a1 RaL viaddl Al gl Rl gemidl Rafaq
x = 0 ada i gouyl ael ds-l RBad X-wiadl 4q Bl dd asad. el sdi
Bl geHHIA MG U R A3 s (7 = 0) d 48 2L gl

(a) wamiA @A

(b) Mgy vndal Rl vz, 2w

(c) Mend AR RER u2 & d &35 B w2 x4 - @AY a3y ealdl
AL HReAl 2 (8L gD, SuliRHl 2adl WRMS sl ol sdl 3dl
Ad 2edl w3 © ?

2uglivdl 14.25 6 adama Al eld 8. uds sugladi ada-dl B, wRemaHdl
uladsia, Wy REQR 24 uRaeme Bu (3ed 3 aRua-dl sieidl ala-dl Raui 3

aRuan siell -l [ye Rumi) ealadxi 2uda B,
y

T=4
leg\ :xs
.| /

25ld 14.25
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s BRuui, uReel sdi 52 Pl Bl Aol x-Usiud w434 a0 2iadaild
Hadl,

14.12 {34l ucdls w0 wadald W2 2w3u Aeal ada €RL sad wiklas (1 = 0)
A, adu-dl Bl w4 aueola s2dl se-l sielle asu ealdl. auadl w2
aMeHl Rad eds Budl alRuaqAl siedl ala-dl R3gdl ad asy 9. (x cm™i
S A £ A sHL B.)

(a) x = =2 sin (3t + m/3)
(b) x = cos (W/6 — 1)

(c) x = 3 sin 2nt + T/4)
(d) x = 2 cos Tt

14.13 2usld 14.26(a) oicdid 8 3 £ sl-saqisaoll s Rl s B 22 Ad w534 8
A dril Hsd Ol WA mogHHIA A3 V. Hsd Bl U AdUSAUHL sl F A
R wid &, ugld 14.30 (b)ul 2 [RBioL oid B3l Hsd & el s g4 m
ol 93 U A3d 8. 2ugld 14.26 (b)ui-l RBioidl g5 B s AHA o F gL
vl wdd .

m k m
g e =
FTTTZTTL L TTT
(a) ®)

2usld 14.26
(a) 2w 6l Bruaddl [RBiord Hedy [Qrdel sed & 7
(b) A 2usld (a)uid st 2 2usld (b)l 6 geiidld 2l 4sd LML 2d dl
£35 BRudl la-dll 2iadsia edl gd ?

14.14 s Bl Q=62 S4ii e 1.0 mel 215 (3ulddiz sdi omel) 4d 8.
o U2t 200 rad/m-il s1eld gl Ald A0 2uadolld 53 B dl d-dl Hedu By
seedl & 7

14.15 2gel AWl uR dpcusian 5128 uddl 1.7 m 52 8. s Alel dlasdl yelldl qwel
UL Bddsin 3.5 s SlU dl Agdl AWl uR wadsia edl ¢dl ? (yeelldl auwdl wr
g2=98m s @'.)

14.16 «{lAAL sl walol Ul :

(a) SHM™L s8Rl 2Aladsia

= m
remE
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14.17

Voo AANLS b A SCLAL gHHIAd m U IHIR AW B,
s AUE dlds @Ol ALAHL G B, dd 9dl A W2 sl wadsia A
dlasl gl Ada § ?

(b) L SRl €la-dl M2 Ael dlasl vl @dLedl A 2ad B, Sus-l Hlal veu

W Ay Ao [Asduel oldd © 3 T Zn\gaﬂ 2L B, 2L wRRuHA w1l

e S8 opucts eelld QAR
(c) s1a ur sisL alun ydd W s 2+l 2l wrell 1A u 8. 9 »u alua
Y5 Ude el WAL AHY oldlasl ?
(d) dRelsiRl 860 Usd Uded sl S0l ¥R s Ael dlas gldnsl gk
sedll edl ?
[ douSl A M gl ollol Bladl 2s Alel dlas s1R1L desladidl 2ud 8.
2l SR MuBid Al WA R Bl adousiz v u Al 530 ¢l 9. A dlds d-il
Adad @il vaald Bodadl Rusi il ladl 82, dl d-l 2uadsia g sl ?

14.18 A4 Wl 824590 w1 7 GRUSHL sil A5 A0SR gsdl o, artdl Huddi Rl a2

14.19

14.20

8. S5 A3 oldlA uesl wsd AL A B, oldidl § AL 515 Gu—~{lA A
ladelddl 520 Fl HlAdsion 83,

hp
T= szplg .

gul p 2 sibl addl 9. (Madll Reotdd S8 Udi wddeAl wddLLll.)

WL HAddl M5 U-2oidl 25 S8 25 s (A5AA) U 2 oflod D31 dldiareiul
8. 6L slad A2 -l golldl dsldd ANdddl Hd B, oldidl 3, P ASAA U g2
KA 2 B, dl U-2264 iRl det e sadad 53 8.

AYIRAAL WA

Voseedl s 301l lalel 2 AoAstia © FUL m sl A olld (B2 (Ud)
2 o © A S8 veL el @ Gua-ld Al s w3 B, (2usld 14.33) A olciel
5 oollad dldls A eoudld Hsd sl d ALLL S B, gdldl esURl-sE oledldn
A1l (Isothermal) 220l €leisiloil 2uad 510 Hi2 ot Aaell. (g vugl 14.27).

&l

25ld 14.27
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14.21 3000 kgl dlgul dd ARl 53 2\l 9L U WA § dd d-ll - [Reudl
elandll cla@isdidl dudn 530 W@l Ol 2L AU ~AA 15 cm eolld O FUR AHA
dled ddl U Hsal id 8. Guld s Ayel glad A SulRdiRul
50 % wedl Haldl wd 9. (a) R¥A-wANs k w4 (b) e35 U§ 750 kg 4R
AU 9. M WA RUL w25 WAL HIASL-AWNS dol U2 wAHed wANLS b
AL (g = 10 m s2 dl.)

14.22 oldidl & v{ld A2LHL S8 Sldnd-dl S8 uel »al w2 w13 oGl 2 d o
Al HRHl w3 RARGEAN w4 Sl B,

14.23 10 kg sl 25 adousiz dsdl del dsell A diR g2l desiadiil 2ida 8. it
dsld @il i an a4dl dd ysd Al 20d 8. AL aa (Zela) gleiedl
wds 1.5 s 8. i dsdldl Biasdl 15 cm 9. 2l dizeAl 2dlHe [Bio-aais sl

2. (o0 2 2ldHe PBomaals © ¥ Aoy J = —of gl AvARd 8. i J
YARUIUS GO-4H 2 6 B an-518L 6.)

14.24 A5 yeld 5 cmell 5UfdIR 241 0.2 sl 2lddsio Al 10 sadotld 53 8. »ul
Alid2 (a) 5 cm (b) 3 cm (c) 0 cm €M, AU Yelddl Wddl 2 9oL KL

-

14.25 85 a5 [@oL wd Agdd g By Audaui sielly 4ol @ wd w3
e Elerll M2 s B, dd 1= 0 3, x R Y WAL 21d S wA I
g v, AUl Bl HRABL A B, WAL @, x, 2 v Al wedi wReuHl eladl-l
SRR A8l s (QA 2 a0 x = @ cos(wr + ) WA UAA S A iy
A %, wRlds dar veL 8))
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PERICEI
dodld i Udld d3dIL
WML d32ML WLHIdR Aol
wouHl daidl »¢u

dolel Auldlseidl Rigid
ol uRlads

we

R U

UL

ol [ARRUAL HelL
Y

AYLRAAL ALY

a9l (WAVES)

15.1 Wdia-l (INTRODUCTION)

AOUGHL WEWHL, 2UBL I eldel scl veleldl Al [AR
sl dol 3 9 2iidl el AHe O dul g A B 7 SIS g W
Wl Geleml Y3 ud 8. 13, RARAUS ol 2ial qesid AAselln
e oAl el vl 9 ddl sisl ol ollond AU 52 D, A dH s
dulidl i wellaion douadi Al Al dl weldl 2udl Qe
ay . Qe A5 o A HUllRd Wdl 8ll, uid G8R drs
adousiz A uAw WA B, A di welnl Add @vldail Avidl
6L dl, ¥ e uellai [Qaer Gt 2l © d 2enell adol osudl
olglR d§ Ol sl evudl. wu-uel g dl © 5 [Qaiee [Gigdl
ol ks wiell ould 53 2@l O, A di 2L [Agen Al v L
oAl 258100l HsL dl vd euild 9 5 olunl 2580l Gla-1A ald
530 uig [alenl 3wl g2 ol -l 2 eald 8 3 adell wa
wielldl o2l olelR dig ded wHdl Al uiqd oulds [Qslet
Bau~ 2dd O dd ddl 8. ddl o Ad, 2u? 2uel oldlal Yl
AR R el el 2 g2 drg OUld 52 8; UG HIBHHL
ws aEl ol ool drs sl %dl Adl. Al Gt sal
(Galloll oty e oRudl Al Al UL §5d sl 5 OIS
dudl un 531 a3 9. udl olld (Pattern) 5 % AHAULL sl
aled@s -3 3 dedd QAL ol 2 D duad dadll s B, 2
USWUHL 2B el dolAL o 5309

dl Qo aet 53 9 nd [Aaleidl eud ([Qaledl usr) %
Wl 4ad & d isell ol Bigyl wue wid . wuusll uldl
AM-Ael AUA Ugld Hvud dDU gL ASdlAl WAW U 2R
9. ollad 22d gaMl M Bt sl A Alead Hed d
ddll uu 54l (Detection). a8l a1z, MUl 2wu-a-l uglani
el FeL WslRAL ddL AsAAL Sl 8. elvdl dld, tRdolA
uuy [Agauals Asd (Signal)Hi 3UidRd sl 2d 8, ¥ cledlHl
s [Agd-2otsle ddl Gaua 52 9 A dA s 2ilRsa Joid Hual
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AeelHe HRgd WARA s B, Yo Add-dl vl
2l o4l e [A3g sHUL adi €ld 8.

o4l % d00A AW M12 HIEHHdl 3R €ldl
Aol 2yl el Sl &, usiael doll Qritasiamial
uAR 4 A3 B, virusu] Asd usiaad (Light Years)
g2 WAl AR gL GRUFA NS, ARl d2HL
uaslel 5 ¥ AadlRs Ad yaasia o 8, duil
AR 4G R ugid 8.

glZl Ul dol, el uadl dIdll, taldIol,
ARMS (GL5UL) dd0 A3l Fdl ddlL vol wnelldl
W AUBLSAN a3 20 B, L d20A WA
W2 wudl 932 8. dall yruasiaHl asd uall
Ascll el dpiHl ges selirl eldel Adl €l 8 -
Avil Al Rafaraus ol u 2ualRd 8.
[Qedotsly ddl 5 Fudl (@l dd Hier XTI
MRLell o s gel WAL dd0 8. [AgdAeisly dolA
wAWL W2 WA €l 330 el duil dl yruasiam
254 uel ald 53 Ad 8. usle, VA, X (el
ool [Agdosly do0l 6. y-ulasiaml ol
[Qgdeisly dol-l asu suvll ¢ 8. Fd He

c =299, 792, 458 m s ©. (15.1)

w5 2l WSl d2NA ged-dIdL (Matter
Waves) 5¢ €. dail seu-il 228l : Sdsgiea, W=,
2T, URHLAL A AL A AL B, dil,
sedsl sdived (M3Msa avl+di Gead 8, ¥ dd
LAAL eI el 4iBLs adl [Rgadesly
a0 sl dARs d dail ay wuxd (Abstract)
Slal i, UM 2s-lldiani Yaod Hdl A-UBIH
dail-l Guylal eudl 8 @ Sdsgid uY Asoudd
g-doll GUALIL SASRIA HISSRSIUML Ay 9.

2L UsWHL 28 ABLSARIL § F2lA uARAL
W2 g Wsl 932 8, dasdl vieay sy sal
wud AR U dAl Aledaell/saicns 2=uR
gel widld Ayl ol Holl B, o9di dawila-d
Alwan dsuls [Gsdue adqdl A€l geq g4 ©.
dowlfdrl eflfasf@sin 8 Asoudal edls wvaild
dstilMSiul BBy €1ddl-u (Christian Huygens,
1629-1695), A6l &5 A 1OHSs et 9. ddll-l
alllsf@stiindl uauoe, RYal wd oifd eol-i
glarilrl elllasfasid 2 wel dlas ellfaslasia
AU B, Rularaius Ml a0l wdlel
(Harmonic) el@sil A1d 2ug d Asild o, (vl
elR], ojaaiall Rl sal a9 RulRaMS sl

BelsBL ©9). UUBL dl Asld WL GeleWIL gL
gauldlal,

sl 15140 ealon oot sollon i il
(RBiolirAL A3eell (AR 53, ol 215 B3 [Blowl w51y
vl 9l el 2ud dl [@sier ol B 4l ol
528, Ml g uy e !

—WUMJIN_E
A
25ld 151 dsollon wd Aaddl [Bioiql 4ys. A

8951 3125 vyl 2ud & dall Geoadl
[Qdla el ol s ydl ola 52 8.

vay  [RoL d-dl 2Adad douduidl [aaild/
qalyuid 48 9. oflw RUa wax wd il
glanel d uel WAl 8§ 3 AsuE O xd 2L Ad
wBul 2 a4l 9, [Qaie w15 93l ol 93 Ay
9, Uq €35 (Bl del Haud sl 2w
Aldl glasdl 53 9. 21 WRRARAL culaelRs Gelewl
dld s 3ad VA4 U RA Geidl 24l [[aR
520, getvil YL el soudil 2soflon we [RaL suldal
gll dadl 9. U w5 93 Al AHU O AR
d dell ouggel ol M5l @dUd 9 L UL s
sl ol soll drs WA B, uLl vl 24 AHA
Ad @lid sdl -l

¢d Ul gl EMdold el @R,
gAML BH FH ddL UAR Ad AU dH dH d gl
Al [Aeuotd AsRd 82 8 § [[dRd 52 8. -l
d Aol addiii 38R eld., Jo WA V.
525129l d [AcuaHi gouRi 3812 IP A 9.
EOLEL A HsH AASA U ol 8 dell Rl 33 ¥,
(Qeiot AxARML €N dd 28 YRaus oo Gedd
9. 2 Bl Bl [€del ¥ Aslad w0
Huadl AR A ddiHl $2812 B, A [Aeuor Asiu-
2y $ld, dl d [Aeuddidl 2w il silld @A 8
(Packed) Al d2il ollggel (AU dRs GleIR Hialdld
qaRl HAA 9. N AA AR ouyeil (ML Al
all 8 wadl euyl [AMML A (Compression)
Geua w9, uReud wud [Qewdniidl gal [Qu-s
(Rarefaction) »i-iatd 8. o 418 [Aeusl wHRH
(Qadd 4ddl 82 dl 2wl gal dui 4l %3
A [ ouyel Qe WA 2l 2 A
A [Aadn 2 [Qowai] ofln [@cwol ds dlld 53 8
A [Qalletd Ml WAL A orud B,
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gl gl 2dl % df @dudl asiy. wRsHu U
Ul UG 3 UAHIYAL AHEL 2iad dlRuul
sllsaldal 1 8. ML, €35 URHIY, & URHIR-UHE,
BURAUIRAAL URHIYAL gIRL AL eloliA I, Aqatul €l
8. oflog uRHIRAA RAUR Al s uHIRA @U-IdRd
KAl 2 AR, ol ¥ % yrReus ool Geoid
6. el U8l ARAMIAL WA 2iciBigail
A sl s azd [RoL Sld d aell abla ¢l

L USRWAL 8 ugdl-l [AUOLML ARl dZollL
seals alal®s ol wal sy
15.2 A2l 1 A2Nd A2

(TRANSVERSE AND

LONGITUDINAL WAVES)
AMBL B 5 4By ot aUlel el Hes sell-il
gld-l Al AsuAA B, 9 HRHAL 825 581, dId]
yAW oA doizl elasdl sl €, dl wudl d
d32l eoldld (Transverse) d2ol s€la ¢dlal. ot dil
doidl wAeL R AMidR -l 53 dl 2l d
d2l4 dold (Longitudinal) d3dL s€l2A ¢dl2A.

Gu-lld s tiusl (Jerk) 2uucel wRadd »is
e ([Qaller) €3 w wug 2usl 15240 eule
8. o wedrdl uRMEl aeuueln el vol diofl

=

ANNENANNANANARNRNARARNNNY
b

7 WA

VPPl

21504 152 w2 g dvuaqial gl doud-
AMlde (X-lBeunl) alad 33 ¢, i
gl vis Guz 1A (Y-lesuni) elal
52 89, W oo adold GelsR@l .

Sl dl oflon 93 ueladl 2006 Wed He udl ¥
A d B4 udl ad uAddd a0l wsy B,
sl 15.3 2udl wRRAR euld B, uig 2w aud
ol uRoi €1l s 93 Udd idd Sinusoi-
dal RUSASsE, Sine wstad, waadl) 2xius
Gua-«lAd U . oid BRI eIl v sl
Werd § dIdL, dM-lHig]l UAR LM AR dH-Hl
ARAW Adarl @Al AR elardl 53 6. 2L
glarl, el u daolfadl R dezil 9. »uel

!y -

sl —p
dloL

.

ASNENANANNANANNRNANANNNNY

VO PP POl oleyeeyd

25ld 15.3 asuqaal €l uz ald sd sills
(wd'aigl Sinusoidal) d22, d6lold
Ao GelsWL 9. arouil [l
g1l vis deil Agat -] A
A2o- YR+l [Beu- doi3u gleixil 53 69,
28 d3dd ol Fd AS wglad. wusl yHuAl S
ged MBd (Fix) s34 do viasadi RBid s301.
Al Yl 2L Al AL AMAYSL A SIAMI
Aol 28R HAL B, oflow d, 2% @ (Location)
MEd 5304 (Red 3 eldldl s v [@eudr ur
AU, Bl 3% s32) A uuy W d-l elad
ala [Mlas s
2wlgld 154 taHdol waeil vor sl
BelgRaMl Adlddoudl uRRAM suld 8. saedl
aioll wdundl A5 93 e Wl 9. w525 Vs
Hssl 1 @dldl Yol vAdl, s fsAA (aHR
gridl) A (e (2l drdl) Wied (Pulse)
W (AiHl Gt w8, o [Uredd Hidaud-
vigdld Add w4 2dad Sinusoidal €14 dl, Sinusoidal

25l 15.4 saerRd] aqlyi [Beeaqd Gu-+19 43dl
Geuri 3¢ HouddRol (tal). sal-il
A5 58-vi8 dAOU-UARWIA] [23U AHIdR
gldrll 53 9.
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ddL Geu~t U, ¥ wdusdl cousd AHIdR salMl
WAWL WML B e Ad, A2Addd GelgR 8.

Gur (AL, doidld ¥ AdLdddll, wauHl don &
S8 5 il WHHl s ool oflon eudl yHl uu
0. 20UG U B d qYe g HHH AHAUA
Al sq el etvdl dly S5 el uuAusl well-l
R eald 8. i weldl AWl YAl daMl
[l o ailfd 52 9, el yHAuLL wiell AR, ddl
o d udd (AHA uel gl duli)d wlHdia %
% [Aalor (eottel BAdimi)-l eaiiql (AHAUSL el
Wl ofd Riawl) ald & d-dl wd ouadl «
A,

dodld doHl seil ol dzadl uuzel [Rwd
dol Sl 9. ddl dDL FH UAW WHAL Nd dH
MeHAL 85 [Aeuol sk sl wqed 8.
w1l Goldld o el uslell Feol LML 3
gl s uldota 2sidl(vl) us O dadl ¥
WA U 9, AR ¥ ML dR@ i Yrd ol HIHL
elofla (gl 2iqorcll us 6. dall udd ol

ol RUfaus il wAadl 4t 8. Geleml
30 ¥Wla Al HRMHL doldld i d2ld 6l dRdl
WAL AP O, UL SAUML ML A2l d2L ¥ WA
as 9. weldl Awdl ul dd0 6 UsRAL 8:
SRas(un Fq cuRs, capillary) do0 27 YT
dRoll. 3[st dd0 s ds 25l doldens - deals
AlRHledl ay -le - - wwél - Wiexl (ripples)
Gl 8 N ddl Bt 57UZ YrlRAUS o
welld ysdiel 8. o ddllHdl dRadeusd dedls
leell Feaws Asdl Ale Yl (ARl €11 8.
L A0 Bt 527U3 YrdRAUS 6ol d O
vl (pull of gravity) ©, % ulel-dl AwdlA d-l

Al a2 UR ANALAL Ut 52 B, 2L AL
g1l gletrll Hiot AWl uR o AR ol uig 85 alhal

Al gedl sul@RarR WA [QAdR 8. wel-l dolul
sal o ABC(a o) AR & - dll |t
Gu-{ld o alld sl el UG L-use uLl
Al 52 6, AHGHIL dL Add A doldld i
SERIRNERICE RN

W ARUY B F AU dowdld U Hald doll
L5 % ML URL el el Aol ol 53 8.

b Gegam 15.1 a3l deais Gelgrell 13

AU 9. 825 BRUHL dowild, doldid, ddld §

ol A B d weudl.

(a) aiofl (dtd) R2ML RIdLAL 25 DAL oA
QiR 52l Gestadl aa (Kink )+l aild

(b) wal€leRdl AnsIRHL Qe 2UL0-Y1E90
BRI Gedladl dRall

(c) wwelHl ddl Hieelledl Geatadl doll

(d) sud sl scesh wlRsell sl Geowadi
AHRIAURS (UnALA) dD0

Gsd
(a) doidld 2 Adld
(b) Ao
(c) doidld 2 Add
(d) Ao <
15.3 WauHl d2HL 2R AsiY

(DISPLACEMENT RELATION IN

A PROGRESSIVE WAVE)
wouMl d3oAl dulilas avld M2 uLld WL
x A AHY £ oiddAl @A %3 Ul 8.
A% glal &35 a8l ddardl d adl wsR saladl
Aul. dull dBl €35 vUE el HiHHAL g2sl dld
galladl ASA. A 2w 28l 15341 salenl yaoi-l
Sinusoidal (Sine Ws1R+l) WoUHl dod Y sl
Hidldl $16x dl 34 (@894 el Sinusoidal
(Sine Wsi) €l FSH. AdNAS ¥ldR, HIUS ddA
dold ady Fell WMl w2l e x a3 salaw
dl, Aqar gl @iidR y @ euldl sy, 2w
Ad wouHl Sinusoidal (Sine Usie) d3dL

y(x, 1) = a sin(kx — ¢t + ¢) (15.2)

ad Y sAA 9. Sine [ARUL uaL wuAl sl
(Argument)Hi 8al Ut @ A AHded wd W D 3§,
2148l Sine -l Cosine [A8UIAL 1Al 3wy
AL [BaR 536 Yl
Y(x, 1) = Asin(kx — @) + Becos(kx — ax) (15.3)

alsel (15.2) 24 (15.3) uxdl
a= \VA>+B* x4 ¢ = tan“(%)

uHls2eL (15.2) Sinusoidal d3ol 33 euld © d
wugal, s MBd e 1 = 1) dl 2l wilsel
(15.2)40 Sine [A8u-l SRS (Argument) L 1ol
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kx + 20 8, 24 519 [MlBd asl, xl [@dy
dls dau-l 2512 Sine doL 8. d ¥ AUd 51 y
_ i —
(A[d Q-E'H't, tl.d., \x = x‘l c-&.. IHL AH58L f\fa T/-\xl /-\
(15.2)41 Sine [adu-<l s18Lls (Argument), +—>x

HYN-@f 9. M 51 MA@ @LldR
y, Sinusoidal d uHU AL cgald 9. ved §
gel-gel Uld HIAHAL B2sl Alel uualel aulq)
A Aldd Ul 3 V. id, FH £ a8 du -
Raumi x aud A, 2dl kx — wr + ¢ »an
Al wasta, 2 wAHlsw@L (15.2) x-xa-dl a4«
RauHi ol $dl Sinusoidal (Wdl€l, Harmonic)
a2 Y 52 8. olly ouy,

Y(x, 1) = a sin(kx + @t + 0) (15.4)
@8y, x-2a-ll el Rauul old sdl dad 2% 52
8. gl (15.5)x wdlsa 15240 2nadl [Afay
el sARAAL M 20 6,

Y, 1) = AU x A A 4L [@8 a3E
DILTRE]

a = dul Su-{ArdR

@ = adl sy 2ugk

k = siefly daival

ke — ax + ¢ = x @A, 1 Aud s

) = uRlAs s 22d 3 x = 0 210
£=0u4d s

21500 15.5 wdls2gr 15.240 HHicid Asuzila e

s WA AHAoUN] YEL WSl YEL FEL UMY
Weel A5 15240 2udvt 2l 15640 galen
6. dHL 9oL (Crest) 1 Mgy 4t e-idd Big
4 old (Trough) A HédH s8R 2iridsi Big B,
a3l 3dl Ad Al 52 O d oAddl W2 WL UL
B 25 QoL U H(wd s d wwd e sdl Jld
Ald 2 B d A wuglanl i gor wR elRel
A5l (%) @ ealdd 8. d » d 2uud B 24
(Bl ., x-wtad GeAlM) HHHAL SIS N 82s-l
A A wslal. 2 wel 2ust (o) a¥ suldd 8.
sl 15,640 20AvIL cld B 3 Any W, Gean
R g 2ug (¢) wtad Ad AR 2 9. 2ed ¥
doL FH WP dd dd BeAM HWLAAL 8L d-il
WA ULl WA €l 52 B, AL ouold ol
SIS UL A M2 wel Al B, Rl Ay A
gl 3 miel usd (+) s yel uidlad yel sd
€l d elRAULA oL UBL LWL dR§ wHSs AR YHl
Al 53] 2y B,

) Vi

— N—>

(a)
Py %
(b)x\/ R
Ny g™
el yl\/(c) \/
\ A . /".r.x
LW Lt
A\ %

. &

X
X

C

(d

Y

25ld 15.6 et yel % x-wa-l 4+ Bl ald
$d ellAs dzoL

-

\/=x

215l 15630 QUL GUAdL 30 ¢d Ul
Al 152+ 3edls AR vy 2044,

15.3.1 5uladR A 50U (Amplitude and Phase)

wHlsaeL (15.2)40, Sine [Q8ud yed 1 i =1+l
a2 oledld €laldl; @R p(x, 1) A @ 2 —a-ll
Q23 Glgdld B, MG g Ul ANLS AUSlAL 51
s @ 4 agli ¢la 20 Ad @ weanHlL s
42se del Aqad Wil g WUidR eald 8. A
it 3 2eAidR y 4 & wel €IS ud O el g 4-d
8. dd dodl sulddir 58 .

158l (15.2)4l Sine (@8-l 5101is (Argument)
a3 2iadl AR (kx — o + @) dodl s 58
9. el SUl@dIR g W2, s, SIS ULl A e
SUS UL AHA R0 @Al A5l 52 0. A W ©
5,x =0 £=0 32 50 ¢, el g ya sn
(5121) 5& 8. X-2a U2 Gedurdl 2 Wy auul
QoY yed(l glkl @ = 0 ol AF V. 20l P Uil
sl id Aed 3 uHlse (152)4 ¢ = 0w

avllal dl eusdld SIS s ag el
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aflaslasi

15.3.2 adadons A siellu ador-va
(Wavelength and Angular Wave Number)

AMIAL 50U HAAdL 6L [Blgil a2l dgdy vidA
dal daeens s 8 (3eels AR s dslad 27T
g1adl ol [Blgall 92l agdyd dR dild ul dldL
dolldel el wwd 8) i dd Ay Ad A glRL
gallald £, AL VIR, AHIUEL AHLA soual [Bigil
dl3y 9ol 2udl adid ude 531 aslal. A9 Fd,
adoml o s gor 3 6 sfis ad auld AR
dadelts 9. A+ (152)41 g=0 dAdl, £ =0
AHA AR

y(x, 0) = a sin kx (15.5)

wdl Ma 9. Sine [@8u e 21 Fedl sl
daslad dell Hedsi urlade saq ey,

sin kx = sin(kx + 2nm) = sin k(JH%)

wed 3 x uA x + 2;’:—’T LAl Bigail 2o

W sAULA
1

AR 42uddl Bigyll a2 qedy @R 7 =
daell wa 8.
2 oAd A=

WAL A 9, oUl n =1, 2, 3, ..

2n _ 2n
. YAl k = >

Wil 8. k A slelly ddRAvAL AUl WAL
(Propagation) %05 ©. d-l SI 154 radian per
metre ¥dl rad m™ ©.*

15.3.3 2uadsia, siella gl w14 2k

(15.6)

(Period, Angular Frequency and
Frequency)
2gld 15.7 53 4R s Sinusoidal »iédw eald
8. d 2uldl a9 doidl 2512 elad el wa (85
M ) el s1S visd uma- (@8 a3
WUid euld B, AWML widR wusl Alsel
(15.2)4 ¢ = 0 w&d as< vigdl 2l x = 0
[Fetoflat el

L Id e
W0, ) = a sin(—r)
= —a sin O

N AN

e T i
25ld 157 [l 221 284 glRll vis PR 1oL dil
Y28l IR A IR AMY A8 SuldR a
2 WA T 418 Eletril 53 .

WO, d3AAL gldnedl wlddsin A dedl 515 w8
(R 25 eldd yel sdl dldldl aHy 9.
ved

—a sin M7

=a sin W + T)
= —a sin (0 + ©T)
sin A8 270 2dAA YA W Slane],

oT = 27 >4l o = % (15.7)

o dudl sielld gl 58 B d-dl ST sy
rad 57 8. gl v 2 s Asul Udl ela-l-l
Aval 9. 2l

_1_w
V=T = 22

(15.8)

ve L Fld hertz (Hz)HL Wua™i 2ud 6,
Guadl Al Rl 1F]l U UAAL ddLAL YAl
dodld dodL AselHdl Gedu s3d 9. Adld dIami
wHeAL SIS vigd lidR daaedl wae [Raudd
AUidR Sl O, wuHlse (15.2)40, AdddIdL =i

IR [@8y

s(x, H) = a sin (kx — 0t + @) (15.9)

dls a@viid 9, ol s(x, 1) A HIAHAL xeA
widd vigt 1 AHA, dodl uAeL R AMidR
Ad @iidR 9. wdlsw (15.9)40 @ 2 id

-

sulRdir 8. ol ARAAL 2l dedld daml
gdl d o 9. Ry 3 idid [RAY yx, N a4

[@8d s(x, 1) 2ud 9.

* 22 ‘Radian’ usdl %sld s¥ld Ha m™ als avil asiy. 2un ko sy HdMl 244l Asidl aRoll-]

Avalel 27 AY Hed (¥ed 3 gd sau-dsiad) sald o.

-

d«l ST 54 m™ ¢,
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P Gerg@ 15.2 25 eIl U YA dR3
y(x, f) = 0.005 sin (80.0 x — 3.0 7)
Q3 gldiy 8, FHL ALUIAHS 2HANISL ST 2LsHIHL
(0.005 m, 80.0 rad m™ 24 3.0 rad s7!) ®.
dolL (a) 5ul@ad12 (b) dRaldals (c) »hadsia
2 2Ugfdt 2EL x = 30.0 cm HHdR A £ =20

s AHA U WAIdR y WAl

Gad 2w eid s, wdfls@ (15.2)
y(x, ) = a sin (kx — o)
AR AvlAdl,
(a) da-l $ul@dI2 0.005 m = 5 mm
(b) Selld dorival k= 80.0 m™ 24 51U 29[
® = 3.0 s wA B, davdensS Al k 2wl
Aol (ulseL 15.6) urdl
A=2n/k

2n
80.0m !

= 7.85 cm
(c) T 2 @ AL Aol

T =21/ @ vl

2n
3.0s
=2.09s

. gl v = 1/T = 0.48 Hz

x = 30.0 cm WA £ =20 5 AHA AR
(0.005 m) sin (80.0 X 0.3 — 3.0 X 20)
= (0.005 m) sin (=36)
= (0.005 m) sin (36 + 12m)
= (0.005 m) sin (1.68)
= (0.005 m) sin (96.3°) ~ 5 mm |
wuHl daadl »3u (THE SPEED
OF A TRAVELLING WAVE)

woll dot{l waReldl gy dlHal W2 el
ddL WHl (souel 565 aals yeu ugadl) Fiud
(Big, w2 2ug] 2 5(Hd 32 v A [Big Auny WA
5l Ad ald 22 8 d AT aol gouedl il
Mlael sae waaed 8. 2uglt 15.8 Fusdl

T =

=
Il

15.4

A2 ey YHUIUOL Af 14 ddl 6L 48l d3oLl 1512

gld 8. el ddleld Ax Fed »idR el ouy

(4 x-Rauml) vwAdl svud 8. vy dl, 2ust (+) a3

eulde QoL Ar AUl Ax 2idR wlg 8. ed
Yy

F 3
Ax r+ At

4>

Wi
N NN

25ld 15.8 illns azort dl t + At 444 299
a4 €, wdl At -l qAHYUAL 9.
aoeid AHAE wHel oy ud o.
aoug Yo (waal s [l s quad
log) w4l d2é At qH4Hl Ax ¥dR
W .

dol{l U Ax/AL 8. 28l g (+)2ug ol 51 ual

s H1ddL (Big u 38l Al d 2uedl o 36w v oLl

Al 9. (A dl doweid Asul WA AR).

§YN g0 HAdL [Bigl aula
kx — wt = ANAn
GRL AHWY B,

BUH, FH AHY £ oledld 9 dH FBId s01 YRladl
Bigd et 2l Ad sledld ASAH 3 s0U wun W,

WA, kx — @t = k(x + Ax) — o (t + A

(15.10)

WYdL k Ax —w At=0
Ax, Al cdd 3y Adl,
dx @

S == (15.11)

el T A8l dal AL A AeAL Aqoiy vl

_ 2nv _ _ A
vVESA SNV =T

Wil ol woudl ddNL M2 cuus wg wHlsw
(15.12) sald & 3 awu-dL 518 g2s us eld-d
yel sl % AHU aldl d ML dIdeld A
Aol Fed wd S0 B, UL A ding A
5, aiBts dodl »su MMl oy (el
Uy £ Hedl, IS 3U ed dddl) A RUlRaus
gl (Fvfle Hitn W2 ¥l HLLAU/HISIR
Ralaaus 25, se REMAIUS 2i5) glal 5] wy

(15.12)
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9, HItH »8U Al 5369, AR olle UMW
(15.12), 2d 38U U2 d2LdolLSl 29t A1l
Aol A58l 52 9. vdoid, 20UG iR d WL, 2As
o HIHHL FHAL AL gei-gel Sl ddl doeldld
A A WH o dd0A MY YAR 4dL & .
ed Ul Wl WSWIHL 2ALUBL F2dls HIUHHL
YiBisdotAl asunl [afive Yol Hadl.

15.4.1 douadwil €13l 42 dedld d3adl »3u
(Speed of A Transverse Wave on

Stretched String)
13 HIHML (A6 Gyl scUMl 2id 8 R dMl
BeMadl YARAUS 601 Bl HIBAHAL %seclly ARt

(0 "ddl) gL UiBs dduAl Bsu g8l wy 9,
AU AU WRG (YRS 6lo) A AHUHRAL
uiA oflost UR6 (scad) Al . WHIBLAL Aol e
dd U 9. €] UL ddll W2 YriRAus sl
dglie 7 gll Y3 Wil Ud 6. 2 Bruul wsclld
sty Iy e Bddl 4 B, ¥ Rl e m GUoUL
asil doutsS L geell 8. el afarl [Rasii-l Gualal
53 g1l UL ol o uAL2 Yo Aadl wsy,
Uig 1l dRagll sdld L Yesell wulel o 9.
el 208l WRMBLS [Rsdnal Gudlal 53k el
W odl ella o ¢l 3 visal wRaBs syl
sel uAle Yo Aadl wsid el wRHR [Qsdyeai

YRHLRERA s 2yNls XAl A58l sl oSl
Wdl ¥ Slu B,

gl uRMERL (ML 8 e 740 uRaieL s gal
Wed § [MLT?] 9. 28l il oiAd Bsu~i wRwel
[LT7] Haaal 12 AdBd sai ugdl. Alel Mz
WU B 5 T AR U wRAu 8.

-2
LT ) _ oy
ML ]
§H A T oA P % WA W AR B Ay
a3l adul dl
v=C % (15.13)

-

ol C 2 WRMIRLS [Rsdwedl wFRRA xHanis
©. AR You ARl C =1 34 8. vaddl il
Ul @eldld doel sy

U_I
“Vu

wedl A B, Ul Heldl Hld ad § g v
Wol WAL JRIEEL T A 4 U o R 8.
(T 3 oua sl lf Gegradl viandel REisL-L oy
8). d dazatdl Wldiedl daadonss 3 2ugt u 20HRd
el A BUR G AHUHL AR Hal dd0L (A
oRlell Ul U doudl suigliyl @dat €ldl Al
A v v A6 wadsidl [@aled e, Gemdal

(15.14)

-~ -

=~ =~

aofuigui

B3 WR [Aale (e )d warw
M5 ekl U (el (Rued)l ald dd Al S
2e Al 2wl de wlad- uglL AS wsl 8
oL Wiyl sl ol dud 1 ol 3 cm A R,

A5l 9L dd
A dddl 9
6l

65 2 3edis aw-ldl %32 usdl. dd 2l UL dHIRL
wdlolaouHi 3 sl L.

1 4l 3 om @R dio] elR§ xadl Adl ekl dl 2 dA
3L 5 vt Al €ldld v+l g5 ALl okl
s B4 g5 uel AR 30 d-l e (avedn 14l 5 kg)
Qe destdl. elatdl adool 3 ol 5 m 2id 1S us.

A alsdl & AL a, As D8 WAL [Brgdl =l -l €ld U [aaie (Ried) Gaual
2 ® % ¢d del U Al 52 V. di dd B4 YR uSiAdl 2 WSl wAldd ddl AS wsL oL,
dd 2uld [Aallel x4 udldad (Qsior 923 so Aol a5l wbl Ol [@Asie Ayel Qas
d uddidi 6 3 218 vAdd-l dd AAAdl S wsAL dd A5 mes-adl (Stop Watch) a4
glaledl a2 2id siudi [Aaiotd aolel Axx Al asl o1 24 2 wel d-l 4ot 1yl ast ol
dd AHlseL (15.14)d]l Hoe dot Ald ALl

Ao(ldrtt aAllFaedl Higdl widoll €11 (dAR) YR uBL g ¥ wd O, Hud dslad A 8 5 HgHl
uidell elRld 2sm dotls €ls 29 eo glanyl, del U 8L el Avmellal dat ay dld 9.
ol iRl U 29l Aot ld 2usl ol S wsla ¢l 2w W Ad wud 530 wslaA ol
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¥15

ddl gl A58l 52 O, MU dol wdg
AU 2 gL uel AHls@ (15.12) g1l dRawesns

A= % Yool A58l u B, (15.15)

P Gelgrw 153 s ¥l dirl deits 0.72 m
A de e 5.0 X 107 kg 8. A iz 60 N+l
delld 860 €ld, dl dlR YR Eoldld ddl«{l 3y
sedll ¢l ?

G3e AR+ 2sn dous €ls en

_ 50x10 kg
~ 072m

=6.9 X 10~ kg m™!
delid 77=60 N

dl 4R ool 28u

60 N

b= 5=
IR L v6.9x10_3kg m !

15.4.2 dd aadl B33y (Al #3u) (Speed of
Longitudinal Wave = Speed of Sound)

=93 ms! <«

A2A ML UL vl dol yAw Rl
UL Eledrl Sl S1d 8. UL UG Y %
8 % w@Add0 gdldl clldl e Wil Adedd e
Qadddl 3udi Al 82 8. ¥ Ralwaws swm,
elofly [Agla-dl 2z dsm Gepad st sl 53 &
d HeHdAl se [Raldaus vis (oles Hiayn) © %

AP

B=-Zviv

(15.16)
dly cuvuid 8. (gl use 9.)

24, eolgldslad AP clf se [Qgld AV—V Geurt

A B, Bl uRHIRL £oUBl Al % © e ST visHUL
Pascal (Pa)il el @vild 6. d01-HAWML Wdd
Al oseclly o A gu Heddl p B, d-i uRHEL
ML) . i Rasel osuy © 5 B/p-il
yRue

(15.17)

8. WH A B 2w ol % U AR 2wl dl

v=cC|B (15.18)
p
oul, UGl ZH C 2 WRHUBLS [Q=dnei-l
AFABA 2uals O, Adle Yoo Al C =1 1a
0. VUM ML AdA-ddL W HUs Yot

_ [B
v = J% . (15.19)

SIS ad AMUL (Bar) (5 uzl) wal vily Hiy
W2 - WBs (Lateral) [Radgl 2aoed §id
9 A UG ded §5d Add (Uct) (sl © du
sl aslal. d Buul Ruldrausdidl udd s
4oL HiEAn B, del uRHLL vl eles Hlsydu-l
gal o 9. ul BRuHl wRs [@adwe 22061
¥ % © il d AHlsW 15,18 Fdl Aeid 2l O,
Fui C 3 wUFABRIA © A4 wAle Yol Aadami
C=1 44 8. 214 51 8 Uil Adld-doledl 38y

\/?
v =T
P

well MOl . Ul Y A uglHL gedsl Aol Hia
8. shes 15.1 Jedis Ml WAL Aol sald 9.

(15.20)

ses 15.1 s2dls WMl @Rl B3y

Wy »34 (m s1)

CTEEA)

gdl (0° C) 331

gdl (20° C) 343

(Sleyn 965

SO 1284
wadluil

well (0° C) 1402

well (20° C) 1482

eRuid well 1522
ud gl

EISIRIERE 6420

o 3560

¥d 5941

A1 6000

ACkLORS 1R 54

t[Refl U Ayl €l d sl ualdl A as
el A Fd Al Qi B, (Hifl 3 oad W
L 20 AU A AUl AU B.) 413 Al
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5180 ¥ B 5, dud Asladld (Compress) Ayl
Sl Vol QIR YA B 2l del duHl oles Hlsdu
ey =g g Sl 9. ¢d Al 15.19 il axl v
Yall2All 8di(8) ayildl d-dl sl Hel $lu 8.
U AA3U 6les HYAU(B) 8l 2 dalél vid-L aLl
M2l Sl 8. UL 5128 KA Rl 8t A gl
ay el ol s 8.

AU Ayl el Beu, wed Ay AFsedl
A vielw WS, el Ay W2 gollRl P, 58 ¥ e
dludid 7' a2l Aol (gl us 11.)

PV = Nk,T (15.21)
8. Ul N 2V seil gl v 8. k, olleagii-
wANLS A T Ay did (Sl@dnl) 8. el
Ayl 3812 w2 wdlse (15.21) el

VAP + PAV =0
__AP _
Al AVIV

L ey WL (15.16)41 x4y sl

B =P w4
el a3lse (15.21) u2edl, 2iieel iyl sl 35w

U_ﬁ
“\p

udl MO B, il AelH AMAH er WL gl
A ddl drl e Ao 58 8.

(15.22)

GelgRWL 15.4 wAHIRed dludLd e eollel
galldigl] L Qi el dadl. 1 mole gl
g0 29.0 X 107 kg ©.

Gie vl oneflad Sl 3 A6 uel iyl 1 molesi
STP » s¢ 22.4 Litre ®. defl STP 2 gall @nidl

p, = (A5 Ha gal eaf2is Hd ¢did STP 21
5¢)

29.0x10 * kg
224x107° m’

= 1.29 kg m™
Wil el osu HSAL edHl Yot Yo,
gl STP i talwi-l By

1/2
1.01x10° N m™2 »
m =280 ms (15.23)

ses 15,140 i WdlBls yed 331 m sl
el alsel (15.23)Hi saldd wReum doleial
15 % i O, 2usl sul o 53 7 ol wuudl
Yees{l Yo yduien durlld 3 Fui taMdIol-l

WMl YU (MU eolRlAL $81L ¥MdLl
(Isothermal) €, dl 2vgd d A=Al weudl gl

Al Ay euled ¢ & taMdolll uueL eluiq
gollRldl 35120 Hedl Ul €l © 3, GWdgAA,
Al AN aadl AvidlAl Ydl AuY Hodl %
Adl. dol il 32811 AHdIY]L Al uel yH]
(adiabatic) . Hiw{l 3812 2 e Ay

PV =220, a0 Wt 52 (%Al uRee 12.8).

s APV =0

wadl Py VLAV + P AP =0

wul ¥ ¥l Ayl o [Alre G-l dRiR
C,/C, 8. el

i, e Ay W2 Wl oes HEan (se

Raldaus »is)
_ __AP
B = "aviv
= ‘YP

AL, 15.8 well talw-{l sy
yP
v =, —
Vo
Yol wrdl MO B, yertril YoAUIAL 2L FFRA
Aaren-l JAUIRL 58 V. gal W2 y=7/5. ¢d s
(15.24)1 Gualal, STP 21 gamig] talvsdl B8u et
we s36 dl, yed 3313 m s 1A 8, % Wl
Y A olHolAd B, |
15.5 q<2u-i Audlsel Rgid (THE

PRINCIPLE OF SUPERPOSITION
OF WAVES)

IR 6l dRoL-¥eAl (Wave Pulses) UuR [A3g [BauHi
Al 52l 52l Bisollonrt q2iell e (Cross) (sl 15.9)
AR g Ad B ? A w2y © 5 do-ndexdl ssoflain
qaidl oy d ugdl vl Uil iav (Identity) 2l
AV 69, UM, 69ctl, dddl AU UL Sl d AHY AU,
daeid (Wave Pattern), €35 e sdl %€l €l
9. U AU A [Ag HLsRAL 6 Werdl sl
aRg Al 52 Rl YRR 2ugld 15.941 euldl B,
o3 el AUld wWA AR uReuHl e-did €38
el ddl @A 605 AU Fed, €l B,
2§l dolAL Audls@Al Rigia 58 9. 2 Rigid

(15.24)
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¢

0s
(a)

t=1s

25l 159 w4 w4 [QA3g 2@UdR 4Addl 2
Qg lwxi ald seal o el 4%
()4l Huld &dl Urildll H2410]
)

woro g3s Werl ddl Ad Ald 53 B 3 o ol
Wed @l ¥ AUl el wsHdl gesl oA dld
AR 2old 8 i AR "l 5 BB €IS A3
8. defl uReuHl 2@-tidR d il GBS WA Fed
€l 8. gl 15.9, Yel el AHA doLAL HisiReL
wAu suld 8. 2udu (c)Hidl AlRuHSs wu]
Al dl. o Aedld l8 Udi eAldAA w50l
dlofe sul ) A AHAUG AULAdR YU wRUY D,

Auidusil Rugid ol Jd 2y s2aL U
WL 5y (x, 1) 24 p,(x, 1), wEual 4 d3o-
(st el Madi aiidR 9. 2 ddl 518 (AUl
AsAld el Ui wA Al Aud WA dl, wRl
DR TRE]

y &, 1) =y 1)+ 1) (15.25)

% 6l & aY ol HIMHHL AUl Sl AuLd WA dl
ReuHl dd-¢s2 (Wave Form), edl5ddld d3ail-l
dAOUQHAIAL AL GRSl 9. ved 5 dlld
CERIENEEIETRERIERI]

y, = f,x = vi),
¥, = flx — vi),
¥, = £ = vi)

S, dl HHEl wReudl dau@by

y=£fx—vt) +f(x —v) + ... +f (x — vi)

= 3 fG-u) B, (15.26)
i=1

Aulduell Rigid adlsel aedidl v
wdl 8.

AWl vidR deiadlnl elR]l U uAwdL s
A @ (sella 2glz), s W kb (sely
doRivUL) A dYl AMIA dRadens A HRuddl
o ¢diMs wourl dondl [RaR s du-l
AZOL-058Y AHLA S8 2UURL AL g 4Rl 3
durl SURRAIRL AU © i dall oid X-atal
e (Bouml ol 52 9. L ol dDAL A |l
WR[Ms soudl o dslad 9.

wlsel (15.2) 3ol, v 6l dol
y,(x, 1) = a sin (kx — o) (15.27)
w1 y,(x, 1) = a sin (kx — at + @) (15.28)
a3 2y 53 wsty B, Ul AuLduRu-AL Rigld Yool
yReuHl wl-idr
y(x, 1) = a sin (kx — ax¥) + a sin (kx — @t + @)
(15.29)

= a‘:2 sin[(kx—wt) +(2kx—wt Al q))]cos%]

(15.30)
ol Bl sin 4 + sinB el weldl BistaEdly
oAl Gualdl sl . 21 wrel R

y(x, 1) = 2a cos % sin (kx—wt+%) (15.31)

Hol, uHlsw (15.31) sl x-Aa-dl ud Rl
ald s woul, grillAs dol euld 8, %+l 2ugk

A dodens Hu doll wedl ¥ 8. uig dsil
wiRls sousie % 8. s AUl olleid A

)
5, d-l Sul@dRr, 6 H2s dROUAL su-dslad O
@8y 8.

A(9) = 2a cos 3¢ (15.32)
@ =0 WS dl sl €l 9, dall
y(x, f) = 2a sin (kx — ax) (15.33)

ved 3 uRel dioddl Sul@dr 2a 8, ¥ A
UgTH A Y 9. @ = 77 |12, doll Yyl (AR
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2a+
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(2)

a FAEN AN
’ \ (’ \
=X
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-af Noe

¢ =m rad

—
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®)

215ld 15.10 Auavu- Rigia 3ol 44 suldzalR
wd ddaded yauadt o sl
ol uRsuHl d2oL uReul dzou-
Suldzciz, sal-dsiaa @, ¥ (a) Hie 44
2 (b) 1S 7T 89, dl U HiUlRd €.

souMl wed & 180° sul-dsiadii © A uReusl
d0L €35 WU 6lHL AHY HI2 YU @R HUd B,
yix, 1) =0 (15.34)

uMlswL (15.33) 6 dIDAL ULlus
{15281 (Constructive Interference)d 2%
5300, ol uReuHl d3ami SuldRdiRiAl
ARAL Ay 9, Al (15.34), dusd
(@195 eddls2el (Distructive Interference)
g 52 8, Bl wRal a2l Suldrid-l
olgollsl wd 8. gl 15.10 Awidueu-il
Rigicell Gepadl adlsreil i 6l BRruil
guld 8.
15.6 d220 YRlad-
(REFLECTION OF WAVES)
AR YHL U8l AAUHA U
WAL AL QAR sal S e 3
oL 2R 515 AlHL uR udiA AR 9w
6§ 7o Al WA ofly L 2e ld dl
e & ddL uRldd Wil B, usaL sl
el A 2¢ AL 2l wudl e
GelsRl B, o Al A8l 22 + €l wadl

d ol el el Ralaus 1l widawdl €,
dl uRRalA 555 i3 24 (Complicated) . Aiuld
dZoledl €l Gl yAddel WA D A ousldl Mol
oflol HIHMHL UAR M B, A dIdL 6l el el
gl Al w2 ol Ad 2uud W dLooflla
WAL UAIR 4dd doL asldd (Refracted) dRol
s3Ad 8. UL e asleld dol asleiadHl Hd
(Snell)dt [Rudf widd 53 8 daul 2Udld 24
wldldd doll wddddl asd Haslig was
52 6.

gl 151140 dguaaioll €31 42 wud i Al
el wlaldd ad wed euiel 9. A grL S
Blode 2l ug el 2y QA dl uRlaldd doul
ISR VU d30L Fell o B U o uAdd quid 7
Udl 180 sulrll 381 A B, i s18L A
® % Abi 22 B 2 (Ao Al UR @AidR oL
AHY HI2 YH A ASH. AuduRUL Rigid 3o 24
W dl o o 3 ol ualdd A AU dd0L 42
s0UAL dslad T oeld, wdl uReudl @idid g A,
A ds 48 22 glaid urHdl Al Ad U 2R 8.
el olfaguol wel el oo [Rely u wdl
Sl Wed 2R glald U wd 8 AR Rl €lad
U ol @3 B, yeriel ol [Fud Yool elad =1
W A A [ARg an g} 8, d-udl sl z
Fedl dslad Hdd uldldd wed G~ wy 8,

215l 1511 ¢ adlu 2wand] e yAd-
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ofly oly, o AlMlly 2o + €l wel auld e
duel Hsd S, (€131, S8 AU v ysd Ad
vl wsdl aqu (Ring) wd ol €l ddl (341)
dl utaldd el o1 A Sufdiz iuld
Werdl Fedl o €l O, el AlH v ulRsul
e ALAId 835 Wenddl suladRyl siug, €lu
8. -g¢ AlMld Gelgwl 3 okt Whurll viedl
831 9.

gsl, wouMl ddL uUAl Wed 23 AL w10l
Wdde quid T Fedl sl 3BR AMA B A
vieedl Al 2010l wRlddd avid SIS sl 38R
welag Adl. i ouoid AR Fudl 2y sl W2
Q2 % uld woudl dial

¥, (x, 1) = a sin (kx — or) 9.
2o AL uel uwaldd dzol

y(x, ) = asin (kx + of + 7)
= —a sin (kx + o) (15.35)
8 A vieel Al uedl uualid do
y,(x, ) = asin (kx + ot + 0)
= a sin (kx + o) (15.36)
W B %, e AL A L AHA Y =y, +
y =0

15.6.1 Rad d300 24 idd Wg» (Standing
Waves and Normal Modes)

Guz sl s Al el yuadqdl [Qar
sl uiq seels onelldl uRRAQL (vid B3 %Rd
53¢l €121 8l oid B3 ol gl ddl AollMiAl gai-l
o) el €ld B 3 Ful wRladd 6 3 ay JBuil
2w U 1Y, eal dly, wHell suy YA dal
w5 O3l uAgAdA WM 2 d oflo DI drs %S
oflo 93l uAAdA wHdl. wul Al ddoedl s 2l
(Steady) ®lid (Pattern) 214 4l Y4l 2Ud Aleu 524l
w1l ddidd RAd ddl (Standing Wave iyl
Stationary Wave) $& €. 21l olloid 2ABIdld d Al
e, x-uzdl 4 Raml alfd sdl 2id AL
dDEOUS dA A SURRAR HRAdL x-2A8-] e
Roudi undd-el udel doml [@ar 3. ¢ = 0
A w5 (15.2) v (15.4) uzdl,

y,(x, 1) = a sin (kx — o1)

yz(x, t) = a sin (kx + w1)

AuLduBUAL Rigid 2R €R1 v wReusl i,

Y, 1) = y,(x, 1) + y,(x, 1)

= a [sin (kx — wt) + sin (kx + w1)]

n&fldl BistetPidly Yot Sin (A + B) + Sin (A — B)
=2 Sin A cosB+il Gudlol $2dl,

y(x, t) = 2a sin kx cos @ WA .  (15.37)

AHl5wL (15.37) a3 2% Adl d2L 2 A58
(15.2) dul (15.4) a3 2% adl d20AL USIR a2l
dslad il kx 2 @r vel el gel »ud 8 vl
kx — ot Zal AdFd 30 2hadl gl 2L d2u-dl
SUl@Rdz 24 sin kx 6. UH, L USIRAL dIdAH]
(Blgat Bigal suladiz siedly 8. uq eIl els
AW (vg) s A sl g @ naal
slad syl glaxdl 53 8. doi-l gel el [l
eladldl a2 51§ sui-dslad €ldl Al €lRl
AuAuBl el wel Bigallal el gel sulddir wd
soUMl elarl 53 8. dd-Mid (Wave Pattern) 2™gil
o1y & slofl oy wAdl el 208l d RaddaL sday
8. 2wddl e Sl 23 Mld i 8 ual
UG i d 3ol d gel gel Wi gel Yel $ly
8. % Bigrlpl sulddiz g (wul 56 auld adl
Adl.) € dud [Awmie [Big20l (Nodes) 58 8. ¥
Gigalal sulidR wedd €l d Bigald uwig
[Big20l (Antinodes) 5¢ ®. »usla 15.12, [Re
Rouni al sdl ol wounl dolleAl Auldlswiel
Geatddl Rud dol-eud eald 8.

Rud dole Aledl Herad aaw A & 3, Al
ARAl dadl elerldl asd 2GRl 21 dd6USHL
Y Mool dle 8, dat 518 uel wel%9s (Arbi-
trary) 29l gladl 3 asq <l (ewiils
woul donal L gg u © d YL) uid d
wislis wugRiadll a8l (Set) 2adl €ld--l iHa
H3D (uauid Al ela-ll) gl dialBls ode 9.
old 93 %R 53l €11 12 ¢ Bl wlal HiHa
Hlgyy 158l s3al.

agil, w5 (15.37) vl [Fmie Bigail (wul
suldadiz 9= €l 89.) sin kx = 0 well wa 8. d
Yogol

kx=nmn=0,1,2,3, ..

k ZT" elayl,

_nA
x=25n=0123, (15.38)
WA 8, ¥ we 8 3 a9 wal o sy [Awe

&

Bigrll a2l »id 2 8. 4 ¥ A uwie Big
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2wigld 1512 Qe Bwl odd srar o you] daol-u duidlsesd] Gmddl [Rd aol. g4 iR
(e igwil )i 2au ot o q4d H4e [la 8 6.

Wl (Ul SUlAIz HedH €ld 9.) sin Axedl HedH
yeu uefl wa 8.

[sin kx| =1
Wl kx =(n+ Wmn=0,1,2,3, ..

k=22

- s,

Xx=(m+ yz)%; n=0,1,23,..  (1539)

w8, 518 uaL o sBis ue Bigdll a2l vidR

el Bud alsa (15.38) anl wdl asii 8.
§Ws B x = 0 20 ddi, AU WL 2 B 3
x =0 4 x =L 2 [Fsie Bigddl -l 8.
x = L 2 e Big dlasdl adql wad we
doltsS LAl A udAL Aoit {12 Hoor §ldl ASA :

% £9, oir 93 %R 53¢l wA dvuaall L doud+l
3

(15.40)

w14, RAd dd0Al A5 ddeousil

(15.41)

Yo gl RABId A 8 v 23w 29,

_ hv

V=T (15.42)

n=1,23
8. 2 Ad 208l dadl wglds gzl Aadl 8.
2 YR AL Adi Qe doiril el Al
Hgd 58 B, daaedl sy wdl Al Al wiglas
GRA HOAMA WS aal YaH SRS 58 B, ol

93 %3 s3]l druaalell €13 W uMlse (15.42)Hi

_ = = _i
n=14 v d v = 57

ol U B, F WAL Rl gRL sl Wy B,
n = 24l Hodl wghid Rl eils n = 34

Wyl va 8. wél v A
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Hadl g gdla el ol sd .
28 [ARH eiFsuA vin=12,

3..) Astt gL saldl wgla.

ol 93 %R 53l dvuadell e«
wad 9 gpilFsA vigli 15,1340 salen
8. €1l ot il 515 s w9 Rel
gldtl 53 d %33 ol Aru Ad el
glarl el el Hl AUl 2dl $ld dd €ld
8, FHil F2ells i a4 woadiel -
seals 21l uoradiell Grlyd wdal $lu 8.
Rz & adlfin ¥l dalld-l alFsil 1
Rigld vz R8d B, dird 53l 9l
WMl (Plucked) 14 €9 AUl S48l
aAdlMl 2Ud 8 d udl suL Higy ollwll
Sl A8 YOl 9 d ~issl Y B,

gd BBl A B4l viedl i ofld olf
gl ddl Aol (Pipe)Hi edidl oA
gl QR s

vigd: weldl eRdl sadl ws <o
i Gelgal B, wiell-l AusHi-L B
fwie (Blg © R vieddl 83 unie [big
8. [Awie [Blg 20 eouBldl $§1R1
Heru 1Y 9, YBL @l-id dgdd (9d)
Sl B, vicel B3 v2d ¥ unie Big 2o
ddl Glag esuRll 3R dydd 2
Qi HerH S B, wellal AusuidL
B3 x = 0 ddi, [Anie Bigdl ad
(lsa 15.38) W 4 % au .
o oflgd 93 x = L 2 uie [Big €1y, dl
Aalsrel (15.39) urdl,

_ 1\
L=(n+35)%,n=0,1,23, ..
] ALY dIdeonSl,

2L
(”"‘E)

ﬂ:

,n=0,1,23, ..

Yol gl [REBd iy 8.
dateil e Aga-wslis 2ugli

_ v, _
V=t 3)5rin=01,23, ..

w2l 1A B, Haeld AR M2 n=0 S A de

A
(a)
HOoLd AL
A A A WYY é.l‘fl['\'t&
K > Ao
N ~
= Y ol MU
A A A
N N Alw e
A A A
A A A A
N N N N . N A el el
A A A A A
K 2 OO KL @
A N A N A N A N A iyl él‘l-.{l.[-'\'l.“s
A A A A A A
OO, 0
ANANANANANA 98l eli=Ls

L2,

215ld 1513 o4 A3 ¥R 53l dvuaall Rl yan
gl

e = 8. 62 AgRAL A A9 vl erilsu
D Sar
e AR B, 40 15.14 A B3 ol A ollF Y
vical gl dadl wan o A5l gilhsa eald 8.
ol 893 vieell €l ddl il W e Bl unie [Big
8. 2 ALSl A wsY B ¥ oi B viedl galedl
Aot ol silffs Gaut 52 8. (il 2usld 15.15.)

Bu Gedw sl dai doll, €131, sail 2ci-ueifEd
glerdl Ul viqed 8. (U5 14). A cua 29
wislas 2uginidl 85 2sdl s 1, dl da
UdHle (Resonance) gald &,

8, ved ¥ yueid gl sl diisl

(15.43)

(15.44)

T Y
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aotalel Bul #4 aduusr wsel (Membrane)st
it uRa 2ol wsdl Bl del e g, Uselrll
R W 1S Big sud sd el Adl Al wad
wel sl wd B, Al datl Al Mgl viely
Anadl au} ol 8. i wsdl B-uRsuerl ag
dRo-nReL [QanRdld $id 8. 2 odi, d-l wead
olllasfasia dl A ¥ 8.

GelgR® 15.5 30.0 cm douS-l s ol ‘oA
83 vedl 8. 1.1 kHzl Gearn a1 oll-l &8
SRS LS wegrle Geut 523 7 o Aolll s
931 6l UL 2Ud, dl d o GeALH Al Viele
adl wRUdl ? sl Wl #8u 330 m 57! @l

Gze wan RS 29kt

_
ViT

v

Wyl Ho 8, wul L Aolldl deis 6. d-dl n-l
ICIe

_nv.
v,=osn=123 . (el ol

vel olldl s2als wRlBs Higy 2ugld 15,154
el 8.

(a) ) (c)

Haod i) wiyl
DL elilfLs gilfis
Uy

slifs

XXXXX

= KX XX

(e) (f)
g 2[4
elilFLs SRS

AldHl
SRS

215l 15.14 25 03 ved] 2 6lY 93 o4 sauU
2doill didd HlgH. $5d Al glls
A5y glald evid €.

L=300cm v=2330ms"! u

_ nx330(ms”")
n 0.6(m)
sd A wwe 8 3 1.1 kHzd Gedaw v, gk
ed 3 ol SRS AA wieqrle 5.
gd A Aolldl s AL oy sl 2w (gl
15.14), dl alsaw (15.44) u=el, yaod »uglt

= 550n s

_ L _nvon ;
Vit T UL (Vs B3 oiy «oil)

A B A s5d AL AvaAL HiFSA Sl
Y 6

_ v _ S_U ==
V3—

S0 Vs= g BR
L=30cm 24 v=330 ms "2, 2§ 93 6if
il 2 Haed gl 275 Hz 49 8 2 Geddl
AR Al agd sy Fedl 8. 21 gwiilRs 2
elaredl sy HI Al ddl s 931 ol AU 5 dd

S5 elle sudl -l |
15.7 3¢ (BEATS)

‘e’ A dolrAl Adlsiell Gemadl s uue wertl
9. U1 @GRl A5l Sl (U8l AU A Eld) ddl
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S DCOG

HOd AUl UUH ol eiils
sy

AXAXAXA AXAXAXA)(A

Aw ¢y Al ¢y

25ld 1515 vedl aalul [d d2o0. dax AR
glillsy galda o,

2UgRIAL 6 SRS tMAZalA 2s % AHA AlMAALAL
U4 8 AR 28 AL el (8 A5 vugfi-]l u212)
gl talm Aleollal o, wel v GuRid vl
565 ofl% unL Actouy B, uumA tlFdl dladiui 43
A adRl e 82L8L (M el dEd) UR Ay
9. il gedl (e)dl g 6l Awsl gL
dstad Fedl €lu 8. sAlSIRL 2L g2l Gualol 8l
R dudl Aol Hsoflod A8 U (JAN) sl W2
528, dvil ul Yl 2t sl nd 8§ ol Yl
el sl SIS e A AN,

2L olloid ARl Jd 2eUMLA 56l HIZ @2LGLL
el 2l sielld gl o U 0, HAddl 6
elHIRS Aol (AR s303 1A WAL WiIdR
x= 04 [FMld 24 dad adal. soudl 250 wrieoll
(0 = m/2) s 2 SuldR AHA adq wHLsw
(15.2) vzl

s, =acos @t ¥ 5, =acos o  (1545)

U8l odldd 6led Udld WlAidR-l dld Sl
dlatel] sty @i s dlfd O, WAL S 2L el o
2w dldls HE 2ugl 8. Awdusil Rigld Hol
yReuHl 2eAidz,

§=5+5,=a (cos ! + cos W) 23

cosA + cosB izl elldl Bisiafdly dsitsdl
BudleL SR,

w, —, )t W, +m, )t
S=2acos( 1 > 2) cos( 1 3 2) (15.46)
WA B, ¥ 5= [2 acos @f] cos @t  (1547)

a3 avll wsd. A o, — o) << @, o, &, dl

w >> ,,
a b

(wl—wz) _ (col+a12)
— i aJa— —

% AU |0, - @) << @, W adA dl @ >> o),

wil, @, =

Aolld-2d ™)

ELRLL SRR
Aaldel al=01
adllddl  Hiddld
galadl el

=

(Pillars) €lu 8,
U3 il el ey
% ld A2 Geurt
53 9, dlMa-igHi
Adlawiz H{Rwi
sl wWs o
g5l slalq
(Carved Out) 6i-lddl delldl AHE U gadl
25121, olRdld sy Adlld-Al Yo @ —
AL 2, 00, M, U, 4, [, A-Gu~t 53 B, 2L
dolll elddl auadd vssl RERRAI L,
del Heldl e 2151 U 2UHIR AW B,

Aolld-dioll 218 usiRul wlsd e 8§ :
uud Usied Ylado 58 8. s 5 d ya
R Gaut 53 A3 8. oflog WsiA AR Yor
58 O d HO WRAEL B~ 52 8, F-ul
Qa1 1 8. Sl UsIR A ‘Qu Yaa’ el
% 2511 HIRdl ‘dld’ (ue) Gaurt 53 6,
ddlavnyr HE3HixL el 2 2 dd R
AU .

Yaldwldel ddlai Rk 74l ueld
glald 2 4R daddl aRyelR Al
ol gldld o'ud 9.

ddlawir v sagHRldal el (Rs)
A [aasidyRy, Fal eldsl eRd-l Sedis
dR2A 2ven eaudl ARkedl © 4 [@a-
SIS euaml g ol Al

e 211u8L AH520L (15.47)4 24l d A+ wslaA :
uRausl dia w3zl el wgi @ 4l eld-dl 52
89, uiq d-l Suldiz a4y 0l naa 4dl, ¥ Le
sl ol dl an i 8. w3 cos @,f UE
aell ALl qed +1 5 —1 uid 53 8 AR SulddR
Herd €1d 9. oflon Aotlmi uReusl dal dladl
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20, = 0= w, 4l AA-42 . % ¥ =27 S,
el 219 [xt
Vo= V=V, Wil H“E 3] (15.48\)
w5l 15.16, 11 Hz 1 9 Hz ugltau o
SIS d3oll w2 wiedl "ol suld 8. uRsuxl

ddl-l Sul@drR 2 Hzll 2ugkiel wie sald &

4.0
Y0

-1.0 ‘©

(2)

TloF/\/\/\/\/\/\/\/\/\

TAVAYAVAVES

(b)

-1.0

25ld 15.16 11 Hz gl (a) »4 9 Hz
gl (b) o siillvs a2oie
duidlse (c )i suleut 4ol 2 Hzl
gl s G~ 53 8.

k Gelga® 15.6 6l RdiR-l Az A ¢+ B @R
W Bt 424l eMULA ALy gel udlA 5 He-ll
2§19 [RiAL e Gurt 53 9. B ML dBld ALY
aiRdl el g 8dld 3 Hz wia 9. A
A<l »ug[xt 427 Hz €14, dl Bl 3a suglt
seefl gl ?

G54 dRML deud a4iRdi d-dl gkt Al 9, % B
diredl o 29l (v,), A dir-l 209l (v,) sl
WA €, dl vl ¢ quiRl adi el 2ugkin
QUL Ald. uid wesl 2wgl a2dl awmun 8. 2
eald ® 3 v <v, v, =v, =5Hzud v, =427
Hz dlal v, = 422 Hz 4. <
15.8 Si‘-ﬂ?. AR (DOPPLER EFFECT)

2Bl 3 AKEL vidmd B 5 sudl ald sl g+
13 veuell €2 ol $ld R d-ll Al (Whistle )<L

viedl Aollui R unadq

veel Adlil wdR
515 G2 golRld e
ol s3n ol B3 ugid
AR def dodid gdis
ollR vedll qudl ny
0, oul soel »sudl
92l dldlaR8idl eoilsl
Bed ol oy .
uReud  ddl wiwa
2ladl gal siglR qials
Ay B, Al O34 2l eolRl Auldl ¢
BuL G-l gald v 8. dal vieal B4l
deg WA © ddl dg-eoel [@dir GuR
d2s o 8. wReud Auldl A ds ol
53 GRa-eouB-l gald Aest, GUR ds alld
52l @g-goilei-l gail AeAHl 3uidl Wi
9. wid 2usl w4 s€lA 5, el dIal
viedl B81 wAdl 180°l suu-l F§1R w
wdde 2y 8. aiudl Far vedl Aol
AWl RAd ol L "edld uReun 8.

Gaay-gopiell gdl Red FUIR 64 B3 2ud
U o wd B d-dl Wl 20 ousid-{l Aviuel
SR d wAgY O wA wReud s wisl
[Riys Rl 43 8. ol wseldi i sl
x5l & eolel dRdsouAL SIS 38R (AL
wldd- 2y 8.

AR (3 2ug[) aedl weua 8. s il 51 RER
el WG] dRe oly asudl ¥SA dl Al
tfRdl 2R (3 2ugft) Gearudl WAl 2uglt sdl
ay RUY B, B AR Gedmdl g2 dvg A 8
QUIR AMdL el @R BedluAL WlRnl @R 5l
{2l 22d ¥ Acwoudl Kl 2ugl Gearnel wlmsdl
A19[R 5l 2] ey 8. duld A1 qsiBd 2ug el
53512 il el SR AU 58 B, AHIRRUA
aflfasf@su-dl sl BRauq S gl Auan 21
el 184231 il sl ucl. 184541 ld~gi
slldy Gz (Buys Ballot) glat d«l wialBis asiusil
%4 el SER AU A d2L HeAl B, d HIt Rl
o Al el [Agaesly doll He uel ud 8. Al
S 2] AL lRA0AL (R s3a,

28 gl 351 [Rsdwet ~1oL WRRARHL
s ¢ (1) FRlas Ru . Gean alanl €l
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(2) FRlas aladl Sl i Gean RER gl 24
(3) Mg 2 Gedw oid Alani €. (1) 24
(2)uil wRRAR Asollonsl el wsald sia Hlas
wA WAl a2 a0a A €dl 3 4 €idl 4 B,
Hl2l MLl dolA AW W2 Ml %32 €l B
uid [Agdeisly dold wuel w2 Heudl 32
Aol % S WA glR L €l dl, Ged ol s
€l 5 [Mlas old sl $ld d il e g
(REUAIAR, 3381R) s AHA Sl D 518 3 2L 6
uRRAAL a2 58 @ el

15.8.1 afasut BGgam, Ru2  [Aas (Source

moving; Observer Stationary)

v A5 3R a3 RAasedl Geam ds-l B
ad (B adl3 ady. s tal-Geon
v, %edl Aol Al s €l A % [REW i
Wy Ru gl d o e sxdl FRlas ua Ra
€l del (3R s WLl § sl wid Rar
Aal FAad widl sl 19l @ 214 2iadsia
T, quddl da-dl asu v 8. el g wRl
ada 3, (Rlas WA Ad unsl (Detector) 8 ¥
dard ol d«fl wA ugld AR dd A8 8. ugla
1517410 ealedl WA, £ = 0 a4d Gean, Mlasl
L »id? 2udel Big S, u & 24 2s goid Gout
52 8. g (Rlas WAl £ = L/v 3nd ueld 8.
t =T, vl Gean v T, #idR sidld [Mlasyl
L + v T, %d2 2uddl S, [big w2 udidl 8. S,
(Blga Geam ofly 3oL Gau~t 2 6.

US—)
|
|
|
1
< L > :
|
|
|
|
|
!
i g
L+ USTU :
v T 1
50 .

215ld 1517 v wnnl Ggan auld sd €y
2w [Rlas kAR €ld R Agaald]
S AHu2 (aadl 2qigltil Yadl
$2512)

(L+v,T,)

wul gL, Mlas 1= T+ A

ueid 8.
AL W AT AHA, G (n + 1) oL Bt
5208 Al d gL Mg

L+nvT, - ~
t = nT,+ LT il wdidl B, 214,
[”TO T v

Fedl uuwUAHl [Flasl 252} n ol adlal
8 A [as ddu-dl 2adsia T

(L+nv 1) -
T= [nTo+—U = -;] /n 8B,
USTO
T =T+ —

- Vs
=T, (l+ UJ (15.49)

U BedlH e [las ol RAR Sld AR Hudd
gRL v 2 AR Gedl dlld 52 €l R quwdd
gt vell wedl alsel (15.49)4 sl 1A e
avil sy ¢

— vs -
V=V, 1+?
dtefl oasu v+l el A v d YA A

€, dl v /ol Yad sl wei [Buel [Brdrel Adi

wq Gl dlddl veld vavRidl wHlse (15.50)4
AlAse Ad 2um avil usy

j— US
v =y -+

A Gean [las dg %S @ €, dl v A A
—U_ i,

_ IUS
\)—V0 +?

A, R Ged MRlasdl 2 nu & AR d
RER €l R Wld 29[ sl 2l gl Y
©. 23 Gea dedl ds wudl 2w\ M AR ay
wg[ W B,

15.8.2 afann [Rlzs, (R Geawm (Observer
Moving; Source Stationary)
ed, 2R [das v Fedl Aol Gean drg Ald

sl €l A Geddt R dla Ul dwr [ige

(15.50)

(15.51)

(15.52)
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dogdl w2 »uel el Ad 2o atly. el
Al Mlasdl MEw 3uni s g 20 Mg
gL Geatn A Wiy v Qo -l s 2l
@ O A a2l dl v+ v Aol s 2l 2wl
8. UGl Bl ol ugld u-iadi wau 4
(n + 1)L QoL 2L dziel AHUOUL

L ,,—t,=nl - "ol

"+ UO+U

M, Fas gl Hwdd d3adl suadsin
v
T, (1— 0 ]
Uo"l'u

-1
T, [1+”_0] W B,
v

v
2L w2l v = v0[1+?°] (15.53)
A UT" Al Sl dl wde daell FRlas ol 2

-

5 Gedn ol 53 d ool Bauml v [use
(V= v ) qeu adiel wuid o Hadl, 34 5wl
(15.53) A1 Alse el ealadt wlsa@ (15.52)4
(v = v,) w2l

A Fas v, Aol Geamedl g2 wdl €, dl
wlsRel (15.53)40 v L A =V Hadi,

3o 80,

15.8.3 Geau 4 [RAas oid alanwl (Both
Source and Observer Moving)

g A48l G A [Hlaws ol oulami €l den (B
W2 dus wdlsel Aadly. 20006+l o3 [Masel
Bean gl [Raun u- Raw aeilel. 2isla 15,1840
gallcdl wHEl WAL 5 Gedd A [HRlals e si
v 2 v Rl Al 2D, HRLS 1= 0 W2 [Mas O
2 GeAM S| 2L B, B2 daddL v, gLV
A 2lddsI T Y14 s doL Bt 53 B, UL ot
yedl [Has el aia RaR €l AR ddl wlal
HRL 8. 1= 0 UHL O, -l S, a2 HdR L & 2ir
U B YA 9oL Bt 53 8. 2] [as oulaui
glatel; 21l Mlasl ada dasdl da v+ v 8.
2tiel, was 9ot [Mlas wad 1, = LAv + v) 13l
weld ©. 1= T, A4d [H30as 2 G dusl «dl
2Ll 2isd O, 2t S, 2310 Ui O, [Hlaws 24
Geam A2 AAd 2id2 0,8, L+ (v, — v )T, %24 9.
S, 210 Ge21 ofloa oL B 53 8.

v
v=v1--2
v

UO—D US—)
| |
0 1 1 02 Sl | SZ

| |

I |

I |

| |

| |

| |

| |

< ] L > 1

| |

| |

I 1

| |

| |

[e— e EE—

| |

UOTO USTO |

2i5ld 1518 Gearn 2 [Ras oid el da4l auld
52l Sld AR A AR

W AU GuAll

Al ugtdl gl SR AR dld 2ugRui
ddl 32512 A3 del (ueldl) daL aual W2
[y a0l Gualol iy O, Fdl ¥ qes3l, deflell
[Rstid, wolwlld-elllasfsuq adi3. d als-l-l
Over-Speed AslAdl Hi2 UL UlelA g1l AUy €.

stid g 28 talfdol & ([Qedesla da
Al usld ds Hisdaddi wd 9. doldl
Sedls el ugld glal wlaldd wd 8 wa dll
wglt HHeRol Rad gl wwy 8. 2uglul
Rl 3517 Sl Rise 53 8.

Raudlias ur Ryudd weledq (yadl)
MAUAL WS A AL gL [l wau
5L |12 dil GuadlL w4y 9. vRlN-elAs ddiil
Al GUULL dlRIPAlAL doL HudL W2 53 9.

dofloll dll GuUdL Beuxl HoLSIR 2 AR+
[AfaY UMD gl ARUY U2 53 O,
Al dadl AHe2lAFS (UL i) d3oU Ay 6@
A dd ALY qdsiRMD ANAEL 58 D,
AUIAMS dd0 ulFdadl AUl elwd aly ©
duigl 3eadls vl uldldd a8 s -l
ol 2 &edrll dlededl Hols1R A% dUelHixL
ol sl eedrl Hotsl QO3] WlRdl 2 9.
gededl R0 ¥ sl Guatdau™i »id 9 d-
s llaonm s 8.
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AL ol oL [RlasA 1, = T+ [L+ (v, — v )T,V

(U + vy Axd ugld 8. nT uxd Gean

~ ~

(m+ 1) % 9oL Gau~t 52 8 Awd d [Alas

L+n(v_ —v,)T, HR
¢ =nT+ EFO 70y wéia 9.
n+l 0 U_H_,O

el Rlas p-gio-l ol 7
vidAQUl 2 B ol

+l—l‘]2{‘-l*-l

_ = nT+L+n(Us_UO)T0_ L
1 0 v+y, v+u,

¢

n+1

2w1dl MAas dIodl sladsia T 14 e
CILERTRE

v —v
_ l 5 0 _ v+v
T= TO[ ' L+ J B TO[U+U:}]

w12l, Fas weudl 2wk

vl

ps AL 25 U Al sdl 24Ul dAdL s
Halsl [AaR 2. Rl 3 d gedl gal adudl
AR (claet) Al 9. dd sedl sugRi-l tald
Acoudl ? 23l Gedd A [Rlas oid s o U
Aol ala 530 2@ 9, el wgul 5 o 381
(Shift) wsusl g 24 Has d ya (wiglas)
g o . wal sk Mdl Flas § % 25l
AUA RU 9 d, % 2 d-dl ds 2adl ¢ dl
i g e del g2 wdl €l dl sl
wiglr AAinal.

(15.54)

(15.55)

oRAGR Bl AvL § sl [Rlasdl Gean
dxg(l Raud 4+ Rl a3 oLl 9. dul o Flas,
Gedlw drg oalld sadl &l dl v
qe(ivaicis) 8, wel ol Gedl g2 wdl Sl dl
vt He weL B, ol ouy A S, O Al R ¥
€l dl v 4 D 2 % d O dg ¥ Sl dl v,
w0l 9. Geanal Geurt uddl talv ol Rl
YA B, duidl o owdl [Hlas ds wd © d

wey

ad Flas wid 52 9 A vl € (detects).
ddl (Mais<l s Ml doar oel [Bauul
v+, £,

L Gets®l 15.7 s R dgd ds 200 m sl
sudl Ag Ase Al &3 W\ B, auld e
d 1000 Hz i1zl tal+ dal Geur 53 9.
dagd U udlAal tafHHial 41l Mo vl
a3 uwiegl A2 de vpaldd an 9.
(1) azu g1l wmidd (Detected) sl
2§19 (7L A4 (2) A2 glrl urida ugL-l
w1 [x A,

Gzl (1) M02s R S 214 Gea14 200 m s~ | ppsual
dlat 53 9. L 3u talHel 3544 330 m s~ w8 A
asty ddl Slenel el AFse uHlsw (15.51)
aud ASu Al us aHlsw (15.50) awud
AdA. Gead, RU dst drs ald K¢ Clal

- ~

V=0 A vA A —v s ASA. 1l

-1

v=1000 Hz X [1 =200 m s~ /330 m s7'T"!
~ 2540 Hz

(2) dat ¢d Geat ol 8 (SR %
Bealdt 8) el ke dRse ¢d [ARlas
O, 2, v =0 Al vy UL YA D,

LREIE
Qeser

ot A

Gedln (qr)idl BB Rl gkt v, el
el v 8 % A glRl vHa Wi 2y 9, iyl ke
gl <lEdl 2ugla

V’ N l.)+l.)0I
v

2540 Hz X [

200ms '+330ms |
330 ms ™"

~ 4080 Hz <
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allaslsi-

[7 B T

10.

11.

AlRLA

QB dIL g HHAHL AR HUdl 4% © A el Faetiell Aufdd an 8.
dodld ddl Al ddU & 3 Ful WAL $81L dail wAWL R der gladl 52 9,
AN Aol Adl dol O & Ful HHAL S0 doll wAW RBatd AHidR €ld-dl 53 9,
WoUHl 3L 2 A ddL B §, o weudAL wis [Gigdl olla Blg ydl ald 2 8.
e x-[2Hl 2uld sl wourl Sinusoidal (sine us1R) dold wiAidR

wx, 1) = a sin (kx — ot + @)

el HA 9, %l g dodl SuldR O, k siella dorival 8, @ siellu gl ¥,
(kx — @t + @) 2 50U B Ul @ ¥ S0 AHANIS B,

WUl datel doteonsS 4 v wdal A4 A sl Bigl 9 vd2 8. Rad
daol o sfis [wie Bigpil 3 o sBis unie Bigdll Al Adrd axg (Twice) ©.

AL Eleslledl 2Adsi T HiuAL 51 vig (Element)d 215 Yl €ldt 5L W2 @ldldl
A4 dd rlRd sud 9. d Seld 2ugft @ we R wlse @3 Asuda B,

r= 2%

(O]

doldl gl vl 1/T dls canaillid s 8 2d sl sugli w1 d-dl 216y

(0]
V= 8.
youHl datdl Bsu v = % = % = Av ydl 44 &,

asiadudll eilui dold dadl sy el ol a3 sl wd B, drud 7 i 3y
e gedl g 4Ruddl elflnl d-dl oy

Uzga

Mol 3 AU ABLs ddN & FHL ad, wadl 3 il ol s3I0 4d 8.

oles HEAU B A Hedl p Hddl draul ERdol s

v= 2
P

Al uglil Aot dRowdl sy

_ JZ
VT 4p
Aypll W2 B = yP dlawl, Rl au

yP

v =L
p
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12.

13.

14.

15.

16.

17.

U 6L 5 ay ddl s A AHs % WAL oA A AU A AU, HERHAL d i
AR 825 dowell ddl @A 6Bss AAN T2 Gl 8. Bl ddlil Auidlsadl
Rigid 58 8.

y = Ef;-(x—l?t)
i=1

s % €17 U2 6 Sinusoidal a0l Adls@ euld B, Awdusu-l Rigid 1ot d2ll GRRA
9 % clofe Wy 9. AN d 6 ddlA A SURARAR @ A g Sl A A o Rl
Ald 5l 1, UL SUUHL SU-AHANLS @ F2dl dsldd &1, dl wRRum dedl ¥ gl
® HRAAdL W5 ¥ d3dL

yx, = [Za cos%qz] sin [kx—mt+%¢i| Ha 69,

A P=0 Hudl 277 YEUS dBlS €A dl ddU GRAGR S0UHL S1U ) A AdlswL AS1US
WSRO B; A P = 7 U, dl R [Ag sl vt el [Adias wsikd 1A 8.
ol ol uRldd- g2 AluL 2aal oiy Sl A § AR s0 G2l nu B, Ui vl
Bsiell vAddd wH dl suni SIS F&1 Adl el
UL d29L

y,(x, 1) = a sin (kx — wt) W2
ge Al vl ualdd diat

y(x, ) = —a sin (kx + wt) 24
vieel ] vadldd diol

Y, ) = a sin (kx + @) 49 8.
s A €Y dal i [Ag Raumi ol s2di 6l ddllg @dlsa Rad daoll Qlumd 8.
¥R Bl 4nadl dsuadill el w2 R&Ad d2L y(x, ) = 2a sin kx) cos @f 43
HUA B,
REAd ddlidl qa a3 [wie Bigall ddly iavidl oo ieidl MR -l 1
uie [Bigail dld vl Hery AR 4uddl R el 8. 6o sBis Fvie Bigail
5ol s[5 unie Bigl azld »idx A2 8.
oid 93 ¥R, L detd-l dsuacol Rl

v=ngr,n=123, .
ad yadl 2ughdel €lddl 52 8. w1 doln uell Hadl 2ugRBNAL A4S daA-l s
Al g sddid B, agdd WgRAL elad Wi Yuold Hig adl wan gilHs 58
8. ol ¢l 7 =241 HA B A A WD LA A ¢BHMS HA B,
s B3 viedl A ofly B3 ol L conSl Aulluidl gl det

v=(n+%) n=0123, ..

X
2L’
ad Hadl gl elaxdl 53 8. 2L Aol gl Hadl 2gRAIAL A4S AL daAdl eldsedl
il Wiy 8. audd YR v/AL B A A Haed WS AL wan grils 8,

oid 83 FRd L doud-l ekl 3 2s 83 ot A oflr 83 veedl galdll dd ¥
gl eladl 52 8 dud d- dida Wiy 58 O, il €35 gl dotrll
rHle Al 8.

Asollndl s el gl v, 244 v, duy duidl asid dal SulEadi qddl 6
doll 2UR AU A B AR We G~ a8, el 2ugk

vbeafz vl - VZ
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cllfasal WRuw

A [QuRpu-u yewdl

1. d?oL 2 Wyl gotell 13ausl ald Al saml afAdIdl sdl was el 8, ud-ul s
(igal olln Bigand garl ald wd 8. taRdaml galdl dRAL A=A 2 [@QaAA ddl
€l 9.

2. d3oMi g AR ua Glod isell ol Bigal @3 WA (Transferred) ©.

3. uiBis dopl Qe AlAid WAL WAWRAAL €ldd 5l ol q2 Ralauus
OOl HIRgrL BRI ¢fld Wy O,

4. dopid ddU ¥ WA R RS 215 1 B ddl o WAl A B, Add ddlA
UAWL M2 oles Wil 23R B dedl ad, gl A il wARl w4 8.

5. 2wld 2ugRil SRS, woudl dal 2wl &gl ol g8l AHA Fulidr ual yel
%l sl €l 8. R dami o sfis FRwie Bigyil ad-l ol selll s e €id
8 el suladiz gel $lu 8.

6. MMl RaR FRlasl wua aibls daedl d wsHHl 8w (0), HIBRHAL HioL
RalRaAs A ey ol (80 dedl Fdl) U 2R AW B, d Gedld-l doL uR
wHRd el

7. wnsl a9 v el Ul sl Fas e dadl oagu aueufas Ad v osdl el
ua vt v, Fedl 8.
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ALY

2.5 kg eal 15 €131 200 Nl deid dsm 8. dendall €1l deis 20.0 m 8. A
el 25 B3 s dodld AiUSl (Jerk) 2wuaiml »ud, dl d [Aslioid ol 83 ugiadl
Seddl uMy @l ?

300 m Gl 2ldr-Al 21 uel ugdl €l8dl s YRR 2ldReAL Wbl UOLAAL LUl
WRllml vield 9, il vstsAlAl A4l 1A YR SR Aol ? el tq-l 538w 340
m s™ 2la 8. (g =9.8 ms?)

¥lasl A5 diR-l dotS 12.0 m 24 e 2.10 kg 6. dRHL dotdld dauel s 38l
Al 20 °C A wlFl ssu wedl 2ed % 343 m s7! wedl o d Hi2 diRul
dold Fedl €ldl e ?

P N N .
v = 1/% Al GualL 3 AMadl 3 Al M2 sl wlHel sy

(a) soudl ux uHRd <l

(b) dwudi wa ad 8,

(c) 2lisdl (Glo-Humidity) ud a8 9.

adl viq olval ol 5 g wRaweni wousl ddl y = f(x, 1) gl Y AL 9, %l
XA £ W x— VS X+ U FAl AAFAIL evd B, Hed F y = f(x + vr) g 2l
Gleag A 8 7 pel 1Al [a8dl asu Ad wourl doid 2% 52 8 3 5 d AsIL
(a) (x = vy

(b) log [(x + v/x

(c) U(x + vd

s AHRARY gl 1000 kHz 2UgRi-l talf G~ 53 8. % 2 «lRddL s
wel-dl audd wad €1, dl (a) waldd @fdl (b) wralbid tafedl dadens
sedl a7 Rl el Bu 340 m s A wellMl Bu 1486 m s B,

s ClRUeaml Uelluidl olis (AIR) @A A5l Al MU@RRAMS Wk quAY B, A
aisul Al Bsu 1.7 km s €l Al Rl aatdons Jeell sl ? wd«r-l sidaies
(Operating) 29[ 4.2 MHz €.

25 2131 U dodld &lMiMs d3dL y(x, £) = 3.0 sin (36¢ + 0.018x + 7/4) A3 % Y
B, odl x A y om W A s U D, x <l v Ra el el s 8.

(a) 2L wouMl d3dl © 5 [R&d doL © ? ol d wouHl €y, dl ssu seell xA waAi-l
R 55 & ?

(b) Al sul@diz ¢ gl deal © ?

(c) Geart Wil 3o () sou eel & ?

(d) doril & sBis gL a2l dady id 32q © 7

WY 15,841 2% 43¢ ddL W x = 0, 2 24 4 cm W AR (p) [Re (1)

AW Rl AL AVl 2UsR ddl © 7wl ddorl elad oUld s [Gigdl oflm
Bigad 568 ouoidiui %€l w3 & : sufadr, »uglt 5 s ?
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15.10 woudl siiifis adoL w2
W(x, 1) = 2.0 cos 2m(107 — 0.0080 x + 0.35) &.
o, x A y cm¥l WA £ sUl B, F 6l [Blgl 4 vidr
(a) 4 m
(b) 0.5 m

(c) 2

(d) % S, duA M2 eldet Ol sou-dsidad kL.

15.11 25 €l (vid 83 %Rd)d daold iR

Wx, 1) = 0.06 sin(%x) cos (120 Tt

WYl HOL ©, %dl x A y mil A 7 sHl 0. el doud 1.5 m A ea
3.0 X 107 kg €.
(1Al Gu Ml :
(a) v [A84 wourl ddl & [RAd doL % 3 8 ?
(b) 2 a3l [A3e RBami Al sl A dolel Auidus a3 sedaed 530 €35
doll dadons, 29l 2 Beu edl s ?

(c) €Ml dsua ML

15.12 (i) et 151140 %Rudd €11 Ul d9l H2 eldl udl o4l [Bigal s Awq
(a) 29l (b) sou (c) SulddrRal gladl 53 8 7 dxil Gul wxondl. (i) s 93l
0.375 m &2 uddl Bigd sul@eR Sedl ¢al ?

15.13 25 RARAUS ddld 2ldR (dodld § Adld) saladl 12 x 2t 1 4l Seals QAN
A 2udal 8, sumidl g4 @A (i) wourl dau (i) Rad a2 (iii) 2kd dal -,

WY R 7
(a) ¥y = 2 cos (3x) sin (10¢)
(b) y = 2Jx—vr

(c) y =3 sin (5x — 0.5¢) + 4 cos (5x — 0.50)
(d) y = cos x sin f + cos 2x sin 2f

15.14 6 2& §HR 922 dRuadll s €1l 45 Hz gl A1l d-l yuod Hisul eldsl 3
8. el en 3.5 X 1072 kg 2 d-{l 3v{ly en -l 4.0 X 102 kg m™ 8. (i) €=l
R doldld dadl agu deel ¢ ? (ii) el deua dedl ¢ ?

15.15 25 {lex aioll 213 83 vieell 2t ollF B3 vl A% ddl Rred 4Aadl 248 4l 21u0
ig[aiel GedM (340 Hz vuglai-il arsiel) wd «ulldl dois 25.5 cm il 79.3 cm
€l AR rile eAld O, WPl At samidl il osudl viely Aadl. Bl
Ul AU 2R B,

15.16 100 cm dous-l ¥ladl 215 AUl Al Heunidl ¥53dl (Clamped) 9. AL A2
glardldl Yoo 29t 2.53 kHz a9, 2aul @l oy sedl i ?
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15.17

20 cm aioll ol s B ol V. 430 Hzll Gedw a4 «olldl sl @il L
rrledl Gril¥d w8 7 ol ol B vicdl €1y, dl d % Gedd Aol wE w-lledl
S 7 (i talel ¢4 340 m s ®.)

RidiReL 6 iz A 21 B a2 O Gt sl dldl i &l (Out of Tune)d ¢ldl
6 Hz 2ug[@dl e G~ 53 9. A dR¥l dRud ALy Helsdl el gl @A
3 Hz wy 8. % A<l ¥y 2ugldt 324 Hz €y, dl B+l »ugl deel o ?
Aol W e (eual 34l Ad) ¢

(a) talfdomi edidad [wie [Blg 2 eoutd uie [blg O,

(b) wRAIRA S @i’ [l 2idAdAL 2id, B, wsi »d wRael weil

us 8.
(c) crdifderil Y2 2t Rdiedl Y-l 25 Ax-A 29[ 1S 25 B, dd ol el

d ol AR -l de wRvl asla el

2dd VAL WesiHHAl ol Riord w1 (a2 Glaidl s 2+ R ¢ami 400 Hz
gl RROE (Whistle) aoud . wesid vl Mlasd RO 2ugkt edl
oRudl; Ul (a) 2 Westd ds 10 m 57+l ssusdl 2uadl €l (b) 24 Wiesidel &2
10 m s+l 3suell ol €lu ? RAR gl @Rl 354 340 m s @l

s RUA-ALHL QAldl 24 sl 400 Hz gl Rl aoud 8. wulefl o des
udd 10 m s+l agull gsiaid w3 wd B, Rl Wesid v Galar FRlasA
Aol -l 2ugt, disidonsS . dot edl ¢ ? g 2 WRRAR sl R €y
e les 10 m s~ psuedl a ds €lsdl € d Bl ¥l o 8 7 RAR gaimi
(Al ¢4 340 m s @l

ARIRAAL ALY

15.22

15.23

e1Z] ursl 2is woudl eiilfvs dai y(x, ) = 7.5 sin (0.0050x + 12¢ + 74) cm <3

Y AU V.

(a) x = 1 cm w0l Bigd 7= 1 s AHA €lad-l @R 24 Aol Feal ¢l 7 21
dol dR2AAL WRAWIAL doL Fedl & 7

(b) x=1Tcm Bigdl 1= 15,55 2 11 s AHAA codld @R F2al o idR
q1ddl elRl uel [Bigldl e ekl

s Al Wl-aied (eval a3 R As alds AHalw) s Huul Hisadiul

214 8,

(a) o e (RBd (i) 209k (i) doeiens (iii) waewdl aHsu © ?

(b) % e Gy~ wdl-l e2, €2 20 (M2 ul 1+l €l dl (ded ¥ R R

20 s 6le Aswril VoL wArl oL HIR AUy 8.) o R a3 Geurt Ul AR+
29[ 1/20 2tudl 0.05 Hz € ?

(c) [oum-t scl Myl uuRRL el wjet (we )L 2us1R [Agd wy 8.

(d) art uglell AdLd A GOl B GiAA AgrL 5L 2 B URL AUYME H1oL AL 200l % U WA

-

£9.
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15.24 (a0 addl 8.0 X 107 kg m™ € ddl s aisll iRl 25 D3 256 Hzl
gl A [Qgd-aldd asie e Ada 8. oflad B8 s oA well wur 4
90 kg €4 HRuddl s ueal A olifid 8, 234 2wl eldld (Big Al suadl el
Glodq Al A O dell i wRtaldd dotdl SulRAIR 1a1ed 8. 1 = 0 A+ 1L Qo
841 (azsial suy=ll 83l) x = 0« doldld WiidR (y = 0) 4d B il d 4yl
Ald 53 B, dAl SulERdR 5.0 cm 8. elRlHl ddd Y Sl doldld @R
yx 24~ BB @ @il

15.25 25 Aou4ui el A4 (SONAR) ugld 40.0 kHz w2 swifad an 8.
s g2 AL SONAR s 360 km h7'<l »psuall ala 531 6l 8. ol
Aol ulaldd adl taMdoddl 2ugf sedl ¢d 7 welyl -l a3y
1450 m s~ dl.

15.26 g4 yedlel 2iea-dl euaHi tlfdol Gt 52 8. Ay sdl yel suod A 8 §, yedl
dotdld (S) 2 Aold (P) ol ddll vdeid 8. § dowdl dals »3eu 4 km s 214
P ol 34 8 km s 8. Ridus ogual Aqddl S A P oddlA Al 8. Ay
MEUHL WY P d3dL, YA S d30L S2di 4 min add el ueid B, ddl yvuui Al
sl WL A odu Feal 2id wdl d el

15.27 28 sl ARy AegrRiilRs el gl Rl esil Anddl gadel w14
Asudl vz wd 9. AMERIRUL gl BlBd kRl w9k 40 kHz H2L. s
awe elaadl Awdl dsdl s @lRd duul aeudlRY gl [l agu-
0.03 2l 3 Al 53 B, gldid uel wdd« a4 3edl gl B
A ?



9.1
9.2

9.3

9.4

9.5

9.6

9.7

9.8

9.9

9.10

9.11

9.12

9.13

9.14

9.15

9.16

¥loll (ANSWERS)

usW 9

1.8
(a) 2ulal 2udv uel 150 X 105 N m~24L wlaeia =2 [l 0.002 8.

(b) sl Ul woladl @l 3 x 108 N m™2 8.
(a) s A

(b) sl ol d-ml F5u2 2dl W2 330 uldondl Wy uel sl S8 O g A g4 B sl
QY woold 9.

(a) v (b) 3

1.5 x 107 m d4); 1.3 x 1074 m (awr)
2ladd = 4 X 107 m

2.8 x 107

0.127 X 1072

7.07 X 10* N
/D. =125
copper ron
1.539 X 10~* m
2.026 x 10° Pa
1.034 x 10° kg/m®
=5
2.74% 10

0.05cm>

2.2 X 10° N/m?
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9.17  Ral 28l v eouwt 2.5 x 10! Pa ©.

9.18 (a) 0.7 m (b) ¥la-l drdl 0.43 m

9.19 4™l 0.01 m

9.20 260 kN

9.21 22x 107 m’

us:wl 10

10.3  (a) 42 9. (b) Al A Ayl 1 all 8, uadlai-dl n a2 8. (c) 25 [Ash, >usr @Al
g2 (d) ea=izael, oidelld wdlsel (e) HEl

10.5 6.2 x 10° Pa

10.6 10.5 m

10.7  eRumi d GlaSA golel @aedl 3 X 107 Pa 8. 6ifI8L 404 6, S18L 5 o HOll dHId esl8l ¥
uldoad Agd 530 s 9.

10.8  6.92 X 10° Pa

10.9 0.800

10.10 RUBRz quddl el w2l Gu 22, Rl AWl dslad 0.221 cm sl

10.11 L, oidldl Rigld $5d WA age o @y ud 8.

10.12 <AL, Ridid 3 ol oiqel a5l @y udd © d 6 Blgalal aldlaeidl eolgl Siust WHami el i,

10.13 9.8 X 10% Pa

10.14 15X 10° N

10.15 2u4(d (a) vl . [5129 @ ALSSL WL AL (Aed 3, rul 2otll xABed AaAs0 Al 8), dagal
AU e A@AA I8 R A €l B, uReuA Al oiefelldl alsm el g 2 €l B, 2Ll
daqd wgold vRd 9.

10.16 0.64 m s~

10.17 25X 102 N m™

10.18 (b) ¥l (c) W2 4.5 X 1072 N, (a4l ® d .

10.19 auRl eo@l = 310 Pa, 54 gotl®l = 1.0131 X 10° Pa. 204 9di, 2le [Qaudl 280 ey s ¥l

A B dal 28l ojesdl viead eon@l 1.01 x 10° Pa a3 aviq A,
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10.20

10.21
10.22

10.23

10.24
10.25

10.26
10.27
10.28

10.29

10.30

10.31

11.2
11.3
11.4

11.5

Aleprdl 2Ll e amid eodl = 20.0 Pa; Aol slaglidl 2ienl galdl vl sieasd
QHRLY eollsl = 10.0 Pa. gdlril URML2L H2 el eotel = 1.01 X 10° + 0.4 X 10° X 9.8 X
1.2 = 1.06 X 10° Pa. atRie eollel 2eg <Al 8 3 o2l s 25 Al uadlewdl 2iexd 54
gollel 1.06 X 10° Pa 8.

55 N (<l 3 waled Aslsn odlel U2 A s ~ell)

(a) (a) "2 [MUa esu8l = 96 cm of Hg; i 9% goilel = 20 cm of Hg, (b) M2 [Mua gosl =
58 cm of Hg vt 9% eoll®l = —18 cm of Hg; (b) dloll elardl W2l Hedl Gl 2zdl & wdl o ol
QUL dslad 19 cm Y.

6L AL WALl &S0 U eolll (A dell e) A 8. uIg well ad wiadl sugil U e @l
8. ol 6l WAl 611 dol 4 §ld R AL o Gl ves 8. well 4 il ouggil
WR Adldl ol 2 Gl Hes, uad Wl W2 ofla Winl sl a4 8. el 6o BRuvHl wal uR dwldl
O UM Sl AU UBL WlollAl d%e gel €ld 8.

0.2 m

(a) eouRAl 8213l a1 WEl V. (b) dderll dddl doL Ale QU 2N
(a) 098 ms™' (b)1.24 x 107 m® s~

4393 kg

58cm s, 39x 107'°N

E

5.34 mm

wad [9g 42, (2idolla 2 ool ool q23) gougl dsldd =2 x 7.3 X 1072 /3 x 107 =
48.7 Pa. 2L d ol [B9s 12, eolRl-dsldd = 97.3 Pa. uRsud o gl Al dsiad
[48.7 / ( 10X 9.8 )] m = 5.0 mm

Alss Bogaul Awdl ay Gl & (Al & g AussRL 2, Alrsasll Bl Bl Bosn Fedl 8.
ol (9l AW widollon suyat gouel 1 atm 9).

(b) 8 km % w8l Gl A g Al 351 2L 4, dl Gl 4l ay 8, doedl 8.2 km.

usL 11

Myl : — 248.58 °C = — 415.44 °F;
CO,: —56.60 °C = —69.88 °F

_ 9 N A
6 = <t + 321 Guylal $2U.)
T, =(4/7) T,
3848 K

(a) Bua-Bigd [ARre diudid 8; sRaBly diudid d Gesarilbly diudid gollsl U MR AW 8.
(b) olly [Bud Big MUa 94 Wd % 9; (c) [ua [Big 0.01 °C 8 0 °C «l3; (d) 491.69

(@ T, = 392.69K, T, = 391.98 K; (b) (0ol Gead & 51221 3 ayail yu wiedl €l «ell.
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11.6

11.7
11.8
11.9
11.10

11.11

11.12
11.13

11.14
11.15

11.16
11.17

11.18

11.20
11.21

11.22

[Qioufd 209l saL A2 vaclsdl {lal A {lal eousl dal B 2l diudid [Qg i Bua
[Gigal FRua sougi-l 2idvid oRdaq (extra polated) s34 gollRl 9= ds AU 53 d A&l dludLA
Anad S, 2L A%AAHL Ayl 2ied Ay advs ds Ad B,

45.0 °C diadid Al wuRl dois = (63.0 + 0.0136) cm = 63.0136 cm. (%13 A8l 8L Al s
s Yl dousui 32512 0.0136 cm © A 539 ASH, ULl st cdousS AN Wy 2l Y 63.0 cm
8. il o AU 27.0 °C diustd dousS = 63.0 cm 9.

B W — 69 °C ciudi Yl 44l seaml wud AR U wse u AL wsal,
it 1.44 X 1072 cm all 8.

38 x 10° N

AYsd ABALAL Byla ¥R s3al «ell, dell e2s AMAL Hsd Ad (@R Wil 8.

Al = 021 cm, Aiaa = 0.126 cm = 0.13 cm
el

Gy
dollSul §d 38R = 0.34 cm. FsUL A S Gl wlaon’ Gt 2y el sie & wlail
W Ad [@RdR Wi 8.

0.0147 = 1.5 x 1072
103 °C
1.5 kg
043 J g 'K -l

Ayl [B-uRas & A ddd AR Hscddirtl el GUAd =y Ysddlirl 2ie (ed ¥ ald-u
oflt ML) A B, Yl A s WML Rl W2 eds M-l AW Gl adral W2
Gl 2l Wi, uReuA B-uruleas ayiidl War [ARre Gwu AswrulEs diy sdl a9 €ld
©. nd ealdl asa B 3 % Wot Al Asl A el Al 20d dl [BumulEas Ayl Wl
[Ale Gl @oedl (5/2) R 8, ¥ slesuiql Aeldl scdll3d Rl ol diyil el vddlsl ud
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4.3 g/min

3.7 kg

238 °C

9 min

(a) Bua [Bigyd dumid = — 56.6 °C 2 eolll = 5.11 atm

(b) A eouBl 42 dl CO i Gesariliy e sy s 22 O,

(c) COi #ild ciudtiet 24l o8l 2AisH 31.1 °C 44 73.0 atm 8. 2L dwwdi-iel Glal diwsuA, wol
Gly eola @dlsAl ©di CO  wudlsa ugl [,

(d) (a) eusw  (b) &-t (c) uadl

(@) i, oy 1] qemi skl wH 9.

(b) ualgl @3unidl yAaR AdL [@Adl d AlHl 8 @3uHl skeL W 9,
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(d) 4 A8 e 3uid Yalul udid ealad <R, uig ¥4 d« conw ad du wued wy adesel
ay A Ay AHedl udl,

UsWA 12

16 g uld Bil+e
934 J
2.64

169 1]

(2) 0.5 atm (b) % (c) Ui (ud 2iedl o) (d)tl, 518 & WAL (sd [Ardel a3 oidl)
AUl B A [RABI 53 asidl el azvuou-l vl AAHG[Ad aRADL B A dy-a3{lseq
ward sl Al AMu wdi, Ay Ad@d Ul wel 52 9.

15 %, 3.1 x 10° J
25 W
450 )

10.4

uswl 13
4 %107
(a) 725 2AY Wed’ Ay adgsd w43y . (b) T; > T); () 026 J K™
(d) i, 6.3 X 107 kg H, d % 3 UMl
0.14 kg
53 x 10 m?
6.10 x 10%
(a) 62 x 107217 (b) 124 x 107177 (c) 2.1 x 10716 J

oL, ADIAAL Fan doget, w1, v A% cuzpiniall Al sast iy Rl w2 Hedw 8.

252 % 103 K
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(¢) x=—=2cos 20¢
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ARANAdL ©e .
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14.20 T =2m | Vm opii, B ealril oies Wgan 8. AuAdl 3%R W B = P.
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15.6
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15.8
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@ 35m
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(a) 6.4 7 rad

(b) 0.8 7 rad

(¢) 7 rad

(d) (Gm/2) rad

(a) Rad dra
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(c) 648 N

(a) €1l ul [fsue [(Bigail Rl odl [Blgdiid a3 sugf v 1 s €l 8 uel
suladiz aus -l

(b) 0.042m

(a) Rad dra
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(c) waunl erifs dial

(d) o RaAd ddis Auwidlse

(a) 79 ms™

(b) 248N

347 m 57!

_ @n-1v

Y B B3 oif Al we v T

cn=123,...

5.06 km s~
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wad elilFs (Haoid);

NN
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(i) (a) 412 Hz (b) 389 Hz (ii) €35 [32u™i 340 m s~

400 Hz, 0.875 m, 350 m s™'. I, 51280 3 24 (Bumi el e Gean wd FRlas oid
alenl 8.

(a) 1.666 cm, 87.75 cm s!; I, d32-YuWAL Gl — 24 m s B,
() x=1cmBigdl; n A (n =21, £2, 43,...) 2% 4 = 12.6 m B; dA> 2udal aul Bigail

(a) e MBd dadeus 2aal 2ugf e, uig waraddl Rlad a0 § ([Aeur 4 52 dal
HI L)

(b) -l
y = 0.05 sin(@r — kx); 213 @ = 1.61 X 10° s, k = 4.84 m™"; x 24 y mui 8.
45.9 kHz

1920 km

42.47 kHz
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Centre of Gravity

Centre of mass
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Centripetal force
Change of state
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Chemical Energy
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Clausius statement
Coefficient of area
expansion
Coefficient of linear

expansion

Coefficient of performance
Coefficient of static friction

Coefficient of viscosity

Coefficient of volume
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Efficiency of heat engine

Elastic Collision

Elastic deformation
Elastic limit

Elastic moduli

Elasticity

Elastomers
Electromagnetic force
Energy

Equality of vectors
Equation of continuity
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Equilibrium of Rigid body
Equilibrium position
Errors in measurement
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Thermodynamics
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Ideal gas equation - dpeday adlsw Laminar flow - U e

Ideal gas - e aly Laplace correction - Al Q\l;'uil
Impulse - UELd Latent heat of fusion - dd-Rd G

Inelastic collision
Initial phase angle
Instantaneous acceleration
Instantaneous speed
Instantaneous velocity
Interference

Internal energy
Irreversible engine
Irreversible processes
Isobaric process
Isochoric process
Isotherm

Isothermal process
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Kelvin-Planck statement

Kepler's laws of planetary
motion

Kinematics of Rotational
Motion

Kinematics
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Latent heat of vaporisation

Latent heat
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Linear momentum

Longitudinal strain

Longitudinal stress
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Magnus effect
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Melting point
Modes
Modulus of elasticity

Modulus of rigidity

Molar specific heat capacity-

at constant pressure

Molar specific heat capacity-

at constant volume

Molar specific heat capacity -

Molecular nature of matter -

Moment of Inertia
Momentum

Motion in a plane
Multiplication of vectors

Musical instruments

N

Natural frequency
Newton's first law of

motion

Newton's Law of cooling

Newton's law of gravitation

Newton's second law of
motion

Newton's third law of
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Newton's formula for
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Order of magnitude
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Parallax method
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addition of vectors
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Path of projectile

Periodic force

Periodic motion

Periodic time

Permanent set
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Phase constant

Phase diagram
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Plastic deformation
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Potential energy of a
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Potential energy

Power

Precession

Pressure gauge
Pressure of an ideal gas
Pressure pulse

Pressure

Principle of Conservation

of Energy
Principle of moments
Progressive wave
Projectile motion
Projectile
Propagation constant

Pulse

Q

Quasi-static process

R

Radial acceleration

Radiation

Radius of Gyration

Raman effect

Rarefactions

Ratio of specific heat
capacities

Reaction time

Real gases

Rectilinear motion

Reductionism
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Reflected wave
Reflection of waves
Refracted wave
Refrigerator
Regelation
Relative velocity in two
dimensions
Relative velocity
Resolution of vectors
Resonance
Restoring force
Reversible engine
Reversible processes
Rigid body

Rolling motion

Root mean square speed

Rotation

S

S.H.M. (Simple Harmonic

Motion)
Scalar-product
Scalars
Scientific Method
Second law of

Thermodynamics

Shear modulus

Shearing strain
Shearing stress

SI units
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Significant figures

Simple pendulum

Soap bubbles

Sonography

Sound

Specific heat capacity of
Solids

Specific heat capacity of
Gases

Specific heat capacity of
Water

Specific heat capacity

Speed of efflux

Speed of Sound

Speed of Transverse wave
on a stretched string

Sphygmomanometer

Spring constant

Standing waves

Stationary waves

Steady flow

Stethoscope

Stokes' law

Stopping distance

Strain

Streamline flow

Streamline

Stress

Stress-strain curve

Stretched string
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Sublimation
Subtraction of vectors
Superposition principle
Surface energy
Surface tension
Symmetry

System of units

Systolic pressure

T

Temperature

Tensile strength

Tensile stress

Terminal velocity
Theorem of parallel axes

Theorem of perpendicular

axes

Thermal conductivity

Thermal equilibrium

Thermal expansion

Thermal stress

Thermodynamic processes

Thermodynamic state
variables

Thermodynamics

Time of flight

Torque

Torricelli's Law

Trade wind

Transmitted wave

Travelling wave

Triangle law of addition
of vectors
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Triple point - Bileg Volume expansion - 58-UARMWL

Trough - ad Volume Strain - 36—@%[&

Tune - YA ALEdL A%V,

Turbulent flow

U

Ultimate strength
Ultrasonic waves

Unification of Forces

Unified Atomic Mass Unit

Uniform circular motion
Uniform Motion

Uniformly accelerated
motion

Unit vectors

v

Vaporisation
Vector-product
Vectors

Velocity amplitude
Venturi meter
Vibration

Viscosity
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WAl

Wave equation

Wave length

Wave speed

Waves

Waxing and waning of
sound

Weak nuclear force

Weightlessness

Work done by variable
force

Work

Work-Energy Theorem

Working substance

Y

Yield Point
Yield strength

Young's modulus

Z

Zeroth law of

Thermodynamics
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