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FOREWORD

The National Curriculum Framework (NCF), 2005 recommends that children’s life at school niust 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 canses a gap between the school. home and
communily. The syllabi and iextbooks developed on the basis of NCF signifly an altempt to implement
this basic idca. They also allempl Lo discourage role learning and the maintenance of sharp boundarics
between dilferent subject arcas. We hope these measures will take us significanily further in the
dircction of a child-centred sysicm 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 niust recognise that, given space, time and freedom, children generate new knowledge bv engaging
with the information passed on to them by adults. Treating the prescribed textbook as the sole basis of
cxamination is ong of the key reasons why other resources and siies of Learning are ignored. Tnculcaling
crealivity and initialive is possible ilwe perecive and treal children as participants in lcarning, nol as
reccivers ol a [ixed 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
nuniber of teaching days are actmally devoted to teaching. The methods used for teaching and evaluation
will also determine how effective this textbook proves for making children’s life at school a happy
experience. rather than a source of stress or boredom. Svllabus designers have tried to address the
problem of curricular burden by restructuring and reoticnting knowledge at dilferent stages with
greater consideration ot ¢hild psychology and the time available for (caching, The (exibook allempls
1o cnhance this endcavour by giving higher priority and space (o opportunitics [or contemplation and
wondering, discussion in small groups, and aclivitics requiring hands-on experience.

The National Conncil of Educational Research and Training (NCERT) appreciates the hard work
done by the textbook development comimittee 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 (o the development of this textbook; we are gratelul (o their principals for making this
possible. We arc indebled 1o the institutions and organisations which have gencrously permitied us
1o draw upon their resources, malerial and personnel. We arc especially gratelul (o the members of
the National Monitoring Commilice, appoinicd by (he Department of Sceondary and Highet Education,
Ministry of Human Resource Development under the Chairpersonship ol Prolessor Mrinal Miri and
Prolessor GP. Deshpande, for their valuable time and contribution. As an organisation commilled to
sysicmic reform and continuous improvement in the qualily of ils products, NCERT wclcomces
coniments and suggestions which will enable us to undertake further revision and refinenent.

Director
New Delhi National Council of Educational
20 December 2005 Research and Training
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(MECHANICAL PROPERTIES OF SOLIDS)

9.1
9.2
9.3
9.4
9.5
9.6
9.7

BiyA3ello
SUBITUIMISABIAS ENMITa TURIMLe
L@ SIRINIge Bal2Ig0iZo

angaslam mlwee

MRS - Misswlm (@0

EDEMIE BRIALIEITHIE
~lBIBINEMSEINS EOAIMIETE MEInHla
[l

(Mo BeLlo

il allomnailaaTsid
clEE RIm - I meTRID

mRLle ol AR S e i

9.1 @ymeo

0BT UTVMEHOBa ] @RWLOWe 7 @3 Mo a10la)). @enrdenas]
eolEemoen’ 2005 allmosmoe oaldmldlen;memammmlem B
Qo o8GRO alelNo MUoeMlEING Al amqUlEaEl. B30;
pyeatmy (rigid body) apom@ eal10m) 0D @RALOEASHES) DG
WRNo Gyy@lwo MRl AMSs H3lES albal303L0aBaABOSTT.
AMOOS LNBLOEWIGE oMo ATimienud aeilajmigoanima)o
QIZFEDOONM M0 HEDO)EDIONANBIE. @RMGLOTRLDIW 6NI0ADY
sTUElo (a16W0UTla 0w 330Usm0w QYT BeMWiaag Galdll)o HRyd:) T lde)
ANMLOMIo UDTMT0. OO0 FRAOE0ESTDE IDal3oAL03Ed andemn
@RGMOTGE BLAUSBEIHWAMIET).

80) UdaI30ANoIlN Wlalle RIelajallo BRBd:y®IWANS. MY
AIBALOOTHIHNG BRYRYWMIEHND QISR TGN AILMLTNe QIO Om;
analal enigle @Igoy@eem. qudafl@osimiolenas (paoeileans)
&30} Miallouflong venewerud alellapmislwocs epalon Mlgaolad
AUBLMONENEIHIID). (aITIon® sele Ndse aaldmond ainiladd
BRI B3y GG IIELe els|TlEleolomIvaN;. LaI1GWm)
ooy enielo Mlooe a1dmoct 30; AITim) @RGINNG (Do
BRY:LMID)0 QIENA|OR0 HOGAUTIBNAN (AIGMiHMOD eIdqUoN
@@ (elasticity) agyad aAflglesmon,. DOWMBe BaONIOCD WENT
Mde B)alommasmenom)e (elastic deformation) anNslas;m;.
AfMOGE & aIFlDNOSEw? 6‘)@593@:16)(‘@(3@0 HGUIGE enitlo [A1eqoui]
afomd @Al Allanls @rmlang adPaITuNIGaIsd AIRIMSBS (A0
BN H0aMleamTIemDe @ UMY B)~I2qEWIN allew
WEISHW)o BalQaD;, DO 30806808 oloNld aIBodLO
FEAFAD)0 WY (UICDYHMOQ o)oqyle®m (Plasticity} agyamyo
ailglee;mm).

AIBOBINERAHS LeIRATmIe:TuIZI0 ARERIlmIRTlodl BinleGa|m
@led {cngincering design) QIZe0 (IWIMSL]g aldh QUADBO3ID;.
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DBEIANDEMENNT 3D HhGISo 0)ald@da|M Hally)
GMIoud qylad, ('acs:oena@aﬂg’ OMEIND al303LNaES0S
oIMimle: MuUdUOTNEmcla)gs erdlal arailae
DIBOEM. EINICAIDNE] AID0IERUE, BOESOHDIHEHTIAL
U3, E00aJGOIM:UE HMEIDWAWIHNS ©)nld:BBa]M
lelje Dowmoe BROINGUE ERMLOIUDLB0ST. BB
Goy@l 3LE®RIESMIe AUSHD @BONo SHYOSHIHD,)
@O 0] ABOMe MBLEN B)aldh@dalM §1Qoad quod]
SNGA2T BIDo HIOATDMIe HIO1MLEACIW MDA
@) [ TBBNICNTRISHIN MIERUEEE arFlam}Emo? AfImy
£06TRISM HoWlmBen angsanudas | @paiml mad
BB MD?  IDOHOTE  HOTY DaldZN}, af)
apomd (oMY (805) 9aKgyamlel? mamdoIelSs
GaI03\MEBR0S DOMOEBEITE HoaR@m AU, ym)
aian auprumioyeegled alallwmomdlenas sooe
ERIEINGO (A IGDRU1EDGIUPSTRIMOT QILGIIMmEn
£89;01a] @RolewE]l QID)o. D GRWLIVOWIG el
AN 0885 MEIDMITle: TURIMANe FRSS
FRAILIDTD TUAEIRMD S0 Mo BMTYILI0SS S0
@pal 3308 Bd05)0E1ee0m OGBS Gald3)
230308 2Omo0 LIEENIN TAnWEn)&@ie Haltyo.

9.2 QIOAUAVMANBINS WL SHAVIBII0
(Elastic behaviour of Solids)

30 supariem;ailHel 3060 ERYQNLL EROLIMICE M
(@@jo MUETITUNERSI® BIRYQMEBSIGEI) MWD
SOGRIS QlRlwe 921Qoe]SIBleeam) apam aTlesudas
olaoaaeld. muam;eimonkrunoiled aurdlaosad mlodes)
emudud ool @hazmoamoerdel (inter molecular foree)
OMIGEID @RERITIMITMBEISIGMIGEID sTITWIEm@0E,
20} UOAIRALTDIN Dinnmmoo (delormation) mios
allesyemnioud drolglasl GBOsERUdEnis MTIOLmEHU3
$oo mrmes quamelm quoomssgled mwlonio
ruOdMOAm®e Moctleeamn;, GROIMOnd BRGEl:HD
{m@oumOmD ) 3)06RudES AILGIROMe Tuosnileean;.
oyatoammeaniels (deforming foree) Moo ©aldmond
M@IAMOITNOENIEI0 DD EPYREEBOSB { DHWOMHOB)
BR@OT B3 TVOOMEOWEN BIBlDGHaWorslHa;o.
mOdanelmw] mimala) srmlang aydol Byl
wlo alelajale ©idla)y @»lg5ie. andasalorunoileel
SMBB al)DIHDTHOMOTNEN0]a)) BMIVIEINSN; 00
Mof adligne 9.1 ae1 Milallod] @6NIE QI ~0EWIHTG
DIy TVAODDWEHDEHEIN], DAINS GNRSBInHUE @Y
@Rcg@o Minilon)®:0d BROUHlGHITND NILIBBOSW,0
rugailajlas;om;.

-~

all{@o 8.1 SU@HTI®;
MOTEs Miadladd I 200y 6.

@S WoITi@le aoieda alaemanm]

allimamled myeimeairenaleilgles;m @rairunoiled
and ey esglem M1enomd (oElafomd rSialloo’
alyane @R@IHM andol @eairenoleales mtlaoeo
@TEN}M). DOEWMOOHITE UIDUTIM)EHBAHS T0)EHD
TIB20IEHONE  @RSITUNOMEDIEE @ROImas De
mimlemuisoale alluale:tlendte. mo@lad WTHD
LEDHMOD Go0eIBS n0jeet (1635 -1703 AD) mijailowy
&3 2Ol )88 aldlemsmoslodailos &a) umd
mdlon  MISOIEL RN A MOV (alGoul]
SN EULIGTHIEMD BOO@ITIGMY 1M 21003 8RO
wlesmenmm amalola)). 1676-03 @RGIn00 BRy0lnades
ola] meRTimlanloae DEa|oud anjesal Moo
afaNSleea|S;am;. D Toaaomalgl alzowe 9.4 @
Mzyas ~10180%0. ENRWIH MOOTNEAINE! (BT
hTdlsel @RANEUS TuosTUMWla] Mo (alesladE]
AN ARELMHE Noaaszlod aomowl m Mloanys
SHO}MOASANY. AR Iol06S 8)ale@BAID}Hs
elowlas allallwmedylenas conaoilm) allewand
) GTUOFETE0E:] O a 303106105 MuEdnlo ERG1SIHI
BlEs0enEm (aIXLOMLEaclw BanosTs.

9.3 aia(sapie As (50N}
{Sress and Strain)

muam;elmealrealelslssm &o) aaionalied sniglo
(p16WOUEHDa|516MISUIE BROINENR0:)IN B]a10000
(deformation) cioriam afldellaflaleaan a3odlnomlead
TuIEDe, B0 IS NILIOHIONG AIBINGEMo apavlolng
wRyUealenan). oles ~I3odlnmEsslelo DTmBo B1ald
e wnlemlan ool agymmallwaslad aenme). s3o)
TS ailam )X EsIEITIHIT G DIER )@
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GOISTHBS D) B6)
(1635 — 1703 A.D.)

BaMulad B2l SOUGIDEI SOOI TUNAIE 1635 RPSHAl 18 0 E00UES noes =My oIl
BHda MOUETEIHE! uadlomy:s silaoaalis i ReNaem @y leld (LITiHRanEodk oS0 @le)m) Mbed
nno. @@ micn0ddal wemleusailglaled cadomeaslage mileyze emsomowly). aanlgje @REGane
usHoRllee HEFONSS DelRaMIGoNe Del&ansMmdnomonne i) gdleisilmeom] esrarelmal
W) ala@ins mldeoememle) eoosudg a0 @lalond aquanowilaos] inlrudmlajlsianz. 1662 @
Mndalleaegs eoomad sassomglens aelswsmalzonomle canteDigsanmon] dusgece Mle
olmmow]. 1865 M@ DUaHoe CadcReElod e2100(S] B(nIdn0MINoW] ETLHMAMAEHsla). wolas ala]
MDEFans GEANEHGBIMIIRmOasTIMLBIT WondS Me’lstemessod msomyseemzos] clenaclwm olads
@ slot) @sairizson] Mlidala), @oolewomd Mes@uemamloal (SoflloomIpal ERERIJEHED MESDa
SERellsla) ®siam andlimsslenss apquilaeals s ollsla)). ondinans GRTIHOY Mostolod @S] HOsIEID; af) iy
mldeaudla)). §aI00PWIDS TOOBIW EORdlMe A DO Al 18- 30 M00enElEd (o @G irmemoladss mlkdsmolencm)
2IEROEHINE). NA0MEEeS aranes alledlsdlseom ayeisaaudnmleas (Inverse square law) iaimooila). @ allan1s
MSENe al@]d@ala]l EUNWones BREGNOGHING EMGENEM). EREGare G00BEE HILIseTLIVInal TEEATmSEnsa]g flyBmlw;e
167 0od 1682 B savieemudlees amuisgsloaeeloyrm). dpedens vally Hoac@indadleaihel BloledsessEns sousril
DB [ lhOREHINNG Mo MilELoTMo MIBEBUT]@6 0o =lalceaori|malo o] m_mws)gjg BRZYBI0] HIVED AT nlZe DolEwow]
SMHTW> HalTBY. LENAN s Dmeow] MUITWeyS rlmeace 20alenIai e desls@od «o)ealHm Latbatmnisslws,
mD mlose missq), nisselnd osErleunwagleas aomEnules BrSITuromdls;e@ie URIGINEERNS WA T DO

og) enqlelsssme dpeslnasme iy

esMmEslod ATim;lod alymerunoam sniels (restoring
force) aUOBROAIHIID). MD (a1GWIWlHNS enIel
orilny oelyudlasmmasmie alunlm3lvalelss
@} @06, @IS 0SSN0 DESHOo ENIEI
20am aesay (stress). AIMionailond Gad3melnla]
30l (arca ol cross section) A @jo (GO keDH S eNIElo
F 20 @oyaemeskod

TaEmleng wvlaosme = At (9.

aUssmilong SI ey Nm? @rinaly aoateod
(Pa) @amem. oolond 0o0LaadalsmaEs TVAI0®:)0
{dimensional formula) | ML™T= | @men.

B30) eDal3sAInoW0d foanisnItle (aIGEIUTles)
empud @eo) oo 2lololol eoes 0ol
@000 QKB oY allme.2. @8 e:0amlajlolea;an,.
ailigno 9.2 (a) lwd mo) milellenzolam @emloag eana
MEI 21903000} ElosMIBOW ENE ENEIEISIR) A IS a]
alefllaymiIgloilsleanm). oY (aiudammaniied milell
0l @emlY aldaB0NRENEIE:)aN allNITUACA I
snelpEm (restoring force) asadaaavual missay (al
eilan (amlsmels) (Tensile stress) agyomy aliglaaiom;,
T el Ll b 1 muenm’lar@ (alud@mmom)els aulad
6MRB 2 )D)EDE2|S)HDONANEIBE amly alpajanilen
ENRIGIIM ARMIVNIAIM RIEIHEDH dra{alaylal aUas
ay (aadadlm pimlenicis) (Compressive stress) agyam;
algleeyan;. alelal/ eoaqulal abesmilem el
spywlmad issay (longitudinal stress) ogan)o
Allgae00.

o6 (ucIdommearglelo milellaeclaa migomlod

QU@ AOTUREME0d:) M. AV ISOIIELNE0E:10D  AULmY0
Mo AL Do @dNmIse L 2o odlenss @rm)ald
maowm @mmeeadeenyaiaselad (longitudinal strain)
apamy adlglesyam,).

@emeeadaayaiesolnd = T (3]

afymoed adlimo 9.2(b) @@l @0amlajl@les;an)
saweel Mielaeola Gao3meln|da|galla) quam
e@owl @myeiaye oilaeldmandc 8)a0m 0t
Lsaodlasmmecisslod milellaeclaa) anmldnial
FMUBENISOIE] @Y GalaH ]l TUNIMOATO DIETRIEHIAT).
(2160002 TUalduocnarlw sniclomblo WSITK} alba]
Boilid 0)alleyM@IW ARMIAVNIAID SNIEIHDTD SI
MIBat @3 UASAY (tangential stress) @RLONIS oMl
Oloat miasay (shearing stress) apany ailgles;mm;.

p16@OUTla 506108y md sniplom]ad ~nelngw]
moleilereolead afmldnIcony@0fl HENEIENN GBIg Gl
SHlBTUOSNNXTMDe Ay GRyesTnam ~ilims 9.2(b) wlad
MO0, WG |0UE BEN0aH)aD il lsmeom (delorma-
tion) arldlead ia 50003 (shearing sirain) ogyond Afls]
BN}, A Ealtil TUNIMATNBIW Ax po Mileilsns
olaad MIsnow L po ®EAIELSS BRMaI0mass ol
SHlosd e SOIG (shearing strain) ag)at A0 ilenoa]
slaleeam;.

Ax

aHlolosd TUasold = ? =tan & (9.3)

milefleredloa WInodln qundmaelnowl DeNRoEsan
exoeml@ qunsmammomden’ (L quowdpamaowl ¢
UBOB B2I0)MOSN. MR@IMoed & aes @ranl coall
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el B
J =

(a) (b)

2l 8,2

() (d)

fa) wodsaguvol aussgyln letorwr aulelimovsyolienss s amveyaleginsony AL sleedseans (b)) el

1@ otflarcloa dia:snlaiad Nl o emiedd § e oanaenns)a;sT Ar ARG FUEO RN, () atobery ainsotmky

alawaaony aey by () 8e) Secmoiand (» kprinFEE anr DHche CloanaD] BATRR0D [S)IN FaSTY.

AY

Al Aualodiaticler auasilad (Voelumetric strain) R af)Tp0d Qe ILorE oo auge quos

v
il an)aicy.
A

b @emlglenasmaslos tan 6 s ellel aRe:enude
) aepoamzaila) oyelyaos. (932: ¢ oyes ailel 10° @y
eMEslod & o tan & e moXlenas AYmIcMIo B0
1% @oLnmoan).)

aflimo 9.2 (c) 1ol ailmleblajltlemanomtaltnsl
Al TIDHOTD QE):0HeNE @ead@ml mlouailmeog]
MBBYBr.  BOG|IF;6MBOG; M

atiloload aisiswlad = tan J= (94)

aflime 9.2 (d) @8 @osmilaflzlesyomm)talcae! oodan
23388 @0) BFNIGEMNE Onjlolen)an aln enog
OIIBW aPEId DIUBERES0 BEOGNINNE] HEDDHN|S]
any. eNSTNON (IMmeIGEHINEl $30602 smilaailens
(300Uso (aUewoullesmm smelo Elosmuslunaeio ol
Mo LIS urim; (Brlsleloavaadzmaomla
(hydraulic compression) ofleWwoeoaless. ooy Umim)
alaag 201D ERYe:LEmles QMmiTVe UDBIHE,
2833003 ©:}00eNE0H50m).
iyl @Rmolennol quyislensa|s)am al;ms
Ten0alM enitls (300Udha AUTTmD3 (alewoulenym
eI enelyane ailaolmnansolsle;o. (30l
omlziailonie ATTmeM A0sTMS;CMOd BRE
INOBIN @Ry IDlEIon)o Qe [TRNIGEKD}0 G014l
Qlvjo.} MY (idommMomslod @Emlg aitqajaniicd @
MEkHDAW] A L0 MO kNG 5107 SNICIHETD (301 Ieilm
Wiesay (hydraulic stress) agyam allglseam;. oaleoad
~101206Mo (Brlaleilm adaamlal (hyvdro dynamic pressure)
OENE0STD. (ST aiba|SaN0d (I1GwoUikean)am snitlo)

(30a12linadnoe DENBOSNM 0)2120060EM CIISIDL
s s0lad (volume strain) agam; Allgleemm). oas9
ailanenzdam L miaauae QN30 83880 Mgl

ELSS @RMUe®E0EM caoglooe Tisasolad apLaalD
oy oadimailp)slsmoe,

V

yoalim alldyaleme (Volume strain) = 7 (9.5)

Mol a)m® uBl2sMOIEMEo QM0
Qo QINIALN AIElAdEMAle MRS @RM}AIMHII
§M. BROOHOTE DG (AIGmyd: WSTHIGRO aaaL
YUY TOLDUOHLERD F0al.

9.4 amae mlono (Hooke’s law)

allimo (9.2) 03 Alafl BlaIOBIELBS TUIa0aID)6ERE)
f3 aiasae Mas0Ime alllmlatlajlsiens. aaidlo
D10I20Q683U3H0 MBI MaSTIMme end ®rM)
alm@EHIEN, DHIHM a0jesoee af)am aildlen;
m}. FRMOWD

aiasqy o« Tieswln

miasql = £ x miaswind (9.6)
aniles & afymdl S0) @rmialm qurledee @R,
DOIam DERTlHmo cnoalyelat (Modulus of clasticity)
afyam Qllgleayan). ameslang mlone 8o eRyMEnila
(Empirical) aloazosm. @0180we UMIo) @nulan;o
DAIDTNEO DO} SNUIWHDET. a3 allel it
#6008 D Mlwde (BRI MaSTye MaEwime
melenss ¢md @omnloma) ~loeilen;amlal.

9.5 avesay - Ala(sOIM (N3af
(Stress-Strain curve)
#5WaeTEd MissMIN alewoares)an 30 132610

adled AUe(STule MUaswlnje ®aflenss snimuo
Dl aameamslenss meeRmmlo. DHMIMIW] 30}
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auleikreend MOEnd sl (aleoosils] ceila] milgies.
aaleemale @R3ymIzane MHalenss Gem;AIdmo
{riaswki), Misseloim; &:00smMeow (aleXsla] snitlo
ARATINI GRA D SIEMd:, (1GNNS Nitlo ~15]
AIsIp0] aduhila) MgTEN3a AYmTLe GBaD
S0, MissNienia;e rasalmlaaga)o alleksud Dal
GoOUla] 80) (H0a0) DTN, B0) TUOWINETD GEI0an
ORI OB (UN0aNX%M 2fkmo 9.3 ©3 ©:06Mlajltkee);
o).

@I} TUAIMAIW (WIaN]&:Ud dholalaiM)o oMW
olosB U SIMIMo LIBYASET. TMUsSTE-TisSIlnd
(Woan)mid S0600 assdluomilne aymymImaoois]
@, ATDAN (p16woUleneq|S1an snElany e
MEIe SSIMOINMMGl2] 60} aIRALNORIKT B)eIR000
oSS, Me@EEBa MWL ANIILINGH mamde
LD U3 uan2Dlesmm). (Noanled O mmad A Bo
wsa ceelol goafloaoeematy (lincar) «:0emooe. axm
GualeIflod aoyeslnng koo aldsmaom)o ~10eiles
£aS)aM). @MIVH} (IGelenaa]g srslo ailadaieil

o 1oy SO a6l o2
| iy elaailnd oF
l B[anlailotd
o *aTC gy
A
& |
I
I
I
!
2 :
g\ |
i
|
1 gomilaygeok misseiod
r-"-"—'é |
0t _ 30%
<1% (4o ot g —

2l e 9.3 63@) CERaOOIDT] BuBNGIIDZON FUOSTYIDE
alakskd joart

2Jo@d QIS @REINNG WLOGLO BRINNE:EBINS al)dnl
audlailaled olldlnajamio. o0 coelelnlod eudal3od
0o EEIRTimle: MIBMMUIDIAS QIMHm; Ul (ndom]
9]0,
A mymmd B ainooas casieilod miaisqye ainsal
Mo BB GSEL]. aaTIDaNsee YD Greelol
Eljo sNIBlo 30Q;EMU0U3 AIboy @RS ande aurilm]
oleeles @dled MM} Woadleel B agyom snilas)
ailom @@l ea13@lad’ (vield point) @RLOMIY @13
s 1Bl (clastic limit) agyam) alglesym). @™
enfimaillaer Miesqlom ~soduamlon ©ladald
TS SaBTm (o;,} apam, Algleson).

Bo@WOMg @paal afemeje AdWwlajlajwd aie(s

mlend zyeye lwul miasaomlemenud (vicld
strength) &»)S)mEI:; &0 TUa(STIR1NEIE:;an
a1l aiymyorue aigselnd eaogmd auduwlenond
EHODEANDXR)EHWIO HalGamy. (D2anlgel B oo D oo
DD SOWHED TV)ailaflosamn). B dese D deajo os
olenas C ea0epss ageomslelo snilsyoiled ala]
Ao aflelm;enlna]sian 8ovo Mleee BN mOTE
seolend er3y argalleelss mdloaamond AUTTom)
alla} avowlenanlel. @REWE MEMDo TLIaDAID)
@o¥lod nf)Ga B eEslelio TUaSTY al)iRo0 By @OTs MINS
103 n1je2y0 ARG TRl @G {00d BRI
ﬁd(ﬁmmﬂgu 6)(‘I’U§ (permanent set) AR Qilgleoo.
DANSSWIBS BIBIGHOR oYl BlaIBgo amam;l
Aao2o. (oanlpel D apan snilB) 1300 mnom1aag
@ amla el ) e alwo e (ultimate tensile
strength) (o). @ snila3alme oo (eI leanalg
el @mled  &»)00aeroIsieadee @rwls
miaswlmeeo@] E apan enilB;olcd ea10516a 06:)
HNo HalFaN]. 80 ~13030EMIeal @Rasla med
QRGUIAID}0 (A00Ea 3G 100 ERS;TMOWIDIMOTE
130800 Bowaoodleee (brittle). apMOod D Uy
HDDMHEIWINEMBIGE @ lBI0EBHS @RS} ~ID
@R AUNM eloymala;eoilslsse (ductile).
EMBHOW A ITUDOANaym]Ealoeel, TissTU-miaswilad
OIBSAUSERUE, $26D2 AIRATMILe MALMLIEmAI]
e o, 230a00sMOIAT 0sYTOM alll (aIoUdye Alel
213013008 Gal10E)0 @REY WLNOAID @RYdhy HIVEEIHs
TGRSO, allimo 2408 @oemlajlglen)mal
a0yBF@eOiNce dRewIdsolasl EIMITildhdhild
s TOSTI-TVasDIm (1N0-006M. ailes e
Migild: GEeUEl USRD AULMONSMEIE0 DD (N0
anlo gydleows coeelsglelo aoyesladd il
aloeilesna]siamlal aagom mailes @ymyzoo] mldol
21l899a]g oqYle: coaIpllel apcrodsulanel el
03, omd msamly ~agodinaseg aellaymlgl
podm sl DEcEIM@IMIsd masw
WMEIDEIVIND, HaFan (clastomers) allglen)an;.

T 1.0
a
E
z
o
=3
= 0.3
g
=
2 9
0 | !
0.5 1.0
uatielion] i R—
aflims 8.4 aolodnksd adanie andn dhoka)an weilo oy

oy apamedsnlact WUl nR)as nL’-’a,{sqy"
alakskd jnoart
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wglas 9,1 ailel adsEmans walal caruwelTviaid, Beatsilas uslul, wellanssolaod (tensile strength)

@peRalmo.e 2710 70
E& )0 8890 110
g@Im’ 7800-7900 190
i@ 7860 200
omy 2190 65
8260 (1] 2320 30
s 525 13
oef 1900 9
caldglmi slanad 1050 3

110 95
400 200
330 170
400 250
50 —
40 —
50 —
170 —

48 —

ain A DBCEmNIT] 0 10139004 5 a 130B1NsT303

9.6  WeRA®IH: GRIWILINY U3
(Elastic Moduli)

ool ol BlalendamMeglod el (1Xomy
2d3a0lea)am BaMs MIHSIN-TIaSImN (Noanlael
e el olwlemaglna @m0l caalel
{allimme 9.3 oa1 OA apam coeuer). miasmilaajw)e
T SVIMDIFWe aDIMalEIRHD WAV B®
wisns enosawyermd (modulus of clasticity) agyom)
aflglesnom). oo anodlosEsgies o) MAleuaom
W] SHETDEVENN 510D

2.6.1 sav ¢maaw)eiav (Young’s Modulus)

a1 leme I d lememnonilead apslrunamanilad manl
e 30; ABIdLEEled MiasaY aeilanselcz
TeOB@ZMER @RWIEENIG:IIN TIRSVITING @ozni
30} Gal0neiIRloleso. HSMWOSTUHE @BLONIY dholal
A miasmiloadoe (o) eanemilsyuwimad e
olrleafw)o (£ ) a0BEMaNRIHED WHEIT CHIWIEINT
(youngs modulus) agyan) allglesnan), oo Y agan
BRBMDO BHOTE TV)ailafloayan,.

@pmaa V= % {97
ooy 6308 (9.1, (9.2) ool paiewouila]

¥ = (FYAALL)

T o(Fx 1) /A x AT) (9.8)

Af)MOEd TOeSWINE (Slrain) B0} HOAHIAH LD
BRSO Q@ MHH2ENE W AV @) elavloadw)o
Tissqilemime @amIaud meIy@oa. GrMIVOS
ooilonf Mg myygend/elgd*(N m ) Grinntd awal

03 (Pa) amend. a15les 9.1 @e0 a30dloakaes oeBal
GROAL R &S0 ©lodal ttemleg;oe (vield strength)
NE3an3aM).

alglds 9.1 (ae000 GEIONDEEEINS WEBIT GROALLITY
U3 AUSOD UENTCHSIMINGES LUORUlEN1E. HRMmEHS06NE
D@Emoe A 3230ERHS HIBEMIEE aolnymyoaue
cupyEmAMEID ceilo snicigolag Renimymens, 0, lem*
GaBBME! ~l0nBNAS AUIBHD HMo &0 30; Tuled
amilnes Mg 0.1% cudwla flesyanalal 2000 N snicio
@B yeTE. TUlEdMIKDIERMROGSID BREN B} 200
BRED aldoBOLES GRENZINIwo, (SRISTY, Sl aman]
S leglenenE20a5008 BRUUBLR0W eNILKEBUG GLOXE:00
YO N, SOON. 1100 N agymilsanem@osn’. eom GRdLnsoas)
ano, GOa|d, ereldlrloo, (enoql msaElocE
HO0U3 ©:)5;M03 DEIMITIe: TUEAUNSHmeNT qylas
afMoEI. @M S0BSMOMSEINEN aanndl angl oam
amdEns MBISMOaREIR B)n kG jMasxglens (Structural
designs) quleilsd ayndmanmm madeyana. ms), agcl,
G063, OTY UTOOLI0 HOREMELLM &0
WEBTS EROUNEITYISHS0T.

2asa00ame 9.1 a0) qulad pemulay 10193 migage 10
NN @REQiERsTS. @IHMm D@IH apromlodasl 100
kN sniele (ntemomla] aiellapy algam;. semwlaal (a)
(aliilsniele (stress), (b) aldeansosme (elongation), {c)
aileyalsme (Strain) aHavlal &smaniede. qulelng
wosday ewoavyeiqy 2.0 x 10 N m= @gsni.

DA : (gg"lmﬁ demwland anine sneizn®l ooajlal;
Qla)eWndo B6Q @RELGMIES demwinag MmIgamlal avao
apnowll mitls (MIGIUTEN) 6. BRGa|OUd BaTuilel;
SIS0 M TUBSTY
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F I
(TDG)LS% = 4 = =

100 x10° N

3_14><('I0_2m)d

=3.18 x 10" N m™~
31dnerles:nemo (elongation)
(F A)E
¥

%

(51810 N ™ )(im)

2x10 Nm ™
=139x10"m =1.59mm
e sl
{myi@oge) = AL
={1.39 x 107 m)/(1m)
=1.59 %107
=0.16%

P 23220062 9.2 1 2.2 M MIzmBE 20} Salmyemioe
1.6 m wlgeas a0 qulod emiloys (eaElardo;s
anoaus 3.0 mm) @eiwered aumnslailajlelesan).
DI 8D @0c DPalewdwla] wellajmigiemiond
DTInel @ge: 3ldne faxnamms (. 70 Mm agys e.oemde,
nlewouUila) @00 SHEMERNIEa] b,

2omo9 : Halemileio QUlod eniloye 6salasmosd
TSN AlEWDaH)aM;. A} O:0608TRINIWS
mgleel myelalelonsnelne (tension) (W gonowrilm
melyo) MIRIY Gan3mEl alde|sal 1 wymoem. qua
QOB (9. 7) (ald0do
THSTY = oSl x oeial cnoauneITs
@3N ) S dh 6N
WA ¥ x(ALJT Y=Y x(ALJL)
wlas ¢. 5 apan] &1969)0la i@ TUailajlesyang
WIN(HOo GHlg|Oleamaio qylelema;noss.
ALJAL, = (F/F) x (L)
mmlplesyamar, 1. =22 m, I =16 m,
asgle 9.1 @8 oo ¥, = 1.1 x 10" N.m™, and
¥,=2.0 x 10" N
ALJAT = (2.0 x T0'/11 x 10') x (2.2/1.6) =2.5,
e 313neleansmoe (elongation)
AL + AL = 7.0
D3 h@EIOd AIADm  TUBEQDE: 68 DaleIUila)owd
AL =30 x 10 m, AL =20 x 10 m,

x 107" m

HRMSWDI

W= x ¥ < AL)L,
=qm (1.5 x 103 x |(53.0 x 107" x L1 x 10'1)/2.2]
=1.8x10°N

‘ 223200800 9.3 | mudenmilsel 8o meeomil med
weloawllang allmedne eeruvenlanoalal] padon)
aflSlay @oepeElod aoy ama) alledlaflend o e
umd @oonlje moaRlpdowlaldlen; . (ailime 9.5 o3
0613 2]l @] @6 MO EAIDRE!), ERELITU A& SMmo]
caIdsn]s el EREe0l. CAmEHUd, CRITnOMSe
M EIDWAW)ES Bnd: @b 280 kg apand. oeaquo
@l nllmeswe @oajla) @oensed podomlals)y
mpeiomilanes s 60 kg @yery. 2oeno @reydmy]
yeswie msewalsa (wolad) ®ige 30 cm 2o
aunneins@ @yee 2.0 ¢ moend. @ruwle2omomelo
areimilees @ sowaiknienzod:; am quendsmasleng
TREA BHEME8 e &,

_an)a 5 au(z’hﬂ@ﬁ'u’fe{ iiﬂr}nﬂ_gﬂlj‘.’om:fu
OB : BRENOTI®RUS, GOUB®HUT, GEInDAOEISE83U3
DMENTUWINS BRed: 20 = 280 kg

Semaolenss agpajomilaes aomi = 60 kg
aflpgloflm moar 88 GRENTVIQSS 081603
MOEFBIM GO

=280 — 60 = 220 kg
moaElrdowlo aamilsad cono

= 220 kg wt. = 220 x 9.8 N = 2156 N.
@BEIOMIMHS »ielleel 8600 Mmysawallelo mosasl
Mdomlolgss g = Y2 (2156) N = 1078N.
Azl 9.1 @8 mlanje ~gelland @aiad ezoawyeias
mamlg) 88T

Y =94 x 10 N m=2.
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Bo600 msepwelogayoe Mlge L =0.5m
mysewelleag spos =2.0cm

BRMOH0E MSOoVES] GaOBMEl albda B0l
A=tx2x10%°m? .4 = 126x10°m?,

Toandasyo (9.8) Daleorlafoed 80600 msewell
QaID)e TUMRGEMo DEMBISOIM MIB QAULMLITLo

AL = [(FxLF <)
= [(1078x0.5)/(9.4x 10°x 1.26 x 10)]

4.35 x 10° m aneelslod 4.55 x 10~ cm.

OO0} UBOD S21FOWOD) UYMLIOMIo AUDMEET. @S
pwelael pjaunogamlang so0ld:adw & ool
AT =0.000091=0.0091% egoitlkeo. «

9.6.2 a0} anil mdalaflalasn;an alsodLommlanag

@os¥m cmaaeiylnad midamo (Deter-
mination of Young's Modulus of the material of a
Wire)
aflime 9.608 @&mosmlajldlesonad elogsnieloolad
allewwnow 80) uRoGLNCDIeN] @ESTT GAsALeIny
A OEHOMOAUGRY B0 DO I 1D 1M 07180
SMEOEM. WD aldleHsHaod 20afla) BYOUSOOW
moeiElal Benmizale mely EpaLmas oae mladm
SMkHud AUBETMOS Ao (X kedlafldksenm). A apmm
S, (oanotdml enilooa’ ollglesyam) M agmm
dlelelnd sooldmissolene 00U QGG BS
m3}o AUadlHRam]. MaIde|BBS B agan axmil, (212
sHeMailowan, allgle;on)) wanleusmonilmoni
mluzflo RSN 888 @00 UTEHUMSS MF AUadl
Sy B apom a@leusm smilasd ooswoon] o)
T leso sRUITWla jla) acdermlwed emusoias V wjo 2o
aflaflgiers. amlesmemnemioileel aibam aomorslod
SEHIM BOBEIBLT MOGEHS snItlo (aItRoullkesmail
momd Al aimlenielo (Tensile stress) oyelo dxmil
MBI HosMoo. HMUloes 3136l nsme
{(elongation) {Mamoilenaeow adrumanl) audsmlod
(I SDaM@INd AT GREE600. TUSLIDETT M3l
eloflaal @leome Biele MISTOIELMEI®:IMN af@y)
A MISMINL s 0a00Mm] @Ml @aeola] aldlandlend
AADDMETY; aSIDADOT ®ITIRIGIDEl 00go B)ele
0a0odat emilolenmesasim NISCRIOE aRemon)
ARMIOTCANe b lemsmeniolael alymyo Mol
DEILTE0NETHN] 0600, (BRWISmo 1133 MM ®oal
Welwas aoekizada gl alupsnooil a10less.}

| |
-] T

A B
Oalmmy aldlagiem
STl =]
= .
M -5 teudarfod mleaool)
iolpd mugafafiolf .- B‘
aflims 8.6 #1@) amiimas waiay saonp)ey oldanarlao)an

)R AT e Do,

Can0mdriamiloe anlemsmemniloye aludam;
wdomymmalmeaaE] araudiloel msSkod (pan) Gw3io
aaidloroneT el edemilod aiaeolnd olwled
GREINASIEHMN]. e lexdsmaemilalnd  alelonia e
NSl DINRIBMMMINIVT UM BIBe AIGWla]l
amajo aflengio Hidamiod rineolad oluwlor)emud
GOEINASTINGHDN HakPan;. 0and saidsmlnd olule
N}es(d MABIENBB OILDL2TVe MUl TR}
aldealleesmomlang ailerwoeny. », 1. agamlol ooowao
aldlemsnenilons @3y gpdole WlBalEoesHaTl
BhIOST. BRGaJ0UT HMIWES GaOBME aldalB0l (area
of cross section) 7+ @waldlen)o. emilod AL 31322
HDEMo DENEOSHOMOUUBLROD moqgnﬁ M amasmaildlkas
. GRMDHTE (216IUTledna|geniele Ag @6 mely
oo@lgkeaio. allas g agymno (o0l 0jRInEs CUoEM
@arm, quaneslo 9.8 (000 alelkessmamil Midalajl
@EMMN A IBOBLOEWING ol GROUREITY &IeM;am
@0’

o Mg L

s art AL

= Mg x LI x AL) agyan) eldleo. (9.9

9.6.3 aHluwd GMIAWYEINY (Shear modulus)

aledled’ Masmilenjw;e EpmEEIEnM Hlwclod’
miasIrlama)e BRMIMEO B0} al3odLoaolang
RO GEOOLIRKNY agyam) Qllslsamm). madem oledl
Awlgl emoAUeIY (rigidity modulus) agymyo allgkesyam;.
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G = mfledlsd miesqy /aflaolsd atesoilad
(7 =(FA)(AX/T)

= (I T x Ax) (9.1
qu2oM@I] TUEUIRLo (9.4) (1D
G =8
=F(1x 6 (9.11)

BRMIDIIEM (al@lnIRle ¢ O0 2 AIDS Bdb0S oG]
H9)IN0ilws qoyailajleno,

g,=Gx0 (9.12)

aflodlss eaoav;eimisad S1 aerld N n arinnk
a10mrienws (Pa) agam. a151e: 9.2, 08 apmom)o aI30@L0
FBEINS BRMIOIIMERONRITL 03 manldlas;an;.
ealom;nRl Mlod eaow;emd (@riar oleluilgl
GO RITY) ol GROALEINICMERNE (algles 9.1
(ldh3D0} &HIONISHAMAT &0aMlo. 101300 AIROAL0
aaudano G = /3 aneilgoen &08Meq|S;ano).

alglas 9.2 allanialailmearaiw ool MuIwInd A2ISMOMERE) NS
afloy olad e@sowyeimeyahdd (Shear moduli (G) of
common materialy)

al@ddLoo G (10°Nm?
or GPa)
me)Alrlwe 25
fpT3ly¥ 36
Ghda | 42
ww 3
1AL pI 70
HEIOS 56
Taand 77
mied 8
SoaB QAT 150
s {apnd) 10

233200000 9.4 S0 cm mizage 10 cm emanmaes ol
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snuels (Tengion) I ages 25 @pal meaiimon alsilayisdlenisls malles 8oy el alsajgalod anmyealing|san
aellepsusinoen’. mol 774 o8 oneyanmosnd,

amyasfland alege erudweedElg)sE is STy TUaselad (nondlael eoallwEsan: aoumEdEN,

DotiaiezoLieimnye sflmdenoavalqye allmuolgeads aleaimenuded oi@maos. EemImOas S Fomes
W@l Gryamlape;ns).

SHGBSH IUREIN 91 lmRwIg8s@) alocITimentd, ([300kbe, ADMEe )MlIEe9HosS. 86y wNioalea] afe
@omemglane TURM MIBEN ERMERANL|SEMNINUE ERGLMIEN] QILmL0Tie AIEIH® DBAROIGE DEMEIH;IIT QImLD
AU STHABIEM 00 T0yailaleayammas.

GBILOMBHEBERHN0R 0 MAIGIRINNGERSHIBe WM e2UEN allal caloaoanudan AI8ne o)s;menwlel
@60, 530) nl30dloomaag walml easaLiemilaag ollel celymonlemodd mormns Misomlad & aldlm alymoave DenEd
SMANTATT cUeilwsTEls @goUCDy s,

TUDWOESMN EIIDIES B0) AlR0@L0e &S)EEd BRI @RI )5 MENTIEH]E: TVIRIQIIIBIMINFTHIT o)
o, MUDLOWIGE 50) al308l00 ®B)S)THEE DINTEEeE: TUIRIHZIBBMOG;MME B0} mkald suaoml allewwas o]
DO3E:} N BIHOTIMDM)TUE] 2] & 0smm @racilod ae)eruswoand.

Halomyanwl al0smO3 B0} FlUdTFBLEMEIE; TN B} dAReTHAITIT 2 dlua:glale TIHEDIM DEMBOBO;RNM dkFlm]o.
Moo TIa0210L6ERRTE TUSLSTUe TIRSWIMe MIHLNBE GRMaldTehm Chitle F0) MEDTHEle: muriledtho
25061 Afloudlansnymmel. pronnosmzee] apmaasdeey minswlalm; alewenow a2y &milolod, Adwile: awa
anaod (lateral dimension} (zanamel @yoo) Baldlw nlym oMU allewmasd) ™) Do aeddinamlang aegon)
menriole qurledse @y enlowlquadal @pmyslome (Poisson’s ratio) qujailajlesyam),

MIEHSTY nHINE &0} TUEIND GRBOISL &0H6Me SURIMHIEEIT;Enloael ITleuaIemilal alyemace ao) doe dlunrglen;
aoad quowizal &) artayailacd aey Mlddlasacw awasland agameslale &) 2a0orS (nJodorlen;am enelmslal
wlonilm FAwewmymeowlslens.
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BRI MR M

9.1 emldlen;m ooe diosme 4.7 M Mlzmssomye 3.0 x 107 m? carsmeal alogganssoyzse qled eniwje 3.5
m mgmsamye 4.0 x 1077 M2 ¢a06mel alog [BAS3mII® 20} HalMleniw)e aeo @eaailed melwyom). i)
HABWe §alMBHNIwHsDIe WD RIS MITIEIRS BTN INmeRD?

9.2 ®IElenaD 8o} nesdinomlang misisTi-rieEwlad allime 9.11 08 eoamlajldlesan;. meoilol Ml o a10w)
Mo @aemramys. (a) @’ esooyaiqy (b) @» assdinemlead sgeesmasw wilodaliussl?

0
0 0.001 0002 0003 0.004
e s Wi
ik &0

2.3 A8 el agodiosmaes alasqi-aiasmlad ((noanosm

& F 3
allime 9.12 @8 @oomilofldlesime).
(N2nN@-U3 Ben eMoTIINaT UalElken)TDos.
X . e B A & B
(a) mordleridl a130d Nawlmoe @M eaounaIm) @)s) 2 =
o3t 2 E
(b) ma eeElod @ alRoALEIMEN) G @Sl - N
L L
- - - 5
94 00O DATAGIENTT 06N3 ITTmoIMN@Se [aLdalidale mibselnd M (sl
aikiida 9,12

anwla], ElWISEEISle HMYGINSMELIE e H005Me
(almEamoailes)d.

{a) osrydlend weFay exoaairy aulelendalemendud ruemoss.

e an

(b) 2@y eaowdleieeal nelapymlged @pmyd)alem casanyeITyalewouila] dldem VA A A A
il do.

9.5  alli®mo 913 @3 @oemlaldlemmmmeaioael ariSlajlajldleaian 0.23 cm alyodu

MBE oenE @Mileglod 2013 qulnd awoame dlddlayme @eg@s STy 9:061TE) 1.5m
mldal oo’ quied enillod pudsalsomommespeas Mlze L5 m go b

oy smilaes M1ge 1.0 M go mgen. qulod s:milesw)s Eniogy il
s B1AEke:meMo BHEMEIEn) S

9.6 3oy erapflcloe e»ymisn aeclaln 10 cm mlazyens. aymiled so) Ej 4.0 kg
Eyerlo clesumr® Elamlmlod ayoumom] 90qflaflgens. dayenilaad afaldeyel
and 100 kg woqy snionwlalenye. @oaielmloomlong @emiojalsm ez 1.0m

airs 25 GPa @gem. @00 aaomanzodaam elesnflar alll@swe (vertical

[l
deflection) agans? gy

9,7 Bdbo HaloBBWID TUIENMNBG Gy @DB8smMie THEIMIOTENAIW MIE] 6.0 kg
quled ensmyealad  50.000 kg eoomyas sey arle saeglseam mosr]
MBI 630600 MIFMIHNFD]e BRGHGHWe al)NCEMIR)e RIS WIND Do 9,93
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9.8

9.10

9.1

9.12

9.14

9,15

9,16

ihiio 30cm . 60 e aforflemammoss. @eowlead allhiodue TUADAISSTHIT TuEstde]lalo®s, Boerd wmysnilalm
STMBOGIT eI TUS(STING ETNENSEE .

152 mm x 191 mm 18P oo CaR3MeZBE 80) allll GaMemem® eilal) TR rudMmonlud @0 sTHEIo
44.500 N myen’. ol penricilas @nldimve Go{Moe QRSN nldlermkm minswnd & endBa)d:.

o) TUaldledl allemi eaimadlond @jeS1anas enlod)m 1.5 02 aye)as &) Qulod smiwlod ey e
derue el lafldlen ;. emnises @oemron)an ae@salul] qUasay 10 N m ? am adle.sescom alwawlod
Ml 8 (uewouilen; @l am ald@s W] @200 GaMEnIEan]jdh.

15 (e 2ooepss Bo) sisremilsm 2.0 m alames oy eailaud oyelizon] moasn] alo)omlolelam o). osms
wemgleeids o alndenilaje MLLRMNTTBSE MoMEZosT. afje)? emildkgle)e see aallopmicizen Hasam
#nlad aroIeHs aldTVEnUE MIE)SS BMIalithe MIBEIMPles)db.

10 o Mamas aslaymigiom aoy quled emiwes eowrons 14.5 kg aoq) o096 adgloeuaue GomHm
BTN QUOTOHVTIIGE 2)egid. ayamonilad moee 2 rev/s esmasmle lewne (Angular velocity) cigyas
aomanalLamled ealsme aljegimsd. emilwes cansmal alogiaal 0.063 cm” @rysnl. &osmm wlomoes
afQale Meeom sHkeRlol RICe af)CTRETHIRIBS GBMilupss G1G20MH06Mo EHEMENIHN .

moaeammmlslsn;an allele:od pacwouis] meiomland enicdes eroUneITl @amentenis. Ry pasaal = 100.0
eilgd, adaadwmal = 100.0 atm (1 atm = 1.013 x 10° Pa), @eairvom paggaal = 100.5 eilgd. meomond nicdes
c@anu eIl clsanadleaim o Moemale §algis: (@InImlal quilezd)eruaed). D @RMInIoMe AUBNO UL
WIS GHone=MS eiglmaoa ailunz|e:dlen) ..

80.0 26, adeope ¥ Revello MuBE® ApamolElen ot melrdland padlmel muoi@mm 1.03 x 103
kg m * awmm mamldesyan;.

10 @20 (Balalelm adeamlal alewonee ae) oot qyoamiland pasaollenss GRewd1w AULMLITUe d@EMBDIHN} &

7.0 x 10 @ adeamla alewwndsndqasg 10 cm. aeelemss aimdm Salmid e Deanailead Tueehials
G Pl BN

a0y oilod g2ele 0. 10% asmeyenemned adsomiey8s aymiomie afmIwlelonsmoe?

@RUle al@ielaImaEmetsyd

9.17

wUBHe PAM sdromenB8 ~IRo3LNERNS TulRdAe alelewswilesymail) alime 9.14 @8 wosmilajldlesiaman;
2nl0eal GYdyDlwas aRomlnng 99 SITUEleaismemnEiesio gpmdailahaud daleworilesnam;. Gemallollen os;
SElar EHUNTINBE 100 A6ER)es alyoque (.50 mm e, allrimymeow apynssud 30,000 N ovendsle smo
ST olleWDID e H2 B3 GRMlLloqd apuiesnomBs Bidte of)am?

. ——— GBI 0TS
NDRGTTE (2ehI6TTD

aili@o 9,14
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9.18

9.19

9.20

9.21

allime Y.15 @8 eosmilaflelesymmaoysalonal oeymismas qulad (sqil A), asepelmlos (el B) amnilegled 1.05
m BB M) 2IB0W OANSBORTOW &0} semulem oslrldoniolcanm; A.B apam eniles)es caorom
Elaleg|8al DO (wHEe 1.0 nun- , 2.0 mm? agoilamammosrs. pemulod mlsamlod agod sniloailad m soqilem
onslwls;emoessm qules eealeilmloe enileslos (a) el miasqed (b) ayely aieswimdmud Dol DemEde;am
@

» Mil
A B
1.05m
A )

allima 9.5

1.0 m mlgayasmye 0.50 x 107 ¢m’ cademel aoeansemnoe o) ealdle qulod emilew ooolam)eaes]
S} eruels @GS MeTicls: adlulemasnd amameaniwe par; @emisdasisolad alellay aeglaldlesam;.
Snilaes awysnilaaios 100 g aoql o)eslvlsiemiogd awymimalae mo$al @&meoen)s.

moal olagida)eleworila] o6ns @rilonocamcaﬂsgca?@@ aleMialoe ®0qflaflgiend. soeesmlandomye cljotue 6.0mm
@ysnd. dlaiglanss @emelalsm ahssqy 6.9 x 107 Pa 20le:san0aillolaesmedaslod 90a{la] 1S Hals)amiom olo
woaiwl aeilapsniele (Tension) agomowlolen)e? 8000 dlaige RE@WIHNG MOLIHEIDANISN ARC]EHMHGHMN) &0
@) o,

(=]

SalTuadls quaypamlalos? aolmoesen] mudlalaalgomad. o) measoaldmeimmlodalome 1 1 km moaeaosm.
;D Msemlod arslamgleal Keiamlna adhe aReesuoe 1.1 x 108 Pa aryers. 0.32 m° posasanss 80; gyl
esnpud queypomknesiesodls ol @ee MSEmIHg DIOPTEMITHUTTHSENSS. DSTHNNG GOOP @D E5THISN
DBSBUIEENEIHIN ULTLOTUe aflIihoelole;e?
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(FONEEBERNSWo QCIHEEBRNST]o 22l HeIdONRW BDGE:
TualBUIHOIHUE Moo DD GRUIDVLTNID AlCleMo. BONU6BBUS
Ao UICHBBUTENO BLIHIM TUOWIEN)0. BRONSGIENE BRABD
Basssud’ (Muids) afamy ailglosmmm), D TuGRAEIST GRS MM
alonoi [3ONKHEERES 0 NDGEEBHSN sLIBSEIS Mmoo Gaud
ONBBNM@.

MHBs al)Qlo afElRUISOmio kB Dens, &alss ag)ailand
£0) @YUMo DETE, EBOMINSIajo BINUGIBOATING MIGS O6re)
8000 @eImds, Ghalelo MImes MRIMIGEalong apalwio afam
GIena1d], af)eld Turielmkespswe oleamlng gyBlkonasilelo
210 DUBHANIBIAN]. TVIVYIBUS DB PSVBS R10IROIEBSI03
MSANAD oL (nIHIVGBIRH5W0 AW ARV oIdamilaaiamao
(BQBTBAEM. EROIMIOS (BREEESIHS TVIRINKIBSJ TUIlBUDAHD
B0 ANIYENHMNMT) AUBOO ([ I0WOMBAClBeN).

(BAKEBUS af)STBRNWINM 6L0aRAMNEREI03 mlmye aly@Lomy
S l5ldlemma? BonkmsErgleno ARGHERSIEN0 O ldTRNNV)S5
HHWOE? Qldalzodamnsmsled Mlamye alldlanmo BakE3uBaS
Km0 Wlunile G Gl el aIERWBEN0 BOAISBIRUBHN)0
Mil;zow 9888l DME, af)MOTE AMEHo @O} @RS
AN D@OONHIR NHAUM DBBBANO DUINANIBBYAN]. TUA(STY
ZBIo GLINEERE)HS 2BBANIID3 QILEILITVo UGDTDRADDIEM af)am
SFlATm @ERWINVOIE Mo al0l2]I5len:E. aIeCINREWD (B0
OOlHREDI CROBONINMEDI R8301, EROI03 (nIGWOUTleena]
S)aM TVSSTY BRAEIBKIGE BAHO @B s ldlee)an). e IcOmIaNg
GO0 (BOAUSOTIaNGEWO THunilo 9BBHN] af)(IN) alOWIGMUXE Mo
@RAMINBOSENTNO) TLOWORsTN @RIk 2d3emlenss osasdl
ayanosm. QUESEBSIGEID (BOQBEERSIGEID MNICANIAGE0 DETROSHYM
988801 QIDIOTV0 GNELISs GO af)MI03 CIGSTRSI0]
SO0 TLOa02 IDYFEBUS RGN alydaimooilod alella mogo oI}
O MW &HIEMI0. FRMIVO) UXTIREEBR0 (BOQUGHIBS )0 G
ENS% ALMOTUG, QIGEMUIaN]o [BONKLEERUIENe AIDMEHEEREIBROW]
@OOMBLe HalQIEIUIE UBHE HOKAD TUEE0aleHaD (Com-
pressibility) @OEMBBRGTHTOSM.
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a0} aloomleng oagaal dlmilmecw] wleimld
OMIRHSNE) @HAN GROINHAY TR OISO} A0Q0
QI0omoad cloGlod) missqylm) (shear stress) avo
Wleoyo. Bakmud oHlacledd aiesmilmy alseo
@ 0a]] (AIGFEROWER SBISIENTMBB] afTNEOSIT
@RAINSS (nIWOM TUIBID. AUSHD HaIGl sl
dlodd alasqland (aIGEOVEDIenes GRAUIWINS
BRYBIO] QIYEIITVOR|SIOM00. (BOIEBESIOS o
Alod) VRS RIOBBEIEHIUE BUORIGHOEMEGIN
@SE83 ©al0}mosID.

10.2 mdaa (Pressure)

0] ;O qvyail mzmes s;oellglod eradom]
W3 RO HoNelVItd OB LPBWO0. alBoH
)50 TVMIGED alda|3ONB8  B)@ 2 jOleom
(80) MalEMlHG al)030100 GaldEl) QIS
OB BalBWOUila] OREIY STUBIBENONS EPAGEM]
WOME MEeS eooell ;BWITNIEL &0) BMm)aLand
256103 B00M B06l SOl HAUGHGHLINNB;I03
@ROINTG QDOIBDWENG:U HaIdFAN,. 0} TLAOHMS
BRELOMIImES BIOISOTIN H)0)EH, eiloomo
BOD0 h)NEOMM0 af)INOGS STUEIR)BSMBOWY B30)
alBldhdnaHsMo, @BHBLER MO UL D @Dl
SHSOWIEE lamle OHUNQSOONMGOEN. snitlo
2oL BRO} (nIEDOWIHN}AN alGa|B0Re (AIWI
MR S@OEM anan Moy Rlallowwlnel Do)l
BNBSB ERMBOIGBUE MBI GETUIW RSO,
NIElo [~IBWINIHNNRSION (IMElD af)(® §al0)
MOEEND BRTIMe Alemowidlane snielamlang
@Y LG, DD EREWe BdGo af) MGl Waa|SaN),

MRUENAUTE NWIENSS B0) (BTG &) QKT
6881016109 GarUsUd, (Blo @Ry mrm“@goﬂﬁ)a@ )
EIOI08 B0} eNILlo (HICWIWHNIAN). 0D NILlo
2810V Ga [ow}o UTIERIHNG Lel®eICm] 2losnl
oofldlane. Imeldmln) cuaamomow] sniel
@Uiland B0} *elSdo QaeVIGIANHAIBIES, Mg
o8 BIMo0 WWB(aISO00 AUNIMAN0 TVBOHO
@0 80) sNIele (BOUGBDANIS (nIEWIEa HM.
DD ENILID (AIOEITIIN] TURXMmMERIT] (3000
B GO HO0EMDIGTOM. (3OUGo MIDIRINIRO
Vel epoolnocd o) quosgailssyalel @pol
MOE3 MlLREIAUTUNWIENSS (B0khe (alGWOUs]
SN snielo apaEO] curudesadlad Al
Lal®e1ooilm) elosniaow]oles)o. o) 2o 10.1a)
Wlod @oemlajlelenian).

(BQo 630y sNIIMBIAIIGE (aIGLIWIEHNIAM LIoENIADW
sNIElo @RBEND TUoWlenlo. MEBHMNW AR, BdG0
@RBANAD B0} DaldOEMOMIHAG DO ail(®o
10.1(b) 0l@d @oemlajldlonyan). alaquemled («16wd
HloosaSIan anltlo ErgHHM GalenEl @pE:Mo
9alQealg (calibrated) Minilodd puBasRsBITN
QIDW} UD)MYBIW BRO DalCWIPTHNIN). DD Dal
MO (BT Imaglsel 80) snilsyailod el
OB, (B0l allqyemiod ER&ECMES (alEI]
SO snIelao T nailodd a0GOMWE (160Ul
HHAN NILIAe MEINO SalQaaSistlo GO
BRBHN]S]H W0 algyan.

Aloa|801 A 988 80} allquanlod (e1cwowlesyam

Vacuum

AF

(2) (b)

anfipolac (00kdo aysmlapls.an)an akrdayad
cer SloplRdeenr eIl sIHER aPes
suffaesglens ek eosuzoiolao.
A FOHADIDIAG S0 kB IFTIIDG S0
DKWY e

2l w01 (a)
2flims 1.1 (h)

eloenl enieiodilead eesal T' epsemailod vood
wal 2d3o P &m @aml§ alea]soiled (1ewo]
S9N eloend snielndl mldalzileado.
r .
Pan = (10.1)
OODIGIE3, allqusmileng aloq|sal ol Galsm
HABIEN0 HalO)MOBN00. AGBHTH  TU)HHBBOW]
oflvodelno Baldmon3
P= __J,J”“)U el af)amy mldaailendoe
AA
2dco 830) @aElee ERBAVENS. VARG 10.1 2o
10.2 £1)o @ROWOTIGE &My avidlus sniele @Rl
Ald0o al0lNeMlBe)Ino aloqggailm) eloamow
UBICIRNG CEISHAEM af)d BOBGGHNTRO)EE.
oo HnLaadauad ML 'T 2 @gem. adsonleng
ST yemlg N ™ awem. (3o1adsowiled aodenog]

(10.2)

* STP wyss edioe, qalerudal aielmlemge (0°C) § eim adanije @,
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Al RSN alOMEBUE NSOWIW (06D w0ImS(m
2603 eI aloa Vs eil (Blasic Pascal)oad (1623
-1662) STUAMTOMOBMNC MMM aldTG:HEI (Pa)
af)M M2A&GHOEMo B lPoNElenym). adgowmnad
DaDONQR® ©ETIG @Ry ERYEEOTVaclwa (atm.)
EROIV®] TNBTa{led GRIDEIeHo Halel)
oonam adae (1 atm = 1.013 x 10° Pa).
B IHS TUIB0NEIUE Ailvoale:0lea0d BeQon)
[alWOM GRBAKNET TVOB® P . 'Mm 20que Voss
Sljo 9838 B0} BUGTIHG TVIBG

m o
D= = @HEM (10.3)
TUOLMB M WHS SR  [ML™] @myerm.

noiloag S1 yermlg kg m* @mem. Bamoo) Galomyl
Qlal @ndlue @psaIem. (BoClsud aleilawoo
Q) AU HaldMIGO TUEEHL2I0ACIMEBUd (incom-
pressible) @RV ONH®HIENE cmafaﬂﬁ)a@ MIIBD af) 210
233OWIENS afhG3UDo MUAIRROST, MO B0]a],
UM aIBUd adaamImmauels] quoiBmwlad
aello 20Qo (nI3@wlafleman).

°C(277K) 08 Reiomlnad auomo 1.0 x 10°kgm
@AM, B0} UTTENOHG @Y GalsHls: TVOBO
apan® cirioleilag muosomole 4'C enas el
OO TVOBM®e GAAENSH ERMAIIDAIGIT).
DG PHWHBMBHZ OO Galdavlglal @ndlw
BRBADGM. DBIOOSMOWIM GRelFlm] Vo nad
@Y Galdtld MVIBD 2.7 GRS, DHGNIF TVIB®
2.7 x 10° kg m™ @erd, auowonsm allel (Balem
SIS TUIBODHUS alZldr 10.1 03 @Oslajl@lenyan).

alglé 10,1 : qUOWoEeM allel BassBzm)es STP
Wleel Tuo(IB®HUD

&elo 1.00 x 10°
M23(RRElo 1.03 x 10°
6200030 13.6 x 10°
DDANINME @) ML08000  0.806 x 10°
EOWo 1.06 x 10°
Qw3 1.29

620 mil=zad 1.43

06 aD[ETD 9.0 x 1072
MOHIME MFEalmS ~ 107

= D3NBMMe 10,1 40 kg, BOTUIBS B0) DMaHY
woloOMIeG MHBRIGOMIH® l0cm® Eao3
DElnldag0) oflOMBS 06ME) MISOWVLREGUD
(femmrs) @oeeBl WIGOIAN). ®ISHWLNHUB
QUaOlaan 2006l 2d3o (average pressure)
SEMBNIDEN s,

DO Do GNSOWENHHINS BBEID: GadBME! albdo]
anlAd=2x10cn?=20x 10 *m?

@RONWRER03 (nldO]EnIaN sniels, £ = 40 kg wt
=400 N @ryem.

(g=10m s? ol afSjomclenymmy). emeo
MOEYO] (alUGOTNHOAD DD enitlo GISHWEN
SHUBH6 Eloan 20 Blano., @RMIMOGS, WG]
adGo.

-
A

v

=2x10° Nm * 4

10.2.1 anpaveeilaad mlomoe (Pascal’s law)

mluienaminlenss Bauovaal &G0 DWoon
ensg afelo nilsyeeglene aeo adge @mlol
SOOBAT) (ANEIRT QITVHEEHMOW ERITTT aldm
&3 Weletla)). T UNONO 80) eISIoOncw
A1 SHEMOMENHS  HOEMISNIMN M.

—

adlidae 0.2 0RO 08 AR 8 papalal whminponrurol
CREE 639} (RO St i30) U RAIT AG
ol oern wowaseryy ABCDEL. simeon jassath
DTGP INTID SaI0)DVEIT. aiGahdt (MDD
o] moo wm Booskor Hegmsdl soanlaiol
DT

afligo 10.2 @3 mlvalepamnlenss 8o) (Bolonil

0@ 9s8sleel 80) TUBHUIROMe »H0aTlajldlon)

amy. D Rowo ABC-DEF o) a51anlGa:0em [aflou

ooead (right angled prism) o)aicwilenam. ool

M@, (ailvo @)aIGMIENBS HD TV)EGHD BOWO
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el oo B §al0)mosM. M) »HI06Mo
SOWING af)2I0 BINGRSI0 B3Ok DalOIMEKINIGE
mlanYo BEO ERYYOTLHEMAT TvEcdajlendon
D@NEM. RO B)NIOITH (1B
apelo enlEionglelo &0)8a10aelwowlolao.
O WH9) GAUE] MERUB HWIHMm UE)MOH
26 216l @91}, T TV PRINOINE! nitlo
Bolemleael ag) BXOEBUE 6 2lERAMIAN®IETD.
BREMINSOajo MHFIB alda] DalTGO®Y GaldDEl
DAl TVHHABIOOTNDG (A IDEITTIN]  BloaNnIno
Olalom oo GasMo. BEFC. ADFC. ADEB agyamn’
LalOeIEBSI0d (B3l (UGOWIENIN BloslnIelo
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allimamlang 2302101 (aléndoo

Asin0=A,  Acos0=A
SDOIVIHS adOEMaNElS

B,k _F,

Aa A bl (10.4)
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PRGa PoRl Bd3e 80} VGl @RIQUINLIAM) O,
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H0SIOH008 quowlaslel. mlunienairnolenss
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@10 lIOBIOHIN of)®I00WIBB UL, (aldel
QWG (S:2lBH06Mo ofHeEBam a@RloyMoello, @)
lIEIEHIN  elosria0tlen)o.

EaEME! aldq B0l BOEAINRIMSBM0 Gilounlm
BemWlaag 0)nlOMILNSBONAXW 30} BAULIWO ald]
wamlano. @D BaIseM muameilmoaimenwlen
6m, @RMIMOOS OOHF eNE(EBRSIRN0 (alGWO
Nloeen]sian elovllm snielsEsud myely@olol
SHEMo BRLONID OMRWEEBEIENMBA 2dGo MIBILEI
Wlolessmo. mummelmoamunolenss 8oy (3o
SOND @lowmla memvilael afelo snilmoas]

ENmBs BdGo AN MRMWIET af)al DN} HMS]
Wlse)amy. (BAUGHIHG Ay®IT® 8B sled
@RMD}RAIML S} adGe @eaeLlBlod (3aIoIad
2and 80} alolam® enitlo (a1EWIGlENN. [SId@)o
1911003 MSEEMNGHW0 HalPAD). Er@IMOGS a9}
H916G EPEOODIG BaEBang 80) lovnllm
(1melomlad afepclsome adse 8am) @M
aplolensho. BEE QY@M MEIMSB QIDWY
allong a9)ee0smy 30,

10.2.2 apyamImmiauala]) 2M3ddéh1an BdaY
mlawamo (Variation of pressure with depth)

0] OB Huafldlesnam aFluRsIdams Nl
EnNsx (Bolo alelwemlen)d. ail@mo 10.3 @3 enilasy
2-03 Mlamyo h swoomlenas anilmyoosm anila)
1 6nilas) 1 GeIWe 2 Geldlo B@REMUE WINO{dhno
P, 90 P, 90 amerm af)mibilesss. allid@mled 66:05)
OHBlENIAN ) Galdsel NiliE) 1 8o 2 Do VUIRGND
[BINO0 2}0ISIHW alde|nal A- @lo 900 hoo
988 a0) W ailelsed aclusmilanms. (3o
mluienamn@led @yo@lmnoed Dolod arm)e
QIDA|5)ON @R GIEURITMETUEIEBUS al)ZYA00)
GO0 GRS Llosteniels @M avlelsneolaag
BOOSDET MEIMS §aIHMo Halne. avleikreclod
@BMYBAINA]SIAN  ElosNIENILIL 2 JOIHS alOWAT
1@ deMmandsnde. aulelarolnag a)sHa
RIHTN GRG0 (BOlo (nICWIGEn}aM adGo P,
@)Ll PEMBIHIAN eNielo P A manslad alanoe
MBS BRMIBANASIAN). BREDHIVALo MDY
OAB (nI@EICIOY (BaadBo P, 9smeoaman sniele
P,A @oe9mlamio ;dalGeionio @RM)EAINa|53aM).
@ROOHENE TUleilenzolad @rmsaneSIam elosnl
snielo oM@ (P,-P)A ayMmodiam). Balmleilsns

ol o 'mg' Tes melynlolen)o.
@RONMIO3 (£,—).1=mg (10.5)

(Bolonilead momd oo 3oy (mass density) P @Ryesm
o8, (Bawwlend aoqy m = pl’= phd

@ERMIMIEI

P,—P= pgh (10.6)
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omlod} apslaucomorlol gpomoumstuenorn affol
il flakaman).

@yOOIMoed auleilsnzdled apmEalaasian ods
aly@leome mileleedlang Dooaem@e (snilm)
HHUT 1DJo 2Me MSTWIENSA 3)00) (BUCHG
MIOB® 'p'HWo NOIIOGNOe 'g'HoWle 1y
Wlajldlenamn). 2ida|wlenss snilo) 1 Bauoclsag
(®Elo af)aD) alOWo0) DaldlMmelomleelss 20Q)
GMUIUD @POY EPANG TSHHANNOW] TVTUISTHIEID
H}aMy). GR@IMoed P, am aranolasiadso (P )
Qlajjo P, &M P Qlafio 0001 af)9}mvo. @Gajoud P,
ailom 'P' a@oanE av)ailajlene@onsmeled qua
A0 (10.6).

P=P +pgh (10.7)

BRINO1AHOM G MOMDIGlEnaM 80) (300
HOWIOTG Daldlmelawln] moay ' eryomnlenss
2d3o, @RMHO1OH AABEOMENOUB Pgh HETE &)S)
melsm. ‘h’ ayvowlenss apuwle: adso P-P, @
snilmyaieel ‘e adco’ (Gauge pressure Jaf)am GROI
WH|S)IN]. TVONIDH S0 10.7 08 GdHalel AdEonag
o 1eoemom o3 mﬂeﬂsngrﬂﬁm@ mm%@tﬁ L@y
SHO[S)TTIEL BRABOM GadBGE! BRINAIY al}0Is
al0aB0IleMO OGN GHS:0MMIEM Grel
[aIDWOMYo, (B3I AV IAWaNg (Muid column)
oowilmaem. aco olovln selaellengs ageln
snilmyeealene (300le: 0dGo 80) GaloeeIIs.
D aNBIo HNROEWOMIGIGS: aldOELOGTT (Hy-
drostatic paradox) af)am HBIOEMTNIENHS AULBD

20)D). AUGLTID ERDIOHIeNSs B3 aloD
s8B03 A, B.C (2ill®o 10.4) a10lwsmloen)s. @rslwilod
530} Glomn fanle] Pa1cwowla] eramE eimuwl
aflaflBleeam). eaissoe WINGenemIud alymyasa
@B HAUBIEOET DUBHBNOBBYMNHDEIEN0 BTN}
Al @B EI0 Mloa] B0} GaldEIRs. alO(X
oolea) 80600 2omomImle @RSV Reiola
360 B0EROV®EM MOIMSBB GHIOEMo.

C A

e 10,4 aamocﬁgauugyug?(ﬂ} ajumcﬁavuca;"au?om? a i@y
ABC agan opany adimamod, ogayade @wsol

(XY PADEIIEENTIY, aeo e parogloed

P 230:2006M0 10.2: RO} MHSOHONHG DablmEl
Owled Mlane 10 m @Y 8oy MaNGd MO©
@M ERMEQINASIAN BdG0 af)@EIEH?

aomoe mailas h=10m p, 1000 kg m*

TOAQRHLe 10.7 ©3 g=10ms? af)al af)S}ee)d
P=r +pgh
=101 x 107 Pa + 1000 kg m™ x 10m s7 x 10 m
=201 x 10° Pa
= 2 alm
saolmelomlael adgomled mlanie 100% aidaw
mal @yemloy. 1kn epeomlod adeomlenss caden
mai 100atm. @yeam. ERmMERIDaolBlGU3 B)al &Hod

Al HaIG O Dl89)ME} DMEAIOEISB DN
2830 (aImEooWlonod Qi olwlwlenss. 4

10.2.3 @pmmeldd adsaye e ndsal)e
(Atmospheric pressure and gauge
pressure)
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ailod mlame EROMEIeH Daldlmelo eo QIydailafy

HSE)AN ©EDIY G2EEMEl aln 8088 QW)
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WIS @O0OIM] MEl@eD. quay3 dloalod
o 1013 x 10° Pa (1 atm) @yem. g@Qoeilwad
womi i eEsm Mo oasdaelnds €500l
6)0’0%1@06715' {Evangelista Torricelli) (1608-1647)
BRI 1eH BdG0 GRBENIND 6530 Dald06INo BYGY
200 Dl @Bal HaIGm®). oo 10.5 (@) Vled
SHOMAMMBIONEI BDo @PSa| BO) QOTY S4
enilod eademdl M0 Gwalto @RO HDAHG]
2UOSNIBJIM B0) alOODNELISH HAFODHHO
aflakesmm auoailwommosm’ eademndl snnenie’nd.
)geilnel Hadoen)0l e lonilang ayeudenon ¢madl
WEoRON03 H23aN0] fNDatalo BN MAKMBBO.
ERONOHNS D HRAHMA] snIdatinlo WyalHIG3
Salen@mMAN adGo ERAINSTTHBHONNIMIT HalO)mO
o). @pOlmod eadentlw)cclen aleglenss
endly 'A' Wieel 0dco ol in0Wdleao, EHE@I
2Wo HBAHMINWITING M6 06 afldkeaan
snil) 'B' wlene @yaionla) saglolod sosmlafl
eloeyam snila) 'C' @lene @pmeAMa|SIM adc0
oelspoilalaioe. snilmy 'C' Wlad @rmyeaea]s)
M@ GrANGTeM adco P, @memeel). GREeE:0MS

P = pgh (108
p H2dEMOIWS 20T TLIBm®Yo, h syenileeal

203600 ©aIomHg DWOAIRET.

anioeooalglesl eadenclonIanlnnd 9o quayi3
Mloajled 76cm ERHEMAD A IOlGHEHOHIO GBS
@l Do} B30} GRGEEOTSaclwdla) (1 atm) mu@omad
6M. TLAUOBLe 10.808 HadHNOIWOS TLOEBMO
MBILO BRHISIOB) FDB) SHEBNEATN0. ERADO 1M 2330
BRBAHNHOT  TVOWIVEM DalGOUlanm ©eMIG
H2G6MO] ©aICMIHAg cm GRID MNGRID DRB DV
@061, L 923690l @) IowlHng 9o quailal
SO BAGHOM 80y ¢sod (65o0lauellmns sniaoy
20MATIN0 ) ag)am) QilSkee)Im). E00Y BB LI
ooilad adsosiland ©Emigowl DaleworTlkesian).
1 torr = 133 Pa.

BH0eIalrund o momlad (Mctcorology) odn
@0 TVOWIVE PalEWIGTBeaN W)emMlg
snHo0Yo ailefl eniooymasT.

1 bar=10°Pa

BAGAULMLOTU0 ERBEMNINEIMOW] DalGWOIW(AI3
BOW DalGOEMEDED B30) MO 206MIRNQAE syeni
(open tube manometer). @PMIGWORY AW (B0
Qléxo DUBHBHBST B30} U- sy6ni amert soaiload
(IWOMECMo. MOFAN BABAULMLITUO ERBHNQUC
MO a)SREAIOREI OGO TLIMBOINSS (300U
&l WA AE3QLMYOTVe BRBH)UIMOT]
BASHMTNGAIONEl WAID TLIBOWSR (BOA:
aBs)o Gryem U- s116nilcd 9a16000ileatmss o).
spanilaag sowe arameleuomlcalss ooarlcl
HOJAN). BEQ RO afio} Tlauatilnag odeaceemo
MBYHE ERBEANENEG) BRG] s Wla flajldlsn)
any. (afli@mo 10.5 (b) S0sTMas ). ‘A Qilael adgo P,
enils) B’ el adaomla @)ey@osn?. Mo quowd
MO GRBSNIMO? CGNE BABAET). MBI
10.8 @3 MATNBBHMEY (1000 @) (P-P ) @ryer
2O@aL] D) 20emoa’lod oo h™ a7 @Myl
@l@iy@osrT.

_la—P=0
3 A
h
P
Al L (
B

adi@o 10,5 () dadaeyl suwess i@
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ctulin] PN lalaghy et

2ilie 10,5 (b)) wnoan aoepozlyd gl

aflims 0.5 Ao FoFINADIID)AT 0 Mvenfiromamiod

gpathal

U-sy)nilal (3001dho DUIRENOBHAN  06NE) Q10D
smgleno 860 Mloallod 860 adcaosN? GPMYEAKL]
S)dh. MoalMlellele ad3EWIEe BENBOE:IIM
aleilg aloomsmed, ([Bo0IS:Omienng aoqy Tvo3
®TI0d MOl A0QEBUT BI(MED QUYOIINRS).
BROIMIT MUNMBO TROlEAHMAT @RMAIMNIENT
MIhjo. GREGD TULWo QAUDMGEESIE MOalmlel
Wleno adeawilele QENROO)M B0QERUE aleilo
TUD(B@OAULD LMo AUDYOONAN). GROIMIOS QOO
SEEBOSB  BRGAlSH] 2] B30UGEBRUE alelleresl)
QARG TUEHI 2 IEa0ImE0aEMaT (incompressible) o)}
APl PR

233aNDEMa 10.3: TV mﬂmgﬁma @RAHO S
OB TVOBO 1.29 kg/m’ @yem. 9woomiIm
Myrudla] o) 200)ATIE! af)an VB30 lloe)b:.

a8 RNV ISHOBING WD f)?

DOMO0: MIAQUIHLo 10.7 Qaldw]a)
peh = 129kgm’ x 98 ms* x A m= 101 x 10° Pa
SoA=7989 m ~ 8 km

WLOOAONOMIES  AWnilsd MmO OWoOTI
MINIVB o] SHOWIAN). 2 OIS MEILAN0 GRESBEXT
DHAN. ERADOTGHHAIGIIN @RYAUSMo OV AXQ0
doenE 100km eeme Mealod aldaila] alsan)
any. a8 Mleq|lod @ramele ad8o af)Gajovlo
padomolwas 760mm arlslessmaamrilel end
snolwalomleand mloa] 10 deilalgens eroilel
WdHERI BIODANO, BdOsi@EGInag aoilsm
o ailafleeyam).

P 930a008Mo 10.4: TUAYBOWIO 1000 m OOF2]
Wlod (a) elel adG0 agyamoam (b) WS Bdco
af) WS (C) DD BBSONICE BO) EPANGAUR
aokTles 20cm x 20cm aldq|s0nss 'Oeilod
B alEl) @M suelo af @ Wo Wl ol 89)o.
BRImMdDasInlwes aaslael BdGo qVAN3
Wloajloel eoamoles adamow] mleimldonl
wlEloman). (HS08 HAUSBOMIDAG TVOB®
1.03 x 10" kg m” amed g = 10m s2)

ammoe: ailes h=1000m., p= L03 x 10* kg m*

(a) qumQIDdbio 10.6 @3 MIaNYo, GHAUEI BdBo
P =P+ pgh

1.01 x 10° Pa

1.03 x 10°kg m?* x 10 m s? x 1000 m

104.01 x 10° Pa

104 aim

+

4

(b) enel adgo P - P = pgh= P, amem.
P =103 x 10° kg m™ x 10 ms* x 1000 m
= 103 x 10° Pa
103 atm

i

(© oElannelond «noaom ademoen’ P =P +
pgh @ROIRag GR&ROm Bdc0 1. Gyam. @R
MO03 ROBIGAMINS (A 1UBOOIENAD aldlemlm
2380 6w BABEN. ERCWO ,=pgh. oLl
QWG aldalsal 4 = 0.04 m* a@germ, epailad
GEO3 (nIGWOUIIBNID snIslo /1 =Pg,4='103 x 1FPa x
0.04m* =412 x 10°'N, <4

10,24 ooancwogld; AnaHTmdh U3
(Hydraulic Machines)
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Seensglaeille 3ol Mloa] ooy, aflemee
§0GoMIeNe myely Mg od:am).
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gla GenIeno (Hydraulic brake) galosel wooo8o
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™. B ©leeal goino v, 9o D @leel gauno v, Do
@esMInIokeans @neajoud B @ileel (300l v Al
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(zsoo’ls)rm%’l@;ms mlaene (Torricelli's
law)
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algdleelss mldla] allsymy. algdlang ailad
MO BOWOTSNG Ga®BMEl alda B0l WA
gsoa) @ely@osm. A =8 mm® syl 80w
oolea allmiodepoe a = 4 mm* @R, wa
mnloleel 236 al$al 24 Pa @mem. MoQ©IHS
oamwamlolonl aeIEHNg CRIND af)amoam?

DOWM Do

POMOWMHG VOB GSenilud 10.1 @ Mlano
1.06 x 10° kg m™ afyM} @emMae0aed0. alladoy1dsm

owla} @pMmyalomo (af] = 2 @yerd. TUAQIE: L0
10.17 9al@owla]

b = 2x24Pa
' Y1060kg m”® x (2- 1)
@»lg)0. 4

=0.123ms" g

10.4.3 0o® (I01DaNAe a0LB3ILII®OI0
(Blood flow and heart attack)

aamIdsmolwns momio Wamleslod ocmo
BN Allen1e:tlee00d TUanoleaman). OB
Wamlee)es GRnolks: Slowlegled aloas (Plaque)
@RS} el WATHU3 HEMASEB)INMITY &0
VEMAOGHYIN). DD STHO}ENOVMI0G )51 OHMo *hS
OISO a0 RROIM &)S;O3 (alIGOCas
sNEl QIOYIM]. DD (aIEBWHOIN OAMOMIOAG 63%)
ST GANG DVWOH W0 WG GRAISIHOD ad
BOOW &0V ENHWo Waml sndaniTuendio

DO6MO 2 JO)6B3)TW]0 HalTIaN]. D WAMm] GO
M eAMo HSOWI Qllsom aoy8wo @RWldo adao
DaIBTIAN]. OAMH)PRild &S] oo &yl
BNEMUIUE GMOVDTN cIOCTT HhOVEMNANOAGS ERyTH
ala ado alenzio &0WaM). O afleng)o dHwm
WS MA@ VIGEBSHATLENM], DG any3
WICLID@AINM  EHIEMAO)0.

afliMo 1092 fa} @@y Pt suoSmmkny FUATe b 000Dk
63 KT
b} e rasitandlendd aosman swosamkn 24ln
5-'3;):1.'&..*%9)?»%@ DY GOl
fci 3R B3] aPacacanaeilnm hsawca D an,.

10.4.4 socwmonle eileds (Dynamic Lift)

oilaoma@oyead 21lod, 80) HDAOGLY Ga0dWIO3
@ROEIHIG8 BIBIWIAN al(D) DA (BT30S
alellos)emidud apAUWIG (a16WOE]eeea]|S1aM
snIEImOen aemodls: ellads, wlsegd, asanlay,
EENITUEETINE GRAEIEIES Gwoudal 0)SeEEIR @l
Hglod @lelwam al0m ERGInag aldeGaIdEls:
A3 Wl ARG 21eileemm@o] &IEMIa),.
D Ay»IRoMe sNIGeMIWIHS GHHIGNING



(A@REIOS SrualmOm Toefl@osaa & gl

293

arslmenomonilod 20ulaace] ailwealaolansad

»$lw)o.

(i) Malldd weps® OlE3am alam
aflitmo 10.13(a) WIGd aoAilem EPEalEH]a]
218{la9mam GIGIR0Om mlang AiMMSs WO
DOGOHUD 06T afldlon)m). WonoGoaIT)
&5 maalololed (symmetry) mlanio almleag
aldgleljo MIBPTIe QRS TUBL00AOW nilas)
ana1od uaomce)(amﬂsm@ lalGIWo O)EBILAD
£)6MaM0 MmOl ada ALIMLOTUS al)E o
@MHSMANo MV ala¥SHOAYN). @RI MO3,
QWY 0BINBEREE 0)5SlGEIEHN0 TOEYESHD
enielo Galen@manial.

(i) Mialleamos)as)s] siellanyam ~1am (Ball mov-
ing with spin)
@lolo)mm «1a0s, apwailsm @RaInag ©)es
el 2} HEH06MRGalQIIN). QalBl®Eelo al®@)
HHNG EXOSMBLIGF al0D) BSOS o) el
2 JOERETIE) Galddh)o. ailio 10.13 (b) Be@ qua
Wo MlsEmyMm)o Ballid ea1IaDm)BOW
Amlay 2 pMes anooilaad wood GOl
U3 SIIEHYM). al0D) MEMS0 ERGISM
@RGalGM]a] QD] Al)0BDISe aleilesyam).
@GNS al0ileng apaslenss aoailaand
(G0, aldWIHM @RGAlcHIA] @)S)MENo,
Mosy @oanmos). (Algoto 10.3 &HOETN)H: )
@REBBENTN WI0D GOGLIGUI MIGGI08 @RSICIN)
QIO DAY BRGBICITILIDGGHD0 Halkly)
amy. apwWeleng cawmTIENas O alymyd
arvo, @B BOMEWIM)o MO¢ om@mIm)als
W3 ada AULGIIMo BENE0HNIT). @PEIRHM
A@d &0) ololemlmenielo )& B GEISs
QMR IMM). Miallamlow 221088 @D
anapmadlse elladglam (dynamic lift) mounad
(u@ilzomoe (Magnus effect) agyam) ailglesyan.

a)6036a0201@3 (Acrofoil) (31'06)%33)1(0‘3 aflmam ailo
alael MaIICRIeMmBs MBBDOR allimo 10.13 (c)
Wl@d 830) afE02GandWNGE 2illoyledlen)mm) sowil
oG @y oil, aw)ailodaen) sl aloumlmaocw] aleil
SHEMUSUE, M>BIELISE ORALMmIBld: eilads (al
BoMo Aalgomses oloNwlensamoe. 80) ailad
OO 2llod)dS81HS Ca3@MEls aildo 10.13 ()
W8 &06mM2flolemamealoanel al0lo WO GO6L

SHBB o) VWEOOC0OVI0F BaldHLIWIE). af)VEOD
2anoWlad anwiailsag cila1ol® Sluwlod aieilas)
eUowd, nl0na0 Bl GRGAlGH] ) ajocaﬂﬁmﬁ
210101, 20160 MOPEEm@IEMHNUB B)sl0d
WoDGEOaHUD @Hlat] HEMHDEERONT HOOETNAIE:]
My, MSHIHE! (21D GAUNC HVSETHWIGNEN0UD
$)S}OENVWEOEM DTNMY GHOGEMo. SR
o083 A)HBICEIONSBH sNILlo 2 il00) 3108 Heow
moails; eiladl a@andlaflesomie mo ollaom
OBG BEO@TOHM ENIZEIRTT 60 k)h )0 HalY)
an). MDY HBHOS)EOWIABNTN ODBAOBEMo DO
OSSN,

> D3NS 10.8: o L BMAOW0 B0 HWIKY GO}
aenolow) ollmomomlead momd 3.3 x 10° kg
@Rem. soleg alloalnng ayes alrboyldsgpo
500 m* @Ry@xyam). oy 960 knv'h eanomlod
B Vlailo 9VoEUIGE Al0sMmIy.

@) 2lloaleag MOYeOm WImelale B}d:Slelom
(almelno MAlenss Bida ALEoTVo dhelh
BB ).

1) 210518003 COYHOD (AIMEINOCT EREAIGH]
2] M)HEleIROm (ImeIeDeel, 0ol
CO®OIBNEMRIGIIM GRowlw AIbrLMA
(Fractional Tncrease) Hoyena@ioy) &,

(uoaileng auoB® p= 1.2 kg m” @mer.)

HBM Do

(2) Bd3 AROIOTVO GO0 MEHEIGEING)BS sIUElo
eenolod’ alleomamilang sooeOm Tvowneail
MDOONAN).

APxA=33x10"kg= 9.8

AP=03x100kg x9.8ms7)/500m?

=6.5x10* Nm?

(b) TomaIRd:lo 10.12 af)S)ende. @IGd ailmdm
ooilead m&uBeomae @oseomale modlen
88 OO QUYGLOTVo MEBEES5 BRAKNETIHHIN)
an@asm. @RGapW molmlswlenss ada
QUG YOI EOS.

AP zg(vi —vf]

Dallas v, af)IMO) 28 BOWHE alw)ailnd
GAIOGXOETD. v af)MO) GOFEINHOM QIoOiled
EOINDIWIE.
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s —v) 28
2 pvsy +vi)
W0OOUB] BAUND f)SIOIOI
v, = (v,+ v )2 =960 km/h = 267 m s,
@R [0U3
AP
(v i)/ v ===~ 008

ailoalm) meglenss o, MOYHEH GV
eRe90u8 8% @&)5)melnwlslsn)o. <

10.5 aladeanvoavl gﬂ (Viscosity)

B0BIMo [BakmSo BREEU Balsmesel (idcal Nuid).
@Rl BNHHHMN Halolw HOMIG aITileeow]
AN, (BAULIDONNT DD (alDGEIWe 6530)
@RIl caldaliemo GaldaIwIaT. oM epld
aHeMo 80) alOBICId &)S] aleilenian aloo
BN ERMIBANAISIAD *EIGaHsM@HIAT aVvmo
maoem, snailam ailrbes:omulgl (viscosily) agam,
ailggleaam). 300U Sk BaNISIENSs @R Gal
Sl 2IEKDEOET &0 ENISIOYM  EHIDEMADIh)
MDY, aflmo 10.14 (a) 103 BeMajoNBalaLl, 0ene)
@OV GalNGROS MSVIENBH af)el) CalHLn)
{3000 MBS alGlnemlenco. MOYHOD alos] 90
aflajldleeiemioud, asglenam o108, moeHoD
alogleW @PGaldEl ] MUl (a1gme v Wled aleil
2 lee)In). anERWEs ald0o COD DalEIUlon
HOINEMEIDE ERED A lGOINTI 0 (B%;Q“ @OQOad
D)SION0F WBOT @YAUDIAGTT. GREEB:IEE af)el))
BURHN0UB G B3SO AUlTTSHIT  @ROENan
al0W00. B0) (IMEINEIW] MVMIBHHN[S Bk
alds3los) lolMEIOMHG BRE® (nIENINe DN
oleno. @emImocd M&>B10d, alslmelnnow]
MNUAHHTNNENSH (BIUBOHNRT a1d@] Vv’ (alEol
womlelo 90alay (ai@ennaw] mmnidaenoolen
g8 a0g] dluaeimoildlamanilo HalQIan). MosY
{a@mlo (a1GUMo) MIM) MHSlEHOn aloglw]
GRISE (21GOIN0 (BB )5, (BO0ISON]6]
afeO®leno alngl alelwsmajood, Mealael alos]
BROIOMm  MEANIS)0, COFROM ald8] ailloG:Haglo
ellean] af)m) Go)m0. OO 0S5 udesls
Vol 8oy eUAIEIN) @&:00MAANIN). DO
snieiomlmy allewoeno® 89169 e1oalmod (lami-
nar) af)INAWHa|SIAN). B0} NIOS GAUDEADS HOla]

B} gInel Haoled ailoullm enitlo 0SS
GolR)Hud @ooiled MlesEBNm) Galdael ([300ld:
O al0g8leae aanlm) ayaglod aamowl mle
s8] MIEEBYIN). &80} (300K BHaln| GROLIBICS
S56NII03 )81 B91a1eMI00B, SLMilang aPaS]
ENOSQSS (300U aloSlWHS (aIGAINs alemOnl
wl@oem, @O} eealafloc Elomoss)comos
M16EB)EMUIMB  (GHEIEM )06 wl)ZR AN,
ail@o 10.14(b) o) syenileoag egsleer amileilanz
00, TIONES B0) B aIMEIENG (UenIMo
aurlomowildlen)o.

D 2 IRINONIBIF AUDIDOMEIODTIES B6) TVAWOI)
ABCD af)yim @by @] @6n20010)am (3001801031513
60} BIOAWING GRS, Al oM §aI0lW S
GUBGH9) GUoaHo AEFD @ryas\@HOIGEISs m00yI),
SO TLBAD, (300G Ax/ lwd miaslaslad
(shear strain) QilGWOEQANAN). HBEGHIAD BAUDTHSEI
el raoImmyTuel o] )56 |eow] @)
SYMGIMoEd sLREMIGd Mlamio ALMLTEm@OW],
e slad aogomlend mlosslomuosn miasay
@RLURW] SN af)aID) aldloHEMEBIE UL HD
BOHHYIN). FREOVE TUHSTY TUNSTIDIM aldhoo
miaslnlang qmuaocless, A/l A eraelsslod
v/l HINQ0EM ERUenMES. B0} ([BONILEN NG
ailadeaomilgl wemotso (cocllicient of viscosity)n
(‘0Q’ apam D2J0lee20) aHl@Glow) MinSOYl
Ao TSI coOGIlaREie a00Manalo
@&y Mldalailese,

_FIA
vil v A4

(10.18)

allmieaomilghoms S ek ealoihruod (Poiseille,
Pl) @yern). snoilead o @)emilg)e@oan Nsm*? @eag)
#lad Pa s. alladesomilglees aowandauad
[ML'T"] @gysm. ealom)aiom] &glenslo (3o
SBBOW GH0UBSOB, PAMo, YWITuaInd e me W aInw
@RGAIH] 2] &Sl )0 BIUGHHBRITY HOIBBO,
@RYUIEHEA0003 MDMENWINHS ollmiesorvigl &0
QIosN3. MEYEY aldlalloesBBo® »ilal (300UMeEE
3105 allrbesomsigloes 0emow algls 10.2 @3
EXHOSYAMNTIININ). HUBIHTNW 0 VBN W0
@)0la] WEBuEes DIVS:RORMT EGMOTNIIN VNS
QUTOODUS 2 )TEIBHIFAN). 2l 10.2 qv)aila]]
SNANDM] (aldH000 OHMO HUBBECNBNHIE gl
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. ________________________________________________________________________________________________________________________________________|
OSIR@OT (5)5}008 oilmiaat). aoae] 0em {800k 03]
@OIEaY LREINNILIBR ERYGakeHls: allmicsomilgl
(NN, 0°C Mo 37°C Mo swled audlemnoan.

(B30USEBRDS AllTieE:IMIGl ®oaImleIdEnmTy
@la] SOWIGILUS, ADMGEBBHIPS HOO\OTIGS D)
S)S)TN}.

FoTS 0.01 kg

=

il 0.5 w3 o0kLREkad dieoi)] S A R T

DOMO0: GEIaDSNMEMo QUEITM)  QUUD GOD D6
21eleame’ sl1oslpel alsilanenielo MEIZ0E, gD
aleflagenielo “T" aydm@ onesllsldlesyan M
aoqlaag eooomleag @pgoila) enelymoea. sailes
arldlodd snielo F @pan = 1'=mg=0.010kg x 9.8
ms” =98 x 107 N amem. Baowlensss «Hlod

DS,
= 9.8x10™*
= [y = —————N/m?
A D 0.10
(a) miaswlad eomoo = L. &53
[ 0.30x10°
v
E_I —> nled measay.
> L | —_— Tv:l = o . W 8
- 1 —_ T TUS ST G
T 1 _—
> = .- (9.8 x10* N) (0.30 x 10* m)
> : I E— = (0.085m s) (0.10m?)
E’—, _}E =345 =107 Pasg ‘

®) alglé 10,2 ailel (301sEBE) NS m’lm'}‘(zce)orrmglcfbua
il 1.4 (4} W qumaBe gy eqipadlaslsailegas (ot L3I01do TCO) -('IJ’]{“IL-(BdEbD{“IL-]Q’] (mPIy

ais == v

DN 01051 HFIDOT DIFHTT ;sr%_r;,i' #00 flajnln

e . L : : el [aiah 20 1.0

2‘;:&»@}&!&).’0}’0} (FQP)‘;? (HEFEORDGD Y [MC?QFW(GFOJ?:’UJ -

creldnanon Gy, 100 0.3

fhi Sédnig flort afaaad s lellelintial IREY s liv) GEMo 37 2.7

oo oncfldd sowle 16 113

P 9302006M0 10.9: aili®o 10.1568 &06mlajlol 38 3
s . @il 20 30
#9010 m* alaialdemass B8] GEIOan pol 700
093 0.010kg oqRIe0w] B30} ADOHD dhalolod T 0 0017

(m(m” DLNOMMI0 LIGaHENO DD o) 40 0019
)51 $HSAN) Galddhlan) 0.30mm ;MBS &0}

. . - 10.5.1 cquoas mlomo (Stoke's Law)
(B30I al08] GEIDAO:GW oMo GRUDDIOMEIS o

80) UTCOY (BOUKONN®)S] ®oeesed arls)
CaUOUd, ERMAIW] TVTUGSHOMIY DElEMaN
(B3OS NFID0 Bajo alellajledsoyan). (BoAIs:
DG A@LIVD 1103 DoRlE3 @1 Galatlds
2 1EIMo DEMNEIE W0 EROING aneIBoW] aIrbo)
ailed so) amlaeosmeniels (retarding force) Grm)E

W8 (Hal>H 62 flolenyan]. TUCIHRIEN]
S)GMUNYE., GEIDAD®S QUIEIM) QD GO B6
0.083ms” qurlaganomilod alellesnan). Boal
SOTIHG alaiesoaulgl 0emomo @enayail
Sloe) .
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QAR |S)BHD]0 HaIQIAN). ALOMBHIBBING al@D
Al HelNBAL)EIoINg G3RINANe GROMDO 2IEIM
EBBUIAT aBMIMI0 HAldONAND DRADBEMEEBS
em. allnienat enielo, AlmieNalend (alealnamla)
@M OB SHBIHEMINe alINEBng dluodos
af)PIO0HEMAN0 2NN, allrba:md snielo ‘F
(BORDIE] mhu”(‘acaaonﬂ@ 1T amo GUISOYET]
BRy0o "2’ CRWo GRWolesmam). qud. ezRode .
aquoamy (Sir. George G. Stokes) (1819-1903) agam
Wo@ladl oM@l allaiarad  snieiemla
MDY DBISHANBBH)IN TUAUIG 0 B)nlldndla]).

F=6mnnav {(10.19)

DOlam eIRoes Mlomo (stokes’ low) apan ailgl
BANY. DD TVAQUDG:Y0 Mo Dailes B)allolon)
mﬂ%g. LlGUOODIN @BMalo®lGhadw am1e
REMENI EITHIN  MPEI0D) DBIODEMBIET DD
Moo, Allriae:nd mALLBGHIENSS UMDY MO
GPHS alIOMNBAUCUE DEMBOG)TN alBleMIm anel
68RUB alOla9ond M MlWno 9aIEROWEN0E @yl
wo. apwailenas aleyan a0) asomaslow
MME IBKNEIBH00. 1N)D)DIo MElo DPOITNBBIS)
DIGMAYNEONN0 af)dM) MEEHOIWo0. D IOsMo
MElo ASOMBSIWHS (AIGUWe AUGWIBNIETUIUS
@EROIGRG8 @PMIBNL]SID amleesmenielno
adwlenymy. as3ailad allrie:ad enieialoe qlal
SHG eNIEINlo &h)S] !N)0)MIo B)EIBBE ENILITIM
DN EILBOS)GNIOUE, al@lemilay snielaljo GIeamalo
Al)ERAOENMN). D TVADOID) ENIROGOW]enss
o988l quile (AUIGUWNEAMOSIES] MIGYON)
al@len)an). D qudlelaecuwaon nsAalmod
{alGQIMmo (terminal velocity) ag)amy ailglesan). quam)
eimearunlad asdalmad alguwe (lerminal
velocity) v, 9uloalg TOaae: \@26rm.,

omnav, = (dn/3) a* (p-o)g

DAIlDS P, ¢ afavlol VINNHA0 BHOFODIHGW]o
[BOOIHLEWINBD0 BTV FVIMBEIW0OE @REq|2U3

v, =2d (p-o)g/ (9 .....(10.20) oM eiSlasnan).

BREBHM, HSGAINOI (alGIwe v, GOOBCHIRHAY
@R0OWOTG AGROWIN] M GrMaIdmETIE}0
2owiaemlend allrbesomilgles ailaiolo a@nm
alom@MIENo @Ry,

DB2a006Mo 0.2 0D RO &)S)]IO3
AYEDO QUOYUTN)o.

P D30:008Mo 10.10: 2.0mm @REMBG 6)alMl)
OMONB)BB B0) olaoy, 20°C Moalmlenleod
6.5¢m s 95BAlM@EE  (AIGQIW EANOS) ) S]
apsm wlosomdlaman Sosla8 MoeYes)
arlgyamy. 20°% @oalmlelYlod afemnwns
aillmieaomilgl @sme)ailslen . agapwes
moB® 1.5 x10° kg m* @gyem. aalmilead
quom@ 8.9 x 10° kg m?

pomae: Mailes v=6.5 x 107 ms', a = 2 x 10° m,
g=98 ms? p=89 x 10° kg m*,

o =13 x10° kg m™. quvaanaie 10.20 @@ mlmye

RN ) . L2
N = zx (2><1(? -) m ﬂ.>< )_Slma x74 %10 kg m"
9 6.5« 107 mg
= 99 x 10'kgm's! 4
10.6 »oXemawdaLay ooy

{Reynold's number)

80 (BOIONIHNG (2101000M008 QIERMO®GNIUG
(0I2an0 @)S1HO3 quado eloslmod (laminar) sy
S92 soyMIlel, GG (alksteNIWAcHAN] (lur-
bulent). [aladsNi® (alQIRan@WIN) Allawnow
Bawloel a0y snilmnilael (BOKMmSeS (alGRIMo
TUARIMTN @@V Hal®ZaN0 LldHydle om0
@00le0sTEIBlanaN). a¥lehud (eddies) agyam) ailsl
GRS allel QIETINOSID 2 1RINEBBYe EREGD
®50qajo 9@3a|d8lajleona]sam). saINODIed aleil
2 )OH06MEIBkaMaM BTG clomwlasl MmsTuo
(UM T B SHO0EMEBOS)M), | 2llio 10.8(b)]
SHODIHa00eElTlen)am &) mSlemmoilad alane
DU alidh GaldHEL], TUME REl [alU0aNEEUD
(el )T WEOsM. MEM(MBBUWS AN 1onYS688)
MO ERINE1EH (AlHMENKHMDVIOS aOLIBIDIS.
@O0 @Yo QIlAdMERBA G5 A Q) nilenoe
Relowmleo @RAIGaHafleean ®oowEBBo
(aleyani Waoe.

@omiGeTHe Mo eEmaudalia (Osborne Reynolds)
(1842-1912) @o¥an mlesesl@d (low rates) (ni0ladl
ammm ollmiaad (Boioolo) (viscous fluid) (alds)
sNIW (alI0aN0 DENBOBNOMBH TV EH)OQID
e agym Meledla)). @PEGan0, (A INI0AN0 (ald:)
NIWDOGEMD af)IMDNONBI0N0] afhGR0D WOREM
M@ 30} HHUWABHMILIDOD Tvoaly mldal
2ila)). @D TUORINOW HOWEMIUBAUIM Vo6
(Reynolds number) agyany ailslesyan).
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R_=pvdln (1021
0ailes v enamlod (alaladlasyam Bakomlead
MMBmOIEM P, dﬁ)b’)r_ﬂ%ﬂﬁ)ﬂ@ @pxalo (dimen-
sion) 7 (BaoMlea allriesomdlgloacsm. R 60)
POWRBHDILIOOD TVOALILOET, BROHIENS
ooy Wl aljakronilene Moy myely@ow]
Wlodenyan). R . 1000-03 @I&P00aMmelad (ol
ado WIod coslwe (stream line) ccms)gigaﬂﬂma 1o
Mmo@ (laminar) @rydleno. R > 2000 amesrms;lad
(a1QI2000 (ald)sniwaowioleno. 1000-M)o 2000-
Mo DSTRIDSEM®BHIS (AlUdaD0 BRILOIOAO®)
an). 202110 30} CaldHLIWIRS BPEN])d
Sl alSMENIWE OSAUISIGMNINNSR R QoS
lgleand melo feritical Revaolds numberi &0) Gald
REIVWOEM o) HOEMD0. BEIOOEMOTINT QAULDIY
o moBole allmiesrmiglesimas apen
o HAIBFAN0 860 Alella]alo GRG0 S8
Poalal»BlENeS (a1aladleeeMIud R OeS afjd
G300 BGO MELILOMIM (aleMIKLE BRy00EIEN)
am. D ANOND 9aledWla] (BRI (alMa06BR
H)5S TUIEdAlo aldleedd GalenEl @1t MmO
ENSS &0) alOlaMaMUDIE) BOMYdh DENEBHO3
»HFlwyo. c&brﬂ&l;&h(ﬁ, @ROMAU0IN U3, BCruo
GD5E0)HU3 iladmesBud af)arlal B)eld:0da M

SoIYOMOIT DU DaldhODalBROS.
R, (1000 S| of) $mQRaNIOEM).
R = pv*/ (apld)y = padv / (nedvid) (10.22)

LALT arHelo

R =

oilarba i auele

DlaldO00 RADOH UL (ROWOIO RO
aleileeyan Lrammmﬂsm@ @M MBICHY ~ IOV IRE]
alBlh ®STYo DEMNBIBH)AN VAo BILIGHD
DENROM:)TN  sNIElo) AlavE:HomS snien)o maes
ENAS @M K nl@®IMIWwdMe Halgnan).
L 1S18903 (aaeauna {(Critical velocity)

30} syenileel BUCH (alakaedo WOIEOE]
W] MSOMEIN DEBOGHENR al@@mOWw]
(alGUNOET (Iglaadd (eI feritical velocityi
ag)m) Aflglenam). maRaye 10.2108 oo o)
v, =R xnipxd).

(ISHENIWD NHNGEHOFROTD HaldMH Bl
OI6G 0} IOTIOE Ma¥iSHR SO, BATVOEWIOY
SHOMGB)0 (racing cars) QN0MEBBS0 LaleHeNI WO
Ao @0sm Allwomled quesinnow] o)al
O3l Ol FGIDlENAD). DM} GalOHEIMSS QUO
ANMEERSHIHS D)aldh@ald) MSA 200 aldldmsm
BBU3 UFIIET S21QIMO). laladniwo (ee1d
al6INo Gnldeel)} ailel ruaooD GrElelaHsmlons
6. (alnd)sNIW®, BlLUosMe@® (INixing) GLalomruo
aBlajlanydlo @00, @GReeoe (Momentum) @R
oI ®s HeGHEQODIHG Mlosslanm o1dwl
ajlenyemo HaKgaD). GRS)esawlnel dlerdloes
GERIAL)EHUD (eI (alU0a00 DSAUCSEH] @Sl
0BG 2ilEdHs Gadds DENROBNINMIMI0 MGl
aflemyam@lmie @alewowlando.

I_gsaonmsmo 10,11 1.25cin QI0omss 830} Soa iod
P Dlanyo (alQlaolee)an Relomlaag Se1:)am
¢coom 0.48 L/min @pem. suasonleag
allmSeamomilgloms wemomoe 107 Pa s @ryem.
)02} TLADODIM) GUoato RFAETHA EHIO
3 Zjmin @yl aidaslajloeamn). osnd avdanal
DAEMSBILNMBB (2 IUROAWIHG TV ald
Y.

Q0T 'l,2cm @R, B0} HTVHNFIGE al}OGOD
ABOVPYBHIIN HAUBFON DG DBIBOIEM,
O=vxmd/l4
v=40/ &n
HOWBNOUWBALTY TUoRl] MONY alDWo (aldh0o0o
@ETNHRNIBRNI0.
R =4pindn
=4 x10F kg m™ x 0/3.14 x1.25 x10° m %10 Pa s)
= 1019 x 1P m™ s
@S ONO0Y8
O=048L/min=8cm' /s =8 x 10¢ m* g,
@RQONO®EOME Mdyee R =815 oM’ &l530 o)
1000 MG MRS FRQOIMOMT, BY)Hs TUrilome
e’ (Steady flow) .
&)0a) TUBDRONIN GUdato
O=3L/min=30cm’/s=35x 107 m*s?,

R, = 5095 agam) eileeyan).
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SHlaH008 MEMmEHS AnganIaslnlced 8oy 107
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10.7 (amelsndelo (Surface Tension)

af)SMWIo HAUBIANo HEIV)GHVIHEIM®) Tilesud
(allajloleie. Relo mazm NMWsmenglelo Rel
O@IG3 MMM DO00ARS:HS @PG) MMmTsmariel,
aadomd] gomilam mmaiemanlel, aamood Relo
MmO HNIN). V3o)EUNIeIRC GrGIR) agey
ailzomoilololenss 0)@slealas QUoIm,). Iy
OB163 HVOOWIENSSH HLIGSIEEKS Belalo elal
EMEIBBI0 af)@TE 0], Hallad (snicadload mo
208 pemsmsllalemGruowio HussOaHled myemdl
WBlonEMNF0 tdsleadanlalenarlel aganood
OB IDM HURBGNN03 MIANI0 2 NOBTINSIGNEIUIUE
SIeaBmS B0) &R0 BRI GaldRel BRYGIIM).
OO0 WONF0 BBNREMEB 0 @ERMBAKIBS)0
(BTG TVICHD DolBIRILIOHOD TuosTImMU]
a]36NE, (300IHIBUTDE Dy MLBOW B0) O)aIBISIOON
DNMOBI0 af)MIVF SHYENAOW B0) 08880 D38
DIMoLo, @R B0) ald(@OMIGE aldO)EMISUI,
TUIDID DalGlDEl0 HBGHAUGlIENAD). O Daldl
GEIGHIT @rwle: 9D3Re HEOGHAUTIENI MO0,
SO {AlGIEIMUO (aIEl snielo (surface (ension) ag)ad
BROIDA [SIAN]. AUIGHHEBRUBHE TUIGITD DalBlmElo
@%DM)M(DO@S 0 (A@®IBOTve (300U nE0w]
ZIDO ENITWHSTOEM. MRYH6 0D {AITIIRATOSO
Tla] &)51008 anqilensendo.

10.7. 1 camee1dd=e  (Surface Encrgy)

DHDIDHUS MIRNLNBB ARYHBAHEMBISIT (3OO0
AMMla)) MG3HN0MIBS EHOGETMo. (OGO sH]
PEl B0} MRAMOW BNl 21)Q)al0S)B8
afEIY MDD FGeIBNe GG BRYydhGHlooa]
sy aillwomlenam M@0 BRG®EIERU3
(Intcr molccular distances) [ailio 10.16(a)]. &0
BRyEd@aHeNo MEle MBUMHUWIBE amwglai aurl
We0deo PENROARAM). D 9VAR0, GPGIHNG
AQ1al0S)MEB MMBOIGRBINS af)sINOHON W0
ailmyorveam e @R flBlenmm). alGem
BROIDEI of)2I> CHEDDGBBIHSW0 WODUE] aurl
O E®H03Ro B0YBAINHLIWIAT). GREBHMND)BH
GO BIUD CHDHDGHOB (IBOUSBAMIOS Mlan)o)

AlOTinl0o @R eNIdsIal1e:0lomamailn) calengl
QUM NI0aalldH06m 0DAR0 UBHO QULI®IEM
Mo} O eomSIal )M UTBH)®WIEM).
ReIowD, D 9o afyHG3Ue ) kJ/mol oad
@HS)E AUDYo.

ailiimo 10.16(b) W aimeie®lad nelade 988
B0} MWD alolnamlajomd, GRGIHG MOYemm
aldh) @] @IUo BOUMIGH (300U BRSO EY)le)
2]51518R) af)IN) GOEMD0. GBIV AR
(@d6 @®)02] HDWGI0l qudlollesodRe eidono.
af)MOG3 DT DUBBCONHOED WABBODNHWHNOB)0
@)OADENT of)aD QULBDEEM, ERHOWQD} (B3O
oolend osslenss mdao@was Aualelesode
OB ald)®NGWORe ODERED (300D DalBl®
EIORHE! THAH DB DMRIVIClHNHIBH). GROH
Mmoo Dalclmelomleael WA MGHU3a8 U3
DOTD DM HHZ EPGaldHla] VAR BU
DOSTT. G0 (BOUSTITIN 6NICANY @RAKTUNGUE @)
AGFlSNIAM  aFQOR0 SO DalBlMEl aldq|sal
DEMBOGOMIBE (AIUTNOWTE. DalBlMEl al@a]
gqai adaslaflenmmaila) 9DdRe @RAICLI@IGT).
aAlonnidolo afLld RalBlMEl (aITIRITIBBER®)o
DD UMM DalGWOU]a] amqilens®0d auawl
SN, DalVIMRIGIGE 80) GBROLHEW
MIITIGONIMBS DDBER0 AfEWOSTI? B)DHSICH
au)ailaflaj@}Galosel DO) O@MOOHD oRda)
@0®)0 BAUGOMIGE Mlanie Mlene H2 18 Gyl
(03B0W ODAROMIAG B®EEU0 ald)OT oM
@RV NI alldhoem GITHING aldy®l.
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Mo ) MIBOVONDOW B} DalGlMEl0 GDAVIRDLY
2061, all(@o 10.16 {C) (200 HemlaflBlenyam
Blelod alelaood z=0 agyam snilzyniled adlan
0600 BRHEIOMIS (aBmomlo madmoi@oaieil
alo BOD0) (BONIHMBAM®:BINS TVIMBO AUSHO
GAUNODIGI o JRLGANOS @EMSIBNITNMOW] E:06MO
QAN IS,

10.7.2 (u®El 2132010 (aI®E! MILINNo
(Surface encrgy and surface tension)
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Sld ) @YD Fatdn iy (i) WL Eatanaiciy () maumes i,
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0 2VAR0 BYPAUCDIAIET. DD BMTILINEHIMI
o, oo o] mlossln1sBoad e:¢loian &o)
Slwed @pacvomlenan so) elow1m (Boo
&alog] aldlnemlane. (alli®o 10.17) D @mil
6) TVBTNOBOY OB} BF SHTUISBINS BYHS1E3
@msl a2l aleilsnoad quowleno.
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afli®s 1097

allmemlad @osmilajlalesymmonealosel, 'd' afyom
221010 3)0comas GMil el flenan) agam o}
). o083l adellemamalmod, om alyeo
EIM DEa oW SO 9DdRe eIElon)an).
BBHADTS NUEIANIN fHBIOD (alUNGH] HalPeO®
Mo DO ERAMNZOSNADE). 0D GYT]H:
enielo FT aymmldlesss. nlewouilasan enlelo
algnam (oyomloosm Fd= Fd. @082 auon
UM MIVA 15000 DD (AIQNOH] BRWIE: DDA
2001 a1pgl0led GRIBleNHa|SIaM). aldSWHS
c;»;am’lg‘ alda80ilenss (Imel 9o ‘S BRyHsM
103, GRWld aloalsal 2dl eryayMmy. (al0sWes
PEME AUERUE 96ne, GrMIMICE e Qalplmel
eBB@YNE) EROIMI03 BrWleasd®Ro

S Qdl = Fd (10.23)

aneelsl@d S Fd/2dl = /21 (10.24)

S MO (nIGEENIEIHING A IGIROSMBOsN), DO
WeTilg aldalgaileel ImeenIRETAT M)RILHe,
MmN SHMilklod Boaeo @;mﬂg” msonilod
2 IBROINIM ENILIOHIM)e DY MYLIEE.
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BIBEWO TVNGHHOWIGE aFdeaS)M B ol
BBHBW o MAEY ol GIOMICHNHETRONNE. B3] (B33
c&a(UTDﬂﬁ)(lgé (IMERDGR. nI®EICIR o) QI
SBEleNMBB aIB0CONEBOS @)U ajldlenian.
DELANDSMATIT alB0BMNEEBHINS DO DHeHUB
AlpBaldo @G HlB6)SHWONIMNEIGE [aIMGEINA
R0 HIOWHW]0, aldMaldo Qlladaflene-onem
B3 (UDCERIDERe &)S)HWIo HalQIan). BRG]
Mo®d 61E) AlB0ACNEBUIGNISWIENBS TUMUBH
mal (inlerface) OWIHRG 9M3Ro POIAUWLAIPBS
alBoBMNEMeHs @Ry U] jldlenam). GRG0
UM OHBI03 Mo ®8e alowim mlolenu
MBS IS0 ¢ 000,
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@06 (@Reel@mled ey aloazailpel (o
¢elnd@Rmoam ). DO} [BOOHOWINBEDO BEQHE
&1elo AUNIMENBIHSEWO TUNUGSHGEIOTGS
(AU EO}AD). TVTUCLHD IO DI THTDR0
L0308 QUWBRIWHOT MINTIHNS GRGAI
Sila)Bsy @nUle: 9mARANDOETIIO.
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ctulin] PN lalaghy et

(i) cvmudaensamilael oFemEslelo oy enilm)
along, apailolad 6o Tuos:Gails oal alow
B9, WS MBSO 's' (nImelsnILlo, )Eely
aljo oilalmonaoe] e oyl elo
animowil nnnudcaamgﬁumﬂﬁ)a@ @eIonNod (nloKd
OHIENMM@IT] BHO)ONE. o Tuam)ellmonimen
©1BI08T). &S} SNV B! qurUdoes
DEUADIGE 830) AUD] BYQEBHFEWO NV
SHOBHWO TVEHGIail9)d, DD UGBS DSO)
QUOODBS EROMBUE 0D AUGIHY EBAIGEE
@RSEAMTHNN0, UBID) AURTTNSGRA @EPOIGEE
sjeomTano QURNGNAN). GYQEBEHS DD
a1, arilon sniele Mmels quam)elomoimeno]
epwldlenio. Ao, THIUAIMUTNIHG GRO
TUOMBO WIS HITIHMMODEHIB3 2l o
10.16{(a) 90 (b) W)o (aIHOVO @H:EHD S
el MIsemad s enitlo AOMEHOHB,

aflel (BoUGEEBRINS (MEelmnIelo algld: 10.3
MDY}, (eIDEleIGB]HTg @)ello Maldl
elpw @t ajlolssyan). alabeaoavlg
GaldREl (OO (al®elsnitlo @ald]
EIDH9 ERMMUG]s] GOPIAD].

alglé 10.3 2 1lEl (300IGEBRIAS (AIGENIEIS Uyl
aflafleleeam @oaImlein]od @rolw)ns
SNI2eH AN MVIGAMONSIa]o L

[BI0IMe @JadMIRl  (aidelenigle edaalleeem
(N/m) MInde (kJ/mol)
arlailge 270 0.000239 115
& mileod 183 0132 7.1
aDEMIS 20 0.0227 40.6
0 B0 20 G.0727 44,16
aa0em3dl 20 0.4355 63.2

BOUSHOMIM)o sB@IMo MHSWIENRs (nI;MEEIDE
R0, UM, B0 afiIDladeslsoinel
[ IMGERINAROTIHNG BRYEID:QTH)E BN &2 10}
QEMEITY [300UH0 D (IMEKTIEMeS 89 «lils]
B0, OO0 TUMBARBBSI0Y Lo IMEINNS (300
Sho D2FIO3 Sosacauad (Cohesion) @onE. »ili®o
10.18 ©3 &M lolemanoNGasael Mam alel
SHEMOWIENHS GMBI§ @RBHH0MS »H¥lW)o. &0
Al BlosNIRONY NOTY Gald, @ROIM] MOSS &)
B30QUB0 alO@OIE3 V)]s flaleeman). snmosm
SRUDEIRIINGG 30y BRA0W] UGN . A0
TONBH BOB0 BalJIBm TUAREIGZOGNN). EqIGlnad

@loumlIn GRWe ReITIN} HMISIBIGB]LI06M).
(300K OV GaIGlam &2 K0mO] Mialdudla] (Im
EINIEI0 H0REMo ERMINM OGSO allSleemame)
AUND Ao H)HSIGEING DWEOM . HUSBOEIGH
Mlmie Gald GAIdaaISle 0B GOMIGRIsS B8I0
SBBUS CalGaan).

A

W

adli@o 10,18 (IDEHELIOANT] aRg Il
SINGS  enuenElalmm @ono W' anwilclensy.
B)dglnel 2132 el mlanyo, uEOE:Lo 10.24@3
mlamyo, (300U mmdmm;mmﬂma@ (AlDEIBTUBIRD

L

am.

S = (W28 = (mg/2h (10.25)
'm' @puwle 2oe0ne cugleny @edls; mige T oo
@RYED. ‘s’ GMIRSIa|Mas &1Femola] (la) (3ol
-0} TMIBHno 8U8RASIBGlENIAM) afan V)il
aflanyam).
10.7.3 quaudaes caoemd (Angle of contact)

AfO@E1E10 GRMIAOWIARANAIVIBB TUTUASHDE
o leag BRSO Lraomceomﬂﬁm@ (DI 5aldD)
a0l QoM. qmorudes snilmyailenss (3001
(eI} aodenaD amos e (langel) sl
lalmelnn@] BoUSHOIm)8s]ol BaEIss)am
GMOEMIEM qumi@as G 0end (angle of contact).
@M Q' 9d306ME MVailaflooyam). alymymio
¢ROSIHBIA8 (BOUMEBRNSWIo 6 IOEBENST0
TOMURSHREIETBUBHY TMOMUBEE BN QULDIY
MIGDOW] SHEMSA]SIMNY. GO} (BOCIH0 G0} AIOY
AlBINEIHOT MMEENGRD GRGMO EREINBGHO B)
maslwon] MICdemend HIMSss® 'H' Wes
meymosm Gldaplon}and). 86200yl
all@OmIod &Hoemlajlelenmm)Galonel ool
210108 BRGS0 ONBBHBIWV] 0)aIq|S}AN]. BRED
mua®o aili®o 10.19(b)@3  @:0emajl@leamamnay
GaldeEl 80} ANOBIOBS aldqyls: Galdlad @elo
RSB0 HalQIany.
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(b)

atli@o 10,19 DNATHRBADGINE M TID Fyad g hdbgizo Mg
et Hedandeio (o) oosowletod b ol
ARG o AUl o g0l
Al Aa AL

{B00UEH0-Q0WY, GLI00-QIDW), 6LIG0—(BOUG0 af)an]
MM MIdenmelsERRlnel (interface) MXMUASHR)
aualeilaneod (interfacial tensions) @LOd@A0 S .S
S, spmiaee aflime 10.19(a)0lene (b)wleno
BRSO Bleny ). quvmudsssosulad (line of
contact) @M} BORLIPEBEBUIEN)0 MSWHNBSB (al®
elsnielsEByd  quamyeillmoarun olen ol olesamo.
allgmo 10.19(b) ©lod mlanje @oa e®»osyo o]
SN NUTWo ©)alldBlanoanan s,

S cosé + .5 =5 (10.26)

]Eelo - DAl THIUGEHN@E 0 QAUDYAD VIO 2 04O
GRIMEIAE] S, =S, BRYSEMELICE TVMNIGH GO
B80) NILanA3EHoeNd (obluse angle) @RWTl@o.
BRED TUAD0, BElo-olomile: Mmidanne IowiGel
oNGadael S, < S  erasmelod Groy B80) MM
826mMO@lemo (acute angle). '9' emoemanl
SNUL A0 BHIEMIQBILIUT (BOQUROTYNE! TIHRS(D)
B alDTBalDo WAMA0W)0 IDCHEOD®HB)R0W]
RQdenIelndWlo ERGGUlBNR]SIN), ) B)elo
(B0QUS-0I0 TUMUBHHME 0 TUYMSLBNOG WIS
DDAR0 M2 l2IUFICENsE]l U)o, @ROIMIO3 (3o
0 QRO MMHWENaTIeL Gmeeacla] 300k
OIS WA GHUS ELIBOMINE! IR DS
200 WAMIWOW] A GUHND ]S WINENEL 18
BRO S, HM HIOTHNHWo MOFaneInd0 cos'g

h)SkHGRN "D OGN HoalkPaN YD TUda0
2 10A@DN@G3 'G " BB} MYMBEHOEN @6, RElo N0
QIIERO3 al009)EMIDSI0, lITlHSEME3 AENSTR
(@lenanne ageln amionailemene anaRey alo
SN} alDBHNEMUOEI0 TuoRAlemMANT) MM,
GBIV 103, WIQBRMHUB, aeandlod ATl
BOUB MMEIWA HaldERG MMWANAD TVIBIA
MBSO, RLINNAOW] FROUIBD €2 IBERGTUE
TUTURBENEHOEN 620U TIo RS @GR
MG aflosmomio aNEaI3EW] &EP):0Mo Tuand
WHOAD). afIMOE3 AUTCGHEBBI0 B0 MMWOG
BlE9UIMAIERINTHNIM  AUTSONEHUBHE (water
proofing agents) Reiomlmye umimomlesl myeil
malswlod el quaudes GaDEMEHud D=
SNADMBS GUOAIENE, FPHOERINS @DAI MM
WM @M @SN,

10.7.4 maslenio alaaa)i
(Drops and hubbles)

(010U AHEMENILINATD BRAUWSHGNAUIMD H¥l]
WHATI08 UMD (BFOUSCNBB]HB)0 @H)AIBebH
B)o GOOBABHI00 (A ldailesamoy meemmmmﬂsm@
80} ERMINTAOLIRIEM, MANNS &)5lBNIEIE}
M0 GaU0a] $,2l8H08 OV afldajlajloam @pal
queamlaelle Aee0 Miallal dUEnl @Rag)®od
HRGI03 0)a DS} 2101w oyaslaglene wlsEsud
DM (A IOM SHeNEIGaNE0dm )0, GNB&l:8 o dh)dl
BHF10 of)I0)OHIETROST GUIBGHO QRO O} Y
eoa] Gdlsses aurilomod] mlelmldaman
Ag)IIGI?

M0 GMOGOM AlOIMMIGAIONE] B0) (B3O
OO 0I10WIANMWIBB TUMUGSHMRICHIT DDA
LMENE, (300D (AIMEISIBUS HaldMGA DD O
2o dn)0demaead wodlese. so) Mlumilo osss
ilal, afQano GOGTT DVGRMEBS nldel, sHQ0Ie
BIOGTD al0a [BE0IDS)HSIVGOWBlBMAEL. 630}
gsamilad som quallguacdm Dens, GrMIMOOS
MDDV BoamenIingo o snielsmslo (960:
QWY IEHIERIWo ) WBMINLIESIGE (3ONISGES S
U3 CNOBOGHOODOW]B1En0.

80) GVIsSCMBSIWHS RGO adGo (ailli®o
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U6, ' @PHOMBH GUISIR\Wenss am)
onagl quam ellmoaiquodlelnasmanloloeasg
@l Ao Al e adavlaflajpad eidenym
@l (alel 9Dd|mndem,

[4n(r + Ar)*- 4] S, = 8ur Ar S, {10.27)

onas] quameilmoamyNWIEIReEMEsl08 GrdGnoD
Wio aOGENW0 aABA®L0Tve (P-P) meimss
ails:oauamlenes »l5am 9mdRe,
W= (P - P) dmiar (10.28)
28108 B:05;0NGlEMaN BRWle DDAROIM)
o elyawloles)o.
alad wlanyo

(P-P)=02S/7r (10.29)
IO [300kRH-QI2W} TUNIGSHEE KITTGI
GHOETRGHN] QIOET EBMYBARNISIN 2830 GO
UGS QURODIIGRITIEMENU8 &)s)menwlclon)o.
2R00EMOIINT (BIUGOISE! QD0 AIBHU3E8)

BRGODY 2OAM BRI, allido 10.20 (b)
OGN

Z - 7 ~

aflims 10.20 ¥ @pensR masimle ks, @Feoan (ool

B0} [BoUD: MOl oo 10.20(C) B BOU: )
S8101G3aHaIN 0 EPONEAINDE [BOUSHOTIT 85103
audl@ a21gRan Qnw) eyAlaelod mlanie alyeyo
Tuae|Slalemany; ae) @alaos e TumIdens)
RUTBRETE. A}SHBILINHOT Q130 DalGLIwla] 830)
elgwlnel adao

(P.—P)=(45 /r) aoyern (10.30)
B0} GO} SdlzWes oaslael adanlo WE
SHOOSMTNI GERGIHNG OO BBGIEMSHUB
E)SYMEIE, BREOHOENRIEM DOHN0 &) HBHUB
DENROBH)UOT GUETE]l DDEMSNE] AUD)TNO).
10.7.5 ¢l 2wWda] (capillary rise)
QUHROW {BI0USH-UIW THMUGEHDELITIT D! B33
QY@IOTLEDINNG a0RI20W]S06m Rele MS)EElIw
)eellod )51 w1omedatsMoInm R
aila] M Sleelkss 2UemMa). enalw qusdonss
D0a{leld] B)9en®slod oo alyemao] B:06moo.

(a) (b)

aflime 10,21 @ali@dlad GWFay (o) spsailms;ant avsgonlad ayeml
(&:Srﬂ@ﬂ.‘t?'n.@j}o')t]? costla o, th) r.?'uﬂyr&:}é),zga}_.rramﬂam;;i
MWLM 6 iS50,

‘@oallel’ apam englad anedland erdloo @S]
AYaINOETD. BROEE:ETEIE ENAlW QAENANRG &h)F
ENGRB dydaileid] eneens:ud afyam) ailglen)mo.
OO H)FENHBI03 G itld DWAa] UBRO &)3)
®enwldleno. O} GosmIAN@IT MO aldl®
ooilael Relamlcd 0w Halajléleayom anomeal
AOEINBS B0} G i0alleitlomesd (capillary ube) «lol
Delagas (all@o 10.21). HABBOWIMDI0 Qorvkmells
Wlenss maUAEHEHIETR MLIMEHIEND G, @R
@INOd3 EhrWldangeipel Rermmnag elclkmnelo
GHOETIRG:Q @6, DalFIMEITHINE! DS UMD
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goainoalled eousajenwmaes laioesner 2.30 x 10°N m' agesmmd eanlsles;an). G EIODD]
{1.20 EpEusHGILIKR® 288d ) posncazm aimanlmazgled 40.0 cm opvarnlcd ampeom
aldlmoemomlenss o) oo ojakna|500Elal epilgenaslonl tdde apmmolalene? (Be) Eoamelan
odgo 1.01 x 10° Pa - a3 aveiymosmy).
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GRUWIS Bl leImwsmemmd

10.21

10,22

10,23

10.24

10.25

10,28

allmia1dsme 1.0 m° 983 quaszm)e @eslomoewos)sSle &o) SHSISN Loannd@ &0} msElonlwin
savyamlenss oile=lajlolen;mm). msslamlwns eesleowon 20 cm? 0@ 8088 36) Ha101w
ailzmorilelewosds)slo ainmlad gk, sosslaa 8o} B0we PAIBBe H:IMBe B0Q e @RS (EBalmH]5
TR 17) Ow0smz)e ailodiesym), oarle 4.0 m pweo awe an@iod @BSaTGIGIEHIDOAIIDLNOD GRIE

h BT Dcdtd ).

afiyme 10.25 (a) - wlad woemilafdlemmm)sanoel

B0} FBSa] alXMOBIENBE AMBADINT 2dEo 630)

To pump
1

226198 Palewodla] @R8HH)M). &)0a]) ?
QMo B0} M aleworila] aloimsslwos, ' 20 cm L ‘1
1

zosmolgd aflime 10.25 (b) - wleeimaaee

AalmiEel s

apgal molaeim). asemialgoled fae@odl 18 cm

2]16le9)Im (Bockso SEndanClae GRmeleHndge

pudemclanes 76 cm go @z,

(a)(a), (b) apam o) quoanalosmglaal@)o
Al leel O_IO(G'}uB:fDTOﬂE)('@ sdhOlEBdgalje (a) (b)
awed adgane pudsenolanes cm welgle i 1,25

nJOCQ):suG:.

(b} 13.6 cm Relo(sondendlmeoa eledon) erendixlgolad alelnom RjRamileales Ale)@wInameslod

ORBEMOIHS HLINIGE of)EIBHM 100? {AUIDHEDIOTG 238380488 521010 2YGIWIM: @RAUWITlenw: ).

DEME) aD(MEBBUBES BE0 2)AIS) aloalB0he AUYMLITm BREGEIWE0. B6) (IEMid ML) 2o (particu-
lar common height) awe Mlowsm euREOm RPN, CARIZOGD AO(@EBIN GaNAQTNED GO
a5l PSHR0T HAUSBo ~fSjENMo. nD@OBIOM meSITmSIe H0IEs0 (MIE@ITIEAT MiBlo BN TUIA0RIDY
engdlelo 50) ErlIHEKDIGEMDIY MBEIRMWINETNEID @1 (nIEDHOHAID) D00 N HNIRS0 M1l0a] ~IDMEINS

B0} (@O @HHeMmIDUd QILmLTTMEOD ERBOLEUE D33 TDOCHIDOHIEE?
&

oa® BoMmOMIEd qujail a0) spemileciss oaaalafldlesan;, aeailes awsiedge 2000 Pa eoand. oame
@hetiSla) smEMUEE La1enElensmensslal, deMe SUINERISBITD ald®o A ROOHIIE SesMo? (algle

101 - @3 BN eLEO@HIHMW VOB BaIe@IPles ) ).

eaIdamolonas qunadasie o)nlleeleajemingd symiseal Balooldecand oo oy ooilew dqurilsileeod

RamloLiwie NdlesIfREBISLIDe Al@I@ONANAdDI Mo GEIDen SO,

{(a) oe® aKane elelimod (laminar) mrmi @s3m) eaemeniElod, alsaue 2 X 107 m pag ao) warilolo

LADIN0OTHING aBQalle S0 WesEl (alealNe afIRoclen;e?

(b) ralawars cdatlesenoned swoauem snueisaud (dissipative forees) asymad niwomeoailomleym)aaio?

OUBdhEINo Ol

a) om0 endlnad (laminar ol ENSEAM) enldamMenelnd, areo 2% 107 m ge) wanlolas
o o [ o
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10,27

10,28

10.29

10,30

(IODAD@RIHMW ~FRale &)Sl® WedWE]l (~1e0Ie AfTHIE? (b) AR ORI (A I0DA00Tl06E afamosi?

(vamolan allonbemomigl 2.084 x 107 Pa s apam; ofsjens.)

8@y ollaome qudlescinmoiled queoyelmaom a1oan) essaEldles;mm), oo oad il salsd
goeosaNlmle 23 m* almicdamaans. movoom aloaladenocd avoallend sane 180 km/h -po cacd
210160 (umekonilod 234 km/h-go awens ~feled alasmooiend aomi aldamoilens. (aoa)ailag qu s

1 kg m™ @romand aps;ee)d).

dlefeon sowlad 6] alelemsmonie, Bpoo 2.0 x 10° m - go auomo 1.2 x 10* kg m? - go 983
s103e)0ackmoow ao) oRslwes osdalknod caln (terminal speed) ~pamoad? aielemamoe msemenwBa
moarleiilod apwolond allrieeomilgl (viscosity) 1.8 x 107 Pa s anoamam) afis@e)e. @ enlknmoilo
meslolenss allniaat sniek (viscous force) agimaymeosm? apwerss o;s8slwes gloleuam (buoy-

ancy) @BOINSTHGE ) B,

crusaaaeale miqumel] oedenol 1405 qunides ce:omd DaEIen)aN). MM OITL O®:ISNESNEIES N0

Sy 4 & e Sy 4 o
azos 1.00 mm assmmom 30) osis@slw symi oade9)0] a0deL0088)T al(@anlald Bjosardeniamn;.
AlOHTED (BOMG(nIPRIGBIT GRtaldHlenowl symiloel endenol aF®m3al Ao MOPe? el leHanaIoagd

puminoailoal sadaentloes (rmekniel (1.465 Nm™! eadesdlajesmome = 13.6 x 10° Kg m=,

alyoaue 3.0 mm -go 6.0 mm - go paz omE ps)EElw @yeane:ud (bores), cmenEsgle mom aoy {J -
sy 2eRosnOm eanE]l swomlaflafidlesyany. U - syl aapsse pulewenosp mecmlss, sysnilam one)
g meaBgleciwie Wlogisid @WIERss aymoave af)a®oam? alelamsan  moamleial paIss oo
(umatanielo 7.3 x 10~ Nm amens. qurnides ea»demd ayzyaoasmam)e sagagomlan quomas 1.0 x 107 kg

m oo aps)ee. (g = 9.8 ms™)

@I03SDGRINA [ @miy)5d @SILOdMMISHIW (aItdMo

10.31a) cpwelang TOBO P, 9o ¥ - Wes ERMIUy®macD] @Y a10yan olallolod @)omiam).

(b)

3

p=pe 7. mailes p, 125 kg m auypdiloailael quoiB@@oeM, v &0y quloavosly
Wy@oeMm. MUOMBEIENss o1 eI ERIMOleHEBR)eSs Wlwao (law of atmospheres) agyom
Qilglesnnq]syam). ermelaeromnag @oaimlal qudleadw] wlodonian) (Tamdal GROITRD
(isothermal conditions) ) agam) @RM@Mlaf) OGNS D MRG0 B)ollhTlen . BREMINSIalo

g - WS MElo TuOleRIBEMAD)o TUED3ailan)d.

aialime 1425 m* 988 ae) cleilw aoleilwoe snienad 400 kg @00 90EOMMR ©alcOulEeam).
nIensM 2OOeTHWE, RO qudleasw @Ryoo MWlelrldomnamiaaam il 1olemd. af)lo
WO AUHY @RO) DV

(y,—8000m - ©0 p, —0.18kgm* - Do @YHEMAN af)S)HN )



(A@REIOS SrualmOm Toefl@osaa & gl 313
L]

@RANENINWo 10.1 : af)AHISM OS® TLAAA3s (What is blood pressure?)

al®lsmoz 2 1BI@WIGE 2y !eERed MaRAWINTG «BolWalthio Mladam Mlelwlad ealeinglencnd o)s
Bl B0) @:0LImEN2W]. D HOBIUN VBMalolBHIREM AT NG B)E0 MleNIMWMEHUB aloeilGss
SMBMOW] AU}, DO) OO HDBHIENGHFIGE MM a0 BWONIGEIH) DM@ MGl 2))6)H06TR)AUD)AN
wam aamun, AdlemonaBglends &SIMGalow]. FSMED aniGVGNIGEISD) OIE] o )}eE:08Ma) 010
DHDIBNFENHBOM WATIHU3 af)M) MlEWBas EPGIWIBEEL. BOIOIMIAIIT af)® 00w 060 DV
DOWIBEISS af@WHN S af)aID (A IBMHOD DGI:SSHOMBS BHlal BMa1io)0, El00al GaldeE! DWOD)
88 Bywsmglo GRdlaflglens. af)MoEd aldmi, agell, MmO GaldeEIWSs !eEEes Mlaudamlmidamn]
WO @RAIEIS 10l MatisenSie. WwOlEOMING MIFAD CIVAWINEl PHMo ANYBVTTIGEIDE
ORNHHOMBS  WATIAAKTLNDOS S FlailelnTnosm’ O &:0osMo.

26.8 kPa 93kPa 133 KkPa
B 13.2 kPu 13.3kPa 13.1 kPa

aidi@o 10,26 lRieNGeiy. @voY SEENBeEAs Dariyan upettjretorlne] Al sovseglenss nilseloer crnfadgoemlo)
Aol Aefo, Dl folonan adioe &9 a0l « Boimlamamkac (RELGE BYBanAl} wDR3 AR,

afli@o 10.26 H06eMlEOIMO AW}y leow Rl QI@ITV® TuooMaEBglnel TVlomalod G:0emeq|siam

woovoel adgmoan.

IS0 (2180010 §2I0)MOVGIMOGE D Bdgmely el amalensndad Mmes Psnidamles
P+%pv: +pgy = aurleo # o ag)an TVBAR: L0 DalEOWlBe00, [Tuaae:io (10.13)]. mam) culoagleeiw)o
DEMBUN @0 qudloanmedlnoed, wolesodERoMag aBo (P v/ 2) aglapesdse. @D
H00sMEMOTE arOildisouilael ened adgo P, mia, ~otaoomilenist P - oo aoeilzers Pogo

o@ulod ®oeY GaLIClenan IVBARGIOMOG3 MW |Slolesan].

P =P +tpgh, =P +pgh, (10.34)
eailms P race(mmmﬂﬁm@ TUOB® @RS,

a0\BOOETIGEIBs0 BIETIaieOTEEIn2Bs DVOOTING oRee3u0 myeysagosm h, =13m - goh =17
m. P =1.06x10°kgm” af)an} af)S)80H@oasmMEsIa3, P, =26 8k Pa (a:16£1001000:@3) - 9o P, =93k Pa
- Do afam) MMEMNIFANY, p,; = 13.3 k Pa. o(a1m000 wdelecmaad morscmmie ayagleinomo)e

233688 80) AULOG] MIGIENGITUOUE AULMLTVMBOSM. af)INOGI @EDWOUT H1SENEMUOU aRBHEB 00

MERZOGAN]. allTOood availajlajlolemanoeaneel an0Izy WWITS@ADIER. WOlOUITID
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@EN0 aBH0 HaldRAW] §alER0Ulen00188 2@3OWHNg M8 G500, HBAH0] af)MDo

|1 mm Hg = 1 torr=0.133kPa|. aoidoomleel weooweeladaasem P, =13.3 k Pa= 100 mm Hg.

DML DO100 (ald®IWNS EROERMSTBII03 BADIEM. TS HOE: HILNGSINL! HOMLGUWBOY Q1003
Aeud TueRloe:dloflolesman), @O} anlBROWIGEISS 0EMo alladlemGrUoud ®OMITleMmE:W)0
DOGLHANNIGIMBG (alUTND®  HIETHIBN)EMNINUE GRSV HalgRAD). ITXMAR@T] MITWH|S
alni 921908 AFlwio Msan e erMudlealwwlea)ns BsER0d USlo B6Mo ROWlGnXlng®lene
wIvlayouo)m). ~1508ajlgwiled smeowss mlel (attention) - @3 MIGIGHHMRMOW] UM BTV
A0yBDOMIGEISN alRyDaImR0W 0EMONENG Gdla QIOANEIOMMHGIETE GNIIWo HHSIANETIIN]
ORHOETROSEMM oM} Qe la:clenan). S01MASM ErWONS *lSEn0d apmUElajond, nd3sa3Ud
OREILDOBNER|SIh Do EBWOUB GeNIdWo AIHEMES)HNGD0 Halgam;.

Madleemmoemoalyd apan) allgles)an 80) 9aldosmo TLOWIEFMEIT] AMHHG OmTLERdG0
BREGHIN DalCLIWIERNIM]. CRAVOMILo CRIGMINLSIRRIW e MOIQNEEIGHINMWo O} (alIGomn]
M0 GEOUIMINS BRYEDONLOTMNEMO]a] allulrumIwmow @ROINT M@IB)EW0 HaIYIAN). ERBHHAT
o103 aili@o 10.27 ©F G062 flElen)mm). HOE:eS MGS]LIHTMERIN DalERIWIHHIMDIM BNE) HO0
EMEIBBIENE, BANOAMOIW] DB a0iBVONNG @REH TFloaleIcYmAG:ME DASHOD EPSANHUB
MO BREEIBUE O\ RODIGRIGIEMOS @S)OMmINdlanie. omEIemOY] @railas &g a@puril
2O 9ABOE®MNE Milonw [(tnpeslocd milo (apagmoel smmwesls mile, brachial artery
afan) algleman))] ofsjemled quemoailaflesond quowlenan). asmlsumuersiicd (Wrist) menes
alloey®ud Al moeesepanie MWl MuBmemInd ¢moe @RaANIgIE. B0} TValBMo 6o}
BIVHHMBUABMENIB 100N TUADO af)SIANMMN). BIGOD MalBMODYIM) AlSWEE a0L3Ds BEMo Al
B 21 GNINUE, ~OLBVONIGEID)e REMalo(dh@e™ AyAUTUNWIGEID)e BdGo alDBIUUW] G )h o, ald

2001W] Mo Al HalGHWo B2IGIaD).

mileguasla: ndao (Systolic pressure)

) @RO

a0\3@Wo il teoamouqunWIGRIon) UOYGTUOUE  HREREeIT

/ = angmalod
defmy ruaadol

aflide 18,27 m;"nn?m";momo;smom?go_jo DAV
TUGehoafle Dateowla] @dm Tl
TG0 FRGNEE

aQO1o &0 ddBe @RWdleean] (AWGETRO
gl8 o330, diastolic pressurc) Miaclu3EmOa06MO
2198 D alo200IU] 0EREREE (ERINDCREBHS )
BRBHMBS DaldOEMEIET, (SIUSHHWOGS (Gaod
2}20) TloT]eel BEMnINNa00 GRID}EWOR AT
aradomod gl enalmid (oo od (lami-
nar flow) alany (alemyeniwmossoo (turbulent flow)
af)IM OOIOI2ReM o0 (ol UGODYE} M o).
Lal@HIENTW (alZa0@IM GUDDaHEMo Miorilan)
SO0 DO TVIHSIENAN WNIBo HTRMIVEBIA{IT} oSl als}enome & ¥lv]o.

PORWAS GO@BONOTIENDS anglolclesman aooyrvseiloias enE adso &0y @26MmonT1Qd a@rael
@108 B30} wond ade swe (Dial pressure e0E) 9a16000 2] ERBHHCAUM@EM. (NG VOF BRASO]
@RsSOIMmaL0 tseilvleel adse @rBe aldallajlesymm). cuseilwleel 2@3o TUOAIWIMo B0
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SO0 BREH TVBWo TUERIWIHS HBNFIMSY AlajlAlaam HAYMTTESa] DalEWOUHla] ENIESIVGES
BRAG0NWNC3 DENROHH)AN WENIGEMUE (WALlBe»:WIo HalgIaN). Bd3o UleERIsle: adgawImy (alod
awl ailel) smO5mIRWO®IEMIUE, EBHAS0l 2N)E)BEID TAWGOMOE] OROGNN). DD »1)0)6EBlw
TLBEPITISTH, UBOO 2 )0)6EE10 ERAgOIYIHEl dSGOTHG AN YWAMM]o (IGHeNIWAe
BRONOHITR GO WNIGOVOMANBWGlse)0. MBI anelddw] STV eIl &0y wenido
amdomam). musmilolael ad3o aflemRle (@)02Jo0d), AOBWANGOWING 80 MlE VAW EOMES)
@501 ROATIBlEN). afTTFIBIMIERS AOAGRITaIBMETING ALEIYIsls: ~eigelalsdes (aiQale
)06 2330) ME) GRS WTISNM). Wiald:o0o Wenisawlang (tapping sound) mseaIs
)symengldene. ruemilolnel adse wweryodls; a3EOIS afOEMINE A0y alkommlswlod
2930008 BRSO GROAVIBIBHNM). afEEROM EBHWOL (N0 BBEAIFI0 (AIGHENTIWANe YsNIBOW
200020 Blon)o. alGHH HANMITE0aIG8 3508 WENIBTMIM] aldhbdo Mo &0y TUrloale M5
WBSBONROV BO) ERLIOOI KOMIBo GBS,

f0) coorloes osmavendde mileqyogla /meqyosls: ademBIMNS EROWENIMDACDISIET av)ail
aflosya@). &) alllwadakrvn@lellslesym @neeorinss maldan @rudos @ allewatlaloe
120/80 mm Hg (120 / 80 torr) @yoldleno. 140/90 - 03 coecioas 0smmozdaoma) sy roadd@anoe
allBlw 9aIEBA GQITBOEM. DWAM EEMIVEAdE0 A0BLEMIMe QIGHTENe 2Y GROKDA
W0 AUSHO a00NIlHORIET, ERMIO:IENE) MM M TIBHH|ESNMI6T,
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(THERMAL PROPERTIES OF MATTER)

11.1
1.2
1.3
1.4

1.5
1.6
1n.7
1.8
1.9
11.10

M3 A3610

Il TEe MIalQljo
Mlalailel EReaEs
ERRBRODNMES AU
GREAIVIENIS Il TlEIw]o
om0l me

Qllisl2iSmI WG

el Al

@RMOIAIGo

el Bl 6o

msand @agldd Mo
(MWa{{inlty

Qll oAl (il 1 W 513 (3

I GlR1RIMN G MeTRaD
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¥

11.1 agpmaials

MIICTHW)o @OalLIGDW)o dhidla] NAHENEINBEN0 TUOAMY
@enIowaeNs. @oalmlel afimal sa) Arimelsad 2151808 oloim
es @IBOUTD, TS H0IBSNSH BO) s)ce:g’lmﬁ DagyTy DUARNGDIBHIAD
HalSIEWHNB A)SIBRMOEM. DD &UITULMODIGE Moalo, oal]
el ;560310 ME T3 lfEBaS QIgen (Uerboaljdale mldalailesasnealang
BRYUD Y SHMWENE. DD GERWIOTOIGS Hoalo of)aADONEMAN0 FRED
SABHM BBEMNANHUM0 ~lFlBH00. &)S0m 1) UMM ledmlam)o
POGIATIEBIEE Boald BB AlolLMEo el HIDEaBMGlalo ald]
B900. BRGIENMIOSI|o AN CGRInOSIMILNBM &0} HOBOISNE] o f(wh
o160 al)0olaHlad oIMI AUSWe 0o fleR)MaIm}@3MBal 21)S068;
DO «fATKNBEAN)0 GAMIDN03 B0DQ0 alB0d HSEIEHG0 =0
SO afIDOBHINMRAN) BMAOBNHN0D. Relo TIBTDHEW
BEMTTNOWHEVO H21QEMUned &0} Aelw apaal Moalo qUfleol
HENBHEWO A NIGEMNER] AUISIHEWD H21GMeETEEIEN @OalmMerslod
QIL® O0Vo QAUBITTD af)TTNSBHINENRAN)o alFlH6)0.

11.2 moaimloio)o masiye (Temperature and Heat)

OWalmel, Moale sHaMUWHs WEUIMEONIS)ES] alBodLOmBaeS
M2l lWIVUBINIEIRHBAD01 2] )88 NIMHS ~lOMo ©)SEBID. MIaknlal
Af)ND al)S @BELESI03 ®eM)a] agyMOIONG 50) EYGaledls: BRSO
BROEIEHIW T0)2INEWO BRI, 2}SOVIANLH)TD B0} alo@amilad
OB MOalRITOSHSMINe Baf)Tis5WH MOFID @oalm]elwe
PETTNo «IOWYIN} §©) TSNS 060goe} AITimnilem:eoud owdan
MoalTIEl 9ReRE;I03 @R@INM »115)883MRW aIOW)ITD). U)o §al))
MoCalONEl, al)Slo @eMiajlo BRYEAIGHIGHAEEMADGEY ((OAUE] .
a3 oMOMIENNS GOAINIERHT MEA}Es Daolenod Gelwan).

el 2588 dlarrsmslad, @muakgom‘i o fldlasnan, manawil mem)oe
$0) YO0 SAUSIOWOMG GsM)a] LBHEHEM &)0WHINANO GBS
2)S)BAMOSHIOAM 0 FREG EGHRVIENAR B0) o] 21} 210D Mem)
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S HAUTNS @RM)BAUCIINS Mo MMHH0lwo.
2@} Ammilnng moaxileim)s (0 Meansioyeoilod
@EMED HAUBRo GRHEIHIGE 21)5)2100) BRI
21010 05)8% 20WLOOETIG @oalailerm)o lymyaso
D0 KT 210160588 A0WAGN0 B6D
@oalMIeIR]od ap@mMmaIeo ol GG MIalo
GRG0 HalYea|SIAN). MEMITN HAUBBO DUWBHI
A/AN OV SoeITNHaY SO0 @@ Manlo a));ald
535 @lBalay Qo SosRUOIGEINST  B9)dh] 3o
AgyIMN203 41)S)AI0WWRS HIOLOTHTE Moalo AIdW
DUBHNNIBBIM Baflodkmio a Qe 10s)eSleaks &)
HGHWo Hal@ANIHUND ME)Es @pGlmoo. @RM)
DB06TE 6N AUTTH) LU {BReL]sEwd aRailalusla,
e00) MedlGal, Bo) AImiayalje GRMIOM 21)0);al0S)
SBjo MAAIGID M KTIAI QG LHTEIONNG 201200
HNGAGo HalGHalS)TH 2DIROWOWG @)alnosm
@onlo af)MD MA)ES al0WOR S0, MOGIBER
aiload SI wysmlg 22308 (1) arsnl. moclmler)ss
ST wypemlgd es@dailmlene (K) anailaad avowoassm
wjemlg °C ano myailaflenymm) ae) cimioailem
ANSIBNGMUID alBl K0QEaBZ)e Tosaildn)e. GROIEMG
@oalnlel e, @RI Ald:aTve Tuoaildanso
BROLJESIEE AR EROKTLONACG0 DEMEI:I0. @RSGAD
QUDIAM alORINSBBAIGE MXEs) QULMYAB@ QUTID 06
SOl DTN anelo al0ldNgoe.

11.3 ®mumlel GRa845Dd
(Mcasurement of Temperature)

@valarlal Grsea;amalmow] 80) Hmdenoa1gd Oal
GWIIHNYIN). ~IBALOARS)AHS BREM 0 BDM LI
BOQISEBUE MOITFRITEHMOVE]a] B0 DEImem
88 alflal Tuieoa TuailguwaHm@806m. HmMAEcnon]
qileagd afldavsmalal aRslarunomanl 9alewowlafl
@ANAMD). BB BOAUSMTHG Qlydaimaal @oalm]
EXFEnmTuGla] al@iloome TuorAIleRIMBNIMM)SS
@25, qLoWoesM HmdenoalQrlnd 9a1ewInlaflel
SN TLIB0AINIERAHD. BEANRSTXITIKT, (F16EBU3H9)
Bl ;a0 quowonem amdencalgoye:gled {(gomsl
MBSl (B3OS0 Dalewodilajleleman o) Hndon)
GlEwo BRYOBSEI0ER0 BIRYSTH Daleous]alBlemamo.

BRBEOETE MoaldYeIdas &6) TVosLtalonow ailel
ellenomencilte amdenaoneud arenmo sl
BlDYIMN). aR® @RSIILNIMAIonow TUealeileng
aildaiamoniln)e eens mlunile @rskr nom snilm)esud

BRYQIGe J00sM. B ITlEIdEnMmTudla] afel almiam)
SHFESWo Qlelalo BOO;AMMIMOEE QilkehoT00 Dl
Wla] ®oamlel SRaENaN®mINMEWORINNY 80)
2OMA TV}aldo (absolute reference ) eigyoal agyamle)
amoelo @aienowy il ilEEnns @RGMm Mol
Mool agedts 0wl Mogailem)m &0} BDGE
(al@lzomualeo] raaWlaflen o «¥lo)e. =el
ORHIBG Oaf)T Gawfladie (ice point) Mile Galwiladio
(stcam point) @erE qUDHG Y Al3R0w qudlosnilas)es
30011 90a{ldnde. a1 (o1 Ganlag’, ¢minol
2ila3 GaIg aganlsamam @ClWwea|S)an]. Uo)en
=2olo @molen adaomlod (standard pressure) @Log
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Capacity) agyam alow)am;.

m G088 B al308L00 AT @oaKTlan 20Qo 9=
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@RIMNPENEOEAM M 0a KBIEIDIBE] QU L) LXTUEOIN (@
MUNOAOGe DLINHM) MIFMWIHNIN ~IB0ALOCTOIE
TUIBRAINANGRAUDT T IWITID BIH)D). BO) 303
IO @emlg 200S Gr®IOM @oalnilel sy W)
61G MOQo AUBEMOM ERWIBEM 621 hGWY al)0)
GOOE)NINS)BEWO alQRan D@0 @RBOIlHMm
@ aHSHOAIWITID ag)IN)AlOWIAN). DD ~IG2GL0
@WIOAF TVIRCQUCTNW 0 GRMIOWR Holm]elcwD)o
afleman;. Al smoalwodlmm)es S1 aysnild

I kg K- @gyan)am).

-
7

2OV k00 aIB0RLOGIOIEG @RSl GROB)HB)HS
BREKTLOOMETIGE GATFIBMNHGE ~IB3BLOTOG ol
WoElm MAEE) MINLL0sT 0w M@l ilenco.

LS 1 AQ
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i i AT
mailes C easaosd alwl@ismoalwoslm (molar
specific heat capacity) oyamol@ae|s;any. S om
Gajonal C Wio aEoGLO@BTIEG TUIBdAIGOMWo MIal
el @HLRWIENMD). ¢no8od alludlaHs Mmoal
wosdlmaes SI el ) mol ' K ' aganiam,).

afaNIDIMOERC QAUSDB6EBSHS AUlUWBlEHS Boa LoD
AT 6NITWEI [S3@103 C' e aildala lenoad ag) alend
MWWMHUI )51 ERAIR AW QInjo. D TUSADIBY
omlad aameslad Bdce areglmlad oanaal aqudle
B0 QU IERHETE @l OO0 H2IQ8]S00. OBk
aqudlencoldlenemioud o8s enosod alluwlais eoal
wodlmew qudlends enosodaludlaBismoalLOEDm Cp
o)Ay Mailafleniom). emaeacla], @oales®E0g0 MS
SNEMIN AUIMSODIHGG 9883801 qurlenonialas)
EHOORBINER NG, B OVBS Gaoaod AllBlis moalo
slmew qudenioado crosed allwlets moalwodlo
(molar specific heat capacity al constanl voluine)
2} algles)ew)o D@HMm C anad T)ailaflony
SO0 HalGIN). SSIOGD AHlUBEICIBEBUEES @RW LW
12 @06mM)d. wlgla 113 03 allal agodlosEss)es
AWGlats MOaILOBI® VLS MIalmlaigleno
@panoleundaonilale GRSME Goa RSO0
A} algld: 11.4 08 adlel clomesEnses ¢nosod
ailudlatis Moawodlm maIElanyan). agle: 11.3 o3
mlam Raieollm 1) ~1626L0ABS)A0W] MO DY
HalIEMIIB a@Qlo &SI AUDlaUSHa1W
CIDHWDETRAD AUTTO® TEBEB3EE (RLIEN0M8 @yl
®jo. D HICANOCTNINE REIHOD QAUIaOMEEBB)NS
soclegoiaglod wloleoslwow)e as)Rara il
hglad (hot water bag) «01Q00W}0 DaleWOUHlan;aM).
godan Alluglatis ®oalwsElMHWBSCIMOO3, GRUMOS
SNBIBI) REIo SHONWEEAD AUBHO TVOAWIMo 21)5)
alSlaam@io M@aNaIm0] @seladalanas @odlal
a0} wlmsla arm)EaInaSithWie H2l1QaD} Al
eBWaBgElE Doldlmeiamlnal 26 ol TG
CUDODIB 21530151609 @w 0 o(@V]@ Halogan
DETTENBD0 612 KYMOGKINERSBNERRNTT WG joud
MEEBUIEN] 2 lOWOR HE10OEEI0.
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1338 Mo

alglas  11.3 afle) alzodiossea)ss ailualaais maaluodle
nlrodine oilodlns monlwodlm
(Jkg'K™)
@penalalae 900.0
B BEniend 506.5
Ghda | 386.4
Gelnd 127.7
AR 236.1
SETReNS 134.4
200 4186.0
alglas 11.4  afler anmasErgss cno20d alluslaHs

MDD ahid

€, (J mol"K™)

( {Jmol- 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 ®oaamlm]l (Calorimetry)

D2l af)MDBLOAOADIDD DT @RS
OEKMOsT. VAN MoIDIEIVIERSs &6) AUTT®)
@OEMN MeaIMlaivlanss 0eQon) AITmaNBoW]
mmnIsnoniiod amond, ajQlalds)egleelds mialo
MaiSea|S3aNDE)EIE 21)5) AUTEm)QIlm NG an
DAIMAHSQ0 GO AUTI®)0iH0g Moaleidralo
@EILA0E)AN]. MInlo ERJLHED TVOWLD0HNAN Dol
BHOIMHED BHeancla1nd agamailglen)an). oalod
Ch0a|d areglmled erendlmle CaleNas &0)
al30dLho §H0eNs MdaAENOG &D) GRILa0INMmONo,
DBANTMHHKN)BH 63@) MM DUBRERBHIN),
IO SHSOWIHSHTD IBIBL0MRE DUin SN0
83)0M M Sl DOV BSIe0sm Heandlaiod aueed
2[IG1eRNME. 2 l)OCEWRN GRYUDSTTIO @ kS 1AW
(UGBTI o] FRSHOMNBS A D@OWOIWII)88 ®oal
MaHSHTD &H)DANIIN). AOEHDNSS RRAUDEMGITI
pel ailsallelss a6} 5000001 amdeonlnd eeelodl
210 ImBS1GRINS &HSOINIAGIED)I). MoaiNatisane
MBI GREIZ0NEMI D@0 Dalewodla] ao)
sLIEAITIM0NM 0il@ladis MOaIWIBl® H6enE)ails]
#2301 @'k 930a0osme Naod ailaidljlelasan).

SnpO 2060
aalayy 840
s ep]| 450
DOSIETR 2118
BaH05 1965
HEG0] 140

> 2avaneans 11.3  0.047 kg vomuges so) @wpelol
ilwe enoge, 100°C moaimileiwnaliomnamimano @laa)
RElo DUBHRHHIBBIM 630] INGYTWITE )0} Qo ]l
@lamomy. salegam; maam oalem 20 'C ¢ aga 0.23
kg mole s@dessoaaym 0.14 kg soomoes &o)
Canda |8 epaalod] plgalealss wogIM). RalawlHa) Moal
el awdm 23°C of audlewom] aladenym. dpelz]
Tlasl olluolfismonILOe]m) dIsMyds.

2O AV HBTOGSMATIENG DOMBO HhOENSBINOD
quleocimun®ilad agrendlnlwe GwoSe MOB®RIAT
Moalaljo Beltlo »eeldlzlgoje @Rwlosme salgamn
®oalaljo @elnoVIGElenenam AUTSm D MR)Es Dal
eOoUilenso.
apeldlmlwe enogamslaand acaiin,)=0.047 kg
ape)dinlwoe cNOSOINg B3y Moaknlel =100°C
@BOUTUIM M2elDlal =23°C
Moaknlal a@oruo(AT J=100°C-23°C=77°C
arendlmloomlnag alwleds ®moalwodle s,
afmIBlEnag.
@rendlrlwe GNHOSGHIIM)ENROE:)IM M KNS
= s AT =004Tkgx s, xT77°C
Relomleag aoas ()= 0.25kg
seendlaigdleng aomd (m,)=0.14kg
Roele@wle @¢eRdlalgolnaiwie @RELmal
mlel=20°C
Al RIGORIIEG @ROITVIM Goaknlel =23°C
ReIOHB Goamleiglelss ayalwome,
(AT)23°C20°C=3"C
RelomHg lWBlatis Goalwodloy(s,)
=418 x 10#Jkg K~
@00 01803 Allutlals oalwonls
=0380x 10°J kg 'K !
&6aRAlRIQoIme BBITIN)AEMRIW MBI
oilag @rsal=m,s, AT, +ms AT,
=(ms tms YAT)
=025 kg x 4.18x10* J kg ! K '+ 0.14 kg x0.386
x10° T kg™ K-y (23°C — 20°C)
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v fleonumy niled @reniinlwemImeRIE:)n M

nIDo¥iSo= REITIHINENREIAM HICaIBNR0 + HEEK

O121QAIMENEOE)AD Do leIoRo

BRGNS, 0.047kg x5, x 77°C

=(0.25keg x4.18 x 10° J kg 'K +0.14 kg x

0.386 x 10° Tkg™ K3 °C)

§,= 0911 kJ kg 'K !
1.8 @pauauoiargoe (Change of State)
Balo quoworsMmow] WAy eraTuaSSled mlel
M@SD). 1m0, (30QUdho, QUSERe. 0T EROIMINS,
glod agommlane aamlodailan)e eegoanleaIed)ss
alglaudommeom @ealrvneadge (Change of state)
Af)TNIalWam). eUe@TETIaTne (B30MHGHIGEIEN)0
(BOAUBOIGINIMo AUIGBHOMIeelono (Bdla)o)
@RS TUSIBEMWBS VM= @ROITHNIBIYEERGE, D
20Q6a3U3 uogailensMaBEs10d AITiMm)0Re GRGINNG
2P lS)h@le GG MIcIONHA0Qe MSHNAD],
21)SOSNEALOCPD MM ]leNEMIEP) OBS GRAITLAY
20g6BU3 aI0lBHOE MMBYBE BISPA]OWIAN (~ICIBTD)
Mo BalBDm)EMIEE0.
&0} snI1en01@3 @)0a] OV B L16N1NGUT afyS)@6)d:.
BaTNIBA Mmoakilel (0°C) eos ik S)om;H:. &o) rullo
DOAIGLIVODTY Dale@odila] B@Hm TUeQILOMmo
213500651 ©NS6ER). R060 Mg @wloyemioy)o
@oalailal GO IR|SIAM D, BafTileadw;o gelam]
eagwio GlWIMHOD @532 WOV VL. HHIal
rlaim)o URRONo 2alGoUla] R0} [10a0 AUOTEN)E:
(allmo 11.9). enMNan0lod agad o381S6@ess moal
mlel alyaieome DenEsemalesm; allesudas alel
SHIBHO03 P10, D@ @da JIEIBITBIGIeMAM (l0Idam
mooilad, @)5@a]wow] Moals MDA ALAITYN
DS (Sysiem) moalailal 200)avlel ME3E)an Moalo
sLI@TIE3 (Haf)as) milan)o (Boaksmoileekemss (Reb)
@ROINLOCANOEN DaleWouilaasalsiam).

g

mma (°C)

0 Lo (uade (Amglel)

ailime 11.9

i

ST oo K VR M0 spEN Ty fan)an Hmdnfy

Qn@ﬂb‘?&)f?} LR P N L T T r;’:’!&(].f:’?l)f.';)d?.?;_’,)o L etna]

Q00, (BONBAK A0CIAM @ONITVNILIQENTT) (3o
&H@6IMo (INelting} of)amie (PO EAW] AT
»OMm aniienad (fusion) af)anie ailslenian). suool
TG HILIOIE DOYSTHAUSD GIallal murlonow]
wlexnledammmeaan Tlelesdlande. @mOWD, Qo)
al3oBL00 SLIR@MIGIMIAN)0 (BOUGETIGEKSS) BRAITLO
A00)EAUSUS ELID-(BOUS BRAITLESHUD B30012] @dal
auameImeelad aleirledanyan). aie-1300ld: @eal
MVNBUWD aldMBaldo MIAKTT)eINOUod Wloden)an
OWIWIEEKD (B3IEMOEse (Inelting point} afan)oilglas
any. @ 3o} ATianailnad quall U@}, Bo)
quomdeawdal @eamoleundsonilod 80) «16odlo
OOIIE0G (BAKMIEHEOD TUOWIRET (BOIETNoE:o (Normal
melting point) af)aMalo@an;. BefHMilaad Earla:osm
(alIB@mMo ANTYILIENIT MOEE DOePq [OWZAM
L lIGOMMo Halgdo.

B0) HafTUB:S af)S)BD)d:. 630) GRIDANGMI af)S)O0)
apalaagd asmemeBglate Skg MM GnE dGemud
D00 [ko0)h. 2 ilimo 11,10 @3 S06MIM@)Ga 06! SN ile
DagTISHGWONS MHSNES QUT BN, BMil HagNia:
SUSMBFIONNS EHSAN)BaI0BYTNOY Hlea30das M0 lkemdl
8900 @Floam;. emidenamog; moavwow] ndco
&)SIENBRGIMOGI ERAIIOS o)l MOPAD @oatmlel
W53 DOm0 TLoRANGHIMTD. B
SHTEFDNEMINE miles) Meglonss Rel allmo
BBMTMOWIAD],. Ml DafHTVIRNES &HSAM)CaIOE)TD
@HF &HOBsMe MMM, MHHS BTl ASlemm)
zooymodlel aflsnzie @ememe@an (relicezing) oo
L DIBXTISO aliihdadinomae (regel-alion) agam) alo
WM} DERTHIRNSSWINSN e lot (skating) aquowymo
&SAN@) T3ESGMVI (scates) STVl Relo Ballsym
DOS)TNONPBENR0EM. idG0 BSINDNNG anBmow5
R0k O ke\EREHDo 00 &0} TUEMAN@: (lubricant)
A0l (1RGO D0 S1210aD).
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afTy MLIUMe RN H0FOGIMEDaHD
allene)o 213506008 @S0, 100°C af@manom)alen
@oalmal 9dane«sTElG )0, Moatailael arlens)e
100°C @3 aurleaow] dleimlodanie. 6alouwd Made
HalS}aN @MIalo REICOIIM (Bo0IS00ITHNIG3 ailam)
QUNDBHOUTULOVIEEIHE BOOITDTINOW] Da lEGWOUslas;
an;.

BOUSOTHIGATINT 0 QUMOTTIGELNDS BROKTLO0
QOQENDTIT) 8N10ata le:@6mo (Vapourisation) af)am o low;
an}. B B3oUSANe Me00lwew] B206e|SIan
DOUIBG MIakTlal Tvrilenowy] Wlarmladaanmm,. (300
SOBIGBNNN 0 QAUIDHOWICRIINBS GROITLOSAN)
OGS BRI AIBSALOGT GG (BSOS Gl
MUN03 DeMR)o MoalTum)amaiod mlaknladaman).
A IBORLOGIOINENG (3O0UG-QIOD B BROKTVY N0 G031
mlelnfladenan doamlermo ailsallel (boiling point)

Af)N} Al0V)aN). REKDIHG GSTEHO3 agy Lalaid
OMo BNTUIESNNIS0 GOSPJOIWAM (o IIBTOHKDo
B2 10MEMOB00.

2RAUSOMME &0 alBOTTHITE ol @D ]eluw]so
BEb af)Siee)d. DMIOM S0) CHO0m)alewouila] @rs
BN (afli@o 11.11) @3 SHOMIINMEA0HE! B0}
HM@ena1g0j0 Mool HSaN)Ea ) MTINBS &)
sinllo OHNHG CHIBLTIENSS HSORNIID B .
~080SasINal 2o alSOEIMOINMMT]a] ReKoilod
14 jldlan)om W) £alflay &:)El8@:800 a0EI))
QUBMD BWBYo Ho6emdo. allanis milesailmes @)l
BHUY BRSIVIGE Dalo HBHIBB)HWo GRA HWAAD
MSSaN8s MIMO REIGVIMS)O a0
BRI @R D) SR EHTV}0 Hal@Ran). asi0ilod o)e)
alad melamleagwio @oalmlel 100°C @i apomlea|o;
Do Daldknermlod Mlosadlo)es @) HlSaod agyom)

Melilene 6.11x10 * Pa adzooilenmnosi.

P F 3
(at?) A
218 - y-s oo ©
flGo !
10U :
0.006 ----- Q O ﬂ’HJ{ﬁquoi
BLE—| : >
220 0.0l 374 T{C)
(a}

BSlojlud entdlad (Triple Point)

GRAMA0E000 NSENETUID B0 130NN MOaITel I @lo @0 I wlo ®EKIELSS (WonOHM Ganay
Woe @ROLIEE P — T apite afimy~1ow;am). saodlaaione CO,amfo)e Gaoad anminemud moey
H0eM2]lBlee0m). FREBOIMDIBS B0) Candlt AW £ — I MEIDT eUBROWe, B0M®HEIWS, HOMHEING
aamlsERem Beullem ). M 200@EEHa ead@Itleam (2anie@oem Bollepsminoad (fusion curve,
AQ), snoatialle:0emwond (vapourisation curve CO) quenilenaad (oad (sublimation curve) podaimm
woanleel snilB)end RED MBDo AUBEINIGEANM] @03 BRARIG;R0M @¥lDNIm BRUTUNGT &0l
HENMY. enoatialleasmnoad CO Dloel snila3jdaud (30U®H-UOmS:Eanmeud amdlay dlelrmlodeemm
@OCUTVNeHSZ06M. (BAUBEEMUNAL, MR AlE6m (1oal, TURlEaad (2ad @Ol @glmg5an anils)
ed & Ganrueale amdilap dflelmlodesmmm,. 0P BN ®oalilel, adte apImiuew ai3odlo
ol (Slaflud eaomloagan;aloman). 2a3%pesmela), Baemlond (Slajlud sanwlad 273.16 K moal

ada-oarilegecal avaswsaaed fa) semn by (0,

A
P
{atim)
T A
R .C
6.0 g
(B3 g/
aulida
b [ SRS O
P agdalo
1.0 B :
B I- ’: E : - - .
-78.5 -56.6 20311 T{C)

(b)
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HWe Relo MIBSTSHOMW SEABHWo HallP)an).
afigomiesimagiael mlaoall £06mod erloyanlel
afyInoE3 afsoaUesladailan]o a oGNS QUGS
OO Haltlw ReIom)ssle:800] caimieailsas)&w)o
20108 Lk 1M DENBOHENB:W)o HalGRan;.

ailaye 1111 oiutiesnl etz

afigomiesimasios 2dso &g maiinoo] mleoail
AOBEMER] AUBIAD SLENT &h}0a)) HTVENW TVAD
GOOE6) BRSWER)HWNMBEI03, MIsWoo0d aodas)
M@ MeEBUWBER) HIeMIM B¥llo. arlemie g
£SO @R0ElB)MH@IMEMI BoalDlel 2WdamaD
@lmo] {(adsadwmallmm)rudla]) &)S5)mad @oalo
@RV AOVIUD)0. BRHEH06TE ABGB0 &SN M
mudla] @lamlel ardaslasam,.

ol srudsnd Moo ealge. Rewmam 80 “C aleo
@EMBNOM BRMAIG1EN)H:. amdeaoalgoje mlosall
A)OGOMENOIDMEIMSS sy1eno Mldtlo &g,
a0B0MISEHHM AUOW) E&HSOTINNSIOD R0) Go:0B06
B0 BRSWAN)H. a0 BOTISSIOD quomdauiied mel
S1e00] AT . STV GaldNL! @EM)TMEREIo
afBoMSasiaelas S¥kan)s. absomiainasinel arail
melne] Reo;an@Ilmoad afsomiasimasiee Belal
@Ko 8860 &)oY}, BBl aflenzle B0} Mm%
DoalImlaIdlod lagiancd m)seamsym). Bdco Enw)
emnud @ISWILIW)o @:)OWIMHAUADINT D) EI6Tsl
BNAM@.

A)DSO BN alGUD [ lERUEBSIOS aldaldo
DaIQMNT) LA IDATVAIS)TDHMAT 00y Qilcorlealon)
any. el pwessglad, raneleHadte &jooan
@B ane1n00] Relwwlaad alamlel romBaloaq]l
ENSSHIEMENUE £300aM). EMEAAC]2] (alatBdh)ds
olmzszied adse &ySIMOINTG coaww] Glgmlar)e
BSYTD}, BODCNEBIETIR A lBalBho a)Bla|A0HaN), VoW
@6 ARANOTSHAGBODIERBS 80) «l3odLDEDe
mismlels@ qusoesm @lsailal (normal boiling
point) agyam) alowian;

af)EI alBAL0BBA0 A1 IB0-{BINIEh0- QU@ ko af) T
DY EROITYNSSIERHS BSAN)GaNBMHBATIEL allal
Arione9WB aileicatowd aipoalTynollodmlan emalg
QUXHDGSHIUTUOVICGEIED 0 @T]2)lo HSANIEAINSIAN],
{B0OIESOIMIOWIGEILS hSAN0NM  sLIBIAITULNWGS
WIam GNaElg AUIDSUTNWICLIE Gald:)NDISM
aoenileaeuad (sublimation) agyIjo DTG QITTD)
MNG BOInlmMo (sublimation) quorailas)amal
af)aD)o alOWAN. HOW BafTV (lesaImnUlenss
CO,), arewsllad ®al 9@dal®mMe Tvocailananal
WOSIT. DOBAKDMATVRDOT BO) ~IB0RLOODING &100
QATVNDo AUIMSHUTVND)e  MIaITHOT) KD anlod
alemilodoenan;.

11.8.1

8] alBodLomelal ErAIMINNACg MioRNlEEMIOUD
233000 2 i) 105350 MeAlE DDAR0 BBIHRoY0
Pa1Qaalsieaan MEBud 8owo 11.8 @3 a1dlay)) @eal
ruNomOgo MSANOM eI BOTVBS AIBGLNEIIY
@YU M2eleO eflNmonlo afyim)adlSleaman).
96oanesm@mlm, —10°C enss almile Grsonss
Baf)Toleakss Moale ;sainilgond aRailamd moakblal
BsMoE@E (1°C) 03 of)OInanamann B0
arEl@lasnmm,). D M2 eIolod arlere)o Moals M@l
alwoele Moaldilel AdWIERNN®m Sag)Tl OO)E:)IM
@RELEHI03 @RAITHN GOMYAN). AN ALAUM)o DO
SFliemIod, aflens;o &5 Moalo G130
So0d BRG) REIGHISG @atflel dwmdiaes S006m
BTN, BT DOIGEANUIPIENEIWH M) TVACMACD
M2a0aIBL0 (BOIR-QIME: QKL NIBIGe Glaailal
(boiling poinl) WGl MSHDETUIP)0 DEMRIE)MD).
WBa] REIODIELINY &)S)D08 BHoalo EalFOMOOI oal
milel aakeomo Tuoikenosm snatia lexmsmo osnes
)M},

erflmmaale (Latent Heat)
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alglas 115 auowdasm @ama’let adaomilad aymiat;m a130GIERE)AS @RAINLOINY MIalMElhd)e BIINMmIa kIR0

ORI NG BYOIBSNE00UD —114
TuiBanne 1063
a0 328
andaen)s —39
SENLSTRG 210
Bodhmilzn 219
=als 0

BROINACAOQEISIN BRI YAV Hdale, BROITLA
200@WIm;  Allewaoe)am aaimailaad acmslm
@HMAIOT]SA06M. i AOTLMBH R0 ~IG2GL00 BO)
@Iy N@ledmlas aegoamlEalss Be0}eMISuS @Al
({200 BHOaITHIET araal

¢
L.

m L
Qm (11.13)
0iles /. agym@ ailmmonis ad)MOIWe.|S)IN). DT
a130BLOENNM B3] TONGUH® @M. Dlng ST
@;mﬂg” Tkg ' amanyany. L &g aflel 2d3e@my @ (uew]
SN}, AVAWORsMOD] MHHA allel mada)ama
uomdsabdal @emme e adaUIlans. aI0-(B0l,
@ROKNY NOAOEDTIMININE 201 eI HNGIA B (Bula
@s eflmamoalo (latent heat of fusion) (L) aganie (300l
- QUM BRAITLOSASY@DIMIWIR0W ellmas
AlR@D UM A Nd:06m ellm@moale (lateni heat of
vaporisation) (7 ) a)myo ~l0@any. o dlennlnn)e
B lkSesmmoalo, 6N12a¥iala:0emMmdalo af)TlsEBaM
@RAlORSIAM). 60} Wlumila araal Rekmmlsng @oal
mla)e MotandE)e MIXlenss (1oad ail@mo 11.12
@ 0elaflalan)ymm). allal al3odLnsERs)ns aflnomoal
B3, GRAUIDINS (BAIMOHo, WISMWIEISUd agarlal
algles 1 1.5 @b 06l jldlen)ian,,

226 x 107 J/ kg
(540keal /lg)
WETMIAL ) AN
100 olpcle B 1rfcadl
2 3.33x 10° I/kg
‘-:_;' (80keel g)
(UL
T feammms mgn e o
£ OfF==-
g AIR0ImD
{Raqmi)
1 1 1 1
MInla (@OA]

atliiyo 1112 530 ananeleatzdsoniod ool owvaane ol
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(797 m K7 )(373K)+{109 WmTK™){273K)
79Wm KT +109 Wm 'K

—315K
2K, K,
) K 4K,

259 WmTT K™Y < (109 wm K™
T 79OWmM T KT 109 Wi K

=916 Wm 'K

(b1.6 Wm™ K™)x(0.02 m*) x (373K-273K)
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11.9.2 quedadme (Convection)
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BABOD fgOllo @RSIIG3MINT 21)SoEEMISUS, 21350
&AM @0Wo allemila] quoime (density) @0,
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11.9.3 adlalasme (Radiation)
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neilamlrmolsn guoamimentd (Founders of Kinetic Theory of Gases)
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(Period and frequency)
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(d) enmeensdaeiyo

15.3 (al@asm Meon@milaqd quoimiimee
(DISPLACEMENT RELATION IN
A PROGRESSIVE WAVE)
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GR®IAULCoID DB Io MBA)EE DM O )alom]ad
aroIm@lalencad wosllense. ¥,(X,1), ¥,(x,1) apanial
DETR) MOLUISERU BIOSMo BO) HALLBOIIG) pen=D
BN TVNOMATHOEABUD BRHENAN] B0 LM s, AAHLLA
oilpal 80) WIGMYd BINTD) Mool 26
TRV of)OHIE |60 GRG0 M. 62 lg)dhM)o
a1 aMeIE1Ed FRAlSSWENEoER)aM  al@lamam
AROSMDANDo V(X 1) afaTnd

yix )= vy )+ v i) (15.25)

@ Oildlene.

&®) DOWIAODIGE )S] OEENE0 FRMIGE &) S)MERID
@OOWEBBUD HSAM} Calddh)aMOUBIGI MX0s eKElon]
an aldleme @HoNElaIDIME S06H0 MRoNEHINNG
Qo GO0 aDBKNEMBINS (Wave [UNClion) @6 M)
wolalaso. bW \nooilanns quamiplanian aflod
MOONMBBING MOoDaDBKNEERU3

y] _‘f|l(x_v'i).-
¥, = flx vi),
¥, =1, @ vi

AN EEBHM QOOSME D AAHVYDATHED VYA o606
S1M alBleM@ DoWETIHNG ahekDo.
¥y L=t Sl —vD— - S —vi)
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=% f.‘ {x —w‘)
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@ Oildlene.

BRUWLOEDVAIS GXTMIACST AIy@lsosme (lnter-
ference) of)am (aI@lEMOOTTIR0G GRSITLAOM..

aellaymIsle 80) 210SIENOS TUSRIGIENAD ©6n:E
Aa00BGA0SIIE: Ll MOoWERHS TLE, Sl llan)d.
M @ETE) MECNSIRS)ESWo CaoamIay @yl O
o MW Tosrly K @jo TUBOMBOSEMAT VB34 ||
H)h. MBI BoaEBeeio A Mo TIZOMEORE
MElenss. WSS MOelEUNAe BaD] @MOaD
WOVIEEN0. D MDNERRNS BRI MIEILA0
HSNAT BHOYM)B>. QT DDoNEABS)0 X BRAMOIIH
ganmilglal Gluowlod muemIEles)amHIT 0 )mM)d:,
DEMRYMONEERS)o MIAENBH ARG L0 @R
WHS GERBLEOTTIG AO(@R0SM. TUAMSE:Yo (15.2)

BRATOE] 2] BT GOCWSTBOT MO A lOWAN {akSHDo

afyP3mo.
¥l t)=asin(kx  of) (15.27)

and p.(x.#)= asinlix af ¢) (15.28)

@R@IAILIIN OOIBMIATVGa] TVLlEDHA]S;AD
aldlsmila Muromoamoo

v{x y=asinkx—wl) —asin (kx—wf — )
(13.29)

(ke — o)+ (ke — o1+ ) )

= ¢| 28in Cos —
2

(15.30)

(@lemosmalmloilanal Mmayan) a0)al@lall@moaow

. , L[ A+B A-8 .
sin /1 +sin 8 = 2 sin 3 cos 5 a0 @alewo

0lagoen B)aSlnel sRIme &R ilslayo).

¢ [ ¢
y[x,r)=2a COSE sin Ax—mr+?

(15.31)

MAIOEL0 (15.31) X GREHATIHG Galomilglal dluw
Wenss TUaGlammmmic 8IS MEoWERHINS
DOoNONBEERILNL, ERUVOITHD)NBS &) aldlsmilm
TVOB a0OBGASITIE: (AIWOSM MOUIBNTMWIST TU)al
afle)aN@. altau D MOoVTVING GanaD G0

sl ";—J @RYEM. DD DODODIEAG GOV LIS

@DHANEBUISISOILNSS Gl QM OTNCIIOG &o)
ADEINZAIHETAT TUAEUDUHG &S] Moo (WeRLlansmo.
BREODEY,

AP 2acos %— (15.32)

P = 0 ARBY)EMUNB O6MR) MOCWEBBIBESW)o GanTy
ROMDTNIISYIN,,

}"(-’C,I) =2a sin (kx—(ot)

BRHOVEG} alBleMm GOOOING BRWTI 24 @RS,
Awms aleaociw] ailer

b =7 @GRWOEd CIR)MEoNEBRS0 aldsmaow] allal
@1@ GanTvdglelnwldlen o MMmElo al@lsma® Moo
WODHAF UOSMOIN0, fHERWISOM)0 afGaloP)o
aly@ymooilElen)e.

Y.ty =0 (15.34)
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ylx.n=asinfkx @t +0).

= ¢ sin (kx  @f) (15.306)

Ay N0}

il mlmie @RS ayuszonemEled agadite |00
y=y,+y =0 ondldlaenenamn) oemoo.
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@O Moo MSBIBB aIBlNEM2®). af)aNOTs BESNED
GROIEIHE00 sTUMETRGlGFEM (almlelMMe MS
SN DA aldlallmaow allal Tumdasams)ans,
(apeo@slene 8oio sniWlafla) 66} 216S dres o
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@ROEL) M0 (el lal@leNea]s;an). 2 1oslad &)
MO ARG @GS RETRIMINE) QARG D (allw
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@maow (reflected wave) o@mWio DWW TTIE) .
muaaRd:yo (15,2, 15.4) aarlawied almpe ¢ =0
@RS

ylo ) =asinfhy or)
ylx, H=asin (ke  of)

@RAD L OCBOA MM ald0bo TUSISEINE! aldlsmo

DDA GRS,

PO D= v N0



EDONERITT M

¢ [sin (kx — wm!) + sin (Ax — @)

@IM) VRN EOW (GEeMAIGH Hagyuagig]
Sin (A-B} — Sin (A-B) ~ 2 sin A cosB @emEelo.

BRO)OSHIENE y (x, 1) — 2a sin kx cos wr @Ry (15.37)

V240 15.2 GRLOGE 15.4-@3 ailaidlajldlenan mao
Waldegemlad avlamnjo qVENIdE:Yo 15.37-@d allalbla il
HNYAD Do aldCQEMIHG (aIWOMA @ ITVERUD
(oaUlan)d. al3amBul kx @o af @o, Ax - of Qlearm)
Ga10681 80)0alal, [IGM BHBIWOST B08Mea|S)aD
@ D MeoNOMINg GO 2a sin kx @Ry, BRMI
VG, MDD BOWIDERETIHG ARV X BRMIVE] 2]
2O0YIN). Aldat T Slowleel 20600 CLISG:N0 RGO
201w @RYOYODI @ @RIDAID ERAIGEMMEIL
aoilod GRoEIMo Halgan). oet@ilaal aildlan cals
SHEBBBIHS GRRIMSEBUY GBS Gan¥ QIYm4Tvo
e) ayo;iaria endlasjeadlad adisled alymymia
APV B:EBOS)MH)S] BEO GanMV03 SHMKDo Halqy)
N} ReNAIEZEMNS MHSEOMIGID ULIFOMICSO alail
HH)avlel @RGINICE ERAINW MInISI MONEEBU3
(stationary waves) @rloIe quile®m@o®smud apan)
allglenmm). &y aluailn quoekor ool mluails
@06M. af)aNOG AULGLTS® auresmmslold epwm]
QUL LTSGR DIET. @YV aljER BN snilmB)H
80611 (ERMmOV® GrAilas &6} alekmanslel) emow)
08 (nodes), BRO®] afgallo SIOIGkeO;aM enilE)
HOHH BRAFIEMoM U3 (anti nodes) ~Hamje ailg
&)} alllmo 15.12-63 allaipi®mdlaeglenss o
TR DODOOUIEERB)NS BRI INOITHRG aDLROW)
MB03aM WURIEI DBoWaldEQTINM &I6Tan;am;,
QL0 HG  SHNIMADIHG TVORLLAIY oW
OSB3I MBHFCW ERLOAS @B @SB EWo
SRIMDEMRO] MGaN IO LEERU3 Mlwoilan)an; (constrain)
HOKMNIEM TLEMEOVEIBBINS ARG LA lLIM.S
00 0. AROIMOGE BYD QOGN AF afe@mesleno
@R OTIITE GB0EIMe Hal@ead quswlanianlal.
{an0@dcaosmle: TUARISEMOoNEBs)es@Iod mlan)
QUL OTEGDW ). D GEORINEBSIHS BRYAULTHTlEU3
R0)>)50 TLIORIAG @Yy Om&80em  (natural
frequency). 0% @EROUGHIHHS CBORKNOMINTG emod
Dol GESMLRUS af)any allgleayam). oenzineama)o
snn Ul flaflelommm aey aeila) moeslo aislowinng
4ModaG3 G20 BEalerd MEHs MIdeMElando,

BWYB3 Y0 TOAUOD o (15.37)-03 MIANo BNMOAL)HROS
TUOOMEEBUS (BRI aljERLACEIAN TUOEKEBUD) Bal
@000 af)PImIo.

sinkx=0.
D BRAMOBIAD)AND
kx=nm n=20,12 3 ..

k=277, @ooaimons, Mn)es Mialdeooo &l55am).

HA
x 7 s 001,23, (13.38)

~ROMB]LN0 QE @RS)OMS)OON)BB EMOL)®HB)HS

DSBS 600 QU LAMASW)o 4 @eem, @oem oo

O3 sinkx &G o lea0IW] aelyesud GRadlemonw;
SAOS TUOOMEMUS (BRXV®] aggalo dasloflalenian
M NEIKERGE ) @O

|sinkx|=1
D BRAMOBIAD)AND

kx=(nm+\ym.n=0,1273...

k274, @oeemslod, Mm@ lald:000 &l5)o

x=(n+1/3)£—“ n=0,1,2.3. .. (15.39)

BRHOWE OSTE BRS)OMSIOMNBS FRBIEMODHNNS

DHSVIERBS B)000 % @IS, TVAMISSY0 (15.38), L
MIZMBRM)0 CENBNEMB)0 MUTNWa [|E06e|SM)B0W
alella o) sslw &o) MU SlediInag e amlad mess;
{alewouilente. Boo X =0 af)OanSIEmOnS s
QAULTUO (015000 ¥ =0 o X =L ®o CMONIEHANS
MV NOMEEBGE. X =) ag)yIM QAILAUTVN CGNOHOI HED
210018900 5®meN. X = T, afyan Mol 1401 Nadae
L. Mgeom 70200 Bals00e umwlaflanse.
I=n % no 123, . (15.40)
BROOSH0SNE TUOIO@MONSHBBHS TVORLIACT HIDoW
HOBRABILEERD MINPAOWIAN UMLENICE ~IB1A®
ajsyomiilalen)am,).
_ 2L

A n=1273, .. (15.41)
H

snITWealg (corresponding) @yaly@isils;ud

nv
2L

@RI,

v= n =123 (15.42)
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(15.44)
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