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8.1 18

8.2 (a) T&T T U o STHR 150 x 10° N m Wil o feq ferepfa 0.002 7 | o7a: q=ief sh1 =7 Weareeran ToTish
=7.5% 10" Nm>

(b) 91 T FfTehe TUTE FHE =3 x 10° Nm2
8.3 (a) TIHA

) T A stfues q ugrel @ Eifen gEd woayar g qen favse fog o men e fawdo
el B 1 3T0eT e ® |

8.4 (a) TTeId
(b) I

8.5 1.5x10%m () ; 1.3 x 10~ m (Hieel)

8.6 TorETdd =4x10°m

8.7 2.8x10°

8.8 0.127

8.9 7.07x10'N

810 D /D =125
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8.11 1.539X10*m
8.12 2.026 X 10°Pa

8.13 1.034 X 10°kg/m®
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0.058 cm’®

2.2x 10°N/m?

3T 9
(a) 11 &, (b) S, ST, (c) ST foehfa, st fashfa i < (d) SoomM wRerr fam, oeft o
THEH T (o) Ao
6.2 10°Pa
10.5m

TE § 3 TETE W @ AT 3 x 107 Pa® | TE LA SUIH € Hifeh 98 THY el atfuh gferel/e
1 Gl et ® |

6.92x 10°Pa
0.800

foafie areft oo § IR &1 TR W I3M; IR F T H FWR =0.221 cm

T, et 1 g had YRREE Yo W E A g ©

&, o < foigeti W arfell o QiR 1 WA e € Sk o agHedd el § qiee ofa g
=8 |

9.8 x 10 Pa (¥FTogd H&T o9 0.3 &, o7d: JaT8 WHA B 1)

15% 1°N

5 (a) WET & B [HROT : R0 W (ST el i S e 1 &5hel HH §) FeAuH wiaw e
o HNU YATE H1 o Afesh B | IROmEEE, sell o fagid o SUR 98 W I« #H € | g TE
ReheT w1 ® T @t erddigd ® 1]

0.64ms
2.5x 102N m!
(b) @M () o ToIT 4.5 x 102 N 37fq e ST €1 571 (a) & @ |
TE-SAHF =310 Pa, I T = 1.031 x 10° Pa | AT, Ffeh Te & I TN 3Tkt o 3Tkl qoh Fyemed
2, 8W ¥ o il el < H 1.01x 10° Pa for@m =few |
A oF Jagel o WAl J@-3TMHE =20.0 Pa ; F9H o faeraq § €9 a1 o aidel o HIa E- T
=10.0 Pa | 91 F FAGE! ok foTT FET T A6 = 1.01 x 105+0.4 x 10°x 9.8 x 1.2=1.06 x 103 Pa | I e
Ta %A © T i Wiefd ARl qo o o el o Wil el < = 1.06 x 10° Pa |

I 10
1AM : —248.58°C =—415.44 °F

9
CO,: ~56.60 °C=~069.88 °F [1,= 1. +32 | SYART ST |

(2
7
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104 (2) B fog & aifgdia a8 ©; o fog e s fag o aWie <@ W R ww@ w;
(b) Tk 7= frad amies T fder 1 & §; (o) B 185 0.01 °C @ 0°C & B; (d) 491.69

10.5 (2) T, =392.69K, T,=391.98 K ; (b) I8 forginfa zHfeme Sca= &ieft & sRiifer 1 ofr: swaed A =¥ =¥eft |
79 fogfd 1 &9 w6 % oy wgAs w9 ¥ w9 6l W ed =iey Sk /Y T ad qen T o B
foig W WA T ok " Y T SR i Sl @ Y i A SwfEd B © al o il W e
o foTu afgafa (extrapolate) T =T | 3 uffEerfaai # 19 eesl 14 SIE =¥6eR S o Sl ¢ |

10.6 BT Y 45.0 °C W TRATTF A = 63.0 + 0.0136 =63.0136 cm (ALY TH Jg FHg=1 =i foh F= Wik 3Tehi
T A H SR 0.0136 cm B, T bl oIS dI WLk bl q 63.0cm € | TH TG W 27.0°C W
e =63.0cm

10.7 S 8 T —69 °C Tk S feman S € o afedn gf W s 2

10.8 =9 ® gfg o1 TR = 1.44 x 102 cm

10.9 38x10°N

10.10 wfer GAfSa o o f fiehst § wohe 721 € or: S H 9ok &9 § FER BT |
AIW =0.21 cm;Alﬁa =0.126cm=0.13cm
oo ® el REdd =034 cm | ek B TR o fAU A €, S0 g qrdig idee seq= e e |

10.11 0.0147=1.5x102

10.12 103°C

10.13 1.5kg

10.14 0.43) g K ; HHMR

10.15 T fgoeamps €, qen TRl i W@a>a wife o Afafea STt o7 @iisa Hife (refq wfd 5t o=
faurd) «ff Gwa € | 9 % a9 H $ g & fog welt faunet w5 qe e o gfg w6 fag s
1 3Yfd S SNt ] | ForeEy, Tk TRAS TG 1 qor § fEwarys 16t w1 Hen fafre s aifus
Bt B | 7 S9ten S wehal € TR AfE g hael wfa w1 wofl foen & foer w dt fgwmngs T w6
Hier fafyre Soar (5/2)R Bt © it oheiel Feliie ! Bigeht WRolt # 5y e |t 716 o Jeroi o fog o
2 | A T Hier fafere w 1 stfad IH e <@l € T ek % o1 § I o IR ol faen
o erfafier sae faen oft suftera 2

10.16 4.3 g/min

10.17 3.7kg

10.18 238°C

10.20 9min

AT 11

11.1 16 g/min

11.2 9347

114 ()5 =2.64

11.5 1697

116 (2)0.5atm (b) I (c) I (T i =Y AFA BY) (d) T, =ik wiepan (S okt TER hed ©) el §
qen frifrd &Y 1 ST Gehdl | STaR afered wre sreeerd e Bl qen 19 SRl 1 Urer el ! |
&® THY o IYE 9 g ¥ die o @ S SUeh pov-T I8 W R gt €
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3T 12

12.1 4x10*

12.3 (a) foigfora om@ ‘ oTeel’ 19 6eR & TRIEH 85 (b) T, > 7,5 () 0.26 JK'; (d) T, 6.3 x 10 kg H, & THA
O 9T B8R |

12.4 0.14kg

12.5 53x10°m’®

12.6 6.10x 10%

127 (2)62x 102 J;(b) 1.24x 107°7;(c) 2.1 x 1076]

12.8 &, s fram o oER | e, A e ¥ ged gaet 9 o fow v weifue 7; i

12.9 2.52x 10°K

12.10 A= Ha 99 o fag fAfafed g3 &1 3w sk
7o 1

\/Enndz
T d 1] 1 A T | I T AT q I F FAC MV =5.0x105 m> T ] =1.0x 107 m; v =5.1x10Pms’
TEg egfa = V'IL‘“ =5.1x10°s™" | Hog g1 foram T 99 = vis =4 x 107s | SFANTA Gegl o ot fern
T =$=2x10‘105|ww,m@a@'éaahmw1@a§ﬁaﬁwwsoow%|
T YR fRdt T 1 IS 1] e1avd € SAfusher g9 e TR heel € |
T 13

13.1 (b), ()

13.2 (b) T (c) TXA 3T TMd; (a) T (d) ST M bl FElud id € T ¥t e i w1 Feuor Tt &
[ ol SEIRATIh 3T0] T e Uichfaeh SMgfcal eIt §; o1d: = &9 |, 30! o fafa=1 sngfear i
% T 3TEd Tl 1 AR Bl € | T8 LAY et o Bl €, W e A i e g ]|

13.3 (b) T (d) Tad & T8 TT o1 SEAHRA 25 ©; (a) AT () Tad T2l & [ =M dfsr, e fa o
et M o T shael frdt wen feafa &t Trgfa g1 € T 8l S1d; Tk STedehlal ohi 9Hed Tfd
I AN TR g =ifEe] |

13.4 (a) T TEd T, T=2mw ; (b) M, T=2n/00 R WA 3TEd T 7&l; (¢) TA e M, T=1/w;
(d) ST, T= 21/ R TG 3TEd T &l; () S (f) STHEd (Whfas ol o STTaR WHhR &
A &l iR S G 1 — 0o, HEAT — 00)

13.5 () 0,+,+;(b)0,—,—;(c)—0,0;(d)—,—,—; () +,+,+; () —,—, —

13.6 (c) TR 3Ted W 1 FEqo wed 7 |

13.7 A= /2 cm, ¢=Tmw/4;B= /2 cm, a=m/4

13.8 219N

13.9 39 =3.25!; SHAM 1 AfIHdH ©RT = 8.0 m s2; FHAAM hi ALHIH oA =0.4 m 5!

13.10 (a)x=2sin207r (b)x=2cos20¢

(c)x=-2cos20¢
&l xem H € | 37 Wl o 7 dl S H I S 7, X T & g | B AW B | Th1 GRITH Hensdi
4 SFN T |
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13.11

13.13

13.14
13.15

13.16

13.17

13.18

14.1
14.2
14.3

14.4

14.5

14.6
14.7
14.8

(a) x=—3 sin 77, T&T x I cm | |G T 7 |
(b) x=—2 cos /2, T8l x I cm § | T B |

(a) () AT (b) AT o faUw Fi
(b) (a) o feTT T=2nﬁ <l (b) o ferw T=2n@
100 HeY T
8.4s
I R ‘ g
T2 e+ e &t 7t # T o () RO Sk 2 o RO Fe e o e
ST |

TN |, hich 1 R Scelieq ol o sXISK BT ¢ | ST Shich 1 1§ doh 1 o 9l €, q9 39

W A TA Axp,g FT HI T | 3T Tt TR k=Ap,g | 39 m=Ahp el Tﬂrrﬁ T YA
FTeh BH YT o U hY Tehd € |
e ST TR SHE e w1 3R gel § a1 g qeneti § R gl o ol § 3@ 4§, 99 Fa-T9 W AN
T T Ahpg T, TET AT T SIS HIE HT GTHA A p A B R T T A € | ek FATIA oA
h o STTHHMUE €, 3d: T W eEd |

Y 14

0.5s
8.7s
2.06x10*N
pRT

syl g frem we efifs P=7

Tl p 9 1 S M AU FeAuH a7 A ® |

W%ﬁ v= % Wﬁﬁ%l

(a) T@ W [ T& L

(b) M9 o MY T o SIER gl € |

(c) ST 1 SMUerh THHM (18), N, oh 3Tfaeh FeAHM (28) TN SRS o TUersh FAHM (32) | 7
?, o ol § gfg €9 W arg 1 AUk S T Sl €, heesd Wi p 9¢ Sl ¢ |

The faeim T 781 © | et oot oi o TR i 4 el o Tt T Youel STevashdl I8 2

o o8 & 9T a1 T WM R IRHAd g A1feT | U T wer B 9 shad Hed (o) € 39 I Bl R

AT | AW el GHeqdl fRE g o i feud T2 e wend |

(2)3.4% 10“m(b) 1.49x 10~m

4.1%10“m

(2) & TEH 0 €, S 20m s> = ¢ F and et @ |

(b) 3.0cm,5.7s'Hz

Reprint 2026-27



318 sirferent
©) w4
(d 3.5m
14.9 |f W SR T | 3 WA o AW qen A gaE €, Wy YRiHE werd 9= 2
14.10 (a) 6.47mrad
(b) 0.8mrad
(¢) mrad
(d) (m/2)rad
14.11 (a) STHTH T8
(b) Gt T ok fAT 1 =3 m, n=60Hz T v =180 ms’!
(©) 648N
14.12 () T 1 Sret Sl o o= weft fogeti #1 engfe qun sell 99H €, W @M THH T |
(b) 0.042m
14.13 (2) I8 HoH SMH 901 ) Frefud w3 2
(b) fHdt «ft T o U @R HE 9 Hed &l |
(c) Wt TqoTgfe T |
(d) < STHITEH T T ALY |
14.14 (a) 79ms™!
(b) 248N
14.15 347ms™!
W v, = 2 e o R S R R & o = 1,23
14.16 5.06kms™
14.17 9o TUMgf@ (a0 @eh), T8l
14.18 318 Hz
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3e fie Rigid body R AT Inversely proportional
forgdarel =T Current carrying conductor ~ f>H IUUg Artificial satellites

A T Elementary particles EHIEEIR] W Galactic cluster

9y PG Air resistance IEEISIREE I CNI Unlike charges

fraifaa Evacuated AT AT Like charges

TR Gad Free fall RIRE K] Repulsive force
SATRTIRIT Galaxy STETRI FereH Charged constituents
forem Universe GIGSIRED Instantaneous

ofiferer Tl Physical quantity EIECCCn Normally

ST Aifcen! Applied Physics HEAER Vertical

HHT Measurement [EERN Perpendicularly
Hfehed Approximation &iferst Horizontal

el Acceleration HIEgH Medium

T @ Acceleration due to gravity IRt Dynamics

PIGRE] Resistance ™ fagid Wave theory

AR Communication ferferTor Radiation

3{{9’&1? Applications EIEEIRIG Brownian motion
SATfUerh I Nuclear Weapon sifersRar o1 fafire fagra Special theory of relativity
affoeeh wifer Ruere Nuclear power reactor Afdenfag Physicist

q\j‘—r—ﬁﬁa fogeq Neutron induced fission SEAE-Zl el Mass-energy equivalence
Sepfeush Sl Gid Alternative energy source STufereRar 1 =%k fagid  General theory of relativity
SICIFIEE] Fossil fuel ERIEG IS Stimulated emission
GRSt Solar energy HT0TeRT Black body

B GIIR] Frstt Geothermal energy ERUIEET] Cosmology

SIS CINERCI R IEC] Genetic engineering T a4 Massive boson

AT Impact Shifdeh Critical

TR (TS =eh) Merry go round I Neutral

IeftT e Muscular force = Cancel

TRl 9 Contact force AqR Intrinsic

LU Friction Icafsta, ffd Emitted

HHTH spring G-3RI TifeTsht Bose-Einstein Statistics
GEIES tension wHI-feliw wifesht Fermi-Dirac Statistics
IATEhdl buoyancy Hegael- e Hiferh!  Maxwell-Boltzamann
AT Viscous force Statistics

T3 dHE Surface tension T=elt sTas fagrd Pauli exclusion principle
H&H g1 & Microscopic domain EEEQ Spin

ERNIREED Intermolecular FfquTieh Half integer

SaRaTHT U Interatomic I=9 el wWEE High energy collision
LGIEK] Fundamental force RICEIRRIERI Nuclear process

AT dcd Elastic force &qa Decay

B eI Derived force ot Exchange

sgwfeae =4 Empirical law e Momentum

SR HTIATAT Directly proportional e Impulse
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&I Conservation Al Inferior planets
gfqea Recoil T HI0 Elongation
3q Infinity repicipkeiEea Astronomical unit
RlIEC | Mechanical energy T Detector
st St Kinetic energy HUEU Reception
frarfas st Potential energy Hiceafa Echo
IEREIRRETR Isolated system Bl Exterior planets
SEMIART 1 YorF =99 Firstlaw of ST a1 Semi major axis
. thermodynamics el sTafy Orbital period
ESCIGE transformation fase Resolution
Sk carea Reactant qst Beam
I Product UM GuReiehT Tunnelling microscopy
SAferTett Indestructible Tehihd WMV THAM  Unified atomic mass unit
REE2EL] Rearrangement (gefa) amem
SoaTed Exothermic Sgcd FHAM Inertial mass
SOHTRIS Endothermic TEe T FIHH Gravitational mass
THH-&1fd Mass defect el 3k Significant figures
aniferes ®9 9 Numerically ot 5= Dimensional formulae
afewt Scalar Tt THieRToT Dimensional equation
wfew Vector ek Jfeat Random errors
faw Linear ' EIED gfé”&ﬁ Least count error
Eauiel Angular ESEIE] Portable
HHAT Parity afierar, aftsryor Revolution
fafeman Strangeness qY daTS Path length
rfegE Existence Tt Coincide
wafafa Symmetry T fag Origin
qu&y Identical gfgror Magnitude
T Translational feom Direction
ferema Displacement W Wi Tfa Rectilinear motion
feerhTet Space and time k- ot wifa One dimensional motion
FHfeER Isotropy g Backward
ST Abstract st Forward
T Concrete e, et Upward
A HIFhR Fundamental unit U Cﬂﬂﬁ'ﬂ'@ Downward
I~ HEh Derived unit .
) aged Corresponding
NUENEEE) Multiples a3 .
. Submultiples Average velocity
airea =t Average speed
‘15??17:[ Prefix .
SRS — Thermodynamic Hh 3Teh Standard notation
temperature Aqd Slope
e Arbitraily chosen arcerfores AT Instanteneous velocity
o, et Parallax 3Td: qan Infinitesimally small
HIvT = Angular diameter g Connecting
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SRl o Differential calculus qfeen &1 A Gaedt Parallelogram law of vector-
ekl T[0T Differential coefficient ?lﬂ‘ﬁf,\_ﬂ =1 Frem addition
w9t @ Tangent “3id wd g=s " fm "Head and Tail" rule
wra gfsran Limiting process feafq wfes Position vector
HS Data foreem gfser Displacement vector
Jenef SR Exact expression EURSIEN Velocity vector
HHI <kl Theld Function of time o e Acceleration vector
qd "HAA Inclined plane Tehieh i Unit vectors
dreerfores R Instantaneous acceleration afeet & Gﬁ?a’ <l Associative law of vector-
G nie Average acceleration SIERRERE| addition
T=eh A0 Interesting feature wa-fafma fem Commutative law
freTor Smooth feraor =1 fem Distributive law
w1 3 Arithmetic average Hurdt Coincide
faum 3f Odd number T Equality
S A Successive interval of time ‘\’E}H{ Non-zero
Ae Tl Stopping distance Zfaqomrerd! e Right hand rule
SR iﬁ?ﬁ Braking distances [EEIRIEIE] Trigonometry
gfafsran wra Reaction time [RENIED Co-ordinates
ERRIEES) Common point I HI Angle of elevation
AT Parabola ST I Angle of declination
EISUING] Algebra ST Expression
ECRESISIES Products of combustion s-fram Law of sine
fraa feam Constant direction EIS2 IR Law of cosine
oo fawe Stationary lift it Radial
JeTh Observer IRENEES Frame of reference
s Tiideh Kinematic e Function
NERIRET] Kinematics RECaIGED Simultaneous
LUk Rotation SgE Time of flight
sTerE fafy Graphical Method TTH Cliff
e fafy Analytical method s o Centripetal force
A I Scalar Product or dot Tfehs X Centripetal acceleration
product el Time period
ESIE] NUEETY) Vector-product or cross
product aefet Frequency
e Projectile Elﬁ'Uﬁ?il =Tl Angular speed
THEAM It T Uniform circular motion @re Groove
feemeres gfteshion Directional aspect SR Superposition
feare Space Tl fave Gravitational potential
qHdT Plane AHehdl Fallacy
qfeaTg Perimeter HeT TREu Conservation of momentum
qH HH Absolute value AT Equilibrium
wfeer &1 A Feeht- Triangle law of vector- EEICiRi Inertial frame
IERSIEIRERE addition B oA Pseduo-force
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&Iforeh, &1

TR

ST

nifaer wfafsan

Tfas =

foafa, foger, gerh

S

yfaerw, wfafare

Seferd AT

SATIT, Sceddehdl

I

e

T FA

TR 07 Iy

ERIERC

EXIEINCS]

fo=mg, g&qu

Afaar=

e, garse,
Hao=eita

wifqer =

THafeerd T

Tfaes =

|t SOy

dHd 9=

efe Ty

-

L=y

Variable
Inclined plane
Aristotle
Epochal
Universal

Net

Collision
Inertia
Moment
Internal force
Solar system
Satellite
Deformation
Pair
Interstellar space
Instant

Elastic
Inelastic
Kinetic reaction
Kinetic friction
Isolated
Polygon
Recoil

Coiled Spring
Buoyancy
Buoyant force
Compression
Restoring force
Elongation
Viscous force
Spring force
Configuration
Inextensible

Microscopic

Static friction
Impending motion
Dynamic friction
Sliding friction
Limiting value
Rolling friction
Ball-bearing
Lubricant

@fd BH
FifeAfed o
fraer form

TgTeiel |
frepifa 9
¥ 139 3@

STafer el
et
Jeq Y

RIREEHERSE R
Stk (Afew)
I Ham

IO @R
&5 a7

a8
feaiht fepra

it T st
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Lubrication
Accelerated frame
Coriolis force
Absolute rest
Equivalence
Thrust
Combustion gas
Ejected gas

Free body diagram
Generalisation
Contraction
Internal energy
Non-conservative
Trajectory
Configuration
Moderator
Recoilless emission
Lattice

Angular momentum
Anticlockwise
Angular acceleration
Areal velocity
Axis of symmetry
Binary system
Clockwise

Couple

Centroid

Fulcrum

Fly wheel

Lamina

Leverarm

Line of contact
Moment of inertia
Orientation

Rigid body

Radius of gyration
Rotational kinetic energy
Torque

Theorem

Tension
Tangential

Axial rotation
Altitude
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ECEleT i

FAfvrenerforer Tqor
AR E'e

FREES]

Artificial GRIPED
Boulder e AT
Black hole EEEN

Black body Sadffa
Berry FAforEeita
Binding energy foheaty]
Constellations 3791 fopeetta 39
Coordinate system fasfa (TaEqo)
Centripetal ERRIELS)
Communication TS

Data base IEEICE]
Epicycle ieor freel (W)
Ellipse R
Equational bulge wd feig
Escape speed TqHa |
Elevator =Y g
Foci T e
Geocentric STeTAaEd
Geostationary BCCR &
Geosynchronous e Siferes
Hemisphere IERIRED
Hyperbola e (T3)
Identity = 5ad
Inverse fafsa

Jupiter IIHEA
Latitude EIRYIGED]
Mars EIEREICl
Mercury 2IED

Orbit ENENI
Periodicity axd

Pluto ELASGRIRET]
Superposition EYEE|
Universal law ENIIET
Venus Hire"
Weightlessness EaNEa|
Weight fera

Internal structure T T
Characteristic properties 3T€LUﬁ
Building blocks RGN JaTE
Separation Ts3 1
Overlapping TS Sl
Power e
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Inaccurate
Machanics of fluids
Macromolecule
Inter-dispersed
Amorphous
Crystallite
Semi-crystalline solid
Strain

Common to two
Common to all
Picturisation
Experimental sample
Brittle

Yield point

Yield strength
Ultimate strength
Tensile strength
Ductile

Plastic region
Elastic hysteresis
Operational
Twist

Hydraulic
Composite
Atmospheric
Aerodynamics
Efflux

Equivalent
Bubble

Fluid

Fluid Dynamics
Floatation
Calibrated
Compressible
Capillary

Device

Gauge pressure
Irrotational
Streamline flow
Surface tension
Surface energy
Turbulence



u

faw am
ESreEi|
faao
wWAA-hife
5T
EEICEISE
qReeu

SRED
Th—JHH
SAreage Y
Few=elt
amfervfa

Tl HhH0T
g -ITHR
AT HIT
AT =T
-t

fafyre o
A, Rt
AT Sl
Eas D]

oA

TH 9 HIIHH

T A
eyt
W JER T[T

I JER T[0T

Terminal velocity

Constitution

Diffusion

Degree of freedom

Diatomic

Equipartition

Hypothesis

Molar

Monatomic

Mean free path

Microscope

Manifestation

Phase transition

Polyatomic

Pollen grain

Root mean square speed

Rigid rotator

Specific heat

Telescope

Vibrational energy

Zig zag

Thermal

Heat

Absolute scale of
temperature

Absolute zero

Ideal gas

Coefficient of linear
expansion

Coefficient of volume
expansion

Surroundings (of the
system)

Law of equipartition of
energy

Isothermal

Adiabatic

Phases (solid, liquid, gas)

Infinitesimal

Equilibrium line

Mechanical equilibrium

Thermal equilibrium

Co-existence

Reservoir (of heat)

wgren fafe (SaR)

Hieftg fafere o

THAT @l

hicad AMIHH
R DRIBEY
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Sink (of heat)

Refrigerator

Coefficient of performance

Idealised reversible process

Asymmetry

Semi-static

Conservative force

Carnot engine

Carnot cycle

Dissipative force

Microscopic constituent

Thermal capacity, Heat
capacity

Molar volume (22.4 L at
STP)

Absorbed

Boiling point

Melting point

Heat Insulator

Adiabatic wall

Thermometry

Thermocouple

Thermal expansion

Constant volume
thermometer

Incompressibility
Condensed
Young's Modulus

Approximation
Thermal stress
Compressive strain
Cross section
Calorimeter

Molar specific heat
Thermostat
Distinct

Isotherm
Quasi-static
Kelvin scale
Isochoric
Conduction
Convection
Radiation



328 aftferent
ST HoT Thermal conduction HIgAT Modulation

ST Hagd, Helgd Thermal convection YU Drag

ot fafewor Thermal Radiation QB:T Eqwl Angle of twist
S Heh Thermal contact (th'\ﬁ'ﬁ) fagermor (Fourier) Analysis
AT Teen Stationary state ST T Transverse wave
HCHT =TeTehdl Thermal conductivity 34':1,%{9j T Longitudinal wave
GIEECENKI Temperature gradient T T Progressive wave
IS Emission ARl Interference
STETIHT Absorption e Oscillation

RNERES Reflection fastin Disturbance

=T Transmission ELESE) Vocal cords
SENIECNI] Absorptivity FAR-ANRT TR Inter-stellar space
EIEEXIl Emissivity G&H Tl Microwaves
EREREN ] Reflectivity RS hTeT Ultraviolet light
fortare =1 fem Kirchhoff's law FaleH AR Quantum mechanical
m—@‘ﬁ'—f %1 f@H  Boltzmann-Stefan's law STt qrer Harmonic oscillation
- fareerma fram Wein's displacement law g Pulse

it Cooling ST e Sinusoidal function
EEEXSK| Lamp black FHis IH Cosine curve
I Pyrometer STTHT a1 Stationary wave

AR o Solar constant AT&qY fasfa Shearing strain
YR Scattered TRt T Capillary waves
et T Periodic motion e Tas Gravity waves

WA e T Simple harmonic motion IV qT G Angular wave number
CELIEGRIIG] Damped motion vl gt Angular frequency
Jonfed e Forced oscillations FHA-hHT0] Phase angle

fiod et Coupled oscillator T He Wave function
etk Bob e Wavelength

FHIvTH Argument T Trough

EE] Vibration i, R Crest

A Period T S’ Stretched string
et T Seismic wave AT JATEdl TR Bulk modulus

é’gﬁ RCEaR] Taf Electromagnetic wave Tt fasio Constructive interference
= T Matter wave forareft =faeRon Destructive interference
= Variable frege Nodes

T} () Reference (particle) pere iy Antinodes

e Projection o foen Fundamental mode
a1 (1) Radial (component) ERERIL Gl First harmonic

oy, drel Rhythm fedrar omgf Second harmonic
foree Beats T goft Harmonic series
@G Hife Degree of freedom U S Harmonic number
foren Mode EREIE Resonance
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11089CH09

I
Sl o TifeR IO
-
8.1 Yftahr

8.1
8.2
8.3
8.4
8.5
8.6

fHehT
Yfdarel den feepfa

g 1 fom
Yfdaei-forepfd ok
ERIERIRINIED

51 o YR AR oh ST

foaneia fag
A

3@ 7 o T fuel o i o 9R A ver oI T gmen fF fed
fyue =) 7fa 59 @ | el sl ? fF fave & i goamH
foFa yoR faaf 21 g9 31 1o & chadl 9g fuvel &1 W
feerfertl qer &) Shftra T e weRoE g8 fave & o1 B © uw
T oR 39 I et g fFfvea eepfa qen TR 31 9y
areqe o fuvel = qfa, Sdifeq sen sfera foman <1 wehan €1 el
T Tor TRl ST 3¢ ST T B I ff T TA 1Rl 96 TR
faefad faman <1 Tt 21 399 7% a1 fisverar € fF S fave qof
®9 9§ g &l B 2

el 2@ 1 W Y= erepfa qen eeR B B frelt fuve
T SR ALET SRR hl 95 (A1 fa&fudg w) & faw & 5
I STEvFshal g 81 A frdt puefera fomm o fodd &t o @
e faarfia feman STQ at i ot darg o1t sig S 21 o1 afg
o o fod =1 i < df 98 1ot YR sieRfa Td SR i T:
It R ot R five 61 97 T, 998 9% yerifud 9d @ gem
TR U YRIR SATHTT T SAHR I GH: FT HY oAl 8, Fed et
FHEA € T I [TEq0 Yoy faeuur FHgam €1 59 Tk T
fque W e o ® o fqvse o oo R SRR 9 i i
Yo e Bt @ 3 e Tl w9 9 fawid g i 21 36 Y o
1ol i wATEeR qe U1 o 39 U1 hl WATREehdl hed €1 Uh
3R G e oAyt wifies €

sifaitert festmes o 5ol o Yo HesR i 378H fHeht it
B SEET0 ok oy, et s i fesiie #vd 99 39w, whishie
e 5ol 1 TeATEd WepTd w1 I Aewdeh €| Yo, Tl o,
ot o1 w1 festred o fau o 7€t o T 21 9% ye o g
S Hehel ® T o1 70 UEn S fesed o) 9ahd € S ogd g
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ofiferent

iR ot oiga WofEa €17 0 e Tw UM S AT
feamet &+ W € S emagpa saw feeg erfue
Tofed 212 ¥ U8 Y SRl 1% GHE o et @2
e A G S Sefeh el e TEl g? 5
YRR oF T9A 1 IW I AT | URY B TR
STUATHA WIHURU YR o i a1 9 f9=-fa= 3w
fyuel w1 fore wohR faefia e &1 % w3 21 59
31 | &N Sl o Yo S8R SR AR ol
T HA S TH Tgd ¥ YA T W I

8.2 Ufaaer aur faerfa

o fopelt five o U aet o S © a9 e
71 afersk faequr e s @ S fave o s 1 weRfd
qor foreTe o1 o A W R Far 21 8 Hehdl ©
% oga @ 5= o 9% fawuw sve @ T2 ve,
fife oft =% & 81 5 forelt fyve W s foeus s«
T Sl € dl SEH T YeAmae ool Tk fd 81 S
2, S foh ueel el S el 81 T€ TArEA a9
T YIRIfud ot o SeR qen feon o 3gek foada g
2| Thish &H T M &l GeAaT ol o1 Wideret
Fed g1 AfE fyve & ke Al fhdt sryeer e
1 Fae < H TFIC MW 9 1 T1 F &l @t

gfdelel = F/A (8.1)

yfdae &1 SI3HE N m2 qe sqe1 fata g
[ML-'T2 | Bl 2|

o fret S/ W FIE R 9a s e dl
Taa! foad 9 YR 9 a5t Gehdt €1 3 fom 8.1 |

=—
. S
>
=

(@) (b)

femmy 7w B ot 8.1(a) H, T S i SHR SAIHES
Ii=sg i ddaq f<en # g 99 9d TRt ard
fran T 21 39 feurfq |, e S9%d W YREA
Tt I A Ufeeiet wed 21 A Jearifd sl o e
W do guifed 81 ST a1 Ukl &hd T G
T ! WUrST ufderer sed €| a1 a1 Gdied yfaed
1 e fdeer o wer ST Hehd €|

T & feafaai & o ) e § R el S 2
favg (w=l SoF) &+ oo o qfedT AL qen STt
YRR A Lo ST 1 3Teed fereRfa wed €

gt fagft =

e 7 sUeR 3 foueli fawus sa dem &
ST UREER o WA T S, S o 8.1(b)
@ T 2, @ Ao o GrE wesh! o s grde
fereenTa g1 STl B | @I C Tq9i ol o hRUl Thich
AP W S GAMIT oA hi WY a1 TTwquT
yfderet sed 81 @MY U el 9o o gRomeeEEy
ST % TEE el o o U Grdel fawenTT Ax
B 8, St o 8.1(b) H REmn w Rl 39 R
St foepfd i srusuur faerfa wed € iR @
Thelshl o GTdel faRemas Ax AT e &1 @eTE L o
U o R e €

(8.2)

(8.3)

(© (@

a7 8.1 (a) 7 Tfaad & 9919 & T aoTAL T @ faeaid & Sl &, (b) ST9&97 (T99f) Fidaet o g9 o T
derT FI 0 T faelUa & S €, (c) STTETV Yigeret & §UE 4 U §Ei, (d) EA ST gideer & gure

4w 3G e AV HF G A § qgptaa g s g

Reprint 2026-27



Sreif & aifira o

175

el 9 TeAleR (S i yRfwes feafa) @ dem @
Fig fagemT 21 9% 0 9gd F9 T 2, tan 6
ST 10T 9ok SR & Bl §, (I o faw Afg
0=10° dl 93T tangeh A § sherel 1% T AR Bral
?)1 afx fordt g w1 e @ <o) afas fgen §
Tehed, Sl T3 8.2(c) ® Te@mn won ¥, 9@ off uH
forepfd 1 3@ S Hehdl 81 3@ YHK,

IS faepfd =tan 6~ 6 (8.4)

fox 8.1(@) H, afis @ & e 59 & i @
T 39 Tl Gt 3R W T ®9 9 Faifted & S 2
59 GRI TR 11 9 TYUE o U3 oF Uik foig W weed
feen & e w7 UE fefa 4 fuve = Sef Hdiea
w1 fefq o et S 2 T S eTepfa H foRe
YRe o for €1 STae | e 8 St 21 fyve o siet
iR T ael 3= Bl S ¢ il 5ol §RI e, g
Tl & aUe g foredl B) € (5 W WY e W
o 37O+t IR STIeRfd qe SR 1 YH: T 3 orll
?) 1 29 Teufd o Ul &5thel W 2T Fea ol s
el Ufaeet Fed © IR SHRl HF Selid <6 (Tl
Aol T S ol &el) o SeR Bl ¢l

Tl @ ok HRO I foeRfd w1 e
faerfa wed B1 38 e1maq § ufiadd (A V) qen aRfsw
A (V) o 31 9 R i @

A faepfd = AV—V

Ifk fopa uRfaes fomm qen fomm & of@ o
ﬁqgm%,wﬁqmﬁmmﬁﬁawqﬁ
g 2|

(8.5)

8.3 Th o Tram
fom 8.1 o femE v fafu= feafeal o ufasa qen
faepfa o ererm-sren ¥4 @ S €1 wA fawqw &
fore gfieret don faepfa T T & SFHEET e 2
Tt g 1 90 FEdE 21 T THR
gfderet o ferepid
gfdeiel = k x feepfd (8.6)
Sl ko STTRETIIshd e € iR 3H Weameerdr
Tk Fed T

T o1 198 T e fRm € qen sifueha
weref & faw 9y e 21 qenfy g S 3 whR
s dey & <

8.4 Ufda-fagfa =k

T gfderet o 3idiia foret fT TTU 57 o fora gfaea
den faepfa o <= He®l AT g0 ST ST Skl 2
T O T HFE Sid §, Rt wieqor e a1 dr i
T YARiTUd sl gRT faediia feran man @1 g o
T s (faepfa) qen =3 faopfa &t 3= &
o fau erevgs TORfua od w1 e w@ 2
FARIfd o i HR-R wHeg =l H e € 8k
dare | gReadT 1 Al wd ST 81 gidee (e
T T &A% T T TT o6 oF HH o alel
Bl ®) IR ITY I faepta o e Tk Wk Eied
2| fondll urq o e Qe us wets o fes 8.2 °
e T B1 Hdted den uwqu gfded o forw off
T U W T ST Fehd &1 F=1-To=1 gei oF ferg
Yiaae-faepta o fa=-f9=1 8 €1 = al &l
TErEIdl 9 B0 98 G Ghd € T i K gan g
50 gL oIS o Yy forefyd gar €1 W & e
IE 2@ Whd B fF O W Ach ot | =k e 21 39
&5 gk o 198 1 UIeH il 81 e JRIfud ot
i g T s © ot fuve et unfaes fomsti i
T @ H o B 3E & H 3 U g fyug
ST SATERTT LT 2

ST €T D

7
:
%

I
ot 30%
<1% — >

faa 8.2 fwdl u1g & fau T grefus gfaae-fagtd
CEal
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ofiferent

AYB a9 % &F H Uldea aa foepfa
FAFHAE el 21 TR ot 9N ger W fuvg aredt off
o yRfoer fomnadi o2 e 1 s @)1 a9 o fag B
T foig (sTeren Y |iAT) Fee © SR |
e 1 =1 1 aaWa Wwed (o) FE <

Iff WX 1 IR @1 fea sy df Sea= wfdee
W gmed g e @ Sar § SR fRY wfdee o
oS W SR % for o Fore A @ a1 A
B 3R D ok sI= 1 97T 78 91 21 B 3D o o=
forelt g, A9 & C, W 5@ 9R &l g1 f=n @
s e yRfaes T =1 A Wi el e 2 5|
fefq o 5@ gftaa 3= 81 5w 7@ ot foepfa = &1
T |1 99 I8 el o § R 5o o vt fawqur
&1 T T8 fawun 5 e fawuur wEd € e
W g D 57 &1 oA @ wmed (o) ¥ 39 fog &
ST YR 9 1 WM W o Afafte faerfa sa=
Bl © 3R fog E W fadsH 8 S ®1 A€ =\
gmed foig D iR fawsH fog E re-arw 8 df g4 &l
W HEd 21 9% o ik g0 W el @ g7 A a
Fed 2l

ST YR el S e §, Hiaael-faepfa eaewr |
T 557 U S 57 | ST g1 Sl 71 3Ie0 % fow,
WS hi AT YRFIH oAdE o Hg A qh @il o
Gehal B, T oft o 3ot Rfiyer smepfa o oo a1
S @1 ot 8.3 | W S 5o, WRlHHA Rl Y

I !
0 0.5 1.0

fopfs —

feara 8.3 WETHAl, 859 @ W@ Hl @ I el gEd
AT (TMEHT), & JAT Fak & faw
gfcercr-fearsptd a1

Sk, o oty afdeet-faefa o fe@mn wn 21 e
% fop Tafy yome & sga eifus € fR off 78 5=
T o om o facteper oft W @l e 21 s
HE gure wifies &9 Ff 7 81 wer, Wy 9
weref 2 afid ek atcaferen Tarepfa Bar w1 1 wehdlt
2, UeRATeTeh heeld

8.5 TRl [UTih

s qn T sifvenfrent fesmed & fag
Ufitaret-fasfa ok o Tk i o et 1 STHH
&7 (fo 8.2 ® & OA) 9gd Hequl =iar 21 wfaat
AN Iehfdl o STUI ! WeHTRAdT UTIeh hed € 3N
ot U gu 5o o forw g@ent wan fafdre we g 2

8.5.1 I T[UMh

T et e <@id ® fF gfdeet =R a8 A
IR Hitesw, Sca ferepld 1 WF FHM el 8| a7
(= Hitgw) wfded (o) den e faepfa () o
ST T T IUTIGR k! IR Bt & T T Weflh
y g frefua # ®

O

y=—
€

HHeRToT (8.1) 31X (8.2) ©

(8.7)

Y =(F/A)/(AL/L)
= (FxL) /(AxAL) 8.8)
<ifer forepfar W femferd wfn €, = o 1
THE aE T © S ufqed @Y, etefq, N m2 @
Y (Pa) | TROT 8.1 H e F&Al o 7 0Nk qefl
e | o 9 e Ty gl
groft 8.1 ® KU U tiehel ¥ 78 vl =eran @
Tt ok feTw =i Tunies atfureh g €1 sEfery 3w
¥ der | el g R I9A wW o fau sgd
Afersh 9 F1 SAEATAHA Bl Tl 0.1 cm? FTHE
TR=S] o Teh Udel S99 oh R i @ialTg &l 0.1% 9
agH @ Tl 2000 N o a1 w1 3Tevaehdl gl &l
I oTyRYy U=R] o Ugfafem, dide qen did o
IR o 3 &1 faepfa 3= & o fou emevas 5
HE: 690 N, 900 N e 1100 N i 81 g&eht 37ef
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WU 8.1 T S o I O qe g qrqed

T P
(kg m”) Y(10 N m?) 0(10 Nm) (5(10 Nm)
110

2710

aﬁn 8890 110 400 200
@rer (faea) 7800-7900 190 330 170
i 7860 200 400 250
Frat 2190 65 50 -
FFEE 2320 30 40 =
[GEi 525 13 50 -
Irfeer* 1900 9.4 170 -
RIGIESIEE] 1050 3 48 =

# ggref T YIS YIS & qTId fehaT T

g ¢ TR dfen, Wda den tgfaftem 9 o st

TR BT B T HRO § Sifek I ot S A ) (3.18x10°Nm™)(1 m)
Tl IR HEeHss fesel § osEu W ety - 2x10""Nm2
aeran <t St 81 Aehel, A, shohie qe hid o 4T =1.59 x 103 m
Wgh—qgﬁ%| =1.59 mm
forepfa gt
b SaTEUr 8.1 meswmaﬁmaﬁ fapft = AL/L
551 10 mm wmﬁ‘lm?l 100 kN'=hi- T =(1.59 x 10m )/(1 m)
9 F 58! e 1 fawn & qf hee 1@ = 1.59 x 102
¥ (a) W@, (b) fa&R, den (o) fowfa =i =0.16 % <
AT HIW| =S SO 1 G TUTh
9.0x10'! N m=2 21 3QTEUT 8.2 disl 1 Th 2.2 m sl ar qefl

. U T U 1.6 m o1 ar, f5H <41 o =am|
767 B9 I8 WM o o T H U R W i weh 30 mm &, fR 4 92 gU 8| 99 W T IR 9

@ T SR g B G R W TS W ANE B | e o 1 6 el R 0.7 mm €311 @

feen o o e T @ B8 W gidee 8 T R T G W
W=%zﬂ% go7 did 3R U % qN Sad & e gided oh
Fata € SEiifr 39 W A e (9N W ok aeR)
_ 100x10°N T 8 T Ik STIE USSR o AhT A U B
3.14%(102m)’ T (8.7) ¥ &9 WA € o Wit = faepfa x 2m
T, TEfeT
=3.18 x 10° Nm™ W/A=Y,x (AL/L) = Y,x (AL /L)
foear g, el UIEIeR ¢ q91 s HA: s qel SO bl FeiHa
AL - (F/A)L EZoRAIEOC
Y AL /AL = (Y,/Y) x (L./L)
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ofiferent

= %,LC= 22m,L =1.6m
ROM 8.1 Y, =1.1x 10! N m2 3R
Y,=2.0 x 10!! N m2| gHfaq
AL /AL =(2.0x 1011/1.1 x 10'}) x (2.2/1.6) = 2.5
Tt foar o gem
AL, +AL .= 7.0 x10*m
SR fEu T gHEn i 'A FE W
AL,=5.0 x10*m, d AL ,=2.0 x10*m

THfeTT,
W =(AxY_xAL)/L,

=1 (1.5x 103)2x[1.1 x 10'1%(5.0x 10%*)/2.2]

=1.8x 102N <

b SerEvurs.3 frdt T ¥ ww wMaE fifre
T T Hferd Y9 1 9N 9R T Al S A9t
W3 o o ol g €, o O WX emrenfia & (SR
ot 8.4 o fe@mn e ®) | 39 w1 Froaea
FH et It AR, B, wlehl oNfE w1 Fe
T 280 kg B fRfge &1 qefl W oot die
% ot ofd gU AR HT SEM 60 kg B 3@
Afdd H1 TAH IARY (HIH) H1 oAslg
50 cm e g 591 2.0 cm B 1 AT R
fafiaa R & SR Y& 3afey fepa=it A 8
Hdifed = Wt 2

for7 8.4 g § T qEET e

go7 gt frsareent, WSl weRl MfE 1 Fdd W

=280 kg

YR 37 aTel FoIeeh 1 S99 = 60 kg

fifre &1 aeft o foaees & W W erefia
TEME = 280 - 60 = 220 kg

TH MR SFHM hl AR

=220 kg wt =220 x 8.8 N=2156 N

fToaIee 1 g IAfe W Hid 9R

=-(2156) N= 1078 N

RO 8.1 § ATk T I O,

Y =8.4x 10°N m=2

e A i &6 L=0.5mad e =2.0cm

TH YHR IARY o STUEd T H1 AR
A =1tx(2x10%)2m?=1.26x 10° m?
Y& JAE H ST (AL) T O FHIHIT (8.8)
1 SEHTS FToh 1 S Gl @ ¢

AL  =[(FxL)/(Yx A

=[(1078 x 0.5)/(8.4 x 10° x 1.26 x 109)]
=4.55x 10°m I 4.55 x 103 cm

Ig 9gd A I B IAfe § fa=renes et Bht

AL/L=0.000091 a10.0091% <

8.5.2 UEJUT [UTich
HATEYU] Yideel qA Gd &Y foehfd o1 31U
F5 T YWY 0TIk FHEC ¢ 7201 38 G ¥ Frefia
F T T ggaT Nk o Fed ¢

G = ATEIU Gfqed () /3990 faepfa

G =(F/A)/(Ax/L)

= (Fx L)/(Ax AX) (8.9)
T YRR THROT (8.4) |
G =(F/A)/0
= F/(Ax 6) (8.10)

ATEI Ffqeet o il TH ff e fman ST weRar @
o,= G x0 (8.11)
STTEYU] TUTh 1 SISHE N m2 a1 Pa el 2|

RO 8.2 H 5 WIHRON g4l oF &I uTieh T T

g1 TE @1 S Hehal € T STOEUOl Ul (A gl

U7 ) SMHAR TR =T Tolleh (HROM 8.1) W HH Bl

21 sAfererar gl o fau G =~ Y/3 |
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WRUT 8.2 F® HHNI S o TV 0N (G)

T G (10° Nm-2
91 GPa)

Tgfafem 25
Hidet 36
lelt 42
EaE 23
AT 70
ESiEs| 5.6
ffea 77

e I 84
A 150
AHRE! 10

b 3QTEIUT8.4 HiH & 50 cm Y7 & TH FNHR

Tia, forgaT Tiers 10 cm @, 1 Tacll Boidh W
8.0 x 10* N #T UF &Y acT o &1 T
YaeT i 9§ Rae 541 g3 81 S Horh
ferat faeenfya & ST@n?

Zo7 W 1 Wia fReR § de1 91 I Udelt woldh o
HHIR o T 7, o fa 8.5 o e e 21 2w

el 1 &hel B
A =50cm x 10 cm
=0.5bmx0.1m
= (0.05 m?

gHfeTT
gdee = (8.4 x 10* N/0.05 m?2)

=1.80x 106 N m2

50 cm 1

B9 M4 € o 3equr faepfd = (Ax/L)= e /G
zafer, faemd Ax = (W@ x L)/ G

=(1.8x 10° Nm?2x0.5m)/(5.6 x10° Nm3
=1.6x10%*m=0.16 mm <

8.5.3 3Ia T[UTleh

TEd % We (8.2) W TH I8 3@ ok ¢ T o R
fyug 1 efuss <@ & TH w9 H gaEm W@l ©
[fe=1 8.1(d)] it 9 et gfdee (Sefta I o °M
o SUER) o T el Wil g1 98 fuve o Sy
H el S Al 7, TH WhR Uk ferept, Ford st
faerfa wed €, Sc= Bl € (W 8.5) 1 Seld
Jfqaet qen W Aad foepfd o ST i ST
U HEd €| T8 Wdieh B § fefua fepan S €

B=-p/(AV/V) (8.12)

F1 T 39 q24 1 A Gohd il € R <@ o
s # W FdH § wH et @1 ererfq, A p
IR € Al AV RO BT 38 FehR Treqrereey |
fodt e o o em@ds o B &1 AH W]
¥ BTI| STTEd T[0T 1 SIgehTE =@l Bl & S
TE HI, AU, N m2 a1 Pal T qE A *
A TN gRoft 8.3 # faw €

SARIGA T o ohH 1§18l wed € adl
T W Frefra % €)1 <@ | This 9fg W eEdd o
freren ofat 9 39 IR e €

k=(1/B) =-(1/Ap) x (AV/V) (8.13)

groft 8.3 ® fau U sAfwel | ¥ 2w whd B
o Sial o straad o gat @ el stfusk @ @i
gl o foTq sHept A G (919) T o § wEl
Afersk 21 38 %R 31T g Tog w0 e T
& Safer o wad st goiigy gid 8 19 St
F1 STU&T T T9 @ A AfHw Fdied sidr
g1 e &1 girear sifues gidl & S a9 qer <e
& WY SEad B 3 w1 STHdgAd qEAadn
SME-UH o QAT o o= §¢ 74 oh wIl
Bt 1 5ol o o7u) oft oo U o erupett @ Sy
P g ® AR sa Aeedt @ T faad st @)
et % o] T W & et © aad T @
gfied e 2
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WRUM 8.3 T T 41 o A 0T (B)

T B (10° N m2 9T GPa)
Tfafe 72
RG] 61
GIEl 140
EaE] 37
dre 100
RIS 260
T 160
! 2.2
AT 0.9
FEA TEATHES 1.56
e 4.76
IR 25
IR HFH

(HHeh a9 TS T W) 1.0x 10*

gruit 8.4 H fafy= wwR & ufdew, fawfa,
TATEY TUTk a1 T i 98 Teee feH ¥w anp
B 2, i T 3fte ¥ k@ ™ 7

JEEY0T 8.5 e WK 1 Siud U
TS 3000 m B HEMNR I aeft | IHT ok
f=reqes Hdted AV/V &1 0 sifse, fean ©
o Ut 1 e TETE 2.2 x 10° N m2 @
g = 10 m s 2&ife)|

g6 Tolt W WA W UET oF 3000 m Y TGN
SURECISIIGC
p=hpg =3000m x 1000 kg m=x 10 m s2
=3 x 107 kg m! s2
=3 x 10" Nm™

fo=renes gdieT AV/V BT
AV/V  =Tfqed/B
=Bx10"Nm?)/2.2x10°N m?)
=1.36x 10231 1.36 %

8.5.4 @dl 31U

YK d o oweed feen H eH areft faeefa @i
uiivder faerfa wed 21 foum @l 3 g fawifa
o o fF Tomea S § uivees faefa ses
faefa o GaMU et ?1 et aifa ar o wifvde
foepfa qon ergeed fagpfa &1 otqu @l U
FEadl 21 A% fHdt aR w1 g 8 d den yge
Hideet i <90 | @ | HWepwEA Ad ®, d qivde
foepfa Ad/d sRfl Ak 36 R &1 qa odars L e
TRt et st feorfa ® e 7 9fg ALE, @ s
faefa AL/L B 31d: @i 39| (Ad/d)/(AL/L)
31 (Ad/AL) X (L/d) B @&l o77ard <1 faefaa
1 YA €1 37d: 98 Teh T § q1 SEeh| hig form
1A T TR Sl ST 7 gred Ft yehfd W &
R e 21 I o fAT 39 199 &1 A7 0.28 qe
0.30 o HeA Bl ¢ TogHitEm i fasemget & foag
THRT HF T 033 2 2

8.5.6 drfd ar ® uamer wWifaew =it

Se fREl R W A ideer enafia feen S €,
37 soXeTfveren el o freg e feRa ST €1 7 e q) o
weree Wik el & w9 H Gofed & S 81 FE L 94
TS qT A STIIEY URESE &5 oh Tk ) i @ias oh
Ra: fordt fogpraert 9 F H W AM ff @eE o [ 3fg
B W €, 79 TR (8.8) ¥ ' F = YAX(I/L) o=
Fra1 81 78T Y qR o ugref o1 I 0ish 21 o7 39 AR i
FaE § o7 g&q dl 9 9 9 gfs O o fae v
FE dW &1 99 F X dl st YAId /L g em:
fordll AR 1 STH! ga dars L¥ L+ 19 31eiq [=0
g l=1d% JeH d fwmar T & (W) -

2
—YAZ dl = Exl_

L 2

(i)
W= —xYx| —| XAL
2 L

W= fol
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WUt 8.4 Ufdee, foepfa qen fafs=r geamee qomess

Il Sl N 7 - i

@ T3 o daaq e 1 feen § fawar

) aUer SN falel @ = Htew
?f'ﬂ%'aﬁ st3Red faspfar (AL/L)
(c = F/A)
STIETR @ I3 oF HHIG & S TIHI, 6
(6, = F/A) R 3R foledt o

(v Tearfq & a1 U8

i qfer e W Fat g

QN el ae ST

I Bl §0)
STetE T8 R Gt e dederd ST | SR

I, At ST Thich (Hdte =1 fowr)

A W T () H
T S

Aav/v)

& Y= (), A
(AXAL) TR

& Bl G=TF/(AX0) a&Eq Gl
REicael
qedr
TR

3M, 79
qen g

B =-p/(AV/V) 3T
RiED

1
=5><a’111rurf$><ﬁ§wﬁr2><anm

3T
1
=§xwﬁa€fxmxaﬂww

7® % R ¥ gy wifgs et (U) & &9 §
Hufed 8 St 21 37d: ar | vered & ufd Ui A
e wifte Fe (1) =7 —

= —X
u g (O¢ (8.14)

8.6 Tl o WARY SRR o IIHA

e Sfte o gl o YoIRY STeER i STEH e
Bl g1 et ettt fosmei § goi o woaww
SEER o RS T h1 STETIh BNl &1 S
oIl 3R 1 HeHTs fered o fau ygsa g=a
1 JEerdl 1 T SAE9FH ¢ 1 S FHH T W
fomR fepan @ fop qodi 61 ST § SMUR & ®9 H
W <l Rl STURY UN=S] 151 @R 1 1 Bl 872
] 1 T & AT T TRl fRfqe +1 enepfa w1
B 82 31 U oh S HEHAHE AR o
I ¥ T ST 9F B

I R ! IS qA Th TH 9 W TIH 6
T S oh foTT et oAl | uTg T U el WE B
2 oo R =1 Sig e s @1 & 1 a6l an
forfi 1 7eg | Wi S ?1 °F o T e T um
o ST @ FSTEeht Se1 " &1 wmed 10 Hifesw o
(Imetric ton = 1000 kg) 81l TG @1 W& foha
el B SET? ST, B9 T Hled € foh 9’ T
1 TR w9 9 fawfud 7 #X 3| safan famr gemre
o 9 sifuss R g1 ifeul 9Reft 8.1 W 'Y ual
o € % 93 o W W wmed (o) T
300 x 106Nm2%IwW@é€Wqﬁv_§§
1 Ehel 1 AaH HH ®

A> W/Gy = Mg/cy (8.15)

= (10* kg x 10 m 53 /(300 x 106 N m?)

= 3.3 x 104 m?
I AR IRESE ok T o faT e 1 em e
o G ST €1 RO, el o fau 9R |
a1 WIS (ST S| o Ureh 1) e s €1 59
TE T 3 em BT 1 T Al T d5ga fowan
Sl 21 39 T3 %1 (ohel IR SAeRIS ®9 9§ T 8
B B WM zEfan Smaie fmt | o= qen
el o foft T8 Tl 1 gHIN dvil i 0RE a8 9
Tl AR 1 YRR ek ST | ST S €

et 91 1 39 YR fewmegd we g 2 forgd
g T gU AT oF AR hi, T 91 1 el 370+
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AR &1 I8 HY o | TH YR, a1 i fesmed o
TUel Wd WAl 1 SYAN wgd wHEfed 21 a el
feafqal o, ¥R o Sidd V€ o dhd HI THET §
FEHN T g4 & Hedqul Bl 21 IS I AT
dfehd B A1 LN TE =fen| B9 frd U g o
IR H foam w5t fadi & g emenfia gt qen fomeh
Teg foig W R o §, S o 8.6 W @
B T 1, IS b qO1 HICE d HI TH Gg1 ok HeA
fig W IR W& 9R @H 9 S99 Us oid AQm
fomert amn e

6= W13/(4bd?Y) (8.16)

W

8.6 G W amenfia aen @< W 9IRd T 308

offgT | heteherd 3R a1 3 veel €t ug ek
&, SHH! STAM Hh 3@ Hee w1 A fRaAr S
ekl ©1 THISHIOT (8.15) ¥ &H <@ ¢ foh forelt i gu
IR o fau 969 ®9 W o fau 1@ 57 &1 399
{1 =1eT fraeRt 2T T Y 3tferer el ot 53 gu
%o o T Sk %H ST oh foIT AISE b okl &=
T2l d ! g1 e el il € =it 5, d
wfeh bl ok STTHAMIC! eidl 8 (Taf <US i e
JATILNG HT S & AMe) | Afeha 5a qs T 7 &
& IR focrpat St WM W @ 8 (W T 8T
AT ATl ol T G S S hisd ©), [
TgH W U UH sfehd B Tehdl € S fow 8.7(b)
fe@mn T 1 T Mg Fed 71 T 9= o fan
TRea o 8.7(c) ¥ fe@rE M a1 STy
Ifesg foran Srar 21 T ufest 9 9R 98 S %
T =21 g3 qen S Uk o oy ga Ter faerdt
21 T YR 1 Hd § ool o1 =Aoer 3 fom
2l TUS % WX I Y foHA1 S Fehal B, 3Fd: AN
ER RS

PN

<o
(a) (b) (©)

ot ue #1 fafa=T s1ggwer IR=a] STl
(@) TF Y&t F IAaHR GR=ET, (b) TH
Tt 2t Sk 9 ST 8 g &, () TR
&7 & arcll GEl & fog QIERIaEr T
TR=331

ol qon Yol | @rel A1 TRl b1 U off Sgd
Teferd 81 el fol arel @ st foe1 8.8(a) ¥ @
T3 €, heAleRR 3Trehfd o1 8.8(b) ol @l shi a7den
F R I T Gehd €1 e gt 1 e w1 uRigs
fesTe i W 39 o1l 1 &4 W& ugdl § fF a8
o aftfeafaal & @ w1 , A @ el SR
quifad gl o o1 Seleprea fovaadaar sfg
1 7?

fax 8.7

<

N1

L

(a) (b)

g 8.8 @rt I WEI: (@) MeAd G &1 @,
(b) BeTEER i @1 @w

et W fHEt wdd #1 eAfushan 9 o
10 km €dl €, 59 W9 o SWR 1 =gl o qeree o
T fo=m s 9 el Tehar 81 T Yeid 1 SR §HE
ited & eqia TEl el €, 48 wgHl %l 9
HTETH Gidae YEH HLd @ TorEen SA=aid 9 gented
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(fager) & Fehdl &1 ST & TR 54 o HROT Yidael
39 wifdeh 3TTETSH Yfdeel ¥ &7 e J1fet 99 ™
Je™ varfea B (fawen)|

A h o fRdl Tdd 1 dell W, 9dd & 9R &
U] Tehish &5Ihel T o ol sl hpg BIdl @ STl
p IEd o FHM T T © 9 g Toc ™ R0 81 et

T T 57 SeAter fGw o 39 9l 1 Sge S €,
wfeh gefd o R = €1 safae 7 <& = e

Ttea St fearfa & 21 71l Uk ruEush 3reEd € S
AT hpg & B 379, fohelt wrefues Sz ot Jearee
G130 x 107 N m28idl 81 38 hpg o &R @A
el p =3 x 103kg m, B9 U4 €

hpg =30 x 10” Nm™

@M, h = 30x10° N m2/B3x10°kg m3x10m s2?)

~ 10 km

I AR TRE H 34k 9 SR 2

|9n

1. Ui 8% W YT o Gideel g & aen fomn § fo=ienes o= faepfa giar 21 31w ar
R fH JRR ok Fiaee B & (a) T Fiieel — Seed gfdeet (99 9 Gag) a1 gited dfieet
(T § 9a5), (b) 3TI&IH Ffdad, Tl (c) Sefd Fiaaal

2. %y fawqu o for sifrerat el & ufteet fospf o STHAMU el 21 38 g% 1 o wed
&1 SRR 1 feeRish Jeareerdn o el g1 faeuu sl o ofH W fyuel i
Yfafsra 3R Jeareel SHeER i Fui i o fIu i FedTeer urishi ~ 2T Tk, STAEqUT Uik

T A O 1 IUANT fehal S 2

Sl 1 T o, S AR el €, §h o T9H 1 Ue el il
3. W %I Tyvg qE 1 Hiied o i Bl € di g o 19| 1 B9 Bl €

F/A =YAL/L,

&l AL/LTive 1 a7 o dite fosfa =, Fiosfa sa= &6 9l goiifud o %1 A6 €,
A ST U= 1 o8 98 ehe € T5E W PRI Bl € (A deea) 3R Y e @& 5o

1 I O T s F/A R

4, 99 9 T AR el okl o TR R S| § d o fuve 39 yehr fosfd g ©
F 90 Foteh el has & T 9 i S faeefud Bt ¢ U hee w1 Afds faeemas
AL SR 9% L @aad 81 ¢l 36 YR &1 faeq0] 9890 Fead ¢ i W ghaad

TETU Hicael Bl 1 3 FehR ol Widael sheet Sl # € Hed €l
TH YR o foreul & forq g o 7w o1 &9 8 o @

F/A=GxAL/L

et AL fivg & s f o1 yorifud 9o Fat fgen o foeenfud ® SR G eowww ot 2
5. @ g fuve Radl 59 g1 @ T gided o SRV Selld Gded | S € o g% o e

F1 ®9 14 8 I 2
p=B(AV/V),

el p U8 W 59 o %R0l TE (el giaaet) 8, AV/V (3T faspia) 39 34 o %R fyvs
& e o faeerss o 3R B fYug 1 See une e 2
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faomuia fawa

ol AR 1 Tk B9 U FHE T R A1 SH g R W WR (F) @Rt afd TR T R s
BN 39 AR W R §ef R o sWeR MR fadd gian 81 weg a) & fondt aies A W @
F 2 ® 1 & 2F | o@: @ giaea, St 9fd s &9 W qF 6§, F/A B 2

T 1 T Widee-fasa @ o shael Wass o & a9y 2

T YA OTh q1 STTETV ol heiet SRl o forw €1 grfies eid §, $8eht RO 9 ©
o oharel SIE1 1 €1 1S 9 STehTd Bl © |

I FeATErdl TUTish 3G, Sl den Tt geft o forw yrfies g R e 39 feafa o srae o
Ifeds | Hafud © 59 fIUe %1 TE 9 q9H Siiee o faid gl © difeh e & STt
S &t & T @

wTgat & ferw =17 ek 1 W Ty urge SR WeareerereRl 1 aTden S gl €1 AT O
o 31fueh | a1l ol | warg o oftel uiede e o Ty eI el whi Sevashal gl 2
e Sftem § =R 98 “Ron B © R S %o sifuss dfd g €, 9 sifes geare e €, ifehe
g fhea €1 aredel § o 5o W S gU WK o g 0 afd e 8, sifush g eug S
= ®9 H, fhe wh fKon § smifua fowus oo o= fomsti A off famfa soo=1 & g
B Ul Rl o gfteet we faepfa & die sTiaendl o1 o0i sheel Tsh Weareerdl i g
& feRan S TheTl ST o T, erqRed fackfa & sfavia, srgwee famn (ufteas &1 o) ®
off efigr 3R & STum fSrget 9o 57 o T e fEdie @ wd © (9 @i s
FEd T

el T |ige ik 7€ € il 5ot i e Wideer fwd fowiy fgen @ freifa @ feren

Tohdl| fwet favg o e 9 W) et e o1 ffvea i w1 5a &1 & fAfyeEa faom
B 21

8.1

8.2

SIRIES ]

4.7m @9 F 3.0% 10°m? IR T o Wil o R 91 3.5 m @9 d 4.0 X 10-°m? 3TIIE
1 & dlel o dR R KT T guH IRA0T & 9 R A W STHRT oAdsal § gHH gig et
2 | I a0 e % 9 FeAdl Ol 9 S 82

o for 8.9 o fepelt fRu 7w wered o forw wiqerer-forepfa ok witan @0 21 39 w9 & forg
() T AR UTh, G (b) TfThe TUE QrHed =1 2
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300 —
<250
=
Z 200
2 150
100
50
0
0 0.001 0.002 0.003 0.004
faerfa
faT 8.9

8.3 < ugel A 3R B o fory wiaera-faepfa ome fost 8.10 ® <wiiw @ &)

faepfa foepfa
fax 8.10

T W K1 TH & A AR G0 T R
(@) forel weef o1 = yeoreern s atfues 22
(b) 3wl § S sfus Teied 2
8.4 ToeAfefEad < wemi 1 ©aF § ufed 3R SR wied o) o o 91 € a1 A ¢
(a) ST KT TR ToS 1 AT U A B;
(b) T Foeeh =1 q1 SHek SroETY o | Fruifa g 21
8.5 0.25cm =99 % 3 qR, f58 T 0 1 9o gH3 diqel 1 €, fosl 8.11 o @R wifa &
forT 9R iesh™ e a1 didel o ARl k1 oieTgdl HY: 1.5 m 991 1.0 m B | AE 38T a
diael o I T HA: 2.0% 10! Pa @M1 0.91 x 10! Pa Bl 1 $EA1@ a2 9aa o a1 # faer

T UM HifST

A\ 4

VA A A A

1.5m
=

C 40kg

1.0m
e

| | 6.0 kg

a7 8.11
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8.6 UgfafEm o fRdl 57 % fHTR 10 cm o &1 SUHT TH Ferh G Feafer aR o HHF T

T2 13U TF o @ Ferd ¥ 100 kg F1 TF $4UM S 5@ @ 71 ugfaftem 6 saego
U 25 GPa €1 39 el ol Seaier faeene fehaan gmm?

8.7 T3 TWM o IR TUEY W@ SRR THT 50,000 kg S o ol 51€ g4 &l oeR <3
BU €| Wedeh T i ofiadd qen sredt oAt el 30 99160 cm €1 HR T i THEHE W
U Y& W &1 Hited faepfa i Tor wifse

8.8 did o1 Tk Zhel, Forgent syeel Ufea% 15.2 mm x 19.1 mm % €, 44,500 N 9 & o &
i a1 €, T sheel Yearey foreaur 3ea= g1 3= T w1 Tom SifsE

8.9 1.5 cm T %1 U 309 1 il 9R SSH & foIQ g&iwrel o S 1 4f% geqr o g
e 3R el 108 N m2 € Al 59 i 91 <1 T0AT Hifere f58 shfsret $a1 wehal 21

8.10 15 kg oM &1 Teh §g gl i diF ari, foi Teieh o1 ofel 2 m ®, | Hufid ofeshrn T
B T o < AR dldl o € qe o Al Wie w1 €1 qRi ok SATEl o STUI TeRlfeny, Wedeh R
e I B @A AUl

8.11 TH HIX A NS oh TO9d o R oh Teh TR W 14.5 kg H1 SAUH &Y HT SY T
FealeR g9 | TAME S €, 99 H el W SUH HI00F A 2rev/s 71 IR F AR IR H
gEhel 0.065 cm? ¥l dR H TR sl 701 SHIST ST6 goomM 319+ 9o o freay fag = 21

8.12 7= 53 T3 ksl W Tol o AT JAR U T TUAT HIFST; IRATF =67 = 100.0 L
3@ H gf§ = 100.0 atm (1 atm = 1.013 x 105 Pa), 3ifaH T¥@= = 100.5 L | =@ a0 ® S&
eIl A1 o ST CATEIdl Ui i ol SITelT| TR ¥eal § |HeAed o I8 A7 s
aAferer 4 21

8.13 STl o1 Scd 39 TEE W, el ¥@ 80.0 atm @, a1 gm? faan e € o6 g W et i s
1.03 x 103 kg m=3, It i HHedl 45.8 x 1011 Pa~! (1 Pa=1Nm?2)

8.14 Fd o Td R 10 atm FT JeAF & o R ST FqT § FI=ATHS SR HT T0MET FHifew)

8.15 i o Teh SIF 5[ %1 Teh R 10 cm 1 €1 T W 7.0 x 106 Pa &1 Sl T o T 3Hoh
ST | Hepea fHeptferg)

8.16 TH oleX a1 W @ | foha siar foman ww i a8 0.10% ¥ difeq &t sme?
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11089CH10

I
Al oF FitIenl T
-
9.1 ¥fHehT

9.1
9.2
9.3
9.4
9.5
9.6

YRG! JaTe
el 1 fagra

ELSAGRIE]

fommta faua
A

79 A | g9 s a1 TG oF Fw W ifask O 1 e1emE
FHN| 59 0 719 yarfed St ¥ o1d: Tl wedr ¢ g 9 § 39
0 o SR W eH Fdl T 14 1 Sl 9 fa9g w2

TAR IR 3R & T W R 71 gl o FR GG H1 TR0 ©
3R s 8 H1 -faerE 9 S 9 Aresifed 81 Sl shae g
St o eifde o foru & etravas el @ o Wt s siged
o IRR 1 Afuhiel 9 STt 21 el Gfed gt wsfel o g arelt
TG giohaet W el B T AT B ¥ o7 Rl % TR
9 TN ! FHFAT Sgd Hew ol 2

e S W kg g &2 gaf aen TE o an-an e 22 S
o Touid et i STUT Shis M¥=a STehfd =1 Bidt| 319l T Kol ol
e emee gl € Stk 19 U o el SAEA i R Rl €l
frse a1 o g9 vel ® T gfded g Gl o St H ufterdd
o ST Weha1 21 S, 59 ¥l TG HT M TH R A o
Hftreret S1erdn <@ W R @1 9 eH S/ A1 59 ok ffved s
A < €, T BUN Aeqd agHScl S o 31 3T 9 gl B
9l Y qor W 9l ek W S A1 g9 o 3TFdd | uied wgd
T T 21 TR VAl H T R 27U 319 S g k1 Gl HTh!
%7 2t 2

e (foeunr) yfqae 3™ o sTEad | aRadd foy fom
SHH! B S<et ehdl 1 Al k1 Gl o1 I8 © T o7 fawuw
Yfderet 1 9gd & 7 WY Fd 7| Hera: e ¥ fawan ufdee
O © off ST TR S&el STt 81 SIEl hi 37U qlell 1 SATEuh
Yfdeet T <9 ArEEl w9 B gl

9.2 <T@

S TS THICl GE TAR = § I R W S 8, @ 9 @
1 Ay A B W TRl Siferen Wueh & ot O (S wE
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fasen am) * S € 99 W IEW 9 gUR o
sruftafia wdt 81 9k fret =afem 1 Bl W HiE
FIeft ST R T < A SHHRT wEferdt 22 S gehw
¥ % Hd fx@™ ot & B W A ARGt H
T 1@ S € 37d: 98 39 g1 | 99 Wl &1 2fFeh
S o 39 YRR o 3TWel ¥ &Y faverd & s €
e o o wy-Y 59 &9 W 9% 90 AR fwan
ST © SEHT SRl St Tyl B €1 9% & fog
T T T HY @I B TS B BN SHRT Wi
3 € aifusk B I 9faee (<e shedrd 2

e h1E fug ot wnid et ® g gen €, @ /e
39 fivg W 9 FARIfd & €1 98 9ot gd fuve &
T3t & eifieiead BT ¢ U safe © fR, Ak
%1 g7 fUve & g5 & WHIAR Bl § @ e
ot FEmgeER, fave off o7 §ag o 9@ W W
Tt R HLAT1 B T8 Tt Tl i 55 o THiR e
& foru =1e &3 1 g Hud Tl 2, ;i @
fargmmrereen 9 €1 o1q: formeen o @we g @A el
a1 Tqug oF Heh g8 o ifad g SIRITd &1 Hehal
21 30 fot 9.1(a) & S9N TN B

A gN Tl fog W +ria 39 ifvca a1 &l
T ST Hehdl &1 UHN & TF <@ H9F Jferd ok et
w9 % 9 9.1(b) H @A T ¥ 2@ IR H T
faffaa <R g €, f9e8 T FHar e 2id 215
FHHM 1 LM T8l § B 5ok (e T o i
17 ok ferw R feran ST 21 59 I 1 /el ok 3R
o fordt fag W @ S 81 e W e g it
I & HAA §N TR W 9RfG sa ¥ Fgfad
ek Tl g e W STRIfd et 6l A1 o €1 af%
A 5 A &9%he oh fIes W SIRfua sifaeia ae &1
ofmr PR, @ Sid 9T P e qe 8 &
U o &9 § R fRan S @

SIRK

P, ==

A

gifaer w9 ¥ fre o 5wl 1 F90M @1 9
B fFa <1 Tohar 1 99 Gifrd st § <@ i o5
YehR qRT # ©

9.1)

(a) ®)
7 9.1 (o) % & 59 5 g4 1478 32761 3GF1 R
W 59 5N SR 967 fyvg & Y3 & &7 fag o ofaaq
#14 Hal 21 (b) I W % forg gfa 1 59 w91

T[E T Al R 7| TR 79 IR Tg AR e
=Ed € foh Teieeon (9.1) 9o (9.2) o 9 ¥ gftemier
g4 aret ufer gafua &3 @ sifvadaq
a0 F FaEd © A {6 (Wfew) @ gEeRt fommd
[ML-T2] €1 STl 1 95 N m2 2| HIEEt aeifen
SIS IR (1623-1662) § T I &3 § GO
g fopdn| gAfaL 3ok IWE | T o SI AEh
WWW{pascal,Tﬁ%Pa)T@TW%lmaﬂ
T 3T FHI A agAYSA (atmosphere, Fdih
atm) 19iq 995 T W agHed N ARE <, §
(1atm=1.013 x 10° Pa)l

A T U B o T S (p) TR TR siiferen
Tty & fores faw § =i oo e @1 v et
I m e o fohdl WA &1 A

_m
P=y

T i fqad (ML) &1 $He1 SI 9 kg m 2 2|
g Teh YR 3R TR ] 59 3rEdEd B B, o
et 59 1 T T qE W AT SR @ 2
Taeh foufa, T <@ o ofedd o @y s o
Tt qitad gdt 2

4 °C (277 K) W STc1 T ¥ 1.0 x 10° kg m™
21 frgt ared 1 e s (fafvre e <9

(9.3)
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e} o T q 5ol oh 4 °C W S 1 STU 2l
21 I8 fomda e sifew sifaew Tl 31 S &
fau ugfufem 1 smife e 2.7 B SElE 5@
T 2.7 x 10° kg m > B1 9RO 9.1 | T A
Wl & T T T 2

RO 9.1  Fo I Tl o Fcd Tk arg qel

SRS T (STP) IT*
El 1.00 x 103
gz < 1.03 x 10°
I 13.6 x 10°
T TehiRia 0.806 x 10°
qi @ 1.06 x 103
a7 1.29
AT 1.43
HEEISE] 9.0 x 102
SAIARG T SATHTIT ~102°

b oo o.1 % st i b e
HT I HTE HT &% 10 cm? €, 40 kg
Hefd o Ae YRR o Y0 91 i Gl 2
Sdfeufeat g1 Hew Rt ST ot ofwd e
ST hifeTd|

FoT  TARYEl H FA AU FHIE HT GTRA
A=2x10 cm? =20 x 10 m?| A | HERA
99 F=40kg wt =400 N (g = 10 m s2%H T)|
Tg 9o SeaeR A H fRwn o w5 w7, o
78 SdfeeEt W sfudaaq owar @1 sHifa
atrea e

PaU=§=2x105Nm_2 <

9.2.1 Uhel Rl W

TR e s Urehal | 9 T afg @t fag
TH & TOE W F @ foum feafa & @ & et
fogeti W <& THA S 9 T T el Hifd Wt §9
H gwiian ST Tkt 7

* STP T 31 A 9 0 °C a1 €4 1 atm ¢

fa79.2 URHd & 99 &1 089 ABC-DEF faig

feetfr @ fondll TRCT 3 ST &1 Hig 79T
81 78 3Fe a1 B2l & T Tocd & JAIT B
IUET T T Gl &, W T & foIq 39
gafefa grar mar g1

fo 9.2 # fom feurfa o forell WA o6 AR o
FE Fagd WA T ¥ TS 31 ABC-DEF Th
T oo & w9 ° 71 g ereea omhR o wgd
BRI T AT 3T Y foI5 WA o I3 o qHH
TETE TR HAT S Gohell € AR 9T Yok foig R o
1 YA FHE B UG 39 g Rl TR
feTT &0 9 ¥ i 91 Hieh W1 €1 39 e
R AT S T WA & HRO 2 AR @ fom FwW
T 791 & WA & HROT TR o7 Je3f o 3tfiretsl
w1 F 21 oem: fod | i oER W 5N T
e T AR @l P, P, T P, o qaA&dl ol F,
F, 1 F, %¥¥1: %elshi BEFC, ADFC ¢ ADEB W
rfrcterer stmafad g € S for fosr 9.2 o <wrfan
8| Bl BEFC, ADFC G2 ADEB &IA , A, T&A_
T HHY: FH HI 2|

F, sin6=F_, F, cos6=F, (HTWIH’@JT@)

A,sinf=A, A cosd=A_ (FfHd )

T TR

Fb

4,

_i—‘;_ i—z; P, =P. =P, (9.4)

o7q: formmeen § 59 oF o= o Tt fegmsti o
T g Y G HE el 21 eH T8 G A e
2 fF o7 YR & ufded &1 Aifa & <« afew T2
Bl 38 e feen & < S wewdt| fameen ® <T@,
WA o H o fordl e (AoEn TRag w®a) |

Afiretererd gl @ =18 anrhet fendlt off srafeufa o =)
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WA o Teh 31999 i gl HU Sl T gaH
ST 12 9l B & THEY &1 T8 B U ST
T 21 39k ol TRl W eRa Afas aet | ateren
o g =ifew 21 I fadl R 99H 3@ g =i
o0 fag gl for o s ©§ A qa A g9 &
Toft forgeti ® g9 <@ {1 7 foF 59 ok fafae o
R GHH I T T, 99 59 R T T ok HROT 98
TR 37d: o' i Srqufefd o ferdi &fas a1 ™
A H Y TIH W T 6 &A1 =8

9.2.2 TGS o WY I W UReda

Th 95 H 59 &1 formmeen W four =) 99 9.3 °
fag 1 g 29 hoeE W2 f§g 1 92 R < HA:
P, T P, ¥1 A SR &6 G2 h 9% & T & Th
IR 3T 1 | Tk aXel TormHeeen § € 31d:
aforHt ifast st I BT =few) giomd Heafer feen
T HPRG 91 Wl 7999 o IR % qed eFl Afeul
I T IR FE FE T F R W T/ ok @
BV 9 (P,A) T & W SR T 3R FE HH a1en
I (P,A) B1 A 9o H Tl 1 9R mg 7

(P,-P)A=mg

3@ A p el 1 T § ol STH! Hafd

m=pV=pM_6>|Tﬁ,3W

P,-P= pgh

(9.5)

(9.6)

— ()] ——
S —

—| <—
— <
% b
] le——
EEENNENN PR
W DU

«—r—

£

&/
ferd 9.3 @I & FERR Sl WY R I o GRT Jocd T
F9TE 1@ T 2l

fog 192 ® I 3ok = HeaieR g4 h, W/
o T p AUl e S @Rl g W R 71 Al
foremofia fag 1 1 T (A 9T) o 3Y e ™
TG Y & S S argAved o foe et €
P, %! SFHEA < (P) §RI A1 P, %1 PH Hfcreeqid
foman ST Weha1 €1 9 FHIHTT (9.6) W

P=P_ +pgh 9.7)

@ TR, IgHEd & A ol 7 & " e
PEIATSHE T i 3TU&T pgh IRHATT & 31fek ghml
h e W feerd ferdlt forg w sifaftem <@ P - P 39
fig | I I Feera 2

U (WH) I@ % FHHR (9.7) § deH @
&AHT TeI o Wl 37q:, T qRehe o faT @ o
WY 1 S AWyl © 17 fF a5 enepfa, eneR
1 STITE HIE| FHH &fst qel (FHH TelE) o Fedt
fagetl W 59 1 <@ TAA B ¢ Feedfaen fadentaa
o ISR ¥ TH R w1 Felifd THen ST Wbl B
A, B e C fafu= smepfaal o oo of (Fas1 9.4) 1 ¥
o T &fds 959 gRI S9! Siel S §1 U R W
T A Il W SHeRT qel FHH @l @ J@ry g e
=T om0 o e 81 98 gEiae € fon gl ol
R T GAE Tl 2l

gaesifas ferieifa 1 = &7 oE A, B

AR ¢ 7 GEA SE T FeT W & W Gt
4 e &1 gRErT fr-fi=r 21

r Iergvur 9. 2 fRet 3l o T8 | 10 m TR W

o7 9.4

forddt T W I T HIfe)
ZeT 78l h= 10 m @ p = 1000 kg m'3
g=10ms2d
THRIT (9.7) ¥,
P=P +pgh

=1.01 x10°Pa+ 1000 kgm=x 10m s2x 10 m
=2.01x 10°Pa
=2 atm
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g 3@ Gl TS o T@ hI o ° 100% 3w
21 1 km T W <@ ¥ 9fE 100 atm e 2
gl i T a4 e SrEl il g kA Hi
&Il 1 & | @Y 1 Wl B <

9.2.3 THEAUSHI IF aAT IS &S

TRl fog W agAvSE 3@ 39 fog o Thish TIuee
Fe I ARG W 39 foIg § agAved o I a@
1 91 o W9 & IR & IR Bl 21 TS I W T8
1.013x 10° Pa® (1 atm)| STAVSHT e i Feed
g o feTT Tewerm geclt o dRffeh safereet Siaett
(1608-1647) 7 T ok ohi &A1 i a1 AFATSA
el 1 AT S R fo 9.5 (a) ® quiten w0 ®, w
R A % el = T ol T STH IR SR T 3R
R 38 R ¥ TR W U § FeEER 3de el
fohell TN 56 IR Wi UR ST S Ed B et
TR ¥ FT 1 TAF IR Hi arsd F9eh1 @ Paga 79
B €, T @ 2, A8 @ a1 FH B € R 3 T
T Fehd €1 37: fg A W @ I 2 W & R
g B @ 99N dd aet fiIg C W 31« o ged &

W(PB:Pa)'

(a) IRT FTg&TE AT

h

0 LH.

(b) GeAt-Teil A (@R AT
fer7 9.5 319 79 &1 3T giFT

B W T[@ = AFAYSH T4 P,

P_=pgh (9.8)

el p IR T S 94 h el § IR o &9 Rl S 2

A | I T fR SR qel WS | uR ok
W Y 9% 76 cm S TRTHT B € S T IgAvSHd
T (1 atm) o T 1 THIE (9.8) H p HT °H
TRehY ot T U oA S Gehar ©1 WEE: e
U cm ¥ mm (R & 9) o w8 H feran S 2
1 mm (Hg) <19 %1 geaish! I 1 2N (torr) HEAMI €
(REet o I9H o) |

1 torr = 133 Pa

o foram den sRR foran fomm (fpfSetarsh)
ﬁm@*wéﬁmﬁmmmg)ﬂ%?ﬁ(torﬂaﬂ
YA R S 71 9w 9 | <1 1 9 1ee
IR (bar) 91 fAfFER (millibar) fean smr 2

1 bar = 10° Pa

R A % e ge e e T
TAIYE STH €1 39 ferd T Teh U SR b1 Al et
2 oo STged 59 w0 g1 © S1eiq w9 @ /o
o oUW S 1 59 (S del) qen stfues qeiar
o e ik e 1 59 (S URT) S S 21 el
%1 U T arHed ¥ gor Big f&ar S © qen e
o g @ &1 <@ 9 w6 ®, 39 g
S B1 [RfEw fo 9.5 (b)]1 55 A R ¥ fag B ™
T % X 2| 59 <@ w5 g9 g 9 @ e
& § T S1eE A I Er 81 A8 P - P,
TR 2l & S GHIhoT (9.8) 5N f&an <war ® den
T 1 S hoh ST 2iar 2
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U et § W 59 o qall § <A 3R g9 @ gl
21 T e 9 o fasgd uRER § 9o o u e § wgd
%0 e B ?1 eH T&qd faas & fow s feer
M Fohd 71 S TR < q9 d19 e o e i
o T o agd efueh uied gRererd g g1 e
i =t g o faudia sdi 1 eifekier w9 9 srHdie
AT S 2

3gTEYT 9.3 HHE ol T aigHSH hl B 1.29
kg/m®®| F€ | §C foh S o WY ¥l o
s qRedd &l &ldl, F1d HiTeT b argHSH i
foear ferat =g a% 2?2

T : B THIHT (9.8) 1 SYAN I ©
pgh =1.29kgm>x9.8ms?2xh m=1.01x10°Pa
h=7989 m~8 km
e |, $AE % W a1 % A ° FH e
S 1 UH € Teed @R g o @i o g R
ARIAUSETT AR 1 faedR Ted <@ o WY T
100 km ST d% 81 g5 78 M T@l =fet i 9g
e R STgASHE & F<d & 760 mm (Hg) T&l Bl
99 10 mm (Hg) 3@ 31fieh i FHH M oh 3T
FT gk T ¢

>

3GTEYUT 9.4 IR & = 1000 m TTE W (a)
W @ fma €2 (b) WS- fohae 82/(c) T
BT W Al i 20 cm x 20 em HFAHA
arett fagat (SFeh oAales 9 1 3@ §9%
T W AGATSHIT 6 o S W@l T §) W
I a1 &1 AheAT HiSUl (TS S
FT@ 1.03x 10°kgm3,g=10m s?)

geT : T&T h=1000m T p=1.03x 10° kgm®
(a) THHI (9.7) ¥ TH T
P =P + pgh
= 1.01 x 10° Pa + 1.03 x 103kg m™
x10m s2x 1000 m
= 104.01 x 10° Pa
~ 104 atm

(b) S ¥E=P-P =pgh=~P,
P =1.03x10°kgm*®x 10 m s?x 1000 m
=103 x 10° Pa
=~ 103 atm

() TEE % SIeX @ P =P, + pgh 3R R P,
21 afer fagst W srfad go T W T P,
= pgh ®1 Sfeh Tagsh! &1 8k A =0.04 m* T
3d: ATafad sl
F=P, A=103x10°Pax0.04m*=4.12x 10°N <

9.2.4 ¥9 =ATfeid YA

3MEA o7a B9 2@d ¢ foh Ul H W@ e W S <[
TREdE H & @ F F 82 T difas so W faER
Y o fage o € o sueh fafir= foge w 6=
Ted zga @M ¥ [ 9.6(a)] T <79 | 39 W
1 g Afas Sed § el 1 T S 21 7@ gl
Fed el | erferdd: gEE Et @1 afg fuwed w5 o
whetd ® df gl 2l § el 1 TR I3 Sl g, 9
TH: TE G § FHE el S 2

| \A/ /B\_‘
17 9.6 (a) A 4 @ W & G 97T | 54 96T 309
Hrafaa gt &, @ 98§+t sy 4 gae
&Y G G=Rd 8 S g
g Tl © foh ST Se W < S S © dl
e g el ¥ T &9 F faafia e S 81 g9 w5
THd 2 & T & 7@ e & fohwl YT Ut e agr
19 ATl giaT &, @ Ag o7 g o | fgvmeit
% @arT w9 @ @Rd g Jar g1 9% “uehe o
Toram o1 ot WU € U ek Sied o SHeh e
ST B
%% Yl S9 g oifeld Selues 3R ge
wIferd stk 39 e | sneifia €1 5 gfmEl § S
el o feIu el st S9Em feman s €1 o 9.6 (b)
% STTIR F9 dAfed S H el g W WHE 9
foafma < fawed €1 sTgyeer w12 A, 1 S fred 59
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mﬁmwmaﬁﬁaw%#%m@a&ﬁ
TaRd BT & T STIIEY HE A, a9 qo forwd
e @ € W HEAYE 9a PA, % F9 H U g
21 eraue, T stfues o i Hqferd (S8 wiewd

W W@ HN A TH h AR 9R) H Ghdl ©
RA,
F,=PA,= "5

| A, T &1 IS ©ITHH sl FH

A
=1 < A S Hehdl €1 59 YhR W e XZW
1

g iR el
L Tt e

(b)
fer 9.6 (b) 59 =fcld Scerqeh, 9RT &g 331H HT Th
gl & w1 FA & (G510 BT =T FHT

TG SRE|

b SerEver 9.5 - suRe & e At/
foeertieal o (famm g€ o) ot o 2 iR 2=
I @ T @R el ¥ FHH S e T R
B qA g8 fUed oF =A™ HE: 1 em qAq
3 cm 2l (@) 99 B¢ e W 10N &1 5o
T W@ € oAl dag fed W a9 Wi
e HIfSTI (b) AR B 2T *T 6 cm
Y YT o Smar & dr e fawed famem
T T ?

7T : (a) ifeh To1 B o <19 Tyol 59 o HeRa e €,

3/2x102m)
FzzﬁFl:”( /2x m)2><10N
A 72(1/2%x107m)
=90 N

(b) T T rHdied AMT S B B fuwed &
I T W e 3T a8 T grI 9l &1 3R
T I A HET B

LA =LA,

1/2x102m)’
LzzﬁLI:”( /2% _m)
4, 7(3/2x107m)

=0.67 x 102m= 0.67 cm
e : <Al firedl & fog agavse T 3wafts @
3q: 38 g o w2 <

x6x1072m

ng.aw HR IUTH H B2 e
et 55201 5 cm @ W F, 91t Hified arg &
21 98 T 15 cm 5= @t T e R w=ia
g € (Fst 9.6)1 A 3SE S aeft %R
Hefd 1350 kg 1 A1 F, &1 3Thed HitCl 39
T &1 HO= T o felu SEREs <€ = 772
(9=9.8 ms?

gc7 - Fifer |YUl A | <@ o B9 o HaRka g
=

—iF _ 7t(5><10‘2m)2
A, * 7r(15><10'2m)2

=1470N
~1.5x 10°N

9 9¢1 o §d Ay 3@

(1350 kgx 9.8 ms™)

3
p=B_ IOXION )6 10°Pa

A 7[(5><10’2) m
Ig SGAVECA 9 HT R AT <

X %R H 59 =iferd sk off st fagid | &
# &1 5 B 310 W W el | 9t Yed W A
&t faed AR 9o & ST 9 © 3R S qe
% ddl gR e & =2 d9thdl W HEfia e
e W U =21 9c1 1 w1 21 3Tk A i AR
Tohel M W i Y el T Sk g ki ad Bl T
YR Yeel W Uil | o Uy W A o9 "
S Il B 39 TR 1 Tk ygE @ 9 €
oot 1 TIH ¥ I I AR ufed ¥ Fer St
o 9aF &9 9 TAd g1 © a8 st 1 g9 gt
gl W e el 2|
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9.3 YRRET YT

379 e B foum el o 9R ° AeEd fRAn e
WelTE oh 18I i qlel ekl hed & Sid &9 T i
P e IR i B oA [ e R e A T e B e
Tedl B1 Ifhd S& UM 1 TG 9gdl @ df o STt
S fq 1 Bie a1 {1 aell HI A B eI
F H TH U AN chixd iyl fh fFdl &R
fordt &1 fagm W, e & fafa= Foi ) =0 8 @
2 forel T 1 waE Tuftadt warE wed B, 4k
ot T ¥ ToRA 916! T o YA HUT 1 o THA
o R Tedl B1 5EehT 1Y 78 e € fon T o fafu=
fagetl W o gHH 21 SH-S i fafire %o s fog
T T g FT AR TR T €, THHT T 5K el
8, a1 fopell T fag W o1 w1 A o=t &1 ke
21 T TR g W TS W H1 e o & SR
F € S for 98l @ 9k wEel ToRA Al 1 A
o T 07 FR10) g TR et @ 3R Ol o qe
TH TR HI T Hed|

9.7 YRRETET #7374 (o) fE T FT I8 J99

(b) ¥RRET J919 7 &3]

et e oTaRad yare § 59 9 W &1 9
FIT 7 3T URRET Fed 2| frdt fig @ ot w01 1
1 T A A A S P W A T e
o ST BT & S RGN e il IR Lt 2|
St o fo1 9.7 () o <ifen e 7, forelt o1 % uy
%1 oI 1 9 T8 T 8 FoF Tt 1 w0 TG o T
fFE YR Tfd &Ll B 9% PQ el YaE 1 Tt
wafes ® St 78 <uiidr € foh @l o v umian o
yefed grar 81 HiE ff < URREd TH T Hl ARl
Fredt afg 98 THT wd € (riq Fredt €) @t fad
o3 W WA *1 FaT8 fEer T8l B q91 Toh T w0

et ot fegm o wifq s o 3R e sTafad! &Y
W zafere eafied! yare | yare &1 aHtas 999 |
o Tedn €1 &9 feneed! uRR@et 1 o Eied 22
fE §9 YAF a1 Rl URR@T i ST
1 Zo81 Wad © dl &H @isll o Hiae ¥ fgge s
WA Yo i fen o Faaq gHaa | =R s
a1fd fa= 9.7 (b) § 9 fag P, R 921 Q W 39 9Haa
el 1 e 38 YR fohan st € fF gent diend o
TR & A TE g fwift 8 S swent o
2 % P, RN Q W W T Hefod THAA If |
Yefed BF oel qiel U i & HHH 21 39 YHR
IfE P, R, e Q W T UM o a7 GRAT HH: v,
v, T 0, & TN T T B SAHA T A,A, IR
A E T BR W T ST At A ¥ T A WA
=1 Hefd p,Av,At 21 TEH THR A H TR Fallfed aee
1 Gafd Am,= p A U At AR Amg = p Aju, At BT
qeft Al | A oF del e @1 HWafd 39 WM
T T a1 WA i Hefd o ae B

S,

pPAPvPAt = pRARvRAt = pQAQvQA t

HUET WA & JaE ok g

P =Py =Py

qa FHIRT (9.9)

A, = Ay, = AQUQ (9.10)
4 age Wl 21 9 Wiae-gHeRu sed © adl
IEiET Wt g9d | I8 Gefd T &1 weH 2l
HHHI: Av = feeris (9.11)

Av T 31faTE 21 YaTg < AT 21 I el Ja
o wels feer TEd € o1 Hend Tl W W8l URT W@
IH-9H € o8 ofl ¥ Wl § qe gEehl feeimd:
fa9.7p A T2 8 fF A > A v, < uy, REQH
Jelfed a¥el @i gl 81 &fas 159 § 78 @l <« o
IRedT | Heg B

A o HH o W UN Y8 W el €1 Tk drata
M o 9yerd S8 hifdes 9 %ed ©, T8 U Yae
UG Vg H o%d Wl ¢ 9§ Tk d Wl
¥R TgF © THAA ® Al BH 2@ Fehd § Th
BR-BIE % (foam) HeR S o & 9= -1
(white water rapids) Hed %I

o 9.8 F® TE YaTe &1 ¥RR@ < T 2
I & fau o 9.8(a) § WA Ya® <WIA

(9.9
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T % Wl el o fafe= fagel W o R
f=-fa= & "ohd €, W St e T S 9
gl 21 5 9.8 (b) W Weysd aTg eteifiad feran

T R

g E‘:/:\
== =
= ==

(@) (b)

517 9.8 () TET JaTE &1 F& YRREIY (b) JaTE & T
@l 99et Wi § T a1 Si2l I8 JYH JAE FH T
337E &

9.4 et 1 faegra

WA Yle Teh Sifeet TREeAr 81 0 Sl el s
SYIRT I U TH STARE! 12fal UN-YaE o 59
fafere 1ol 1 W R Fehd

TRt STIIe e o T | Wd Jae W fo=R
Hifey) A for g aiadt Seeal | @ S e
a7 9.9 ® i w71 o A fF WET §
IdTEd e STAREd YaTe & Yalfed 1 Fided THiHTon
% UR 3 7 § Iade g1 =1fetl @R S
T oh Ty ek oct o1 3Tegehal € S 39 =R g e
T 3= gl B fa=-foet weti o < f=t g =
qreq o 31 fogel o o9 eiat 1 Gad o qied
(M St gREde) den = (S9E) H aiada
(fearfa =1t # 9fEad) <A1 H YRR L Sl |
FSH, Al HT THE | T G w g
Jifqerfag 2faa el 7 famfaa fwmar em

31 & 1 (37U BC) 920 2 (37fq DE) &4 | yare
I T ARG § B A D °h &= @ &l | 3T T
WA At H T8 T Yaifed srml 71 fF B W =
v, M D W v, ¥ TWB W WA vAt, C F 3N
YaIfEd e (v At SO B € fF w9 BC # WM
IR HTE o Fohd €)1 TH U ATA At H RA
St SR § DR T E ST 3R gafed g qen v At T
T HOM T &S S A A, A, &

AR el W, S fe@rn T #, @ P, P,
#W 2 o9l fR (BC) W @ R fRar wn &
W, = P.A,(vAf) = PAV 21 iifes S &= o w6 e
ST BT T TAIEd Bl © (Fided THIAT §) TR
R (DE) W e gN fovan 1 &b W, = P,A, (0,A)
= PAV 2| 31e Wa R fFa T wE -PAV 2
31d: 3 W foma T FA wE

W, - W,= (P~ P) AV I

T FE H FS 9 WA Dl A FHeil gRafdd
FE W Tl W€, q° 99 96 R/ H o
fefas oot afRafda & & = smr 21 afg o=y
Yellfed el oh1 ¥cel p T Am = pA,v,At = pAV i
efd At T99 | EY @ yerfed ® df ey fefas
Tt | e

AU = pgAV (h,- h))

TSt St § ufed

1
AK = (5) p AV (v2- 1)

el o 39 AT R 4 F-Ssl 0T (T 6)
1 ST FT Hhd & Tored 7o Frefafaa gy o
B 2

1
(P—P)AV= (Ej PAV (v~ 1) +pgAV (h,~h)

T&% 95 i AV ¥ fawfea &+ w

1
(Pl_ Pz) - (5) P (022_ vlz) +pPg (hz_ hl)

SR TG} 1 TH: FAELd I T TH W FH

1 1
o (5] pu ot =it (5 pu+ oon
(9.12)
Tg S WHRTT 1 Hfth TEuee i e §
19 2 forel < feorfqat =1 gwiid € o1a: &9 9M= &Y
T = L GHhd © 1h

1 .
P+ (Ej p1? + pgh = Tl (9.13)
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fa79.9 Rad! STqEdEle & fHdt wEy °§ faHdt
ST T H1 JaT6, v, At TG o @S H 7T
T THI At H v At TalE & G d% T F

oar g1

T I H, Sl & %o H ed FE TR fom
Tohd §: 51 B TRl o Y o S i e €,

KE| Pqﬁrmwwﬁawﬁ[p; ]awsn%rwl’aﬁ

AT Teceir ferfast it (ogh) 1 AR STeR Tl 21"

e & fr Fei Weu & FEm #1 ST w5
G 78 HE T § foR Sor ob shRoT B St e e
BIdl| T ar&dd |, W& qel YeE el €, dl St
i % FE s H A A A 3 e
Fcafd @ & fafa= 9asl o == o & yare
o HROT T T FF HAE U GE W YU a9 @
& @I RuTHEEY Sl w1 g Bl €1 aXel o g9 Ol
1 Tl Fed & faet fodr @ = 9% & @S
¥ & T q WA B e TS Sl S el o
TREfdd 81 St 81 37: Selt 1 THIH I YA
AT ST Wl W AR Bl ¢ Tl T W Th
3R gfqeer € fof T8 srdied @l W & ) e €,
Hifer Tl T JE et ol el foran 7 81 I
H 9ok T STAN € W HH YA A STHGISH wal
1 SEd H SIS Wi S Y Wehd B SR e
fagiy yare & off el THRTO ®H @l STl FifR
Y 97 91 9 g9 § AR AR wd 2

e TR ferrarereen # g © e1eifq Yo T W
THh U k1 o7 T B, el HieRL0 f g @
IS

P, +pgh, = P, + pgh,

(P,- P) = pg (h,~ h,)

S e (9.6) % & HEH 2

9.4.1 T T T(gdlg : SIHeT ot FE|

afgaie e &1 31ef B T &1 dfetE)| AREet 3 98
a1 o T R get 2wt ¥ A & dfedtg Hi
=e i Jod &9 9§ fIRd fave &t =1at o6 9o o 99&d
YA 5 YR a1 ST Hehdl 1 p S o 59 9 9l
fordt tEt @@t W fa=m Fifse fSed 2@t &1 ac |
y, S9E R T B fox 7 (3fae fo 9.10) 1 59 &
SR, e 78 y, S9E W E, 9 7 i 7 P
B WiaeT THRRT (R 9.9) 9
VA =U,A,
AI
U2=A—2U1
IfE THT Hl STIIE HE F &ABA A, Tog Hl
TR T &hcT A, i JoT | hih! SIfu T (A,
>>A), 79 B9 MY A0 W T i Fi-iehed: T o
T Tkt 7, ST v, = 01 79 g 1 7o 2 W el
HHIRTOT @] I U qM I8 oid 3¢ foh 8% W 3@
P, STIATSTH 316 o IR 7, ST P, = P, T
(9.12) ¥ &5 9% Hee U B 2

@ P=pP

1

h

A,
B %—(D —_lx—b v,

] 2

2IRGeAt 91 917 & wr9e @ dfgale 1 =t
v, Tl GHIFI G T el &1 A T H
Vi 9T Gerr & aen argHved @& queh 4 &

T9 v, = 2gh

ferTa.10
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1
Fato pui+ pgys =P+p gys

y2—y1=hﬁ?\t|?

V= }29 h+@

ST P>>P, © T 2 g hsh! SU&T &1 ST ¥ehell T,
T4 afgate i =e &1 HuRe aE-3@ gr o S
21 U & fearfq Yohe-T | eIt €1 38eh fawia Ay
2! 1 HIU A6 Gell B o SR SIATSH o d9eh
¥ed@ P=p,

v =+/2gh (9.15)

e ot g w9 ¥ i@ fog =t =@ 2
GHiieRTuT (9.14) SHRAAT oF Tagia =i i = 2|

(9.14)

9.4.2 Tfaeh Semueh (oo )

ot fyve W Tifaer Seeueh Tk 5 e 21 w9 T o
WA | 7Ifd o HRO agAE o 99 W, Tl a1 Th
AR W W B TA WG fopepe, @, dmeia @
Ted § g9 SEd ¢ fov ag o St g2 ot e
RS 99 W g2 W ¢ 39 e i i w9
el Togid o wwemE ST Hehdl 2
() fomm & g a1 oo WA F o fo g
TfeAE g & 9”3 o 9.11(a) § “RR@
R €1 URR@et % waiid § 9% W 2
WA § g o FW qA A= Gd fagei W sHen

=

——

(a)

0O\:

a1 gaH 7, fE8 @i g 2ian @1 3 7 W
Y HIE SHEAYE! STl FAUHE a1 T&l |
(ii) IHE TE T Tt AT : THU HIA ge TS T W
g H T 71 A% ok TgU & @l sfu
g TS ST R At g8 faue 1] @6
uRR@ [ 9.11(b)] S9fER T €1 A e
3R =Tl © q $Heh TTuet o1 1w i R ot
21 TEleIY, g % SW oG 1 o7 &8 Sl § 3R
T e W@ (W 9.3 W) | U W W
1 X GoF B Sl € SR A9 i R fawet ®
St &1
T A ST o HROT SO a1 e g R gEid
3O 81 9 € 9o i W U e Sedud! 9t e
AN 21 TEHN o HROT Scq=] M Tl eI
W qHE (Magnus Effect)ﬁﬁ%l
A o UG AT TR T SeelTieh @
TR 9 § afest feen  =or & @ 59,11 (o)
¥ fe@m A7ar fafite o&R & S TaUwEa T
Tfaeh ST TR w1 AR ol g1 1 9.11 (o) &
ITER g o U@ 1 SFIIEY HIE TIAHEA SIEt
vatd Bt @ foer ufi: emned wei| 1 s
TIhIEe ol o faudid =efdl € a9 9@l %1 TR Yo
o gy o= yRR@neT i 9@ oF S9-d &l
TdeT FHIY T <1 B1 TAE H1 T 9 TR atferen @i
F U T 21 T B SeEgEl 9 ¥ 1@ W
e SceTgeh I Bl © SR I8 SgAH o R
Tgferd e &1 e S 8 qwian 2

—=)
—

(c)

fa7 9.11 (a) S0 TG T & THT WA (b) TH FHA TAHE et & e § ToRT o aT #1 HRITaE
(c) TRIBITeT & THT T ToRA arell a1 4 4RR@T]
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b serevor 9.7 et ol wiRa sEn foEE
el 3.3 x 10° kg B1 TEh el TG &hel
500 m? | 78 T FAf¥=d 291 W960 km/h
o U 3 @I Bl () 7@ o Sudt g1 Freel geai
o o= I AT fed Hireel (b) Feel g3 &t
o ° $98 I8 W A1 Hi 91 | SRR Jfs
ehTerd RIS [91g &1 el p = 1.2 kg m?]
ZeT (a) TER ¥ SHEqE! 9 ¥ Hqfad g faqm
1 9R 7

APXA=3.3%x 10°kg x 9.8

AP =(3.3x10°kg x 9.8 m s?) / 500 m?
=6.5%x102 N m™?

(b) FHROT (9.12) H &H IYAM o FI4 T3 TNl
eIt I 1 SEdl o 9IS ST shi SUET T 3 B
RERSC G IR CIH

APzg(vg -v7)

3T v, T HT FR TS o FW TG TAq v, A F
et g3 ok = = 2l

2AP
(Uz - Ul):

p(v, +v;)
Sd =
v =(v,+0v)/2=960km/h =267 ms'eH R

AP
(vy —vl)/vav=p7zo.08

av

T@l o HW 91 I 96 9@l o e 9 S =
FT ol H had 8 % ATy B =y <

9.5 YA

et T SR WA Tl B a1 98 T H o Ty
TeTd €| e T § 39 Siaiy i Siafies S0 oF &9
o @1 S Hehal & S S g8 W fd | Sea sy
ST BIe €1 38 YA hed 21 S %o shi Hdel § et
Tfd Bt € a9 ¥E o Sufted gl 21 e 9.12 (@) °
T SR 4% = &1 < w2 o e Tk 59 99
el i o ®, el wie i feer T sy sefs S
w2 S FHME a9 el wie %1 st 5an g 3t

qe ! I § fowenfya X < @ S 9 9§ @i &
A o eI 3tfereh o7 i STeeFehdl BTl 3HY BH
g et frepTerd & fo dt 1 qor o SIS St v
Afush B1 I3 o Hueh W aXA T ST I3 o o ok
HYH B 81 3Td:, 59 1 S Hag o H9eh J 59 v
o W el ¢ 3R el feer wde o Hueh | @ i
e feer et fech for gqe 9@ (3= am) S9-59
TR A & FARl T AT FHE TG Y aGdl Sl @ qen
Ho SO g 1 o v el 81 el oft <9 waw o
U, 308 S 1 Hde T 3 w1 AR Giwdl € sl
F= ) Hae ND #1 R EiEdt 81 6 HNU1 Hagl
o o9 ol I 81 Sl €1 39 FehR o Y ol
TR Y8 HEd 1 S8 A W @ =udt fevare W afas
Tl T W SHeh T ThEerd 8 36 TR 59 1 0
Tk TR W fFgedt €1 5t oy =21 <79 o 59
T o=l € o g9 o 38T oh ST ¥ K1 TR

|AX=UAI

B E C F

—»F

S

(b)
(@) § GHIHR Pl #1 ©iel & o9 @ 59 FT
U Wq fad wia w1 (el wie fer §
a9 F9 Wi v a7 § qfeA S TfaE 2l
(b) T § ¥17 Jag & forw @ faaron

ferTo.12
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AT fuehan gl € 3R 9H: IH: S e H eri i 3R
9ol & 9% HH B S ¢ SR $id ¥ Yy e S @
[fe= 9.12 (b)]| T TFA § SRR T8 T a7 fer
T 2l
TG T oF SRV Td °h T GF S R T
ABCD & &9 H ol S 993 31q0d (At) § AEFD 1
TEY o ol 81 39 THT Sl § g6 § Teh Seaequ
fahfa Ax/1 391 &1 St €1 <k vafed 59 H 90
T3 % SER A AE W S 9 % faa
A gR g e @ fr wiaee faepfa w1 srdan
“forepfa fteda &1 X & ‘faeefa <’ e7aid Ax/ (LAt
A v/l G et Bl 9w feha S €1 YAl qoneh
(I=aR ‘ge1’) i R STaEI Hfdee den faghfaex
% w9 ¥ 1 96 C,
_F/A_H
v/l UvA
YA HT SIHE @S (P) 71 39 T A
Nsm? a Pas @l v &1 faand (ML T €
AR T Il Saii S I, Teehled g e a¥edl
S RICHIR, T, frered o1fs <1 31den %0 9 g
? F9 9HHE dCll o YAFAT 0% 9Rui 9.2 |
Teftarg &1 B9 T 91 el o Tooa § ) el whl aa
&, < amek fetw Tk &1 Gahd €1 Wit 9.2 H g
Il oF SMYUR W S i goql | W@ Al el
(tfr waM) B T WA kT AU I
(n/n,) TE-TRER 0°C |37 °C % = =R & 2

Td 1 TGl 99 "G4 W SEdl ©, Sefeh 6 i
A O TG T et 2l

) SATEYUT 9.8 0.10 m? &l i i ©g !
e fRdl SR St e WSt Uk STy et
(fsra wefa eq, qen &oor fed @ 7= E) &
SR Y BT S €,0.010 kg Wefa @ fo19.15
I wifa eI T FE 59 fEH! fFed 0.30 mm
e 1 €, ST 991 =i o Ste Wl g ©1 g
fhT M W @ 0.085 m s &1 =R =1 ¥ IE
AR TIfd HH T B1 KA hT I ONE A
Hifsg

(9.16)

.0.01 kg

fer7 9.13 59 & ¥IFGT U &1 A9H]

go7 SRl § T o TR ¥ i T IR AR A
H B S W T8 a1 e T uiE | o) 9 fafiea
fqUg & YR mg o e 8| 37q: @

F=T=mg=0.010kg x9.8ms2=9.8x 102N

-2
78 T SFaET HeEe = A= 28 X107

0.10
v 0.085
il =X = 1 0.30x107
n= i
faepfa X

(9.8x10™N)(0.30x10°m)
(0.085ms™)(0.10m?)

=3.46 x103Pa s <
TRt 9.2 T el i Tl
e T(°C) IIEAT (mPl)
Sl 20 1.0
100 0.3
T 37 7
TN a1 o9 16 113
38 34
RIGESEiE| 20 830
RIS 200
arg 0 0.017
40 0.019
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9.5.1 ich &l am

YA T T fyue fohd ot 9 firan @ @ 9 e
ek H el 1 ULl 1 ot Wied g1 a1 o=
W § e Tfd S B St © SR uRemeey
fyug T IROMH Heh o ST9d FIAT ¢ WAAdIE
iRt g2 ot &1 9= a1 S T AT g ATk
Tt fq % F AE ISR F| A8 @ ™
TIF 9 Tqvg &1 71fd o6 AU qon STt fom o
faula & #a 21 S o UfvEt 59 W Sa F
et ® e Y v 7 A WA B B a Rl
SIS S=AIfeh T St ST, W (1819-1903) 3 T
FU0 91 F 1= dey g el a2

F=6nnav 9.17)

™ Wi #1 | wed 1 0 2 & w
Fcafd T8l |

TS gt 1 98 Fa0 T Juh S0 B S
a1 & U B R vam wem o fird fave
ST HIh W THHRT Hew A1 HT Thd 2| 1 I
o et wsh awf 1 9% W e hfgd Fd T 3R o
g T act oh RN N Bl 81 SH-SId THehT a7
a1 Sl €, Heeh YA a1 ft sgdl S g1 3fd | e
T W HRERA T 96 aU1 e 9, o 9a o
T 1 91 €, dl 72 el qe ol T € Wl €| el
ol 1 d] SR o W A w AR Rl B W
sFareen | wwiq o v e gR feEn s ©

6mnav, = (4n/3) & (p-o)g

Sl p Ao % q Tl o w9 Fafd = 2|
B I e ¢

v, =2 (p-o)g / (9M)

3 1T A7 v, el o SR o a1 b FR R
YAl € A1 HIEAH o ANl o SJehHMddl il 2l

(9.18)

39wl W 39 IR 5.2 W H: €A % Tehd B

L 3QTEYUT9.9 2.0 mm =1 areft U dfdl &t Tig
20°C W 6.5 cm s GHId 97 9 daf o 3 | fiR
Tl €1 20°C W el 1 I <l STeher i)
T T T 1.5 x10° kg m® AT lsl T S
8.9 x 10° kg m* @I

77 T 1,=6.5x102ms’,a=2x10%m, g=9.8
ms?, p=8.9x10°kg m?,

6 =1.5 x10°% kg m™| FHIH (9.20) &

9 (2x10°) m®x9.8ms™

=Zx
d 9 6.5x10?ms™

x7.4x10°kgm™

= 99x10'kgm! s |

9.6 UX HId

3T @M BN T a1 qen 5a oad o el foerd; s
YT SR eI el T 31 © W Iq@ ! E; IR
e O T fagerar ferg w1 Taues S ©; T o
1 sufterfd o off 9ot ¥ 1 a7 4 SR =g S R
T q1 I U o 3 et qfEl q S S S €,
T o g9 % O @ g W AR g § g W o
o T W T FAR S W S AR A E A
Teh 3T e o 1 A 3R T & e v sl
1 Tds Hdel ¥ Heifed €1 5ol i g ffvea enefa
& 2dlt, T SR ST Weh e et g @
S 3% el U WSS ® Al SRl U Tas IS
BT 37 IS} 1 o i ol et 81 39 qiEe
1 I3 TG HEd 21 T kel Sali | el Fehdl © ifeh
i o HE T TS & | T T 39 URESAT i
TUEH 1 YIS H B
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9.6.1 TS Hall

ShIE 5o 3T UET o wle SR ok HROT T B
79 o Wil T 0] ARyl SATRHTRE SRE 5|
TR 1 Bl € Toh 718 e1o B el Weft oRAroge et
R Rfid e ® [ 9.14(a)]1 39 AU
IRUTTREEY U3t oF e sHomees feefast s 3c=
Bt 81 Teurfast St o1 afton 38 o W e @ T
W T B A9 % U AR 0] faE fRY YR
foaf & den St GEm #n {1 g 9ot stoped a5
fra fefas ot g9 2t 81 9% 39 qe9 9 T
o 39 YR o Apet o fhdt Teem (59) 1 oF &
30 3% TH TR ¥ [ fowd (I an arsdigd
) ok feTw Sl 1 STEeHeRdT eIl €1 98 ST Sl
1T Afersk 2t 81 U o fore =g St 40 kJ/mol
o U™ Bt 2

39 Ta h I3 oh GHIY fREl 9] W BH fa=R
# € [Fe9.14(b)]1 59 & Fia ok 9] HY qor |
39 % o9 ] F T ] I AW TN T S &
THOT D RO TLfes Sl Bt 81 T T &Y
Y I8 5o o Hiql o 0] § 3TUehd H el § i
S UiEd ¥ SR T gE TIET 91K Sl o ST
el B 71 39 YRR TRl o o I3 o 310 hi Soll

7d o Sfiql SRt w1 e © o A gl 81 o
g %a ol Fefaa o o ER, %9 ¥ %7 I IS
5Tkl A 1 YA LT &1 IS o &5l | gfg
F o T el @9 B Tl Bl iR g
RereTe 1 eH & 924 % usl o G6e "ehd @
Rt 319] i I3 W @A H Thal Soil Tavash gt
22 S| foF S v feman S R © FE AT 0]
F1 7w Y 7§ R TR B % e B
? @reffq oo T ST Wi el Sl wfey

s T 38 TS F 27 $FF 59 et TRt
g ¥ 9 € o7 Ul ®Y W T g3 TEl e el
[Fer 9.14(c)] 5 2TU[3T T T 2z = 0 W FS & 317
AR T U T IS W SRl I € Sl g

9.6.2 TSI Hell a9 IS qE

3 Gl FRT, S T S 1 Feer T gu S
B Teel foum R ® R g9 o gS & Wiy el
Torg Bt 2 AR iUk I3 S T =8 ol 2 3R
Ifys S @9 ®E BN 9 T H 3H YR
9 o AT g9 %1 Th UE afds fhew W femr
Hifey <t foreh Tt ©8 W wEE B ® S g
Rl W TR o forw s @ [ (9.15)]1

-

(a

R

(©

fa79.14 fordl 59 § T8 W STUST &7 el SIRG T qcll 1 GG () [HHT 59 & X ST91 379 T 374 3737
& BRO Foll F VA T 81 AR BT Rend Sk syeren oo @ gt 81 (b) 78t T 59 & yS & foru

(c) STHYT (A) T FahsT (R) FeHl 1 Gger|
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—>dje—

l m
F
(a) (b)

fer79.15 fordl freq &1 A1 (o) g7 T HIE 15T (b)
forsdt sifaea g4 @& an+4a freal

T ST greeken ¥ g0 fo o 39 AR B8
w1 fhelt B 3 d 7% 72 &1 9 fhed *1 &
(1A T3 KT &%) 9 T 7 o o fe o
a1fereh STl eivit| gent @1ef B fon efiafish ot o faadia
% fman T 1 WA T S SO F € al SIifga
e g fra T wE F.d = Fd 21 S S0 o
IER 98 o1a fhen o e erfaltem siafter st 2
ol o fthen 1 9fd Thish &hel 753 Sl S €, 3R
sfafted &orwa 2dl 81 et ffed & <) urvd 81 &
Sen o= o %9 2iar € o fhed o & Y% B €
o1 AfARe STl

S (2dl) = Fd
A S=Fd/2dl=F/2l

TR S Y @ w1 ARAT €1 TE 5o o Wi
Tehish &l 1 51 ol ©1 98 =1ferd o 1 9fd
Tl @aE W Tl 5N ARG a1 71

a1eft 9% T ohael Uk % o YRS 1 Il i R
s Tm €9 ¥ T WA b Fal A1 3 TR W
o e =nfen) 57 feufoddi & g it g & 3
R o Tl W AR B 1 SeetvReEy Afg gered
o 37U] STH H Teh SO i 3Teh{d id © al g
Tl A B S g A o8 Teh O i Hfchita
# € O g Sl 9ig S| 39 YehR AR 2Afiren
SUgH &9 U B9 Fe Gohd & R I1g it A wsredf
o AT AAYSS HI STl & 9 I8 I R & el 2

SR w4t & YR W fEfafed Jeror ur
EGI

(9.19)
(9.20)

(i) T3 O g9 qeN o foRt ugred o o STy
% qa § Ui Tehlsh @aTs W HRERA 9 (SAeEl
9 Tl &k #1 YEIT o) 21 FE 5 o
ffaX o T[Tl &l o | STaUYss oh 73T i
Afafier St 2

(i) 3TATS o forelt off fog W ew g a1 (Fw &
srfafier) o U Y@ G gehd € a1 39 3@
Hfq Uik TAE W W1 o Haaq qRAT § qHH
Ter fen o foadia g3 a1 el S i1 hod dl FT
Tohd B € L@ wreeee | § S atfush el
o foIq g8 W TRAILS! sTean TS i Us @l
T HTTAT HIfSUl TH @ o 1% 3R TH] @l
1 AT R Giwd € qe1 S 39 3@ ok TE AN
& % 30 T 3R Tied 21 e whi fefa o 77
TRATSH 1 T greEee § gt 81 4 odd o,
@ SAAYSS T Hiaid @ b1 Ffe s s
o o 9.14 (a) T (1b) T <9 7T © Al Shelet SR
1 3R i Tehieh ofelE § oM el 5t S B
qreft 9.3 # fafa= sai o faw g @@ & 71

f&E 7T €1 I8 q e 1 A qr ) R e €1 v

o T S T 1 HIF q9gfg o WY HH Bl Sl
2l

WRUT 9.3 U ¢ q19i W = Fal oF Y3 a1 el
IR |

EILE

St
(kJ/mol)
Biferad -270 0.000239 0.115
SRS -183 0.0132 7.1
T 20 0.0227 406
e 2 0.0727 44.16
Ry 2 0.4355 63.2
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I -9 T TWA-a1g T SHstiell oh A0 o
T q1 S HT JREIF Holl A ¢ d WA 39 W
fauehm 3@ den 59 gt H Mehuu Wt eIl 2
o9 9.16 # ITHIT o 3@ o IR &9 39 9 &
M9 Fehd €1 Teh =9t Qs e &1 @i fge =
ot u o g9 9 2, el I Th g wE Hl B
w2 o &fas el fFR i a9 Uigl $W @,
Toll o qHU 3R a1 WW@H Fferd wX o &1 5T °
R UE I el TR SIM B dIfch I8 Hhid 1 W &
&iferst fereRT =1 B 9 ol 3R I3 719 o R0 Wi
Tl = & AR Tied @l o1 U IR FS 9 Wd
& 9 a% fF e 59 ¥ 9 e A 7 =)

B

fer7 9.16 I a9 A9l

T ST sTrervaer SAfafied YR W 81 da e
9.20 T &l &l TE ==l ¥, FI-a1g RIS HT T3
GRIE]

S, = (W/20) = (mg/2])

STl m SAfafier Hefd qei | &= &1 w2 o et frm
I T T, WIKIER (la) TH q2F i I KAl 7 TR T@l
Fa-o SAAYS qd HiHerd 2l

9.6.3 Wueh hIUT

fre 31 wWeAH °F TS dd o e S H TS,
AMAR R ThF Bl 21 Hueh fag W 59 I8 W
TIYIAT T 59 oF 316 3 T8 TR TqRAT oF o hivl
1 Tk 10T Fed E1 3H 0 U Y w1 5ol e
2t ok fafr= gl o sfaugsel W 97 - g
2| Heh IV kT A € ST 2 fof g 5o fohelt 3

(9.21)

o T3 R helTl 19l 39 R §8 SHIU| SRS
St f9919.17 (a) W 39140 T ®, U % Td W U
# IR T € W TS Wi @i R 9 B
St ® [ 9. 17(b)]1

Sla

<

S

m\

sa sl

(a)

<"

m\l

(b)

e 9.17 Sfargest & @arg & @y U 1 gal & At
3T#R (@) FHA F TH T4 W (b) T @8 TEFH T
T

379 B9 T SIAYRE TAE! T o TRl W
e &t €1 S o o 9.17(a) @ (b) ® <@
T ® TR B S9-91, -9y q¢ SM-59 & U3
TES,, S, S, | T &1 T weamt & gt W e
el Wk @ R AreEae ¥ gH =t 999,17 (b)
Y 79 e Heay o= Y Whd ©

S, cos 0 + S =S

Ik S, > S, Tl Tk HIV &g IV B S R
T AT T T SAAYSS| ST 9 F8S HI0l € ol 59 o
U] Teh TER T 3R TSIl W SR el € 91 3|
o STV oF WY §9d &9 9| FI-2M ST
T H Fgd ol A9 BT €, 3R q9 %o 39 H AL
i) TE HE A A o IS WA % WY g @

(9.22)
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@ IR & Wy R off a9 W gEh IR, 9 59
U] 3 ok AU i AR Afersh Afekd § ShTA Bl
g @ A' S, H FH HL M AT, cos 6 T HHT
® 9 9 € Wehell 1 & QITRIUT BN, TET I ok
Hia I s R EH 9 el € @ gl o 9
fordl ot o%q W (Fe Haw el S )| WA,
ISR el UM STl a&qy, el e g1 96 3R
ot St € d Woeh v B g W @ ed 98
el 7R JEe gl 8 S ©1 U qen 9 &
o9 GUek hIvl 9] HH o U Ul H T TehRS
1 Toemn s 2|

9.6.4 g AUT TeTTc

IS T H Th Tewd I8 ff € T A e 9 &
TS i SULT KT W TR Al %9 i GHd 9% al
TG TR Bd €1 3T 39 qe H1 a9 <@l
B fovies T 9 9 359 o At © ST S
Y g o STt BRI Jal H, 16l AU T % Gu
TAIT T o Jorgal H1 9% q9 gt et € i e
22 WA o goige g o TRl €2 S R '
IR-SR ==l T @ € b Tt go-org sy | ot
Bt 21 31 Tt faw 7w evrere o forg weifers st
3 el & et U3 anhe Tl A Bl e | T
TO7 B B1 B9 9 G2 1 3H TEdeh W FeAId el T
Gohd T MY W T8 e HY Gehd @ o 38 ged
T Tiiel % Y HH Teh ¥ BT gorl § 9edl g1 3 97
o 9 a1 3T I (3TN Ig-Hiaw) Fegset
g @ g9 &1 92 et 2 €

TS T 1 Teh 3 ek UROTH T8 § TR 9
% iR T W I F R ok 9 W AIF B 2
(e 9.18(a)]| T oS r 5o &1 & T %
e ¥ 71 A 39 9 a6 B o ar sl 9fg a1
ST, 32§ sfRE e A,

[4n(r + Ar)?- 4nr®] S = 8nr Ar S

I g TrEEEe § € @ @9 w1 T 9% el 9%
o i de1 9EY ok FElal (P, - P) o 99 § TER

(9.23)

o HRU S GRI W k1 T el & Fferd eidt &1 Tet
Fd &

W= (P -P) 4nr’Ar
forag

(P-P)=(2S, /7

(9.24)

(9.25)

s ®9 |, frdl ga-719 3fauyss & fory, 3w
TI9d 1 TR @ 1 AF ATdd 919d i AR o 9 h
M Y 31fuk gl 81 SSe & fag, 4k frdt 59 &
iR T AT 1 A €, W Fe A H gAge
aAfyess @ W B [ 9.18 (b)]|

(a)

fer79.18 r a1 %1 5, fEHT T Forgei

et gager (o7 9.18 (o)) &1 s ae fret 98
FeraT feordit Tfeeht ¥ fo Bt 21 Jeige | | STy
T &1 SR Ik ok MUR R FRE et & ferg

(P-P)=(4S. /1 9.26)

FHIq S RO WG FT agel M oh g
YT pe At | Hehel Tl ], Weg wgd Afersh e
R el Nfush I AavaS 2l

9.6.5 HiIThIT =TI

T gufes 99 frdl el et ¥ o o foeg S
F FW IS (3+) fohdl afshed Fa-a1 Haqes
o SHl AR T H AR BF o RummEEy 81 dfe
91 | 9% Capilla o1 314 € 91 27efiq o1l A g
it SR Y g Tael B Al 39 Al H S+ §ga
arferen €111 St qe Rl <@ o g et U gaTehR
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(a) (b)
fE79.19 BRI 3777 (@) 51T & R Gel a7 7 gal

forsit gacit Tl 1 A SRG|

(b) STRTYS & fAehe &1 STafdfa sR@|

SIS Fe (1 ) T FearR shyFel W faar
F & ot Tk o vt 9 R foRet g oA | g
? (Fr9.19) | Ul qen i § Gueh i1 = €l 2
TH YR HiIERT W U T YRS 3fede eidl ¢l Eeh
e € o ol g3 & <A 3R <R

(Pi— Po) =(2S/r) =2S/(asec 0)

=(2S/a) cos 6 (9.27)

W YRR, Toll & Wiy Taeigw (arg-Sel
HTRTYS ) W T HT ST AIIAVSEHT T & FHH &1
fer7 9.19(a) ¥ 3 faigei’ A 79T B T &1 Shfad
FINTT, 37 Gl T FAM ST T =AY, 379

P,+hpg=P =P, (9.28)

gl p T T T d9T h T FITHIT I
Fea & [RF9.19(a)]| THFI (9.27) T (9.28)
1 ST FF &0 T F@ ©

hpg=(P,-P)=(2Scos 0)/a

&l ) T 3@ faawAr qun SR (9.24) TE
(9.25) ¥ I T B =l € fF i s=ee
N I3 1 € Bl @ o AEHE o fog T stfues
BT Sk A1 AT Taell ahiymehl H qfaedt dr &
Ig S cm F1 HIE HT BT T S F forg A
a=0.05cm e q U % I3 e (@R 9.3)
YA Lk BH U §

(9.29)

h=2S/(pgaq)

2x(0.073 Nm™)
(10°kg m™)(9.8 ms?)(5x10*m)

=2.98%x 102 m =2.98cm

A fife, A sa-Aeess (AFERY) S9d @
S feh UR H gl € i cos 0 HUTHS ® al
THIHO (9.28) W I8 T T foh Hyrell § 59 1 aat
T iR ST @ erefq Skt sTaeE B 2

P 3EERUr9.10 2.00 mm = F R
&1 fraen fau e ¥ R Ia & T8 9.8.00
cm < T g ST €1 el % S ® gef f
TR AT JoAdell Tl o fau Tefi o HiaX
YT < AT I TR o6 d™ T STl T
Y. 6 7.30 X102 Nm 8| Sl &1 SFedl =
1000 kg/m?, IFHTSHIY. <& = 1.01 X 10°Pa
del g =9.80 m s2 | <T@ ARy ff gfwferd
SHifsTu|

o7 Pl W & iR W % e % s <
Ao = 2S/r, T8 S FA-T19 WIS HT TS
A r gorgel w1 B 21 Tl e dfSe, s et
T € 59 IS 21 (TRl T # %9 w1 9 o fag |
Td ST T €, 31 SH 0 | I M =
A4S/ r ] Bl ®) | Jofdel % el 6 P, = GgHvEHd
TE + 8 cm S WA HI @I A

P =(1.01 x 10° Pa + 0.08 m X 1000 kg m™®
x9.80ms?)

=1.01784 x 10° Pa

37d: gagel o i @
P, =PO+2S/r

=1.01784 x 10° Pa+(2x7.3x102Pam/10°%m)

=(1.01784 + 0.00146) x 10° Pa

=1.02 x 10° Pa
<Ifer Jergen tela 7, o1a: FET hyrel w1 e
1 & Jotgel 1 B o T 21 (S H e i
e it ak fopan T B1) qede & i <@
1Rt 146 Pa 21 <
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HRTIT
A BT AT 01 e € foF 9% efed B (Jed) T oo eTepfa W uReds & ufd el §
1S FieRie TET BINl 3Td: U 1 3MMehTd TReA i Sk i Fuifd Hdl 2
T9 ST Tl & q SHeHT ST T TS el #1719 Hdied et © 9o I8 ik gHE
ST AR (TAF) HI W A R
If% ferdll et R ferdll &athel A W SR Afiretsl 5t F @ <l i <1 P, ol oI 91 &b
% AU o ®Y § TH YR GRAIA e S @

TMd %1 A Uhdl (Pa) B1 I8 &G H N m? € 81 <6 o 37 G A 39 UK € ¢
1 atm = 1.01x10° Pa

1 bar = 10° Pa

1 torr = 133 Pa = 0.133 kPa

1 mm of Hg = 1 torr = 133 Pa

UeheT T 99 : 39k TR formmaeen ¥ @wel &1 3« 39 9ot fogei | =it 999 3= W feom

&, TaH 2?1 et uReg et R SRifud g foe1 51 36 @ o geft feget qen a5t Sewi
W gafd & W e

fopet atel o iR <9 TeUE h % WY 3E ANk o STTHR UREfid gl @
P =P + pgh
Tl p I H1 T ¢ T THEAN HEAT T B

TRl STHHM STII%el h1e dlc 9EY | STIREd! Jameid, SHed W o & fdg § Th dohe
o yarfed e aTel S 1 9RET 99 @

v A = T (0 AT T A STIIE HTS HT &ATHA)

sqdied el o e | g GHiehor Hefa e o g o SR |

el 1 fsTd : 39 fagid o STHER v &q fhd ¥ W@ o erfew T w3 €, 9 <9 (),
fa Tehlsh 3T Tfas o1l (pu?/2), Ao i Tehieh STEIaA feafast =1 (pgy) 1 AT ST=R
@l €

P+pv2/2+pgy=ﬁqﬂﬁﬁ

& HHIHLOT, Id: SIS Foetd, I YA el TR oh fIe @r] 8 el el |eaon o
B Y YA HT R 59 &I F1 T STH HH AT oA T T TH0 KT Aif St
? @R 98 TSt Sl 1 S St W WA Xl R

TR WA | ST foepfa o fau STo&9s Ufdae &1 STavaehd 81 sldl, T od fohel e
TR SAUETU] Fiqeel SRTET Sl § al SEH T 31 St €, FSiEeh sRor seH U 1 fashfa
IO B S B S WA o S oh WY 9l 1 STUEu] Yiqed e Sqwqul faehfa w1 wHa
T ok S H1 A O 1 Fed B
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10.

11.

Tef Wikl o STo FEr o1l § S wieE Wi fRw M ©
I #7770 : 39 99 o STJER o 5 &1 e, S S&Md n & & ¥, v o § T

2, %9 1 YA o HRU Th T FY01 9 F 3TN F1 & S F = 6nnav 511 5 fohan <
Thdl 21

forelt 59 1 I3 G Ufd Tehieh @iae W TG 96 (37ea1 Ui Tehish &%hd i T el
B 7)), S A qe WHid TS & A" FAUTS o ad § w1 H 2| I8 98 A Fo ©
S %ol o SR (STARR) o SAUSH HT UL THh AAUYS AU F e 2l

faemoia fau=

T W AV AT B| I T GRS i Tehieh Shel W ARG S W gER A A UE
RN St € o e wfeer i @ W o e W o © 1 qir o o9 W TS a1 yEm
fopan T @ o e H Wl 1 U ek ¢ Sl U o el W Aetee SR i 1 el &b
UM T THA T G0 96 TUUS kT i ol § HeheHTceh Seeld shi STeRehdl Bt €1 T8l gar
e @l o $9-39 9|l § € W el o U fag 9§ g fag o ufEfda e W 2l

B =g eIy &l Wre w1fey o @t st SiEl, Sl fordt urst w1 R steen @t ¥ gan o
vered, W € T Sl 21 ard H alel | Y f6g U e il B el 1 whig e (S T
51 9.2 (a)] W <l T B, SHek Tl hofehl WX W <6 ARG B o ShRUT SrereE
o g 2

3@ & o e

P=P +pgh

aft T B B, 59 @ AT 2| AR ®9 W #2 dl g 56l W S Ak sedea
&, O] B § SR gHify s Fred SerE o fon sraRerdHia @ 2

IS <@ (A AT <) ATt <6 qel aRHUSHrd S| s S’ el 2

P-P,=P,

agd <1 ATk iRl T <16l B WGl 21 3TH IR o <@ W] qe TR 9] (THRETHEAR)
gftafera 2|

YRR ol T e i1 gHfs gt 31 Tl yae ¥ 1 U@ ush S s e w9k
T g, A o fag WS U@ Tk SO W1 el € Jel o ®Ul % & G9e a7 el
o el ® 9 0 g1 @ $° W sl - fagid o T el 39 g | eEei vae o
BN fohan T s ofi A0 H @ =0feT qe P, [ 9.9] F1 WM EHIT (9.12) H U T AR
o %9 g

Y S W Ke o A TR SAferek Tiasiiel 81 W € 9 YArdl OTsh 1 Wi S Sl B
ot 71 ® 19 9@ W 3T TR 1 Agfeses T 98 St SR off 9g S 2
T3 W A0St i feufast ot 1@ o 1upeti &t feafast Se w1 s19en Sifie g o SR

S T Bl €1 Q) u=iedl fH o W W U el §, o SAaUyss W (S AT 1 gk il
®) U Sl Bl 1 FE oheel Teh ¥l 1 & U Tl 2
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T8 q

aTufereR e

RRIESIINICY

IML'T? Uehel (Pa) 1 atm = 1,013 x 10° Pa, 31fs¥1
p [M L7 kg m™ s

- - P few

P <

” IML'T Pa s or 3yfesT
(P1)
S M T Nm' srfeer

9.1

9.2

9.3

9.4

SIRIES

e FHIfST F4i

(a)
(b)

(c)

HfGqeh w1 19N WM 1 T W TR w9 i g )

6 km S W IIAVEAT 6 HR T TR AGHUSHE el HT T S & S
%, FEfy argHvee 1 fa%R 100 km 9 9t atfers o1 e 2

Ty <1, Ui Tehih &sthel T O el Sel gl 8 qeiy seeifis <@ T sfea
Tfer 2l

T FHIfST F4i

(a)
(b)
(c)

)

(d
(e)

R KT HiT WY T R0 AfE HI0 ST ¥ SElh S 1 Hi™ ok we ww
IO = 10T Tl B

i o Tos FHAE 58 W STl el 1 YA Al & Safeh U SH g% W §e
T 1 T Il B (TR R H Sl Hi" B el R a1 © el g/ @ ALl
F 1)

ol %o 1 53 a9 U3 ok el W TR T s @)

S H Hel STIHISih] oh TR IV T W HH BET AMMET

I feordt sTed o1 1 TS 7 B, A 5T 9% kI SHA TF MAHR Al B

T TR o W1l Herd e § § SUYH VR Biewt 39 THUA o o T FI g Hife:

(a)
(b)

(c)

(a)

9 &9 | ol 1 Y a1 d19 §@H W B (e

el T T @ S W ®, Sefeh Foll 1 YAl 99 S W ... 2
(reeii/Fred)

Tl JeATEET TUTh Sl Sri b fely, SToeuu] Hideret.................. o SHHAI B R,
SR o o AT . o STIHACII el €1 (SToequ feepfay/sroeaor fehfa
)

fordh T o oTufRad! yare o oMY fhdt v W yare &t 91 ¥ gfg H ... EDl
STTHROT B 1 (Tefa 1 Syl fagid)

fordt arg g1 # Tt agaM o Hied H YT i =1 ardiaeh ogaM o 9 o fag
hifcsh =l H1 qerT ... B B1 (3tfereh/am)

ferelt TSt 1 ST B %ﬁawﬁ&%{qmwwmwaﬁaﬁ?mw
afew, = &1 R T
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9.5

9.6

9.7

9.8

9.9

9.10

9.11

9.12

9.13

9.14

9.15

(b) & TH foREf et 2 i STO INferE g S B /T YA B §, A I o A
I @retl e ¥ g St ¥R B Fepord €

(c) TTRM T HHI e o S FHI ARMYG a0 1 39N GE &1 SHR A H
e :gamel a1 1 efuss e fafa s 2

(@) fweh o= & Ik fog @ e ool @d 3@ W 0D 1 SR JUIg TR T 2

(e) ohIS YoshAM fshche w1 75 a1g H Wacd J9 1 AT 781 |

F TSI o S 96T 50 kg TR i g SNfcishl ST TR 1 1.0 cm S T Th &1 IR

TS W Hgfea e gu € 1 dfas wef W wEl s mift g 3| Hifw |

et o 9 A H OUR ST ITAN foRA T enl URekd F UEl E iR’

984 kg m™ @ &1 Hd YN 1 ITAN FHleh AT HHI TIHSHE 36 oF T TR -we

HT SEE A R |

TZ T 9 T FE HEAER AT 10° Pa o Afudhad Jfaad sl 981 & o fag aE T8

? | % e e ol HeTETR o it fere oot o ok TR W T M o fory 3ugeR R 2

TEMEIR 1 TeTE ofs 3 km € | TUST “etl 1 Suet Hifs |

fordht garanfera eemmeEa fade ®t e 2Ifusad 3000 kg Fefd &1 &R &l ISH o fau

FITE ? | g I IIM 9Tt e T STUR H1E T &E 425 cm? € | B e i fora

SfiRan @ W8 LA BT 2

ot U-Teft =1 ST syomedl ® R S den Aeelfeg foufte i oR TR ¥ gk T € |

e STel 91 IR o T HAY: 10 cm 991 12.5cm 9 €, @ A get § UR R W q9H

? | faafte 1 smiferss =M T wifeg |

IfE 999 9.9 T THEN |, U-eft &1 S el | gt ST golf i IR ISt T I g4

o Tl 1 S 15 om R o1 < W, 9 S genet § IR o W) W A SR e o (IR

1 ATfEeR B9 = 13.6) |

AT Tt TR0 BT STAN TRt T4t w1 foheht fafirent o6 STa-wame o1 faaon <1 o fag foan

S TRl € ? T AT |

Tl TR o YA § Afg fRue I oF T W YHd <@ (S 7e) R YA

FI TS HIE TR IS ? T FHIfT |

fohelt 1.5 meslt 1.0 cm T =1 difet Teit & freradi= 1 eaRerd! yare e @1 § | = Toft

o Teh fR W Ul Hehg Tk B oTell feredie o1 IR0 4.0 X 109kg s ®, 1 et o

ol o o= @R A SIS | (i &1 990 = 1.3 x 10°kg m® a1 fTaadd &1 g

=0.83Pas)

[o9 7e ot Site e =T & 0 59 il § wWlid yare w1 ufeheu et € 1]

el ST ST 35 T ST AT S R v 3 SR SR A % T R Ay

1 A FHA: 70 m s AAM 63 m s 7 | AR TG T &FABA 2.5 m2 ¥, A W W AR

Ieeh g1 URRfad RIT | a1g 1 89 1.3 kg m AT |

o 9.20(a) @1 (b) Rl 59 (TMAEN) 1 SaRed! yomg <oid € 1 & 34 fosll & &

FH T T § ? RO T RIS |

m
@ frg.20 (b)
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9.16

9.17

9.18

9.19

9.20

ol T 99 KT SRR ol T STIIE FIE HT &5heI 8.0 cm? ® | 3@ ell & Th fl W
1.0 mm =9 & 40 gaH 3% €1 AR 3| TR & fi| 3@ F yEEd W F
1.5 m min! %,m%ﬁﬁﬁmaﬁmﬁwﬁﬁw—wmﬁﬁm

U-3T&R o6 fordll R &l 99 o6 faead 5 a1 & aed e T 999 39 | & dqelt
A HT fhed 99 T | 36 a1 o W f W fhed & dueh § & fheer amen o ar”
M S 1.5% 102N 9R (e s@ent o101 R «ft afferd ©) 1 Goreran € | fhger o
AR 1 G 30 cm € | WA F1 thed H1 g3 qE fopa € 2
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HIF-H-5d qqE, TER O H R & HRO FEa
foget @ o= Al o fo=1 wgArs <id € W @
et S T T S g 7, =R S TR ot
TG 1 ITEM foRan S, 99 U & qeAE gei
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(J kg'K)

LGIGIERE 900.0
EACE] 506.5
GIEl 386.4
e 127.7
EIE 236.1
TG 134.1
Sl 4186.0

A 11 @ FROT 10.3 H agAvSAd I qel
e A9 R P g1 i fafire Fer aifar o 9 ge
AT T g ST @ St RO 10.4 W 5w T BT

WRUMT 10.4 F3 T4 &1 Aer fafyme s «iand

C,(Jmol'KY) [0 mol'K)
He

20.8 125

H 28.8 20.4

N 29.1 20.8

29.4 Al N

37.0 28.5

Hier fafere o onfiar 1 gt € T 21 o 10.3
T 1Y 7 A | W@ T ¢ fo 3= wedf i qer
T St o fafire S wnfiar S=aan B 81 F8) SR
2 5 weaifad gl o el § S &1 suEm
Sfideter o &9 § feran St @ don faentd & fora sy
B ool a9 5o Aferdl § Sel 1 YA d19eh oh &Y
o o s B1 S=a fafre o aifiar g9 o wro
T o et R STven ot Sgd e i 9 T g @
TOTEEE TR i AR ¥ I Aol o viide gl 2|
39 3T I8 =1 Fohd € o ToEH § oot 1 I3 A
o T I IO1 qAq A & gHT W e = Bl
ST B

10.7 SWTHIG

ot g =1 fage fhm 99 el <1 @ <19 39
e dun 3Seh ufEw & &= &is e fafma
STAT SO AR &l sl sia ot fogea e

gy
(J kg'K?)
ELd 2060
i 840
STERA 450
U 2118
@ ad 1965
I 140

& fafe= 9 - a9 W B §, 99 S
F S AT =4 99 o AN 9 T q a9
H TR & S T IeT qW ok GE R g
o 79 AM o 9F g ST Afsd o SRR
Bl B

Foiftfa w1 1o FoA AIOE €1 S HIE S a9
F1 %] fwdt = a9 1 9%q o GIh | 8 St
€, T 3= Y T 9% 5N G SO T a9 T g
SN oA Afsd oF SRR el ©, 99 foh FreR 9@
ST T hle 9T off TSt § Jae 9 & T g
e o Ao fRe ST W6 SH SSHTETHY Fed ©
(fe 10.20) | 71 oI o Tk o den SE ae o9
dle el TegATem o fagicis o fierert o giar
?1 TH &AH I T el o eV o Hay, forew
o gere S wiE A 90 B €, W Sl el
ALl SATEROT FOH1 herel i Wifd w1 &l & 991 T8
Ferdt S ST 1 HH AT <1 €| AR SR
o w fog o=@ s @ f598 i) gu ar w1 arErd
T o i TEu €1 FrefefEd Seeeor grr et
forelt fEu 7T 21 sl 1 fafre o wnfar I &
w1 U fafy fiaa Sl o o e = o afed
& fagia &1 s fhar s )

p SSTEYUT 10.3 0.047 kg S99 o ol
TQfafem o el Sl BT 999 o fag 3aerd
S W R oA H W@ T @ dlfeh el w1 g
100°C B T/ $eh 9= et i 48 0.14 kg
ST o dld o SeEmt, {5 20°C #10.25
kg ST W B, § TG TR S g1 el o
a9 o gfig Bl € 91 Tg 23°C W T aferwen
TeU FR oAl Bl UofatEm s fafre s
TR aRehfera wifsTl
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ZcT 39 ST I T B AT BH TH qLT HI
START 4T T T staen § Uelfattay & W gr
M S S qAT SEHET R STERNTd S5 o6
R B 2

A= o6 Tiel 1 FHH (m) = 0.047 kg

TGHfH o e 1 R @9 = 100°C

SAfq| a9 = 23°C

g ¥ gRad| (AT) = (100°C - 23°C) = 77°C
A efifey, ggfafrem 6t faftre s aifid = s,

THMEH o el 510 W HOA1 i A =

m;s, AT =0.047kg xs,, x77°C

S 1 FFHA (m,) = 0.25 kg

FOHMTT T FeHH (m,) = 0.14 kg

S qT HSHMEG ST 3R a9 = 20°C

Trgor =1 3ifqw dmg = 23°C

a9 | qiEd (AT,) = 23°C-20°C = 3°C

St st faferse Sar wif (s)

= 4.18x10°% J kg! °C!

didl o MG Tt fafdme o urftarn

= 0.386x10° J kg! °C"!

STl YT SEATHTT GRT TGl hi ATl

=m,s, AT, + m,s_AT,

=(m,s_+m,s_ ) (AT,)

= 0.25 kg x4.18 x 10° J kg °C' + 0.14 kg X

0.386 x 10° J kg! °C™) (23°C - 20°C)

TRl ST o Ui o el g oW e

=T R ST Al + ST gRI o1 alfed

0.047 kg X s, X 77°C

= (0.25 kg x 4.18 x 10° J kg™! °C"'+ 0.14 kg X

0.386 x 10° J kg °C)(3°C)

s, = 0.911 kJ kg °C! <

10.8 3TSEAT URads

HE= w9 H go7 H1 qF S § : 319, 5o qel
| & sraeensti § § foREl U oreeen ¥ qEdl sraen
o HoRHU 1 SR UEd hEd B < WHE STerwel
IRed 319 9 % a1 %9 9 T (qen faea:) €13
TREd aa &l Bl Wehd © Steieh gered e SEeh qie
o ofte o1 o Taf e et 1 qroe st Sitded ™
ST YR 1 TP FHH o oy, e F=fafaa
ey w3 2|

ToRaTeReTd 10.1

T e H o feq e v feq 1 am AR
HIfTT| 30 oR-+R fordt o= S 9 W T K
3R HINTI T T A2 o 9¥=rq a Al Hifeg|
S den fem o fagor & R fosifaa
MW 999 AR a9 o o= WE AelfEd Hift
(fo 10.9) | =9 I TdT fF 5o q% o | fem
Iufterd © q d% a9 § IS qREdd el Bl SIe
gisren ®, fm 1 S FT Fad eMufd g W ot
3T AT H hIS URed Tel Sl TeT T i <7 &I
o H1 3TN 3 (few) § 5@ (Sa) | efawen
9Rterde forT STH @1 @I 2l

100

a4 (°C)

R G g (fae)

for7 10.9 167 &1 T4 & T o7 4 gT IRadq &t
a9 3R 99T & Ste U1 STeifad ek el
(W & 7ER 1)1

3T Y FFH e URAd i e (3T¥Er
Toerer ) qen 59 9 39 B 7w Uiadd i fgHientor
Hed &1 T8 U T © o 3 ured Y W wel o
oo ok T fad e @ S1eiq o & ga U arawen
uftads st 2rafyr ® uared ot Sl 1Aty 3 ar
g9 AT 9 ¥ Hgadt gl 3l 98 a9 e W
foreht wref T 39 qe T TR WER T T
o gt ¥ 39 39 Tered & TR Fed &l g8 TRt
a1l o1 ATeIRTT B €1 7 g W ot iR s 2
A IgHvSed 3 W fRdr 9q1ed o T @l
YHMET ek sed 2| 60 o oM &1 Hisha &
T o fau smey f=fafed A w3
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ToRaTeReTd 10.2

& fem fren <ifSul us org 1 aR o 3ok 3M
Rl 9 9uF 9R S 5 kg % @2 §ituy) 910,10
¥ 39T 199N 39 a1 i feq foren & $w F@w) om
78 @1 o IR fenfyen & 9 UR € <@ 1 tW en
%1 RO e ¢ T R ok St < <@ | gy o R
fen fret a9 W foeret S @1 S 9R 987§ TR S
?, @ AR % W w1 5o YA g & o 21w
TR R fer foren @ 9R @ < @ qen foren faws
T Bt AfeHed w1 39 9REed &l yAfeues
Fed 21 fen W ‘whe’ & 9 Sl o % RO e
‘THfET' HTA T B U B S | gfg o HRO A
STl © S TIgeh i |ifd HE i g

-
G

farT10.10

g G fen ST § ®idid 8 S 7 S 36eh
eI S8 & T 3R T T AT =] W € of 7
Te UM € fb A A gfg et omw @ Wt @
fo 10.91 a1 ® 7€ gfg FRAR @ 100 °C T Bt
? IR =&l Tt a9 feer & Sar 21 21 Y st i
ST HEAT 1 ITATT SIcT ohl 59 STIEA § SO7 37efal
et aferen § ®UARG @ § BT B

o G o (el NE) § SYeee iedd o
O HEd &1 T€ T T © o HHed g9 o Ay o
TR B d% 19 =10 @l 1 e, 3| © o
o araen yRadd i oty o ugred 1 gHl eferend
Ta a9 g 9 W weedt el 21 98 g fer|
I forelt gl o) ga qen oo < STEETd ardig S
T TER Head! 2 & 39 39 ugiel & Faeid HEd
21 S % e H UfHA I GHIH o foU ST
frfafea e =3

ToRaTeheTd 10.3

M W Afusk S W 9 TH M U h TAh
it fo 10.11 7 <Y ATER Fellesh o J@ W
R 1ok oh Sl | BT A SITd ¢ Weh arqeTdr qef
Teh 919 e ek | TET SR WA i o 6
S e S € v T e 2, df el 9% 3fau
7% AT, < I H e o, SR-w qeee % w9
T e S| TeILaT A9 oF Jordel Tk ohi qeil
o o, T S8 & 3 i o urg ok e Sfd
3R FW I T, F(d TIHT 31999 = 9 &1 3fqa:
S8 € THE STt 1 9 100°C W TEEdl €, 99 5
ToIgel T3 R TEd € SR I B ol 81wl
o fiaR g e 7 <, wReg S & ek 9 ]
feherdt €, I ST Y 3Tedd Bidl sl & B9 H gEfd
B 4o o B9 H TS Bl Bl

Q

fer 10.11 F7 gl

379 A1 F© Uehel o fau 99 e &l a8 X
3, Tfer "k o iR 3@ | g B, 79 9 @
@ T FaoH TF W1 S| WA W FaeH yfwar qH:
3RY BH Toh ST o a9 H Jfg i o fa (F@ W
et T gU) SR oA I SAEvThal Bl 21 39
YR <@ | gig oF WY FEeFie § gy 8 Sl ¢l

ST 379 €H SR i BT O & 91 STl i oI
80°C T 3T T < &l Welleh ¥ IqHTdl qenm g
1T TR TGk o He i Ag%esg Hhoh ¥ HF

Reprint 2026-27



g o AT T

221

e fog

forelt weref w1 19 SR SrErE U (e qiEd) i ofaty § fed @ 21 fRe uered o ar
T Q1 <6 P o ot STeifiad U1 ol Yol SR 31efel P- T 3@ whed | == fe@ 7y fos § wie
T CO, T WISl 3TRW WM T | 36 YohR hT T R@ P T T i 3 &, aTsF & 7o 5o
&= o fauifsra ear 21 57 &5 ol aohl S8 FHeduTa aeh (BO), e gk (AO) T aTsde ogh (CO) 5N
goreh fohan S 81 SeAura =k BO o fag 39 eteren i Fefyd & € 5@ W 3 den oy yrewerd
HEed Bl €1 W ash AO o g ST 37ereel ol f&unl id 8 e 3 qen ga wraeemd Heed il
&1 99 % CO ok faig 39 arawen i fefia wid € foaw g9 qen a1 yreeed Jead eidt €1 9@ drm
U1 T TS W G ok, SO ok qel el osh Herd @ e ferelt wered shi i qrereend weed

6.11x10 Pa g f&ftd & 2|

P A
(at?) A
218 |=--t--mmmmm - . C
3 !
sl !
:
1
O 1
0.006 |------ arsg
B B : : »
220 0.01 374 T(C)

(a)

Bt € 39 vsred 1 Fren foig Feean 21 S o fou, S o B fag %1 d 273, 16K q9. J@

(@) ST T (b) CO, & TeTq Jra-aTT HIereel] Sk (4ar o ST7aR 787)

A

P
(atm)
A
(X1 ] SOTP SETERPRRRN SRR ; C
56,0 <neeneenceennef %
. 0
I
Soll1 cmccccmnas O
' oo
1.0} B
B : i R h - »
-78.5 -56.6 2031.1 T(C)
(b)

T Y 3d €1 36 FAR hl W W Sl Hleh @
T IR worek W feueiifad S See §1 UE i W
TARR oF WA i STorarsd HEfd gl Tk o
fiqt STl o I8 W @ hl HH T Il 71 e A
Y WS | GH: TG AR B Sl 1 39 YR <[
o wt g9 W FELHE S S B

Y g T T Wl ? T TRl & H e
TR F hied Bial 81 S=9 gl W AgHvSH T e
=1 <t %, gk RO 98T W HYg 92 &1 gor o
STt 1 SIS S Sl €1 59k foqdid, §/9 s o
fi T/ W gl Hieh Sl 9@l Sl ¢ gHifeT
rehfehan Al Bt &1 A aHvSHE @ W R
Tered & FLHIR ] WETHIT FEeieh Fed 2|

T, el usred g o orerened - 31, g qen
T @ T od o T T o € S|

e 3 g ooy e | iR foeima: wge W 2
fordt ugrel 1 39 Ta%en § Ay ofaen H, for 59
e § TSN, TEEAl HeAUTaT heeldl © 9 U
Tl i Sedura e wEd €1 e B (3 Co,)
T S BT ¢, STAEN +ff 6 YR &1 e B
S %1 Uil o wEa fedt el w1 gEl
STTEAT - BT qe oToq ST Ty | § Tgeadt
Bt B

10.8.1 T oA

UM 10.8 ¥ T I drn ® T 5o wiE e
rereen uftad w1 feerfq o gan €t ugrel qen Sweh
RS o o9 S i Uk iy Amn wamaia eid
21 Toreht ueref w1 sraren qfiad &1 ofafy §, SO 1
T 1 Ufd Tehish SAHM TG, 39 U81e &1 59
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WU 10.5 1 atm @ R o= gareff o stawen afads o da den Ta ST

(°C) (10°J kg (°C) (105J kgY)
EOLICH -114 1.0 78 8.5
@ 1063 0.645 2660 15.8
e 328 0.25 1744 8.67
IR -39 0.12 357 2.7
RIECEE] -210 0.26 -196 2.0
SIEIE] -219 0.14 -183 2.1
Sl 0 3.33 100 22.6

TR o foT W ST FHEA 21 S ok o,
fg —10°C o et R Tu fmmor & few =t ™
e ST 1 SHeRT A9 Sk TTerieh (0°C) Teh sl &1
T A9 R AN S 31 R a9 F gig T e, =g
fen foeer ot © s1ufq stecen IRedd g €1 <
gued fen fuser it 2, SR o1 39 W S o arg
o gfg 2t 21 55 yoR 1 fefq Faeris W g9-7g
7 URedH & THT Bl 1 Seeld STet i TR HE
YH A W a9 § gig T Brel; 9 g S 2

STIET UREd oF HI STEvTeh ST T GRHETT
5 aered = sraen | uade B @1 § SHeh §euHE
A EHRO-FoAT W 3 HLql 1 36 YR, 4€ m
38 e %1 goauE ? faEe wh efewen ®
TE sraen ® ufked B @l ®, q9 eavdeh S
AT

Q=mL

FgAl L=Q/m
(10.13)

Tef L1 T SO Fed © a8 qared 1 stfireterr
21 39T SIHE J kg'®1 L o1 0F g6 W o fefk
FIA B YA: THh O HT IS0 AESE agHUSAd
T R R S 1 SE-59 e gfEdd & feg
T ST H AT R A ST (L) Fed T, 9
TG ST IRed o foTt T S 1 e et
T FO (L) FEd S| TH TH YA WA F a2
ATou ST hed 21 T 10,12 7 STt o fehet aftmn

o fTT AT9 qe o1 ok S UM R SATeRd <90ET T
21 9RO 10.5 W o g1l 1 T FOAT, Tk ae
FagAw fou T )

22.6 x 10° J/kg
(540kcal/kg)

3.33x 10° J/kg
(80kcal/kg)

o7 10.12 57 & faw a9 e 7 & 19 %
e (Y @& ST7ER TeT) |

2 ST foh Sa erereen ufRada o 98 o1 &
(a1ere &) ST €, g e e 21 e 9 2y
for fot 10.12 o wrereen Y@etl &1 Yoo g9 Ty
g S 7E Hopd a1 © T fafa= srerensti =t fafire
T A g9 e ®1 Sl o fe, e qen
MO T T FET FHAA: L= 3.33x10° J kg ! q2
L, =22.6x10°J kg 21 319iq 1 kg &0 &l 0°C W
e o faT 3.33%10° J 61 AMfeW qe0l 1 kg STal i
100°C W 99 H 9RE M o oy 22.6x10° J 6
=1feul 31d: 100°C & & i Y& 100°C 1 Y
T 22.6 x 105J kg! SO 3ferek Bl 81 7€) R0 @
ff S9ad S@ &1 qo H IH A9 w1 9™ g
Stk TR e 2t B

Reprint 2026-27



g o AT T

223

’mlo.ﬁmmcmr@ 0.15 kg f&m =l

fordlt u= § W 50°C & 0.30 kg 5@l H e
S € ot fsror w1 9RomR 99 6.7°C B S

21 feu & HUeM #1 oA GRehfed whiteg)
(s, =4186J kg' °C)

gt :

ST g W ™= ms_ (6-6)

= (0.30 kg) (4186 J kg °C!) (50.0°C - 6.7°C)

=54376.14J

feq o oM o fau steves e

=m,L =(0.15kg) L,

feu 5@ o U i Afaw 99 9% FeH o fau
HAETIH FH = m.s_ (6-6),

= (0.15 kg) (4186 J kg °C ) (6.7°C — 0°C)

=4206.93J

W HEAT = HOAT Aty

54376.14 J = (0.15 kg) L, + 4206.93 J

L =3.34x10°J kg™ <

> SarEeur 10.5 fRh SETT R _12°¢ &
3 kg feq &l IgAvSHT T@ T 100°C 3hi. 59
o gfiafad e o fau oTewas o aRefod
Hife) fean T 2 few @ fafyme s i
=2100 J kg'°C!, Sia ! fafdre e afikar
= 4186 J kg 1°C!, fg" o FeH &1 T S
= 3.35x105 J kg! 9o W19 i T HOAI
= 2.256%10° J kg,

gor: fean @
feu 1 599 m=3 kg
fer =t fafyre som I, s,
=2100 J kg™ °C"!
S <1 faferse oA wifr, s
= 4186 J kg™ °C"!
fed o e T T S, L
=3.35x10°J kg
99 kT D S, L

=2.256x10° J kg!
-12°C o 3 kg f&9 =1 100°C &1
a9 | gREfdd s o foe emevaes
ST
-12°C o 3 kg fe® &l 0°C & fem
¥ gfEafdad & & foau seves
ST
= ms,_ AT, = (3 kg) (2100 J kg*
°C1) [0~(-12)]°C = 75600 J
0°C & 3 kg fed &1 0°C & 5iad |
Hifad & o foau eewaes o
= mL, =(3kg (3.35x10°J kg")
= 1005000 J
0°C o 3 kg S ! 100°C o
¥ gfEfdad &e o foau seves
ST

= ms_AT,

= (3kg) (4186J kg™ °C!) (100°C)

= 1255800 J
Q,= 100°C % 3 kg Sl sl 100°C i

a9 ¥ gRafda & o foag sevas
ST
= mL,_ =(3kg(2.256x10°J kg")
= 6768000 J

=0,10,+0,+0Q,
= 75600 J + 1005000J

i
®
[

+ 1255800 dJ + 6768000 J
=9.1x108J <

10.9 HEHT TETACOT

T <@ ¢ R a0 H SR o R U R ¥ @
e o steran fRdl M o T 9 9 IHeh g
G H ol o TIFIROT ) SOH FEd &l 38 Tl
WM & fafay d@eE w82 S LEiER
# gore i fafeml € =rer, gaed dun fafeo
(fe10.13) 1
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ofiferent

&I 10.13 =re, T8 der fafedor gr ara=i

10.9.1 =ITe=
fordlt o o <t Gt 9 o Wi 3k gl H AW
% HROT ST MR i fFafafe =1 =™ wed
g1 9 ity frelt u1g 1 B 1 U fE e w5
SaTent ® @ 21 vy € v %1 o faw gan e @
ST o o9 3Y 79 1 el ¥ Uehg TRl Wohil| TR
BE H o AR FeH g1 8 o ad R 9 B8
& fafe=1 a9 g R R a6 g 21 3 &
T TCT B € 90T Al i ATerhdr S e et
@& o= *1 et 2

e &9 |, ST Ao o1 g fordlt usred
T forelt f 7T araieR o e o1 yare &t )X g
o S ®1 L o Ao A THEHM WY FIE
gAHA HI U HI A T B W fo=m wifse
forger <Hl Rl & e qmiae Tenfua far w2
3R ok Ty, UH 8 o Fo 1 shHe: T, 921 7, 9

T GHT ok I TR ST 3 W €; B
1 9 g o WY THHHAA ®9 9 T, W T, q HSdl
T (T.>T,)1 C T ST 9UER U 7o I W o b
A el €, S B W TFAARG Bl SH ST H D
R feord $o1 Wer ® 9g9 Wt 21 wE gR 98 ure
S foF 59 Tomel sToRen ®, S WAl k1 W H
AR (T, - T,) TN STIIEA HE &THA, A
SR SR DT H1 A L oh AT il
L8

T.-T,
L

STfaskar fEerieh K h! 9a1ef sl SeAT SATeTehal
wHed o fordlt uerel o foru Kot | foiqen stferes =i
2 3IaN &) vitea § o S = S @1 Kl SI
e J st m- K- 319 W ml K 21 9roft 10.6 §
fafer=r gererf &Y o =rerehdar o HF fEU T ©) g
Ml qI9 o WY e S Bl €, I WHE A
IR § 3 WA I S HH G B

=S SO ARl (HTqeN) 1 STUaehd SAfuh
S AR B TAT FS 3To SCANE e,
W TRl AUl HiE ddq, I STURd HH oAl
FTHATST W HIFTU| MY I 9= 81T T @ g
o @ T 1 U W Al Hh1 faeied g &1 e
37=91 HIeieh B oh hIUT diel Sd- i Yal T ST
Toreor sl 3=1a ea @ FEE AisH §9F ®9 9 Tehar
21 zHeh foudia, wiifiesh &, Jed: o1 i i
B o IV, 3753 SOANIHET Bl B 918 ST 119 3feq

H=KA (10.14)

F TH el o G9h § @ fRA S HWehdl ©
(99 10.14)| =& &0 U T oTe9 feafq =) oo
FW ¢ forad o & avd oia: SR § aifs aredf
qen ufew & o9 oo o1 fafma T €1 g

T, L T,

< »!
< »

&

o7 10.14 fodt o€ foger <1 Q0 $1 T, @91 T,
(T, >T,) wfT T 79T €, % =TT 5RT
ST AT JATE |

sk Bl © de RN 10.6 9 9 &t fe e
AR IS HIML| Tgd H 3= STIIAN | 1 &R0
T TRV Ae@qul 81d ©1 AR <9 H, SHehie Hi
el ael =R T | Sgd T 8l S ©, $h1 R0l 98
2 for shehie 1 Fo1 =Tetehar (F=Ifq ergeti &1 qor
HTHT w9 21) e oft agd w0 &l 21 sEifery, w:
M Bl W BA-TLA HIA THS I € AR ST
TR 1 Yeheh? H hl Iad @1 5 k| FD
feorferll & o1 TN ifder BT 1 ST
ot ifyenta Ruaed o glowga So-Taiae e
1 TMA Y hi SAEIehdl Bl € difeh T9ehid
fuex & @i ¥ Tfvsig faged g sa= fawma
Sl 1 RGBT I H IR GO foRan ST deh den
Hie Afdad gH | =1 |l
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ARUT 10.6 T UTAT Tl HEHAT SATRATT
-

EIE 406
dfen 385
Tfafm 205
e 109
= 50.2
NS 34.7
T 8.3
STTU
SHAHT g2 0.15
Hehie 0.8
IRR-T41 0.20
TR 0.04
ETe) 0.8
fem 1.6
EaE ) 0.04
EX 0.12
S| 0.8
Eice]
I 0.024
S 0.016
HEESR] 0.14

‘mw.m%aw.wﬁm’rqvqﬁmaﬁ
Tl e o Wiel-dien Wiy 1 a9 2 82
i B Hl @K = 15.0 cm, 9 &I B FI
@aTE = 10.0 cm, W H1-AM = 300°C, T
1 M9 = 0°C; LI i B hl YL HIE I
A% Ao Dl B hl TIHE HIE o &Thd
1 T T B (A T SO =ikl = 50.2 J
s m' K dd &1 FAT ATARAT =
385J s'm K1)

SR .
CF| fem g
300 °C 3 0°C
Tared
faT 10.15

Ze7: DI B AN SR W N @ o SR Tared
Tl o T¥d W B oTel SOl & i HH L d B
THIfAT, ST ohelel B HT W o orfcw €
yelfed et €1 g HI R ot oy w W
foar ®ifsw| Torl seeen § g o fodl sEEa
¥ yEe % dell S SHY Al frshifed g8
STCl HOAT o SIeR BT AMM6T, AT 3Tae 51 HEAT
H1 A Afl A¥en B BRM qeN SHRT q9 TR
T WM 39 YRR R ofaen § € & fed
YT FIE 9 Yerlfed B oTell HOAT i T HIYH
TIA-dle B 1 o o e gt faged | gam
21 HH ST Wiel-dian @ 1 T e § ag
T ®,dd

K, A,(300-T) K, A,(T-0)
LI L2
&1, 1 991 2 HHYT: Wi a1 dfd &l 9 s 2l
A =2A,L =150cm,L,=10.0cm, K =50.2Js™
m!' K, K,=385J s m' K, & fau

50.2x2(300-T) 385T
15 10

T=44.4°C |

iy

D SerEeur10.7 59 10.16 ¥ 39T 317aR @R *1
fr&l B8 (L, = 0.1m, A, = 0.02 m?, K, = 79
W m K) %l feft diqet &t 8 (L, = 0.1m,
A,=0.02m?% K, = 109 W m'K) & ¥ fRt
Y fR i et el T B iR w1 S a
Tqel i B o T@ad )l &l HEW: 373 KaA
273 K R Ty fan @ 21 (i) A Sl 1
Y 91 79, (i) TIH B I oA HOAT ATkl
T (iii) FIFT B H HOAT YATE Sl &L oh foIC
=S feRtfer den aftesferd shifsal
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offerent

gcl
T, = 373K /TO
T, =273 K
faT10.16
oo T %,

L,=L=L=0.1m, A = A=A=0.02 m?
K, =79Wm' K, K,= 109 W m" K,
T, =373 K, 3R T, = 273 K
T Xl &I I oh AU, e hl B 9
FOH TETE 1 <L (H,) T 1 B8 H HOHI Jal8 1 <L
(H,) % ¥AH 2|
#@:, H=H,=H,
KA (T -T,) K,A (T, -T,)
Ll L2
Ifh A, =A,=ATNM L, =L, =L
3T : ST GHROT RN
Kl (Tl _To) =K2 (To_ T2)
31 T Bl HT WY w1 A9 T, 'MW
KT, +K,T,
="K +K,
T, o 39 HH o1 Yieerod H 9 fodl off 55 9
S Y8 1 R H H AF W B §:

_KA(G-T) _ KA (T, - T)

H

L L
_ KK, A(Tl_To): A(Tl_Tz)
K, + K, L L i+i
Kl KZ

I g L, + L, = 2L 1 HIH S Hl A
SO =Rl K € A1 S8 Bieht ST el 5T Jae
H W H B, d SWIS FHIH T ST FH W

KA (T, - T)

H’ = =H
2L
2K /K,
™ K=K 1K,
e UhX,
(1) To — K1T1 +K2T2
K, +K,

(79W m™K™)(373K)+(109Wm 'K ) (273K)
79Wm 'K +109Wm 'K’
=315K

2K, K,

(i) K’ =
K, + K,

2X(79Wm ' K!) X(109Wm ™' K™)
T 79Wm K '1+109Wmt K
=91.6 Wm'K!

KA(T, - T,)
2L

(i) H=H=

(91.6 Wm™ K)x(0.02 m?) x (373K-273K)
2%(0.1 m)

=916.1W |

10.9.2 Wagd
Gagd = fafy € o el ) areafass fa gr
T TR0 Bl €1 € sheel Xl | € Hed @
ToTe WIchfdeh &l Gehell € 2127 Juiifad off f Hehall 2|
Tepfash Hoed H o U Hewqul feRt e 2
9 fordl @ &1 A= 9 R S R, @ e
¥ JOR B 8, Folewy SHH SE HE S 2
ICATEAT o HRU I8 HI IS ¢ 991 Ha gt 9
T yfaeenfud < 31 81 98 qH: 99 81 €, SR 331
® Q1 A o STUeIhd Yidel W R Wideetua g
Bl € Yiha =erd! Edl 81 TR ®9 Y FOAT A
%1 78 fafy =erm § = gt €)1 "o o @ o
faf= 9rti =1 T e g 2|

JUNfed Gae H usted i fhdt gm0 sreran ot 1=
ifcier HEA g T S o feru forerer foran e 21 =)
T yuifsd o A fem, AFe 9iEeRer 9F qen
TEETferd deHl o gl ob Ided feR™ Tulifed Haga
erTl oF T 3SR 21 Hie IRR W ¥ed Th T
1 Aifd 1 A & S SR T IR o fafa= wm o
HeRUl Il §, A1 TH YehR WoUlifed Helg gl Sl
TMIART Heh IO § THEHH 19 €fud sl 2

Wrehfdeh Hered dgd ©f gaifad aftereisti o fag
SAEE 21 & & w98 SaRE s qe | od
Sfter e B S ©1 TH ) RO | Bl © - Usell i
=1 fafyre o it s== @ qon <o fafym ard
AN 35T ohi faMeT SIds o STcl o O 9 o
foanfd X it 81 a9 o & Yook arelt a1y =
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if?/i

= B
S~ I

oA ST k1 3TUeT IO0T

C

T

iy
S~ _ 3

A I hi 3TUE 30T

o7 10.17 9a87 9%

TN T Bl € qe awt gt o therd! €, e e
%1 viiqet a1g 1 ol § SUeh! T HH 8l Sl 2
THOEIEY I 91 SR I3 & (g ¥R , qen e
M & 9 o Ty o 9 i &t € (veH) -
a9 92 Sl o e whg WHiR 3T 2 St
g1 S o A et € qen T qrdid Hered =k o
ST, S T R el W g TR Y &l g1 U
T ol w1 o1 1 g AT IS W e qen
A g oot w1 gor § S et 1 qRumHeeEy
=% Sehtid & Wl € (Fa110.17) 1

T TET H1 UH 37 e IW I §
forgad I i AR Jeat T 8 arell Rl Ier gad
g, o =it o #ed €1 Tk T w1 FeifE
S 59 YhR § : Yedl o faeadia el qen e
&5 ! T R F FA A H U T B fagaa
Tq o THIY Yeall o YT W o A el © Sk
¥l o S AgHUSHd oY Yiaa gt 21 et o
FRE hI FURd ¥, Hoed YRIT Yaied e et
o 9 fogada g 9 SR ISHL Yal & 3R
TR, fRR = T 3R ST e sEdt g8 g favyea
T hI 3R S| T, Yot i O MG 39 Fagd
ORI H HIeE w3 € fSees wRo fayed 99 %
THIq 1 o1 K1 g9 1 AR =l 1600 km/h B §
Sefer yail & GHIY 78 =Tel I Bl @1 gRummeeEy
g I el W A T R 7 Bk 30°N (SW)
eTYT R Herdt ® IR foyed 99 W e ol 21 3
TRk Ta F8d 2|

10.9.3 fafervur

e T Hagd i IRas Aead oh &9 | ford qered
1 SAEYTHAl Bl 1 O TEIR0 i 3 fafeeE
frafa & gk 31 axgedl & i framtia T2 8 g
T foema < a1 W off gest @ W S U
Wt B1 6 YRR, BH UG i 3T i SOl I &
WA T d &, TG o1 3Feq Hieieh © 9 34 A
99§ Geed uRd off wenfuq @l @ ol e
TAMIAOT k1 et fafy =1 fordt drey &t eravaehdn
&l et zw fafa @i fafeor wed €, qun foga
SeHE T N 39 YR ok St ol ferfentar
Folt wEd 21 fRdt fogE gawa o § dga den
a1 & f&en aen el | <o i 81 3 TRt
Herdl € qen o fata o waE =, 79 9o & =
FEd € AU 3x10°m s @ T Fehell B1 T qedl
o 9 ¥ faEIR 9 319 91 | R w4 Jief, 7w o
M9 T8 S Y € o fafewor g o s &
feTq Hremm 61 BT A STEvgs TRl ® qel U€ St
T g @ = B 1 e g & o @ e i
(= 3fafer) @ ek gedlt qh qgedl @1 gt am
fyve = o 3, 5o teen 19 &, fafentor ot seafea
F g1 frdt fyve g SEer a1 o RO St
for gt faferol S| @ aw oer 9@ fafeo
Nl T T 9 YhTeT kil SeAr Tafertor wEd 2
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9 e o fafeor o= fyvel W ggar €
TEehT AR TUEd qel YTk STaeNyor Bidl ¢ oA
o1 g uftmm 59 12 fyvg fafezor gra stavifya 2
Hehdl 8, 39 fyug & oof (1) W Ml w5 2

B 98 Ud € f o fuvg fafeor =t @
STITNYUT N IS geteh avull oF TUugl i 79l
ek Y T T q9 o BHR <k Sied § 3T
YA €1 TH A | Yo 1efe getoh Al o o
TETd € ik o gF kT HU W FH A ST FL
g aféal & &m el 9vl % o ved € W gd
feren SO I STERITod ek 9 I TWd &1 @Ml
Yeh™ o a1 ULt i hTen did feF S @ drfen
AN W g IfUehay AT TERNMd ek TS oM
el Hosll ahl <l

T URR, SIIR Tk AYET o9HE ddd Th
R R I e R
o S T H A #2197 aRd
e 1 hie 1 o eral & foraes! fiadt qen sed
el W =S 1 @9 B 21 il Ser 9 fafwto
Wi B sidel i qde] | o9 ofie S €1 36t
YHR T IR ft 9l 9 oH ot fe=t off fafeon
! o198 e Y Al B1 <aRl o s e T i
fraffad ek =Te den Haed g BH ol ST &
1 HEE Sl AU TR hi o1 Ul SIE ek TX
e S 21 sifery e gfem qw sfade (S
TY) 1 31 BF W a9 | SUART €, e dehfoush
w9 9§ S Sdaeqel (S &) 1 qERe wH o o
LRl
10.9.4 ettt fafertor

39 % BN SN fafRo o U o Uy o
Soot@ et fwen 21 frdt a0 w s fafertor o
o ® meeyel 9 e 7 & fafwo o 9= @
(I wfaqg) e T e €, dfeh A |
T W W e quTesd o ofte SEehT Haq
e BT 8| qufy fafe= aarest o fore fafefa
IS FT FSA w1 AE0 - B 21 1018
fafir= amai R fordt it & T &7 §R THik
FaTeE WIS fafeia e qen aues % e
IR ook geItar 2

faferfa el 9l T dores

9fd Twiw &9
>
o
S
S
=

40,000A A

fer 10.18: it g fafa= aral R swafsia =i qen
qoeE & W e U o)

™ 9 R R e fF w4 s fae
faferfa =il waifue €, 99 9@ W e g1 A qel
T o HeA Gay o1 de-faeemas fem sed -
A T = fads (10.15)
frrdie (S fdier) &1 AH 2.9 x 10° m K
Bl B 98 I 59 o1 1 e i ¢ o S e
F el o A A H T S @ T e
BThT e, T Toro el 37K @id o Wb o @l i
B Se-fm w1 SwEn @it el s- i, gl @
311 IRI <1 T ok 19 T STAM T H shid &1 =gl
Y Yh I WEH AU digdl 14 pm e o
HUE Bl 81 ST ¥ = S wdE %
200 K TAa o 7w 21 9R fafswzor ) sifusan
dad 4 = 4753 A W B T IHR HATER
T=6060 K | 9% @ f 98 a9 g & 9a8 a1
g 7 for Sweh s (sfiad) 9t =l

o 10.18 ® <@iq TQ hfturhr faferzor ehi o
Tefud gaifuss fafere o o8 ® fo 3 9o g
B &1 3 HioTehT o oherel @9 W SR e € 7 T
Ik 3R, 3TMeRfd A1 Faref W Swell Tt oh YRA
T Fftoent & fafeor i Tgifass €9 & = &
& forg St yare forw o s Aifqent o saieq wifd
T YO I THeh fOWA W Y M T UISheH
T e

fafertor g1 st form wemm oF (31eq faia o)
oA g ek TG i ST Tehl €1 T a9 TR
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foreht a5 g/ SfSId el T Jrarehia sl 3ok
SR, ITHT IcHfSid hid i &mar (9 Icsiehd
wed 8) 3R fae &9 9@ S&eh a9 & qEEa gt
21 T o o fow S qul St B, Wi 3R we
o 3Icafsid s (H) gM-

H= AcT* (10.16)
STl A SR 1 &t & A1 T Skl TRAAT g1 39
TS hl Igd LW A T § eren aon 9’ o
dicegdr | dgifas w9 9 fag fean @ Rwia
SieeEH™ | 9o fodis o &l REHE-deedd™
frrarss wed €1 SI W Ugid W sHe HH
5.67 x 108 W m2 K 2Idl 2| 31fuehak seqd Tefieior
(A2) § <t TS IOHT T T T S 9 & ScdrSid
F1 <9 Forer S8 TR g ScAfSia S T X T
G o HA B 21 39 HRO TR T 319 e
9 g F1 SeSiehdl %ed &, F IR w1 7
3R TR (10.16) 1 T TR 9 =7 hid B

H= AeoT* (10.17)

et smeet fafete & faU e= 1 21 21 ST &
AR W LT 9 o TAU e 1 HF ORI 0.4 Bl

21 38 T 0.3 cm? IS &5%hel 991 3000K €19 aell
A o ffafaa s o so fafeRa san-

H=0.3x10"x0.4x5.67 x 10 (3000)* = 60 W

T 9 aTel s a%] foweh ari 3R o ardeRol &
A9 T, 7, FoIl hT TGO q ST I el
srd: fodt oreet fafes @ fafefa 3w & @
(T1F) &t e R Ffafad g9 9 =Fed &1 ST@i —

H=6A(T*-T*
3 oq o TeIu FTeent Scasiehl e €, ST 31
YhR ¥ ®UART B ST —

H=ecA(T*-T}) (10.18)

IZTEAONY, 3T, TH 379 IRR U Scafsid ST i MM
F| A e fRdt =afad o IRR &1 g3 ewa
TN 1.9 m?2 € 991 A T a9 22°C B S 84
S €, IER 1 fafes a9 37°C el g1 W, o
1 AT 20°C B WHTeh faga et fafetor e

T a1 1 ISRl ' TNHT 0.97 B 39 IS/ ¥
3T B it -

H = 5.67x10®x 1.9x0.97 X {(301)* - (295)*}
= 66.4W

S form stereen H IR g 3= Fsll i & (120 W)
o 3 W digl A B S o TH &1 i SR
T § T ¥ f P R S (o
HUSl ¥ =) TH WehR &FIT W € feh IR o1 e
o T Teh AR Iaell SHeheN HIqE 9d gl €, S
IR o faferwor & quefdd T 2t 2

10.10 <27 & Jiidem Tam

70 gff 9% 99 ? & q@ St e 3 A W A
W Big ¢ ql 9 -+ viiae BT SR T < B
{qq: o URET o a9 W UgH Sl €1 hiE & TE o
3o ufes § o 1 fafta et 9 et @
Hehdll ©, THRT AT i o faq emey Frefafea
[ERIETIRECTY

feraTeReTa 10.4

T foeiae dfed oM@ ¥ 8 WA, 99 o
300 mL AT R 39 & o5 ot TR § Th
S| eFhd o T fox o faeias don g fog o
qroETdt SRS den I8 ghfved swifsw foh arqardt w6
9od Sl § 9 ST aTIHTd 61 qIgdie Al it I8
UIedh T, GRETT T ATY &1 HEE o S Rl g
T hITSTT TR SERT A9 e a9 (37eiiq TReeT o ard)
T TWT40 °C Aferh T TET T TATH o1 Hiet
F TR A I TH HET 9 Fiel fowm =S
T N YAF FEd THF i 99 1 fiee %
Tvarq foeiee ¥ #R-4R foeifad #d g a6
I3k e iU ST T a9 IR o a9 & TR
5 °C 31ftrh T qh IS e I W A Ao
IE UG (T,) | ICI9= A9 AT =T, - T, I y-3181
o ST TR T YAk A oF T qeIed ¢ ok
A ol x-3Y o I WR WF SeifEgd SRy
(fe110.19) 1
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AT(C)

g (i)

7 10.19 99T & Q1Y T« A & Iided &l 90
G ACED

U ¥ 3119 T fepd feprel Tehd © foh ford YR
Tl STeT o1 e STeh 3797 qA1 3794 URasT o aral
o ofre 3 W R e 1 e g7 o e el e
RN W e i S So9 & a1 o] o g |
TH R TE W T Al 2

SR fhaehed I8 <9 € fF % qa fave e
fafertor o ®9 ¥ o GERT S S @ A B TE
-8 i X TYUg qen 3Tk uRawt o ardi o iR ™
R Fft 1 =T W Tee i & RN R e
T 3785 oF iR W TRt fIve 510 g S a2 36eh
9 & Sra Gae 1 AeHEg STeRH foha

= o ¥ded oW o oER fedr five &
ST & it R, - dQ/dt Tuve qen 3gek gfewT o aral
o HRAT = (T,~T) F SFHIUC et ¢1 =2 Fram
hadl @Y Wik % fau g 9w 21 fafwwr gr
T-& fIue o g8 &1 Uehfd 91 g IS &
&erhel W oft YR e 21 31a: e for@ whd € TR

_4d9_
dt—k(T2 T)) (10.19)

Tl ko Teh Y Terdier @ St fyug & g o
el A1 SHB! Wopld W R e g1 7 efifteg
m SeAuH ae fafire s aiitar s &1 %1 favg 7,
A9 W 2| WA AT 9RkEw & 9 T, 1A i
fyue o1 A9 T oY T a0 dt W dT, FH B S
?, 79 o SO 1 URA

dQ=msdT,

- SO &7 B

dQ drT,
—=-ms—=2
dt dt (10.20)

RN (10.15) 901 (10.16) § &5 I =il @

dT,

-ms " =k(T,-T,)

dl, __ K gi-_Kat
T,-T, ms

W&l K= k/(ms)
TTHRTAT HE W

loge (T2 - Tl) =-Kt+c (10.22)
HAAT,=T,+ C'e X, T C’'=ec  (10.23)

THIHIOT (10.23) &1 TR ¥ e fafdre am 9ReR
o 3R Yider 1 999 Iehfora fhan ST ka2

Y A ok fau, =Ted, Haed den fafer &
YR I ok SHRUT T oh! S TIIGR o STIeRATIAN
Bt 21 fordt faferter @ M | o T,
i AR 9 IR SR So1-&1fd 31¥al B9 W = o
@l 99 o vided § I8 Tk oY Gieeed 2l

(10.21)

10ge(Tz‘T1)

(@ (b)
ferd 10.20 =27 & vhaad 79 F1 G|

o3 10.20(a) ¥ < T UERTE =EERn &
el ¥ =Jed o Ided E w1 g fe st
T Tl IO el SOR aen Tw o6 (V) Rt
FaRl o = Sa W g ¢, o S @1 59 <Rl
el aTet 9 | I el Y R die T S (C)
Td 21 38 < a1 SyEn fear St @, fom
AT T, o5 GRSl <arl ok i X W0 Sfet %1 M,
T AIGHTS T, o G ST § 9 Sl < a1 H9d
T| S o dw Sel A9 Ch FEfd A o
TE W S § WHA ¢ 9 log, (T,-T) [A1 In
(T,~T,)] o s T sTeifiad fehan < & forgert wepfa
o3 10.19(b) # 3T STTER FHUMHR FoU Hi Th
T @ Bl €1 e qHihoT 10.22 1 gt il B
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8°C _ .
3qTEY0T 10.8 ToHE & | W I IS H 2ﬁ:|:|2_K(7OC)

g 2 e § 94 °C ¥ 86 °C & T © Sefh
FH-AMT 20 °C 7171 °C § 69 °C d a9 o A

69 °C T 71°C &1 HI&F 70 °C €, S Hel-adrq &
50 °C 1fueh 71 39 Fae H K ToT 1ol & THM ¥,

Y foram 99T aw? T

F67: 94 °C T 86 °C %1 HE4 90 °C B S hef—ard & 2C _ K (50°C)
70 °C 314k 1 9 sraeensti § adq w1 a2 fie o Bl
8 °C H Sl 21 AT TR R g W

3d:, HERT (10.21) 4, g°c/2 = _ K(70°C)

‘ 2°C/9Md  K(50°C)
TR _ g AT
qag I =0.7 min. =42 s <
|9t

1. S Sl 1 Tk ®9 7 S R fyve qen sqeh uftad! qieam o e 399 qraidt o SR Yefed
B 21 FFE fave 1 qwa #1 Fife TETEE €9 H a9 gR e e gl

2. Tt am wrom gfem (qrmrdt) ® wreA e e 48 o (RS9 e o7 Ed €) 1 S
foran man 2, e a9 o @iy aReds g 21 fafs= aardt & fas-fa= g woss o 2

IS A9 WUHH I o fore &1 Forora faigaf ot == fohen Sl @ de1 3% % Agiesd a6
U WM #1 3 < Fed qasH o qo {65 991 SUeh W i S W v et

3. Wfeqag 1Y (1) 9o HRAES 1 (¢,) H T8 Teel €l ® 1t = (9/5) t_ + 32
4. T (P), S (V) T TH M9 (1) H Toie 91 ol STeel T4 THiw0 39 YehR o shi St
S
PV = uRT
el u A 1 @A a1 R Wt 19 i 2
5. W 9 WY W, WIGHH 1 I, M9 ok TR I i T Al €| T€ € M € o | qeieh

wref W =Aan Gifaq nfaeh SfkEdr Bt ?1 Shfeed W ATY WIS (T) % WA 1 SRR

YfH" AT HUHH (¢ ) & AR o SHR o SR B ¢ T 37 o fagelt H TR e 2
t, = T-273.15

6. fEH TER T (o) T ST TER O (or,) i 30 TR URAMG fFan S 2

Al

T° oy AT
AV
Vv - ayAT

FEIAL T AVAT HAT 1 GREd 8 T L SeE (9 AFaq V § 9o i ffée =
21 = Frefafaa g9y 8:

o, = 3q
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7. et uered & faftte S aiRan @ 9 YRR uRwiftd fRe s @
_14A9

S =
m AT
&l m IE1 T SeAHH 9UT AQ U o AT W AT 1 Uied i o T STegdeh ol shi 6l
2| fordlt weref W Hier fafime o a1 36 YhR SR R S 8
_14Q
-
et Tl % e T 3
8. T i T AT (L) H1 HT I8 WA & S FoRw q=1ed o Uehich SoAHA k! WA 9 4ol <1
W I TR ¥ 7 o | URafia FT o U sTavae it 21 ST i T S (L) ST
1 98 G0 € S fohE uief oF Wehish SoAHM i A1d o <o | o IS qiede oy e stereen
Q oy e § uRafid S o fo saves g 2l
9. ST HI A fafeE § - =, Heed qun fafewon
10. =TeF B fordt favg o -9 o 9T o Se S5 1 TAFIae0] STfvaeh Seel g1 99— il
2 W 39U T4 1 YelTe T exdll fope L ofard qen A Sy e ke 1 v, fowes < i
o AT AT, T T, W T fwA T R, gR yeufed S ki

T -T
H=KA-¢ D
L

Te KBS o Ui 1 FO1 etk 8
11. =7 o Yider 1 o ATaR Rt five oF e i T IRew o SR a5 o q9-Ts &

SHAMI Bl @
a0 _ _
o k(T,-T,)

T&t T, afaelt A 6 A qen 7, fave % a2

LUl wdter | fomrd U feoott

T1ed T A u (Hret) e (mol)

Hfewr® am 1, (K] °C

ehfeed WA T [K] K t =T-273.15
faw FER TR a (K] K

A FER TOTh a, (K] K a, =3q,

fordt fopmr =1 sqd AQ [ML? T2] J Q TEAT =N
e T @

faferse e enfian s [L>T?K'] Tkg'K!

HEAT TR K [MLTS K] J s m'K" H=-KA %
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foemia fawa
1. hfea 9 (T) den VfeTa ard ¢, 1 e e T 39 TN 2
T = t +273.15

T S o T oig o feiw (59 §R0) T= 273.16 K 1 el gened wee 21 39 =91 & @i
Afewg A19%H | few +1 Tois qe Siat 1 FoHw (M 1 atm @ T) HHI: 0 °C 79T 100
°C o ercfueh ke § g e ®9 9 3ok aer e ¥1 gt Sfewad a7 ° s frea
fig (F99 gRT) qead: 0 °C @A 100 °C 9, W 31 f7ora fagsti o =am o o <iat o6 fore faig
1 3TE3T A Sl © FiTeh SEehT a1 et 2

0. Nd HIE g9 A o WY U W Bl © A G [eRTd 1 e q1 dI9 WHE Bl qe Srereren
o S wrerenati o HieR A | SR (S W ) el 21 98 @l R W oeny g €
=R 3HH ferat o grereamd "= H B

3. O LA § Ted | el s1efen U &1 e o < 9l ok e dqraial wiiferd g 1 o
Fett oA foed fordt ot w9 o amoier wftufed w6 8, 98 s A6

4. Gogd ¥ fRdl @ & idk 39k 9 § STH a1 BF % %R0 S5 ] YaTe 9rHfad gidl g
fordht 2iet © iR <iat o i Wt fhdt aw ©€ 1 01 1 &9 B o Y53 adl Sial oh aie et
¥ HNU B © A o Hiat Hergd g e Bl

AT

10.1 339 a2 co, o Tk foig He1: 24.57 K q91216.55 K €1 57 A4 o1 Hiewad qe1 HRAERES
TYRAl § S it
10.2 T WY dTY HYHAI A TH B R 5 oh 7% f9g 1 200 A T 350 B 5 GG fohan 7o
21 T, A T, ® 0 Gae 87
10.3 e qromrdt &1 o7\ o forpa ufadiy a9 o @ fefataa af-ee a9 o iR afafia
B 7
R=R,[1+a(T-T,)
I aromArdt 1 S & ek 63 273.16 K R 9RRIM 101.6 Q 91 o8 o W e fag
(600.5 K) W WfRIY 165.5 Q¢ dl I a9 @ Hifere fo/g | arqerdt 1 gfadier 123.4 Q B
10.4 frfafed & s® GfSw:
(a) nYfes aafufa § wet 1 ek fog wh wres e faig 2, w2 om0 o e qen St
o FALMIS 1 UFH FEd fog ame ¥ (S 6 g9 Sfedea aen | fman wn em)
1 W 72
(b) S foh S aui fean < g1 € T 9o Afewad Ao o 1 faa f6g o feent s
0°C T 100 °C &AM fAifa =1 78 off | T| a9 99y W H § sk o foig v
o1 T foig forn o @ 59 Shfeam W A19 A0 H W G 273,16 K fuifa &1 T
21 30 WU (Shfead WH AW) W 3 e fag w22
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10.5

10.6

10.7

10.8

10.9

() | A9 (Shfee WYHH) T e WfeHad W9shd W @ ¢, § HeH 36 ThR B
t,=T-273.15
9 Heu | B 273.15 o € 273.16 #4 E feran?

(d) Y WY A9 HAUHH R, fSHeh Thish TqUal &1 3THY HRABES oF Ushidh 3TqUel i
MY & SRR &, Sl o ek g 1 a9 @ gmm?

T omeel TH AOHITE A 991 B W A9 SRS qel eRgSH WA i TS €1 gk Yequ
Frrefafea € .

o ELE EAC]
qrouTdT A o qrouTdt B W
ESICIRECNE 1.250 x 10° Pa 0.200 x 10° Pa
HEHT 1 HHA TTelih 1.797 X 10° Pa 0.287 x 10° Pa
(a)  TTOEITGAT AT BoF BRI T T qIeATeh] oF ST{9R W o A Teidish o O
1 22

(b) Tk foeR ¥ qumfTEl A den B SO K efiel SfaX B 1 9 HRO 2?2 (JH
AT W g ] T ) | < USRI o Siel shi TGl w1 HH heH o foIg 36 TN
o 3R 1 A ST 7?2

ot 1m ofel Wil o Wi 1 gened 9iR 27.0 °C W fohar wn 81 fhdt qw fa 59
45°C o1 99 36 Hid © e Wil &1 B 1 @aE 63.0 cm A TE| 39 &7 ©a 1 8¢ &t
SRt oarg @ o ? i &7 a9 27.0 °C 81N 39 {7 H B HT Farg I SR LI Hl
@ Y8R [ONd = 1.20 X 10° K ! |

forelt 2 Wit o ufew 1 St u=1el 6 Rt o R i S #1 27°C W 4 51 el |
8.70 cm T UfET o ks s 1 A 8.69 cm B1 @ 5Tk gRI 4t T ST fean A 2
8 o forg a9 W afedn g W =_M? e Wi fF savae q oieR § et w1 e 5@r
o PR @ B o, = 1.20x10°K |

dld T WS ¥ s 55 feman wa #127.0 °C W 5% 1 A 4.24 cm B 39 o HI WL
%1227 °C T T« HH R 9% & =@ | 1 uRewd= gm? dfd &1 W@ J8R s
=1.70x 10° K|

27°C R 1.8 cm &4 fohdll dfd & TR 1 I 38 ol o o9 3TeT TIE TR AT FHT1 T
213 dR 1 -39 °C 1Y a% I Y A G- § fohe 1 qF9 a1 & SIWN? dR %1 A"
2.0 mm B dad #1 WE TR ONE = 2.0 x 10° K, fqed w1 I g
Ok = 0.91 x 10*! Pal

10.10 50 cm &&t T&13.0 mm A Fi forelt Tact i S HI I g qo 9 H1 fomddt Liet &1

10.11

T T SEl T 1 AR I g A@Ea1 40°C W €, 6250 °C R I D 1 oS § 1 qReH
BM? A G W A e Sei @2 B o Gl Sl WER % T g @ T Rl
(dfs qen et o T TR U HAN:=2.0x 10° K, WA =12x 10°K " €)

TroRe <1 3TEa JER oM 49 x 107 ° K™ &1 419 # 30 °C 1 9§ & W 3T e H 01
aifereR afRer ghm?
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10.12

10.13

10.14

10.15

8.0 kg TN o fohdll UQMHTEM o BIe =i § fog & o faw fordl 10 kw &t st &1
Ut foha o B 2.5 e | =ofish ok ara | fohat gig 81 STt = |t fom 5006 vt
A T Tt 1 T e H @ g S @ ereen uRee § ofw e S 81 Ut w5 fafire
T U@ai=0.91J g K ©l

2.5 kg SHM o didl o T2k &I fREl WgI § 500 °C % qW HH o UvEN ([l 98
fem-=etish R T@ & S 21 Tferd e Weh arelt few w1 stfereRan A @ 22 dfd i fafire
o aifdr = 0.39 J g ' K\ 9% i GeM S =335J g ! |

Rt w1q 1 fafiree oAT +1Ran oF WA § 0.20 kg o ©Tg o Teoh i 150 °C T T hich,
fepelt el & oM (ST qodish = 0.025 kg), FEH 27 °C #1150 cm® Wt o1 €, ® fiwran
ST 81 31fed a9 40 °C 1 o1 1 fafere s enfian wRekfo Sifsw) afg ufew o e s
e 7 R IRehor a1 S @, 99 91 SA9ehT ST g ki faferse e i
&t A 9 31fues UM S9N SIUEn 2

FT U TG % He q9 R Hier fafire s i@t & ger e R T €

Erst e fafyrse e enfiar (c,)
(calmol™' K
HESEE] 4.87
BIECEE 4.97
SRS 5.02
Aefen sAfeEe 4.99
e HAFIES 5.01
FAR 6.17

Y goge ®9 9§ = €1 wdiehrere ®9 H fondt weh wanss T w1 gier fafire s difdar 2,92
cal/mol K BIdl &1 38 SiaT o1 ST hiTS0) FAH o foq o sifereh 9 (99 1 370e)
B ¥ 39w frehy ke €72

10.16

10.17

10.18

101°F a9 SR ¥ vifed fordt o= i T2 (SR %° 3 &1 ga1) < T8 fSreeh R
3Tk YRR ¥ TEH o oo 1 ) W gig 8 Tl A 20 e | seR 98 oF a% IR S @
Al T4 g B ST SAfafie ST it SiEd ) 1 87 I8 W fF S g 1 UHAH 39
AT € €1 = %1 KeAHH 30 kg €1 WIS YRR T fafyme oA Uiiar et s fafyrse s
IRl oF T e § q SH 9 W Sl o SISY i T ST 580 cal gl B

oIl 1 a1 ‘fem afe’ fawioes el § &9 O o Yoh WS o HSRUT 1 FEI a4
Te7 WM 2130 cm 9 & fREt f&q o 1 9eE 5.0 cm B A 39 St ¥ 4.0 kg fem
@1 ® 16 h o qvE a9 &9 &1 G0 H1 A I STedl 919 45 °C ® de UHishia
T SO WM 0.01 J s m! K* 21 (767 &1 Ge w1 = 335 x 10°J kg?)

fopedt dieer o afFer 1 U< 1 SR 0.15 m? A9 HieE 1.0 cm B el 19 we w) @R
W 3G 6.0 kg/min 1 S W We1 Seerdl €| SiFeR oh Wueh shi el o 9T ol 19 SATehierd
SHITSTT) et 1 S Bkl = 109 J s m K357t & oo Sl = 2256 x10° J kg B
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10.19 & Hifaw f& =i -

10.20

(a) @Iferh TEdsRal Tl fuve oty Scasieh e €

(b) Ul oTel T TRl shi ¢ w1 3TdeT didel < fTemd el tfush sfiaet gdtd eiar 21

(c) T YRIYTR SQAMETT (39 90 i A9 i gfod), et e frdt et
Shftorent o fafertol & fow foran o @, Tt § W@ et @t 99w o ghe 1
HTHT FH T 7, T ST9 IH AR o ghS H 9E H W 7, Al 9€ a1d H1 G&l 9=
a2

() fo arareRer & geat SR Sfaa = ST

(e) M9 o Ui W enfid o e a0 St o 9f=red R emenfia e 1 erden
el ol I S § efueh g8t B 2l

foredt fyve o1 919 5 fe & 80 °C W 50 °C B ST 21 AfE 9fEST &1 919 20°C 7, @ 39
TT 1 IReme wifay {98 ST 99 60 °C 9 30 °C B STum|
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11089CH12

11.1
11.2
11.3

11.4
11.5
11.6
11.7

11.8
11.9
11.10
11.10

qfHent
GIEIR =]

FEHANTfAehT ST I <hife

ST, 3TAReh sl qe i
SR 1 JoM |
fafere oA nfiar

SR T STTE =T qeHl
ST 1 FHIHLI

FeArfaent <1 fgdta frem
ST o STIGHHTIE FshH

fo=meia faua
A

ST Rt
|

11.1 ofHerT

frset st ¥ g9 s o A Tl 1 tem TR Tw st
o &n 37 Tl 1 S1eEd w3 S S el i i # §1Ed
37 i &1 steed S0 f9d s s g uRefda g @, 9o
foretta: o off e & ufafda g @ | vita =g o @ ' gl
1 TER TIEd ¢ df g6 TR 1 S et © i 3 ufseen o
TR 7o T SHT 30 LAl © | STk foradid, 79 g5 | o W
ST T ITART IS F i O wE H Al e & g A
A g @ forgeh qRomaeeEy el & ufE ged €

Gfqert ® oA, A9, ®wE G H SYFUROnS ol A
YrEHIgd e TR e o eyl vedl © | Ui €9 9 S
i Tl STFTIROT Toh TEoH o fIQ qafed THF TR | ek STaemon
o Jd o1 I TH Y& 15V T oF €9 § GHeA T SN R aered
o Tl § 93 a1 ® | TRA 9 3 fe o urenfish Wueh W 3 W T ol
(5 SFetifier Fed o) 32 fie | smasd W fie § o= o @ |
g Tacierel oE1 €1 @ ST SH WHA Bl € Sa fae- e gl ok
g | ol < 2Rl ol T Aifas o 9 Sig fa@ S ® | Sl o s
39 GHT o TREX &1 a1 @ ST qoh S 2Rl § STl o qel qHH
9 21 Sd| 26 o GHE SO 1 Sheiiiies | RN | SO 39 HHY a9
yalfed il Wl € 5 a foh ‘oheiifisr det’ (31fq ) oam e
RESIcE

T o, ST Bl STl o &9 H hieqd w1 STH SR
o RO $Hh (1 o) T TWEY hl TR A T | 39 Fay |
1798 H SIS e (= s whie i %ed 8) o Teh Heeyul
A ot foma | 3iH uren fo didet @) 99§ B Sid 9 g At
S G BT © o ST U Seet Gehat § | SO 31fueh Heeyul
oA I I g7l foh T § 3= o1 &1 IRy 39 & W R
Tl o1 1 HiS Tget b1 SEH o id & 7 T gt o 9o W | Sheiih
T oh TR 3Tfeh Ut fael ol Tl © Stfereh 7o aee sired FrieTer
=fen, forg W o =1e Tt el I T | YeTon ok ey stfereh wnefoas
e 97 off for oA Sl o1 € Uk w9 © den gA 9 o T g
ﬁw?ﬁwwﬁ@mﬁawﬁm@mﬁmﬁa
RS
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ofifereht

FOHTTRT TRt o1 o8 TG © St SvoHT e AT
i STIURON UG T o 3T YhR i SHefistl B 37—
FUROT 1 fod= el & | STHmTaeRT Tk T2t faem
2, ifen ag fordlt feh 1 Toe wepfa W fomm et
@ 1 Top go7 1 aTifvereh SO W | oTdel W, SHY Faited
sauRoneT qen et &1 gfaaed 1991 vt § 39
Y g3 o1 59 §A o 3fUas &Y & Igargdeh
o =&l fean T o | SeAnaeRt o 9 o fe
o STUTRd 9 € Te =X gAed B 8 S e
e T 3T € e 9= qetet ®9 o Aran T Hehal
2 | Serewond, Tt T o ged 9ol W SUsh! T
et ST STysti o faenishi wal 3l oAt feioT eTrawee
BT | Ereten el ok STUpTRel fagia ot fereror s ferega
&l & TR oft 3w aqugsti o ol ot forawo wwifed # |
Toep foradid frelt 19 & eAmTfaesta foeror § snfvaes
ol quf &9 ¥ THR G S © | HeAniaet o fR
9 1 STereN ST, SFAH, 19, SoAHM a0 e Sl
T Ty = gr Frwifid gt @ TR en oo sfeai @
I Y & SR Y Fehdl &

Rt T SHMIAehT o o= 9% 3T9eh Hieash
o wyeftefa sm s =fen | =iyt § gArt v aai qen
& SO oF Y& H G A T wOI S fuvei H Bt
2 | SoAmTqeRT § Gyol e 1 fa W faem @ femen
ST | g9t B five #t onifate Toe stawen | Bt
? | 99 Sk W e IO 99 S uRedd B © 9%
et St A Tazen (faviet Mfast seit) H aRkads
BIl ©, SHeh a9 § & | 5T el Ahel o SHhl Tk
St € et it Tfas St o | waraid g St
2 TSE el qen S9or 9/ 3R 1 RSt i Has! #
Y REfdd g a1 € | ag el s efidies afa (S
eaftd ©) 1 Sl 9 Hafud g € 7 f et &t

ol 7Ifd 9 |

11.2 " 9=

Tifht o grreen 9 aeqd ® R fe e 9
a1 ° Sl Ul Y § | SOHNTqeR! | W
a1ef fart Tl o gftemier g1 € : fohm it sraren &1
TH 3T THY e | hed © STel e o sifereioa
FE I WA R GEF o @Y ufafdd @l g |
3R, fRet Jafervr ¥ quid: SR 98 38 I

4 a8t FE 19 FANgs ®9 9 d9 greaEeen | g
el Tk e, AT, AT, SSHHM o GRHETT T 91eA
g % Ty ufafda T 8 |

(a)

(b)

fara 11.1 (@) (31391 &) 719 A 9 B T %51 &R
B Yo & : 39 IR © FOAT SRR TE1 S Tt |
(b) 7&1 799 A § B T% FHT-71¢f 319K G g9
9T 7T E | 78 Teh Fierh S1aR gl & forad Soar
T [ © @R 4 =l sl & | 39 ISR 7
ardia ar Feifaa gag 9 9red 8 S g

1S Trenm wreeen o ® T e o w g o
I IR 3R o TRAY qA 3H AR T Jhfd W AR
F & S R w1 afEe @ gk e ® | ke
Hifee & < 7 A 9 B 1 fa=-fom ol 7 ol 7
A gR1 e ar € fop ferelt T o fRU gU gormE &
T7E 9 A9 I 3T & WA =R oh & H A ST Fhdl
T | A hfSre fo i o <9 o ST wE: (P, V,)
q (P, V,) T | Shew HifSe o veet I frem
TE-T € WY 3% Rl T €er (T St
) N TH S Y YUk W T € | 39 AR ok
FHROT el (FET) TH I Y I IS H TR S et
2 | femat 1 off 91 aRET 9 S5 YR T T AR
T gk TEd & | 39 S T SINE o= [11.1(a) ]
¥ e 2 | gel ww A T R (P, v,) & feRd

* FHoANTRT § o1 U =R off Fifed g & S e Hr gl R g e T e (Ssreone, wgid, woredt (gyut weAn) | onfy foren fova # emg
I=d wmenel § W), fohg 3 Ul Toye =R ¥ | Ty ferdl SSTTqeR T Srereen whi uie oreen =R, S <@, a1, i S IR ugid %
w9 o frefa foran smar € | foreh Frerra =1 Wit Sueht eTedaren o1 A9 el € |
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ot wrferd g 1 91 (P, V,,) o fohet off G9e 3
o HH oF |1 FrEee § g | A heddl hifg fh
g o7 ST i Ueh FoAT-urel-dia ¥ wfaeenfyq =<
fen e ® - 7 SR (So) Tl i Tk FeRE 9
TR o ¥ 9 3 7 1 TW R H 9w <@ T g
for fMl AT BoF TJd =) T9d: 39 999 7 qRafdd
Bid € ST e fop ST TehTr wreeren ot feufq ww
TET T T | SHoh UYEIq STeh! STl H whis qRedd
&l el ® | 59 feurfd i fos [11.1(b)] o <ertan
? | | ity o < TG o < 9 et el =R
uftafdd g FHAE: (P, V) T (P, V7) 8 9 ©
@R AT BT T ST G Teh-SE 1 Hrerae
o g St & | Tk e o s e | o S et
1 YaE el g | e feufa ° g9 wed € fop frem
A, T Boh iy ardia @ | 2

3 Tl o \em @) wrereEen &) feafq o1
Afefard hedl € 2 M9 370 SN W ST I STHAM
A Hehd € | qrdE g |, 31 Frep o a9 e
& | g9 S foF SRt § A9 T STEUROT d% Sl
ST € 7 SN R Y TS 1 R SEeRT 3R
Hehd T ® |
11.3 FENIhT AT I hife Tam

FHeql HifeT foh 3 Fh A9 BT Fg <OR °
goyeh & | TTH W Y U A e ¢ ° U gerers
HaR gR1 Gek H € [ 11.2(a)] | Frepmi 1 erareemd
(3T I7eh TJA W) T qk IRafdd 2l 519 T A
a B R C ok w1l it W | Tl o Wi € |
& TH & ST @ Sheddl Hifee fohF AS Boh He4 &l
TG R T arersh dar 9 gfaeenfad w2 § St
2T CHI AT BY fhelt T <1aR | gorep o faa
S & [Fos 11.2(b)] | Q@ 3@ ST € foF A9 BT
ey o7 #iR e Seerdt etefq o S ere A
T T BT S | 78 YR SOATIeRT ok I hife fem
1 SR & | 78 T aqend € R afe @ e
ferdt dta? eRTeT o Q1Y 9IF-g9eF ¥9 @ ardie
o ¥ § A & e ot arditg A o gha & el
IE 9 SAF | @A AMfeT fh HAFIaeh! oh Jed 9
Tt frem =t sifreafaa qen 3ek i o sgd 99
1€ 1931 H 3TTH. HISeR A Y hife o8 &1 gfqared
foanm e

I hife f1am @ =g Gehd et & fo <@ < fem
AT BTRER A 91 6 e ©, o Tl 6 fifaes afn
2 S ST FeRTE o T e o T € | 9 S
=R, foraeht 9 ardia 9= aret et o fore gum g
7, dT9 (T) FEA © | 3714: A AT B Arerareen §
9™ C ¥ 9ok § 1 T, = T, 72N T, =T, | 391 AT
?T'E?%%ﬁh‘ T, =T, 31 fm A9 B¥ +ff ardia |
TE

I wife Fa o wread 9 god fafued @ =t
SFROT T 1 8 | 8AR WA H: Teh U9 S
B 2« fy=-fa= fiel o a9 & forg en sifees am
1 o S 3?2 T Wl W, B9 919 HOSH Y
TAIG? qrafhfd 59 Hifes 99 9 Hey w@dl @ e
oo H B9 SFIel ST9M | 3299 i |

P e he.= T iz, el 3 D
L e .

S A "t - 2 .

e "‘ poael S

. R ST LTINS

.. A S DU <]

.. .
ERTARY SR ICHL I AR Y
D MRS

fors 11.2 (o) 9719 A 9 B S % %GI™ 519K € §% &
Safr T G gdE TH AR [FE C I TH
GeTei S19R G 99eh 4 8 | (b) A9 B & 78
1 TG AR 1 fordt G 1R G Fhoeefid
feFar 719 & e C %1 A9 B4 %5 AR @
Yoy JIA T B |

4 77g SATIH 81 ¢ T oMl =R <ol | UE whaeel W R e © | S & fo, afE i fer st ot o # o @) df ardr e o fa

et 4l o <@ &I URERdd S =T |
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ofiferent

11.4 T, 3M(qch Holt a7 H

FEANTIIehT o [ hife oM | a9 &1 TAURT i
Scafd g2 S T9R W 9 o 3Tehd © | g TR
fque =t SO 1 s ¢ | 5 J fuve S gk
o Y ST € o 3HE o ok yaTe o e iR et
2 | S =4 q19 o1l fuve | = ar et fyos 6
R yafed it © | ST 919 SHHE 81 S| @ d 99e &6
S ® | e feerfa o <1 fyve ardia W | B €
70 7% foeR 9 ug 9o € & wifa-wifa o favei o
a9 o T o fery qrg Hiaehs S8 9 S © | 3T
B oA AT ded el U T ; S —3Tafieh it qei e
i STIYURUNSAT T IUH HG |

ot f1ehTa St 2TidTieh Srotl oh1 STEIRUN <l THSHT
wied T&l € | 50 I © T ek T e srgie
arugsti @ faftfa € 1 el S 59 et w1 fefas
T Tt Setetl 1 A ® | e 98 feoroh @ @ f
TGt § FehTa &1 990 ®9 9 Tfas el qrEfies
T B | 39 YR, 9 TH A sriafie e o1 i
TSt & Teufast Svsit o 41T o e gidl @ Toreen ame
1Rt 1 SeAmT-ohs, Torrmereen § il € | 39 WK,
A shaet e o STupel i afess Tfa o e
(3reFafeer) ol €t THfed Bl ® | e sl s1iales
Tl i U 9 fafgd = €

Tgfy g ATdes el o 27 &1 gHeH o foag
anfoeer o weqa foran @ i Siel qeh SoAmTiaeht
TG B, U 7ohT21 o1 ohelel Ueh Tl wRE € | Sffafieh
Sl & o H T Heequl 997 7 ¢ fe 98 hed
frentr w1 arereen W R et ® 7 o 39 5@ W fw
I8 e fohd YR U< g8 | Fohma it eviafian et
U MRt * steree = 1 U Se@L0l § | T8eh
M e w1 < g8 eraeen W R A © 7 o sueh
gfagfc (History) (mﬁwfwﬁrwqﬁaﬁéﬁm
TR0 ferT T wer) W) &7t : Feedt T ok R T gerem
o feTu eridfier Sl SHen! feafa @ fasit et © | =
feafq <@, emadq 9 o fafire A 9@ aftfa g
? 1 72 38 910 W Felk 7 St fop g 9w feafa
o9 TR U< g8 | I19, STIGH, A9 92 STdfe el
T (1) o FOHMTIeR T STereell = el & (ST
11.7 2@) | A 719 o feuyumal SFauivass aal i
S 3 T e ) oA Sl SEh ST #
5 ez Tl | Helg, st Srsiisll o A1 o Sieh aUe]

B 2 | ol SreA o v qe T fereht i A 9w wfg
hael LM & &l gt (39 T U o S

o us fog @ g fag o 7ed et @), o 38 31y
1 Tt qen wud T off et € (Fe 11.3) |

(a) (b)

forg 11.3 (a) 5@ dieg farmareeen 9 & d 39 &7 ke
Fft U 39 ST0aT 1 Tfast & feegfast it &
a1 & S gl & | [ YR &1t
(T, gofl, H97) & HRT Al Foil &l
U o gwifed o1 <irar & | (b) 9f% 781 qay aied
%o a7 G GEH €, d " BT s il wl
U o aftfeaa 78t &3 2 |

(a)

forT 11.4 &1 7 F19 fhdt [AH@ 4 o1l AR 1
gl fafy=7 fafiar & (979 39t sialk® s 4
YRadT glar 81 (o) (@19 aer 9Rawr & e
ATIIR & HRUT ST il ol & IR & &Y
T URYIT A & 1 (b) FTE 37 G (3T,
e @ 98 4RI %1 SR 14 ek 2T &1 Tfd
341) BRI 34 Foil T TFIGRY] & 79 ararad
goTfea &t & |
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ot frepma ot sTidfer Sett | foh ST & uftedq
foFT <11 Tehd € 2 gfaen & gfie 9 9 e Hifsg
o fo 11.4 o 319ER e feht fu T somm &6t
T T & S U Tafere # ot @ e nfaeiter e
M R | SN I8 Fara € fom TG 1 sreeen (e g™
YR 3! STdfen Srsi) TRATId T o6 11 U™ B
g | T 3™ @ T faferst = 3@ fyvs & queh o @
S 719 T STen S Y W ® | ATqial oh hROT el
(o) e fyug 9 e o yerfed B0 | QW w6
AR Foll o S | O 39 ? foF fae 61 e
T SR &R WY (e e | wr ffan s |
za oft 719 1 A o1 o6 St © | FEeE 3 9Ef
o farodia feen o off G7e et © 1 41fE =Ry 31 o uiew
1 19 A & q SO T § qiEwn o yerted i | 56
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Bl © q91 SHR! Siaieh Sl § qiede el ¢ |
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w1 frorfq SHep! stiafter ool § aiferferd it © 9 T
S W | 3 YRR & Yk & fmar &
g% araver ¥ 919 W T Wt o [IAT gt &' 3AW
& fele 2 5 T = werem for “foredt & g feafar
¥ 9 & Fo T FHfed giar & 1 39k faala, ‘feret
3t g eraver O 9 B saier St i ke AT gt
2 g0 e W Uk ek FheH © | T YR W, U TeheH
S ‘FeRTa Wt Tk (fvera AT &t S5 & 1 g
A ‘Frerre gRT Tek FHfvera amEr @&t @i fohar wEar
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11.5 SHNT(dehl T 9w fam

B9 I <@ b § foh Tonell Frepmr 1 efafies =i U
Ty faferal 9 il TG b hROT Yiefdd 8l Sehdl
213 fafrl € 30 a1 FF | wea RiT fF
AQ = U@y g7 e &1 < T e
AW = T1m@ g7 9f@wr w fowan = s
AU = Trm &7 sriales e | 9Redd
Tl G o 9 e ¥ 97 ofarifed © T
AQ = AU+ AW (11.1)
T acqd s © T S el (AQ) TR Wi & S
2, SUH Fw 9 Tk ) Ml ot § gig
2 (AU) T 99 IREY W foma T S (AW) ® | iR
(11.1) &1 SHNT(AeR! & UoH 99 o5 9 § S
ST © | I8 Sl HI&01 1 shael W fem © S

fopelt off S e o ] fohann St wehen © Forew wftasn
1 STET GREYT Y IEHT TGN T & e S 7 |

M Aoy foF &9 GHieRor (11.1) 1 dehfeass
w9 F T FW T,
AQ - AW = AU (11.2)
79 A oitfere foh frerm fordt sy otereen @
affem sTaen & g YHR W T € | SSreeond, i &y
ST (P, V,) © RAfdd e (P, V,) FT 3 ST al
T Tt 9 o I 1 FeR Tt 3Heh ST iV,
¥ v, ¥ ufafid # € s1eiq Ted &0 s (P, V)
o S Hehd € IR fR 719 o steed w1 feer T g
79 @ &I P, ¥ p, ¥ uRafdd w € | 399 79 (P,
V,) 3Teren ® 9g Wt @ | forheua: 9 e ST #
feor T@ gard # IR R <aa feer v €1 9 Ut
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et i 71 o 5@ v W ford e U srereen @ gEd
TN T gl € | R, AQ T AW =T, HIHI=I,
39 1Y R TR o € e T yRfes eraen @ eifaw
e W S B | SOHANTIehT o gw e, e
(11.2), 9 T T1 ® fob G AQ- AW T W s
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AU e =l < T FoA1 TR g qREe W
#H § gl w9 9 STER F o1 S # |
afe ferra faferet & w9 @ qen fafeee o

Tifgeiiet e o @ qf fuses w1 wfd <4 o 79 i %
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F © AT AFA X T ST Fed © al TR
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AQ = AU + PAV (11.3)
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11.6 fafyre wear anfiar
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T AT
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C ! 71 1 Aiew fafvre o anftar wed © | s
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fafere oa7 anfiar qen wer fafere o wnfan
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T&l €, 3 C, 3T 719 1 e feor e o feer s
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e AQ w1 TR e W EeiNY g € ol
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o G SR THIEHON i WERTRAr o1 Ieror
F foran Sw | 3IgrETened, R,

AQ =AU+ PAV
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TR W TG o1 STaeifia Fieh o HE Guifed it
2 Vafh Soardg Gied § 19 W 9Rew g0 w e
2 q SO 1 FTSRTEA B ©
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= frdrs x ) Ty = fEae x ]
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AT WA HIA & ql SR ki URehed 3R T et o
ITEY 2| 78 agd O 9l 1 fafire o enfidn i Steh-dien s
HIA 1 TS TAI, wethdl, fager S A9 o moE qon w6l
e greetl o Sigar € IR rueti w1 Sl Ud Sl W
Mehe Hwd o1 81 39 S1eAE | 1l fagid 1 SR 9=
feam T 2

12.2 ¢ @l 3MfUder Uahfd

el IraTedt o HeM deienl § Uk e e, 39 @i i
‘o T | S @ ST Hequl Ad 1 AfE & fas ¥ & m
& o, @l (AR faeeid % HROT) Hierdn w1 foRTe B Hehl €,
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Bl ® SR WYul SR 9 ok A B TRt Seae g ot @
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YTe= 9RA T I | UTHIvat URehea T

T, aeffieh fome @ TRATUee gRTehIor 1 AR e 1 S71 Wi STeed whi fean S ©, qenfy, g
IRA R A ok fagMl 3 ogd Ted € WAEt SR v o Sifidc 1 g o forn e wra |
a9iften <3, foreh worar org o (291 vl €9,), § WHvEE Wied w1 forqga TR ga | S
ATV oh! ATITH, F&H T 5 h1 AfATST 319 7 | I8 ot dop e =0 fof 4 g7 =1 fawfsa
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1 Faq q AR T SR IE Tq TR SqHT HIE WAL T TG F | WA HAN Fh A=
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AR | qen o Ui | 91 B ® qen g o RumHeEE e §aAm R it aerel o fae-fae
o1 B €1 Soh TRl oh SITHR STet o 379] faehe 4 el €1 © Al o U S % WY S 9 e
B, 7€ R € o STt ST W vefed BRI §1 9iH o TRAN] YR q91 HISR e ¢ ek R 9
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9 gREs Soi Se=1 i 21 A URoMd Texienter € g o, SR o faerfaa = & gant| suht saifed o8
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TR $Feid Ged w1 ¥, 9 H 70w g 'H WA Th
T B T E W OE R Y Fodfen
S R HfeR i e o €

Tz T o %7 T &l &1 TehaT, 2 TH 3R
eepfadl o foem™ on 9Ra @ %o R FAE o
SHIfRed 1 I8 o e o foh 5o Afass stemmai
1 o1 B Tehdl B W S Snfvesh fagid i
ISl 1 99 Teed &l <d &1 ddl & G gry AT
I 1 Uisheal H UroM fRT S ater ffvem sta
3R SUeR U o I i A w % fag
Tleed 7 ¥ fagia yearfaa fwan o veen fom sam
2 fop et diftr o sreal & gormEl w1 SEu
o @ 21 g e o e ® f S @ qe
et 1 a1 sifush Aifies a9 € @ Tw 9 &
Y= semm | SIS 8 oel T dcl o SedHEl
o T W qUiHTE A B 2

T f7oml &t e & o faw, @ 200 99
74 Tleed A gorn f fFdt 9@ & gauam e
TH] &| Uk ded o G O] WeEH B § W A
TR Tl o T @ f91 i €1 3tew g | qdf
o AT WA ek AT w1 ] S| 21 198
YTl o 3R H fu U -l o e o ergER:
S T THEtT 9 9 GASH $ieh g o 19
T €, A STk I oY YUkl o 9 H e €l
&S 1 o (=1 ufehear) s € o 99 am
AR <@ W NG oF THME AR § SYust 1 HE
guE et 81 e fam w5 eleed & fagia 9
Sen W N-o[leh o 199 1 A &1 <1 Gehdl 2
Fiifeh, q Y AU % w9 § e ©, e &
T f951d F T w1 oAfvask fagia off et s
Tohal 1 39 fagid 1 o1a SRl gR A=A B
qenfy, I=ga It o6 3id doh ff TH % Hdsg
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AR & S A fagia o feverd e w9

3MYfTeh 1 H, 98 9 Y& 9, 379 89 I S
& fop wered erugsti (ww o atfuss wEgE | W) @
fHethy =1 B €1 Toee geussll Ud shHdle
FUTH GEHSE 1 Tl ¥ 379 g9 TR @ Hehd
| T T SHY AT T G (14) (10 °m) R
Sl |, WTET 1 HHH Th TR U IE ¥, WIS o
e e U (2 A) T G0 B s H oft wEnge o
o got € g0 €1 gal W ORAI] Ueh SH o Wil Sl
<o @ A T e o S, e, Tt g
LR TG L Hehd §1 SHIfAT, Foi § gare g ¢l
H SROTHNR T G W H B 21 9% e
St eh1g @70] fa Herg foRT =t Wehdl @ SHT Iired
ek O el 1 TGl ¥ Sied gort 9o SRl Ui
1 Hife 1 B ¢ 3d: T § IR STt o
B B IR -9t g ok far weg fohy o ek
g1 A & ek 7 W@ WY, o T foaia g s )
Sl 3R Sl H U-UE B % SRl EEt & s
o R T T Tedqol & S B A oA Aferk
Al W R 3R eTed g W Hfaehd 5ol g 2
e ] T TR W FS TR B G0 WA € @
9 T T I AR HId € T Agd UG W 5 W
Yiepfia & @ €1 W w1 ifaes fkew ue
9 €1 TG lRad O R 7 3 TR e Tk
HIEH B T Hqer § 7] T T ¥ WA HW ©
AR Hog &1 ofafy o SRl wrel | uRedd giar €l
eheel FrEd o e wd 2

T fagia e @Sl 1 3id el § dfew 78
W TEHT Th RW T € BH A § foh W
Afgaa o1 goi w0 T T ST TH AR SR
TR B B 1 e T Wil ok =g | o g
F1 =&l T de g g Feel 9 et oo g
E1 8 Wehel § T Fareh oft 39 e w1 37d 7 €l T
off € weha ® fop Tz (dq) SEft ig Wi &= el
Wehfd AR forw Wi @ faciem o ¥, W, g
Wil LI Bl 8 IR &R anfarsh H ero digd
BT B 39 1A H T 0 Stere T o (3R e
9Ed 3l o) SRR I ol Hiftd Wl 39 folT g1
3% A TIfd I TAHE HUT R FE A
12.3 Tl & FEER
S|l e ol 1 g W TG o Tl hl HHEET e
21 I8 q&I4: 39 FN0 Bl €, Fifeh, 19§ 370) Tk

TR Y QWM T 3R < et & g i feurfa
F BIEH Soh S IR AR fRand SueriE
Bl € S 1 <9 o S s (A weE) € o i
T ST SR F=d A9 T U A1, 6 SR S
A e frefafaa ged el & (Ifaw seEm 10)

PV =KT (12.1)
Tg G 9 o U e A % forw @1 F=l T e
(N W) YA W Aam §, K f&u T A % fag
i & W P o WY uREiad g ¢ A or
T YA AT 3] T UROT AN H @, K e T
H ruysti i G&A N o SHAMU 81 ed fora gand
&, K= N kI 7811 & odrd € o ko1 o geft i o
U g9 21 3Uh! SeeHa™ Fadish w8l S € 8k
Je_ BRI fAféw fofa S &1

BV, _ BV,
= Torier = ke,
NT, N,T,

I P, vV W T F9F 8 dl N off @+ i o forw wH e
BN F&T STENTE] UiehedH © T G99 a9 T8 <6 T
Gl i o i Tehleh 3T W T[S i HEA H6H
Bt 21 ot 9 o 22.4 i A § TE HE©M
6.02x10% T TH & FI &S & Fel Sl 2
IR Thd N, 510 fafed forar smar #1 fRet @ &
22.4 WX AFAT *1 STP (AF& d¥ = 273K T
HHF TE = | THERR) T §e9A[ 39 19 & UM
H ookt 319] SHAEH o e &1 TS i 98 Wil At
(mole) ATl 2 (Afus RILEE-S T o foau
e 1 <fEn) | serTs 3 Tt stfafwaneti o
A o YR W I8 THH o o= o fof gae
A9 SR T R TG o GHE e § STupe w5t we
A B ST fagid 39 uReheud i =T
TEUl 2

ameet | e S B9 39 YR foe w9

PV=uRT (12.3)
Wl u Wl F1 @M § IR = N, k, T @&
ﬁaam%aTqTWW%lwaméﬂ‘mW
Y1 =4, @ R=8.314 J mol 'K | el

(12.2)

(12.4)

ST, M 1 5o ¢ fEE N o1 €, M, HieR s

T T N, ST G ¥ T (12.4) B SUER

HF HIFIT (12.3) 1 T TR H h T © :
PV=k, NT 3l P=l, nT

Reprint 2026-27



258

T
i
T
3
g
—
S| s
Ql

0 200 400 600 800
P (atm)

forg 12.1 7 319 SR =9 a9l W aratasd al @
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_ PRT
= (12.5)

Sl p TG H 5 T R

g T, S GO (12.3) 1, G a3
el W qule: Wer AT € ATE9l T weed 21 o
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r,

PV =TI (12.6)
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3 |, B9 Tk o | W U, WO 3= fRard
T G gl TRy TH % e | fER w9 R,
ey ol TE-1 ok, p el TE-2 o 31 gE YRR
o1 e & fafe= o &1 997 % AEEE v i
1 TH AW TS @ P 2l THHO Y S{Ee i
TRt fad o,

PV=(u, +u,+... )RT (12.7)
RT RT
=P +P,+ ... (12.9)

A, P, = u RT/V 9 @ & S a9 31
I i THH st | 3 weft T et erutefa
o oherel -1 o 0T BTl 39 S« i 19 1 TR
T hed 21 o7 SMest Tl o fenelt fasor 1 e <@
fagror o foremm T\l o AR <@ o AN o Se
Bl 21 T ST 1 R el w1 o 2

39 T O TH 33N W =R i e 7d
Ut gRI R T S SR Wk 3] o S o
fawa o SHRT 9 g

b SETEYOT 12.1 5@ F1 SEE 1000 kg m ®l
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M ey
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1 FHM ST
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o A hT T ke 38 YhR foman ST €

el oh Wk 3] ST A
= (3 x 1026 kg)/ (1000 kg m™)
=3 %102 m?
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=2A <
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(S T ) fohal 22 3Heh faw e
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g07: ol o Tohdl S| 1 STRIGH, a7 Jraeer H,
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T gfg &1 S ®, @ e vi/e sreriq 10 T B S
2138 e B 10x2A =204 8 S © atefq
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b FEETT 12.4 7% S F < afEa I : e
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(ii) 91 H 72979 wo SATaRdSH o SogHE Sl
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o SR a1 €1) | YA T (et 9 A gu) Ty
o 1 e w B Hfw S e % s A vons
T 3i % o ¥9M €, P,V=u , RT W P,V=y, RT,
A (P,/P,) = (u, / ) | &I 1 T 2 Fhwwr: ety @l
sfierfisT 1 3T e €
(P,/P,) = (3/2) (R ©), (u,/ u,) =3/2
() RS % SIER, p, = (N, /N, ) T g, = (N,/N,)
&1 N, T N, EeT: -1 TS -2 H AU
T T T N, SIS He 2
TSR, (N,/N,) = (i, / 1) =3/2
(i) 39 7% *ff fom whd ¥ F g, = (m/M) T
u, = (m,/M,) Sl m TS m, T"-1 qeI
T9-2 & 5o € SR M, T M, Ik STfUeh
FHE €1 (m, TF M, T m, W6 M, % TH &
e § e T s =nfew) | Afe p, W p,
FHAN: TH-1 T F9-2 o FA9E 59 @

p_m/V :&:ﬂx(%J

Py My /V o my u, (M,
2 32.0

12.4 3=yt W @ erupTla fagia

Tl o1 ST fogid 36 W W S © o g
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foremet (UrEfush A STENTRl &1 & hife &) T&
o 310 Bd § S oNaR argfess T s €1 |
Y 3R @ W S o o= I G ST ok SHR
(2 A) 1 qor ® 10 W @ off e et {1 sy
upAl o die Ui eTi fehen Bt © SfR Uw BH
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T 1 ST Hd € 3R STk o UREfid 8 5 2
usti & o9 Hi 39 A R H T FEd 2
TH YT 3] AR R 3R ek I i Sl §
g st SR AT B A A s

el Bid §1 ST fagia o STHR W eW T %
T o T T oieh ofcd=1 Y Wehd &

T TH Yol ¥ROT ¥ URY Hd ® TR T @ e
Tad Agfese T | € 31 3 T SR U 3 N T
# Rl W GEZ I @A B st o Weg =R
TR &, A uRe 9 & AR ¥ F gt gug
oAy B B | 3Hent el € TR gent ot Tt St
Teferd Tedl 81 el Wam off, S| Wi Bl §, wier
T R

12.4.1 foret amrest T & 2@

A foh 1 9o o foret SRR o o whig el ™
T 1 o 12.4 H 9T STER o 1 qend ged
STefl o TR §1 T 1] o A (v, v, v,) L uz-
T & GHIR AR, FTaet &k A (= 12) €, W God
w ¢ Ffh HWEIZ TORY ¥, TE 0] SeR W
THAHT SH AT W A99 Aledl B T o hora®y
THeh o o y 3R z WIH @ uRefaa el B W
x-FIH H Fog SoRfad © S 1 erefq weg o
TR A (v, v, v,) B ST | TE S Ha A
e —mvx—(mvx)=—2vaEﬁTﬂl TAT T ok
FEmER 501 € Hel = 2mo, W8z H <Hal 1 981
[ERIESUl

SR W AR et (T <) h1 IRehe wH
o fau, &0 gfd wie v o SR | 35E fhe 5w
el HolT o1 IRehe il RN T 37T HId-3Taua
At T HTE ST0] SR S T x-379d v 7 SaR ¥ Hog
FHT AR T8 GOk T oAt T & iR 31 1] 97

X

forg 12.4 99 & T A9 1 4RF Hi G G Feaed
qeg |

Reprint 2026-27



srupTte fagia

261

Tt 310], S <R o T Av At I | T; At T
o ohoel et AR W HE Y Gehil| g a3
et H @ oM <iaR H1 SR Tfa wd @I emd
W@?’Tﬁfaﬂﬁgl m:(vx,vy,vz]aﬂ@lﬂﬂﬁ@
A § W VAo, At n A At FHF H FER § Ho@
F1, Tel n 9fd Tehieh Taq o 10jet 1 ge €1 e
At T H AUS g AR I YEE fRA T Haw
g,

Q=@2mv) (-nAv_ At) (12.10)
AR W T g FATT SR i X Q/At TE T
Hid Tkl EsThel W e W B,

P= Q/(AA) = nmuv? (12.11)

arere , T o Wl 10t k1 S WHE e B,
a1 et W fgafia wd € ord:, STa iR
AU o SH UHE oh HRUI S I HHK HA §
SRt x-foem & =1t v 7 3R nTW & 1 W w
T T €| e I 1 A oh fere weft Tl o
AN T Heherd HTAT AT 4,

(12.12)

Sl 12 , v2 T STEE 2| 7, it W T
?, iq UNe I | S10SH o S k1 IS add fwm

P=nm p?

= ;2 =
U3

(1/3) [0+ v2 + 02 1= (1/3) v*

ST v €, 3R 2 Siiepd el 1w 71 e,

(12.13)

P=(1/3)nm p? (12.14)

39 It R s fewfomt ¢ ) vem, gafy e
TR A T =9I A €, W oarad o, o
AF T F R Tel gl 21 =44 fopht off amgfemn
3MERfa *1 71, B9 TH 3T YeH IUdd ool 36 W
ST S o 0T ] Y Hehd €| e SN,
ATE At AT € 3tfam aRoma o yehe T2 B €1 e
10 # f&U 7T el o T o @R AfE g T
e W 81, Al SHeh Weh |1 O TS e giat @
S & T e gE 9 W o g 21 () fgd,

s e S Sl A T A S e
ke § afmferd €t fhan €1 Zafy, 59 geumon
1 hiE TRl 3AiTecd aaMT dl hied 8, WY oA
®9 ¥ gH g€ <@ Thd ¢ T 5o offam uftom 7 3fe
TET AT At Tohe § SR | FOd L A e
1 STHd T - n Av, At TE STt 21 37, Jfeh Herg
Tgfees & 3R T wh wEh weEen § 2, 4k
(vx,vy,vz]aﬂmﬁﬂaﬁ,WQEW,TﬁW
ot SToft ot fa=1 URfses a7 aren 8 &0 992 &
S T A (v, v, v,) W@ F AW FAlF =M TE
T g @t a1 faawer Tl T8 w® unem gt
THTON W W 2 1AM W B SR T FHER S0
% Horg (39 T Tk o agd Siedl-wiedt e 8 W@ ©
3R TH Heg W o Gug < Gl ok o™ o GHT 1
qor H SUeOiE 8) § ST uieher e el
Bl

12.4.2 M9 ki 37T Tfdeh TS

HHHTT (12.14) 1 6 GHR ot foran sn g 2,
PV = (1/3) nVm p? (12.15a)
PV = (2/3)[Nx-m p? ] (12.15b)

TN (= nV) T4 & T97 F (0t &1 Fa ge 2l
& g o fordl i 9 ok syupet w1 stEa

TIAE TTiast Sl ¢ it fet amesl | Wi

a1l St gofa: Tifast St €1 €,

E=Nx(1/2) m p2 (12.16)
TR (12.15b) 9 @9 84 W o ©,
PV=(2/3)E (12.17)

319 B9 A9 K1 STUFIa e o foy 9aR 2
TR (12.17) 1 Y T G (12.3) 9
A FH W

E=(3/2) k, NT (12.18)
AE/N=- mp*> = (3/2) kT (12.19)
aferi, feorelt o101 SiEa s <ett, 79 % T A
o STHAMU It € @ I8 3T<e 19 1 gk, <&
1 e W v 7wt oe u difee e €,
S fereht T o A9, ST T U R, B, e
(TS89 SRt =R el Sl €) ©, i fenelt nfvees

* Hend E Safes o1 U, TEH 1 W@ Hifedl o wron § el wftterd g gehdt © ([ e 12.5),

Frefel T 9 & e il B
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Tfyr, ford a1 &1 eied Tfas s Fed € 9 Heag
YAl 81 deesTiH i 31 31 99 &l 1 S
21 @M 9 W q GHE (12.18) T8 TR Hl ©
for eTrest T Y SNiafieh Sl sherel SEeh g W R
YA B, T AT A W AL A9 i W AR °
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SIS o6 Teh 317 &1 =6 3 A S

HieR e, STP W ferdlt 19 (eeel) o | Hiel gRI S 740 31Fa 21 (STP : 1 atm <0,

0°C)| <9ed T 77 22.4 ofex 21

fo 12.8 ¥ SRS o 1.00x10 kg §MM o felt PV/T TS PH, q 3Tel-3TelT d@rdl W

T <9 T N
Yy

TUKD

\4

o7 12.8
(a) Taigfena Y@ = seifdt 272

(b) 1 T B : T, > T, AL T, < T,?

(c) y-31&T W STel o fierd € @@l PV/T &1 5F &1 €72

(d) a% &7 & & WMH 1.00x10-3 kg TEEISH o fau oAIC af «ff 1 39 fog W W&l o
y-3181 9 T ® Pv/T %1 AF € B2 A% T gee % fhad seadH ok fere pyy
T 1 A (FH 9 3R 3=4 A9 % &7 o U ot Fm? H, &1 9 FFHE = 2.02 u, O,
T Y T = 32.0 u, R= 8.31 J mol-' K!)

Tk Ao fafeiet fget mae 30 it §, § Sfadis *1 TR I 15 atm T @9
27°CT| 398 ¥ &% 119 Fehict o o o1 79t (191) <@ iR #X 11 atm T a9 iR <
17 °C = STl 21 T hiferg o fafeiey @ stfedism *1 ferat @mn fereft T 21(R=8.31
J mol™! K!, SIS =T 317] FeTHH O, = 32 u)|
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12.5

12.6

12.7

12.8

12.9

12.10

A 1 Teh A, TTEehT 39 1.0 cm® ®, 40 m TTedl 3l &t defl § Sl arg 12 °C 7, 33HhT
TR Y W A € W&l dd 35 °C T T TEhT TG AN €2

Tk R, et i 25.0 m3 €, 27 °C 99 3R 1 atm T W, o7 o el 10gai (Fos
eSS, SATafSH, Sterarsy 3R o7 gt sl o w1 wiwferd §) 1 el 96 S

e o] H1 Sigd qrdig el 1 e HITNT () FW o 99 (27 °C) W (1) I F
TG A9 (6000 K) W (i) 100 TR hfead d™ (AR o IS &1 WEas a9) W

TAM I & A S T & g SR g R A wl ¥ vedl Sdq i (TR
g 2, T ¥ FaE (fgwmmgs) T @ iR del & fem 3ereiNEe (SERavEE) |
B A S W TG o G AUt kT We §EE ®? 9 A U § STued wio
(ot " e =) wHE R

e AT R o T fafder § stpst #1 o, - 20 °C R A | wEwpEt w o, &
TR BRI (Ar T THIY] SHHM = 39.9 u, TG Sfera™ 1 THY] F9H = 4.0 u)|

S T % Tk faferet §,2.0 atm @ T 17 °C @19 R, AEZSH T[T o WL Yo 99
TF §HE STEMd 1 SThald HITC| AEeIS 210] i 5531 T 1.0 A TSI Fog-h1el i
T STV R ] WG] o die WaAdgach g § ol THF | HIfT) (ATgeSH 1 Tvaes
T = 28.0 u) |

S
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13.1
13.2
13.3
13.4

13.5

13.6

13.7
13.8

CIEED]
T AR Sred! T

WA A T

TS 3T T I THTHH
ELE RIS

WA IEd A H S qd

TS 3Ted i o faw &
TIA 3 Tfd | el

WA S T e e
I FB e

fommoig faw
A

CAGE|
]

13.1 fHeRm
T AT e Sfam § faf= wehr w1 el <Ed € | 3 W 5w ol
el W T 1R forelt gerer &) fq o fomg o ot o1 sreae o
& T € | A <A & el SFredt il € | BHA ThEHH e T ae
UR 9Rar ¥ Uel &1 wefa niaal o fawa o ot steeem e fomn 2
7 el | e THE-iaue & qveEd U 1 R e 2,
Tfq I8 ST Bl © | 3O S9 H 379 el 219 3ol W e
1 = Toren e | = AT i g gl §, W et ue et
afrerdt Tfa @ T gt © | et o fenelt mren feorfd o seR-Ser Tifd
FIA | STAR-FEt 1 cAlersh F 3 TR 1 T H 213 TR
H I-uvE (SAM-UD) ofEdl i oh WEX SIEd g- T H
TSN gE A, 9T5F Ioi H o7 3R v Ferdn gan fuwe anf
TH YRR T T ! Sl T Fed 7 | T I | 86 39 A %
TR H A HAT |

el T o1 ST ifdeh! o fIT SMeRYd €; Tgd-Hl ifdeh
REEIE ) GHEH % U HER] Hehoul i eIl B 8 | o
#5i1; Sie-faar, fier stemn amfaq o g9 shaaaE SifEl g T
tafal Seq=1 Id gU 2@ © | @il o ool qen el oI eaft
foearenl o TRy | SAWM AU Area feafd o $eR-3*R U &
T | a1 o UET % Al g B e -HeR) H9d €l Uil § | T S
wered o @70 Sroet Tren feafadl o URd: R e €, O i S
Holl ATIHE o HEEI et 81 AC TeR U dieedl s GH0T shidl
2 S A UM (IE) FOUAHF 9T HONHE A THIR FH
TAPHM @l 2l

foreht et TIfq o6 =k e I T o fae faero & fau
TS G Hehod1si; SE—3TadehTe, i, faeen, smam ik e
T IR Bl | 3T S9N H 3 Geheuratl i faenfaa fapan
T E |
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ofiferent

13.2 A AR ATadt Tia

o 131 § o ered! wfdal <oiE W € 9 s
HIE e fopdl T R =gar € 3R iR S 21 98 3o
YRR T W 3 Sl € 3 39 WihA ol aR-eR
YAl 21 AR 9 A W SR THH] HAE a1 G
o o9 WF Wig a 98 fad 13.1(a) F w®e @) afg
g aTeteh Topdl TEl W =e 3R Ik qe 8 Wiha i
TAM €Y ¥ aR-9X e a1 SHH! ST ad1 T9T o
o= Tk o 13.1(b) o SiEn fe@T S 3 TRt Wi
T AT B W S Sl W aR-9R "RA © dl
THRT SR AR GHI oh SE WE 13.1(c) o Sl
femm e <fSe fo fo3 13.1(c) § SHf a9
e H T FHHOT % SER WS % A T,
9T (2.6) IfEm

1
h=ut+§gt23?%ﬁ1§[@ Tfa & faw, qen

h=ut—égt2 SyfegEt T & ferg,

T gHRIOn | w1 AF ofer uiifeufat o fae =
B 3 |l SYrerdt T o SeTel 1 STd: Whig T it
fifead SRe o 9" TREf w7 emadt wd
Wﬁﬁ/\ 2l

x(t)

pup
\4

x(t)

x(t)
\ )
t

fera 13.1 3Tafd Tfa & 337601 Jediah STaeeq] H STadahicy
T gwifar 71 &1

HMEG: AEdl 1fd S arel fIug & T dged
e Bl © S SHek T o v | feerd eiar B1 o
fye 50 HqeH faeen ® el © df 39 W o H ol
el ol 9o I Bl B 314 Al fyve i 3w eraen
o form =t feafa § 9ig § @ 7e wsa fawmmewen o
wmI Afg fuve 1 39 sTaen ¥ ol wr fawenfud ¥
@ favg R Tk Tt HE wE R @ S faue S g
TR HJAT-3TN HT SR o A H1 TAH Hl B
3R woeaey g § e o1 shue S @l Sl €l
30T o faw afs fordt wer § w7k @ < q ]
R T qell W Hqe STaeq § gl 81 A SEeh! 39
fog © wrer foenfua &Y @ 715 ek | Jod i o
B Yok e T Sl Bt € TRy Yedsh St T
e el Bt e T ot Sedt el §, Wy <o
& = 2

e T U H FIE GO FR TEI 8| WHRU:
el ST 1 O HH 2l § A g9 T I Serg Fed
3 (3 e 99 1 Ze ) <o )| TEe fada
SE Tfa w1 egfa sifus B € df &W fd i s
Fed €1 99 fRdt @iia 9 % 9’ H1 S

WA 3Medl M S T 1 T Wt &9 8| 7T
9 BIl 2 e TR e o oh S A el ael
T STeree | THeh foeae o HHuw gial €1 IH:
T ok TIe o R TE I T TH T ST FH
T R B 81 T8 Hqe STagen owq i T i
ey feafa of =it 2

R &9 § gt Sea a&qy SiadnTeT 1o
o 3ol Sl Ui Y ofdl €1 Fifeh gt fq o
U] AT S IHW Al o HROT THET ST Bl
21 T I R A o L B H aE] H A
el H @ Wehd €1 39 U o 3ifaw e o gH
ST qe1 JUNfed el 1 STead |

forelt off s AT Wi B gfwa Iferll &1 T
T T A Hehd €1 37 Iferl o Wfesh e aw
1 &Y o 1 STt a2, Jehfiud a3, fagd gaewta a
A o S € i wee o fawa o 'w
STTE 1A | ST |

13.2.1 3TEdehld adT AT

B <@ § for @ wfa fest et fafia 9=
HWA W F TR eIt € 3t i weard 2
qE AT THT IRT ek q9anq TTd &t grigha
Al &, SHeT JHTadhTeT HEeATal &1 3Td: THT i &1
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T §N <¥Mid €1 SHHT SI T Webg B | S et
e o forw, St Sebel o UM W A @ w@gd did
el 9gd TS eIl €, THT o 3T GAHes qeh
ST ® @ S 2 | R qads feed w1 s
el HIEhIeHS (1076 s) o HISIeh!, FSTEeRT Welleh ps ®,
¥ =aq foran ST © | 39 famid 99 78 & HhefE
ety 88 9-faad Bt T | Tedl Hehg & 76 99 &
Y Y SR Bl € |

MFdhTe ‘T o Fohd ¥ ¥4 U0 3 999 o
Tl H G W et ¢ g8 AR et i
ST e € | 38 Ydieh v g Fetud fepan sman
T | v A T % wea Frefaied qReIiie dee g 2

1
V=T
M YER v 1 TE (s) ® | oA N o
SRR TANE TEh Ted (1857-1894) & TH W
STgd oF A 1 Tk T M o T | 36 8
(hertz Wdleh Hz) %ed 8 | 39 WaK,
1833 = 1 Hz = 1 o1 ¥fd ¥ehe = 1s!  (13.2)
e ST, eTgfa 1 Tea € quifer 2T sTev ek
T |
b ISTEYUT 13.1 IS W6 €5 Ueh 1o | efiden
75 SR g Al YA Sl € | THRT g
qAT AR YRehferd hifelg |

T T3A HI ¥SHA &l g = 75/(1 fie)

= 75/(60 s)
1.25s!
1/(1.25s7)
0.8 s <

(13.1)

e, T

13.2.2 fawemu=

A 3.2 ° B fohEl %01 o faerdd &l 3o
feorfa wfewr o afteds o &9 & uRefyd ffan on 1 3@
A H gH fowere ame 3§ 9% & 39 Aty
e 31l B i | gg fRd ot fommofa sdifas o
o grd o Y aiedd 1 fEfya wam | ST o+
fore, T g W fordl =ia dfd &1 W W@ T o
fore, 999 o wod o ®9 H IRY fag 9 dfa &
Tae Trarfa-fawamo ® | go fag %1 g gfaugar
foha ST Tohel & | W fSIT hiE T[eaht fomelt st o
SE1 ¢ forent guu fou fodl 58 $or 9 dag @
[fau fa 13.2 (a) ] FrERoE: Tt fqog =1 fowemma
TIHT e STl ¥ "I TR e TRt e

fera 13.2(a) & T2 f&d FHMHE & Gord, [SaH1 a7
a1 ot 38 SR @ Gag & | e T9
ed g8 W AfG BT & | Jek FT MG H
FIaR @ 34, s79aT faeeaT X & 3l 7 =
fomar < e & |

forg 13.2(b ) UF IIrTqA G ik, 96T T Bl
FealeR g FIT [GeerqT 0 o U5t 7 =7k
foFar ST G & |

TS el o fau, 999 & Held o ®9 § HEaier
T F wf farrE-=R & w9 faefya fem s
ged ¢ [RfEaw fo 13.2m))1 ‘faeermd’ wg @
oo Teg feafa o wed o € €l fwan S |
foreemod =R % 379 YRR o +ff B Hwa 2 | frd
a.c. U9y § Hafaq 9uiie o fo)f o o= 999 o
Ty ufRafad et @ aieedr” & ff Tk fazermd =1
wq H foran ST Hehdl © | 36 YehT, eaf a0 oh Heoy
T gua o 919 ‘e’ o aRedy, Tt T | uRkafdd
& W Sgd 9 gakig & 3wt o fawenyy ok
IR0 &1 ToreITad =1 o1 HH ¥FIcHe 91 RIS 8
Hehdl 21 el o FA |, fa= S o forg fereemam
=0 1 HY o SR |

foreeno 1 Ted € WHG o T e g)l
frefd forean <1 wehar € | evmedt wiadl | T€ wed
T T SATedl Bl ® | STl el § W Ueh SR
Sad! WA i 1 YR 9 e Y g ©,
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f({t)=Acos ot (13.3a)

(S 39 ®eTd o HIh, of, H 21 AT a1 59k fohdt

qUsh TS T gfg WX W, A e w1 OHH
& fEd © | dd o Her f() Al €1 @l 2 R
e, T fefafaa e,

27
®

3q: FIE HEE () T T FT TEA SO T,

SO =ft+D

af T S (sin) e, f(t) = Asin ot 1 &
e w9 ¥ 7€) 9o el B ® | WY € 4 (sin)
TS FA (cos) oMl 1 T o T4, 4

f(t) = Asin ot + B cos ot (13.3¢)

off arad! wor B 8, freer sadere T e @ | afg
el

T (13.3b)

A=Dcos ¢ I B =Dsin ¢
o, d g (13.3¢) 1 39 YR ford 9ahd ©

f(t) = Dsin (ot + ¢) ,
el SR D 3R ¢ w7 &

D=+A?+ B’ @ ¢= tanl(gj

(13.3d)

el S S s el 1 oIy Hewel e
T ST SrafeRe % BRU (1768-1830) 511 s
STEIROT IROMT o RO €, S 30 YhR € ¢ fepdl 9T
SISl TeTT aht 3Terd Uk ATt 9= 3TadenteT
& ST T HIVIT Feldl o STEIRIYUT GRT ek ferar
ST qHAT & |

b 3TEYUT 13.2 TrfafEd 999 o el | e
(a) 3T o (b) M@ T1d i &g wd
2 7 UAE Sfed] i 1 STedeRTe fatEy
[ 1 AT s 2] |

(i) sin wt + cos wt
(ii) sin ot + cos 2wt + sin 4 wt
(iii)) et
(

iv) log (wt)

g1 (i) sin ot + cos wt Th STer wer el T
ﬁsin(w“rgj F w1 F ff =7 fHA ST g
3, (f2 sin (ot +t/4) = [ sin (ot + ©/4+27)

= ﬁsin[w(t+£}+%}

@

. 27
Y Wl bl 3HTddohlcl o 2 |

(i) 8 3T (A T TH IR0 & | oA S, 7wt
Y& U5 T fafa— hivfia STgid o STedl %o ohi
frefud o ® | <feh STadenTet 98 =Aaq 99 S
g1 € ook U9 Weld 310H W &l WE g
W% sin ot T TR TO=27t/o);cos 2wt <h1
SRR 1t/ 0= T,/2; T sin 4 ot 1 R 21/
40=T,/4 AL | YoM T T SR A < w_
o SAEdhTal T U BT ¢ o7d: 3ffaH qua
11 sfaquer foreeh STIa il 91 o1 AT g e
g T, 7 & fS@e amad F1d 21/0 T

(iii) e e I €, I8 IUT ¥ gfg &k WA TH
fEwed: T2l € T t—e0 TH W YA HT 3 YT el &
3R 39 YR el ff 9+ W w1 TR T e |
(iv) e log () THA o T1¢ Teh{gwed: Sgdl ¢ | 37d:
g AT A 1 ol f TR T e iR T
e e ® | oA T, tse BH R log oot
HAEN BT o T UEH Sl €1 o7a: T8 Tt off
YR o 9ifder foremad o1 frefua 72 2 e | <

13.3 XA 3Tad T

70 9 13.3 & THER x-3781 o o fog W +A 3R
_A IH el % Hed e AN Uv™ hud w ol
frdt o1 W fo=aR = | 39 JaEEE A H W

-A . +A

<G>

ferT 13.3 x-318T & goT fag W +A 3k —A diwre &
iR 3 R vE FHYT XA gY FIE H |

arad T wed €, Ak qa fag o w1 w1 fawem x
g % @y = gt & orER ulafda i

x (t) =Acos (ot + ¢) (13.4)
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Tel A, o T ¢ Teeri® B or: qaie ofed Tfd X
amed Tfa (SHM) 7t ©; ohael UHt efed i fores
TR -T2 1 He SAeh 1 €, Te 3fed TIhd et
21 13.4 § W a7ad A 9 gC UH KO B

x( : T\ x, gt & Wed % ®9 H
A o SH

o : HUE g
ot+ ¢ : Fal (FHI T )
i) : wen T

<
L g L] L g
-A O A -A O A
t=0 t=T/4
—> Unax
[ L L
-A O A -A (@] A
t=T/2 t=3T/4
&— Umax
L g L L g
-A O A -A O A
t=T t=5T/4

fera 13.4 T 37ad i #3d §¢ GH 3 S79ad T t =
0. T/4, T/2, 3T/4, T, 5T/4 W %7 &I
et a8 Tog ek geara Tfd ®1 gAard
gidt &, T et 81 IRfues feafd (t = 0) 379
Fo o g9, T &1 717 R B H7 H1 916l
I 9T (x = 0 T W Afeehaq qer Tid
*1 vy feafaal w g il 2

Ty o 3Haq Ol W feefa gl T 21y i
A T/4 ¢ Sl T 7fd &1 STades 2l

X

JANEVA
ARV VAN

(=]

fera 13.5 T 37/ad TTid 3d g w01 1 foeeraT G
& §ad ol & &9 7

st 13.5 § x o 99 ¢ 1 UH 3MeifEd & S 999 o
Tad Hed & €9 § H o ORI w1 9 It 2
T A, 0 ¢ St TE ad Tfd w1 farwivar sardt

e 13.6 THI#0T (13.4) 9 T 9 Gohal &7 37¢f

¥, % HFE M, S Tk o 13.6 § ik foren e
B ST, 37 TR i TH T

SHM &1 3™ A, &1 o 3ifiehan fawem =1
GREATOT Bl ©1 (B4 €, SATaehighehal o e feRdl
IHTH %, A I €A foran S ok 21 = g9
F HA FHed +1 9 -1 o a9 g S e,
gafey foramm = feafa +A @ —A & =9 fa=ron
FHUMN 3 W A6 MqA oh @ q°0 @ FHH, Aferd
mgwﬁm%,ém%ﬁa 13.7(a) ¥ fe@mn
T R

%0\%\
AVARVE

fera 13.7 (a) GH1#07 (13.4) 9 91 ¢ = 0 W GHT &
FeTT & &Y H 15€79T %7 o | 9% 1 3R
2 3 =7 T AT A% T &

D>U:J

& ferdt U U eTed T w1 M A FRE R,
fordt 9ua ¢ W HOT T TG FT AR Bl FHI B
o Ik (ot + ¢) o R A Sl T THT W
oNfea wH arett 39 R (ot + ¢) BT TG HT FHel
FEd 21 ¢ = 0 W FHeAl H URA ¢ Bl © f5 FHe
fedien (ST hefl-hiu1) shed &1 af% &M 71 8l
T t=0 W ok I 91 9 ¢ A fohan ST Fehat
21 q W aEd T oh A 9™ @ HA ol
FaA-H ¢ fafa= & Tohd €, S fw fo7 13.7 (b)
o < T R
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X

-A L0=0

A

t—»

fogemom —>

fera 13.7(b) GEIa01 (13.4) T 91 (x-t) 3G | 9%
3 U4 FAV: FA FT ¢ = 0 rad Tdr
¢=—-n/4rad & fom €| I aeral & forg
HEM A GHA Bl

3fad: W @ &1 Tfd & AEddta T 9 Gafed
@ S Fehdll | HIeAdl o Ty Tiehtor (13.4) W ¢
=0 rad @7 W &H U Bl B

x(t) = Acos ot (13.5)
<fr a1 TEdw T 7, x(t) FHH x(t+T) F
T BT i,

A cos ot = A cos o(t+T) (13.6)

319 Hfeh 2n 3MEd HIE S HicAT e STadl
8, AT S wivneh 20 Aead @ uRafda e €, 98
Y9 9N F 1 TGN S g1 I

o(t+T) = wt + 27
FAq 0= 2n/T (18.7)

® 1 SHM 1 #ivitd g hed €1 36T S.L
T e ufd Gohs 21 Jfeh e w1 g e 1/
T®, o< i g 1 27701 Bl &1 T et AT
Tfq oF AT ¢ FHH, T o fafe=1 & wehd ©, S
for fost 13.8 W @1 S Hehal €1 39 @ W 9% b
1 STEd el Tk qoh 3T hiel ol 3TN § Selfeh
TEH! AN Tk a i AN H G

X

|
EAN AW/AN
RAVOLVAAV

t—>

> ISTEYOT 13.3 9HA o frefafad wor § 9 &b
(a) TR 3T T AT (b) e Mrd i FEad
Tl © T T S T e} 2 Fewleh o1 STewdiehTel
TepTferT |
(a) sin wt — cos wt

(b) sin? wt

gc¢1 (a) sin wt — cos wt

= sin ot — sin (1/2 — wt)

=2 cos (n/4) sin (wt — n/4)

= /2 sin (ot —n/4)
€ el T e T w1 o e 7, fSwe
e T = 21/ @ T HA-hI0T (—1/4) rad TN
(7n/4) rad ® |
(b) sin? wt = Y2 — Y2 cos 2 wt
T e ST ¢, TTHeRT STeRkehTet T=n/ o0 © | 3 S foig
I o TG Y W WA A T o quiawr ?1 <
13.4 W TEd T(d a7 ThAHM gl i
TG YN H TH 3@ fh 990 % A8 W THEHH g
T o1 J&IY T 3TTEd T Hidl B Tk o 94 (o
13.9) 3H Ha¥ ! Tsid heddl i H gHRI HSS hidl
21 T g o fordt St oF R @ et afast 9 o
39 foreht Ffv=a fog o af@: s=R ivia =« 9 7fd
Y | T 1< AT T B TehEHE adet I ht | sTa
1 1 T o T T ehi=d Tad gu st SR 9 stema
A ¥ g 1 STt Sifere| o fog 1 afg &n
Te1 fog O 1 I 7% Tk &ifSt dt o ST SER-SER
TG Xt g2 Udid 2| fashedd: o1 71 1 WK g9
o Tt o oeed foRrdt SR W off <@ Hehd 71 39 uiRa
o B0 S 9 dcieh Hd €, Iqd o o AN gfte
1 fawm o stfireieeq =9 R st ST T B 2

\:,\
D
¥

foT 13.8 THtaxv (14.4) & ¢ = Orad W 3 5/ fog 13.9 F+R @ 3G 70 U gact § dic &1 g T

SrEdIen @& forq ereiE|

TeT a7red T 2l
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ot 13.10 5 fearfa =t it ®9 90w
21 T WY hiE 01 P, 521 A o Teh I TR hivi
T o T THGHHAT T F @1 TS Hh T arared
?1 %1 1 Rfue ‘feefa wfcwr’ s1efq (= 0 W Afkw
OP , &FIcHe x 3181 o T vl ¢ ST 2l

fa 13.10

t I o 9% qE I FI0 o Tq HId € 3R
Tt ‘feafd WfR®’ +ve x-3781 o WY TH B @t +¢
T B 1 376 x-3781 R * Feerfa @fer’ Op o vy W famm
Y| I8 OP BN <d 0T P g W T hLdl & al x-
el W P’ i fefd wew Y Sl €

x(t) = Acos (wt + ¢)

S foF SHM 1 wiReifies Sienor 21 =8 @il &
Ife p fordll 99 W THEHHIT T Tl € A THeRT 94
P’ I o oA W ETA 3T T el 1 Ul P el
o g9 W 78 Tl a1 @ 39 wH: T3l %o den
e g9 Fed T

P &1 Tfd & 9&i9 =i g9 frdt off =, 59 fo
Y318 T Wk B 1 39 feafq o y-318r T P ot fereereA
y(t) Bl

y(t) = Asin (ot + ¢)

g i T SHM © TSTehT 3T x- 2781 T &Y o TaH
& 7, AT T8t Fenl n/2 W fa= 2

Iga TG A SHM o o9 39 HaY o dTesR
ek T afrert T | ot s or o oTar g3t o Tt

FHUT HI THEAH dgal Td H W ok fAu savaes

Afeh=a o1 ¥ HTHRT T 2

b 3QTEYUT 13.4 = T2 o & <1 ader it st
TE§ | 5 Tersll g w1 i, S[uf o1 StrerdehTe,
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