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®9 ¥ gg Tl B B
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I T | TR fave w1 a7 T, e 9 yemifia 99 &t geH
TR O RIS o SRR i H: T Y ol 8, Wed et
FHEAI € AU I 0] Y foreuur weard 81 e Tk U
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Tafa & Bl & 2R ge el w9 9 fawfia 8 S 21 59 YHR %
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3R G e eyt wifies €

sttt fesies o 5ol oF UcaTeel SRR i 3T8H fHehT Bt
21 e & fou, fret wom 1 fesiesd i 99 3, HiHe
M oAl w1 YeEY Wehfd o1 M 3Tevde €| Yo, Tereiord ared,
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fesigd X Tehd € S STenehd gt T Sifereh
TTd &2 3o U AT ka1 THE A Bl /2
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T S § 6 forelt S o e WAy s1o) ™
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S § TS ST SaU-RAmTas (SAa-AoTeen)
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Tig fM o Hied W faar &Y 39 7S THTgsT &l
T T SHaU-TRamTaesh Sell i Freiad sl 2l

N DM,
M

=) N
— ==

= =

= W = \\
=

0))))))))))))))))))))) H

DS,
VS
\\\\\\\\\\\

I

L.

=
=
—

IS

\\‘%

(((((( (s

D
=

— @I

)4(((((((((((((((((((((((0

))))))))))))))))))))\l '
s»

)))))))))))))))2\’"

P

(i ((((((((W:'((((((((((((((( ((((ﬂ

S
Y O
) M)
.y ' <
= \\\\\\\\\
gr‘ DD
H \\\\\\
P

SN\
S DML O

>

fer 9.1 3/l 3 Fearey FIaER & Id & g RaT-7
el

2020-21

I o1 foRsdt Tig o1 o1 W feafa @ fawenfua
FHE HT YA HA a1 T 9 39 1 F 9GS0
yRfYeR fearfd 5 @ &1 TA8 Tl 39 YRR Sl &l
AR FEER 3 i &AM TR F TER T
THSEN ST Hehdl T Toh S fifesk WSl T gw
(&1 1635 - 1703) 7 Férti @ w2 ferw ik g o
for foreht fave & s forar (@aré o afg) Temife
I A1 S o STHHAIAET BIa1 1 3= T 1676 H
goareerdl 1 e wega fohen it o g w1 fraw
FHEAdl 21 B9 SHeh AN H WUE 9.4 § eI H|
Fad o fm #t €& e ae fem o fasm &
SR IRETEE dadi § 9 T 71 SAEiteRt
feaza & ged o fafa= yR & el & foau get
o EER I ST §gd Hewqol Bl €|

9.3 Ufaaer aor fasrfa

o ford fyve ™ T o o S @ SE e
71 saferen forequr & S € W fuve & %o7 W gehfa
gen foreush ot o 7MW AR war 21 8l Gehdl ©
o oga @ 5= o w7 fowuw sve @ T2 ge,
ftFL ot =8 e 81 5 forelt five W s foeus oa
I S € dl SEH Teh YAMae el foehiad 81 S
8, o1 foh veel wel S IRl 81 T€ TSI o qH
T YR ot o SR qen fgon o Sgek foada g
2| Tehish &5hel T N ol YT o 1 Uleeier
Fed ¢1 A% fave & &we A 9 fRet ey &e
1 dgaq fen § Y TC A H1 A FE Al

gfdeel = F/A 9.1

gfdeel 1 SI 3HE N m2 qefl 3qe1 foafid g5
[ML-'T2 | Bl 2|

e frdt S/ W FE ARl 9d S w2 dl
3! famd 9 TR § o5a Fehdt g1 A fos 9.2 o
fe@m Tu B ot 9.2 (a) W, T o R STk STIES
I8 i ddaq <o ® g F0H 9 TRt ard
fran T 21 3w frufq |, e S9%d W yREA
Tl i a Ufdsiet shed 2| A Jearifd sl o e
W do guifed 81 WU a1 Tkl §hd TR I
el ! WUTS fdeler shed €1 a1 a1 Gated faee
1 e Wfaaet ff el S Gkl 2|

T & feurfaai & Sor ot e § FeR gl e 2
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(1635 - 1703)

a2 g T STH BIEIR, S SF a5 d 18 o, T 1635 I T o1l 9 Feal
VIarsE! o gad Aere SR At ghier dar s A 4 @ b o 3% sewie
favataener o e &1 W AU (Fa%) T&l &L Gl B o 9% T ST
FiaTreTe! STfThReh, 9 T drct a9l 9a fewigT &34 arel o 361 a2 It &1
FreTeT AT TE 1 G HIA H GerFal w1 G 1662 H 9 T genyq ‘Uae qrage’
o ‘ganT o FR’ g [T T T 1665 H d W9 FHiets § safafa & GeR &,
&l SBi4 T @ JeT R T IwiH T WNRTT W] RS BT I B
Soifsam & gied AR e SRTA aREved | U GRS %1 @il $i; iUl & o7qH
3787 X U1 T G T@T; FIe TE & (&g I@M d9R (St &% S=iget st
o 59 77 1 YU R (e o (7T SR 6T TT; 8T &1 Afd FT G0 FA & (078 FowdA Tl (A0 B TH
e ford a5 & =27 7 Gifa fRar, Sl & T9e qrareet & el g4 T S T 1667 T 1682 d% 59 GiarEet
& Gfea & &9 7 9t Fr B “aswiifea” @ 5eqd Jeromren @ S=i4 gehe & i [agid %1 G 7@l el
FTeh o STEFIT o URUITERE®Y 14 fodid & dq¥ ° ggcil arR ‘qet (FHITeR1) ' I H I Rl

siiferes Sl GRT TEE g9 TeArRal & [5H %1 @IS @ [T ged Sl 5 S & ‘3 2faar e |’
(7€ T Wi arre € iR qent 97ef & : ‘ST o, A [9wqer’) | 39 fEm 7 glaeer e gt & s7ema ik
T 51 1 GHE & T SR @il

faue (==l o) 1 @ar | uRadT AL de SR gfaee wed &1 @ MY el el o gRomersy

TRFT e Lo S i rSed faepfa ed €1 So & @ wors! & di| TE ae e Ax

AL g ©, S o 9.2(b) § @ W 71 W YR

s fapfa = — 02 o= fagh F1 smwEww el FEd § ev @

Aqfe @ TR 2R foeh fEuE ad deT o Pohl ob Wuel faRTid Ax el W Wi Al L ok
ST SR S TR e S, S o 0.0(b) § FINA W HRA T €
@ T}, @ Ao o SEE Helshl o ste wet Ax
forEeT Bl ST 2| ST T el el o HR THih SR foeptd =7

AR T 3T GAHIT 51 bl WP a1 quEqur =tan 0 9.3)

Sl 0 Fealer (Jed w1 yRfae fefd) 9 s @

D

f—— = ——

(2) (b) (© (@

17 9.2 () 797 Sideel & 9919 5 T SGTAL 7 foEalRd & Sl &, (b) S9Eq (Tq9T) Flaeed & 997 4 Tk
derT 11 0 @ forelid 8 Sl 8, (o) S9eYT Fiaeel & §9E ° U §E, (d) GHA Selld gideet & garE
4w 3G et AV 7F F T ° Geplua g s gl
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i faeemE 21 g ¢ 9gd w9 B 2, tan 6
ST 10T 9ok SR &l el §, (Sl o forg afg
0=10° dl 931N tanh A § sherel 19 T 3 Bral
?)1 afx frdt ge i e ¥ gk afas fgem |
Tohed, St fo1 9.2() W f@mEn w7, 99 oft uE
faerfa w1 <@ <1 Fehal €1 39 YSK,

&I foepfd = tan 6~ 6 (9.4)

o1 9.2() , 1fueh 3@ o ol 5 o oiX @l
T 39 e 9 2R § 99F &9 9 FUifed g S
21 59 gRI oA T 9 fuve & I &y fag
W e fgen § el s 2; v feafa o fyve 6
Seftg Hited w1 feafq § w1 ST 81 sHE St
smepfa § et uftad™ & fomr € omaaq § &t &
St 21 YU o 3feX it Yeamee ol i Bl
ST € ST 59 R T T Sl o SRR qer faRie g
g (59 ¥ wed feprer W fuvs oot yRfves srefa
AT SATHT H1 TH: W HL ol 7)1 39 fearfa o waish
Ahe W AR JATaT ot ! TAeld faslel shed
2 3 sHH A Selld @ (THF &9%d WA
Al 9e1) o SeR Bl B

AT @ ok HRUT I foepfd Hl SMEA
faerfa @ed B1 38 omaaq | ufads (AV) qen IRfe
AR (V) o S 9§ R i ®

Wﬁ@"ﬁw% (9.5)

IfF fagra IRfae fam qen fom & & =1
&amgm%,sﬂmmﬂﬁﬁmmﬁnhwﬂﬁ
Bl 2

9.4 Tk H Taw

fo 9.2 ¥ fe@E W fafy= feufael o gfdee qen
faefa o Srem-srem &9 & W €1 %9 fowyo &

fore gfderer qen foefa T SR o STwAEA 81 €
Tt g 1 90 FEAE 21 T THR
yfdee o, farepfd
gfderet = kex foepfa (9.6)

ST I ST HETITshal e ? oIk 39 weaTeerar
T[Tk Fed T
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T 1 T T srgeifaes Tem € e stfreRat
el & fau 9u g 21 qenft g e 3 TR
fas dev & <

9.5 Ufaae-fasfa ok

T gfdeet o siavia foret f U 541 o fore ufaee
de forepfd o o= Geiel WANT gRI ST S Hehal 21
T TN hT O Sid o, FRET e e a1 arR i
T YR 5o g fewaria ferean St @1 wee o
T 3R (Taepfa) don 59 foepfa &l Sca= w &
o fau emEvgs TORfUa oa ® e w@ €
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g | ufterdd 1 Aie wd S 21 Yiaee (FEen
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B €) SR SHH S feepfa o o= U W Eierd
g1 fordht org o forw wEn v wrefye o foe 9.3
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9Gd Y @I o WY %y fawfua e ¢ UE 9 '
g 3@ Thd € b O W ASh e o ok s 21 39
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A¥YB% 99 & &F H Uiqea e foepfa
ATHAET Tel 81 R oft ¥R ger W fuve ereft o
AT IR Tamned W araE o S @) 9 | fag B
e feig, (STereT YRy ) Sea © ST S
e 1 F1 1 wHE Wwe (o) FE C

Ifg IR I AN Tl &A1 WU a S yidee
e gmed 4 efie el o @ SR fRe wfdeer o
e ¥ 3 o forg o forepfa ot o w@dl 21 ok 1
B 3R D % <9 1 91 I8 1 €1 B 3R D & =
forelt fog, a9 & C, W v 9R ! g1 & <@ o
yue ot yRfaes fomn i : 9w Tl e 21 56
fearfa o 59 gfaaa 3= 81 ST 9@ ot faepfa =1 =81
Bt €1 79 T el 9 € TR wor o et fawuor
B T U fawun 5 wifiees fawur wEd € e
W 3 D 5= %1 R @ |med (o) ¥ 36 fag %
3T TR 9 @l ¥ R off sAfafad faerfa 3=
Bl ® R fog E W fawsE = S @1 9k w=ww
gmed fag D iR favisH fag E ure-ur & ot 59 &t
W wed ¢ A% o afess g R e @ %7 w1 a=
FEd T

ST TRl el S g ¢, Wdeat-faepfd =reer §
T 5§ T 57 | 3T & 9l 1 370 ok o,
WE H T YRFIH Tag oh g A qoh @ier o
bl B, TRt oft o oot aRfer smepfa o arow e
ST 21 fo 9.4 H g W9 5o, TRE 1 qere

\ f
0 0.5 1.0

foepfa —

forT 9.4 WeryTHl, g3 @ W@ &I & W A ged
AfeTHT (FMEH), & IARY Fadk & [og
gfcecT-forspta ae|

Sk, o foru ufdeer-faepfa @ fe@mn wn 21 e
< for weify yoameer & oga sifues € Tt oft =78 g3
T o oM o faerepet ot wer @l o 21 s
FE gEe wifes & ot T ] TR, We S
weref f2 afa ees atcaferes farepfa et w1 T Hehdlt
2, UeITeleh el &l

9.6 WA TUTich

s qen fmior sifvenfet fesmed & fag
il forepfa ok H Tameer T o 313X T STRAAT
& (fo 9.3 % &7 0A) 5gd Hewyy! &iar 21 wiqeat
qen forepf o ST UM 1 Yeaeera TUTieh ed & 37K
foret XU gu o1 o forw g@ent wan fafyree e e )

9.6.1 T T[0T

AT Yero T <wid ¥ fF gfdee =R a8
IR Hitesw, S forepld 1 WM WHM el €| a
(a1 Fitesk) wfdeet (o) e eesd faspfa () &
ST T I TUTIGR ! TR Hd & T T Wefoh
y g fefua o ©

o
Y=— 9.7
€

HefeRTon (9.1) 31X (9.2) 9@

Y = (F/A)/(AL/L)
= (Fx L) /(Ax AL) 9.8)
~fer faepfa won fomfei wf &, =1 onis 1
THE OEl B © S Wiaed @1, @iefq, N m2 a0
IR (Pa) | SO 9.1 H F® SA1 o I N qell
e FHed o wH R T )
greft 9.1 W fEw TTQ stfhel § 98 wal ot € T
T3 ok feTT =M T atfreh g €1 gEiery 3 werei
H darg # diel g SR IO w6 fau @gd
Afsh o1 i SAETFhAl el Bl 0.1 cm? STIRY
R=8] o Teh Udel ST o R i odls &l 0.1% 9
g o fIT 2000 N o &t 1 3TEvdehal Bl 2
I 3T UfeR] o Ugfuftaw, diaa qen e %
IR # 3t g faepfa 3e9 & o fau stavas 5
HUI: 690 N, 900 N e 1100 N B &1 geh 1ef
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WRUM 9.1 & 541 o I7 U T THTE e
T P : : —
et (kg m") e S S| e S
Y (10° N m?) 0,(10°Nm? | G, (10°Nm?
teffrm 2710 70 110 95
dtar 8890 110 400 200
wirer (fyesi) 7800-7900 190 330 170
p— 7860 200 400 250
ETech 2190 65 50
s 2320 30 40
GEacing 525 13 50
3yfeer® 1900 9.4 170
AL 1050 3 48
# qgref T TIeTUT YT & dd fehar T
7% ¢ f ofen, diaa qen UQfAtem o sea st (3.18x10°Nm™)(1 m)
YA BT 21 TH SR 9§ A w1 o M et = 2% 10N m-2
WA R wEAes feams # s W st - 156 NS
T S 1 AR, A, Shenle qem Hid ok I =1.59 mm
ToTeh ¥ B B fopfir @it
b IEETUT 9.1 TF TWEASEH TEE ! B F i iALgL .
541 10 mm a1 <o 1 m 21 100 kN &1 TH -1(15'99 Xl(l)z m)/(1 m)
. . = 1. X B
ol F 3Heh] Aelg i f<90 ¥ afd idl 21 99 016 % «

T (a) ¥fqad, (b) fawr, do1 (o) foepfa =t
TUMT HISY| EAHS S T 47 0l
2.0x10'' Nm=2 @l

Ze7 B9 98 | o1l foh 9 i Tk ol W ™ Hieh
@l T SR 9 H TR R W s # daE w5
oo o o T Rl 9% W fdee en

e = L _ F

A
_ 100x10°N
- 2
3.14><(10‘2m)

=3.18 x 108 Nm™
foram &,
F/A)L
AL=( /4)

Y
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P SeETor9.2 W@ @ TH 2.2 m e 9R @
O T T 1.6 m el ar, TS gHi o =9
3.0 mm &, R 9 92 gy €1 5d W Th IR 9
qfa foham 7o @ el foaR 0.7 mm g3 &Y
T 9R 1 TF 9 it

ge7 did 3R TE % dN Sad & ek gided o
FHaid & iR 39 W GHH 6 (9R Wk aer)
S € T 3ok STURY U] oh et A T &
THIHT (9.7) T &1 S0 € o wfderer = farepfa x =
Tk, 3T

W/A=Y,x (AL/L) = Y,x (AL /L)
ST eI’ ¢ Tl s AW die qe S Wl Hed
CTCRARCEC

AL /AL = (Y,/Y) x (L /L)

ﬁW%,LC=2.2m, L = 1.6m




3l & Aifaek TOT

247

RO 9.1 Y, =1.1x 10" Nm2 3R
Y, =2.0 x 10'' N m2| gHfeq
AL /AL =(2.0x 10''/1.1 x 10") x (2.2/1.6) = 2.5
Tt faear faan gan €
AL +AL = 7.0 x 10 m
ST fEU U gHEHT R TA I W
AL =5.0 x 10%m, T AL =2.0 x 10“*m

3T,
W =(AxY,xAL)/L,

=n(1.5x109)2x[1.1x10"x(5.0x10%)/2.2]

=1.8x 102N <

b SerEvur 9.3 RS T ¥ T AT fifre
T T Hqferd Y9 1 9N 9R T A, S 3T9
WS o ol ol g €, o R W S B (S
o= 9.5 o e wn ?)1 39 w1 oA
T AT Al SARKEN, TSl TAeh] SR T FHd
T 280 kg B ffre &t qefl W a1t dis
o 9ol W gU A 1 SeA9H 60 kg ©1 T
Afd &l T 3Saed (HIH) i dAaTs
50 cm AT FHET 591 2.0 cm €1 FemifeT fom
Afafe IR o RO Yk Ak fohaet A 9

Hiiifed = St =1

fer7 9.5 &9 o T THEET fREe)

go7 Qe freaeent, Al @Rl omf &1 Fdt FHE

=280 kg

YR 3 aTel I8 1 $e99H = 60 kg

fiifre =1 acft o foaees o U0 W eia
MM = 280 - 60 = 220 kg

TH YR F9HE kT 9R

=220 kg wt =220 x 9.8 N=2156 N

froees &1 T Sy W eeiia R

=-(2156) N= 1078 N

ARl 9.1 | A% 1 I OMR,

Y =9.4 x 10° N m2

e AR Y &elE L=0.5md Se=2.0cm

9 YHR TARY ok STURA K HI SFARA
A =71x(2x102%)2m?=1.26x 102 m?
Y 3areY | Guled (AL) 1 TN GHIHOT (9.8)
T TR F K S TR ©

AL =[(FxL/(Yx A

=[(1078 x0.5)/(9.4 x 10°x 1.26 x 109)]
=455%x10°ma14.55%x 102 cm

Ig Igd HH A T Sy § faraemss et gt

AL/L=0.000091 310.0091% <

9.6.2 foEt X oF T oF I UM T WU

T o STara feRrdl TR o6 5e4 o 3 U 1 J9T
F o o T wElye JHEifie saeen o 9.6 o
feaE 7?1 TEH q ofd Y qr, fSeRt o den
o R B, et fer 38 ouR § sa-a e
wZoh B 81 ARA (9 dR seerd €) o el
I TH T Thal M T TF 9R W@ o g &
TSl o Bl 81 AN B (I R weedl §) qHH
SFITE TR 1 BT © 3 390 off T Terer o
Bl & TS S 9Ri okl T S HeRa 81 Wi 9]
B &1 dcll W T Tohd®w H Teh IR Wha V SIg
fen S € 9o g whe M E]d dRA T el S
2 T ¥ W@ YR A9 1 SR TF 9 9§ 3R
TR dR =1 a9k Uideet o Sfaiid faeaia X 34
g1 R ¥ for (e ¥ gig) 1 ater e @
Y T S §1 e o a1 W 37l o ShRol e At
P P W ) W e e s
1 ST fepan STl € SFifer Wl AR ) werg
o o5 R fordt afteds o dre-we el ar #i
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warg o off a1 €1 aRad| gl (A9 o 39 W i
B AFE 11 H TR ° &)1

[ ]
-] 1
A B

Ty R

fer79.6 fHdl GR & 57 & 7 U & HGT & fo7q
T T

a9 ® wed dun wyEfTR, M AR W TH
BT 9 T 3 € dlieh a8 die © @R R afer
FT Uik HIE HL o €1 3T YRR dR i qh
el o 3farid o o fog S| W -+ ek 9R
@ WA 8 a1 iR o Uigdish i i S &1 &
TR UIgHishl W S R | Sca foaR o €1 W
o for iR IR o1 9Rfyes feen 9 daE e
el Ll dR o STueY IR 1 &kl nr2 gl
aH o o gomA M 9§ aR | S fasar AL @) 59
TR, TR o Mg o a6k g37, el g e
@ B GHIH (9.8) T YRR AR o 57 H1 AT
TR g

c_Mg L
“ ¢ ar® AL
= Mg x L/(nr? x AL) (9.9)
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9.6.3 3TURUUT [UTIhH
ST Yidael qAl G FAIE9Y faepfd 1 U
T 1 STEIUT T[Tk hEadl ¢ 7201 38 G ¥ Frefaa
FW §| T g N Ff FEd §

G = & Hided (o) /3100l foepfa

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

= (Fx L)/(AX AX) (9.10)
T TRR HHRO (9.4) |
G =(F/A)/6
=F/(Ax 0) 9.11)
STIEYV T o, 1 T off e far S wehar @
o,= G x6 9.12)

STEYU T[Tk HT SI THE N m2 Il Pa il 21
RO 9.2 H e WIHR S o FTEIU uleh KT 7T
g1 T8 @ S Hehal € T SumTor [ons (A e
TOTeh) SHAR T 7 oMk (HROM 9.1) W A Bl
2?1 erferhel 5ol o folt G~ Y/3 |

WU 9.2 5 WM SAT o STI&IU T[0T (G)

=eo) G (10° Nm™2
T GPa)

Tgfafem 25
Hrael 36
e 42
Ik 23
AT 70
psiee)| 5.6
IRIETI 77
T 84
MR 150
e 10

> 3QTEYUT9.4 TIF & 50 cm Yo7 & T FMHR
&g, [99#! Hi2lE 10 cm 8, &1 9l Beid |
9.0 x 10* N &7 T 379&Y% ac1 o'l &1 T
el Hereh B § a2 o4 §37 81 S940 Herdh
fepet faeenfya &t srai?

Zo7 W o1 Wia fieR § 9o 91 1 Udelt woldk o
HHIR o T 7, S fae 9.7 § e w21 5w
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el 1 Ghd ® WRUT 9.3 F9 I ST o A TOT (B)
A =50cm x 10 cm
=0.5mx0.1m T B (10° N m2 91 GPa)
= 0.05 m?
gaead  =(9.4 x 10* N/0.05 m?) NS
=1.80 x 106 N m=2 e
_. drael 61
F — \\ \\ <
1 1 <
! ! ETe] 37
50 cm ll l' FﬁET 100
- |~
! ! IRIETI 260
e ! TG 160
e
A )
fer7 9.7 EO Il 0.9
T W & o e faefd = (Ax/L)= 9REd /G Te SEHCEHIES 1.56
TfaT, faeamay Ax = (Wfded x L)/ G Frereri e
= (1.8 x 106 N m x 0.5 m) /(5.6 x10° N m?) N 25
=1.6x10%*m=0.16 mm |
ElRReIEC

9.6.4 3TEAH TUTh

TEd % WE (9.3) W TH I8 @ ok ¢ ok v R
fyug 1 ifuss <@ & TH %9 H geEEm Sl ©
[fe= 9.2(a)] 4t o Sieia didee (St <@ o A7F
o ") o S el S 21 ¥8 fuve o edA
T Tl Seq=1 LT €, 36 ThR Ueh foenfa, frd e
faefa wed €, Sc= Bl € (W 9.5) 1 Sela
giqad qe1 a1 faepfa o6 ST il S7eaT
T HEd €| I8 dieh B 9 fefua femen S ®

B=-p/AV/V) (9.13)

1 % 56 927 1 AN Tohd Tl € ok <& o
gfg W W EaT | S et ®1 sreiq, AR p
AT & @l AV SO BTN 36 Yeh Treeeen o
foedlt fem o AU o=@ s B &1 AF 6|
¥TcHeh BTN 3 ToTleh w1 SI 3ehT$ ol eidt © it
T@ H, A, N m2 a1 Pal ¥ TN T ok
I Tl gRoft 9.3 H fxw €

(Feh Y T e W) 1.0x 10*

SR T[T o TqehH h1 GHIgTA Fed © qel
T kY Frefud #3d €1 3@ | thi 9fg W g o
fTenen ofat § 39 IRwfa & €

k=(1/B) =-(1/Ap) x (AV/V) (9.14)

TRt 9.3 § feu U siemel @ 7€ <@ gwhd ¢ TR
S o ST OTk Foi W hel A & 3R s ok
foTe sgent oM TG (a) & go § we afus 2
79 YR 31F Uere Wad U Giied g § st 16
T ek Tited Bt €1 TH ST HY STde T
TG ar@ T e gdited et € Tl a5t gdigga
affereh eIt @ S 919 9o <9 % @1 SEerdt €1 3t
F STHISAN S TH-U o WHET oF &=
I¢ T o HROT BT T KA o o1 Sft ST U <k
S @ A 2§ AR 3 e @ T e S
o) T oh 1] v U o s § WEgd eoich d
i e 2l
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gruit 9.4 # fafy= weR & ufdew, fasfa,
TR Uk ql T i 98 Taeen feH ¥w anp
B B, o Tk gfie o fe@mEn w2

3qTEYUT9.5 To= HEENR &hi 3iEd TeUs OIS
3000 m ¥ HETENR 1 deft § qHT o Toq=eaeh
Tied AV/V &1 UM i, e @ fE
I T AR OTE 2.2 x 10° N m2 @

(g =10 m s2@NQ)|

g7 el i Wd W UHN S 3000 m 9 T R

SUERCIGIC]

p=hpg =3000m x 1000 kg m=3x 10 m s
=3 x 10" kg m s2

=3 x 10" Nm=2
fi=Treqer WUleT AV/V B
AV/V =TYfdeel/B

=(Bx10"Nm?)/2.2x10°N m?)
=1.36x 1023 1.36 %

9.6.5 wrdl U

3TIAM 9.6.2 § MM A7 T[UNeh JAN o WEuHIges®
fohT Tu qder @ T g @ foR o ok stwaid feRddt
TR o STIIRY IR=a] (37al 36eh o) H o &l
Bl 1 WIS ot o oeed fewn o e et fasfa
=1 urfyden fererfa wed € fama @i = g7 fwifa
o o foF womem @ ¥ witds faefa e
faepfa o HEU et @1 fopddt @ifa ar & wifvdes
fopfa e eresd faepfa 1 STqum @Al U
FE 21 A frdt aR %1 9o g d qen yge
Hidee 1 <90 H W W HepEA Ad ®, @ wivde
foepfd Ad/d BRf A 36 IR &1 qa @ars L a0
W Wi &1 et # o o gfig ALR, @ s
fasfa AL/L ®1 31d: @i e (Ad/d)/(AL/L)
317 (Ad/AL) X (L/d) | @&l 79 & faefaa
1 ST B I TE TH A ¢ Te0 AT B forw
1T O &l el 39T A Y1 i Yehfd W &
e & 21 W o folu 39 319 1 W 0.28 qen
0.30 % T Tl T TegHifam i fagergst & fog
THRT HF T 0.33 B

2020-21

9.6.6 AIfd A ¥ yamy wWifas Fat

e frdt aR R o Ufdea endfia feen smr ®, @
37 AU el o foeg hrd fohan ST #1 9 e ae o
yere Wifdd Fol & ®9 H Gufed & S €1 FE L g
TS T A STIIEY URSE &7l oh Uk R &l @aE oh
TRa: fordt fogrdert 9a F oFH W A6 6 @eE § [ 3fg
B S €, 7 TR (9.8) ¥ ' F= YAX(I/L) I
Bl 21 78l Y q) o weel 1 I Uik B 37 36 qR i
FaE § o1 Yad dl 9 9 9 gfg O o foae vy
FE dW &1 99 F X dl s YAId /L g s
el TR 1 3THT g @aE LE L+ 1T% &1eq [=0
gl =1d% JgH ¥ fwa mn & (W) -

. YAl YA I?
=[' Z=—dl="x—
w jo L 2 L

2
1 l
= —XYX| —| XAL
2 (L)
lo
Exwwxﬁ@‘ﬁ@xaﬂw

SIERE

1
=§x1;rﬁiaax1%|§a"ﬁrxaﬂwam=r

7 % daX °§ gy wifgs e (U) & &9 §
Hufed 21 St 21 o7d: a) § ugred 1 ufd Tenish A
Y g et (u) e ® —

1
u= Exae (19.15)

9.7 T F UERY FGER o UM

e S H ol & JoRY SRR 1 Ten e
Bt #1 el erfiteRt fesmel o s & geme
SRR o IRYG T 1 SeEedhdl Bl ¢ S
T STUR &1 FaTHe fesed o fae e s
1 Yelerdl k1 FMF 9T B M 3 et 39 W
foem fFan ® 5% qoff &1 o= | omum % w9 o
I TS o1 STIEY UREs 1! TRE 1 i 2idl 22
1] T Th X AT Tk Teret fRfe &1 emepfa
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WRUT 9.4 iqad, faepfa qen fafv= g o

Il N G - = 5

T T3 b e e i faen o faer
T R R ot A @ EdEd
xﬁﬂw s faepfa (AL/L)
(c = F/A)

SIS U@ g3t o HHR < TS TIEI, 6
(o, = F/A) U 3R fofieft oet

(v fearfa & o1 T@

o aifer fave | e o1

T S I AT

I T )

Sl I8 W O SE daaq. ST H SR
e, et SR Wehich (Hite a1 fowr)
IR R A (@) F (AV/V)
T SR

o3

7 Y= (FxD)/ &1
(AXAL) ok
i Bl G=F/(AX0) q&Eq 2
TOTR A
I
NUIED
S B = —p/(AV/V) 2T 39, 59
ok qer T

Bl €2 T WAl oh SR HCHAHe SAMHATRT o
AT G U ST Hehd B

A AR 1 SSM A Th ©F 9 3 ©H T
o S oF foTT Wt okl # ©1q o1 T Hiel T il
2 fE8 9r 1 Sig faan s 1 & w1 ARl den
ferfll 1 He= | @i S &1 A7 o o e T um
She ST @ TSTeent So1 "end 1 wmed 10 Hifesw e
(Imetric ton = 1000 kg) &1 TG &1 &A1 fohaa
Al g1 =Ifgu? Tseqdn, 1 ¥ =ed ¢ fh 9’ &
1 TRl €9 ¥ fosfia 7 91 3| s9fen famr gy
g 9 stfyer @l g wifew) 9Roft 9.1 @ B uar
o ¢ % 73 s w1 W gmed (o) A
300 x IOGNmZ%\I%HW@QEWW
1 Ehel 1 FAqH T

A> W/cy = Mg/cy (9.16)

= (10* kg x 10 m s2)/(300 x 106 N m?)

=3.3x 10* m?
S AR ai=ss & W o fAau @ 1 em e
o G Sl | HIEROTEET, GRe o foly WR H U
g HITSH (ST 59 o Uik 1) e S 21 5
TE T 3 em A1 1 T Al T 954w
Sl 21 39 591 %1 Tehel AR AR 9 W Th 95
BT B WICM TEfee =i fEi A = qen
YTl o fol T8 Wi sl THIN A Y e 98 §
el ARI i TR ek STEET 9 SERT ST 2

el 9o 1 30 YR fesire e erar € o
IE Faid U A oF TR i, 967 9 i qe1 379
AR I T8 & Hon| TH THR, 9ol & fesme #
TUel We WA %1 IWEN wgd gEfed @1 &A@
feafaal &, 9 o id 30 oF T i GEET H
FEHN T 9gd & Hecoqul el ¢l IUE 1 ST
SfeRd B 1 T Tl =1feul &H fRdl TH T ok
TR H foar % St il o o emenfia e qen fges
T foig W R o 81, Sen fost 9.8 o fe@rn
?1 e | WS b 91 A d 1 U Ugl o HeA
9 W 9R W 9% T ¥ 399 T A Qm
TSRt W g

6=W13/(4bd?®Y) (9.17)

faz 9.8 fGU W amefa aor &= W 9IRd T US|
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wfiferent

ofie] |1 chotgherd 3R TSl &9 Tt € ug weh
T, SUF1 SUEN HI 3 Gau w1 e fwE s
kel B THIEHOT(9.16) W B9 @ € foh feheli fad g
IR o faU 99 &7 W & fau @ 5T &1 S99
I =fET frent = o v stfusk 2 frdt & g
%o o folU sh ¥ & o fau =gl bt aem
e d i Sl 2fesk gt giar © ik 5, d°
AR bl o STTHAMUET Bl © (FE <08 h1 A
JTIENS HT ST € AM6T) | Afeh 5a qh U&7 &
fF 9r foepa % WM W @ & (W Fod g
AR el et T UE SAareed il i ) , Wi
TEH W IgT U Sfehd & gahdt @ S o 9.9(b) W
f@mn o 1 3 g FEd 71 39 9= o fau
v 99 9.9(c) ® k@R T swpfa w1 smey
uftesg foran smar 81 T ufest 9 9R 98 % &
AU =g 53 o S Ak o foIw vaie e faerdt
21 39 YHR 1 TG W Yeerdl 1 =Aser w5 fam
2l TUS oh YR i Y T S Gehall B, 3d: AN A
EX R

‘4—0_4»‘

<o
(a) (b) ()

7 9.9 (g e %1 fafy= sggey wf=ss sHiaar
(a) TF YT &1 AR IR==%, (b) TFH
gaeht Tt ol 3 sTEfaa 8 g% &, (o) WK
g HIA arctt Ygt @ o AR G
TR=31

a1 qef gall ® @Rl a1 T 6l STAM off 9gd
et 1 el Y ael @ SE e 9.10(@) |
fe@m@ ™ ¥, thefasr stfa fost 9.10(b) ot Tei

2020-21

T ST FHH I T8 FR Gohd & Rl g A1 qe
F IRYIE feoed &d 99F 39 9l &1 &AW W@
ved € o = o aRfeufael & @ wa §, @
1 B IR W gt oM Rt Seiereie fovaea

e = =72
= <

N ——1

SN———
_ >
(a) (b)
o7 9.10 @ a1 @ (@) Tend @ &1 @,
(b) HeERR TR &1 @
et W fREt Tdd Hi Afushan SEE o
10 km €l €, 36 W9 1 SR 1 =i o T o
T o= S 4 THel Tehdl 81 T Teid 1 SR JHE
Tited o rla Tl Bl B, 98 WgEl hl F9
BT Hideel YSM il € forEen eid o yerted
(fage) 81 Tehdl &1 S o GR §e3 o N0 Yiaaal
IH Hif<deh 3TT&TH Fiqael ¥ T B =ifet 5 |
Fg yarted &l (faweh)|
9 hoh fhdl 9dd 1 defl W, Tad o 9R o
RO Tehih &hel T O a1l gl hpg Bl © STl
p TEd o FSAHM o S € A g Teeid @0l 81 el
W 1 FoA Sealer e o 39 o w1 W i g,
e weid o TR Teasl €1 SHIIT I8 Sra A1 3Fa
Tt St feorfd 6t 1 =T U ofueush 31egd ® S
AT hpg € B o1, forelt yrefyen =g 1 goaee
1 30 x 107 N m2 et 81 38 hpg oh seR T@H W
Telp =3x 10°kg m™, B9 M & ok
hpg =30 x 107 N m™
qM, h = 30x10°Nm2/Bx10°kg m>3x10m s2)
~ 10 km
S TR TR H HaE 9 9| 2



Sreit 3 i T

|

TSI &AFA W GATI 9 gidael 2l © qen fam § fa=rere s fasfa e 21 & die
W T FhR o Tidee B € (a) T Widee — SR Wideel (4 | Helg) A Hitgeh Hidee
(Fdred ¥ 99g), (b) STIEIH Fiaad, a1 (¢) Seid gfdae|
=1 faegur o fou sifererat el § wfteret fospfd & SR el 21 38 g o1 o wed
E| SHHIIIhd 1 TEeRT Feareerdl ulih el g1 faequr aal o o W vl &t
Hffsha 3R Jeareel SHEER i Fui i oh feIw i FeaTeerl sl ~ T UM, STEUT oTh
T S TOTh H STAN R S B
Sl 1 T A, S JARAR heeldl €, € o 1AW 1 el el il B
e ¢ fyug qre o1 Sfted o sfdiia el @ o gk % W 1 &9 Bl @

F/A = YAL/L,
&l AL/L fave &) a7 =1 Sdte fogfa @, Flasfa sco= &9 ot Jemifyd ot %1 99 ®,
A ST DR 1 98 98 Sl 8 59 W FYARIYG Bidl © (Ao wiae) 3R Y five o g1
1 I O B Hidse F/A R
S T g FT AR el Wershl oh FHRR o S @ dl 3 fuve 39 yehR fawetud e ©

o S Fors el Teleh o TTde avel F ST forenfid Bt §1 U8 hoieh o1 At o
AL AR S Lo odad 2idl ¢ 39 UK i %90 STI&90 Heddl § 3R 9d giaed

ATEUY Hideel Bl B1 9 WehR ol Wil ohorel SiEl o & He R
39 YR % fowun o fou g% % 199 &1 ®9 & S 8
F/A=Gx AL/L
Sl AL fivg & s R %1 yerifia so pat fen o fowenfa € ik G s qone @)

e 1E fuve e 59 gRI o T gfdeet o SRl Sl Giied | S € df g o Em
1 ®Y 1= B S §

p=B(AV/V),
Sl p fIve W 59 o ®RU @ (STl Yiaeel) ®, AV/V (3@ fopfa) S9 <« o %R fivs
o e o faeerss st 3R B fIvg o1 e one el 2
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faemuig faua

forel dR 1 T DA U ALHE T € q 3H g R W 9 (7)) e afd feRan e @1 wa
BN 39 AR W R §el 9N o s{eR 3R foqdia gian 81 oieg ar) o fordlt afiess A W @
F B & 1 & 2F | 37d: 9 Wfdee, S 9fd 3 eehel R aE €, F/A el 2

T 1 Tom widee-fasfa o o oot ask 9w o & a9 B

T JeATEr TOTeh G STEYU] TOTeh ehelel B9l o To1q &1 WGk eI €, SHehl %R 98 ©
foh oherer ST T € TS 9T ST B B |

SR FeATRdl T[Tk SrE, gl qen | weft o foe wrfies g 21 e 39 feafq § st §
TRedd § Fafud § 59 fve &1 To% SN S Uiied % S B © @ik 99 & e
i ® & T R

uTqel o forg =7 TR 1 WA oY uTqel iR YeareererRl whi erden siferek gl B A N
% fush 7 a1 5 | war | oftel ufads S o fo i o H1 Tesdehdl it 2
e Stee § BHR 98 URon Bl © R S %o sifues it B €, 9 St geare g €, eifehe
7 fhem €1 arqe § 9 5o S ¥ gY WK o w9 afd g 2, Sifere e gug W 2

=% w9 H, fHet w Ko § iy fowus oo o= fumsti o of fasmfa so= &2 g
1 U uReurfe o iieet wd foehfd o sfte STkl 1 9 Sheel U W i gr
T e ST GehaT| ST o T, orqRed fackfa & i, sty famn (ufteas &1 B #
off efigr SR € W fSEen gui o7 o E Yol fEdis @ wid © (R e s
FEd 2)1

wierel Tk wiew AR TE © s 9ol i qve Uidee ThEt o foen @ fwifa 7= fman s
Tl fwdr fuve o w9 R e wre #1 fAfteg R weka 5@ = e fafvea foon
Bl B

9.1

9.2

IR IR

4.7m @9 F 3.0 x 105m? STIIEY FIE o LIl oh IR a2 3.5 m A J 4.0 x 105 m? ST
e o die % dR W XU T g 9REm & IR F AehH W TR dazal § 9O g gt
2 | e qen A % T YR O H R STu 87

= fost 0.1 o Tt faw T wered o foQ witdeer-faerfa o <witen @0 21 5@ wered @ fog
(a) I JTETT TUTIh, Gl (b) WiTehe TN THeA a1 87
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3l & Aifaek TOT
300 -
250
g
Z 200
2 150
100
50
0
0 0.001 0.002 0.003 0.004
faefa
faxa.11

9.3 a1 wgel A 3R B & fou faae-faepfa ome fost 9.12 o <wifw 7w )

A A

/. T

\4

foerfa Tererta
ferTo.12
T U] ! T & UHMT TR S T R

(@) el wref o1 = yeoreern T atfre B2
(b) < urel § S fus weEd 2
9.4 frefafed < oAl &1 o9 ¥ ufgd it R0 gfed aqzd 5 3 9 2 = o9
(a) TEE I 3TUEN TEE H AN ONE AfuE ©;
(b) T Foeel =1 o SHeh sy o ¥ Feifa g 2|
9.5 0.25cm =@ % < qR, f58 T 30 &1 9o gu3 diqet 1 €, fo 9,13 o @R wifa
ol R o™ e qe Wil o ARl shi ofeTgAl Eel: 1.5 m al 1.0 m ¥ A seard qen
diqel o I T[T FHAL: 2.0 X 10! Pa A 0.91 x 10!! Pa Bl A $¥T T2 Haal o a1 H foeR
1 UM HIfST
[/ /LS

1.5m
=

C 40kg

1.0m
et

| I 6.0 kg

fa79.13

- 2020-21



256

9.6 UHlEm o fRdl 51 & fFTR 10 cm o9 &) 3UH! Tk Holeh el Seaier SaR U HHHl et

T2 1 39 M o @ Fol% ¥ 100 kg F TH SHUM Sig @1 T ] wefafem v smaEgo
U 25 GPa €| 9 Welsh 1 Seate fereeqq feramn gmm?

9.7 T3 TWM o IR THEY WS SeMehR &H 50,000 kg SoA9M o fohddl 9 @9 i R 3
TU B T e 1 ofiedt den sredt et swHen: 30 9160 om ¥ 9R a0 i THEAM A
U Y% W &1 Hited fapfa &1 T wifse)

9.8 e 1 Th ZHel, T yed IR=8< 15.2 mm x 19.1 mm %1 €, 44,500 N 5ie1 & aa
= S 7, S shael Toarey foaeuur Seq= Bl| Seq= faehta i UM shits|

9.9 1.5 cm 591 %1 T SO 1 Hidel 91 SSH o foIq S&mel foman < 21 3fE s&dma o6 ferg
AheH SR Wfdeel 108 N m2 € dl S8 3ifuehan R <1 T0AT SHiferg f shfsrer Set Fehel 2

9.10 15 kg oM &1 Th §g UZT i i ari, T Teieh o1 ofelE 2 m ®, o Huitad efeehm@n T
21 TRl o S AR dfe o € a1 s aren @i 1 8 qRi oh S o STUI eRTieny, ek W
TE 3a1 & T =

9.11 T HIX ST TelE oF SO0 o dR o Teh TR H 14.5 kg 1 SHME 9y T 3H Th
Fealel g9 W YHE Sl 8, I9 h el W SHR! SO0 A 2rev/s €1 AR o SATIE UEIT
gRthel 0.065 cm? €1 AR H foRdR &1 T0MT HifTT e goadH 794 vt o Fefan fag = 2|

9.12 - &3 T siiehel ¥ a1 & TG YA TOTh i AT HITSTT; FRFTH STFT = 100.0 L
9 § gfg = 100.0 atm (1 atm = 1.013 x 105 Pa), 3ifdd 3@ = 100.5 L | 90 a0 W) 5/t
o1 A1 oh ST ARl OTh! i ol SHISIT| TRl Weal § HHered foh 98 T a1
e 4 B

9.13 Tl 1 Scd 39 TEE W, FEl 4 80.0 atm &, foha B2 @ e © TR g W et i s
1.03 x 103 kg m™3, 5@l ! FUledl 45.8 x 1011 Pa-! (1 Pa=1 N m?2)

9.14 ¥ o T T 10 atm T el € FMH W ST TEdT § fH=HE TR 1 0T HifT)

9.15 die o Teh SIH ¥ %1 Teh TR 10 cm 1 €1 6 T 7.0 x 106 Pa 1 Seltd <& @ W 56
3TAA | Hepaa feptfery)

9.16 TH olieX Sl W I@ | foha 3far fman s % 9% 0.10% ¥ gHifed &1 smu?

Jrfafier  Temd
9.17 ¥R o Thdl forezall § ot Tered, foment sl fomt 9.14 9 fo@rE o0 €, o1 Swaim a1 3= g

o 3 el o SHEER i S o ferq fepan S €1 et o Gehivl fol W Ture wershl ot =am|
0.50 mm 1 Ff¢ 2 o =g fal W 50,000 N 1 &1 @ &1 4 SHH! sk T e 1 HIoul

a7 9.14
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9.18 1.05 m TdTE AU I FHAM 1 Th S hl IR Tals oh &1 AW, Teh SEA 1 (@R A) T
I VA 1 dR (@R B) 510 fo¥ | wesh fean o €, St fok ot 9,15 ® fe@man mn 2
AT B o R o Sy Ufes] o &l ShAl: 1.0 mm? 3R 2.0 mm? §1 B % fhd fag
9 TH TAIH m &I <ol fSa1 ST aifer 89 qen UQAfTad o a)l § (a) SHH Yidae qef
(b) THH fofa 3= =

1.05m

faT 9. 15

9.19 T T o T AR, Fh! &eE 1.0 m 92 ST9eY Ui=ss &1 &5he 0.50 x 10-2cm? ¥,
1 I Gl ok de Aifael e § geree Hien o $iet € afd e S €1 AR % wed fag §
100 g 1 Teh FoFAM ookl f&an S €1 et fofg W erae &1 oM hifsw)

9.20 4Tg % < ufedl o R 1 9R R 9 @rug ¥ g K 70 81 g {62 w1 =9 6 mm 21
g RAe W AT Yfqaat 6.9 x 107 Pa ¥ e &1 a1 81 af fee &1 g8 951 g1 ARIfa
TE T SATUHaH qH TR 8?2 /I oitSe 5 Yk e T =il 9R g8 i g

9.21 Y9Id HEEIR # feerq AT Feh @I Teh T W UM 1 Tag § 11 km = =l STt € 3R
9 @ § 4 T 0.32 m® I 1 SEITd 1 Teh el TR Sl € Tiiel ob Sfea § ufieds
I T H WE o dl W S Hl IE 1.1 x 10° Pa € 3R T H1 AFAA TONH
160 GPa 2|
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AT 10

11089CH10

=
i.% oﬁ aw
-
10.1 9fHahT
79 1A | v gdi a1 T oh i W difdsh o 1 St
10.1  fiF H1| g9 A T YaIfed gl @ ofd: Tl HEan ¢ gol 9 § 39
10.2 <@ 01 % YR W EH Sal Td TG 1 3 9 faeie w2
10.3 HRE e TAR 9N 3R e T W el €1 YAl o W a1 w1 e 2
10.4 = =1 fagia 3R Heh T3 1 Y-Taer 9 S ¥ A=sied &1 Sl haed R
10.5 v e o Sifded o foTu € ooy el @ o well s siget
T Afsenet o Tl H I fF B T T Well o R
TR 9 Tl ! U Sgd Tl
foramoia foromr el 3Gl 9 g g €2 galf e | ¥ s qeea 82 S
ST o fooia T 1 9 g fAfvea s & et 3 e g &

Y= 3T B © Safeh T U o el ST 1 9 ol Bl
frsel 1o o e ugl © T ufde g Sl & et H aftads
el ST Heha1 ®1 S, F9 AUl T T AFAH IH W oH o
Hicrerer @teren g W TR B 1 ST ©9 S A1 g9 o TivEa e &
o1 Y €, T FUN Ao aHEA T & 37l S1Fed | e €l
T Y g | 9 SR W 39 A1 59 o e | uiede sgd
HH T T TR T H TG HY 70 3G T Ko HY GASTAT FIET
FH 2l 2

eyl (fawuor) gfdeae 39 o ofEdd § uftadd feu fam
SHHT P I el 1 WAl H1 gl o1 98 § foh aw fawum
Hfteet w1 agd € = URRiY Hid €1 Ferd: e 9 fawq gfee
M W oft IThT 3TRT ST Wt 1 SR 1 TUET alell sh1 STTETH
HfeIet SIS <9 ArEdl FH Bl gl

10.2 ST

e Ueh Jehiell GE AN il | T oMt @l St €, df o =
1 A 2| W TR afues duch & w1 o (SR TwE
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fa=e 9FT) & Sa & 9 W A @ gHR
Juftafdd wdt 81 9 fret safe 1 ol W wE
g1l 31ae T @ < A SHet qgerdl <2 S wehy
o I *ad fe@m o &1 B R ASed dhel a
T 1@ S € 37 98 36 goeAl | w6 Wl g <
St oF 3 YR o el § 'Y faverd € S @
o o o -y 59 &9 W 98 90 AR fwan
ST & SUhT &kt ot Hewqul e €1 9% &7 g
W g HE H @I B T Bl e e gfer
3a & etferer € gE iaend ‘<e’ weerd 2

e g Tyve fohdl wiid atet & gan gen §, af o
39 fivg W ae1 SR L 21 98 9o §ed fuvg o
T3t o Sifieiead g1 ©1 U safa € fR, Ak o
%1 s9ad five o 79 % U@ i ¥ A g &
g FmEER, fave off o7 Jag o 9@ w®A W
o1 SR LAl €| F€ 9t a8l hi IS o HHiaR e
o fou 1A w21 qe w9e Tél €, it e
fasmarereen 9 21 21a: formmreren o wel §R oA el
a1 fyug o Wueh T3 o A &1 TRIfud & Weha
21 39 fo31 10.1(a) & <= T R

A g1 fordt fog W wrRa 39 sifiea 9 1
T ST Gehel 1 UH € Tk I 91U gfR ok 3Tee
w9 &I o 10.1(b) H <90 0 B0 79 I A T
fraifeaa < g €, Ted T A e et 81 5
AT T LM Tl © & $Hoh e W & Ia i
IO o forq o3 feren et €1 59 Ffert ohi aiel o 7St
o fepdlt foig R @ ST ©1 e W ot g1 STRife
IA HI HAA TR T W ARG 9a 9 Hgfea
ek T NI FRe W SIRifid st i |9 ofd 21 Afg
T GRI A &Fa o T W eTRiftd eifieta oer s
UfEr P ¥, W@ i 9T P 1 9o Qe 8% o
I & ®9 § gRefa fomean St @

Sd:

p _F

w =4

Tgifaer &9 § fee o &hel &1 T90M &1 9
Bl ferean S wehar 1 q Wit et W g |
TR IR W ©

(10.1)

(10.2)

() ®
fer7 10.1 (o) TR & 59 7 €9 U0 372ra7 3GH1 IR
R 59 GR FRIYT a1 fYve & I3 & & fag & daaq
@1 YT & (b) 59 "9 @ g g @1 S w9

T U Y AR B T e ] g AR e
oed © fb TN (10.1) @91 (10.2) & 9 |
Sfem=R eF ot Tfer Gefud e o stfireteeq
I H e € A fR (W) ww swet famnd
[ML'T2] €1 T &1 A5 N m221 HidE St
oISl UTEhd (1623-1662) § el I & § It
e e safay 39 ¥E o I o SI A3
ETWW(pascal,WPa)T@TW%IWEﬂ
Teh 311 HHI A IHUEA (atmosphere, Jdlsh
atm) 19q ¥95 961 R g N R <@, §
(1 atm = 1.013 x 10° Pa)|

Tl 1 U T o T T (p) Tk T ifern
fyr & foeer fowa o == s sAfed =1 v st
It mEefd & fordt WA &1

L (10.3)
p=% :

el o fomrd (ML) €1 35T SI A kg m° &1
IE T YA AR TR 31 59 ey e €, o
ot 59 %1 T Gl e R AR 3R T 2
Toeh foafta, T <@ o ufedd o Wy e W
feItees ufted giidl 2|

4°C (277 K) R S 1 ¥ 1.0 x 10° kg m™
2 fordt wref 1 smufere e (fafere TRe) sS4
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Ta1ef o S qT el o 4 °C W S T STI Bl
21 78 FomE oo eifer sifaen Ui 21 Ssew o
fau tgfufem o emiferen Se 2.7 €1 S Heh
¥ 2.7 x 10° kg m™3 &1 GROM 10.1 § F A
Al o Ted T MY 2

RO 10.1 FS TR Tl o T W a9 qefl

AYHSHIT <@ (STP) T
El 1.00 x 10®
Tz 1.03 x 10°
EIR 13.6 x 10°
e Tohigial 0.806 x 103
qqul & 1.06 x 103
g 1.29
EICRSE| 1.43
HEEER] 9.0 x 102
AR TR ~1020

‘337370110.1 T saferfaat (W) S g
I ST 1 H1 &R 10 cm? €, 40 kg
Hefd o Ae YRR o SO A i Sererdt B
Selfeerfeal g W& forT ST ATl S S B
SR e hiTeIT|

ge7  SAfeRl W FA IURY I H &R
A=2x10 cm? = 20 x 10+ m?| ™ W HERa
9 F=40kg wt = 400 N (g = 10 m s2TH W)|
Ig 9ol SealeR A fRen ¥ wE s ®, e
T8 Sdfterat W erfudaaq omar @1 sHife
e T

PaU:%:ZXIOE’Nm_Z <

10.2.1 UT=heT ohT a9

WG S i Urehel 4 g TR A @l fag
T @ AR W E al ferm feefd o wa o weft
fagetl W <@ THF B 39 T H el Hifd Wt ®9
o gwifan S ek B

* STP @1 219l WM& @9 0 °C A1 T 1 atm 2

2020-21

17 10.2 Ul & 499 %71 WIevl ABC-DEF faig
feeifa & fordl et & 7%= HT HI3 TIT
21 78 37999 391 il & o Tocd o J9F Ht
30T HT S Gekdl &, Weg ST F [T 39
yafea seiar T gl

o 10.2 H foum feufa o forelt @@ o s
H 1 319Fd AT T 1 TS 3999 ABC-DEF T
Tre T & &9 ° B fieda erg@e oeR § wgd
Biel & THAT HEH Yo fag el & S % WA
TETE W AHI ST Gehell © 3TN STAT Tk Forg W et
1 TS A B T 39 FaET @l e w5
foIT & 39 37 i 9g1 Hieh U1 ¢ 3 IEFE
W 3Af el I el o Rl § AR Sl R HW
TN 11 ® @ o HROT SR ol Ye3i o Afoetel
w1 w1 ord: foe W <9l SER Wl §N 3@
Herd W AR @l P, P, A P, o qaT&4l 9 F,
F, T F, %¥I: Hehi BEFC, ADFC G2l ADEB W
rfireteeq emafaa g & s foh e 10.2 & switen
T 2| Felshi BEFC, ADFC T ADEB I A , A, T2l
A ¥ HHE: T B &1 qE

F,sin=F, F,cosf=F, (Sree )

A,sin@=A, A, cosd=A I §)
T YFR

E_E

F,
= =42 s P = PC = Pa
. A A, b (10.4)

37q: formmaen ¥ 59 o 1= o |eft fumeti
T FOE T Y FE B T TH Te I A% Kot
2 T o9 YR o gfqae &1 wifd €1 <@ |y @l
21 28 e faun 7 & s wehdn fauwEen § T,
WA o i o foRdl aoda (A¥E IRag W) W

e Bl © =1 e fehdt oft srafearfa & =)

B
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A o Teh 3T99d i hedql HU S Th THH
IR T AT B o THEY B| TE TS W o]
T 21 35 S ol W R &fds 9o 9 sreren
T g =feul s1eifq IM fo W 99H 3@ g1 =fE T
T figamcfraT e S aa i g9 &
geft fagetl W g9H < 21 9 o 59 o fafier oo
W EHME @ TR ®, 99 5o W A 9 o N0 o8
RN 37d: SEE i erurefd § fre dfae ae
A d Y T R THH I 841 =18y

10.2.2 TETE & WY I § URads

T U H 59 i formmeeen | fo=ur 31 o1 10.3
A fog 1 fog 2 9 houE W 1 f6g 1 92 R 3@ %t
P, T P, ¥1 A 3THR &5Fe G hSalE & T o T
SRR TS 1 | Tk Tl ferrrereen § € 31d:
aftort Sifert st I BT =fEw) g Heater fen
T HEd 96 W 31999 o R o qed eFl deul
T &1 IR & HE T I R T T o6 @
SR 9 (P,A) 0 & W R 1 3R w1 HW e
I (P,A) T IR 9o H WA HT 9K mg &
(P,-P)A=mg (10.5)
& A p T H T € ol SHh! Feld
m=pV=phA'6'3|"ﬁ,W
P,-P= pgh (10.6)

— A I
e

—>) <«—
—] <«
] PR
- PR
- s
- P

«— 55—

&1

¥/

for7 10.3 @ & FEARR o1 WY T I & GRT Tocd
e T T 8l

fog 192 ¥ M 9ok a9 FEAER T h, T
& S p 91 e S w@Rel g ) fAsi #1 9k
foremofis fog 1 1 @& (AT ) ok 3 el ™
THIARA T a1 S S SrgHved o forg gen €
P, 1 STHEA™ < (P) 51 @1 P, %1 PH Wicreerfud
o S Heka 21 I HIRLOT (10.6) ©

P=P +pgh (10.7)

T YR, SAYSH o fdU God I3 o ™ @
PAIAUESTH T hi 3TUeT pgh IRATIT § Afes ghm|
hTews W feerd foreit fog W erfdited <& P -P 39
fog W T I Feam 7

U (WRY) 3@ o FHEHRW (10.7) H 9@ &
&A% 8l 37 @Il 31d:, I URehe o AT & o
o T S Hewyul § 9 fom a1 e, SR
I SR | THA &t T (THE TeTE) & gl
forgell W 59 1 @ GUM el 81 Feedfoen fervefer
oSSBT § TH U w1 Telwita THe ST Wehel B
A, B e ¢ fafi= stafaai & 9 o (f99 10.4)1
T o sk difas TEY gR SR Siel S €1 g O
W g d aE W SHeRT qel H9E @l § JEi g
A f=-f9=1 7 ¥ B B1 9 sEiee § T gent
dell R & FHA T 2

C A/ /B
for7 10.4 zZaesifass faueifed &1 saredn @7 9 A, B

AR C F Ga S9E a9 5T W & W G
o S &7 gRAT -9 8l

3q1Evr 10.2 T 3 & T8 ¥ 10 m TeTE
r W fRE T W T Jd F I
g7 78 h=10 m a2 p = 1000 kg m®
g= 10ms?d
TR (10.7) 9,
P=P +pgh
=1.01x 10°Pa+ 1000 kg m?x 10 m s2x 10 m

=2.01 x 10°Pa
=~ 2 atm
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T @ Gl 53 o @ HI g ° 100% 3ok
2l 1 km T W <@ § g5 100 atm B 2
TAgfedl St WA S 3iferh @l hl TE TR hi
&A1 1 A W @ 1 Sl 2 <

10.2.3 ITIHUSHT &6 qAT IS I

et fag W amgAved™ <@ 34 fog o Tish STIuey
FE AE &TFA R IW 95 | agAvSH & IWE 9
T I ok T o R ok SIS Bl ¥ TR 9 W T8
1.013 x 10° Pa® (1 atm)| SgHUSHAT S 1 Feme
A1 o fT Teuem gealt o otk saferee Siaett
(1608-1647) 7 Teh Ik 1 T&AT i AN TTATSH
<@ 1 T S T foe 10.5 () ® wien T e, T
o @ o el = AT Toll oiehd STH TR 9 T 3R
iR 38 IR ¥ T R U § FEAER S el
fopal T 59 g i UR ST SUHI ed ©1 el o
IR ¥ FT T TAH IR St ared fSeeht I@ Paga 37e9
I B, W @ ¢, A8 < T B Bl € R 39 T
M Thd §1 37: forg A R <1 1 B & o 3T
o3 B R 3@ 99M qa a1e fog C W @ o6 ged &A1

?IT%'Q(PB:PG)I

() TR SgRTE A4t

2020-21

h

i)

(b) GeAt-Teit WHIeT (Sraa’ Are)
o7 10.5 3@ 797 H1 3 gl

B R T4 = AYAYEA I P,
P.=pgh (10.8)
SET p N 1 Sl q° h el H 9N o W9 Wi S 2
W H e T foh gg qol SR § IR o
Y 1 9 76 cm S TN €A € S Th SIS
T (1 atm) o qed € THHW (10.8) § p 1 AF
qent ff 38 e fRA ST Wehdl 1 W S o
U cm U mm (N &H) % & H A S 2
1 mm (Hg) <19 &1 qeaish! @ | 2 (torr) FHEaw €
(TREeft o T H) |
1 torr = 133 Pa

afrmy T qen siR e famm (fRfSesierst)
T T@ o AEH o 9 § mm (Hg) T 2R (torr) 1
YA R ST 21 AeE e | S o g A
TR (bar) T AR (millibar) ferm s 21

1 bar = 10° Pa

R A R e e e
SIS S0 &1 36 ek | Teh U SHR HT el et
¢ fored 379 39 W B ¢ i ol A’
o U 9 S 1 %9 (S de) qen Sfek SeiaR
o TeTu eAfreh el 1 59 (ST9 9RT) SR ST @1 el
1 Tk o arHed | ge sig faan s @ 9o 9w
o g fehm@ 1 <@ 9 S §, S99 Sig e
ST ®1 [3fEw s 10.5 (b)]1 95 A W 3@ fag B
T o SR 21 T S 1 e 9EeE: 7Iad © 9
aTeqe | YA el A I El 81 48 P - P,
e Il © S qHeRLT (10.8) gR1 o S @ qen
T 1 S hoh S Bl 2l
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U et § W 59 & qell § <M 3R T9H 3@ 2l
21 T 91 19 o foega URER | g o Sl W g
1 Uied B 81 eH T&d foae & foe 3o feer
M Tehd T SH 3R I o1 AT uferd= o drer
o Sed U Wgd SAfush qierdd qielerd eil €1 3Td:
i T o | faudia goll i stfererie w9 ¥ e
AT ST €

3GTEUT 10.3 TH5 I W dgASd w1 S
1.29 kg/m°®| 7€ AMd BY f&h =g & @y
T H HI IRedd T8l e, [ it R
IHEA 1 TR fhal S d 2

T : B HHIEHIOT (10.8) 1 STAN T €
pgh =1.29kgm=x9.8ms?xh m=1.01x10°Pa
h=7989 m = 8 km
AT T, ST o WY 9 o S B HHl et
STt {1 UE € e @0 g % @Y ot e 2
FRAUESTHT SAER0T 1 foedR wIed I o d1e AT
100 km S de 81 g4 78 M W@ =t & ogg
el R AgHEA <@ §id & 760 mm (Hg) T&l gl
$EH 10 mm (Hg) 3A¥a1 3Afueh i FHH THH o 3T
# g B T

b 3GTEYUT 10.4 §H5 o 1< 1000 m T&IE R (a)

T e R 82 (b) T S TR 82 (o) T
TETE T TSN i 20 cm x 20 cm &AFA
areht faga! (fSwer oTiafe 9 &1 3« 995
qel W SGHUSCA I oF SR @l T §) W
MId 9 1 Ao hifsl| (THE ST hl
TTd 1.03x 10°kgm=3, g=10m s? )

g7 : J8 h=1000m T p=1.03x 10* kgm?
(@) THHO1(10.7) @ TH &
P=P +pgh
= 1.01 x 10° Pa + 1.03 x 10°kg m™
x 10 m s2x 1000 m
= 104.01 x 10° Pa
~ 104 atm

(b) T q&=P-P,=pgh=~P,
P =1.03x10°kgm®x 10 ms?x 1000 m
=103 x 10° Pa
=~ 103 atm

(c) TFSH % AT T P =P, + pgh 3R 3T TP,
21 zafery fagat W sfad gt 7 9 <@ P
= pgh &1 Hfth Tagah! =1 @A = 0.04 m? €
31d: 3Yfdd o
F=P, A=103x10°Pax0.04m?*=4.12x 10°N <

Nt o1 fagia

T Wefid B ® TR et § W Rt fave i @ i Fer g i 71 fovr feefq o forelt oer o i Rt
fyug =1 qui =1 31T €9 @ g1 S © df WA 08 o graeh U3 R I el 21 fuve & et 7o ) sl
TS T TS 1 ST BT € Hifh WA H I TERE S o W-FY Sl ¢ Tt edt k1 gRomtd gt Srg
1 & T8 S o hed 1 O % ol ael | U SorehR fave i g S 21 fuve i qeft W sy
I 3Tk ¥ W A A e A H Ak 71 WA fIve W u uRom §e A SedeE 99 (P, - P) A
(fo 10.3) @ 1 FHIHOT (10.4) H 804 <@1 fF (P, - P) A = pgh Al h A TaU€ &1 TG ? e phA T/
o od ST 1 TR Bl (Py=P)A = mg | 38 YR ARG SHedaa foeenfiad @al & IR & auar 8

7 IR fave 1 mehfa W el T& Fear 2, 7% weft eenfa ok fuvel o fou g 21 IoeR fuve ohaw
gfaen o e forn o ol e Afhfaeia o1 fagia 81 gl g fuve gr forenfia aXet o1 ST S9eh S1o ST
o o3 Tl ¢1 A g9 g v 1 v R o I ¥ afuk ¢ qt fave g9 Srem =i fave i aR ey
TN | 3tk BRI AfE 39 T T W § FH 7 I ST §9 U gaT g G| S g AR o ST Fl A
FT o T A fIve o1 5 S v, @ e S S ST V) e | g ) @ eae a9 5 fawenfua
T & TR p gV, % I €, faves & 9/ & qe21 e =Mfeqi p gV, = p gV, 31580 p_/p,= V. /V, T fave it st
IR I T

Tfera & Ig fagia € ‘Rt wa o (eniferw =1 gof v @) <o five &% wR & fyve gR fomenfad wa
@ 9R @ qed Bl 8l
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sfiferant

10.2.4 ¢4 <TfAId A9

IEY @79 TH @A § T UE A W@ Wl W & g6
REd w3 € A 0 B 82 T fas ded W R
% forgd fire o © qen sues faf= faget w dm
Fed zga ot € [ 10.6(a)] e 29 § 59 WY
1 S Afas So § e 1 < < 1 7 gl
Fed el o tfamdd: guE e ?1 afg fawa o
shord ® df gt 27l § a¥el 1 TR 33 S ®, 9
T: T8 gt § WA € S )

JC \A/ /B\_‘
17 10.6 (@) W7 4 W@ T & [HET 9FT R 57 68T 19
arafaa gar 8, d 78 g9 fewnen 4 gae
®Y g g=id & S gl
Ig <9l @ o 9 doH W e S@En S ¢ dl
I8 ol el § G €9 H foafd e S 21 eH #e
Tohd B Toh UTT & 7@ a7 & faRdl 9T UT ST el
g1 3T giaT &, o Ig faT BT & | fevmsn
% AT ®Y @ GeRd gl AT §1 9% “UTehdl o
fram &1 3t WU” © A e Sed § T9% he
IYFAT B
#% gl S ga eiferd Seueh SR 9
=t ok 39 oM R eneid 21 3 il § <
Gl & feru el o1 ST o St 21 5 10.6 (b)
o ITIR §d dIfeid SedUeh § Tl g R TIH |

forafima <1 fes €1 syt e A, 1 Bie foed 5@
W HH T F, SR B €| P=§_113W‘{Uf‘s\'aﬁ
TG BT ¢ T ST HIE A, IS Ser ForeH
foeed o @ T S 96 PxA, % ®9 § WS g

21 erqu, T eiferen ot w1 Gqfora (SIE wiewi

W W@ HR A TH oh AUEH WR) H Ghdl ©

FA,
F,=PA,= _IA W I TEARL THEHH 1 FI

A,
mﬁmmm%lwwww a, T
ﬁaaw%a%gmgﬁmwaﬁmwm

(b)
517 10.6 (b) 59 =feid 39, YRT a7 33 FT TH
gfFd & w1 FH & (GgIa HT AT BT

TG RG]

g 3QIEVUT 10.5 f=-fa= 1wz &1e areft |

et & (fomm g &) ot o @ 8l 3=
T G A TR el § e S T e R
B qA 9 fRed o a9 HA9: 1 cm de
3 cm 2l (@) S B ffed W 10 N &1 =
T S € ol o9e T W oo 9 W
3R STl (b) ARK B f=d &1 6 cm
I ueht fean mar @ @ wer fueed fama
e T ?
767 : (a) <o T g8 o <@ wyol 59§ GuRd 9 €,
A 7(3/2x107m)
F,=22F = —~x10N
Ay 7z’(1/2><10‘2m)

=90 N

SIfhHTHEisT (287212 3. G, )

foF 5o TR W B o T # |

T % aifres, TfTae, S qe SR o | SN o F @ 1 qen FRRRE T Sdier
% HASH ¥ 9 S o GEer o fTT T 75 1 SRR R | 3 ST 391 e
TS SR 11 7 SThfHESTS sl G 1 319 HHe Ik I8 hal foh Gope ol fol die &1 a8 o8 feifa
F T qope g W 1 o1 2, 10a1 SHH hIE T&T oTg; SE—=i<l T T ? | o @ e
M Td H oled 999 I8 3T 9R H s w1 sIwa &1, FHd 3% 1o wmen 1 ' o
T | S IRt enfehfHErS 3o SfSid &1 TTT fh, Sdehen o STJER, a0 § ae fehcrehy, WeueRs i Tl
§ Yo" - e (i B T e - 8 T fer”) FoeTd €U A1g U@ | 59 9 98 98 off 9 U
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(b) T QU rEdEd A S €1 B fed o
3= T W el 3T a8 fes g1 9 &l 3R
TeH 1 AT HT B

LA =LA,
D) 2
L=y - #(1/2x10 m>2 x6x102m
A, 7(3/2x107°m)
=0.67 x 102m= 0.67 cm
e : [ foeed & fau agAvsey @ 3wt @
I1d: 38 g G T B <

>

3QTEYUT 10.6 T &R AU § 3 fire
St 5531 5 cm & W F, 971 Hdied a1g ot
%1 7€ @ 15 om 551 a1et S fieed w gufa
gl € (Fo 10.6)1 9% 3SR W areft %R i
efd 1350 kg B 1 F, %1 3Tehe HifsCl 39
FT 1 GO HH o U STEvIF < 22
(g=9.8 ms?)

ge7 : Fifh WYU A H @ o B9 o HERka g
2

~ 2
p ot FBX107m)

1350 kg x 9.8 -2
A, ? ﬂ(15><10’2m)2( & -~ )

=1470N
~1.5x 103N

39 9 o Wd 91 3@

F 15x10°N
p=-1__2X PN _19x10°Pa

A 7[(5 X 10‘2)2 m

Ig AFAVSA T HT T AT R <

X ®R H 59 =ifetd o off 34t fagia ) &
Y T 5 B 30 W Y el | 9l Ueel W e
T @t fied AR SoF &3S Sl © I 3@ g
S 9o g T & o &9%d W HeRd B g
e W Tk g1 9l w1 HI 2| SHh A T AR
Tohel WM W ok Y %ol HT ok e i Sadl 21 39
THN YSel W Uil | ol Uy W 3w ol "
I I 2| 3 TR 1 T qqE @w 98§
el &l M ¥ IO o« =N ufed o G sl
o THM ®9 W A g1 ¢ FSEd sl 1 g gt
ufgei W e g €l

10.3 &A@ THTe

319 d% U4 foim Wall o 9R § ererE fREn oa
WlTE o S1e23 i qlel TIieh! hed & S/ gH T i
I I o 9 @ § @ SR ¥ o SfEE a9
Tedl g1 Al S T 1 Tl S@dt € o 9% Sa
SR T #1 Big 31 {1 Al BT AT BT T
FE T T SN AM Shigd wl f fRd oM ™
fordt eo7 fow w, @@ o fafa= woi W) F=1 &1 @
21 Tt T 1 YaE STufierdl yae sead 8, Al
fRET T 9 TR ATl WA oF Y& 0T S o T
o TR @l 2| sEeht 37 98 e ® fon T o fafa=
fargatl W AT THH 71 S-S i fafire @ s fg
T T o5 1 AN TSR Il B, SEehT ol SIged Tehell
, o1 ferelt go fag W w1 o1 o =t @1 wewar
21 g W g ¥ T W H0 Sk 99 & HER
F%d © o fop ol 9 i Ul ToRA ol o1 A
ol T 0T FIeR1OT U TR et @ IR 07 o uel
T I I &I Hredl

a7 10.7 YRR@IST %71 37 (o) f#ET T FT I8 J9
(b) YRRET 9T FT &1

fordt e omufiad! yae ¥ 58 1 W %07 A
Y © SH YRR hed g1 fohel fag o e o1 o
AT Te B UNR@El % 39 fag W e T el
o TR Bl & S (R e i uRfid s 2
St R o 10.7 (a) & Tt T ®, fonedt ot o uy
% o | T e <M1 & oF qee 1 HO THG o Wi
fFE TR TIfq LT 1 % PQ e YoE w1 T
gfdfes & S 97 <eiiar 2 o @t ford wepr emian o
TaIfEd B §1 HE ff A URRET T g R
Fredt A o7 TH FA T (3l Fredt &) o frdt
o5 W T 1 YaTE R 781 S qe0 T A H0
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sfiferent

forelt ot feen o Wi o6 & IR were Srafterdt &l
R ZHfeT ST9fed! Yare § Yare 1 AHtas 999 o
feoR &l B B fHeread! uRR@ed i oy Eied 272
fE B0 YdF Ffad HU I URR@T 1 TSR wH
1 Zos1 Wad © dl 79 W@isll o diaed ¥ fgge s
A Yo &1 fen o deea guden | fomm Fifse
siqfd o 107 () § @9 fo9g P, RAMQ W &
THAA Gel 1 FAE TH BN e S & foh gt
Gl yRR@Es & ¥HE gge N fuiRa @ S
=T 379 @ fF P, R A1 Q W <9 T3 eided doaa
3 W wafed B arel alel Sl i @A FHHE 81 39
YR af§ P, R, 91 Q W A U o o7 YRHATT
FAA: v, v, T v T T T TA o ATHA FAA:
AL A BRA T BR W T ST AtH A B T
IS T HT He p,A,u, At | TH TFR A T BT
YarfEd T H Hefd am,= p A AL FR Am, =
PyAgLy AL BT it HHeAl # et o sTed fHeher s
Hefd 39 M § oM a1l T i Hefd o sRreR g

I,

PoAUAL= pLA DAL= p A VAL (10.9)

ded WA o YaE ok

P = Pr= Py

qa GHRIUT (10.9)

APUP=ARUR=AQUQ (10.10)
o oot ol g1 9 Widea-aHieor ®ed § ae
Idied Tel y9E § I Hefd e & weH 2l
T Av = feees (10.11)

Av 3T ATHETE 1 JaE < dl 21 78 el Fare
o ol e a1 © 31d: Gt TIH W SE o e
UE-UE § 8 o §g Wil ® 9l gHeRl faeima:
fa10.7p A T 2 fF A > A Wy, < v, REQH
Jalfed @t @id giar €1 &fas gy § 78 @l <« o
IRedT ¥ Hag Bl

T o HH A Y YN YaTE UIw Bl ¢ Teh HiHid
UM % 93 59 Fifds a7 wed ©, 98 U YaE
UG WAE ¥ 9% Wl ¢ W9 Th o9 el
¥ =gM W THUA @ dl 8 @ Uehd © o ohd
BRE-BIE & (foam) fo 9 o0 & 5= Y-
(white water rapids) TEd %I

91 10.8 o T&U YaE 1 YRR@ <9 T #)
I ok faw o3 10.8(a) § wWHF Ya® ST
TN § el el o fatue faige woen ok ufmm
fam-fa & Td €, T ST faumd Uw g @
TR €1 T 10.8 (b) ® Weysd waE afeifEd feran
T R

nmx
:

(a) (b)
&7 10.8 (@) T JaI8 HT F YRRGI (b) JTE & Aqa]
@ Fuet wie @ ZHar 9y Si2l T8 JY YAIE T TH
IS &

10.4 el w1 Taegia

T Y8 Teh e UREAT &1 W el TReq0T B
ST A gU TH TR AUl UN-Ya16 o o
fafyre qoif i W w Fehd 2

IREd STIIE e oF U9 § e Ja6 W foa=m
i) = fom urgy giedt Sea W@ S fw
fa 10.9 H Twifen w1 B 3@ WA R uEY § U
IFHRET T TR Felle T Falifed 1 Fided T
o STER SEeh A7 § qRedd gl =IfEy| @l e

ef e st (1700-1782 )

fegesicie o T d=fes qen Tifvrae o foreiq faetiare eifaer o T faerent 1fvra <61 %=

STRTEHI JIERR TH aR Sid- ol Sifqa @nfud foean | 3= fafshan s &1 off s1era
foren e o w99 o fou 9 a5, faesrels § TR w1 fomim qen amedfa et & W

6 T8 W I © | TR STk Gfaead 1 Seriaeh!, T fawa e 3= W& Toha fagia:
Fotl TeeTor § ek foman, o &5 o € | Sk 1Al | chotchord, Wifehdl, ShUTEHM SR

fagra, qon STyge v dimfed € | % g SifderT w1 Geemged wel S ¢ |
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T o o0 Tk et 1 STawendl € S 36 R g @
Y I B 2| T-fo= 9mi § <@ fa= g =nfeu
e9 oF 3 fagel o S e 1 ey o qied
(M St UReRH) dA SEE (SEE) W OuRerH
(fearfa Sstt o 9ReRa) I § YRR T el |
i, Tl k1 THEO B 3@ Gaw i g
Jifeerfeag S el o fakfaa fman om

T &1 1 (1M BC) TN 2 (371907 DE) &3 | Warg
%l | 39 H BT D o o< T i o | 3T 3779
A At H F8 T Fafed BN WA foh B W =1
v, M DR v, ¥ TWB W WA v AL, C F 3R
YaIfed BN (v At T Bl € fF ¥W BC F1 WHA
IR HIE o Thd €)1 TH THA IHaTA At H WA
S SR § D W T E ST SR Yaled B 99 v At T
T HEM T & ok S A A, A, &R A
A Hehl W, S f@rn w0 €, @ P, P,
F B 9l R (BC) W @& W fEaw e n
W, = PA (A0 = PAV 8| Fifh IHl & o THH
ST H1 TR YIfEd Bl & (Hided FHIH T) TR
& (DE) W & g/ fean 721 s W, = P,A, (v,A0)
= PAV 21 16 T W o T w1 -PAV 2
31d: g9 W foren T Fa

W, - W,= (P~ P,) AV 2l

39 1 1 FS N WA hl TGS Sl aRafdd
FW H Tl W@, 9 U A WA H o
feafas ot afafid &1 & <o S 21 afg 9=y
Fellfed Tl 1 Bl p T Am = pA,v,At = pAV Tl
Gefd At gma § Uy 9 varEd @ 9 e fefa
Selt H ufadH

AU = pgAV (h,— h)

Tfast et | R

1
AK = (EJ p AV (v,2- v

A o TH 3T R 8H HE-301 9T (319919 6)
1 ST FT Tohd & o9 76 Fefafed ged g
B 2

1
(P—P)AV= (EJ p AV (v,2-v3 +pgAV (h,~ h)

Y& IS hI AV 9 faqifsa 60 ®

1
PP =(5) o v pgth- )

ST U1 ! TH: AT HT W TH I Hd
g

1 1
bt (5) pv,* + pgh, =P+ (5) pv,” + pgh,
(10.12)
Tg el TR 21 feh TEUee w1 e §
19 2 fh= T feorfatl &1 qwid € ora: &0 9mr &9
Y oo T T © T

1 .
P+ (Ejpu“pgh:f@ma? (10.13)

fa710.9 URadl STgUTyERE @& fwdl ey # fHdt
S T BT FaE, v, At TS & TS H 9
WA THT At 7 v At TR & TS TF T HY
a2

W U H, T & FeH H ed e TR o
Tehdl §: o1 T TRl e Y ok SR i e €,

EEl PWWWWW['IE ]wyfﬁ@ﬁ;
ST T feafast st (pgh) 1 AT TR T 21"

e X T o e o 9 %1 ST wRd
HE FE HH T @ o 5T o6 hIor B S arfd el
Bl W aTEdd |, Sl Tl YE el 2, dl 3fidien
YU o RO HY ol h1 B B S S| THRT
At W i fafa= wasl o fa=1-fa= o 9 yar’
o HIU I 71 TE AR Teh O R T §el oAl
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€ @I qRoTHEEY Sl w1 i Bl 81 aiel o 9 T
1 TAFA Fed © forEen! faer ¥ = 91 & @s
T ol T R WA B & TS Sl o el W
ufafda & St @1 o7d: el 1 GHIn I v
S ST WAl W AN Bl &1 Tl T R Th
3R wfeey & foF o2 erEdied awell W & @ g g,
Fifeh Tl 1 YL Soll shi T8l foran T4 21 e
A 3Tk hE STAN € S HU T 91 STHded qleli
1 SEd W SIS i SR T Hehd B AR qeqe
faefier yomg o off el SHRIO & & ST Hifh
ZEH o qe <@ 99 | oNaR AR w©d B

v e foRmreEen | i © stf g T W
Tk RN T AT A €, Sl G Fet e Bl
ST B

P, +pgh, =P, + pgh,

(P,—- P, =pg (h,— h)

S FHRTOr (10.6) o & WHE 2

10.4.1 <A T Aiegdig : SIRET ol fag

dfgafe veg 1 21¢f © WA b1 SfETHA| SR 3 7
Tl T R R gelt @wt ¥ WA & dfedig wi
Il g 9 § fRd fave =1 =1a o 99 o 996
T g WS e ST Gehdl €1 p ¥ o 59 W ol
fordt Tt 2ot R fo=r #ifse faad <@t =1 aet 9@
y, $9E W T 3@ fog 2 (RfEw &= 10.10)1 5@
& FW, f5GE 78 y, S9€ | 7, 99 T 591 7@
PR Hided eIl (TR 10.9) |
VA =U,A,

Ife ZHT I STIY FIE K &R A, o8 Hi
STIIEY T R A, 1 GO H HIBT AU T (A,
>>A ), T B TH A W R 1 Hiehed: fore o
HH A €, A v, = 01 7 g 1 Fo 2 T et
TR0 AT i gU a1 I8 od gu foh fox W @
P, IRAVETHE 3T o ER €, 3T P, = P, HEIHT
(10.12) ¥ &5 ¥ Tad Tl Bl 2

1
Fa+5 PUP+ PGY =P+p g

yz—y1=h@ﬁtﬁ

2020-21

fer 10.10 2RI o) 97 & e O afgarg 1 @rer
v, T THFIT GRI I gt 81 Al A H

i T g & aen argEveer & gudh 4 @
dd v, = ‘/29_h

2(P-P.
v=[2g h+¥ (10.14)

S P>>P, € T 2 g hoh! SU&ll &1 ST Tahell &,
Te afgdie sl =re 1 R aE-3e g R S
T U & feafq Yope-iea o &1t 71 9ok faudia afk
& ST FIU A6 Gl §H o HRU AGHISH oh Fqh
H¥ed@ P =P 1@

v =y2gh (10.15)

7g fadt e w9 9 i@ fyog &6 =@ ©
HefiehTuT (10.14) 2RO o fagia &1 g e 2

10.4.2 Se{mmdt

Yot et TetET W § FaE-A A =
T R €1 S T IS o el Ao gt 8 free
e | Bie Wehivi 2 © s (s 10.11) | gwifen
T 21 3HH U-Tell & ®9 | Tk B, fest th
ol =t T o g den Sud wepfud T 9 §E
Bt © S o (Ferst 10.11) & g9t e @1 AAde o
p,, T 1 T W B T 3W IR G A
<t T T SAFA A 7, ¥ yaifEd 59 1 A o,
IO B 1 Weptad W W, HHISRT (10.10) ¥,
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ElS| Uz=gvll 9 el TR [h= h, % foT,
TSI (10.12)] F1 ST F&F Y U BT ¥

1 1
P+ 2— pv,*> = P+ 2— pv?> (A/a)?

ferT 10.11 20919 @71 7= sRE|

IE FEIR U el i Hepfad g | ET i i
qor H W & e Wkl SO &1 qSTet HY
S H S h @R HT AT F)

1 AY
Pl_P2=pmgh=2_ pu,* a

foe <et T W e A

2p9h) (A )
L= [ - ][(a] 1] (10.17)

=9 fagid & 9gd ¥ W 21 WX o st
oreIferd aed | etk § St () gt @
e o g fq o o1y yefed Bt 81 G T W
<1 B @ gEiery Yot (Treief) offeR T #iR
R H =@ foen S € i <ed & fae arg qen
SU9 1 Wl g0 o 8 9okl fheed 79 A gfie,
FIEA I, BT qo1 WRR (RfET o9 10.12) 3 &
fore steran swicAmTl o fogswa o fau w=m 5 @
S el 36 fagid | w2

P seEvor10.7 o AT : foRdt qfesa @ &t
It ¥ H T A1 v fRdt S ¥ e
wfafda foran smar 21 59 g & <ie 9w i
STIIEY IS 1 &THA A i STIIEA HIC ok
&%hel, A = 8 mm? o SR 2| gfR o et
9T 1 &l a = 4 mm? B ¥FA W <9 B
24 Pa & ¥F T % YA 1 =l F 2?2

el WRUM 10.1 9 W 1 ¥9@ 1.06 x 102 kg m? &

2l m?ﬂa@qﬁ(éj = 2 | IO (10.17)
ST Hh

_ 2 x24Pa
' 1060 kgm™ x(2%-1)

_ -1
=0.123m s <

r I @3

K g

[sr=

ferg10.12 S| feq $e9 @9 R a1 [Aerera &
e Baa®y U 1 187 W 39 9 &
ST 8l

10.4.3 T UaTE 317 ge arder (oot a1 ERT)

It H Sel faSid ¥ W JaTE i 99 | "o
Toerdt %I TEH!T Hiad AR W TR (Pluque) ol
STHTE B o RO A Hiq | Hehiol g1 St 21 g
Hhd oMl ¥ @ yaled wOH o Al &39Sl
Tfafafy W et Wi Ug waT 81 39 &% W %
WOTE 1 =Tel 9 Sl € 3 il g T S @ qen
el <M o R YA <o STl B €S 56 YA ol
Gie o fu T i et 3@ @1 S9 €l w5
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HieTeRT e T SR Ag 1§ efed Bl ©, T
e A R ST €, @R et g <e ot 81 56 el
IeF B Wehdl B

10.4.4 Tfder Ide (faw=e)

et five W TR IeTTw T 99 Bl 99 T &
WA | 7Ifd o RO AGAE o 99 T, S a1 TR
Tt 7 W HE WA 99 frehe, 2F, SgEra @
et & &0 3@d ¢ fF o ® St g a1
Wl U9 9 g Sl 1 39 B i A ®9 9
et Fagid o TuemEn ST Hehdl 2
(i) Tomm & e 1 oo™ : A & arey fomn
A g o =R R 5 10.13(a) § ¥R@™
TR 21 uRREet %1 FHihd o 7 wwe §
A ¥ 7€ o SR A = T fogetl W 3T
AT THA €, F9E SR g B 71 ST ] W
TR HIE Sl ALET AUHE I @l |
(i) T FE T Y AT : =IhUT HLA §E S T WY
97 I T 71 A werw GEa B Al st
g TR S R et g8 nfaue i)
YRRET? [f5 10.13(b)] 9T T §) 7% 3T BT
AR =TTl © q $9eh TTvey a1y N i SR werdt
21 ZEf, g o S a1 1 o7 &6 Sl & AR
F we S € (@UE 10.3 3@) | U W@ SR
St Bl

k)

o H ST o HROT FU q1 e IRl W FEim
I 81 W & T 7 W w2 eyl oot
FIAN T YFH F HROT IS IH TGF SceTFR h
WEE THS (Magnus Effect)ﬂ%’@f%l

TEAN o U@ AT TIRIREA U ST
e TR o | alfas fgen o =ea@ @ @ o=
10.13 (c) ¥ fe@m egar fafire AR @ 3
TEFA T A Ieadeh HI 1 S o0l =
o 10.13 (¢) o STTUR aA o T@ i ATIL
yRRETt gefia 21 Sd TIwisd gel o faudid
Jdl € 99 TGl 1 R JATE o griel fEepfam
YRR 1 T@ oh SW-A19 hi TU& THIY F
2q1 21 gaTE &1 T v W fie S A= w5 w B
21 SUh HRO SAEl g0 § T@ W iR IeAah
Ieq= Bl € 3R T G % 9N i Hqfed S
21 =1 ST s <@t B

b 3QTEYIT 10.8 Tt quia: wiika argn fomm &t
Tefd 3.3 x 10° kg €1 391 Fel @ &AHA
500.m? | 9% T FAf¥=d 9 W 960 km/h Fi
el ¥ SE @ 21 () TE o FUY qe Treret gt
o &9 JEIR Ahfed hifsgl (b) Fee 7 =t
Tl | S0 I3 W 91 &1 91 H AR Ifs
AThferd HITSTT) [61g o1 &ed p = 1.2 kg m?)]

(a) (b) (c)

fer 10.13 () 3T @ e & THY @A (b) T g T et & (ke @ ToRT a1 @ &1 RITaE
(c) TRIBTIT & THIT T o arcit 91 5 HRRET
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Fe (a) TER 9§ HLHTE 9 ¥ ddfera a1 faam
1 AR §
APxA=3.3x 10°kgx 9.8
AP =(3.3x 105kgx 9.8 m s?) / 500 m?
=6.5x10° N m?
(b) THIIO (10.12) ¥ TH IYAE o FI4 T8
T el II8 it HEAl oh oIS AR 1 YA R I
g1 q9 Top &= @l

APzg(vg —vlz)

TET v, A F TR TS F SR 0G 0 v, I I
et g o A= = 2l

2AP
(Uz - U1)=

p(v, +vy)
afrea =
v =(v,+v)/2=960km/h=267ms' T R

AP
(UZ _Ul)/vav=p7z 0.08

@l o $ I F 9 9@l o A 9 H G
T I § had 8 % 3Tfieh BT =fEUl |

10.5 IAECT

et T TRl A Fel B a1 8 M H F Ty
TTd B O T § 59 qiale b1 i JY0 % w9
o <@ S Hehal € S S | g8 W Nl W Seq wuy
ST B €1 S8 YAl hed 8| 5 59 i Hael § wrel
T Bt © q9 Te "ol Sufked B 21 fa 10.14 (2)
H T STER 4% e i < el & o9 Th g9 59
1 I od B, Tl e w1 fer W@ ST sefs 9l
2 i FHM 1A ¥ el ©ie %1 e s g At
I i e O fozenfug & o 3T A 9 wie @
= o foaq 1feres ot 1 STavaeRar Ml 39 €Y
Tg Tk ferterd & o ot ot gorl § 98 1 v
aAfereh 1 Y3 & Wk W Ol 1 O IS ok o ok
T 21 81 371d:, 59 1 S Hag o Gk H T v
AT Y et @ SR Frerel fier Hde o dueh § atel i

e Feo 2 Freeht feor e & (3 3 S8-3
FIR WA Hdel B AT THA TG F qgdql Sl © al
Tl SIU T8 1 9 v Bl | ferelt oft 5o Hae &
U, 99 SR 1 Hae 38 M H1 S Giedt 2 St
2 1 Hag G H1 AR Si=d 21 3Hh FRO TRl
o e o ol 3= 8 Sl §1 38 YN oF YeE i
A YATE HEd ¢ 99 e W W =99 fhae W AR
T M T 3ok O Thuerd & S8l o 5o 1 I
Th TR W fEgerd €1 fhdl oy o1 <ge | 59
T 9Ed § df <99 ok el o SRV %9 ki WA H
JoId & I8 HH B S € 3 37d H I e e ©
[ 10.14 (b)]| T A H SRR 68 T o feer
Tl B

|Ax=vAt

B E

fr710.14 (o) T GHIR i< &1 @2 & &9 @ 59 &7
TF wd frgd wia #1 fach wie fer &
e S wie v & § e 3R TlaE 8l
(b) UET § ¥ YA€ & fora @ farawon
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9 Tfd o RO 9 b Tk T S fRdl gud
ABCD & &9 ¥ o & UHT a0 (A) § AEFD &1
wEY o ol B 39 HHA aUel W ge W Ueh w0
I Ax/1 Sc0=1 &1 St €1 =ik wefed 59 o g0
o 9gq o ITER fashfa sgdl St 21 S o faada
A g urn e @ T ufdee feepfa w1 stden
‘forepfa aftad 1 < = faepfa 07 erefd Ax/ (LAY
T v/1 G el 1 W feman S €1 A ot
(== ‘5e1") ki IR &Y Yfdeel qei ferehfaet
& w9 ° & W 2,

_F/A_F

v/l vA (10.18)

YAl 1 SI A @S (Pl) B1 39k W A
N sm? @ Pas @l ¥Fal & faamd [ML'T] €
AR T el Fail S I, Teshleel Mg e aeeli
S IR, T, frergde onfg &1 e1dan %1 ¥9H e
g1 o W Wl % AEA [Olh 9RO 10.2
eltag €1 & T 91 Sl ob o © < el i s
€, S 3fveh foy Iereh & Wehd &1 WROM 10.2 ¥ A
Gl o SR W S i gord H W AU e
(tferk wAM) B1 T E T HT AU ST
(17/n,) AE-TRER 0 °C 37 °C % = TR Tl 2|

Ta 1 TGl O 9G4 W uSdl ©, Sk Tl i
YA A9 98 W agd 2

p 3TTEYUT10.9 0.10 m? SAFRA i HIg HTg hi
e fRdl S/ &) Fear § S Ueh 3Teet oAt
(for wefa Weq, qen =mu Weq am =1 ?)
IR ¥ T WKL 7, 0.010 kg Wefa 9 o
10.15 @1 wifd_SEl R 59 @t fved
0.30 mm I 1 &, U a1 ©i o ofte Tl
T2 21 g T STH W @2 0.085 m s i 3TN
el © <€ SR T B S 21 el T A
Tk 1 hifsTl

2020-21

‘0.01 ke

fere 10.15 59 & YmaT 0N &1 A1

ge7 S0 H GG oF &RVl g i e T ST TIfa
FHI ¢ SR | FE e T U § et 9 fefiaa
YU o MR mg o e €| 37d: SFaEI

F=T=mg=0.010kgx 9.8ms?=9.8x 102N

g W ATEIY] Yiaddd = F/A =

v 0.085
PId W= 1 0.30x107°
n= IR
forepfa =T

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

=3.46x103%Pas |
RO 10.2 & el i Ia=dl
A T(°C) JITET (mPl)
Sl 20 1.0
100 0.3
T 37 2.7
T T dA 16 113
38 34
o= 20 830
IR 200
Rl 0 0.017

40 0.019
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10.5.1 i @l |

G Se Tk Tyve fordt dtet 9 firer @ & 9 et
Hueh § el 1 Tl I i Eiear 21 awel i e
Wl § et g S 8l Sl @ @Ik uRomeeeEy
fiug us IROMH Heh o S9E HLA1 ¢ TAAdgdh
iRt g8 O &1 93 ae e T il gl dleih
Tt g o F QE ST 1 R q@ T © R
IF 9 faue &t T o STurd! 9o 39e! fSen o
faudia w3 21 T o A 59 W 5 F
st ® 9% 1 WEA 7 99 Wl 1 BRI a?1 TR
U SR T SISt i, T2 (1819-1903) T4
FU o F T dew g Fretud T @

F=6rnnav (10.19)

™ Wi #1 f9m Fed €1 T8 = & fEm
At T8l &l

AT 51 R I8 T T ek S S
a7 o A g1 Rt v weem o fivd fuvg o
AT HIh TH THHT Hewd A1 H Tohd 2| T 99
H et s ol sl o5 W &AM higd hd B1 3Ry o
IE o T o RO TR Bl 21 S-SR SGRT A
Tl Sl €, Heeh A ool ff sgdl S 81 3fd § 5
9 R HRRA TIE 9 91 Ieeled 9d, Tocd 9a oh
qed B STl §, d1 =2 St 91 R I € Sl ¢ I
Tt & % SR O ¥ A # AR frdt 1w
staeen ® dwig 9 o T gr feen S R

6mav, = (4n/3) a® (p-olg

ST p A9l §g d et o U9 Fefd o
&H I B ¢

v, =2a® (p-9g / (M

3Fd: HHIG o v, el o SR ok ol o H R
T € A1 HIEAH & AT o GhHMU el 2

(10.20)

79 G o1 ST 6.2 W GH: 4 T Hehd B

Laag'wno.w 2.0 mm =21 arelt T el
7€ 20°C W 6.5 cm s THIT 977 9 dc & b |
it @I 81 20°C W 9 1 TAEA H1 SAHH
HIFTTI deT T ¥4 1.5 x 10° kg m® a1 drel
%1 e 8.9 x 10° kg m™ |

g7 W v,=6.5x 102ms’, a=2x 10°m, g=9.8
ms?, p=89x 10°kg m?,

6=1.5x 10% kg m3| FHII (10.20) ¥

9 (2x10°) m®x9.8ms?

n="x

— x7.4%x10°kgm™
9 6.5x107" ms

= 9.9x 10 kgm' s <

10.6 TS dAE

3O @1 B o ot qen 5ia orad o el ferd; s
hT AR HF T Y a1 B W S H AL N
e 9§ &l Fadehar feheg So1 faaes ST 8; Tocd o
1 Sufefa & off 9ot € 1 S § SR wG W 2
@ 91 T U o 3 1 Ul qeh S 38 W €,
% g9 % &1 g8 FH R R U H I W of
Toh TR Y T Fauehd wifehd w9 SHeh S ' €
Tk 399 A S 21 A SR UH & o e el
1 Lo TaEl © Gered &1 gl i e Fived ekt
&l Brdl, T ST 3191 ek T STa g @
o 3% fondl U SSerd € dl IR Tk T IS
B 7 I3 1 o e ol eidl 81 g9 T
1 53 TG Hed 2| € sherel %all | B Hehell & SR
i o I T IS T BRI ST T 39 URESAT i
T T FI B 2
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10.6.1 TS St

T 5o 3T SAUET S St ARVl oh KR TR B
Ta o fid Tk 1] SfSU) SHARHE SRE g
WhR 1 B € foh 7Te 1o SR Al Wl wRArope whi
R TR i # [ 10.16(a)]1 39 STHY0 &
IRUTTEEEY TSt o fau ot feafast Sel a1
Bt 81 Teerfas St w1 uRwmor 39 s W R 2 fe
9 91 U Y oF IR SR 7] fo=me fRd g
foaafta € qen St S o B g @l eruget &6
fgd fearfast ot 99 Bt 21 78 39 de7 @ T
o 39 YR ok ST0fstl o forelt Toe (39) & oH &t
3T 32 T TR ¥ R fa@ (s o arofierd
) oh TI St shi SAevaehdl Bl €1 e Ao Sl
1T 3t gt &1 U ok forg 78 S 40 kJ/mol
o I Bl 2

39 59 °F I3 °h 9 fRE o1 W gw fa=r
F%d € [ o7 10.16(b)]1 59 o Fia¥ o 219] &I ol
H g9 o oMY 379] € 9 SIU] 1 R €1 T AT ok
TN D BN TEfast el el 81 T T &Y
Y IE o o A o U] W 3TUeTehd %A el € i
St qUiET ¥ T T T8 NN I oIl o STuel
el Bl ¥1 39 YR Rl % % N3 o 210] ki Sl

5 ok it Srupel 5 ol § P Afuss el 81 er:
1 59 ol el o STIER, FH § F A IO
&hel T T T H &1 TS o ehed | gy
F o T el @E wE Tgdl 21 AR g
UREeAe il g9 SE 929 % Us § §uE Hehd &
ot o70] ol g3 R WA | foha o STevash gt
22 S foh S oA fofe S e ® T oEn )
%1 YU &9 § 33 § a6 FRIeH w1 el oF STt e
& Ui AT 1 o S e St =fe)

¥d A @ g3 A 72 <k 59 safaid wfaeiier
Ul | 1 € o7 Ul T Y T g3 T B TRl
[ 10.16(c)] 53 33T &1 Tz =0 W FS & 7]
R FT T R I F TeH A & Sl 2

10.6.2 USIT Sl del S oA 1d

3 Feft R, S TR 3 kT feR T g S
T Tedl foem fran ® 6 <9 o g & Wiy Sl
Torg Bl & SR AUk 53 Ieq=1 A =% df g 3R
aifsh ot @™ wE B 3 qT H 3d YR
FugH o foT ga 1 T UE &fas fren W faER
FIST S fordl T 98 W g9@ B © S HHie”
v W W & fau w@ds @ (e (10.17)]1

z
AR

a

K °90 o
%o —®
o ® 'ﬁ’ AN
(a) (b)

YA

(©)

fer 10.16 fdl 59 7 T8 W 37T 1 ST SIRG T Tl BT GG () [T 59 & HaX 791 379 TR 37 3737
& FRU Tl H WA T 81 AR wT Red sty srerer faensor i g9t €1 (b) 7€t e 59 % g3 & forq)

(c) STFHTT (A) T FfashoT (R) Tl 1 TG
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—> d\<—

i i
F
(a) (b)

fer 10.17 f&dt fFeq &1 a1l (@) GgerT ° &% freq
(b) o1 SAfaRe X1 aeh aiad fwed|

M e gremaen ¥ g1 fod o 39 S ER v
%1 fordlt B W d T T2 1 4 fhed &1 e
(31 Y3 T &hel) ¢ A ® IFd: o7 Trepr W
sferer STl BRI 3HeRt 31 @ fop eniafie a1 & faada
73 fohan 7= 81 W TE At I F R dl SRifua
ot g1 el @ wE F.d = Fd ®1 Sl W& o
AR e 79 forew # wfaq sifafem sriafe s 2
AT o e =1 i Tohish &5hel 758 ST S €, 3K
HAfafier 8wa 2dl 21 et fifed o &1 aivdl B @
e offer & %9 2ian © o1a: fhed & 91 %8 B €
a1 tfafea i

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

R S Y8 TE w1 URH 71 qE o o Ui
Tehih &5Thel 1 Y el 21 98 =ifeid © 1 ufd
Thish o W A N AR =5t 7

1eff qF TH Shael Tk 59 o IS 1 < i T
3Tfieh WM €9 | 9 A oF 591 A1 3 681 W
o e =ifew) 37 feaf & gkia o=t g o <Ml
3R o werel W R B @1 SIevoReEy A wref
o 370 STH W Teh T 1 SR L & dl g
FS HH B WA W AR 98 TH TR Bl Ffaehioa
F € d Y& Sl 9g ST 39 YR 3R A
U ®U W B e Fehd € 1ok JIg Sot <A1 it
o Hed TS HT ol € A T8 I W & R 2

SR == & UR W f=fafead Jeor g
FW R

(10.21)
(10.22)

() IS T 59 q1 = fRdt ured o i Ay
& ad § Ufd Uehleh oialE W R o9t (316
Ui Tehish &ThSl i I Sell) B U8 59 &
iR o STUET i garT | STagss o STfstl &l
arfaftem oot 2

(i) TAITS o forelt off fog W &0 g o« (Fw =
rfafier) ® T T ©iw Tehd § a1 59 W
Ufd TRl e W @1 o eleed GRATT H FEHE
qen fen ¥ fouda g3 a1a 9@l S 1 Heul
THd ¢ T8 Y wrEee ¥ ¢ iR fues s
o T U W IRATIET STan STufst w1 W 1@
1 HETl HIfST| T @1 o 918 SR ILATT] @1
1 YT A Wi € a1 S 39 W@ o T AR’
€ o 30 AT AR Wiwd &) e 1 feufd § 7
TS @ e § g €1 Al o ¥,
@1 IS 1 Gra T i e st @ s
fop 151 10.16 (a) 921 (b) ® <91 70 B @ Shere
I 1 AR Ul ehish ofelE W o ol ad ST
qRoft 10.3 ¥ fafy=1 5@ < fog g 796 o 71

fEu Y €1 g% e 1 HE A9 W AR e ) v

% THM B 1 T I AIgfG o 9 HH Bar Sl

2l

AR 10.3 ST 7TC A9 W Fe g6 & I3 T4 qdl

TSI ZHTHT

L) EIE)

G C) St

(N/m) (kJ/mol)
Siferad -270 0.000239 0.115
SfedsH -183 0.0132 7.1
THHA 20 0.0227 40.6
Syl 20 0.0727 44.16
i 20 0.4355 63.2
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sfiferent

I T-TY TN TWA-ATg TR Seliadi oh 4 |
WA qU1 3 H YA ol wH ¢ Al e o 9
foqehm 31 qe1 %9 S § Sehv Wl el @
99 10.18 H IUHI o 3@ o TIUR TH T8 Y
& A9 T 71 TH =99 Afqs wiE H we e
e ferelt o= ® %9 91 R, el BT Tk ol i et
Bl o & dfae fee frm &l o 9 dig I
@, Tl o EA 3R o1 T@h Fdferd L od 2|
%9 W W I H Gl TR IS B Ak T8 Hid Bl
e o A AR 1 B W ol 3R g8 e ok
HRU T Tl A HT AR Gied | 36 T IR FH
92 TEd € 96 deh foh @i g9 9§ e 31 7 8 W)

B

feare 10.18 I8 9 A9

A ST ey afifed IR w1 e
10.22 TN F&l &1 T == 9, §9-91 RIS 6 TS
LEIC)

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

STel m Afafie Hefd qe | = &1 @i o e fHn
1 TS ¢, TEIER (la) 39 A2 T T HI1 € TF Tl
FA-a1g SIS e wiferd

10.6.3 HUH 0T

fordt o= meam & dueh 9o o e X9 & U3,
AMAR W THF Bl Bl Gk fog W g 7% W
TIYIS TN §9 o 31 3 RS W TIRSAT o o hIvl
1 Haeh 01 HEd &1 38 0 W YR HLd S| gall qe
2 o fafv= gl o stquysel W =g fo=r-fa=r ghan
21 Heh IV T A e ST 2 foF R IE 5o fohelt 3

(10.23)
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o T3 W el el 38 W S S| SERvRaEy
St T 10.19 (2) ® S99 70 B, A o W W U
F g T W T WiEd @ W I et
St 2 [fes 10.19(b)]1

S,

a

&
<

S

m\l

sa sl

(@)

(b)

1 10.19 ITYST & T & @1 U 1 g4l S A=
3THR (a) FH & TH T4 R (b) Th o8 CNEH T2
W

319 B9 dH SIAYRE TAEl hl T STaTl W
fore shed €1 St o f 10.19(a) @@ (b) | <eien
T % ¥9 59-a1g, S9-9 qe 39-5d % I8
TGS, S, S, ¥ Wi €1 i Mt o gt | e
o1 TYeh W W grEen ¥ g =rfeul 5 10.19
(b) ¥ B9 = ey ca=1 T Wbl B

S1a cos 6 + Ssl= SSa

Ik S, > S, A T HIU T FI0T W S R
I GO U T SFAYSS| S 9 'S I @l 5 %
3T0] Th SR h1 AR el W SMehTid i © qel 3
o SISl o WY oA €9 Ul 939 AL Fl
I | agd Soil o9 Bl €, oI 9 59 39 i e
i O&n 9 = 9 o g8 W U ok Wil Bl ©
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T IR F WY fRe ff 9@ W HG 3R, AR 59 *
5] S % ST A S S PR SR B
g, @ T8 S, I HH F M TEAY, cos 6 T Hhal
@ o 0 W Bl Tehdl 1 T O =IAHI0T €I, Tl U ok
W= I wles W EH 9§ 8 © o1 gt o qel
fordt off oeg W (T€ hael Het W )1 FEA,
YIS qel T Al aeqd, el wHE &) oW 3
fHerrn S € | W9eh 07 B 8 S @ el ue
et fex Tt w9 81 S €1 U qen 39 o
e TYeh HIv 981 HH & foIw U | el GehRE
1 foet=n s 2|

10.6.4 5= AUT FeTalcl

TS qHE 1 T T 9 ot ® &% 9 o 9ot &
Yd kT YT I W Tk A K9 I A o3 qel
TGl MR Bid €1 S0 56 qe 1 a9 <@l
ZhM: faviues T €9 ¥ =9 O el W 37 Sie
T g o el BRI Q1 H, a1 I THH o qHA
TAIT GEA o e H S q9 gereet e € i e
&2 U o Joigel fohd wRoT T €2 S R 'w
IR-aR == R @ € T fonelt ga-arg iy o st
B B o1 R U U st o fore Heiifiren womh
T3 9l et I3 dhel gl A €l el §
T BT €1 B9 39 T2 i 36 Yk W WeAnid el e
Tohd TR 3 @ 7€ i HL Gohd € Toh 39 ey
¥ Tl H § 9 Teh 5 i qorl § de €1 3 AR
o 96 A1 3T I (3TN ag-Hfare) Fegsmet
g dl %9 #I 5 et B 2

U3 6 T Teh 1= ek IO I8 € TR 9%
o iR T I I F G F T H AE T 2
(e 10.20(a)]| A SfSQ 552 * *E Ta 58
e | g1 9K 36 o5 &1 Ben | Arst gfg w5
A A A R s A

[4n(r + An)2- 4nr?] S = 8nr Ar S,

I < qreEmeeen ¥ € @ @9 1 T qe el §9%
o iR Tl STed o @I (P, - P) o 99E H JER

(10.25)

o N S gRI U 1 T STl W Hdferd it &1 T8t
Fd &

W= (P, - P) 4nr*Ar
o

(P-P)=(2S,/1

(10.26)

(10.27)

e &9 H, frdl ga-119 fauyss o foy, 39
199 &1 TR @ &1 A Fadel 9199 i 3R o <4 5
T @ 31fueh el 81 33l o faw, 4 fredt 59 &
iR FE a7 F oG €, W T a1 F oG
a1fares /@ W B [ 10.20 (b))

(2)

o7 10.20 r 3591 %1 g5, a1 o Jorgen

foredt gergel [f9910.20 (0)] Y e foRdl o=
e Tt Tfgept @ F=1 Bt 21 geigel | | SRy
Bid &1 ST deh o YR W fohell gerael & fag

(P-P)=4S,/n
FHFad T HRU TG 1 gAgenl a9 ok g

k! F Aol W el gl B, W Sgd 3t |
AR Urgl A e AETTH B

(10.28)

10.6.5 SHiTehIE S=a

T gUids 9oa fordt qaelt el § o o faeg 5
F FW IS (I=F) Tordl afshd ga-a1g 3TaUyss
o I SR @ H SR e % uRumEEEy 2 e
o991 H 915 Capilla o1 372 & 91 31efiq ret| A 1
Tl hET I WG T & @ W AH § I dga
fereR M S 99 bt <@ ok foe foRrdt Ut gRTeR
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I %/7%

(a) (b)
fer710.21 SR 3797 (o) T T R Gt a7 d gat

&gt gaet Fei P71 FaET IRWG|

(b) STRTYSS & T HT AT RG]

3TWE FE (B @) 1 Feafer hemelt R fa=m
F & okt Tk o oot 9 ) FeRredt gt o o g
2 (fes1 10.21) | Ul de i § Hoeh o1 =g el
21 TH YR ohivTehT | UM i IS Sfedel Bidl 81 HeR
1 & o ot g o <A 3T <eier B

(P-P)=(2S/1)=2S/(asec 6)
=(2S/a) cos 6 (10.29)

T YRR, Tol & Hiar TFawge (arg-IoT
ST ) UT TeT T JTa AU Tl § T &
fer7 10.21(a) 5 3 fagalil A@ar B W &7 g
FINTT, 37 I 9T THA TS g1 =R, 79iq

P,+hpg=P=P, (10.30)

el p ST T T AT h B FIHIT IIT
Fea & [RI7 10.21(a)] | T (10.29) T (10.30)
T ST o §H U W 2

hpg=(P-P)=(2Scos 0)/a (10.31)

&l 1 TS 3E fadm qen Sl (10.26) T
(10.27) ¥ 98 TI= € N1 ¢ foh Shi¥ehta S=a o1
HTUN I3 7 & Bl @ o A o QT i
BIM| ok A1 ST qaell shfvrehl | gfoedt d d
I S cm 1 HIE HT BT 21 S & forg af
a=0.05cm ® d I % Y83 T (FROT 10.3) H
I Heh BH U B

2020-21

h=2S/(pgq)

B 2x(0.073 Nm™)
~ (10°kg m™®)(9.8 ms2)(5x10"m)

=2.98x 102 m =2.98 cm

I e, 9 go-oess (AFER) SUd @
S/ fR TR H g € e1eiq cos 0 HOTHS €
TN (10.30) W 7€ T2 © foh hyredl o o
ael = iR ST ® ererfq hfveRta e g 2

10.6.6 3TUATSIeh 9T U3 d-1a

B S0 U q1 qA o IFT-es ORI TS Gl ST
Wi ¥ 9 HUS] I FA H AIANGR AYA WG
HicTehy, T HUS! i Gelleh ql Teethy | d 2|
3TEW 39 Wihal ol el wifd w9l

ST | HH W IS o I T A Bl | SERT RO
Tg ¢ foF ot 11 ot et 1 wien e wLar; sreriq
7 <Ml o ST Gueh I3 1 el Sigd A Bl B
I} It W 1 el X Fhdl 21, T ST H1 Ja8
IS %1 BT Wehdl oIl FS 3H YR i Feifa 7oA
SN U K1 Sl B1 STqHISlRl o e1v] ‘RERfUA’ &
Mepfa o B B, TSt Wb fqw St 9 emmesfia @
2 e v fow WS, det steren WM 9, SR 39 TR
Y U] STeA-del SIS S HT TIH hid 1 THoh
gfome 1 fo 10.22 % o= o %8 & €9 H 3@
TR

STOT AT H, 9 TH 39 TR Fodl foh STIHISIh,
f9eh o10] T R W 5@ &1 den R I | 9
ST It i epTa L & S I oh @1l fieret
TS G STl FH HY 0§l T SAAYSS A
ottt 3fie ¥ off et ©f Tha1 & S sTomSie
g iR 7 & Mo g4 9 9 R g0 I feemnfa
3TIUTSIehl A heel TWE o fore € &l o 9
A Wi TRl 1 Hiawita o «ff wewegul g 2
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Soivie "

srquries fHem W Su etue & Jefi
BR 3U WA HT AR M F T Tl WA
ool H0 9§ foer 2

AT BN o U1 T SR T
[ HU TR A YIAE FRI ST
& W )

fer710.22 ST9ESIF &1 HIEIUICA —  STTHTSH 3T9] FIT
#Xd &' @ Tl 4

b 3TEY0T 10.11 2.00 mm IH i fodt

heEl o1 Faen fau st § M 511 o 73 9
8.00 cm ¥ A% AN Sl B el o S |
Td fR W rimela gagen $ar o fag Teft
o iqX STEvdeh <@ F1d hIf| FIN o qh T
S 1 Y83 @ 7.30 X102 Nm! €1 STl
T = 1000 kg/m?®, IAVSH™ € = 1.01 X
10°Pa d21 g = 9.80 m s2 | @ AR ot
qRekferd shifaul

gor Tl wa & iR 19 o golgel & AR T
AR = 2S/r, F&l S FA-TH FRYS HT TSAE
q r ol w1 B 1 9T e i, s e
T € 59 gs 21 (fored T F 5o w1 9 o fag |
Td SIS Bl ®, o7: SH YOl H T SAHe =
4S/rF] Bl €) | Jefel o L 6 P, = agHveeE
T + 8 cm Sl WY I FE| AU

P, =(1.01 x 10° Pa + 0.08 m x 1000 kg m™®
X 9.80m s?

=1.01784 x 10° Pa

37d: el o I 3@
P =P +2S/r

=1.01784 % 10°Pa+(2x 7.3 % 102Pam/10°m)

= (1.01784 + 0.00146) X 10° Pa

=1.02 x 10°Pa
~ffeh Serden rdela 7, or: FET hyrel i e
1 & Torael i B 7ET T 1 (SW A e dF
Tiefeh 3Rl aoh femen T R1) doEel % iR T

ST 146 Pa Bl <

RISt
1. @l % gAYd 0 98 © fF 9% yeifed g (Sed) 21 T epfa ® uftady o ufa wal o

IS Ffler TSIl 3Td: U i 3Mehfa alel 1 Shfd w1 i &t 2
2. %9 U ST 7 TN THHT YA WA IS el 7| TG G BNt € 90 I Ak THE

IYAS AT (FH) I 9 2

3. IRk fohsl W g forelt &P A W R Sifsiea 9 F 8 df Si9d <19 P, ki 9 qe1 &
% UM o ®9 ¥ 39 YR qRwfd feman S @ -
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10.

11.

M@ HT HES UEhd (Pa) 1 I8 9T § N m? & 21 <6 o 37 THT U 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

UheT T 770 : 59k STIER foRmeRen o @t &1 3@ 34 gt foget | St g9H = R feod

&, oA g @1 o uReng el R SARifud <1 foe e 56 awel o weft faget den ue e emi
W FARA & S 2

fopet aXet o iR @ TeUE h ok WY W ok oh AR UREfad erdl ©

P=P +pgh

Tl p @ 1 T © T THEHE JET T R

Rl STEAM STIIRY e arct Ied | STuRad Jaretd, STded wd o J&i® fog ° Th dohe
o yerfed e arel 3TFdd 1 IR SHE @l 2l

v A = 71 (0 AT qA A ATHES HTS HT &ATFA)

FHMICT el o Ted o I THIHI0T Hefd TREwT o a9 o SR B

Tcft &1 fagTd : 78 fagid o UR 5 g9 fordl o Y@ & SR A % €, 9 <6 (P,
Yfd Uik T AN el (pu?/2), G Ufd Tehich 3TRIaH feafast o=t (pgy) 1 AN TR
W §

P+ pr?/2 + pgy = Fadis

T FHIHT, TeId: STIREd! JaTedd, ¥ Al aTel T o foll @R 1 Al S |xaror fem
21 I YA 1 ¢ 59 TEl Bl oTd: SR HUF oI Gcd €1 YAl Teor i wifd et
2 IR T TIfds ol Wl HO Hol | &8 <t B

T A | sTuEn faehfa o fau sTueush fdeet i SAavaehdr Fe1 eidl, U sfel Tt aat
TR SATEY Gldeed oIl Sl € df W i o Wt €, fSees wror 3ot srawau) faefa
Iq=1 B Wl B S HHA o 9gq oF WY Sedl 81 STuwYu Yfded e e foehfa w1 wme
T ok UM I YAl UM 1 Fed &

Tel Wefiehl o 319 | 3ref ¥ S wred Wi | ¥ e ©

wre #7778 : 38 99 o STER o 5 &1 e, St @Ed n % @ °, v o 9 Tfaad

?, 9 1 TAMA] o HRU Th Y9 HU0 & F 394 Ll € S F = 6nnav R ek fman S
Gehall 21

et 59 &1 I3 T Wfd Tehish ofane W ARG ot (3126 Uid Tehish &=hat i IS Sl
21 ®), Sl 59 q9 WHld S o ot SHaUysS o qol  hd il g1 U8 o8 SAfdiie ol ©
S g9 o IR (3TdARer) o TS HT STUST Theh STAUYSS ok AUl W BNl B
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1.

faemoia faw=

T Tk SR AT | S BT AR U ThiR SR W STRIT 9o ¥ TR A H
0T Sl € o e wfew Ui § S o e § orded §1 qier o @9 o e Caet’ 1 wEn
fohan TN @ oR oTqe W Wl 1 Uk ek § S U o nThel W Afeiere SRt B B1 aedl o
T A A F 901 3G Ta0g AR A o | GehoTIcTsh SISeld shi STEgaIehdl 2Rl €1 Jl SR
T W o S9-39 ¥l | ® S el o U fog @ g fag o uRafda @ s )

o I8 FaIfa T e e & e ohaet S, S foRdt o 1 AR steren et § g 3
e, W E S el €| 9ad B @a o o {6 W I B €1 el 1w e (S fR
o5 10.2 ()] & <9100 T B, SEeh fafsr=t weten] W 9= 7 ARG B o6 ShT0T SreETerEe
¥ 2 2

3@ ok foru e

P=P +pgh

Tl T B T, T WA AT | ACEINF T W FE 1 I8 Fa W S AIHRR S
g, O] F1 SR SEifee uw fred e o o srafedee @ B

I @ (A1 A @) arEdfash <6 qel agHueHd S w1 ST il B
P-P =P,

TET T < W R T T A A 1 T 2R & e e e e A (SR
wftaferd €

YRR fhHl T FalTe 1 HHf= Bt 21 Tl Jae § &1 9RREn Tk g &l e Hedi af
T e, @ o fog W < umiEnd tw g I FEdl © 98 o S0 o 1 §9d 97 2|
5 el o vaE FE0 g1 ® 59 W el -fagia @] T i 39 TR0 ¥ e v 5o
g fman T & oft o § o =g qen B, [ 10.9] #1 HE HHE (10.12) H KU Mg
uH ® %A g

A9 ST R T % WA TR A el 81 SR 9l YA O 1 FT HA U S
ot T & a9 TG W SHoh WA 1 Agfewe Tfd 98 Sl € IR n off 5§ = 2l
T8 W e i Ferfas S ST oF STujet i feafas el 1 sTdan 31fush BH o HRu
T3 A Bl 21 ] Uil Y W % T T €, F FAaYS W (S S B gUh Hal
?) TS Fofl Bt B1 € helel Uk XA k1 & 0T Tl B

n.° ML'T? I%kd (Pa) 1 atm = 1,013 x 10° Pa, <@
e Y M L] kg m™ s
e ) E T e
ERIECIRIUIED N 7 IML'T'] Pa s or arfesr
(P1)
T3 e S M T?] Nm™ 3rfeer
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10.1

10.2

10.3

10.4

10.5

10.6

10.7

AT

e FHifST =4t

(a) WPk 1 3deN HHE %1 W W I =9 AR B B

(b) 6 km S9TE W AFHVSHA < TS q¢l T AFHUSH <6 HT THIHT SATEN B Sl
?, 7t arEUed %1 faeaR 100 km § ot aifuss = % 2

(c) T <@, UG Tehieh &l TR oM diell ot gidl € qeifd gorsifies < T sifew
Tfer B

e FHifST =4t

(@) TR T hid ok Y T R0 AT HI07 el € Safch STt hi shid o WY Y
FHIU = HIO B B

(b) Hid & =5 GOdA TS W el theld 1 FI1G FH3d & Safh IR SH 7568 T oS
T 1 A A B (TR W H STl hie ] el H a1 © Seifeh I UE ALl
H 71)

(c) Tl 59 1 I3 a1 I8 o &Fhel R R T e B

(d) & H Y AUHSIhl o T HIOT HT AE FHH T AT

(e) fE fenelt STed ot 1 W9E 7 €, & %o §% 1 3Mhfd o MR el 2

Y Yoo oh 1Y Hor Gel § ¥ SUYH VK Bl SH YHYH o e T i Ufd wifs:

() =9 &Y H Kol ol 53 e G S W ... B (Segav/s=an)

(b) TR <Rl YAl 19 G W......... B, STeifen Seli ! YA ad S W ... B (/)

(c) @l SeTEed TUlieh ofiel Sieli o fele STa&qul Hiderer. ............. o SREI €l 8, Sfelfeh
A AT o % STTHHA 2l 21 (ST e fysrreun faspfa 3 <)

(d) TFEh T o sTuladt yamg § o1 fheh Henlviq W yag &t 91 ¥ g ¥ .......... £l
TGN B B (Tefa w1 Geemyael fagid)

(e) et oy g & forslt aga™ <6 Afed ® U&IY F1 =6 ardfas SRAM o J&lis & fog
ifen =1l 1 qorl H.......... Bt 21 (SHfershy/a)

(a) ﬁmﬁwaﬁq@aﬁ?}m@ﬁ%mmwwmwaﬁaﬂtmw
=few, = *T AR =

(b) & &H foRe SeT et i ST Sferal R 9 F w1 YA HI 7, @ Sfera ok o
I el e ¥ g St ¥R e feherdt €

(c) ISR TG THA TlaX % NS gN SANfUq @ i STYAT FE F STHR a8
e gardt o 1 sfers sree1 fafa s 2

(d) Tt o= & I fog ° Fere dTell Tel 39 W 119 1 I JUig 3TRIfu LT 2|

(e) IS YushHM fohehe &1 713 a1 | WacHd YU 1 TR T !l

F TSI o S e 50 kg TEfd i I aferht 319 TR 1 1.0 cm AT &1 T & IR

TS R Tgferd fRT gu ? | afes wel W ) 5 oMRifua <@ A ife |

Rfaett o R A 9R @1 YA feRen T em URehd 3 U ¥ 9gEE T

984 kg m® ¥ &1 T YRS 1 ITART Hich I H TgHSH 6 o fa TR&-%s

H1 FHEE T FIE |

T T § P FIE FEAU G 10° Pa o Afshad Jfaadl i 81 & o g a8 T8

T | 1 T8 T o HerE R & i feret ael o o R W @ S & fory Suge € 2

TETENR 1 TEE oM 3 km ® | T &ietl 1 Suet it |
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Al o AT IO

10.8

10.9

10.10

10.11

10.12

10.13

10.14

10.15

10.16

10.17

10.18

foret gaanfera eTerdaTse fode & Hem 2ifishad 3000 kg Hafd &1 R &1 33H o fag
1 TE € | 1% i IS ATl T 1 STIIE H1E 1 &5hel 425 cm? € | DI e i feman
STfuehan <@ Fed HTA B ?

et U-eft 1 <A1 fomell ® R S qen Heelfee foufie 1 o) Tk ¥ gk FE € |
el STt 91 IR o &9 HHY: 10 cm A1 12.5cm S B, @l <A syonetl W IR ol W) T6H
2 | feafie o1 emifers e 3@ I |

IfE 997 10.9 I GHEN §, U-elt 1 I gemell gt <A galf ol S 3ot KT I ol
o Sl H SEE 15 cm 3R 9@ < WG, df A genstt ¥ UR o Wl H A 3fal g6 1 (R
1 ATUfE T = 13.6) |

I T THIHTOT 1 ST fohet 7t ot fonedt faafirent o Siar-ame o1 foremon 3 o fore faen
ST ekl € ? T SIS |

T HHiRTor & STYEN | AfE fue @ % T W YA @ (S @) H1 9E Y A
FI TIY HIE 3R IS ? TI= FHIFT |

et 1.5 m @& 1.0 cm B2 &1 difast et @ froeda 1 sraftad yome e @1 2 | afg Teft
o T R W ufq Yok T e ot ferad 1 afEmT 4.0 x 10°kg s €, @ el o g
ol o &t e T HIfT | (Faads 1 996 = 1.3 x 10°kg m a2 e &1 v
=0.83Pas)

(3 =78 off Site s =R foh 0 56 Foft § wg Yare i qfeheu T ¥l € 1]

fepeft et arepaT of wteroT WA ¥ S1g-gR o iR el o SR 1R e o 83l W 9y
T A HE: 70 m s M 63 m s B | X T HT &FABA 2.5 m? 7, A 3T R ARG
IeATeh d IRehferd hifSTT | 9 &1 B 1.3 kg m &lifST |

o 10.23(a) @@ (b) R 59 (TAFAEH) 1 aad yare soid & | 37 < fosl 5 9
i FE TEl B ? HRU T HITC |

= ITI/\_.

(@  fr10.23 (b)

et B WY T SRR el shi STIEY IS 1 &5%hel 8.0 cm? B | 38 7Tedl & Th il W
1.0 mm =9 % 40 geu fox €1 AR 3@ A F fW 39 F R W # R
1.5 m min~' ¥, a 98 ¥ B S oTed 56 1 FehmE=-=1el i ST |

U-3TT&R o forelt R &1 99 o faeras § gar s ared e T 598 39 | T Jdqelt
e i ffed o9 T | 36 IR % R R W fFed & 9ueh § ww fhuer amen sas ar”
MR S 1.5 % 102N 9R (&8 581 2191 wr +ff witnferd €) =1 durera € | fheer o
AR HT A4S 30 cm ® | WA 1 fthew w1 53 ar feme 8 2

freifera for1 10.24(a) o Tt Uaelt 5a-fhed 1 4.5 x 102N &1 BT YR Gl g91ta 71
21 o= (b) qen (¢) & =it 36t g3 & fhed sei qr9 W fohamn 9R Sl Wbt € 2 3T
ITR I Uhidsk o o STHER T FHifr |
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10.19

10.20

10.21

10.22

-

40 cm

40 cm —
40 cm

(b)
o 10.24

3.00 mm 551 &1 Rt IR &1 95 & fiat HW ok 99 W @ FA 2 20 °C AT T IR
T3 T 4.65 x 107 N m' ® | 9% argHeeid < 1.01 x 105 Pa ®, a1 R &1 9 & i
Trel-3fee 1 RIS |

5.00 mm T2 o Tehelt WA oF forer o Jerael o Hiat <eE-AfueR &1 22 20 °C a9 W
T ok fIeaA 1 53 19 2.50 x 102 N m' € | A€ 3t fomn o1 g a1g 1 Feiga 1.20
3Mafersh = o A o faerad 9 R e 93 § 40.0 cm TEWE W ST, @ 9 A ok
ofiR 911 <19 ST, A1 wiferg) (1 agEsed qe = 1.01 x 10° Pa) |

ITfafied 31T

1.0 m? &5T%el o STiehT TN oel Tohelt & o1 o= | Seaier faursier Sian g &1 9t
o sfer e € | faurse SR ® = 20 em? &l T HeidR SIS € | 3 1 Teh W S
T 9 B AU T AN 1.7 SATUfTR SFedl o oA W W R | KT AT 4.0 m S ek R Y
T | ST I 9E W@ & AT Tl UReRTd HIFAT |

o 10.25(a) ® 39T AR *1E A fomdt o & o 9 & /@ 1 qSATH ol 2 |

U9 gRI e T a1 FehTer & g A fo 10.25(b) W 9T SER WA ol

2 | T oUW 9 @ qe argHeet™ g 1 WH 76 cm (Hg) ® |

(i) WL (a) 91 (b) ® 9 § ot 719 o fRUe @ a1 yAd S em (Hg) o AHS
H fafau |

(i) AfE HAIHE 1 et G F 13.6 cm F91E dF wiel (IR o | AHLoia) sea e
ST & FehT0T (b) H &R H o1 afierd= eI 2 (79 o 1aa | gu ofie IRed shi Suat
TS 1)

20 cm|

(a) (b)
faT10.25
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Al o AT IO

10.23

10.24

10.25

10.26

10.27

10.28

10.29

10.30

10.31

T U ok TR ok & GHM § TR ST faar fa=-fa € | Tee O o SER U kT e1dan
ot o % 9 T I T S ST B | A A YehIOn § U ok MR W ST o
TAA 2 | A T ® A 9R A9 Y A9 W W U & S aoh Sl O R S 9 o qredish
fo-for =1 g € 2

TfeR-emu o gug fRdt IR o, el </ 2000 Pa ®, TH g2 99 S ® | TR % U
1 fohd SO W @ S w1 @if o § o S-S gow X Wok | (WUl B
T TR 10.1 H f&m e ©)

Tl FHIERIUT a1 T A el § R W W T T w1 /W w1 afas qen feafas
Foften & UREdT o SRR HAT 1 | () A% &M 9t SUfeed €, 998 Aol o e wa
H 7fd e R e | qRad= fomd TR 811 € 2 (b) 1 TR 1 o1 GG+ W TR ot 3t
Ul B W ¥ ? O ®9 H o RIS |

(a) I Feret et & TR 1 WE Yech™ YaTE & AT @A € 4 2 x 104 m T &1 ot
oo | TR-yaTe w1 ifushad =Tet F gF =IfE 2 (b) dRIEd YaE-S 1 ® 2 (R
1 TAMA 2.084 X 10~ Pa s l0) |

g arEH et ffved o w et foa = @ e o 35 @ @ a1 sHek < aal
o Yk 1 &5l 25 m? ® | A% o1 1 Wl 99 o el 958 W 180 km h-! Gl Sudt
TS R 234 km h! §, A I ®T Hefd Fd FIC | (IMF H 9 1 kgm® SATQ) |
fafes 9t 55 W& H, 2.0 x 105 m 5591 A1 1.2 x 10° kg m 5 &1 fHET 9= &1 did
<l 91 82 AN o A9 T A1g FT AT 1.8 X 105 Pa s T | 39 = W g5 | 39H
I fohamT ® 2 (9 % FROT §5 W I o i SU&T HIfQ) |

TSl i o W IR T T HI0 140° T 1 A IR F 9 KO H 1.00 mm T2 T =
1 ot eft 1wk fo e S ©, @ 9N % Sl U8 o WR 1 qor | Tell & i
IR 1 TR fohae e =l S € 2 (IR S = 13.6 x 10° kg m?)

3.0 mm T 6.0 mm 1 1 & Feh 0t et i Teh el SHgh IHI o0 & Gelt Th U-THR
I el I S 7 1 A 39 el | S 90 2, @ 39 el Y IHT Syonsti § R St o &R/
H 1 i & | YA o dI9 W Sl K1 Y83 @6 7.3x 102N m! & | Tasf v =1 ofifeg
AT STl T B 1.0 X 10 kg m? ST | (9=9.8 m s?)

UResfera /areget—smaria g
(@) T8 T € Toh a1 o1 o p S y (il #) o WY 3@ e o FIHR I ¢

pP= poeiy/ya

TET TR q@ T A1 H A p, = 1.25 kg m T y, T FHoaies €1 o7 H 39 e &l
agHed &1 a9 Fed &1 98 Gheurl wd gY fh agHee 1 a9 e war @ (gHard
e 39 Fram @ ura Hifs g ot Wi & g % am frea @@ R

(b) 1425 m? 3T 1 BfaTad | 90 h1g 91 &R 400 kg o Tohe TS i ISM o HH
o A S €1 98 7 gC o S Sed wHa eI i e e Tt @, s ferat
Aferha ST deh W IS?

[y, = 8000 m @M p, = 0.18 kg m* ]
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TR 10.1 & @ (W =0) =T ?

forhTEmeTen Sfierd ¥ U | 90 off ST 5@ Sqef A STI AUy HHd TS Weahl faar sTRY &Y o | 35d 3ok
=R @5 1w o T | T9E Sk R A7, S el st @ o i 919d g5d 9 g €, ¥ ufiedq gu
a9 d & € o R o afeentd et € o gt o a9 g% qoh Tgedl € | Hie e Tw S wiget 3
T STFA Foh o o o [IUd 79+ YRR o 9= ol as T &1 SR T 1 GHS F g H forn
? | WY, o Sdl; SH—gia, @1, 91 T S A SuRgE W @ 9 T S | 39 SR 98 € % g St &
fora-daf o & A1, o 99 & fIUd, g% 9 9" 99 St gmed TE B, woasy W & et s | € e
% HN0 Y g W WM T

26.8 kPa 9.3kPa 13.3 kPa

B 13.2 kPa 13.3 kPa 13.1 kPa

? '
H A

hB

hy
N
F H
~—U
F v N B

o7 10.26 FF YRR & fafa=7 ar ®1 s@fa @ @< gid 999 a9 ded G99 I 16l #1 IRG1T 599 | Tal fmdt
T% g59-=h @ 3iiGa 79 9T T E
o1 10.26 © fordt AFa TRR o fafiy=r fogeti =1 wmfa @ dfea it <@ seie e € | if o o 99 %Y
€, 310: T <& H T % fAw el wHew (10.13),
P+%pv2+pgy=ﬁ9mﬁﬁ'
1 YA fohan S Gehel € | iR Al el ¥ o o Ya® o 97 % (= 0.1 m s!) G T 3TN €, 37d: §H
Tl 7 T i e o 3 e (307 | F T R T 1 g afes, w5 e s () %
T (yardt <) FHE: P, P, W1 P, § WER HeY &l 39 YHR FH K THA T,
P=P +pgh, =P, +pgh, (10.34)

Tl p @ H A |
TeF T AR Bl Saedl o FEW M b, =1.3m T h, = 1.7m B4 & | p=1.06 x 10° kg m™® T R TH R
1 FHTH I P, = 26.8 kPa (il Teehat) qen w1 YA <@ P, = 9.3 kPa WK BT 8, Wk g5 9% 94 §
o %@ 1 YA I P, = 13.3 kPa € | 39 YR, 59 %I Al el 8 ¢ 79 3Tk IRR o el 90T o S
T S e § T SR BT € | W o g2 feufd o 3 <9 e sReR 2 € | S R 56 e o uget Rl S gl
=t ¥ Ty ® R sfie qen vHR fage § 9 STa ® 2R (torr) 991 mm (Hg) I <@ o A o €9 § HH
H @@ S € 1 1 mm (Hg) = 1 torr = 0.133 kPa | 39 J&R, ¥4 W {¥d @ P, = 13.3 kPa = 100 mm (Hg) |

A YRR Fehfd o1 313d THHR ¢ | 38 Frael sl 1 sl § ored g €, St 59 999 o © <19 &
TSI 1 3R Yalled el ©, 91 ST 999 &S & 9 &, 5 & A9 HhY S yanfed g %1 9 i € | Yo fha
AU FAd  GHA cheblel U | oeeh W Gog 9o feman g oft otifen OR W e | 5w T o9 Wie S @ | 3Hd
g T2 el @ fop ‘e w1 feafa o @ @A o faw a1 g fauret w<a o wata ann o w6 o 9o T uge ae
o %R fifere (ufesd-dn) @ e S ® | 9K S8 U &R oed @ orHfd TS e & WY, o < 99 8l S @
3R 98 YH: B H 1 W T |
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T o T 19 1 AT o TIT W Teh SUHOT 1 SN e St € TS et reitar At (Remratier)
FEd & | TS U drel, NeSTEIA qef STAhIHE qeheieh Bl & o Sieet i it o Toree o o) § feorgaea emon ure
Bt € | ot 10.27 ® o =19 |G k1 SR <l ME R | 59 qiehan | S $[S 1 STANT i o q RO B | Tl
FHR) 7§ ToF S0 TR BeT o &R o GHA Bl 8, fEeh sl el W et ¢ <1 i 69 g8d W e o e S
B B | TEU HRO T B Toh SO 9GS W oheael Uk € Ay el @ Toree Ron el e (R argee sed )
%1 Gifed T Wl B |

T et 7 HAE W AT H @R
TR (WeT-a7) Id 7 | Yh WS TH
Yohe W F9 T TAT ol & | Tk T H S
& &<F 5N TR IO R S ® (W aren),
o T3 A YRG0 oF § @ AwHad g
2 o1 59 e ot e € (S gE)
@ T I A B 8 | feRmiEe 9
gfed & S 3 1 ORA @ B A 7 | 5@
w1 FA @ fagiad ag & & arg awAr
(ST ) H QETlEd g aTet Yo & UaTE
&l Sferd @uieT gRT WG TaE @ el
garEg ¥ uRdfdd ferar ST @ehar &1 gefe
YaTE g EAT €, 9T FEe el @t for 10,27 fepriidier aor @eiepiy w1 ST FE
QAT GRT T ST Tehell & | AT AT |

FHR T % TR AR ferqe 9y wie ok
offeR 1 o1 1 T <@ FeRelt AT et St g s (Fe 10.27) 1 HEEd © |Gl Sl @ | GHYeH i b
Fiadt /9 37 G qo agrEn S © fF A o % @l S | e i 6 9 S R+ s S @ den i
o A A RARRT H TR TG T F AH G Fiemsd (AR) H G § | 59 7@y (RR) @ ¥ g1
F B € gER ogd oS- gerdt € | 39 STeudhiely srafy | srafush Gepfud umet o T o Wee i a7 Sw4
T Y& B & FHROT FIAEAYU 1 € | RATERT g A€ 9RO wieee e e & w9 § g a8 | |
FI9 H 91 <@ 3R FH {1 ST 79 €SIk o SR 90 % A oo Gelt welt 7 | qenfy vgsh wy srivitaer
(I @) T k1 ety ¥ I8 6% Wl € | 39 YR, bl eaf 1 srafy srdenehd o<t @it @ | <9 e § <@
SR </ o SR B Wil @l g5d-wsh h1 WHE SrEty W ou gell Wl € | T@iy, 3 ot yare W qe
FIeeul B € | W, o7 R et o T W RARY § g Th W, T Hieed g € |

fepdt At 61 To =T Yoh=A <1 qen STRIIGH <19 o ST o &9 § Weqd feha < € | Rt v T a9
% foTT 7 T& W A 120/80 mm (Hg) &1 (120/80 W) B € | A T =19 140/90 mm (Hg) ¥ fueh & At 38 et
EE 9 WHY T | 3= T A9 g5, [ (Fah) 91 IER ok 37 37 ki T eife ugen wehen @ or: @ fafa
o2 ST ST B |
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T 11

11089CH11

=
T oF aId" o
.
11.1 SfHeRT
&0 Gl W A9 qUn FOA k1 FWest siY RN Bt €1 arg feRet g
11.1  gfiFehr T ql (FTAT) FT HG BT 21 Saerd St 9 9 hdelt 9 ¥ W
11.2 19 Q1 SoAT afer § eAfereh e Bidl @1 ifdent W gd o, qr, e uronst
11.3 9 @9 Afereh Y IR HTA T STITIRA Bt 71 39 1A o
11.4 <Y 19 qefieTor qon T Tg ST o o 1 € SR 39 R HId ¥, e U o9 9
T 9 a5 | o1 YA i fafa= afsmaneti o1 T S| A S
11.5 4 TER 3 g ot 9 4 ok foreht =ermel o dhet o ufey i A W
11.6 fafere s enfia <R &1 1 JeH ¥ Tedt dler W aw A i €, 9 gi o &
11.7 ST Y TR qe TR IO I ST e SoRfid i Y ot 87 S
11.8 1 qReda g off ST TR A B © 9 Sol Seerdl SAUel SHal @ 99 g4
11.9  SSHT TR yfsraneti 1 erafy & goek 99 o afedA &l gian, Tefa SRt /e
11.10 <A 1 ¥ider fm ¥ o 3ok fiqueTd TR vaifEd w2
TR 11.2 T AT SHAT
- e TH T4 °h A4 TUN oF STEFSE 1 SRY T AT HSA T GRS
T Y Tohd §| 9 ql e Vet w1 e W steren gua
Bil €1 fohelt qwf oI ok 19 okl $=9 199U 9% ok T ok aId ol
o 19 wed €1 U fyve st a9 gw fuvs 1 erden sifuss 2
JTUeTIeRd SAfereh T el Sl B 1 oA Sifery, TR ofd 3R e Wt
if aeq den v off emiferr Ux €1 B9 Tel g A 1 euE

Tehd §1 W TE AU Y FH-FS AGTaEHT el € a4 $Eeh
uReR 3 Hifra © for forht St vl o faw sueh i STEm
Tt foran S @Rl

A YAl W B I8 A ® TR forelt qw el ok A wh A
W @l S ok el Sot @ o fierd siddnTen T e S © St
T AF W T A SH A R 3T 7 S 71 58 1ef g% g
for w@ off fordt a%g (M), 36 Y301 § 9% o1 Sfdal STa siefal
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T =, U1 SHeh YRAT HieAw o g | STd¥ MM
T g d IHk IR HiEH o o 39 9Ed a%
FoHT TGO Bl 8 ST T oq qe Skl qRaeh
HIeH HHM 19 T 8l 37 S| BH I8 ot S @ TR
firemg § R faer STl o YeRtor | ST 9AfeRer 9
it § wenfed Bt €, Siefe T = % g |
SO T4 =Y o @el ¥ wdieRor § yeifed Bt 21 3T
TH I8 e Hhd € fh HEAT Sl Rl Th &7 ¢
TSt TemiaReT 21 (3tgar arfieR ) et o
srer ateran fordt femma e SueR aiEasr o st
AT H T & HIOT BIAT &1 TR o1 Soll o
SI T 1 S (J) | F fohan smar & st q
1 SI {15k Shiee (K) ® a2 °C M= S99 | 37H
Il A9 R A €1 e Fordlt o 1 T e €
39 =gd ¥ IRedA & "ehd €1 39k A | 9fg @
Gehdl ©, Y TER Bl Fehdl § 1 Yol Y gl
Tehell €1 STt S # 7w fafi= seget W s
% YT HT T

11.3 0 HOT
AET (2MTHeX) T SUANT ek a9 i T AT
Tt et 81 urell o sgd 9 ifiss o ¥ ad o iy
e qiEde Bid €1 UH 9 Ol ! arqETdt st =
1 YR AR ST fma S 21 9= 39 |
M el U ‘AT % G TR g9 % oA H
RerdA" gl €1 SN & fou, WH Hig-H-5a
YR o qIEIeal § URT, Ueehleial STfS &1 SYAM
fopann i €, TSient T oie URER | S adie TR
@ g g1 e eg gRfed €1 9 qen Tehietd
T 39 foeT SUANT ARy wia-H-ga araHo
T foran S =

AT T M 56 YR foha Sa1 & o
forelt fRU TTT a9 1 *E dE&AES AH R SugE
ARy R uiia fohan < @k | fordt o 7Fe A
o forg 1 Frera e feigel &1 strarvaenan et 21 5f
a9 & e gt geref w1 faAnd uRefia e 2 e
TR o forg whig fruer weel sueey et @1 qenty
v fad f6g #1939 99H a9 W B aeft
Aifger gfeeiet 9 Hafid e S gkl 81 Sta &1
femte qen wo-fag < glaurems fra fog 7, 5=
femier qen Faeris wed €1 A § fraq fag o @ €
9 W Y a1 AFE T oh 1A SIHa1 qef e
2| BRAEES A9 WA qe Sfewad g qraed, <
guRkfed ard AT9sRH B1 BRAETES W9 TR fewish qon

19S5 o WM HHY: 32°F A1 212°F € welfeh dfewad
HIUehH T Zoh | SHAST: 0°C 1 100°C &1 HRARTEE
HoehH W & Hewl fage o ot 180 THM Sfawe ©
e Sfeqad wYswH W A FaUd 100 B

£

212

aa (°F)

32

fora 11.1 BRTETE i (t,) 9 QcHaq a9 (t,) HT ST

T AHAT H U@ o AU eevas Had i
WRARIES d (t,) T Wiewaq  (¢) o == T |
o fohen S Hehel @1 T8 UH W W@ (e 11.1)
2 Toreeh i 36 YR @

t-—32  t,

180 100

11.4 3TE9-TE HHIHIUT q9T WH 9

FHiF-H-5d A, TER T H F@ & wROT I
fagenil @ o= Al o fo=1 wgars <wid € W
arErdt f=d 1 1 ST g 7, =R e e oft
g 1 STAN R ST, TR H @ weAE TS
T B YA TE <9 B Tk el T hH e g W
HUH FHR-STR01 9t &1 o = qf¥wE, s fee <
TE A (FHH) W1 T S S0 i S A
T, ST T 99 (P, V, 901 T) (F&T T= t+273.15: ¢
Yfewa@ T9shH °C | 19 €) | S a9 i e w@n
S €, q ot T R Tf=d |0 w1 < qen St
PV = Tadies o &9 § Hefud eid 81 39 Hee 6, Th
U IR el s adt (1627-1691) S 29 dey
I @ 1 o, o T W SiFA-FE ®ed 8 S W
% fad w@d €, @ T fifvea oo &1 T
FT AFAT Uk a9 Y T THR Fafud T

(11.1)
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sfiferent

V)T = Fadien| 98 a9 %9 ol S = e
(1747-1823) o M W dlcd o 199 | ST S
21 %Y T W NG = Il &1 uer S § R
T GaY T GRS R S Sl ¢ e Sih
fe =fer | 1 & g A4 & fow PV = fradies qen
V/T = froais, safau pv/T o s i e
feu| 59 Ter o STeY) T R wed B 3 S s
s ®q H fora S ekl § TSR AN e
fordt Toher T 1§ T T W e, o feRt
ot %9 =9 *! 79 1 Rt AE1 & faw feer o
Gehdl 21 39 HaY 1 ST I THEUT FEd 2

PV

7 HR
HYS PV =uRT (11.2)
Tl u 9 o wiaeel § Hiel 1 W@ ® qMN Rl
greifser 9 s Fed ©

R=8.31J mol! K

G 11.2 9 B9 ST € T <@ aen s
(T UMW) M9 % SHAMU € PV o T | T8
oy foreht Frord sraa 19 qroardt § qrg oo o o
9 o YA 1 THHR HW S| Rt 19 o1 e
194 W W, PoT 9T Bl 21 39 YR, fRet e
AT G e § 99 o S % Ya) § /Gl S e

AT

/
-2\73. 15°C /

-
_-
| | |

-200°C -100°C 0°C  100°C A

g 11.2 fad e | W@ fF4t 9 59 &1 19 &
T T AT & S1F qTH|

A TE g A

W B
%?ﬁa c

-273.15°C o°C a9
(0K

a7 11.3 <9 T 19 & 19 TF FHT @7 aef F9
e &1 G & 7T 3@t T afgavT GHA
WH I a9 F Gehd HT &

2020-21

o1 11.2 ¥ ST S199R, 39 YehX0T |, S 901 1 o o9
U Teh T @l il 2|

qenty, =1 99 W At 16 W) e T A
qen aTeet e e gr we A o A ure e 2
T ek ferega 9 aiER W T Wey aew § 9o gE
Tdid gl @ T e e e erawen § @ o @ @
9 FeH W @ I T Sl 5 11.3 H 3@
ITER, et 1@l i dfgdfyr sieh frdt eneef g o
forT TR it a9 T TR S SehdT ©1 9 19 &
TM - 273.15°C T 1 T 39 UXH I Fal Sl
21 T 3 fafew o=t @i Shfeed & W W
Shfee o9 HITshH SA2e TH 19 HI9HH 1 SR 2
9 WI9RA W - 273.15°C i I3 o3 oF ®9 ¥, 2721iq
0K foran smn & (fes11.4)1

a fag | 373.15k . ——l 100°Cc — — _{ 212°F

eH% [ o73.15K -——[] 0°c———— H 0 0p

A —<4| 0K -=-—=-—=]|-273.15°C- | - 459.69 °F

o 11.4 Hfoad, Qfeqaq 91 BRA8ES arg qr9%H 4
g l

hfead qem Afeqs® A9RHA o U A i
ST 3791 T9F B4 §, o7d: 7 Al o ardl § Sa
T UFR T :

T=t +273.15 (11.3)

11.5 AU TET

3T o8 <@ &R o Hefi-sheft engsti o o arett
9 JIqcl o JSIRR Gl hl Al hh d] Y A
el & for gaenel w1 Wier o foe 3% 9 R q@ T
S § SO B 21 TH i T @Fehd § TOR e 98
2l € Sl & 3R SHehT =fedl S o g S 8
Zal o Rl | ST 9% <@ B o St foRet et
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1 Teloh IW WA § T 7, A 3@ qoErd ¥ U e
W ¢ S {1 A TH U i SO Sl Y A
fohTel o € df Aot W UR w1 de He R S )
7l YR, T o yeheor H, 32 W H o1 w9 9
el Thig TeE, S Sl § W@ S TX 379 g ST
% Tl Gehdl B Eoh faqdd, e feRdl qofd: et
el T o Y e i 2 E A e A A
% e o R0 faepel SIRY T & 2

g TN 9 3T ® R stk ugref qw
B TR YHIG el € a1 vider W fagped B fheh
%] o 19 H gRedd 39 W 3T famst # i@ B
S €1 ferdht o o A A gfg e W St femne
T gig B ! O TER ed 21 e 3 FER i s
TER Fed 2| 89hel § JER %1 8T GER %ed 2l
A H TR ! 3FaT TER Fed € (A 11.5)1

_____________

I ugref foreli oot ©€ o &9 § B, a9 A 31eq
e, AT, o fau oferg o fy=reaes afed ), Al/L AT

o SHAMI Bl 2

Al
4" o, AT (11.4)

et o, 1 $fiEgeh WER IuTTeR ( 3teraT Hfae yemEr )
Fed € a1 98 B o gl H1 AT e 2|
YROM 11.1 H a9 IRER 0 °C ¥ 100 °C H TS Te0 o
Faeh JER TRl o gfaedl qem qe R Ty €
TH 9RO § wid qe did o faT o % A HT
o SIS B89 7€ U ® T 9@ @9 gfg o
fou afd ® &= & ga ® 9" T ST q9R
Bl €| W, Wqet | eI TER e © qel
39 Y o, o A sTU&TeRa s B €

AR 11.1 T Wl o fow as TER Rt &AM

TqfafEm 2.5
RG] 1.8
e 1.2
GIEN 1.7
I 1.9
e 1.4
Hid (T 0.32
S 0.29

T YR, &9 el arg 9Red|, AT o fou fedt
Wﬁ%fwwqﬁaﬁa,%,mwm

€ T MTIA WER TUTieh ( 312aT I WERaT ),

o, T 39 FohR TR Fe €
AV \ 1
(222 (11.5)
\ [VJAT

T ot o, T 1 e €, W W ot | W
fraate 7€ %1 = w9 H g am W R w €
(F 11.6)1 7% TR0 T2 € & Shoict 3= 919 Ra,
forereion = S R

(o))
|

oy (10°K ™Y

W
|

21‘30 560
T K)—
e 11.6 @9 & ®ad & ®9 F did &7 T FAR
NEUED]

YRUft 11.2 §0-100 °C 919 IR ¥ S qH=
wereff o ST WHR TUTeRI o | fXT Y §) e e
@ Fhd © o 37 erel (S qen g9) o g TER
Y T, qU1 TN i a1 SR (AR qe fehet i
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sfiferent

faferse fast urg) St el o o, 2 A faeet f1=
€1 79 9RO ¥ 7 9% U ¢ R welera () o
faT o 1 AF R HT g | A 7, 9on g9E
a9 gfig o Ty 3w or o e | stk ofig el ©

WROT 11.2 F© TR0 o6 T JER TONE o 7H

| | @)
TofafEm

7 x 10°
RG] 6% 105
e 3.55x 10
Creie 58.8 X 10
S (HMEE) 2.5% 107
Hid () 1x10°
FeR WE 2.4 %10
AR 2 x 10°
RN 18.2 x 10°

20.7 X 107

S
Toshietel (39HTA) 110x10°5

el ST SHRN YEId il ©; T8 0°C ¥ 4°C
o = T fRT SH W faspear @1 feel R o
AT o STeT BT 274G, el a9 | 4°C Teh 3 fhU
SH W, el € [fe 11.7()]1 4°C § %9 99 W
A Sl € 37: Tl Tl § (e 11.7(b)]1

T 31 I8 g foh I wT WA 4°C W
Aferhad Bl ©1 S % 3H U k1 TH Hewqol
el e B : dreral qefl gl S Sl s

1.04343F === === —————fp — =

1.00013
1.00000

T

1 kg 5@ &1 3FaA (x10°m’)
A‘l

L1l L ] T
0 5 10 100

am (°C)
(@)

IS A Tee AT @1 SE-S 2iiel 4°C T 3 Bt
Sl €, I8 o HHIY 1 STl ST ol STareRsl i
A S € SR T SR ST ST 1 el 1 3O,
ieehd W Foa idl SW Sl 81 T, Th aR
ISRT oF ST STt 1 A9 4°C © 9 UEH Sl €, T
Sl HH GEfT o7 STl 2, SR IS WA @l §, Sel
g STH Sl €| AT St W I o7 A g, q gl qen
qreTe dell § S0 i 3R S 9 ST 3Tferentsn
Sefta Sftem (ST Sta-sT=g den 9 T g S

GEF q9 W OSE U g6 i oien e o
Terehd Afueh TER Bidl €1 ol o Tl STeae WaR
ToT STueehd g W R T e weg Tt ok
fow =g a9 W R e ) foreht emeet 79 ok ferg
fopedl forad <@ W STe WHR T[T 1 7 Ry T
TR § W A ST Eehdr €

PV=uRT

f7q am ™

PAV = uRAT

AV AT

v T

3:[9»ﬁ?LOCU=% eyl T @ fog (11.6)

0°C, o = 3.7 X 10 K\, St 34l qe Zaii ot
TUT STAfUF TSI T HHHI (11.6) o BT AT W
feiean =1 <erfdt 21 59t wE a9 | gig o Wy wu
Bl S 21 o < 9o e g W) R 719 ok fern
o, T AF T 3300x10°K! ®, S for wfeaedt
ﬁ?wwmaﬁwﬁaﬁﬁ&w
w21 2l

p
1.00000
0.99995
0.99990
0.99985
0.99980
0.99975
0.99970

g (kg/m”’ x 10°)

a7 11.7 57 %7 a9T JE9RI
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ST TER T[0T (o) T2 @ TER O (o)
T Tk A G 21 S | o fRe TF 5 1 e
Fifee fogd aa 5 AT &t gfg g1 W gt feme
o wOE w9 9 Jfg el Bl a9

Al= o, LAT

THIfAT, AV = (1+AD% - B = 3B Al (11.7)

GO 11.7 | B9 (Al) I [ &1 o1 | Bi
BH o HRUT (A)2 A (AD® °F UGl ki SULUNE HH

foren 21 s

AV=3VTAZ=3Vocl AT (11.8)
=99 4 I Bl ®

o, =30 (11.9)

1 Bl ®, S frel B o <Al R Rl gear @
SIS THh Mg FER 1 Uehl Sl 1 T © f
9t = <g el g S 9l 9l o HR0 B H
Titea faerfa Sco= el ot @ foees aeqedt o8 o
T e S gl @ o A wfvere #ed 2
ITE F A 40 cm? IR HIE & &TRA Hi
5m @&l T & TH B & 9 § fgur wifeg
STeeh qTdia FHR 1 ek ST &, Sieifeh &k a9 o
10°C &1 gfg &1 T 81 i %1 s F9R [l
= 1.2 x 105 K €| 31@: g8 gired faepfa

% (er)

—_— = = -5 = —4
= Oy AT = 1.2X10°x10=1.2X10°| A &

ferT = gearerar Tt Y g = 2¥101 N m2| &7
, AF Al

Bg A S+ amEa yfqew TZY@W(TJZ

2.4x107 N m2, 39 Taq&dl el o

Al
AF =AY, (Tj = 2.4%x107%40x10™* =~ 10°N

7fg a1 fall W oTag 39 UHR 1 i i & w2t
o il for wueh o € al 39 UREm & ot weiE
WeAd ¥ Hig Tehd 2l

3STEYUT 11.1 T8 <V foF fhat 3/ 1 STIaehR
3iie 1 &5 TER s, (AA/A) /AT, T8 @
TER T o, T & TAT BT 2

AA, = (Ad) (AD)
= a (Ab)
e A
J Ab v
b
Aa k—
a
T
AA, = b (AQ)
fa711.8

go7 fodl 3@ w1 AR ¥ fgent oferg
aden ek b (Fo 11.8 ) €, W =R iy i«
AT HAT 1 9fE 1 9t € Wa § Aa=o,aAT T2
b ¥ Ab=obAT F g5 et 81 oA 11.8 &
3TER &% ¥ Jfg

AA=AA, +AA, + AA,

AA a Ab + bAa + (Aa) (ADb)
aob AT + boy a AT + (oy)> ab (AT)?
o, ab AT (2 + o, AT) = o, AAT (2 + o, AT)

e o, = 105K, d HROM 11.1 5 STER 2 i
JE | UERE, o, AT T HF Fgd S 7, 37 ™
SYeIviid A S Fehl B 3T4:

(&)L% P
A )AT T

P SGTETUT11.2 IS BN fhHl HISFTES! o hel
o gfew &1 Fi W AR HI {1 Sgar d1 27°C
T A qON e i 7 % S U 5.243m
1 5.231 m €| @8 1 1 i fopm a9 e aw
e ST o 9% ufew &1 S W S o Sy

gt
feam T € f&, T, =27°C
L,=5231m
L,=5.243m
HAd:
L, =L, [1+0, (T,~T))]
5.243m =5.231m [1 + 1.20 x 105 K'! (T, - 27°C]
ST, = 218°C <
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sfiferent

11.6 Tafyre e arfiar

fordt a1 | St ol 39 foRdlt ek W T T ARG
FifSw) 3ier € 29 St § gotgel W I3d @ S
& a9 ° gig &1 S 2, @ STl o O i a |
faeny g o g Bl Sl € 3R STet Seer o
219 ®H W HH € o1 R e el 1 a9 seH
o ToTu afrersaes o1 1 AT R w27 39 e
%1 IW 31 o AT gerd =_01 #, 51 HT HS A FI
T ek U a9 W $9 9fg, S 20°C FINT 3R
YA o HA e HifST) GH: A & A ekl oTd
Tk 99 H SO oF IE O R 40°C i a9 Ifg
I 3R form =€l § T9a e SIS 319 78 9
5 59 SR o019 < THT TG Ol €1 3T WA HiS
o &1 o 919 H & T gfg i oF faw {1 I He
T W T STERIHRA BT B

T WO W, 3T A AT 3T I TA ST TRt
0 T FH o forw SH Gid T STAN Heh g9k a
T 20°C ®1 A9-gfg HTd &1 3T TE T o 39 9N
R T T | Re =R Y ST S A TH
o B

T =R ¥, S o WM W, 379 R 9w, S
Tl T qe, T T G L 39k a9 § o 20°C
#1 gfg wifsm s 3 foum =<t g1 99T AR
FHIT| 9 98 G T 39 9N T8 &I T0eN FH
G O S| 3Td: A HOH I HE THA A oh
Il o A9 H 99 gfg o fau sTawas s i ol
Y &4 2

SWieR YeruT 78 <9It € fon foelt fu e el ey
I A o foIU 3Tewgesh SO i W 39 SAHH
m, a9 B UREdE AT, e 91ef &1 Yepfd W R st
2| foreht wered & qma | wfterds, St o 1 T
TE WS i T Ugiel STENiG il € el sfgtha
A1 §, Th T, T 59 vered &1 oAt erfar wed
g, g sfrafard 1 st 21 et werel =6t o enfin
S W1 8H TH YR G W §

_AQ
AT
el AQ TS o A9 H T 9 T+ AT e e hid
o foIu eTeveed S HT A R

S (11.10)
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A T8 e T @ T s fafa= el e
TAM FEHT 1 THE G0 § S UEE & S €,
A 79 BH el gt g aRerdd wHE T B 3Ee
71z Trend freperar & o ot ueiel & Tehish goomm
4 Tehish d9-URadd o fau a8 usief o &1 T
fafva 9 1= O 1 STayoT STeran SfEthTT Il
2, 39 900 1y w1 fafyre e arfiar wed €

I m A ok fRdt ua1ef g/ AT 19 9REd=
o fu AQ o &1 AN AR 1erEl dfesha
FE B © 39 wered 1 fafire o enfar s 6
T YRR e fRa S ©
S 1AQ
H=;E (11.11)

fafyres er enfar fereht wered =1 = 707 B @
EUEC G I-CUC R CU R | e B e D
STESTifd (37ere afgwhd) & W (AR graeen aRad
& ®) 3@ UY o a9 ¥ B arel giedd i i
AT 21 3H T T R A S R uered o U
SEEM A9 99 § Tl ufedd o for etawifua
e diewhd a7 o &9 o TR fman St
21 fafere Fw oifar =1 SI @5 J kg 'K 21

I ered T T 1 Seerd 5 m e
o 7 ek Wiel p o TR W feRen o € d g9 e
g & o i gfd Wil & S YR e
FW

S 1AQ (11.12)

S=—=——2

U u AT

el ¢ Ao fafdre s anfiar sead 21 S W
aifd ¢ «ft ugrel &Y yerfa qen s@er a9 W MRk &
21 Ao fafyre o «fian 1 SI A J mol ! K21

R, i w1 fafmee e wifiar & Gau H ¢ ol
Rt e o foru eifafea wfqel =i emavasan
BT B1 39 YKL T < A STRH I I WL
ot o1 TR foRa ST Eehal 21 Afe o1 TR
o HHT 19 1 <@ g W@ S e, 9 38 e e
W Hier fafere s enftar wed € @R W C 3m
ffése foran st 21 zoer faodia, af so s
& g 9 1 edd fEd W €, @ 39 frea
T UT Hiew TafdTe FHor &mfiar #ed © 3K 59
C, g7 fafée W ¥ @k faga oo & fau
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WRUN 11.3 SIEUSHT TG A HE 9 R F3 G312 1 fafere o anfiand

900.0

(J kg' K1)
TqfafEm e

e 506.5
GIEN 386.4
S 127.7
I 236.1
e 134.1

S 4186.0

31 12 fEU) 9Roft 11.3 ° agHvSH™ e qef
el A9 TR FD T 1 faferee For «ifiar o A1 8T

A T G ST € Sateh RO 11.4 9 5w T4 i
WM 11.4 T TG 1 dier fafvme s wifad

C, dmol'K")  |C,(J mol"K-)
He

20.8 12.5
H 28.8 20.4

2

N 29.1 20.8

2

(©) 29.4 21.1

2

CO, 37.0 28.5

2

Hrer faferse o enfiar 1 gt §t ¢ {1 9noft 11.3
T Y I8 A | W@ Thd & foh 3wl 6t qor
T St & fafere o wiiar S=aam st g1 T8 SR
T for wiferd gl & Yewed # S@ @1 W
yitderer & &9 H fRan s & e fet o foaw som
BH el 9w So Sferdl § Sl 1 ST dI9e o w9
o foran S 21 S=a fafire oA «ifidr 8F oF Rl
TR ¥ oot w1 eTden Sl wgd i wia | T g @
T TS 1 AR W ST aefl o vide gt 2|
el 379 98 Sl Tehd § foh HEeE o gealt w1 gs i
& GEF I SO 9T A oF THF Y e = B/l
ST B

11.7 SSATHG

forelt frehrar =1 fagea frspma 7@ el < @ < 39
et qen 3Ueh URemr oF o= & e fafma
1Al o TIMIR F&1 sl 59 forelt fogem e

fafyre e enfar
(J kg'K)
2060
Bk 840
SIREGH 450
S 2118
@ dd 1965
IR 140

& fafa= 9m fa=-fa=r 99 @ eW €, 99 S
HT FHS T Iod A9 F 9N § T ™ S 9m
1 TR & S {1 S99 99 % WM g o«
o 7 99 % 9 g S Al o SeR
Bt B

FOAIHG 1 272 SoA1 WA B S HiE S=d A

Ht g%y fdt f=1 a9 &1 o%g % Wk H o St
€, 1 S= 19 1 o gR q HOAT T AT Y o
g T ofed o aeR el €, o9 foh e 9
ST T s 90 o 9REe H qerd 7 U T g
e <o "9 fF ST Heh 39 SSHTHTUT Ed ©
(fe1 11.20) 1 71 g o Tk o= aen S6t a9
e T Tegratem o faeias o faas s
21 TH 949 I TF el o 0 % ey, foed
TR gered S e A 90 e €, W S 2l
e AR SO o= 1 Jifd HFE HLd & A T8
fiqdl o T SHI-BIH I FH H 1 S| e SR
¥ ek o o St @ 99 e gu ar 1 arqerdt
T o fial Ted 8| e ST gRy Srdeh!
fordt feu w319 U<l = fafvre o anfiar I
=t uHt fafy fiya Son foad g s = o afer
= fgia 1 Swm fean s @)
B 3TTETUT 11.3 0.047 kg THHE o T
TMfem o el S %1 999 o T Saerd
Sl W 9 o | W T @ Ak el 1 ar
100°C T S| $Heh 99=Tq el i Q<1 0.14 kg
S oh dlel oh oA, fEH 20°C #10.25
kg ST W B, W TG foma S 81 5t o
a9 ¥ ghg Bl © e TE 23°C T LRl StaE
TEU R il B UofratEm w1 fafme s
TR gRehferd shifsu|
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Z67 TH ITR hI TG HW G9G FH TH qF HI
ST T TR Tomdt stawen # dqfaftem o et g
M T A qAT MU GRS ST o
ERER

Tt ok el %1 §=9H (m) = 0.047 kg

U o Tl &1 ARMYS @9 = 100°C

Sfam a9 = 23°C

a9 § gRad (AT) = (100°C - 23°C) = 77°C
A efifSe, tfafem &t faftre s aifd = s,

T o el g W HO1 i W =

m;s, AT =0.047kg x s, X 77°C

Sl 1 FHA (my) = 0.25 kg

FOHMET T FeFH9H (my) = 0.14 kg

ST QAT ST 1 AR a9 = 20°C

Tagor &1 stfam ama = 23°C

A H gREdd (AT) = 28°C-20°C = 3°C

STt et faf¥re o e (s,)

= 4.18x10° J kg! °C"!

diel o eamrdt ) fafyre o wnfia

= 0.386x10° J kg! °C"!

el Ul SHEHETY §RI SSATC e ki A

=m, s AT, + m;s AT,

=(m;s, +ms,) (AT)

=0.25 kg X4.18 x 10° J kg! °C'+ 0.14 kg X

0.386 x 10° J kg! °C1) (23°C - 20°C)

TRl st o Ugfatem & e gR g e

= STl g SOHT TIfs] + SEHTHTA gRI SHeAT dAfe

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™! <

11.8 3Ta¥e UREdd

M €9 T § &1 9 oEet § : 39, 89 ael
1 3 sreensti § 9 el s srereen 9 gHd sy
T HeRHU ] LT TEd hed 2| & |HR Sferel
Rede 31 § 5ol qe 59§ T (qen foema:) €13
e qd &1 B Wehd © Siefeh ugred qe SHeh I
o ate oA o1 faf- e giar @1 Ao steren sider W
LT YA T 2799 i o fog sy fAfafad
ERETIEIETCRS
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ToraTeReT 11.1

& de d o feu e v fem & au AR
FHINT| 30 oR-+R fordt =t S Wid W T T
3R HINT| T T e o 99=q @9 e Hifag
S den fem o fagm & @ fosifaa &
few) wmg R A" o WE UE STefgd i
(fe1 11.9) 1 219 I qdw fo < qe s o f&H
Iufterd § qd a% a9 | IS ufedd T8l Bl STl
ufeman ®, fehm™ 1 oA AT HAd sMYfT B W ot
3Gk a9 H h1E IR el gidnl T8l HROT Y = &H
T F1 3T 3W (few) ¥ 5a (Sa) o srawen
feds fre s & 81 @1 2

100 —

a9 (°C)

0 G, g (fgae)

fara11.9 169 &1 T4 #H | s7aeer 4 gu gRad &t
19 3R G5 & &= T Teifad #3ah ol
(& AR Tl

IE W TI Y ST UREdA Wl e (STan
fosrer ) den 59§ 3 | et uRadd i e
Fed &1 TS U T ? TR 39 uered 1 wHEd | ok
foere de a9 Fad @ € otufd S W ga U arawen
gftads ot arafy ¥ uared o S STawed S qer
g9 dUE W § "gadt st g1 98 a9 e W
fordlt ared 1 319 den g STt TR qdg 9
A 2t € 39 39 et 1 e Fed & 78 TR
wered o1 SATUEIeToT Bl €1 e g W o R s 2
T AU g T forell ugred o el W
THTHT TR %ed 2| T8d o e &1 i &l
TrgH & o smeu f=fafea frardam w3



g S AT O

297

ToRaTeheIT 11.2

e T foren oifSru) T o1 1 dR ST SHeh qHl
ol @ 99 9R S 5 kg o @ sifuw) fos 11,10
T TIMT TTER 39 IR- &I fer frem & s F@u) em
Tg 3@ for qr fenfyen & @ or @ s @1 vE e
1 %I 7 & foh R % ik I <@ | g % HRO
fem et a9 W fosret ST @1 S qR 98T ¥ TeR S
2, @ AR o SW w1 wol qA: fedisa @ S @159
TR AR fed fren @ IR @ < © qen fren favws
&l BT qAfGHYeR ® 39 uREed i YAfeHtET
Fed 21 feq W ‘whe’ & A" 9 o o BRO &
“ThfET’ KT G9E ) UIdT €1 S § i o RO S
Il ® S ek 1 Aifd w2

R

faT11.10

Sa 9Ed f&H S § ®uiafid 8 S © SR 3Heh
Ty S8 & g 3R 3 T e =] W € |l g
Te Ud © f au § gfg e emw @ W @
fo1 11.91 a9 ¥ 98 gfg R 191 100 °C a Brt
2 3R =&l fipe a9 feer @ Sar 21 o1 fihe 51 &l
Y o1 1 STANT STeT i 5o STEE H a1 ALl
ety sraeen § w9aid &9 | 86 2

a9 9§ a9 (el NE) H oferwen yfEdd i
IO HEd ¢ TE I T © o qHEd g9 o Aoy o
AR B a% a9 o @ 21 reiq, 3| o o
T arereen qfied st erafy | ugrel @Y gHi stawend
Ta a1 19 ardig 9 | geed! eidt 21 °e arg T
W et qerel st g9 91 arod ST STy qrdg |
T WER HEad 2l & 39 39 USie & Faeid HEd
T S o gAY H1 UlEA H GHEH & fau SMET
frafafea frammam =3

TohaTeheTT 11.3

M I ofsd S ¥ W TH M U HT HAh
efifer) s 11,11 9 21T SIER %leh o @ W
T h1eh oF A4l W BT ST STd gU Ueh rgeTdT qen
T A9 FhTH Tk § oEU 3R GAeh i oL o
T Ew) S8 & S T 2 ¥, 9 ved 9% 3fen fE
98 a1y, Sl 9 ¥ faeid of, S-8k Jagal & &9
T de T | TeIvarq A9 oF Joigel Felleh i qalt
H o1, o S8 & 9 S o urg o eitde St
R FR I3d B, HeIl7a e 3789 €l W 21 3faa:
S € WS S 1 99 100°C W UEEdl €, 9
I TS W g ¢ 3R FEeT € ol 71 el
o i o feer = <, weg S & T § e
fherdl ©, e Wel 1 37edd Bidl Jal o &9 H gEf
B Yo & ®Y H Fehe Bl 2l

for 11.11 F7 i1

319 A1 F® Yehel o Ty 99 e i a8 X
3, Tfeh Foeek oF ik @ ¥ gfg 8, @ 19 9%
@ o TEYE Tk Wl @1 S | FaeH gk g
3R TH % oad o a9 ° gfg &H & fau (3@ W
e 3 W) SR SO HI SqEvFshdl gl g1 39
THR @ | gfg o WY FeFiE § gy 8 Sl 2l

W 37 BH & %1 B oid @ G STl i HT
80°C T 31 B Id B| Tk § dIqEdl 9o |y
T TR AT o He i A9 Hoh O Y Y
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6.11x10° Pa g1 fr&ftd | 21

P A
(atm) A
f
218 == ————————————-ic
= |
I
o i
0.006 ------ o !
plLB—1 : J
-220 0.01 374 T(°C)
(a)

e foig

et gerel o1 919 SHET Sferen UReds (reEen URad) w1 sty | fred war g1 feet gered o am
T N <6 P o &< STeiiad T i Yol SR@ el P— T 3R@ Hgd ¢ 74 fe@ 1w fos o 54
T CO, o TR 3TRW WM T | 39 YehR kT TR TG P— T T i S &, 9T & 71 5
&5 o fauIioia shear 21 37 &350 i aehl S SeAuTaT &k (BO), W &gk (AO) T aTsq &gk (CO) g1
Yoy femenl Sl €1 e ok BO o oI5 SH 3fee shi fefua s € o W Sr qen oy grarend
TEad! Bl &1 HeH osh AO o fag SH S1aeen o1 Feu) i 2 forad o e o grereend weerd! et
&1 I 9 CO ok foig 3 st &l fefud wid & food 59 qen o greeemd geadt gt €1 98 dr9
T T TG T G o5k, ST ofsh Gl Seadia osh THeld & aefl Tl geref =1 oAl grereend gt
il € 5@ e w1 fren foig SEa R IS o fau, Sia o e g %1 A9 273.16K o1 <@

(@) 57 T (b) CO, & 7T Sqa-arq Frareer 1RE (W & 7gaR T81)

A

P
(atm)
A
T30 feeeeeeeneneene . C
£ SO SR /i
o~y
3
5.111--- - 3
P am
1.0 """ EB E
B o T —
-78.5 -56.6 20311 T(C)
(b)

% HX 2 B 36 Ak i e W S Hioh T
T 3N v W femsiifad s seen 1 0| W
T % A hi TorarsT HEfAd SR ek ok
fi STl o Y58 W @ Hl HH H A 2| o T
A9 TR STl § Y T 3R 8 Sl 81 39 YN I
¥ & M R FaeHi% TS S B

Y U8 T B Wil © R werEl e o e
TR A e Bl 21 9 Gl W AgHvS A T
7 2l 2, TSt o a6l W wgg 9 i e |
STl 1 FALIh T Sl &1 THoh Torqdid, T ek ok
fie /@ ¥ gfig ek LI g Sl g1 gEifay
TR IS it &1 A agAvS T R fad
wSrel o FFUHAlR ] THTHT gaUieh hed &

T, At u_red 39 A oTerwensy - 2, T qen
T Y A T e v o € S wme:
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e S ¥ ooy st § iR foeima: wge Wi €
fordt ugred b1 I eTaEen | aroq e |, foA @
e W TTOR, TS Seduraq HEdl € au 0@
w1 1 SeduTa e ed 21 Y 8 (3 CO,)
1 FEAT Bl ©, A ot 3H g w1 ueef B
A ®1 GfRA oh wEY fRdl e w1 gE
LT — S qef o159 STeEq drdrg 9 | weadt
el B

11.8.1 T Sl

AN 11.8 H T4 98 i@ € o W& wiE ugred
tereen qftadq w1 feorfq o gar € uel qen sueh
TREST o o9 51 i Teh TAf¥=ra A TeAiaia sidt
21 Foreht ueref =1 sraen aftad &1 otaf |, o w1
T 1 Ufd Tehlsh MM TFIAR0T, 39 U1 i 39
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WRUN 11.4 1 atm 3@ R fafr= wgref o sawen ufads o a9 don T s

| EEREIEY L,
(1053 kg) (°C) (10°J kg)
1.0 78 8.5

-114

uaTet TR
EOEI
T

1063 0.645 2660 15.8
S 328 0.25 1744 8.67
RN -39 0.12 357 2.7
BIEEEE] -210 0.26 -196 2.0
RIS E] 219 0.14 -183 2.1
Sl 0 3.33 100 22.6

fehan o foTT @ ST el ¢ S % fa,
Ifg —10°C & ot fgu 7o ufror = feq ot
fepa1 ST o ST A19 8 el (0°C) T gl |
79 a9 W 3R S 34 W a # gig T e, W
fen fusier ol © a1t sraeen qied gl ¢1 o
o fen faeret st €, @ 31X o1 34 W STl ok g
o gfig Bl €1 g wehR = feurfd e W ga-1|
e TR oF THA Bidl €| Seeid STl whi 3R oA
Y ®H W am ° gfg & sl o s
e B

ST UREde o gHA STEvdh AT 1 UiAm
e ueed & sraeen § URada B @I © SHeh FHN
AU TARO-SoA W ¥R 3 21 36 YR, a4 m
39 el @1 gegmE © fEeh U ofercen 9
O st ¥ URed Bl @l €, 79 S S Hh
i

Q=mL
AT L=Q/m (11.13)

TEl L1 T 1 shed @ e e qared & stfireter
21 W1 SIUE J kg ' €1 L 1AM T W off i
H B E: THH TH HT SGU T SGHUSA
T R foran S 21 SE-ga eraeen 9Redd & fag
T ST 1 WA R A ST (L) Fed €, q
Ta-T1 3fereen e o foIg T ST shi oo wht
T S (L) FEd T TH T T WA F q
Ao o1 hed B 1 s 11,12 8 St o et wftmm

o foTU qTq qen o1 o & U Rl 3Tl S I T
21 groft 11.4 W $o w<iel 1 7@ S, Terw a0
Faui feu T B

22.6 x 10° J/kg
(540kcal/kg)

ESPEIED
o 100k “N_ _ _ __ e O
P 3.33 x 10° J/kg (4ra)
b’ (80kcal/kg)
% 15| ML) ECICIELSY))
(1)
(fem)
CHT

e 11.12 577 & oW arg aon 7 o &< T%
rerET (19 & AR 78|

e <ifSTe fop STar efaeen 9fiedy oF THg o1 <
(FroE ) St §, @ a9 FrEa @ B s 9 e
for fost 11.12 & wraren {@met 1 yaourad ga &l
T AT A e B STl o ey, e qen
I T TR S FHAA: L= 3.33x10°J kg! a2l
L =22.6x10°J kg'?1 314 1 kg f&@ & 0°C W
e o feT 3.33x10° J o1 =T @M 1 kg Sl i
100°C R 99 H Ufade 81 o feT 22.6x10° J S
=EW| ;. 100°C o S i 37U 100°C HT 919
T 22.6 x 10°J kg ST #fersh gl 81 F€t SR @
fF I9ed @ ®I gaN H IH 99w A9 I
HAfurep TR SterM 2t 2
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=

3QTEYUT 11.4 59 0°C W W 0.15 kg &m0 =i
forelt 9 § R 50°C % 0.30 kg 5l | fHamn
S ® d o 1 qRemd @ 6.7°C # S

2 B F TR F o UResferd sifsml
(s =4186J kg °C)

gcl:

S R FW S = ms,, (6-6),,

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

=54376.14J

fen o oM o fau savas e

=m,L = (0.15kg) L,

fen St o 9 &l Sifqq a9 9% agM & fau
RIS ™M = ms_ (6-6),

=(0.15kg) (4186 J kg °C 1) (6.7°C — 0°C)

=4206.93J

W AT = HST Al

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

L =3.34x10° J kg™ <

‘mu.s%%ﬁsmmﬁﬁ | -12°C &
3 kg fem @1 agAvSHT I@ W 100°C i 9
o fafdd & o fau eeves s qRefed
Hifsw fean o ® feq st fafire o A
=2100 J kg °C!, Siel o1 faf¥ree o1 _enfilan
= 4186 J kg 1°C™!, feH o ST &1 T oAl
= 3.35x10° J kg! d1 94 “hI & oI
=2.256x10°J kg

gor: femn @
fen 1§99 m=3 kg
fem =t faftre e %Trﬁi?ﬂ,sﬁm
=2100 J kg °C"!
Sic T fafere o i, s
= 4186 J kg °C"!
fed o e 1 | ., L
=3.35x10°J kg™!
9 T T S, L

2020-21

=2.256x10°J kg'!
3, Q= -12°C & 3 kg f&q =1 100°C &1
a9 ¥ gfiafid w & foe stavas
e
Q,= -12°C % 3 kg fed =1 0°C = fen
¥ yfafdd & o fau emeves
e
= ms_ AT, = (3 kg) (2100 J kg™
°C1) [0-(-12)]°C = 75600 J
0°C & 3 kg fed &l 0°C & wiad |
Hiferd s o fole stavaess o
= mL, = (kg (3.35x10°J kg")
= 1005000 J
0°C & 3 kg STl &1 100°C o &Ict
H gfiafia & & fau emeves
e
ms_AT,
(8kg) (4186J kg °C™) (100°C)
= 1255800 J
Q,= 100°C & 3 kg STl &1 100°C i
a9 ¥ gfEfid w & foe stavas
e
= mL_=(3kg (2.256x10°J kg")
= 6768000 J
W, Q =0,+0,+0,+0,
= 75600 J + 1005000
+ 1255800 J + 6768000 J
=9.1x10°J |

Q,

e

11.9 SOAT TTHTAIOT

& 3@ ® TR a9 A Sfat o SRt TR O g
e ¥ stean fhet fhm oF T 91T 9 3Weh S
qUT G Holl o TN 1 FO HEd B TH Sl
T o fafgy @eF = 2?7 SOHT T
#t gege A fafeat §: =rem, deaed qen fafwor
(o 11.13)1
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forT 11.13 =Ier, 998 o fafe3or gry argi

11.9.1 ==
et a%q & T G WA o e SR ardl § 3@
o HIUT oA TGO 1 fomanfafy i e sed
g1 HH ofife forelt U 1 ©g 1 T U S @i
SaTen ¥ @ 71 Y € o %1 @ i s ™ @
ST foh o9 S/ 79 7 1ol W Uehg el Wehi| Iel
BT H FEAT A =1 g1 B€ o < (R 9 B
o fafa= ami & e T f 7k g 21 T EE
SO Tk BT © qe ol 1 arerehdl 3rE qen e
& o9 1 el Bl

e ®9 |, 1 9req 1 9o fordt qared
T fordt feu U O o fo o gaE X g
fopal ST B L oS U1 A UHHHH SIIE e
A% hi U+ R T v W fER wifsm
foger <1 i & ote ariae eenfyd fRan w2
3R < AU, Uen © o il ol %A T, 991 T, 9
& TH Well o HYh § @ foRA ST HWehdl ©
(o 11.14)1 o7& &0 T UG 7y ferfq &t swea
F ¢ e o & uvd gufd: SRk € @ifn reat
qn UfEw o ot oA o1 fafmg T8 =

T, L T,

< »
< >

A — U

faa11.14 f#dl o8 f59eh <1 & &1 T, 797 T, adl W
(T.>T,) ¥fed foFan 7 8, & =1 gr
T AT HOH] JaTE ]

T G oh YT LR ST o7 W €; B
1 A9 g o W THEHE ®9 W T, W T, d Sl
F; (T,>T.)| C W S 9UeR Toh 79 & W o1 &1
Y LT €, S TS W IR Bl SH W E D
W feord ST Wer | wgw S €1 WA R ge e
a1 & fF 59 Trl oferen §, A1 YOI® H X H
AR (T, - T,) AT FTIIEA HE &TFheA, A
SR SR TS F A L & kA Bt
8

T.-T,

- (11.14)

STATfehar feeRieh K 1 a1l 1 ST SATeTehdl
Fed ol foreht ugred o foru Keht w1 foraan stfure gian
2 3aN & Sitear @ 9% o = w81 K SI
Ao J s m K AT W m K181 §ROft 11.6 |
fafsr=r uegelf &Y o =rereRdl o HE KU T ) T
A H A9 % WY STed I Bl §, T WH drd
IRER § 37 A I SR A Gehd B

3= HOAT AR (qetl) W STUeeRd SAfueh
T AARTS Bl JAA S To5 SN TG,
S RSl AUl i dq, i STUTRd HH SOl
TeTeharstl @ SIS 39 I 9 g T @ e
o e Sl shi Ul W el 1 fereiad grar €1 o1 B
TSI ATAh B o HRUT dlel ad i Ual T el
R =1 3=1d Sl & a9 HisH 991 &9 9§ gehdl
21 sHeh foadia, wifiesh e, TeAd: o i shieieh
B o SRV, 373 SN B 1 1S HIFST 1Y 37y
wTeteh Bl € a1 9ROt 11.5 @ a1g &1 e o
ARl AIC FHITS| Fgd § T STIIART | HEHT R0
T TR Heequl 81d ©1 AR 397 H, Shehle i
el oTel R T H wgd T € Sd §, $9eh! R0 T8
€ foh hepie 1 SOH1 =ikl (TR eTgsh &1 ger
HTH w9 21) TR o w8 w9 &l 21 gHifay, g
AN Bl W BHE-UEA HIET TGS HIA © dlfeh oAl
TN i Yeheht HAL Tl Mael @1 S Fon | FS
feorfaal ® S TFIGRT Hifdew BiaT ©1 SRl oh
fore Afyentsr fueged ¥ gfowga So-TomiR i
1 Tftd 3 1 STERTSRA Bl © difeh AR
fiuaet & i ¥ Miysg fagesT grr s faema
Tl T HIET A T AR IR R 51 ek qen
Hie Afqaa gH ¥ &= R

H=KA
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WU 11.5 S YTl S ST ATeTharg

Rl

EIE 406
GIE]] 385
Tgfafem 205
draet 109
=a 50.2
NS 34.7
R 8.3
TEMqY

SR $2 0.15
Erac 0.8
IR 0.20
THT 0.04
i 0.8
feu 1.6
EACAE| 0.04
e 0.12
Sl 0.8
=

el 0.024
A 0.016
HESISR] 0.14

‘mwu.aﬁﬂu.wﬁwﬁqmﬁwﬁ
TRt SrarEe © TEIl-dien G T A9 22
I B %1 @EE = 15.0 cm, & FI B I
4 = 10.0 cm, W& &1 @19 = 300°C, TR W
1 A1 = 0°C; il Sl B hl ATIEY I Tl
GAFE A FI DG I SIS FIE o &R
1 T | (R 1 =reiehdl = 50.2 J
s m'K'; dfd ®T FTHAT ATASRAT =
385 J s'm ' K-Y)

wiferent
SR _
gt fem i
300 °C £ 0°C
TeTed
faT 11.15

Zo7 : Dl i AR SR W N W Il SR Tared
TEl o TIvd W B aTell SO &fd Fl HH H e B
THIfIY, S shoel B 1 W€ o Y &
wafed &R ®1 B H fHA ot eHmY #R W
foar ®ifsw| Torl steen ¥ ©g o fRdl s
T qa9 & el S ST 9l ehifdd B
FTCl ST o SRR BT AfET, S STa9d gRI 51
HT A Al A T TR qT THHT A9 TR
T W 39 YRR TR aeen ¥ vg &l fwdr
IR e 9§ Yalfed B Al HOH HI X WY
TA-dla T FT FAE o SR Tt fogei | gum
21 M ohfee SAa—dia G 1 TR sEeen § amg
T @, 9

K;A,(300-T) K, A,(T-0)
Ll L2
&l 1 q1 2 FHHI: L a1 a1 Gegd w
A=2A,L~= 15.0 cm, L,=10.0cm, K = 50.2Js!
m' K, K,=385J s m' K, & fog

50.2x2(300-T) 385T
15 10

31erq T=44.4°C |

N

b SerETor11.7 o 11.16 H 29 SHER R
fdl ®8 (L, = 0.1m, A, = 0.02 m?, K, = 79
W m K) %l et diqa &t 8 (L, = 0.1m,
A,=0.02m2, K, =109 W m~' K™!) s &1 f&
T R ! fietent en T 21 Wi’ W v ad
it i B o Wad &0 &l HEE: 373 Ka
273 K W Tiyd fven @ @1 () 3H osi =
HiY I A, (i) HYK B hl oI ST FTeTehdl,
T (iii) GIF D€ H FOAT YA€ i T oh g
Zseh 1T qe IRehferd hiferg|
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& (79W m™K")(373K)+(109Wm 'K ') (273K)
T,=373K T, N 79Wm 'K +109Wm 'K
’ =315K
(i) K* = —?{Ki f{z
fa711.16 b
femm o %, 2X(79Wm ™ K') x(109Wm™ K ™)

L, =L=L=0.1m, A, = A= A= 0.02 m?
K, =79 Wnr' K, K, = 109 W m" K,

1

T, =373 K, 3R T, =273 K

1

TR 3TeRe &Y Tl o i, Wi ® B W
] AR H X (H,) A FT TS § S JAE FHT
(H,) % TAH 2|
#d:, H=H, =H,

KlAl (’I‘l _TO)=K2A2(TO_T2)
L, L,

b A, =A,=ATNL, =L, =L

3Tq: STUS HHIHIOT BT

K (T, -T) =K, (T, - T)

d: TAl Bl w1 WY H AW T, B

KT +K,T,
o= 7K, +K,

T, % 39 HM &1 Sfqeered w6 | fhedt off s 9
ST YaTE i <X H 1 A WIS BT &
_KAL -T) _ KA (T, - T)

L L

H

K1K2 A(Tl_To)_ A(Tl_Tz)

T K +K, L 1 1

L —+—

Kl K2
Iqfe TaE L + L, = 2L %1 HgK B 61 I
ST FeAhdl K © 91 399 B ST aTell 351 94T

Tl W H B, O ST GHR0T R SYINT hid W

g KAM-T)
2L
2K|K,
qaen K=7
K, +K,
9 bR,
@) T, = KT +K,T,
K, +K,

79Wm ' K'+109 Wm' K™

=91.6 Wm'K!
" KA (’-F] _Tg)
(iii) = H= oL
(91.6 Wm™ K™)x(0.02 m?) x (373K-273K)
N 2x(0.1 m)
=916.1W <

11.9.2 Hagd
o o fafy © e uxedl =1 arfos wfd g
FOHT TMIOT Bl 81 I8 ohelel olcll | & §9d 2
Tere Wiehfceh € Hehdl § S7ee Yuilted off el Wehel B
UTehfieh Toee H o Teh Heequl gfireht ot 21
g fordt ot & A= 9 T R S ®, 9 w9
T YgR Bl B, Bora®y SUHI TAE HE Sl Bl
ICATSAT o ShTL0T € SO 3341 & qe HI Sitaed |1
74 wiaeenfyd < <1 81 98 OH: 99 gl 8, SR $3dl
? Q1 el o STUhd Yiidel W R wfeeentid g
21 I% iR T @ B TR ®Y Y S LA
#1 e fafyy =em 9 = el ©1 Homd § e oh
faf=t sl w1 Ty st g 21

yoifed Heed § usrel = fordl g 21eren fordlt o=
Aifcrer HEE g T 0 % T e fRan s 21 =/
T yuifed oy aod e, AME IREERO 99 e
I SMeHl oF S9Hi o de e Younfed Teg
Rl % TR 3SR &1 OEE YRR H 89 U 9
1 Aifd 1 Fd & SR w1 IR o A g o
He0) I §, A1 39 WehR WUNSd Heled R SoHl
MR e TR § THEHH qr9 Ty e 2

WTehfaeh Haed agd ©i guRiad afereist o fog
ITEET 21 A o THg 92 orvEl i qer | o
TS T &1 STl €1 U1 &) RO | Bl ® - Yl Sl
1 fafere S enfiar S== © qen <o fafya emid
AN oA ! TR 27 o et o &« 9 |
forafia #Y <t 81 a9 o o WUk arell o1 wer
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ifg/*i

o B
\_)_/

32

o ST hi 3TUET 307

ST oA ki 3TUR IT0T

a7 11.17 Ga87 T

SR T B € e qw gk g Serd! €, foe aRE
1 3fidet arg w1 qoil | $Eh1 S Y 8 Wl 2
ey I 91 SR Sl 8 (A1g ¥R, qen e
M I M ok Ty 3T o T e € (TeH) -
o9 92 S o fehe g FHR 3= 81 St
g1 22 oy A o7t € qen T qrdid G = o
ST €, S AT Rl ool W ST TR Y &l 81 Al
H ol B SO H1 g AT IS G B qen
ST 53 ot w1 gl | SO Bt B uRumeeEy
<k Schiid 8 sl © (e 11.17)1

Wiehfdeh Hagd &1 Tk o7 3ITE0 SW 06 d
foYad J9 1 IR geal | & aret Tl e god
€, o =it wad Fed €1 gk Ted 1 gl
AT 39 YR § : geall ok faeda el den ydi
&5 i F HT SO GHE A H U e e fagea
Fd % G geat o Y8 W A qw et @ ek
yall o U agHveE o1g vide gt 21 Rt et
FR i SR §, Haed ¥¢ Yarted g ori
e a1y foyada 78 § IR ISH ol &l 3R
T, foRR = 6t SR STeet den st g8 A foed
I HT AR A | W, geall i FOH T 36 Foga
oI H e Y It © ek SRo1 faged 99 o
T 1 o1g 1 g9 T 3R =M 1600 km/h il €
S Yt o T T 91 I B g uRomeE
g o1 yal W = 1 3R A Herwl 30°N (IW)
1Y W herd! ? IR faged 99 W die ot 21 T
ST e Fed &
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11.9.3 fafervor

T A e i URee qieam o 9§ fordl uared
W1 LIl Bt 81 HO TFEROT 1 3 fafesi
frafa @ gere <1 awgstl o s framefial &l &1 ek
T forma 38 BF W ot gedlt g @ Fe U W
Wt B1 SE YRR, B9 UM 1 M 1 SO IH €
W T d €, T 1 3T wIetsh 8 99 a4 e
g 4 HWeed uRd off Tenfyd €l @ uwdi e
TR bl e fafyr it fordt dreay &t eagaehdn
& g s fafu @i fafeor wed €, don faem
Jah T g 39 YR fawfa e w1 fafewor
Foll wed ¢ frelt fog gawm w0 § aga
<eehid & feeh e el § <o i 1 I R
T = it foe g e e e A
Gehd! & qen o fatd § g9 e, 59 g S =
FEd € el 3x10°m s W oA Hehdll &1 39 Al
% a1 H faeR ¥ o9 9% 9 R &l €, g o
39 u8 oM T for fafertor gro e wHiaRer %
U wesm 1 B T STewE AE) © de g% g
v fa & =t g 1 fafervor grr € g @ o frafa
(Y= Siafer) o et gedl as wgedl @1 g aw
e =R o 39, 5o S1ere 719 €, fafenor i St
# 2| Trelt fyve g SHeh 19 % IO ScEfa
faga gasra fafwol S o qw @rer ° fafeo
el dq T ¥ YhTel i HEAT ferfeRtur wed )
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o g8 o oo o fyvel W us@ €
TEeRT TR TE qe ST TS0l Sl 21 SoAl
o1 e aRHTT f9 g fyve fafwor g eewnfod &
Herdl ¢, 39 fyve & =i (1) W sk @ 2

T UE Ud € T o fuve fafeor st
TN qe S gcteh dull o fuuel &t 7dem
Hfus 34 ©1 39 924 o BER offe e ¥ e
AW €| &H A § Yoid A geleh o0 o o
TEd B difeh o gF 1 HH ¥ FHH FA g H
g Al # &1 el ool ok g% wed € S gd
Aferer SO 1 STERTd ek 89 I Wd &1 @l
Y o dd 1 U I HTen did eI S ® aife
AN W e SfUhad SHoAT STERNd ohich Uehls SIH
el Testt ki Tl

TH UHR, IR FAH AYEl oF dqa Th
T gl & S el 1 Sidesq 9 aEd qRee o
o9 ST T ) FTaE F A 81 98 aRd
e o1 = 1 adT B @ Tt fiad 9wl
fari W =€ w1 o e g1 fad Er 9@ fafeo
A el el i Sfdeeg § 9 e S € 54t
YR ded SR ot 9el ¥ A ot fhel o faferon
1 STTE e L Al 21 <aRi o s o T o
fraifaq ek =T den o g 8 el o1 &
1 HR ST 2 9 Folreh bl o Ul Sid ek IX
feshman S ®1 sEifey g7 gfem @ sideeg (S
T¥) i 31 B W =M § STANT B, 1l Sehfeqsh
w9 W S Aqdsgeti (S¥ f&H) w1 HERo wE s
ELRiild
11.9.4 sfwrerr fafeor

3@ T B I fafeRiul % aUesd % Uy o
Iootg Tt foren 21 fret o w 3w fafereor o
fawa & Hewagel a7 © for fafeo § 7 wh @
(0 Hfawa) e @ e ®, dice sE9 %A
T ¥ e Sifeeh aURE o Wt SHeRT Faq
ey gl =1 qufy fafa= quress o fog fafsfa
IS FHT el HoAE - e 21 fa 118
fafi= arai W ot ShftorerT oF Thish &5 g Thish
TaTeE X Seafsia faferfid s den qoresd o we
EIRI e COR T I

faferfa ool wfd wehish daree

fd Tl &5

40,000A A

ferar 11.8: HfvoreRt gru fafi= ardl W scafsia st qen
dreed o we e Y A

T 9 W R FRT a4 fe fa
faferfta il Taifus €, a9 ae W e 81 A 7
T o W& oY &1 ei--faeemas fem wed 2-
A T= fdis (11.15)
frrdies (i fardieR) 1 ®M 2.9 x 108 m K
2l €1 I8 R 59 o1 i e e ¢ o 5 ol
o fordlt zohe o1 aifia o T v €, @ ST O TR
B! e, TR TorTo Wit 31 37 o Wohe Rl 81 S
B A-Frem 1 ST @i fael, s- =ik, gd
31 AR} < T b 19 1 STTHH R | hid 1 Sl
¥ R B FEH A Ao 14 pm dORE %
UG B S| AF-FEE ¥ TEH H Gag w1 A
200 K AT fehan e 21 9R fafszor 1 sifusan
dEd A= 4753 A W B 2| THR TLER
T=6060 K | 9 M f& o2 a9 §d *i Hag &
2 9 for "ok omaier (Sfad) 9t

fo 11.18 ¥ @iw MU Hftorr faferwor sehi 9
G weifren fafire s 9 € 6 3 9% ges
B 21 A HToureRT o ohelel a9 W R wd ® A TR
Ik SMHR, TR A1 q1ef W eell Iarsst o YR
o opfourent o fafeto o1 Sgifas &1 9 =@ w6
o fore St v for U 3= gt § saten wifa
HT WO | THeR favE H SMU AW U UISHSRH
T g

faferzor gra st fom \resm o6 (S72iq fama o)
oA AT A TIMANG 1 ST Tehdl €1 TR A9 TR
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sfiferent

forelt a5 g1 SfSIa el Torepa Jraehia et 3ok
MR, ITh! IcdrSid HLd i &Har (9 Isiran
FEd 8) 3R fa9w &9 ¥ s@er a9 & FHEA gt
21 Tk o] ok g S qul Scusin ®, Wi 3RS |
o 3cafsia =t (H) -

H= AoT* (11.16)
&l A %] 1 &hel € q91 T SUh! THAT 21 39
T i T8 WHE A ¥a 9 feren qean g |
deeHuE 3 Ugifos w9 9 fag feam @ Rwiw
S | 9o fdie o % BHH-dieeam ™
fradis #8d ¢ SI A& Ugid W gHE "M
5.67 x 108 W m2 K €dl 2| 3Tfueha? seqd HHiertor
(A2) ® <t TS IOHT T T T FS A9 & IcdfSId Bt
21 9 wostel S Tl g1 Seafsid ST 1 X & 39
1 & w0 B 81 39 SR U faAEE 9 e
S o ! ScHSieRd hed €, S IR s €
3R Ffieor (11.16) 1 4 9K 9 =59 Fd o—

H= AecT* (11.17)

fordt aeyl fafetr & foU e= 1 811 21 S3=WT &
IR W A 9 o U e 1 H ST 0.4 Bl

21 38 W& 0.3 cm? I &hel 9 3000K a9 el
Jed o Frefafed € 8 3w fafsfia -

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

T 9 el HiE a5 f9eh ari 3R o STaeRo 61
AT T, T, Soll kT ST T IS ST HLd 2
ad: fordl omeyl fafees o fafefa som & @
(TTH) &t e R Fafafad g9 9§ = & S —

H=GA(T*-TJ
39 o] ok foIu fSgen! Scasierdl e €, ST gt e
YR ¥ ®UART & ST —

H=ecA(T*-T}) (11.18)
IEONY, 3T, B 379 IR T SAfSId ST i AT
F AH efe fFdt =afe & IRR &1 78w
TR 1.9 m? © qe H H1 a9 22°C B AGfF &0

S €, TR 1 A@ReR a19 37°C il 81 WA, <=
1A 20°C B Wik feregd wraren i fafentor & o

2020-21

T 1 ISR '@ T 0.97 7| 39 I 9
3T B Hl -

H 5.67 x 108 x 1.9x0.97 x {(301)* - (295)*}

66.4 W

S form s1aen ® YRR gR 37 Sl i ST (120 W)
o oY W gl eifeh §1 ST o TH & Wl hIR
Tk ¥ Th o fau emyfieh eThfed ®ue (W
FIS U 3Te3) TH YohR &Y ST € foh IR 1 el
o WY Teh AR Taell THehSR HIqE W gl €, S
IR o fafertor &l qaEfdd # 2d 2

11.9.5 WHEEE U9

geeft k1 Tag ST fafenor o1 9 €, i 78 gd o
e Tl S e 21 g9 fefentor w ates,
el reed (stereR) &9 H el €, W 39 fafewtor 6
Afermam 2331 WersE T gRI SFarenfid et sin &1 3
1| F-EA TEeAiHRES (CO,), RUF (CH,),
TAEZHATFIEE (N,0), FANFAHREA (CF,Cl) qell
giHEeA SASH (0,)| THeh Thea®y argHuSe T
21 STl ®, S YAt w1 SR A e 2t @ SR geaht
# Gag 3R T e Wt 21 TEd geslt  waw u
fafeptor =1 <o &g STt 81 STXer afvfd gismane
=Ish el T wedl €, STd ek STagil o fId whig St
39 A €| e q9e, YAl i He al AgHUS i 3R
T B 21 30 WHESH W9E Fed ¢ A a8 g
T} grar @ geat 1 drg —18°C el

TMfok Tafafe™l o R agAed ¥ Moy
i Y wigdl 5 TE 2, e gealt 3K B St 2
T STTHM oh STIHR Higd H 39 J§ § 39 @] 6
RA W 37 qeh YAl 1 19 e 0.3°C ¥ 0.6°C
9 AT B SFICA VAl oF HeA d JHUSEAT dY
FA9E & A H 1°C ¥ 3°C AUk BRI TH
fagereardt ST | AWEE S, Wl qen Sl i
T 21 39 30 W w o @ e @ €, 9
qel SO W @l § a A9 h1 U o%a @I B HE
A Il W e 1 Tl HeW @l | MRSy g
T Y 1 FHR 8 Gehdr &1 QU fova o faveerd
I[N o YIS i HH H o JAH FRT S @ R



g S AT O

307

11.10 =T R Jitaer fem

&0 gl 78 S § T qwl <ol erere g A R A%
@ B < @ 98 -+ viiqer e SR Y 3 B
{qq: o8 UREY % a9 W g Sl €1 hiE & T o
AW TRAY S w1 T HE e o vitae @
Tehdl €, ST AT B o Toau ey Frefefaa
foRamhamy I

TohaTheTa 11.4

% fociaw gfed FomMd ¥ $9 W@, 99 o
300 mL ®ifST 3R 38 < 9% o o 9 %
ST TR o T o5 | oo aan SR fox o
AOETd TRIST qo I8 Y= hife f ardardt =1
Ted ST | 9 S| AMET 1 G183 e HifS| I8
AT T, WfERT T 19 €1 S o St Wl g
T IfSTT o SHeRT A9 e arg (3Tiq 9Reer o ard)
T TWT 40 °C 37feeh T Tgd S| AeALEI o1 T
F TAFRL A I T FEN @] wifew) form =St
IAIET qol YAF T9ad 99 fad S 1 fie &
Ty faeiee 9 fR-+R faeifaa i gu ammdt o
T3k e hITSTT| STel T AT IReeT o a9 & TRIT
5 °C ¥k & T qSAH A hid AT A T
IE Wi (T,) T T AT AT =T, - T, Bl y-37&f
o STY iR 3k YIS A o folt daged t ok
A Wl x-3181 oh STRY Wl WH ATifEd Sy
(fa11.19)1

AT('C)

g (o)

fa711.19 THT % QY ad A & Idcid &1 90
CI el

% | 3719 I8 Fery Febel Tohd 2 fF g JoR
T A T Yda Sk 3794 qA1 79+ 9REST o ardi
& g 3 W R e 71 319 g7 ot Je w9 R

AR H viider shi T =9 ¢ 91 o] o a9 § HAl
T W T8 R T S 2

SR fRaehe 78 <9 § R i 9w five e
fafertor o &9 4 eron e w1 T @ s g T
SEI-27F 1 I Iue qen IHek URawt o dmdi o SR W
el it ©1 =T W et Sef & ol et R
T 387 oF ik W forddt fave 510 o o1 a1 39k
Y o &9 Hee hl AeHeg ST R

=2 o ¥Mderd fM o sgEr feet fave o6
HE1 &7 &1 R, — dQ/dt fuve qen 3ues ufkerw o dardi
o SR AT = (T,~T,) o SFIHAII et 21 78 Fram
e o ik o ferq € 9w 21 fafeor gm
TH-5 fIUg & I8 & URfd dO1 ol TS
gerthel W ot FeR ohean 21 ora: BW for@ wend € T

—C;—€=k(T2—T1) (11.19)
Tl k T A Tadi € S f9ue o g ok
&5Thel AT SHeh! Wepfd W AR e B1 HH ofifSg
m A qen fafire Fo eidr s 1 HiE faue T,
Y W T W A afdw & A T, 21 A e
fyue =1 A9 T oY FHE A dt H dT, FH B Sl

§, 99 T SO 1 a0

dQ=msdT,

- S §F H I

dQ _ drT,

S (11.20)

TefteRTol (11.15) 991 (11.16) § &9 W 86T &
dT.

—ms?tzzk(Tz—Tl]

dT, k

=——dt=—Kdt

T,-T  ms (11.21)

&l K= k/(ms)

TR {Ad & T

log, (T,-T)=-Kt+c (11.22)

AU T, = T, + C'e™; &I C'= e° (11.23)

THERI (11.23) T G | T fafdme qm ufer
o S Yider 1 ST Tk fohan S Hehdl 21
@Y qOIa o faQ, 9o, Hagd qen fafer &
I TIE o ShUT IAe Rl &L ATGIR o STIshATIaw
Bl 21 foreht faferter 9w | Soan i, s
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] Ol 9 IR Bl SoT-eifd 31Yen A W e |
W =™ & Wded § U8 TH oY gieeed B

||': :|'|I'||
O

lOge (TZ_TI)

(@) (b)
fer7 11.20 =27 & 9der (798 &1 g

fo 11.20(a) H 39 T URIfTHR SaEen &t
TR ¥ =ed o e E 1 gedd fea S
Gehdl 21 THH <Rl SEr e T §dd (V) et
fari o s S 9 e ¢, faan S 21w el
ol arel o § a9 STl § 9 die 1 SEET! (C)
Td §1 3O | arEiEl 1 SuEn fhan s @, fores
AT T, o §RT 3R SaRi oF s 9 3 S 1,
A AEIG T, o SR SO H 9 Sfel kT A1 Ao
2| S % q@ S o d9 T | S &
TER A S €W ¢ @ log, (T,-T) [ In
(T,-T,)] o s T STeifiad fehan < @ faeht wepfa
o 11.19(b) ¥ 3TMT STTIR FHUMHS FIUIT hi Th
T @1 Bl B 7TE T 11.22 1 e S 2

3QTEY0T 11.8 et 94 & R aw oS 1 a9
2 fie ¥ 94 °C ¥ 86 °C B Wl € Wdih
e 20 °C €171 °C ¥ 69 °C deh 9 o
T fohdT T8 em?

Z67: 94 °C A1 86 °C T WEA 90 °C & S H&—ag 9
70 °C ATk g1 T sTeeenel § 9dd 1 a9 2 e §
8 °C ¥ Sl 2l

d:, HRTT (11.21) 4,

———=KAT
qH g

69 °C T 71°C &1 HEA 70 °C ¥, S heg-ard o
50 °C fih T 79 TeTLN § K ol STl o 9oH ¢,
Ad:

D
A TR Rl fawifsa i W

8°c/2 fie _ K(70°C)
2°C/¥H4  K(50°C)

= K (50°C)

AT =0.7 min. =42 s |

QARIIT
1. SO ST &1 Tk &9 & S frdl fuue qen sqer afierd! wieam & o9 S99 drdiat o ol Yefed
Bt 21 frdt fuve &1 @ 1 FIfe AEEE €9 99 gl e g8 2

2. et a9 W g (Ao T S fed T o (R areErd o sed ©) @ SeEm
fopan w1 €, fraw a9 & et ufted= g @)1 fafa= aard § fee-fae q A s )
HIE A9 HIhH M o faw < e faigeti 1 =g fhan S @ qen 3% &9 afess a o
fRu 9 €1 3 < g wueH % 4o o5 qen SHok HEh 1 ST i fAfved et #)

3. Wfeqa™ 9 () 92N HRAEEE O (1) ¥ T8 WM B T 1 £, = (9/5) t, + 32
4. TE(P), 3AFAE (V) d1 IH 99 (T) § oY 90 arelt oAeel 19 TR 36 YRR SHed i S

2

PV = uRT
T A 1 HE&A ql R Wi T feEdie 2
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10.

11.

T 19 9T W, WA H1 I, A9 o WH I 1 9 F1 2| TE 98 a9 8 9 W g2E
el W =Aqn Sifad enfoas WkEr it €1 Shfca W 99 AT (T) % HEE HT SAHR
YT T A9 (¢ ) o AR o AR & SR Bl ¢ T 3ok qa fagell § o) & 2

t. = T-273.15

s TER O (o) TN BTG FHR IO (ot ) BT 39 THR RS foham S 2

Al

— =oyAT
l

—AV = oy AT
V - V

TET AL TUT AVATT §AT 1 GRedT 8 T HHT: ofard (90 S Vv H Iiedd &l fiee ot
21 =9 Trefafed gay 2

a, = 30
ol geref =t fafyre o enfiar i 59 WehR ufenfya feran s @

1 AQ

ST AT

8T m Ut 1 FeHEH AUl AQ TSI % Ad H AT w1 YREdA i o foIT SEvas Sl i A
21 foret werel =6t Hier fafyre o enfiar &1 58 wehR gRwrfyq fean S 2

_14Q

- ¥
el ae o Hie w1 WE 2
TC 1 T SO (L) SO 1 98 HE € S Rt 9xref o Ui S 1 THM @ e <@
T ST ST § Fa SToRel W UNafid #E o fAU sTeEe eidt ¢l AT ki [ ST (L) T
1 T W § S foRel gered o Wehieh SeAHM ol 410 ° S W fa IS URerdd T gol ererwen
Y oy ree ¥ uiEfid s o foy sevae et €
FOHI- T 1 < fafeml € - =, dega qen fafeon
=eH § fordt fave & 39-urg o 9FT o o= ST 1 TG 3nfvdeh HoeAl g’ o= gidl
2 U THY 5o 1 YaTE el BiaTl el LaTE a1 A ST e &5hd i o, fordes g o
o Tl I T, T T, T AT fRA T 2, N Yefed ST R R

T -T
H=KA-¢ D
L

TeT Ko o Ul 1 ST =eishdl B
= o Yiiae o o TIER fordt fave o viiqed i < 9REwT o W 9% o ard- 3T o
IAFHAEI B B

d

T&l T, Wil wreEm 1 qr qen T, fave 6 @ 2
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R wefter | fommd TR fewmuft

Ted St A u (Hr) T (mol)

AfeezE t (K] °C

Shfca T\ T (K] K 1t =T-273.15

e FER S o K] K-

A FER 0T a, (K] K a, =3q,

fordt e &1 Sqd AQ ML T2 ] Q LT =X

e ik

fafere o enfe s [L> T2K]  Jkg' K (\
Qus

eI Ell K [MLT® K] J s m'K! NS =

feemofia fawa

1.

Shfea ATa (T) Ten Wiewa™ T ¢ i SigH oIen o9y 39 T

T = t +273.15
qe 5t ok B fog & forw (=@ g 7= 273.16 K 1 Feitor zened gevr 21 39 =97 o @1
Hfewqad A9sRA W feq 1 T qe1 S 1 FeHih (I 1 atm 6 W) FHAA: 0 °C T
100 °C ok 3T fohe § Tg enef &9 ¥ Tk SR el €| g1 Afewad am Ay o faeot
fra o3 (I99 gW) qeAd: 0 °C @A 100 °C &, W= 379 ord foigati o ==m o fau <ia o
fog 1 3T=s1 WM W1 © s 3T a9 eifgda 2

9 HIE 59 AT o WY AT H Bl © dl T T 1 <@ a1 a9 T Sl @ 99 Sreeaeen
o S greenati o HieR eFei H SfeR (Tl § i) el 81 98 @l fer W ooy g ©
=R I9H oot ot grerd | H i

T LA § Gg &) Fehral 219 T & Fhm o 31 9 oF ste ardial Sifad siar 21 T
Tl TR ey fRdt off ®9 § qroiaR gfmfed 98 e, 98 S T8 e

Haed § fordt avet o Hiat Sk AN § STEHH 919 8 oh R0 §o4 1 YaTg Wiferd Bl 2l
foret (& | fiRg 511 o 1 W ot a1 9 1 ST 1 & B o T3 a1 S o o dred
¥ FNO B 2 S o Sl Gegd g Te sl
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11.1

11.2

11.3

11.4

11.5

AT

4317 9o co, % i fog HAW: 24.57 K91 216.55 K &1 T Ml 1 Afeq=@ o1 wRTerRe

AT | S hifeu

T IRY Y WYHH A TN B R W o 3 &g #1200 A 71 350 B gR uRenfya fewan mon

B T, AN T, § 1 Gy 22

fordt qromTdt 61 T H forpa wfady @9 o wre fefataa af=ee fam o saRr afiafaa

g €
R=R, [l +a(T-T,)]

FfE qraErdt 61 <o o £k f4g 273.16 K W Ry 101.6 Q 91 W o HHI Wi fag

(600.5 K) W TfRI¥ 165.5 Q & df I a9 1d hiferg ford o aromrdt =1 gfadier 123.4 Q B

frefafaa o 3w i

(@) omyfTer arafufa & Sot o e fog U wmes fea fag @, =12 fem o Toish qen st
o Ml 1 OF Fad fog aee | (S % uw Sfcwes muen | e @ em)
1 39 7?

(b) < foF S gl foman < et © for gt Sfcd=@ qwy o < fraa f6g o foeeht soen:
0 °C @91 100 °C H&AT fAifa &1 7 off| T a9 Am9shd W 1 & § e faq fag it
o1 forem foig foran 1 © 519 ohfe we 19 Arushs W §@ 273,16 K i 6t 7
21 39 AUHH (ke T a9) W o1 Fraa fag @ @2

() TH 9 (Shfead W9hH) T 1 AfeHad Avshd R 19 ¢, § Ha9 39 TR 8:

t.=T-273.15

T4 geu H gE 273.15 for@n ® 273.16 F4 7 forman?

(d) 39 TH Y HqUHH R, TGk THih AR HT AT HRASES F Thlh A hi
MY o SRR €, el o Tk faig o1 arg = gim?

T eyl T AroHIE A qen B W e TS qe BESeH WA i TE B| 3ok YTl

frrefafeaa € .

a EC T
ot A | argaTdt B ®
St 1 Tores folg 1.250 x 10° Pa 0.200 x 10° Pa
HEHT K1 HH TTelih 1.797 x 10° Pa 0.287 x 10° Pa
(a)  QIUEITGAT A G Be §R1 fIQ 7T qrg&ien o ST{HR W oh ATHT Teish o qXHaTd
1 &2

(b)  3Teh foX o qqofodl A dem Beh S § oSl 3t gF &1 1 RO 87 (A
AqEIE § h1E S0 T ) | < WS ok W i FIH T HH H o oy 7H WA
o SR 1 GauE e 8?2

2020-21



11.6

11.7

11.8

11.9

11.10

11.11

11.12

11.13

11.14

11.15

et 1m o9 =i o WA w1 Fened Sewd 27.0 °C W T w21 fRE aw e S
45°C o1 79 39 ®Id ¥ forelt ©iat 1 g F T8 63.0 cm 119 TE| 39 &7 =iat &1 B *1
arfaeh darg 1 oft? i <7 " 27.0 °C &1 39 &7 56 B *1 A6 R0 SR T @
W YR TN = 1.20 x 10° K |

ot o2 il o ufew 1 3H w1 Rt o[ W Sk S |1 27°C W Yl w1 a_d =
8.70 cm T UfET o hi1d 9% 1 A9 8.69 cm 71 TG ok gRI i 1 31 fovan a1 2
o % foRg qT W afed o ) =_m? 78 7if fF savaes a uieR § e 5 Esw J@r)
o fed @ € o, = 1.20x10°K

dfe T =R | T 35 fman 0 §127.0 °C W SR 1AM 4.24 cm B1 39 ¢ HT AL
1227 °C TF W HH W 8% & =99 ¥ 31 e gm? dfd &1 W@ J8R s
=1.70x 10° K|

27°C R 1.8 cm @d fdt dfdl & dR i T 3§ Iohi oh o 3TcT 1 TIHT ISl FHE1 T
21 9 AR 1 -39 °C 9 Tk Mifad L ql AR § foha aE Seq= € ST 9’ 1 A
2.0 mm B Wael &1 {@E TER % = 2.0 x 10° K, faad 1 I Feareer
U7k = 0.91 x 10! Pal

50 cm el T 3.0 mm S 1 fHHt didet w1 S Hi IH Targ qe =9 i fFdt ©ra &t
T G Sler T 71 AR A g fagai 40°C W E, A 250 °C W WY B 1 oAaE H o UReH
B2 N WY R HE A ufdee e 22 g o Rl W WER & fo ged T e
(ffst o St o g FER o7 FAA: = 2.0 x 10° K, D= 1.2x 10° K" 71)
frerad= =1 3@a" WER Tl 49 x 107° K €1 @19 § 30 °C ! g5 81 W 36 e |
1 TR aRadd gm?

8.0 kg S99 o Tl Uofufam & B =i ¥ fog wed o fou favelt 10 kw T st 1
I femen e R 2.5 e o soiieh o a9 # feRat gfg = STt T iy iR 5006 vt
A o Xt R T e W @ gl S @ st aiaw § ow €l Wt 21 Uegfatem i et
T ¥Rd = 0.91J g ' K 2B

2.5 kg SSAUH o did o Tk i fohddl WG H 500 °C Tk 9 HIH o U (hdl o9
fen-sciter W @ o St 21 TMferd &1 Hehe areft few Y stfersmam A 9o 22 dfd 1 fafire
o U@ = 0.39 J g7 K}, 9% &t Hed S™1=335J g |

foret g 1 fafde S enfiar o6 9a o 0.20 kg & ®Tg & T2oh ! 150 °C T TW Hioh,
ferelt difel o SoAM (ST ook = 0.025 kg), TEH 27 °C &1 150 cm® W1 971 8, # firen
ST B1 3 @19 40 °C €1 Ug w1 fafire o wifien gRenfera sifs) afg afteer o em o
WUl A AHeR Iehe fohal Sl 2, qd 91 SIuehT ST u1g i fafere o e &
Rfas® B ¥ Aferh A W SteE F4?

T I TGl % FHe q9 R Hior fafire s anfaet & Jaor e Ry T g
e TR fafyre we anfiar (c,)

(cal mol1™ ' K'Y

HESEE 4.87
BIECER] 4.97
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11.16

11.17

11.18

11.19

11.20

11.21

SRS 5.02
e Al 4.99
FTEH HARES 5.01
FAH 6.17

Y gore w9 9 1 81 wdiiehicAs w9 ¥ Rl t w19 w1 gen fafere s efta
2.92 cal/mol K Bldl &1 T8 ¥ o1 T iU FAA o oy o 31ferss 7 (99
3TYeT) B F 3 frskd feRTerd 272

101°F dr9 SR § tifeq fordll == ol TAIERe (S %9 %3 i ga1) < T fSEen wro
3IHoh IRR  THH & 9o # R H gfg 7 W1 A 20 e § SR 98 oF 9 R S ©
Al T g M ATt i oo Y Sigd S 82 g Wi fR ST B 1 UHEe
UG 9o € 21 S 1 SIHH 30 kg ©1 WG IR fafvrse seAn e st #6 fafyre
oA AT o TN SR ® 9l 9 A9 WX el o SS9 i T HO 580 cal gl @1

oTehict 1 o ‘fem afee’ fasiuez el o %10 A o Ueh e o TSRO T TE a9l
T WIEA 8130 cm 9 o fohet feq st 1 9 5.0 cm 21 A 39 i ° 4.0 kg Ted
@1 ? 16 h o I¥EIq 99 fed 1 A1 1 el SIS S8 a9 45 °C € 92 ol
I T TeAH 0.01 J s m K21 (e ST G o1 = 335 x 10° J kg')

ot diaer o sfger @t U<t T &5l 0.15 m2 @1 | 1.0 cm B el 19 ©e | @A
TR 38 6.0 kg/min 1 T Y 5ol Seierdl 81 d19eR o Goh 1 SoTell oh W o1 19 STehford
FHIST) diaet S Fefhdl = 109 J s m! K';5el &1 a5 1= 2256 x 10°J kg €1

e Hifse fom = -

(a) Ak TEdRd o1l fYUg 37y Scsie B B

(b) ohuehdl ATl & TRl o1 ¢ w1 319N diael o1 fTeie el stfush Sidel wdid giar 21

() I UV IcqaTdt (I== AT sl "9 T Ifer), Frmept sisniena et staet
Hftoreht o fafertor o forg fohan o 2, gl o W@ fodt oret 9t o oF e 1 arg
SHTHT HH HITAl €, T ST6 1 R o Zhe i Wgl H Wad B, d o8 ard 1 GEl 7
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qefes & R T Uk Tomh wewen § 2, A
(ux,uy,uz)éﬂméaqﬁ,qagéaw,wﬁrw
ot STeht @t fa=1 yRfyew am aren +iE & 99g &
o T8 AT (vx,vy,vz) WW{WIWW&W
T B @ AT o faaRor Tl TE w umwm |t
TR B BH 2 T A T Bl 3R 59 TR ST

gl H Ui ®) ¥ SWisd uieher gufad e
Bl

13.4.2 Y T U] ik SHATEAT

G (13.14) 1 39 YR o feran s gk 2,
PV = (1/3) nVm p? (13.15a)
PV = (2/3)[Nx-m p?] (13.15b)

el N (= nV) 719 o 994 & 310efi 1 et Te& B
< wises | fordl Tfer g o eroget 1 oiwd

MG Tfas e B HFifh et st 9

TR St qofd: Tfaet ot & 2,

E=Nx(1/2) m ? (13.16)
GO (13.15b) | dd BH UIE B e,

PV=(2/3)E (13.17)

e BH MY T FUFITHR AT o fory qar &

RO (13.17) 1 e T g (13.3) 9
AR & W
E=(3/2) k, NT (13.18)

AE/N=- mp> = (3/2) kT (13.19)
ot et a10] 1 iga Tfast Soff, 19 & A A
o STTRUEUE eIl T : I8 RY T w1 YA, I
T AFd W R T H T U Hifae frewd 2,
St ot g o A, ST w1 U T, 99, g
(S8 FoAMTRRT =) el Sl ®) ©, ! foret anfvaes
T e B e e
h3dl &1 sicsaH fadies 3 < 99 &5 Rl Sred
2 oA W 2E d T (13.18) U8 TR I ©
o aTeel 1 &1 1A ST sharel SEeh 19 T et
HIA B, <@ AT A W L A9 1 3H A 9
e € T emeet |l @ sropifa fagia emeel T
eI IR 39 R i fafu= g et o gofa:
A B

aAfsrar 3Teet i o Thsrr o o et < fHeor i
Wi 119 o < 1 ANEH Bl €1 TR (13.14)
¢ ®9 ¥ 39 YhR fo@ " €,

P=(1/3) [n,mv? +n,m, v +... | (13.20)

+ Tepd E ek Sl U, TEH o= s wifedl & wro1 o Sl aftnferd 8 gendt € ([Red Sgun 13.5),

oherel TG 9T €1 ek Sl 2
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Heeret sies et

T o XU T SoHE §, <@, A1, ST S T Wl o e g W of, 6ok |e STupet o o gHH
&l BId| HeEl oh R SAULS i Wil SR Wi w1 faen uRefdad et @l 21 aenfy, S § =t
o1 foraror Torlt a0 fad & 2

agd © fiei & fm o ERR *1 31eEe ¥ 9T =ral o 3 foa 9gd meeyul ud St @l
S & T SN o T H, ey TRt IR § wdnl shi 31 W TR 1 Ueeh SAfR i e11g i Uk
¥ gftfed 7 8 - e & &1 g9 A Sl q9el ¥ i Gehd ® : 20 99 qh &t g % o,
20 ¥ 60 I TH HI MY & TFh, 60 I8 W Ak g ok g5 AR eH sifew fagga Wt =ifew
Al B9 o1g o SR SIS A Gt THE o Tohd B : 0-1, 1-2,... 99-100 T g o THE| el G HI
A HH HY €l 3H TY-HTA § I ol Al 6t & o w7 B St 81 Sgrewond, e a9
3T | ARN 1 TN Th a8 IqUed § AN bl G 1 TR ST M| Y S7a0a x TH x + dx
H @R @ dN( ST dx 3 STTHAIAE SFM M, dN(9 = n, dx, F& n_H1 STER T
X T x+dx F 99 & @ § A Hen w fEe s § e S

o 0.5 1 Av 15 2.0 O/ Urms)
sTTfoaeh =rell @1 Hagael G2

T YHR, Nfoass fadl & ded W faar & @ =6l v W& v + dv & o9 U & HEn
dN(v)=4pNa3e‘b”2v2dv=nudvI'<’T6' Hogael se FHaadl %InV ﬁv%ﬁﬁwwﬁﬂﬁm
T R1 S YOS 1 G SR =t o U vrdp o o9 € W H quif gzl o el oh SR gl
T v2 S feret Tfer 1 i, FEse <u?> =(1/N) [ ? dN(v) = V(3k, T/m) BRI Ufsfog fehan S
2 o erfirsh Werfiyer aROSt % SMHR R = qRomEl o firerdr 2

. My, 28 s
qreereen # fafe= i o ste 1 ofrem mfew Tl T = G0 x10% - H65x107 ig
Foll M Bl S| 37

_ _ ? =3k, T/m = (516)>m?s>
-m vy =-my vy =8/2) Ik T p? H TIHA TR o A A (rms) T
A, P=(n, +n,+.. )k, T (13.21) e 8 SR W o, 50 e w5 €

- B (2 iﬁ%‘q <vzj‘lﬂfi"r@’m%)
v = bléms

T (13.19) ¥ w9 fre T F e @ 50 e F B A sAr &% S % gEe B
Tl = 1 STTAN T TR | WLSH F TF wHe (13.19) ¥ 79 39 ey W v ¥
0] 1 T= 300 K, 919 T HeA ot =rel il A 19 W&ok AN 1 rms el e Bl |
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sfiferant

> sereror13.5 TRl woTe § el e
T 9l € 5o somM 2: 1 o o A #
s 1 A 27°C B <A T o () Ui ST Y
A TIferT Soft shT ST (id) S i o STope
1 o HIeA He Al v, T ST G IS
3IFTA ST W] FFAM = 39.9 u, FARA T 377
MM = 70.9u

ge7 98l 9% WA Arg Hequl O 9% € f fwd

(3eet) T T (9 e1)) irEa eSS (AR 97

3T 1 TE Teh TH B, FAKH i W& [GRAH

e, 1o SEREE off i A &) wea & (3/2) kT

o e Bl ©, T o g ) R et ® eIk i

1 Yepfd T e &1 Il

() Ifer woimes ® i iR Tl S k1 qrg qHH
?, ofd: T4 W T Wt (fa eryy) efrd A
Foliaf T S 1: 1 21

(i) 39 —mo_2 = WA 1] fwd s e =
(3/2)) k,T F& m 79 o T 19 H T &

2

(UfmS)Ar (m)c1 _ (M)c1 70.9

(v2.),  (m), (M), ~ 399 ~77

Tei M T H AU-FeAuE © (AN T WA E
IHHT 0] B1) A qa FT A o R

(Vs ) o,

(Vs )
39 36 a4 W A o 3 foh swiea afieai |
T o6 Sl o STHR W ToeA i hig MRl
&l B1 9 a9 1 WM eraRaEfdd wdr € df i SR
FARA oF FAE foRelt o= o9 H B, q9 off
(i) TS (i) oF I &I B <

> seEvor13.6. PEm % @ wEertE &
AT 235 u T 238 u ©1 AR JATEH
TRIHARTES T | 3 S gty faem
a1 ferment eiiea = stfues Bi? A wee
1 TE] FFAEE 19 u B, @ fmelt off a9 =\,
TThT ATell H Yfaerd S7aX STehfeta shiferg)

= 1.33

2020-21

gor : Tondlt Frord @9 W sted STt = Yo m<u?>
TEdl 1 o7 319 1 FAHH FSTa1 A €, SaAt €
sfien e STRT I SRTT <Tel o1 STII, SEHM o
ST o e o RN ¢ =k TRl soruE
349u TH 352 THEAN €, SElAY

13 L., = (352/349)'/2=1.0044

349 / 352

. ‘ AV
aﬁ&wwuﬁﬁTa?:o.M%

2350 o8 WHE ¢ TSIEeh! STagaehdl Ty
forgied ¥ ot B1 3O Sifie AET W 9T WM aTe
quEenfie 298U ¥ YUE L o fow fasor #t
Ty fafeet g 9 3R 9 =R 3§ Wy faferet
Tl FER *1 Afeh GhU BT =1 difh 3T] &el
Tl ! ARl ¥ FHg L T Tk T HL ST Heob | €
Ul &I qad H dea ¥ ded A S
Ffer Henm § g T 9Rt e SR 3§ YRR
TRy faferet o o goTeh 1Y) STfush A | uIg S
(Haeq) (<fEu fax 13.5)1 =@ fafy stda g
T ¢ IR | HorlH o folu 39 %E 9N <
vedl 2l <

g 19 foufa et €, @ Sen foeor &
T Ik AUST o FoAUM o NHA oh FGRATIAT
A T (FfET = 13.12)1 R ST IW
o YR W Y 39 G2 I AR H1 STTHAA ol
b &2

i

fer7 13.5 T& WY R T ToRd §T 377



aruTta Tagia

345

B

3QTETUT 13.7 (a) S h1g 0] (A YARY 7<)
frel (9ft) foR | THUA ©, q@ THT h
Ty F8 S = 9 faada feen o s efted
21 9 FFE R FEAEE THS M A At o
TRl €, ot @ & e B qentd, s g
AT AR A T soet W THAA 2, A 7@ T
Il | 999 dredl 81 59 fufq 9 Wi % =
UeNehd e eIl B A1 SIfUe? (IAd 6
YA GESi W HaEfed Ut AR AT
TR | (b) fores ot fafere § fae =i e
1 AR 2okl Y S TREl 19 1 Fifed fwan
S 2, 9 39 T 1 A9 9% S 21 SW () §
g SR fgid o YR W $H Y&l &
R Hitau| (c) e o fafedst o ddifea
T Sd R 1 a1t Heheleht therdl © df
B B2 q& 3T S VO HAI? (d) Weld T
T TG Teh WY ool ol SUAN i 1 TEd
1 3! ol YRR W1 1S Tl THerdt 872

Z7 (a) A T Soet oF W o faferal o ey 7ig =t
el u B 97 forferel oF |e deet V Ee | T S ST
3 @1 81 1 9oe] o TIYel Tig hi 91el V+ u 8RN, S aeat
FI AR T BRI AR Soel W THART 96 G ATId
dledt & d1 ded a5 Wrdal sHRET GA
V+uW@§aﬁ3ﬂTﬁﬁlmzfaﬁEéﬁm,m
TR F =, V+ (V+ ) =2V + u, fafre I = S
TS BATT 3T: 39 W TIOHM et § Heg o qvE %
1 =l 5 Sl 81 AR seen W T € o fver =i
u¥ HH BRI ] o foTQ sHent o79f A9 gfg BRI
(a) & ST o MR |, 79 3, (b) (0), (d) &
IW 2 T B
(Fohd: 30 TIAd W eH 3§, e > sean, fafde
> fafere, 19y > 7)1 <

13.5 Holl o GHIGWST ot faw
ferell wehet @19 1 A ST Bl @
1

_ 2 1 2 1 2
& = Emvx + Emvy + Emvz (13.22)

T a9 9, adg @ § et 9 @) el e
HT UM < ¢, > 5N TR ffan S 2, om:

1 1 1 3
(e,) = <§mv,2(> + <§mv3> + <§mv§> = ngT (13.23)

Fiifer Fei e a0 faen 7l ©, 31d: T (13.23)
Y 3 e © T

1 9 1 1 9 1
— nmvo = = kT -(= mv = — k,T.
<2 > 2 7 ’<2 > 2 7

1, 1
= m?) = = kT
<2 m > 5 Ko (13.24)

feepea o Wifq oF fore Teast fordt 1) &t feerfa
<9 o fou g & Frdenshl w1 sTevashar gidt 21
IS ! TT(q fhEl Toh Haa | a1ed Y &1 S,
T et Y, 3R afs 38 fordt oRet Y@ & sfEw
Tfd o faw are # fen e, @ shaa T fRene
1 STETIERT SR 39 Toh S &7 § ot e e
ST Thdl €1 eH FEd © fF Ge W Tfa ok ferg
T a1 feepeyH | T ok foly T wife dF R
fordt dqui fave #t & fag o W 93 o 7fa &1
WA Tfq hed 1 31d:, fiepeom ® g & fag
T 0] T A G HIfE Bt &1 Tedeh T
TSIl 1 Uk ToTasd hife Bl 8, Torew wifa o femelt
mwaﬁaﬁmﬁaﬁm%,mﬁaﬁ—mujaﬁi
H % W W o, T v, ¥ T (13.24) F W
TEd & for adE g W 3@ YRR o Yoish U
Ed 7 - kT 2

T SE THTRANE T o Sy § ohed
TG W63 Hife gt 81 afeh 0, & N, St
famRemuyss i < fow @ % Wed €2 0,7
¥ 3 TMAE @ Hife al gl 8 €, W, sk
SRR T8 310 S0 AT b5 ob 9a: O Ta
F gehd 21 Tosl 13.6 H, SAfaiiSH o < wATISH i
Sre aTell 3@ o @aad a1 WA gUE A9 1 T4 2
Tty Tu & foeer afta: ero) gof wifd ) gehar 2+
37: T Ut YA Y I Sl =g HifE Bl 7
TH TR el Sl H LI 9l £, TS O St g,
Tl T I 2?1

1 -, 1 5, 1 5 1 1
& +E =—muy +—nw, +—mw;, +—lLaf +—1
t T 2 x 2 y 2 z 2 laf 2 ZQIZZ (1325)

+ gl 1 oA et Y@ & afta: gl %1 g et 9gd %9 e @ iR adien AfwE SRl 9 gt T

Bl I SR 13.6 1 SAfam st fEm)
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Q)

fer7 13.6  fERAME 379 & 31 WdT qU 37871

el 0, TH o, FHAA: & 1 T2 5 qRa: HoF =
qA I T I, 3T I STea-amepet €1 eAm i,
yIeh FOT TG ehife el § Teh U8 1 AR il
& forad =it wfa o forelt =) o1 ol wftafera g 2

TR T T AW foen €, 7 0, o Tk ‘g
st 2, steifd, 9% 31] b T w0, o faw 7w
RO, Tl (HHE Y W) TE qE T ¥, W Eed
A 7 B CO S8 FD 370], UHE a9 W ot F
U H €, N ST T, SATIHI[ 3Te]
Y THHE T wW ¢ (S o9 @S9
@f\aﬁaaﬁw)aﬁw&wngmmfﬁ@ﬁev
A St w1 ot g ©, T,

1 (dy) 1.,

evzgm(d—ktlj +5ky
el ke AlcTeh 1 ot Tedieh W y 39T oA s
HEEES

E=€£ +¢€ +¢g, (13.26)

T e e, e (13.26) 1 fRu T
HU-Zell 9% H, (A o U =0 y W& dy/dt o ot
wftmfea €

g ot IfET fF TF A T gol |6
Ffe T A w% & “affid w8 F AEE R 7, W
IR (13.26) ¥ W T 9 WG4 whife o Aue
] ¥ Tfast vd fufas 3 = & o S afia
T

TSl o S § TS fgE Ug 1] R el
eIt e 1 Teh @7 STl €1 89 3@ 9o © Tk
TH A9 T R AT greEee] § Hadd Tfd o
T T o T ST Sl Y ke T 81 Teigem Heaged
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sfiferent

3 fag fey MU fR ufafieq wifersa =it &
e aRehd fHGId o STgHR Sl o fadsH o6
T 1 H U B © e St LA e, T @
A HIT Sl Bl AR AT T H, FS GAE T
Tt Ha et ®9 W Sfed B 7 R Yo w9
ST St Y I, T W ST 81 T Sostt ol EATEeTTeT
from ?1 asqER, fREt e1v) w1 T e it
T i § Fedeh Yo I, T St 1 AMTEH Xl €
Selfeh Yedieh U M 2 X Yo kT = kT ol ol
ANEE S €, iR, shud B9 § i R feerfas
ST R T Ssiied 1 A e )

Sell oF FHfaISH W *1 I 39 gEae Hi
foma o%g 9 TR T TRl 70 Saifak €9 9 6 I
faftre o o 9@ W 6 faw sw fm @
SN | 9% H S i fafere e anfar & fo
off 3Heh YN 1 G faeror <)

13.6 Tafyre wear enfiar

13.6.1 THUTHUT Tt & fere

THTAT 19 o 210] A sheel diF Tl e
Hife it 1 Fd: T9oh Teh U] I T a¥ W 3AEa

S5t (3/2)k, T BRTT| 39 Yo kT 119 o | Hiet 1 el
AR st

3 3
U = lsTxN, =_RT (13.27)

ot T R HieR fafere e i ¢ 1 W R,
au 3

C, (THUHEF T o fow) = =5 RT
(13.28)

et 9 % forw

C -C,=R (13.29)

aﬁ,épﬁmmmnﬁwﬁﬁ&mwﬁm%
5

s@:, C,=2R (13.30)
2
o < fafere o1 enfiaet 1 UM
C, 5
=2 13.31
’=¢ "3 (1530
13.6.2 fgurumures fai & e

S e T fohar S weht @ fon fguAnrs ety a6
STF SRR Bl ¢ SR A g6 Hepfa Bl gg Tof
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M, df 3UH 5 WA HIfE 7 : 3 WHIRT T 2
oit| ot TAfgaSE & fFEEHER 9@ gwR # ig
% T WA HI, TAT T Fa AqReh e,

5 5
U =§kBT XN, = RT (13.32)
31d: Hier fafyre o wnfiard

c,(w fgmmF) =2rR c,= TR (13.33)
2 2

y (35 fgwmm) = 7 (13.34)

5

I G o) g8 TR €, o T Uh
sifafied 9 w9 ot gfiwfea @, @

U =(§kBT+kBT ]NA = %RT

7 9 9
C,=-R, C,=—R, y=— _
, A Y=-R (13.35)

13.6.3 SEUHITE Tl & fow
h &9 H el TERANE 0] § 3 TAMAE, 3
Ul @M= Sife Td o Miv=a e (f) & &
9 B & ol FHfawIsH o FRETER 78 grEd °
U S Gehdl © T TH YHR 1 19 o | A Hi
FA AANE Hell
U=(3 k,T+ 3 k,T+fkT) N,
2 2
@q C,=(B3+f)R C,=@A+f)R,

L)) (13.36)

(3+1)

v A, ¢, - ¢, =R a+ft ateel i & fag
T 2, Tt =’ = T T @, fgwan @
HUE TEIANE f FA A B

R (13.1) ®, &l |, shod w6l 1 SUeT A
TU, Sh! fafvre o umiaiett o faw o dgifas
a1 geteg e @ #1 3 7 GRef (13.2)
T feu Tu g e o fou fafyrte s et -
I A 9 RIE I @M 21 98 O €, foh el
% T & (S wreoft # e <erfé 7€), Sl , ¢ H
Al | Wgd S U@ T ¥ WIHRU: 3 T

AR 13.1 i w7 faferee o enftanet o getqat
M (9 &9 H1 UM W gU)

h ﬁ c' CP CP7 CV
'qgrﬁ[ @mol’ K | mol K | (J mol K
ThITHATIH 12.5 20.8 8.31 1.67

20.8 29.1 8.31 1.40

24.93 33.24 8.31 1.33

WROR 13.2 9 TG w1 fafire s a6

wifad A=
Wﬁ[ @mol’ K | (Jmol” K™ |(Jmol'K?)
W He 12.5 20.8 8.30 1.6
W e 12.7 20.8

6
N o b 8.12 1.64

ThUHU[h Ar 12.5 20.8 8.30 1.67

W H, 20.4 28.8 8.45 1.41
fgUe s o, 21.0 29.3 8.32 1.40

femmmeE N, 20.8 29.1 8.32 1.40
rommeEs wo 27.0 35.4 8.35 1.31
T CH, 271 354 8.36 131

fafere o enfiarsti & @@ 9reft (13.1) ® fw g
Tgifer A § eifuss arg Tu B gHenT o1d 98 e fm
g &0 IR o U T ok AR i ot
wftnfea =L, df wrifes w dgifaes qH o e
it gfeer BMt| 31q:, AT ard W el qHiasrs
=1 T, wrEifes &9 9 /=t We T Bl 2

P 3eTEYOT 13.8 44.8 X F@ O & U
AR adq § STP W Elferad 1| wit 21 39
9 o 99 W 15.0 °C gfg w & fau ferat
o1 ohi SAEYFR 8?2 (R=8.31J mol' K1)

ge7 : T F9W PV = URT &1 SUAM &ieh MY 98
SrEr | 29 wed © TR e of eneet W % 1 Al
1, "M A9 (273 K) & <« (1 atm = 1.01 x 10°
Pa) W 3EFdA 22.4 ¢l €idl €1 36 Weih S
1 ‘HIeR Fd’ HEd €1 3Td: TH I | 5
fieR Eiferam & 2 Tl €1 it giferam TehaET] T
e, 39H fad emgad w fafire e urfiar
C, = (3/2) R, frad <= w faferse soar enfian

2020-21



348

3@, @ favara =
1 TRATIET Rl 3ER-SER Aed TU IWT ST ehell 8, Steb-3ieh a1 &l , TR ST THI & Hehell €1 39 Bl
o TRATRUT <l 7ot o 10T GRT Hehel S U 3@ Teohd 21 TITShUI shi 3T ~ 10° m 811827 H, Whidels
& IS, e oS 3 Sl § eifard el oF WRThHU 1 YeAei | TOe &id 99g I8 = fh
éé‘%—ﬂéqﬁmﬁwmﬁaﬂ@?

YT fogia 58 IRERHT 1 Teh Tel AR W&A il €1 Sl | feifad frdt five w wet o e
Toft fegnadi § Hug td wd &1 Fifw o #1 id Agiess 2, frd wh e 9 "6y w6 o st
1 G T Ia € T foada feen ¥ SRt Weg i Al WAE i WEA ekl 81 WHe
3T i %] o AT 39 oMivas Wi 1 G& | I Fol Togl &I & &I ol § Suvig gx
o HRU TH UL St G w1 g9 frEE T7 v

I fyve et Bier 81, W R ot geneefl 9 fag v g 8, @ fafu= faenst | e ot stfvass
Hegl ol & § A QUIEHY UL 8T BT STeifd WA (S A1 o7 W) o T[] o Had HEgl
51 fefad five W Tegl o SR STNG Holl Tal ol STEOT 1 ar I F81 sianl frdl 7 fret fxem
¥ et Gam iR o el gt @ W €1 gy, e fuve 3}-Ag & @ wfd e @ iR afese @
T wHeATTS WAl 8 STSTehel SIS i Sheat arell ST &1 78 i eMfuaeh fhargieran s th g2
1EI'EITUT%I Td <THT 50 aﬁﬁmmw (scanning tunneling)wmmﬁ@?ﬁ]ﬁ S, S:IUJ,S"I)[
1 3@ S @I 2

1087 ¥, SR § wrEtd fig o oo STEHE Seldl 4 7 shael SV ] @ § Fherdl WE, A%
98 3! fowga TReafier sT=r=aferaneti 1 oft <@ ek | WET o 3ifd o7eq @, SH HRIbehe &l hife
Y off 0 Ay a6l T YRl ] R T 3R] YRIRTd Y, 31X 396k WISl ok H9d Y 910 (R
Yohg = 10155 ) 379 Al 37T THAMR el o T 3R o 1 72987 HT Gohd 21 3G H &

T ‘e’ wed B

C,=(5/2) R B i =& &1 g fea ¢,
T S A H o fAT C 1 ST 8| 374
SMEYIH SO = Hicdl i H&A x TR fafyre o
1T x et
=2x1.5Rx 15.0=45R
=45%x8.31=374J <

13.6.4 3l ol fafyrse ST anfiar

2 w1 fafere SeATenRar 9a T o faw o g1 e
TafgaS %1 fEm @r w1 ghd € R 3
fav o foem ifSe, it N OREgE w1 S 21 Yol
TRAT] SO Wi feefd o 3R-SER A Y Tl R
fret whfordia w9 #1 siEd s 2 x% kT
= I, T %1 Tferdia st o fau sima <t 3 &, T 2
39 F | et o fAUN= N, 3R TR FA AR
EX|

U= 3 k,T xN, =3RT

31d, f9/d @ WAQ = AU + PAV = AU, Hif®
forddl 31 & fou AV SUsmie 21 erd:
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AQ AU
== — = 3R
AT AT (13.37)

WRU 13.3 L o d9 U9 dgASad 6 W FS
I it fafirse o enfiarett o @M

=
k) J kg 'K') |afar(J mol'K™)
Tgfufem

900.0 24.4
EaCE] 506.5 6.1
GGl 386.4 24.5
o 127.7 26.5
KLk 236.1 25.5
T2 134.4 24.9

groft 13.3 <wifdt @ foF =amaer ®9 9, 9ErT a9
TR U W A AR A W Wl @ B | (e
T AR 2|

13.6.5 A &t Tafyree sor enfian

BH S 1 3T 1 e & o B Tedsh W] o g
ST ST 3k, T BN 5T o 1] H 3 TN, < TR
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o 3R U SfISH o B 81 o7d: gHeh | Hiel i
AR ol
U=3x3KkT xN, =9 RT

Td C=AQ/ AT=AU/ AT =9R

Te THepT Uierd WH ® IR Wit $iR Sgifaen
Ml ¥ I FHE 2| shelrd, 7, feift amies o s/
1 fafirse oA o1 =1 | 1 21 iR, 1 shelid =
4.179J 3R STl 1 1 9l 18 UM €1 37d: el shi Uid
et ferfyree oAt ¢ ~ 75 J mol ' K ~ 9R €1 ey,
ARl T TR ) sifers Sifeet ST o et T
I W i qeh 3T fie Soten 2d B

d o, g4 Sl wHfaSH o o gfaftsa fam =
smuiia faftre o aif@el o q@EEaH & W&
TEAYUl 9§ i AW H @A difeul NEeh TER
R fafemse e enfiand g o fAeRk 7=t il =g
S-S B e a1 SR Sed S ©, 36 Wi
o oy foeer giter=r g9 o €1 5@ T>01 gt
Tererf i fafere o onftand =1 1 SR ST Bt
St §1 TER Haw 3H aed ¥ § f fe oaw w
T il A SR Uiy STyl 81 e 81
ferufafted wifast =1 3fte 9, yore frafq § @
Hifedr emafafda & =fed) fr= g w fafire som
HTaTstl o1 saaeR feRufaftad difde! 1 seqaera
Tl © 3R 98 SRR whael @eied HRONSd o
YR W & T foman S "ehar ©, Sta fF weued
ST A <A ol Faied At | w@rd=a ife o
JEt B9 9 Tedt € R § R IEw e e
AEYTH €| € W o1 1 o SR § Al T €
TR § A Sl w@asd i gaE 2 2
13.7 WIS Werd UL

T o eyupeH w1 Tl TRt efers, 9 | wafd ok An
%1 i o aUeR B B @ off, g ¥ fafere 9
o g8 9 1 W % TR B qh fa@ia g9 §
HTHT SAfereh THA ol B 1 IfHed | YU 1 aed e
ek o1 el 1 UE SEfaT giar €, i, T o a1
T ufifird, W 3TId SIS Y o B B gEifee 3
TER THG T oh oy wred ©1 gRomeeEsy, o
A ®Y W, WA @1 H Ferd 78l W Fohd, ST 9
R aftafdd & 2

349

far7 13.7 At 79 7 fondlt 79 GRT gafia ST forad
FIE TH 37T FTH THAG

oM efife, foredt 719 & @19 d oA % T €
78l &9 319 e fondlt T Tifqee e10] W Shigd
et @1eg =Tt <> B1 7 foRd off T8 T ety 9
o T S T I STUSTH o Hhal o o H g d
o 3T AT ST ALTHT | T A9 (nd2 <v> A T
Tl © e 3T et i ] TEE THUWT (G
fo=13.7) 1 AR Ufd Thish = ¥ T[T &1 wen
nﬁﬁﬁ%AtWﬁnn&<v>AtWWl
TH YR Gl H W nad? <v> B A < Hiqw
Gogl o ot sfiea Sae,

T =1/(nr<v> d2) (13.38)

N e R e
1A o 99 (1) HEd ©, B

1 =<v>7=1/(nad? (13.39)

T eI § Y I8 hodl &1 7 fh gE gl
aq0] ferrmrereen o B1 wq oread § |l o1 fade @
3R Hog < A o Area ek o Ry i
T WA T T TH THHI (13.38) F<u> I <v,>
Y gfqeentad T B oTa: Sifien Fened SFata g

1=1/(v2 nzd?) (13.40)
3N, 31 B a1 o T o o, STP W S o
<v> = (485m/s) AHL | T T 1 ehe FW 2l
(0.02x10%)
"7 (22.4x107)
= 2.7%x 102 m™
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sfiferent

d=2x10""med |,
7=6.1%x1019s
T, 1=2.9x 107 m ~ 1500d (13.41)
St arda off, SR (13.40) g T T weg
U 9 W1 HH U] i FHY T G BT T
yfaeed: fsflt s 21 frdt steafuss fraffaa Teft o
o nfwan ot w0 F=& T 8, Wem ged qY w1 9H
Telt Y oaTE o SR B Gehdl

3qIEYUT 13.9 373 KW, 5 a4 H, Sl oh
370] ok W& ot 921 oh1 SThel hifaIl| SETELT
13.1 TR THIH01 (13.41) § <t T Gt 1
SR il

g7 S A o feTT d 1 9, S9! a1 6 faw A9
e Tl 1 G el WA I o kA €|

zafe n=2.7x10% xgzz x10®m™®

d: WY o 9Y (=4 x10 ' m <

e S, me g v, gd ufere g 9
STATIAE U ~ 40 A=4x10m T ga1 | 100
T R TIeT G 9 h1 I8 I AH & 6 % WEae
SRR 1 et 21 for ferelt oen o1 o Tl ol
Tifd =&t feren S Heman 21

STUFTl TG o1 SUINT ik, T, o1 aIetehl,
Td foERol S Tqd WY Ul R enfUdes ST S
e qrerel @ Gafa fenen S wehdl 81 36 08
Taui ¥ € Feged SISt Fi SAHI 1 Ahe fohal
T e

QRIIT

1. @ (P), 3MAA (V) 3R TH a9 (T) ¥ Hae Tfyd w3 arelt oneel 19 e 2,

PV=uRT =k, NT

78T p T TG Y WA SR N SIS F1 W@ §1 R Tk, HET: WALk W FrEdE

Aoz i &)
R

R=8314Jmol" K, k, =7 =138x10%JK"
A
aredfaes 1, steyl 19 THieRor 1 SR e shadl 39 19 qen e g W & R Bl

2. ey T o U TSI o SR

P=lnmv2
3

T&T n STV HT FEA T, m A HT FHAE TS 2 TRT WA A | THR! = 1
THIHTOT o W A ¥ q9 H TH AU S W # €,

v —\1/2
lmvzzﬁkBT’ UI‘TTLS =(U2) =] SIC—BT
2 2 " m

THY T4 98 1 g1 @ T et T & ara sHes TRt @10 1 siea Tifst St e A € @R
T 9 a1 319 F1 Yopfa W FAef 7 ean e Frad qe R e o fage ¥ 9 e 1 ei|a

e STUeehd %W Bl 2
3. T it et

E=§kNT

2 B

T8 e 9% 99 W eIl 2
pv=2k

3
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Sl gafaursH 1 oM S € 5t ueh Fee wea 7w greEeeen | ? @ $el S g9H
w9 ¥ fafe= o w9 § de FR sfawifod eidt € 3R ® §9 & W T 98 FA -~ ke, T Bt
21 Y I Te Foil Tl hife o W A0l 1 Th Sl &9 el € I 369 SEI
Foll — ke, T B €1 Fedsh A ST o 1 Sotl o & &9 (st we feerfast) ged € e
THeh | sl = 2 X~ ke, T=k, T

Tl GATIAISH 1 o0 @ ek g9 T w1 Jier fafere s enfiar I & g € iR 39
TR e fafiree e enfianed o 6 e i o gEn gy wrw fafie s et o ae
Y fierd &1 9f% 7 o oo w6 1 o Rererl § it X al 98 e @R ot g a3
HIeA TRl U [ 319 o S ShiHeh WoE! oh WY SEeh g ol SiEd g0 ®

1
N2 nzd?
el n GEA e Th d 319 1 A

1=

faemuig faua

fordt TS 1 <9 hael Y i ORI W &1 ARG &1 8T, dfceh 98 T § 81 e faemme
@Al B FdT § W@ 19 o STdA § 1S ud grerere ® gidl @ i 99 Ud o ) SR 9
HERGIS

T o SRR T o oo o e g T@-Fg1 R HIE HROT Gl A AMET GHE q
3R /@ W T ST 3R Sl H SAIHAIS 0 o RIS 9 T4 o o¥eR g1 9gd f9 TR $9
? @ 9% e god 9y € S fRE T ¥ SR < %1 100 T SR STU] Y STHIG
1000 T BT 21

TSl GHTSAISH o 72 i 89 30 WhR e Fohd e— 4 e | Yoeh Tlsd Sife o qiel
Yok T 3l St B 81 S0 FT T Sl o Aeh H ForF 5o 0 0F @@ wife i
ST AE) o7, Y% SHuA-faen § < @i e (7 fF k) B © (i ue fefas wai
& Hd) WWvaszT=kBTzﬁ'cﬁ%|

et M ¥ 91 o §a o10] A1 781 R S ([ o HR0T) a1 H¥ T TR 781 38 o
iifeh e agd o W TfHA B 2 R PR Tog i d 8| W § Y Sengdl W s
offe1 Afureh Bl € (SIH agHUSd W) | SHH G9E A €, Fifh WA SErgdl o forg fefas
ol (mgh) &1 O 0] &1 G Tfast St 1/2 mu? T gorl B HTT w9 2
<> HIE (< v>)2 % U &l eranl Terdt Uik o ol 1 wen sevaes 6 ¢ TR W Uiy o
Hq1eA o ol o SUER Bl I 3 38 R i g o fau ST aar gend @72

13.1

13.2

AT

TSI o TU[3Tl o STae 3R STP W ek §RI =R 7T el STTFa shi ST A hIToTg|
siferdIS o W 319] 1 =19 3 A Tt

HeR 37Fa9, STP W Tt T (e7eel) & 1 Hiel 8/ 9 TR 37a @1 (STP : 1 atm 279,
0 °C)| TYiEd T o8 22.4 ofiex B
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13.3

13.4

13.5

13.6

13.7

13.8

13.9

13.10

fo1 13.8 ° sifafis & 1.00x10 kg §99M o felt PV/T Wd PH, & ST- 3Tl ardi T
I <9I T

Hoxy

v

o7 13.8
(a) feigfema Y@ =n <wiidh 22

(b) M T B : T, > T, ST T, < T,?

(c) y-3181 R STl = ferd & o6l PV/T &1 WM 1 €2

(d) A &9 TH & W 1.00x10° kg TEGSH o faq o-1d @ off @1 39 fag W <&l o
y-31e1 9 fierd € pv/T o1 AF 981 B2 9t 72 il grEget o fhad gerHH o forw pyvy/
T &1 A (FH I 3R 3= a9 & &7 & fau o€t gm? H, FT 19 Fo994 = 2.02 u, O,
1 3] So9qH = 32.0 u, R=8.31 J mol~' K1)

e oo Taferst et 31aae 30 et B, § sffefis &1 SR 31« 15 atm To o
27 °C 31 384 ¥ P T4 el oiF & =% 7t () T iR X 11 atm TF @9 fR *R
17 °C 81 Sl B1 T1d ShifsQ o fafeiel § siieriise w1 foraet @nn ferel T 21 (R=8.31
J mol™ K, SIS 1 Y FeTHM O, = 32 u)l

I 1 Th easel, FTEeHT SFeH 1.0 cm® €, 40 m Tedl 3l &1 qeft § el a9 12 °C ¥,
I FW TS W AN T W&l 19 35 °C T| 3T TqHT AT F1 B2

Tk FW A, gt o1 25.0 m? ®, 27 °C 9 3R 1 atm <6 R, 91 o ot A (o
LSS, SRS, Sty 3R 379 qft 3ferral oh ol WiHfed 8) i §&Al 16 Hiter)

Aiferem qrar) 1 Siga i Sl 1 el RIS () HI % M9 (27 °C) R () G4 &
I3 a1 (6000 K) W (iii) 100 TG ehfead a9 (AR o IS H1 WHUH dr9) W]

GO 1T o <= Al o Tk € A 3R < RO 9l B | TR ade | e (TR
g R, W it (fgreem) fiw # oiik det § ifem feuveiee (SgaEs)
T T i S W 6 o W STued kY W wHE 82 0 o uehon | et o,
(et A1em U =Tet) GHA B

fohe AT W o T fafdet § stopet 1 o, - 20 °C R EfeEm W wwEst ®# o, &
TR BN (Ar T TRETY] Fo99H = 39.9 u, T SHe=H 1 WA FFHM = 4.0 u) |
AE2IS 19 o U fafdfet §,2.0 atm @ T 17 °C 919 W, AE2SH T0[A o HA1ed ot 99
Td HHg 3ghd 1 ke hifSTu| ASSS 310] i B @t 1.0 A &fifSsme) Seg-1at st
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13.11

13.12

13.13

13.14

T STV R |1 Wl o S Waddgdeh 9o § ol 99 | SIS (AT52sH S Ao
FEAM = 28.0 u) |

rfafiaa 1w

| e et Hendt (3R T fo W ER) et afast w@it 7 81 39 76 cm e 9 URE G,
g % 15 cm WA Hl Tl § Tsherd Tadl €1 1 BN A% Gert fo = &1 31 W@ g el
1 SeateR T fea Sy

ot ST @ BEgISE 19 28.7 cm® s 1 R A faafia g1 @i 81 5= fearfeat o = g@d
T 7.2 cm® s R fGaia gt 21 39 @ 19 i vg=t

[HeRd : TMeH o foeror FRM R /R, = (M, /M, ) /21 TR IS, 6T R, R, AW T i
TR0 <X o M, TS M, 36 3fvereh 5om 81 o e St fiagia o1 U e uions 2

e Rt 19 1 S SR I 319 Ul S ¥ THEE € | e quidar 9 shaa
adt & & B off 9 g9 7 @l | S o fau, e ¥ gifad fed T we w1 e
(3TR ) THGHM TEl B € | SE1 foR Y ST HN THR T S o G Tl ¢ |

qﬁﬂ@ﬁﬁ{m‘aﬁm%m’ n,=n, exp |:_%(h2_hl):| @ﬁaﬁr‘%,aﬁnz,nlm:
h,d b A TR HEAHS FA hi UK B © | 39 HaH 1 STAN 59 W | e

foRlt 01 o STaEIE T oF fTT WOl 1, = n exp {—msR];’A(P—p') (hq—hl)} T A

F & U FIT, &t p Feifaa w01 H1 F9a q9 =R’ WE o /AT H T € | N,
SAMETE! G, 991 R W teh 19 fadies € | [Herd : Teifad 501 o St 91 &1 S oh
fore SRS & g 1 S Fi 0

= Fo S 9 Foli o S R T | ST AR T ST HT Sk (TRTET) whife)

I
)

EQCENEALD) 12.01 2.22
Tee 197.00 19.32
e (59) 14.01 1.00
fafem 6.94 0.53
TS (5) 19.00 1.14

[Gehd : O AfSTT o CATY] 319 S7ere 5o Warken ¥ ‘el § 59’ ¥, de STEsl e o
1A T T SYART Hifere) R off et fafi wame SRl o fe o1o9 g’ e areaforss
et &1 faeipal AeRe: T & T AT Hifch ¢ Tolwed Af-Ashed Hi el oh
TR SRR FS A % WH H 1]
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11089CH14

T 14

14.1
14.2
14.3
14.4

14.5

14.6

14.7
14.8

14.9
14.10

qfeent
e 3 et T

WA 3 T

TRA 3T T 9 TehTHH
EERI]

WA Aad fd H S qen

TS ATed g o fau 5

WA Aed T H Shelt
T 3T T Femfd e
I TS MHE
STefEd WX 3ATed T
JUfed Jred qe TR

IEEEUIRREER]
A
fafem. A=

e
[

14.1 SIfHaRT
T AT e Sfe § i wehr w1 el <Ed € 1 3 9 e S
Ttel Wk T 3T et gares 6t i o fove & qf a9 ereee o
&g € 1 A I & Il e B € | e TehEHE ade Tifd qen
GR 9ReR # WEl 1 hefta iaE o fawa o off stemga e fomn 2
7 SR W e SHE-Siae o qveE i 1 g e g,
Fofiq T8 Tl el © | S S H 79 T Tere el W e
1 A= T e | 7@ S iR gedt gt €, W fRet ue i
afrerdt i o T gt & | el g femelt wre feerfa o geR-SeR Wi
FHIAN © | SAR-FST 1 cAlersh i TEH BRI T HL B TH THR
# S-uvE (SM-D) ofEdl U o WeX SAE - 4 o
S-Skl g A, ar5F goi | o1y iR uv wordl gen fue eyl
TH WehR 1 T ol Sler T hed & | 39 A W eH 39 Tid o
TR Y T U |

et i w1 STeHEE ifdeh! o folq SRy €; wga-§t wifden
REEIS 1 THEH o TIT SHeh! HeheTHl i Sl Bl & | a
5 S-fadr, fier stean aafaq § 89 s el g d=w
eafl S B0 gU 3@ ® | gl | oot den Sefie oIt wafd
foazaren! o Tty B SEwhR™ 7o e ferfd o 3¥R-3¥R S99
& | g o Ut % YAl 5N € LA-HERO W9E 8 Uil §1 Tk 3
wered W @70y roeft wren feufaei o uRd: e Hd €, A 1 S
Foll dIIE S FEEIRT et 81 AC TreR UE Sieedl bl GERoT il
? S A wH (I) F AR AUl ROTHS 3R ThHiR wH 9
YAFHH el 2l

fordt et 7ifa o =a9er qen <o i o fowe foaror & foag
TS Tl Gehoq1sil; S Aedehrel, 3Tgfa, foeem, emam iR sel
T EATIHA B B | ST SIN 3 Hehou1eh 1 faenfaa fran
TR
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14.2 AT AT 3radt wfd

o 14.1 § o aredl i <eig W € 9 e
T w12 fordt T W =g @ iR iR S 31 = e
YRR €M T ST © SR 39 UfhAl Sl a-aR
YR B AT 39 S § FW SHH! S qe G99
% o= WE ©iE a T8 O 14.1(a) F w®e e afg
1S STeteh Tehell Wt W = 1R S’ a1 56 Wishal i
M &9 ¥ I-a1 e dl I S a0 999
e T o 14.1(b) o StE fe@m St 3 Tt Wiy
I AT TG W S 1 W IR-9N HRd © ql
THHRT HAE AR GHI o &rE WE 14.3(c) o oGl
feam wm <ifse f6 foa9 14.1(0) o 31 a9 s
e H MG GHE ok SIER Weed o 39 T,
39 (3.6) fEu)

1
h=ut+§gt231%ﬂ'§@°f1fﬂ & o, qenm

h=ut—%gt2 Ittt 1fd o forg,

T THIEON By w1 7F 7 gRiefaal o foau fa=
B 3 |l et i o SeEI €1 S g T S
fifverd it & 9% TRg wd ® emadr At
Eh_b'f:l\Tﬂ'T%I

x(t)

\4

x(t)

x(t)
\ )
t

fom 14.1  3gfd 7fd & SE0N1 T STaeel | STedehiel
T 39rfar 7 21

HH=Id: 3Tedt 1fd s aret fIvg 1tk dqed
Yo Bl ® S SHek T o U # e ear 81 5
e 39 Haer oo § g ® d S§ W e ol
ool STEl o Y Bl §1 o7 Al fyue whi 59 sreen
o form @ feofa W oie € 41 7w wia FoREEn §
@I afg fyvg 1 39 Tawen 9 el o1 fowenfua +Y
dl favg W Tk gt HE wE o § S fvg i
SHHT G- 3Tae 1 X o S 1 JAE Hdl @
I horeEy e | e a1 o S &1 S 2
I o foa Al fFet #el ¥ ww g W ¥ @]
2N FT dell W Hqer taeen ¥ et 21 A s 39
fog 9 eirer forenfia &3 a1 7% ek H e T Tt
B T e T el St ¥ W Yk et it
AT T N T T A B S e A
T e 2

<o TE A W R G AR TE T HHRUM:
e ST 1 O % 2l € dl g9 T i Sera Hed
& (S0 Tl g&1 ) el 1 <o ) | 3Hek i
S T T egfa stfes Bt ® df g9 T i s
FEd &1 S8 o Giiia o o ar’ 1 e

T et G e T 1 T W €9 2| T8
9 il & S Tt SreTg o oF SW o ael el
Ter See] ¥ gHeh foreqe o WHHEA el €1 :
T F < o XA g 9l TT TH HIe STEe H
TR TR B €1 € e STawe owq &1 T i
e feufa ot S 2

IR €9 H Gt e oy SiadiTen STaT
T ST i UK Y ofdl €1 oFifeh SIeh! T W
YU QAT ST &TIH Tl o RO ATHIA Sca= Bl
21 g IS Sl el §el ST W o hi Qe
e W T Tehd 2| TH UIS o 3Afem ur | e
STeYfEd den YUNfEd et b1 T |

forelt ot geaTcHs WA ki B ima el &1 T
ST YT UM Thd | T fersl o Hfesh e @
1 ®Y o €1 STl a1, ehfgd a3, faga g @l
T AUl o SEEIl B Ui sEist o fava o 'd
T AT T FeqTq Hid|

14.2.1 2ATEhIA T A

T <@ ¢ T @i ufa feet el fafiq g
FRA W T g et © amrerdt i el 2
qg AT U R S0k Ggend i &t FRigha
gidt &, SHHT HTAdhTeT FHEeTlaT &1 31d: TIT i &

2020-21



356

T §N <3004 21 SHeT SI A Hehg B | S 3wl
el o forg, S kel & YHM W A di wgd did
T SEd TS eIl €, AT o 31 GiuSh Ak
ST § @ S 2 | fRd g feee a1 s
HTel EHIHHS (10° s) o HETeh!, FIeenT Telieh us 2,
o oo femen STl @ | 3Heh foadia o U8 1 el
ety 88 9-feod Bt © | Bell yHehg & 76 94 &
YT G iR B R |

sMadsIe ‘T o ok ¥ §H Ufd 3he 999 |
Sl H GEA I B ® | Fe R et i @
Mg wead 8 | 38 Wdiieh v g FIefua e St
? | v e T o Ty Fefafad qiedfie Se g e

v=% (14.1)
T UHR v 1 WEE (s) B | FEd a -
SMAHNH TG FTEITh Teod (1857-1894) o A1 W
Mg o A 1 T fauid AW o T | 36 &
(hertz Wdi® Hz) Fed & | 39 UK,
1%3H =1 Hz = 1 3M 90 ¥ehe = 1s? (14.2)
&M ST, g 1 ged € quiiss g1 Tevash
R
b ISTETUT 14.1 T2 U6 §5d Teh 151 | SiIEem
75 SN S HIAT I Sl © | SHRT S
qAT SATedehTed Uehfeld shifsld |

67 B3F I ¥ShA i G = 75/(1 fHe)
75/(60 s)
1.25¢s!
1/(1.25s)
0.8 s |

aredentd, T

14.2.2 fawemu=

STNM 4.2 W B9 fopelt 01 o oo i 3Tk
fearfa afeer o afteds o &9 # uRewifod fowen on |1 59
A H W fowenu AMe 39 Ug 1 ST 3ferh
s stelf o w1 | 7 feRdt oft feemofia difqer o
T gHg o 919 UREdd @ fEd O | 3SR 6
foe, T g W fedt ©ia S i W W T *
fq, T oF wod % €9 H RY fog § aid & g8
et frarfa-fewemom @ | g1 fog 1 A glaemgEr
fopall ST Wehel & | W ST 1S ekt forel smar
e ¢ T gau fau fredt gg §or 9 dag @
[3fEn ot 14.2 (a) ] TreRo: fwt fave &1 fazemm
TOHT e STEA ¥ HI9 TRl el TRt e

o7 1.4.2(a) 18 T2 fdt HAMET & G, g 97
a1 ot 53 F19R © qag & | e g9
Meq I8 W MG FXar & | ek FT M B
AR @ 3, s7era foreeiraT X % ST °
fomar ST el &

forT 14.2(b) UH IIATHA WA Alcidh, 9HT T &l
Fedfer G HI0 fareeraT 0 & i 9 g
fopem 5T GFAT B |

WA AT o U, 999 & e o &9 T HEafer
q v i faema-=R o w9 ° fefaa fea s
Fhdl © [BfET fos 14.2(b)])1 ‘feeemmE’ wg W
Seoi@ wea feufa o @l o & @l fmen o |
foreenTe =X ¥ o YR o off B Wehd © | fome
a.c. Uy o Haifeg dafa & f9X o o= 999 &
Y yRafad gt @i dicedr” i oft T fozer T =R o
®Y § foran s Hehdl © | 36 WhT, LAl o o HeRol
o g o @ e’ | ftedd, g @ | ufafda
B W A q gahid & o " ¥ faren o
3T | TILATT =R o1 A Y A1 SR &
Herdl 21 el o FArn o, fa= g o forn foremes
= T WY o SR

oo 1 Heg & WY o U e g
el fran ST Hehal @ | STedt wiadl | 98 el
G K1 SEd] B R | ST ol § 9 Teh Hleldd
el Ferd ) T YR § e i e
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f(t) =Acos wt (14.3a)
A% 39 Wed o S, wt, H 2n e a1 39 fordt

Uik O i Jhg HX I W, A AT H1 AH
& fTEA T | q9 i o f(f) e 8 @l 2 e
Medentdd, T f=fafaa g,

_2n
w

3q: TS B f() FA T F &G B B,

SO =5 @t+D

I B9 1 (sin) e, f() = A sin ot o &
T T Y A€ qROTH HE F1 ® 1 W & A (sin)
T{a‘aﬁw (COS)WEETQEFEITHW,%

f(t =Asin wt+ Bcos ot (14.3¢)

off oTed! For 2l &, FGT sTadea Taa § | 3k
el

T (14.3b)

A=Dcos ¢ A4 B=Dsin ¢
o, d IR (14.3¢) 1 39 YR fo@ g o

(0 =Dsin (0t + ¢) , (14.3d)
Tef SR D 3R ¢ fRu w7

D=VA® + B’ @ ¢= tan’ (g)

et S SR IS o o1 ToRi Hewd wiEE
TS A amafese SiE® ERT (1768-1830) 5N s
STHTERT IROMH & R0 €, S 36 bR € : fepdl of
3T WeTT i STerd UTeh arel (A= STTaRIeT
& T F Il ol o TEARIGUT gRT a7 fehar
T GHAT & |

b ITTEVUT 14.2 Tefafad §99 o Tl | S
(a) 3Tt aen (b) eMmEdt fd i &g w
T 7 YAE Aol A wT e fafae
[ TS YT frdich 8] |

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

iv) log (wt)

ze7 (i) sin ot + cos of T 3TEd Hed 2l 9

ﬁsin(a)t+%) % &9 4 off sHed fwan s gehdl 21

34, 2 sin (ot +1/4) = 2 sin (ot + n/4+2n)
= +2sin {w(t + EJ + 1}
0] 4

. 2n
39 Wheld ohl ATdhId Py 2

(i) 78 3Tt a1 Th ST 7 | e e, T8t
Y% U8 T fafq= hIofg sgfd o sTad! ®e ol
frefid ed © | =itk STedishTel o8 =JAad T et
21 € 9ok qveq Weld o1 A 1 W g
W% sin @t 1 STEdHRTA T, = 21/ ; cos 2wt 1
R /=T, /2; T sin 4 ot 1 e 21/
4 0=T,/4 AT | 9IW U 1 STedHA A < 0
o STEdRIA T UHHA Bl &1 37d: ifaq Taa =
1 sfauel Toeeh STid il 981 1 AR JAgia e
€ T, ¢ e ed #1et 2n/0 T

(i) B e FERT €, T8 THT U dig o WY Th
fesed: 52l & A t—e0 B W I T 3 YT Al ©
3R 38 YRR e ff T W Y G T8l e |
(iv) e log (o) THI o T1eT THIA: JgaT ¢ | 37
T o U 1 H o g T8l e oK 98 T
I e ® | oA SN, tse BH W log of
HTFING BT o T UG Sl 8| o1a: I8 fopet ot
TR o wifceh ferenmas o frefud el &Y dend | <

14.3 T Tad T

&A fosl 14.3 & AN x-3181 o 0ot fog W +A 3R
_A I HiHiel o Hed 31 SR UvE hud G ol
fordt o1 W fommr =X | 39 JEEE I w1 WA

= @ —

=)

o 14.3 x-378 & 57 fag W+A 3iR—-A Famsit & i
3 3R TvE HUH YA §T HIE FH |

atrad Tifa wed €, IRk gt fag @ o R faem x
g o g = gt & STER uRafda i

x () =Acos (ot +¢) (14.4)
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Tel A, o a1 ¢ Teerish €1 31a: Wl 3Ted Tiq o
aferd T (SHM) &l ®; horer UE et i fored
TR -0 <1 et Sesh19 §, Tl e T gt
21 o 144 W orad Tfd W g TH HO A

x( : forH\x Tt Hod 5 T H
A : AIH

® ;WO g

ot+¢ : FHal (FFF W AHA)

0 : ol e

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

ferd 14.4 T 37ad Td X0 T THT & 379qq T4 t =
0. T/4, T/2, 3T/4, T, 5T/4 | &7 @I
Reerfa1 o TEa foreh ge=ra Tfa #1 gFgrd
gidt 8, T ecrdl 81 gRi feeifd (t= 0) 99
Fo 4 g4, T &1 9 XeR B H07 Hi =6l
I a9 (x = 0 T W Afeshas a=r fd
1 =g feerfa’ W o= it 2

TF o e1gaq Ol R fefa el T 21 vdew gmm
A T/4 & W&l T 7fd 1 STadha 2

X

[ ANEVA
AR VARVYAE

fera 14.5 T 371ad Tfd #3d Y HVT AT [oeeraT Toe
& gad werd & &9 7

o5 14.5 § x & 99 t &1 UF AiRad ¢ S 999 &
Tad el oF €9 § HU % ORI 1 AF <l 2
TR A, 32 ¢ S T e Tfd w1 fawrar sardt

farT 14.6 G907 (14.4) 7 T 7% Gebdl 1 37¢f

¥, % A M ©, 991 T o 14.6 § wfer feman e
21 ST, 39 TR w1 B9 g9

SHM &1 2T9M A, 01 o Afehan faeemas &1
RHATTT BT B1 (2 ©, SAIhIhehdl oh fa feet
THTH &, A 1 TR forn < gt 7)1 = qua
F F Hed +1 G —1 F o9 o s w,
ey foremys =Ry feafd +A 9 —A o <= fa=ro
FHAM T WA 3T Tl o6 @ T ¢ TAH, Afha
AFE AT B Wehd B, W@ T o 14.7(a) #
fewren = 71

;%0\ A
AVARYE

ferd 14.7 (a) THH (14.4) 9 ¢ =0 TR T & HoAT
& &Y § faeergT &7 aeiE | g% 1 3k 2 3
=7 sl Aden A faw &

:>m

o freh fu Tu emad Wiy @ o A fe B,
fordt 99T t T U1 1 TG 1 AL i s Hed
% HE (@t + ¢) F N VA ST | HE W
3Nyd WA areft 39 TR (ot + ¢) BT A DI Hell
HEd 21 t =0 T Heal H1 GRATT ¢ B B o el
erdien (SAe He-h1v1) Hed &1 A AW 1 8l
@ t=0 W o o= 71 ¥ ¢ I R 1 Fhan
2 q WA Ed A o A A HHA AfRA
FHeA-shiol ¢ fafie= 81 gehd €, S ik fo 14.7 (b)
o <zt T B
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bl
HAS7. .

feorT 14.7(b) THET (14.4) T T (x-t) G | TF
3 qur4 FHIW: FAT HT ¢ = Orad TU
¢0=—n/4rad & fog &1 g srerEl @ forg
EE A GHA Bl

ad: R o i g & AEdea T ¥ Hefea
@ S Hehdl €1 Tl o g wEietor (14.4) | ¢

=0rad @ W gH I Bl 2

x(t) = Acos wt (14.5)
<fer T 1 TR T, xt) HT AH At+T) &
T B S,

A cos ot = A cos o(t+T) (14.6)

379 <fh 2 STEd IS I Hisd T ST
€, @1eiiq 5 ivnsh 21 Weam | uREfda e §, T
T IR W T GG I 13T

o(t+T) = ot + 271
HAA w=2n/T (14.7)

© 1 SHM &1 HIofa gfa ad &1 391 S.1.
A fea 4fa Aohe B1 <k o &1 egfa 7= 1/
T?, e i S 1 2770 il 21 & il 37
T % A ¢ THH, T o Tl 8 W ®, S
fer ot 11.8 & 3@ ST Hehall €1 39 0@ W 9% b
1 S Il Tk aoh 3T hiel I 3 & Safch
THHT R T a1 A B G L

X

|
AOM b/\ t—>
BV
|

fera 14.8 G0 (14.4) & ¢ = Orad W T 99
STredEHT & T 3TeE|

b ISTETUT 14.3 T4 o Trefeaiiad weri | § &
(a) TR AT A T (b) Al Tid i &
T & T Tt 377 TR T 2 ek 1 STk Ted
TepTfeTT |
(a) sin wt - cos wt

(b) sin? wt

g1 (a) sin wt — cos wt

= sin wt - sin (1/2 - wt)

= 2 cos (n/4) sin (ot - nt/4)

= /2 sin (ot - n/4)
g e T e T R e s €, oo
AR T= 21/ @ A0 HeA-hIT (—n/4) rad 2@
(7n/4) rad ® |
(b) sin? wt = %2 — ¥ cos 2 wt
I W 3T ¢, TSR STl T=n/ o0 © | 3 Sger o
I o Kl Y TG e T i o <@l B «

14.4 WA 3MEd T a7 ThEHE IS Tt
T 3T9M H TH 3@ o 99 o I W THIHH aqd
TIfet T FeIY TXet ATed TIfd e 1 e Tl gAnT (Fee
14.9) 39 HaY F Hsld hedd HH H TARI T3E Il
21 Th g i el < o f @ et afas aa §
39 Tt fafvea fog o 9Ra: =R =i = 9 Tfa
HULH | T 1< AT el H ThEHE ol T h | 7o
3118 o1 71 oF T T ehf-5d Tad gu st 3R 9 afem@
A | g 1 TR Fifse| JoH fog 1 afs &a
T foreg A ot 7 7% Tk AT det o ST 3ER-SER
T At g Uedtd grMt| foreheda: o9 i St WSTE g9
o et o eed fhdl aR W ff <@ Tehd &1 39wl
A &1 W $ e wd &, I § 9% g gfte
1 e o sifiretad a9 R siet w1 T B 2

fa7 14.9 f#7R @ 3@ T T g7 5 aic &1 gt T
GeeT 3red T 2l
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sfiferent

o= 14.10 35t fearfq =i v &9 o 9o &
21 1 ST 1E 01 P, 551 A & T g1 W R
= @ T THTHAFAT T 2 Tl & 5 w1 e gmred
21 %1 1 URfwes ‘fefa wfew’ erefq (= 0 W Gfkw
OP , ¥FIcH x 3181 o T1Y 10T ¢ Sl &
)

faT 14.10

t THF % 9% TE ST HI ot T H 7 AR
TOh! ‘feafa e’ +ve x-3181 o W1 TH FIV ot+¢
T B | 31 x-3781 W ferfa wfeer’ Op o ey W fomr
Y| T€ OP’ BN 5d U P g9 T T il € d x-
He WP R Tefd ged w1 S ©

x(f) = Acos (ot + ¢)

St foF SHM &1 WIRIfies S 81 38 39t @ T
g p forelt I T UHHHHE T Ll € ql SRl gy
P’ 9 o SAE W TS AEd i Il §1 O P el
o g9 TSR T T Al © SU HEW: TIH H7 qeq
T I Fed B

P 1 Tfd o Y&9 i g9 fet ot =, S T
Y-8 TS Hehd ¢ | 38 Teerfa | y-2781 W P’ o1 fereendA
y() B

y(t) = Asin (ot + ¢)

g ot Weh SHM © TSEh1 ST x- 2781 T 989 o T
&, oAl ! el n/2 9 T B

add T qe1 SHM o o9 39 Ha9 o dasR
e et st e o fert o1 T oI gat st feRght

FO H THIIH g Td § T & fau sfewas

ARTH=T 9 T FHIET T B

> 3STETUT 14.4 = T3 o= & < ot T @it
T T 15 Tl W g B forean, syl <Rt atrerdenTed,
RfyeR feorfa qen sofa =7 faen sifeed 1 € 2
s ferfa & woff %o p o oo afcw
XJ&T T WA TEd (A I HIT |

(@) t=0 W, OP x-3181 (H ¥HrcA® fazm) 9 45°
= 1/4 rad 1 0 I & | ¢ GHI T TE

e feem z—ftradaﬁmqum%,am

2_7[t+£

X1 ¥ (T n

)radaﬁwaﬂm%mmt

T x-318 T OP o Y49 39 YR T 3 @ :

— (%t-i-l)
x(t) = A cos T 1
T=4s% foau

— (%t-i-l)
x(t) = A cos 4 4

T foh A 3T, 4 s STedeRTal a2 IR shar*
% FHT T 3TEd A ?
(b) 39 feafa o t= 0 W, OP x-318T | 90° = /2

1T TR | 7E <feromad fewn & 2_7’,% .-

“ IV KT WIhfaeh 3hTE eaq © ford foeam 1 =19 o 71U gR1 IR < &1 o7 s1fer Ui 31 <9 €5 okl 39k
T A1 U ferad € at Wed st 1 Soord wET STavash el €1 fea iR feuht & diw wulawor, ey, Tt
71 Hiet o e SYEOT o EEY el 81 g ferdt Sreptoifidt wer o v o gehrd e fan € df /e w=tey R
TTE ez 71 AR 101 Y Tk fealt @ o STh! Taved: ST S SRR F fAU sin(15°) 1 1ot € 15 feuht @
sin| ] sin (15) 1 @@ 15 Ao Hlsin 1 3 A 'rad' 3T 1 S0 ST e oft i1 <1 Sifeneh A famm

ThTE o TS gon € 1 T arsad o AeAA 2
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T HIT 7, T -39 (g—%ﬂtj S

T | T (T x-378 T OP Y49 &1 36 Yoh o
FW R

x(t) = B cos (E_Et)
2 T

o [274
= Bsin T

T=30s % fau,
e [ Eg
x(f) = B sin 15

TH 39 YhR  x{f) = B cos (%t—g) ISECE TS

TOHT THIHIT (14.4) | T 3 R &8 T8
1 BT 2 T 9% B 3T, 30 s STadehTe qei

Wﬂaﬁw—gradaﬁwwﬁﬁwﬁraﬁ

frefud e @ | <
14.5 |IA 37ad Wd § 9 d9AT <07

THEAME I T wLd gC foredt 01 T =1 g9t
HI0{TF = Ton g9 H1 A A % e e 2l
v=0A (14.8)

TRl TF3 ¢ W, T v T S0 99 o 39 fag W waeisan
o SfE il @ STl U1 39 &0 W et & B
o 14.11 1 SofHfa 9 o8 o= ¢ fo 999 ¢ W 98y
FU P A

v(f) =-w A sin (ot + ¢) (14.9)

farT 14.11 %97 P’ &7 a7 v(t) 955 9T P T v &7
g8y 7 |

361

Tl STeeh Torg =78 <9ifan € Tk v() 1 feum x-37e1 =1
¥FTeHeh o o foradid &1 St or (14.9) , 9 afed
TIfel S EU U1 1 ATCEIITeh &7 Y S €, STel fereeira
TR (14.4) ¥ I €ial | ety 56 THiehior s
g9 far St wione o ot W X Ghd B
ok foTq e GHeRToT (14.4) i toF GT9eT STaehiard
FW T

d
v = — x(1) (14.10)
dt

XA S 1 I U HIT oF AIEToTeh Xl i
e 3 o fa w3 g9 w1 fafy =1 8 gER 3=
o A S Hhdl B
& 9 ¢ % uwenrg ofa Tfa o w0 %
TR TOOT T URAN 12/ A AU PAR T T8
o W1 3R e €, erefd g@es! fSenm PO &1 3R B
&Y T P’ <1 dTcat{oTeh kot aef i (ot 14.12 <)
a(t) = - w?Acos (ot + ¢)
al=-ex@® (14.11)

e
(0]

fera 14.12 fag P’ &1 @R a(t), T fag P& @RvTa &7
yerg gir & |
HHIRTOT (14.11) TS 3T T A L HT H
OROT e YAl 1 THI HHIHTOT i, TR0 (14.9)
U YT a7 v(f) T GHA ok GrUeT ATHfeTd Hich HY
oI TR ST HeRdl B

d
a(d = av(t) (14.12)

TR (14.11) Y H Teh Hewaqul TR T &M
< ¥ fop TR oTrad I § U7 T 0T SHeh fareeTH
o AU Brl 81 x{t) > 0 & T a(f) < 0 den
X(t) <0 & faq a(f) > 0 &1 21 o@: —Ade A
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&= x 1 AH FS Al T, TR a(t) THIM FR Fl AR
e & 2
el o foT g9 ¢ = 0 T T x(1), v(f) 3R

a(t) & =5 = foed &
x(t)=A cos wt, V(= wA sin wt, a(t)=—a*A cos ot

TG SATei@ i o 14.13 © g9itan e &1 weft ufvrat
G o T S T hid 2 ; hael 371 3feaes
(maxima) ¥ 37<R Sl 8§ q01 376 ofer@l § wensii
1 FI=a1 gl 21 x, —A d1 A o Heg fa=R0 w
25 v, ~wA T @A % H Ta=ROT Fa §
a(l), —«*A T @PA o HeF o= s g1 faseme
HTeRE o WY&, 3 37O i el § /2 1 3R 2
TN ©ROT 3AeTE 1 el § 77 1 A B

@

—
+
&
>

T

®

t—

—wZA/ (©) \

farT 14.13 93T 31ad i 7 fordt &1 7 faeemq—, 9 den
TRUT T STEdHIA T G4 8T 8, Afr 371
Fers & fr=ar gt &
> 3ISTEIUT 14.5 ; Hig (0 fA=fafad GHiHor &
FTER T S M Y <o e
x=(5.0m) cos [(2r rad/s) t + ©/4]

t=1.5s R, I8 =1 (a) fawema=, (b) a7 720 (c)
T Yehfeald ehifsTg |

go7 g 1 HIvia TG @ =271 T THHT SAEAHTA
T=1s

t=1.5s W,
(a) Taware

(5.0m)cos [(2n s) X 1.5 s+ |

(5.0 m) cos [(3n + g)]
-5.0%x0.707 m
-3.535m

(b) THIHIO (14.9) 1 YA i W G2 1 a7
= - (6.0 m) 2rsY sin [(2rns) X
(1.5s+§)]

- (5.0m) (2r ) sin (3 + )]
101x0.707ms"!

22 m s!
() THIHIOT (14.10) T YA A W I &1 @107
= —(2n s7)2 x fo=mo
= —(2ns)2%(-3.535m)
= 140 m s? <

14.6 WS 3Mad A ok fC & w1 Fem

=2 1 T o gEX M qen e T e foRe o
& foTT @R o st (TR 14.11) T3 i W

F(t)=ma
= - maw’x (1)
A, F () = - k x(0) (14.13)
el k= mo? (14.14a)

k
SLEIR 0)=\/7 (14.14b)

0T B e, oI gaen Areg feafq w1 &R fafds
T2 — T I8 T STad i § Fed o ot shaelrdl
21 379 q T TS = B G T T EH U@ ©
for Tt amrard Tifq &1 < g 9 aRenfiya foran < gepan
2, o q forenu o foru wefeRTor (14.4) BN 1
iR (14.13) 0 S foh ot o 199 9gM o 2
THHOT (14.4) F GHEIOT (14.13) I & o fog
T 34 I IR ST {erd A IS 34 YRR ot o M,
THHIOT (14.13) i T IR AR HiH W H 9199
G (14.4) T B Hehel 2

2 WY TR T (14.13) H 9 x(t) F
Eeha THIU B | 31 : 39 R o ol oh TH1E H el
#HTd U et 01 ! taes el Sreteh sed €| Ak
H, 96 o SASTh § 22, x° TS o THIT F9 I8 2
Thd 21 o7d: 3% IRf@sh Treth wed &
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> SGTEYUT 14.6 FUH ReRi® K &1 I g9y
HOEr M Gefa o fordt eoh qen feer sumi
¥ o 14.14 ¥ TIT T IR 2 ¢ € |

m

faT 14.14

IE TN o ST 2ok ol STUT Arraeen o1 feafa
T et oI fomenfia foren S ©, 99 9% O
3TTEd T HLAT = | ST T STEdRTe Fd FITAT |

g6 WM Y T[ech i 379+ |remaen &t feorfa 9
[ AR x 0 qF fawenfua fwan s 21 5@ o
14.15 ¥ fe@mn mn 21 39 feafa #§ o1 3 1 e
x e gRI Sifia B St © qen <1 3R 1 wAE o
It & e gRT Fefifed =1 St € | o 2ok W
gl

F,=—lkx (FHM R o€ SR ARG 5, S
Teeh &1 W fefq &1 R @i
T A HI 1)

F,=-kx (FHM R TE AR GG 5, S
Teeh i AIeA Tafq &t SR Hehe
T JAE FL R 1)

fa7 14.15
T T[eeh W SNMA 7 9,
F=-2 kx
37, [eeh T SARITIA et foreeiTa o STshATard!

e mrer-feerfa w6 @R ffds e €; gt ek 5t
TG TR aTed T 7 | SHE [ T SAedRT,

m
T=2 —
”’/zk 2 <

14.7 9T 3ad Wa § el

WA 3T T F gL H ht fast qen st g
<A I e ST St aRAreT o i famRor S €

ST 14.5 H B <@ ® o TRer e Tifd e
e U1 1 O THA T SAEd] Hod 2§ | faeem
1 = ferfqal ® 9% = B € 1 o T8 v &
s el (K), TS99 &9 39 gehR gRefid & €,

2

1
K=_
2mU

=%m @’ A? sin®(awt + ¢)

k A? sin’(at + ¢) (14.15)

N~

off TEe 1 3Ted] Her gl @ Toreent afwr faeem
SfeRad BH T I a1 &1 o wred fefd EH W
Afereha el € | e i, e Tfas et K ¥, v
o fag @1 *E o1 I a1, Td: K 1 STk
T/2 R

WA AEd TG Hd ol TRt o1 1 feefas
TS fohat Bt & 2 312 6 § B 2w B R feefas
Sl 1 oo sheel Gl Sl o forw & et € |
FHUA T F= - Jox Toh el o 8 Toe feufas s
e Bl ® |

U=%kx2 (14.16)
d: WA A A ki fomdr o1 ki feefast s,

U = %kxz

=ékAzcos2(wt+¢) (14.17)
TH YRR, T G TMd wd fRdl w01 i feafas
FeTt o oTed! St @ TorEeRT STadeTd T/2 Bl 7, 98
St wre fefd o 3 qen =y foremo W ety
B B | 31d: HIRON (14.15) 991 (14.17) 9 &9

e 1 el ol E, W gl g,

E =U+K
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sfiferent

=ék A? cos®(at + ¢) +%k A? sin®(at + ¢)

= % Ik A? [cosz(a)t + ¢) + sin®(awt + ¢)]

TR o1 T AEIHS &l Y3 & W hiSH
T & T i % T T U S ¢l o

1
E=§kA2 (14.18)

S for weht sl o erefi nfget o fow smem w1 S
g frdl off war o et H P AR Sl
el TET Bl | fordt Waw e STt <otk i
Tfast qen feorfast el &1 wHE SR fagr W
foefear fomt 14.16 o <9 T ®

K E=k(®+ Ut
E U(t)
K(®
O T/2 T ¢
(a)
K k(x+ U
E U(x)
K(x)
-A 0o +A X
(b)

fera 14.16 7fast S, feefas et aen e e G5 &
FeTT & ®Y H [(a) 9 =¥l a9 aver e afq
#d gT HT %1 foeeryT [(b) F qf¥fa]l wfasr
oIt aor feerfast Heit il sadH T/2 &
Y= GG #%d 81t a9l x & G4t e
& fo7q et Foil +9a &l 8l

& Sifee foh TRet smred nifq o fefast qen it
A Sd fo 1416 B wH eFIAE AT T )
FTEa=g TSt el w¥ RO 81 81 Tehdl, TR
Tg = o ol o HEEAl gl Bl fefas s ok
gty ¥ T fodier o =9 o Rl fefas sei
eFTesh Bidt 1 TSt dern feerfast S Seitd SHM o6
Teh ST | & IR 791 =RA ferfa &l g ¥t
&l x=0 o fog, Toff 7faw 7; =0 ferfd x=+ A W
g a1 W feorfest St 81 37 st o st T
T, Teorfost oot o6 oeq @ wifast St st © qen i
St % we A e et A= 3
> 3TTEYUT 14.7 1kg Hefd o Toh&l ook & Th

FHAF G afen T R | HAA T HAA Feriw
50N m! € | 2ok i SHeh] Grearereen = feorfa
x=0 ¥ t=0 R fFd =EH g8 | 9 @
x=10 cm T Sl SEL 2 | W& TR T
mea-ferfd ¥ 5.om T, @ ITH T,
frorfier qon e F9IC Ufehfaa Fifeg |

g
TeshT TS 3T T HLdl B | GHIHOT [14.14(b)] W
g1 HIviE sTgfd

_ |50 N m
1 kg

= 7.07 rad s! m
qd fordl 993 ¢ W 39T fowemq

X0 =0.1 cos (7.07t) BT |

37, e HU SO AeA fefd @ 5 om R, 0@
0.05=0.1 cos (7.071)
gl cos (7.071) = 0.5,

3Ad:, sin (7.079) = 0.866

w‘a
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T T[eoh 1 x=5cm™ T = 0.1% 7.07 X 0.866m 7!
=0.61m s!

mz,wﬁmwﬁmz

= é[l kgx(0.6123ms ™)’ |

=0.19dJ

o1 e T et Sl =%kxz

= %(50 Nm™x0.05x0.05m )

= 0.0625J
x=50mmﬂ2€53ﬁ§_@lw

=(0.19 +0.0625)J

= 0.25J
&0 78 ot Sd ® fop erfurshaw fasenta w, wifest it
T B €, o1: TR 1 el S fefast et o
SR B § | @7 TR 1 el o,

1

= 5(50Nm‘1>< 0.1 mx0.1 m)

=0.25J
T Fol 5 cm foReTT W A Sstieti o I o IR B
T | e Sl GRe fagid o ST © <

14.8 WA TTad i Frearfad s a1et 9 e

fRYerd: 5 O STEd T o IS Sifden S Tl
T | o7 ARG Sied § g9 U9 e 2@ & &
Tt fafvem aRfeafal o e @@ o1ed wfa &
& | 58 o9 ¥ THoh qvd ed U & $o el wi
Tl T == B

14.8.1 HATT & Sie™

WA A M 1 TAdH Y& i I3, o
14.17 ! 9, {8 FAME & T TR 9 98 mTefa
o fepdll T2k ok B <o B ® | HAM 1 SH faw
T 9% S9R ¥ JgI el € | ek I fwRd qudd
TURfEd g8 W @ § | 47 e ol Tk 3R Ui
gt B <, @ 9% ot mres frofq W ger-Sr fa
T Ml € | HH AT x = O T2oh ok ohg i 39
fearfq 1 gfed #xar ® w9 FHAF fagiq sEen | €
o o eifera feafqar -A den +A wre feafa @ =€ qen

o 14.17 & s e 7! sioreh forgd m Tehy 1
TF e [HE A G G & | [eH T
TRIET 93 G i Bl & | T &R [HE
R @iaHy Bigd W el TReT 3ad T
FTE |
¢ SR o Siferehan faeeremi w1 S| w1 gH
e € UG ok ¢ foh it § et o e €, TR
TG Tk IS Hifqeriam a9 g J @iel o |
3= e fF 59 t8 fedt fem = foefua fean
S 2, A S W TH GAHIT 9 ol ©, Toen
afror foaeaor stedn foremdd % STHHEEUE e ©
e =7e faadia feon & & = 2 | 36 g 1 R
(1471 9) wed § | e T qe weltwita on] e €
S foReTTe ST Y AAE T e o HI%T FH e
g | forelt T ¢ W, 3K ek 1 sEe we feofa @
o x B, 1 2ok W A 9 F 39 YehR ek
fepan ST %,
F () =-kx (14.19)
el Jc STAeRan et & o shari-feeis
FEd €, q1 TR HH HAF & JE O ¥ A
fopan St 2 | ot g hut ok fo e w1 W stfues
A g HHA b kT HA HH B B | FHIH
(14.19), T 3Ted T o foTq set-f=m o 99 2,
Iq: I TR Wl oTEd Tia ear § | WHie
(14.14) ¥ B9 98 ol Y &l &,

k
0= ,[— (14.20)
m

oIl ST 1 STEAHTE, T 59 YR I Tohall Sl &,

m
T=2 w4 (14.21)

Tg HEIA o ke (FHAT TEerieh) o T S0 e 2l
3¢ FHAM W I oY Hafd & Tk 2ok & oM gha
THIHTOT (14.20) o TGN SR €0, @t Aifees
w9 9 aruferd B
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> 3QIgYUT 14.8 500N m~! HAMI feeris i
forelt SO @ 5 kg Tafd 1 hIE Hiok e ¢ i
s dfas wg W fa foRe s o wwewa © |
HieR o1 3HH! arraeen i feafd 9 10.0cm
foeenfg F%F Bie R @ ¥ | HeR %
(a) e HT STEdRTA (b) AfeIhad = qen
(c) SATHHaH O YRehferd i |

T (a) TSI (14.21) o STIHR e &I ST
Eh‘l?f%ﬁ"dT% :

m
= 2T }—
T k
5.0k;
= 2”\/WNI§—I = (2n/10)s

0.63 s

(b) TR AT T I HIeR T T TH FhR
= TR S §,

v(t) = - A wsin (ot + ¢)
3d; Afehay =d,
v = Ao

/k
=0.1 X ,|—
m

500 Nm
5 kg

0.1 x

lms™
ﬁ'{'&lﬁx=0
(o) TremEen w1 feafa ¥ My o =
TR 1 T 38 Feh o5 fehdl el &,

a = -a’x(®)
= _kx(t)
m
3Td: Afehdd @
a. . = A
-1
_500Nm ;0
5kg
=10 m s
3R I8 o W =fed B 2 <

14.8.2 TTA Tlcieh

¥E wEl S 2 R feffers 7 fedt v A
IAEHM ASHAH H1 SEdHRIA ST AET i T0]

T gRT AT o | 36 I8 Ry feRren foh SewrE
1 T STt B | T Feht wlieieh 1 81 Tk YR Bl
T | AT 1 e o 7 g ol o R o SEeh
T FR T TeeR 1 THeT dleehT 379 off 30T T Tl
T GHA © | AU ollersh i fordt Sfed 3 9 diet
T YR AHRY o 98 Waaargesh e Hl T |
TR % IHS I FY U % [T we Big I |
Teo ZR-SH T T Ol © | Teer b1 ¥ T S
B & TSGR stadertel e 2 Uehe Bl 2

T I8 wifud &1 fF Aemm fufa 9 @
forem=i o fau 39 et &1 efad fd e e
T Bt 21 forelt T8 Heet lereh W forem shifse e
m SAM 1 HIE Y STHY & TMash L q=E o6
TAUHER 9 7 fa=q 9g Sl o T TR 9 dan =
=l %1 o fou fad 38 3% 9 qe1 21 o 3@
AR g€ 3F W TR T el 3@ o AR ad o
T HIA 2| TS HaEA 95 14.18(a) G <30 TE B
o 14.18 (b) ¥ Ioteh W HERA 9 T fovw 1o
T S T YN H Tel-Teveh SRE B

forT 14.18 (@) mwﬁ%#@aﬂmwﬁs‘w
T, (b) 39 67 T-mg cos 37fah= acT
Y3 a1 & WG YT & G 3TH B
FoT- 3Tt 78T giarl Tyt W a6 mg sind
Y79 97 9317 Tl Bl
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o foF SR SEafer § 0 101 s 21 S et
e feafg § e g @ 6=0

Tieteh T eherel ] el HERA € : S Wi e
o STRY TE T qA o o HRU HEAER I
(=mg)| T 9d mg H1 fadeA SR o+ AR Teh
mgcose?lmmmmgsmeéﬁlaqﬁwm
B1 <k Tt 1 T L e o Tt 9 ok et @
et o e fog R feord 7, ora: aish 1 i
59 @R (2L) T @MU F TRREE @R g
TIYREE @R 1 HROT g o =19 o 3TIEY I 6
THEAM 7 B €1 59 ®Ro1 92 5 9 T- mg cos
o ST Al € Seifeh TIYNE ©RU mg sind % HR0T
IO BT €1 R o Hrdel ool el R e
Aok gfaemse g1 8 i 7o 5o 7t w1 st
I 2 ST ] 39 YHR SMHR & el §iet 370t ¢ o1
o TR e 5N & quiaan 9 @i g

7=-L (mgsin 6) (14.22)
IE Tk FAHIA 5t 3t © i e o aftomy i
FH HT HT JAE F ;U FR Y HOTHAF oI5
SR <A fepan @1 it wfq o faw =g & frem
o STER

t=la (14.23)
Tel 1 ¥ g o aiia: wlieeh o1 ol sed € 9 o
3t fag o 9Ra: Ivi @01 2 | 39 YR

Io. = -mgL sin 6 (14.24)

mgL sin

JYAT o =— (14.25)

1
I 70 U8 A T faeard o Bl ®, @ Sl
(14.25) 1 T o1 Gohd & | B9 STd & [ sin 0 &l
TH THR Fa fRA S 9l €,

03 05
sin 6= 6- ?+? T (14.26)
Tl g T ¥ 2B

3@ afE o BT, d sin 6 F GiH 6 g
foran S Hehar @ | U uRftefd & weieor (14.25)
FI 39 YR off forg ged B,
—m’%Le (14.27)
GRft 14.1 W T HIV 9 I AW H, TR oAb
Yeadi #, 91 ®oH sin @ % WH Yeiag T € |
ROt W 7€ @1 S Hehal € T 9 oF 20 39 q 5
T o T sin 6 % AF @AY 9@ 84§ S 9 &
ool o =red w0 W e ©

o=

2020-21

WA 3MMad Ma—&W Tehaer Bier g wnfge?

& 37 foRdt WX Alctsh o1 3Ted el A1d i o
T 9o e B @ 3MMUeh SMeAUsh ST i %A
T 1 T I | W N A w4l Hi=n @
g ‘%Y’ fhaT w1 g =few? Fa A 50, 2°,
1°, 91 0.5° M1 =1feT a1 I§ 10°, 20°, a1 30° +ff &
Herel 2B

THh] AN HFA o faw w® eres B R EW
cAleTeh < STTadehTal f=1 Al o fere 7 Yl W=y
A o SN S9! S WAl B TR ik st
1 ST § off dicth Feaer aa | € Je H 9H
THfSTT &7 ST 316 el o foe sfedeRTa T (0)
1 TN 6 3T o I STedeRIA 116,) = T (0), 7=l
¢ TUTHHT B AR 2T ¢ 3R 6, H T S @ 3R
faf= oM 3@ ¥R B

0 : 20° 45° 50° 70° 90°

0

c : 1.02 1.04 1.05 1.10 1.18

3@ GRT @ T @ T ome 20°% A W
e § FAfe AT 2%, 50° % ™M W 5%,
70% o MAH W 10% T 90° o AW W
18% &1

TN | A9 Fw oft T(0) 7Tl A "kl | FAifR
Tg Y <o w1 gk 2| Tgifak €1 G ft 9 =
0 Wsin 6, 6 o SR T 1 Ok 31 T & oIy
FS Afe @ o1 & S TE A 6 F A H gfg W
Tgdl 81 37d: e 7e Ted € fAfvea Y o e f
Ffe &t oot T g1 =1feq| areaa § hig «ff Ao
of w7 9 Ffefed T et 21 emust A g W
oft foram e i S form =€t o | o Fenefar
F1 22 Tl ok IE H A Ak § AUhT Femefar
I B2 TR T T b W WR W wAmW A
Femefdr &t o 5% A 10% § Afysk T 7
I GO @ T @ T font St o StrerdehT
" gfg 50° % 31am W i 5% 4§ siferk &l Brlt Bl
37d: MY T AN | wieieh ST A 50° A1 $HY
%9 @ Thd Bl
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WRUM 14.1 sin § I 9 o Fod o &9 H

0 (3o o) 0 (et o) sin 6
0 0} 0
B 0.087 0.087
10 0.174 0.174
15 0.262 0.259
20 0.349 0.342

T 9 § GHRT (14.27) THHOT (14.11) 6
Bl o7d: T Ie fag I e € fF 0 o @y Al
feru et &1 fd WX arrerd T 2

TR0 (14.27) T GHIHOT (14.11) 9 89
IE 2@d § TR

0= mgL

1
T ATAh hT SR

I
T= 2”1/@ (14.28)

19 Hifh et HT SR FAEH 7, o1d: e Sl
1 Fad ml2? % o BT S5 g6 O dleish o ST
el o forq guifaa o1 et stn @

T=2n " (14.29)

> 3TTEVUT 14.9 IH WS Al hl Gals F. ¢,
S 8¢ Wehe oh 9% o Ll B ?

7 GHIRIT (14.29) T fordl T icteh hl STeRiehTd,

T=21t\/Z
8

T 999 § 89 urd ol

_8T’

4’

B T Ghe o a5 e & o T dldsh ol
HAEdRT T, 2 s B € | 3@: g=9.8m s2 ql
T=2s fau W e Ft dag

~9.8(ms?)x4(s)
4n*

L

L

=1m <

14.9 EHIET WA ATad A

&1 W4 & foF g o <o e 9t Rt ot drete
1 Tl -+ A B S @ | O R g § 2
THHI RO I8 © Toh a1g 1 o1 o qen I W
e olieieh 1 T w1 T wd © frEd efii-ei
THHT Sol-&79 Tl @l € | olicish o 39 YN o
el I EHfEd e wed € | SrEHied ser |
T Fepr 1 St o1 -+ &9 gian war @ qurfy
AT &9 Y <o 3! wd § | o9 Y &
o =90 5T €1 BId © | 96 YRR oF el aell b1 feRet
TeTeh @1 TTfd W Y919 993 o fog emse fo 14.19
o geiie fordt fera W fomm &Y | &7 k Ham-feenis

X

¢ 2
T
VL e
0 e
|

fera 14.19 RS 1 3Ufeera v w899 3o #73d 2o
W g g ARG Fd1 & [79ah R0
I ad: faum feafa g o srar &

F1 e Jeameer A 9 ST hIE ek HEafeR e
e @@ T R A ek i A w1 R e
Wit BIg e ST a afiertor (14.20) & STER

'qga)=\/% H FIVE a9 e wE Tl

qenfy arafoe feorfa o Teek o aftemr o fre@ mream
(Arg) IHHT T W I STHA Tl ARITId HET qeq
TehI-HAH ™ &1 Ak Fell wed G| el
B9 IREST H1em o (el Teoh oF off) a9 oF €9 H
Rafad g (Fos 14.19)1

AU FeT YIEST Wem it Ypfa W R Fwam
IS ekt fordll 59 H Sal Bl a1 STHEH ol 1 IR
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I=d BT A el & i R f g TN WERE:
ST et TieTsh o o ok STTERHIUT Bl €[S
o 7o &1 TR FHISE, TR (10.19)] T I8
an w1 e &1 fooda fken & wrka ear @1 afk
e 9t i F, 9§ fefyd foan s

F,=- bv (14.30)

SRl e feerieh b WeAm o TN (SR
foTT. voHaT) , @ T[eeh @i STHMY qe Thfa W MR
Tl 21 TR (14.30) THMIG: oFT oh = AHI o
e & a9 2l

e AN W HIE FHA m Y SeHl Bigd § dl
FAF 1 A ¥ F5 gy B { qe1 SHH T
AT T 3R o) 81 a1 21 2F 37a€e i <M
1 W Tl wed ¢ fod fo 14.19 & O o <wifan
T B | ST SSAHM i gl A A S wied € df 39
W T JATER (TAFIH) T F = —kx, i @l 2
&l x SOTHM i Gor eraee ¥ ferer Tt B g
TR foRel &101 SEME W HE HF T Fe a9 il
? F=—lx - bv| A fREl 61071 ¢ R Fo7mM T @R
a(t) B @ == &1 T o fgdta frem & fd =1 few

H @M % W eH 9w g ©
m a() = -k x(H) - b v(B) (14.31)
T8l T T 9y Gohd 1 YA T fRa © it
Y ThHTaHd T &1 9 L © B

v(t) T a(t) & AT x) < 9gm qn fgdim
STIHTTS HITT; TRALd T W F U B §

mdzf +bd—x+kx=0 (14.32)

dt dt
THIEHTOT (14.32) 1 B o o T SFHIA oA
o G9E H ek ! T 1 AU Rl &1 THH B

= w9 o g @
x(t) = Ae®/?mcos (wt+ ¢) (14.33)

&l A 1WA S T AAM dl 0 USRI HI0NT
et B @

_ |k P’ (14.34)

m 4m?
TG ol U, Al (cos) T 1 AEdHA 2n/af &
g IE o a&d: el Tél 7 Ffh B ebi2m
97 o i T wedr © | R off afE ueh strerdenta
T ¥ S %9 ©, 9 SR (14.33) g Fefd wifd
Gf=iehe ®9 9 3 7 |

TR (14.33) GNI 3V T & i o 14.20
H U STTER TEE FETer gR @i ST R § 1 59
T Teh hIsAl el 1 Hifd A Hehd & TSIEhT TH
Aeb2m qHF o |9 -+ e € |

-105 5 10 15 20 25
t

ferg 14.20 3o & 92d ¢ ST & T T SaHisd
qleTeh Gi~The &Y § el gl 81 SIRT STeHs
gH W ST ga ®9 @ eftor g st g

foreht SreEd <o B A I %kAZ‘zﬁ?ﬁ%n

Ife <eteh | oFeFeA ©, A M TR A Brdl, 9
g W ek 2@ 81 9k sreme @i €, @ g9 1
T Aeb/2m T I e 1 START Y T © |

1
E() = 5 It A%ebt/m (14.35)

TSI (14.35) 7€ <9Il € foh e 1 et St
THT o Y =EIRT 9 W HId § | e i, o

Wmmﬁéﬁmw(ﬁjm

T 1 W oEd HH E |

39 Ee ¥ 3fcafad aHiel § b &1 AF I WA W

3THEd etk H HHISHIUT 39T oF STIEY T Jleieh

o oy Tt | uftefdd & s © |

b ISTETUT 14.10: F55 14.19 ¥ 9T Femid Seteh
o T Teeh ® 5 m=200 g, k=90 N m!
N 3feHE e h=40gs ' | (a) R
EdHTd, (b) 98 T SOy 3@eh e @i
AW AT ARTHR T 1 S0 T Sl © ael
(0) 98 g9 fgd A1t St ot s O
#I el w W 2, gRenferd wife |

g7 (@) km=90x0.2 = 18 kg N m' = 18kg? s72;
THAT \fjon = 4.243 kg s 3R b= 0.04 kg s 37a:

* T oh YU H e SNl W fendt fafvea wmereen w1 feafa 0 W e w8l x @ am @ forergd o Frefud @ 2
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b, I 9 31 fe 81 ienon (14.34) § 376d e T

T= Zn\/E —on | 22 K8
I 90 N m

= 0.3s
(b) 379, WHIHIOT (14.33) §, o€ @94, T,, foed
ST Feh 3T SRATH ST 1 ST @ Sl €,
_ In(1/2)
1/2 b/2m

0.693

x2x200s

=6.93s
(c) o |94 t,,, Tore e i =1 st se
A SRR HH T et @ Sl €, TehTerd i oh
fou ed it (14.35) 1 Wew@d o gl § | 39
iR 4,

E(t, )/E(0) = exp (—btl/z/m)

1/2

Al Y2 = exp (-bt, ,/m)
In(1/2) = —(bt,,,/m)
SREI t . 0693 200 = 3.46s
1/2 40 g S,l X g

5 IR § &7 FIA 1 AT ¢ A 3Faa & © HiE
TEHIERTOT (14.33) 3T (14.35) & STTER S AW
a1l W R et B e < foh S weiieheon ok STkt
¥ o 2 21 <
14.10 YUNTEA e qgl 3T

S fordt fem@ (9 #IE W e 91 HEET 9
e BT g T[SHT) i 3T wremaeen ¥ fowenfua
H g Foran S ® df I ST Urbfaes S o 9
Yo FH A Tl 3T YRR ok e ek AT
FEan &1 qft g e GId SURtd T A1 &/
Tl oh HIOT qd: TF S §, AU HIE aE Hh
(9) 3 Sl FH ST W GhRdl 1 TH e
yufifera sreren uftenferd et ed ¢ e fondl et
frafa W four O @ FERa 9=” SA H TR
et 81 foreent Wiepfrsh eTagfa o, 1 aft=nfed smefa
el STl ¢ YUlifed s1efen ufientad sfed! qrei o
e o ged wewyel deF we ® fe e et
hfdeh SR @ ¥ I 81 Hdl oA I8 a9
F S o, ¥ A F F; G A ST F
THROT FHIS (T5h) Bl ST &1 SHeRT Fardl FHT SEEL0l
orell 5 % 91 o % e < ¥ o = g

I ST W Y R TR (31 fordlt e =afa g
Al ®Y H ekl <) STl oo ARMUG HE 5
FAEEY T 8 ¢

T fifore et eTawfa et W T9F o6 1Y
=0T S oTCl F, 3T %1 i STl sel sl F(o)
SNfaa fFan STar € | 39 9d ) 39 YR e
FW T,

R =F, cosa,t (14.36)

GHfieRTuT (14.36) g frefd fordt o1 w1 Haew
YAFIA 9, STIHfed I qUl wIGHd  gonfed
I o 9IS 999 o AQd T i 39 THR HK
FW T,

mal(t) = -k x() - bv(f) +F, cos w,t (14.37a)
THRIT (14.372) H ©RT i d2x/d 2 g Sfaeenfud

T 3W [IHARET wH W,

md2x+bd_x+kx: F cos w,t (14.37b)
dt? dt

Tg m ST Al 39 ferst i i Tt € 5w
o, () TR e oe FEE 21 IR § ifer
I WIehfdeh TG o F o FI T 5 79 39 R
T Wl AP 9 o § i Wiehideh SAgia arel
e eftor g S @ SR oRq SINIfUd STl §e o
(hTvfE) g o e T o €1 Tiehfae <o
o T & S o SUXd <o b1 faeE e €

x(Y) = Acos (ot +9¢) (14.38)
el ¢ e ool oF TNIT S o &0 ¥ HA T B
M A HI0IE ST o, o gonfed s o
1 e © T 89 39 YR o i ¢
F
A= 02 172
{mz(a)z—wfi) +a)§b2} (14.392)
qM tan ¢ — Do (14.39Db)
wdxo

F&T m U1 1 FEHM Tl v, SR x, T t=0 R F
o SHHEST: a7 IR fowereE € | e 9% &0 ® S« e
et et SR i )

0T (14.39) <3001 € T 31mam qfi=mes 9
1 (FE) AYE W R F@ B oo, F 0¥
safuss =1 g1 o w8 &) staeened o &H
et 1 fa=-fo=1 =aaer <@ €| o1« g9 3 g
gfifefaal ® faar w8
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(@) 3767 3TFHGT ST UReTcieh HTGd WIhida
angﬁr q orfyer fa=r & o foafg ® b,
m(e? - ©.2) ¥ 31fd 7 B 37d: FHHT 14.39(a) H
3G YT | 0T HHE T B
A=m(a+’_w§) (14.40)
fo 14.21 o frem ¥ Iufeerq fafa= dimet &
3TaHEH Tl oh faIu fRdT JreTeh oh foemds s o
URETer ot 1 i et W el e T 2 )
e IS, T ARl 4 o, /o= 1 B4 W& M
Afrehad B 21 39 o % oo 778 o3 ¢ foF oteed &H
B R 1 3R Ghiol arre R e B 2
I g9 Ufierers ogfa & Sked W® ol S IE
A o] HT Wehfash g o oUaX € S @
< T STRIH 3Td 1 3 TR €Il 81 T T8 I
A it oneet feorfd B @ i foneht areafaes frepm
¥ e el @ sifen sreme foret off sreen & qoi w5y
Y I Tl B a1 el o e e &
319d R BT o S 319 3@l R 39 eTgfa 9 9
o € foh <t 1 SATedehTel gel o WIhfaeh STadehTal
o SR BT A el o et kT ST SAeshad il
?1 T8 1M sifues o1 Bl @ Weg od Rl e @l
Fifeh el Ht e Td § F 7 FS TaHA al il
& 1 T ST WM (b) H T B S|
(b) ST GR=ITeTeh ST UIghldeh ST o Fiche
g : AR 0 0, F A FH 8 m(0?-0?), b & 3fa@

/Xb=53 g/s
1

O0g/s

g/s

A b=140
N

0.6 0.8 1.0 1.2 1.4

/o

fera 14.21 JUifsa 367 1 ST IR 96 1 HIvre
&rgied & werd & B9 H @,/ =1 R M
sfyemad &, St TR T VI Bt & 1 A
T TR T JUREIT STaHeT &1 o= Sansit
& degedl & | a% 1 aor 3 e d sreqan
e STfmaq sHeA & a3gedt 8 |

Al o T @, b ¥ =g FH BT 36 Fareell | HHfieho
(14.39) B S 21

A=t (14.41)

a,b
T8 T € o fedl ffvea 9Remes s o
foTT. sAferna® |9 AW qREreren S qel STeHe
TR TR T ® SR 39 R el off ara el B o
YfaTersh 3Tgfd, Sieteh i Wiehfaeh g o e &
St § @ SO w1 AW SAfuehdd B8 S 21 39
TR 1 TS Fed T
9 3k S o &6 o1AIR o Heiferd gRereAnd
<@ W Terd! © | gell § ger 1 gHR ST SIS
1 TS ST € | I 78 37 Feran BT T3 et
HI Al FAE % A BT P Rl W IR
T &1 @I I FS HI Uehiaeh ST oh HHeRICTR
THHE |
TG qeF 1 3R Afus =ren w6 o fau °H
e foa 14.22 1 i Tk € SR/ 9 Siieha cmga
% 5 WA el g™ T B | odlelsd 1 9 4
AT T B AT 3T Al Bl eAarsdl (- e
e B9 et 1 o TaHH s B | Hoag ot § Bt
TSl 39 AE G T Al 1 MR B g,
ey o Sie T O © | Fag SRt g IiEer
e WS fRal ST € | 3H UiEer So s e
dlcieh 1 ok Sl i g o THM Bl € | I g
ACTR] 2, 3 AT 5 I SRS H1 TR &, d

1 4 .
5

forT 14.22 w& & 3R 9 el - &aE & 5 T
TH |
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T O9E UM € TR oW W 9 weft fafu= e @
AU T0 Wrepfaer gl o Ter wid ®, W A
et stcfueh stadfed eidt € SR wrEm T w urd
-+ 3ok < T STl afatdd eidl © 3R 3id
H d et 1 1 A 1fq IR 9 i sTghd
Y fg=-fr= el 9@ <o w € 1 3 <o s
B B B Tohwg etk 4 1 SRR 317 <l cliereh
¥ faulid gt € | 7 oo 1 Wi € egi | e
T & TR ST A -+ T g ercfus B
A1 R | SR T it sfen w3 @ |t e
1 HI0T T & Toh Tl ST 1 I, vt Fepm 1
ki STgfa URerer 9 &1 Tgha o Fardt g
wIfeT, Tqe Bl © |

9 % T herel U Tl W foem fome
SRl shael Tk Wihfaeh Mg Bl ©1 W
foreht freTa &1 3 Uipfaes et &1 Hehdl B
MY 39 Y&R o Faml (Shaaa e[, oy @Y

anfe) o fawa o oFrel oream W we forsdt anfaes
YL FoT I o, Fig I YA agAE hi 3Th
i eTafeal T €)1 HIE 9@ e g terE
faeitss frepma 1 yoifed <o 99 FR Fwal 71 AR
AME YUlfed ol i g o, Ferm w1 o
T Wipfder Mgfa o Af-he 8l df Sed o 3Ty
(3TTR) W SMedrd Jfeg 81 Wbt © Fored fommer w1
feerfa Sea=1 &1 wehdl 21 3 HROT foRdlt ga 9 e
g Al w1 F5H ¥ F30 fHerw T Fo H
o § Wit 21 R e § ey o wRor |t
Tl hl THHAM ®9 G &fd 7 9o &1 Ff T& HRO
€ = o% Gl wh & Wl qen | wstedt o oq
Bl et o 1 Trpfas sgfa STt S9E, MM
o T Ul den SHeh fAHivr H u¥E 9t @i
Tepfd W e St 21 5| 9o &1 wiptaes steta
el T ) T & T e S 5N e TEeR
1 3MYIhT Falfersh et B

QR

1. 98 Tfa St ©F & A © adt afd wead o,

2. T e AYEl Th I YU H % Q AEwIE G0 T I HAdHed Hed & | qe g ¥ W THR

Hafud 2,

T-1
v

forelt arerd! s1eren <ot T w1 S7TgfT SHek g1 1 Uehs W R fehT WU <ol k1 W@ el @ | SI A

ugfa ¥ 38 wdd H W S €

1 33 = 1Hz = 1 Yo 9fd ¥ = 1s7!
3. W aad Tfa °, Tt w0 w1 IHH wreEeen & feufa 9 R M) T YRR Hed fRe S R,

X = x, cos (wt + ¢) (fereemd)

TE x [T W1 ST (ot + ¢) T FT FA, TN ¢ Fea [RF € | FVA YN o A F S

A g W 3@ YRR Heiferd el €

w=2T—“ = oy (Ff TR

4. WA GG T, THEHH a9 T o 39 g9 % A W YA B 8, fm W I 8 @R
5. WA 3MEd T o GEI %0 % AT 9U1 ©RU hl 99T ¢t % e & ®9 § 9 THER FH FW ©,

v() = -wA_sin (ot + ¢) (A7)

a(t) =-w*A_cos (ot+ @)

= —’x (t) (cauT)
HEehTierh foa i Wil STEd Tid g gH o R T 1 $H YHR <@ Hhd &
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6.

10.

11.

WA oTed T fRE &0 #1 98 T e 2 Y 39 %0 W S UH 99 TR @l ®, S &0
T o TR, do Gsd M o s i R e e 2

T ST T o A, o of g, T S K = 2 e e 5 U = o @
2 1 9 w1E wefor 7 @, @ Frepr Y opa AR Sell, E = K+UEE & =R ®dl ¢ Fafy K 3R Uaiafdd
B I

MSSAAM 1 1S HU S g o 198 o STHR ol JAMaH 9 F= — Joc o Y96 | Sieid &l 8, 93
e Tfa wiian © foer fow,

w=\/% (Foig 3gia)

qer T=2n\/% (STEdeRTe)

T8 e = Waw <o df wed ©
o HIUN § o B WA dlch i TR HiTehe Wl A T Bl @ | 3Ueh1 AedshTe,

T:27z'\/Z
g

et off arfares SrerEEE o 1 AR Sl qre S THT U STl € oifch STel ol SE el
el H VFA T qA ACTF S B ST el § TAART F 24 & | 99 IrdfaF ik a9 SHE
A N iR T Fed € | AR SFAHTH 7 F, = ~bv ¥, T& v cw HT 97 A b $HA [ T,
e qeTsh T faem,

x(t) = A eP?mcos ('t + @)

el o, Semiea <ol i HIUE g € 9 39 YRR e % €,

e p

m  4m®

I sfave feei &1 AH F9 ®, @ of = 0, T& o FTHE Seih F1 H0HE G T 1 SEElkd o
1 AMF 1 E $ 36 TR = &0 €,

E(t) — %kA2e—bt/m

I WIepfaer HI0f T o & el FaeHH @ R o, FoiE G w1 FE 9@ AeEd 9o TR
foFan ST, @ 9% FEE @, FiE S F A B T | 3T Aol w1 STEW 99 AR Bl € 5,

0,=0

S 7R H I el |
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s T 1 @d TRl & fa
AT T
st fay 1] st s
Hivia gt o [T st =2mv
wen i 1) fommeH eam W e g | fowems &t e
1 R AW
e fradis k [MT2] N m™! WA emed Tfa |
F=-kx
A
faemoia faug

1. STEdetel THE a9 Gad &l ¢ T5eeh geend fd &1 @@ TRgh eidl € | 36 TR, 90 e
nT & T a1 @E TR el 8, 98 nHE qUis T |

2. YAE ATl T WA e fa T el | shadt ggt et fd W ga-fEH F =~k x g1 @l
B B, W e i g

3. =dd Tia ogekhd-ar FEw ae (S uEE g ®) qen e § W e o —madr o SR S
B WHA & | 9K o YR H, WA KT Fond, § ofoeq fK@me (x 9o y) ¥ 1/2 rad 57 faA
BT 18T | 39 TR, 1S o1 foent TRfas fefd (0, @) 991 37 (@A, 0) & —m «Pr 9 SR
for M M A= o oga A whEEH aga wfd s |

4. o % fed feu U wm *1 Paw @@ erad T o foau € i d sTavEs © SR 3 v fa
=1 gufa: feifd w6 & e vaia 1 3 srevas od @ "edt © (i) oRfuss feufa qen e
oI, AL (ii) STETH TN HeAl, N (iii) T M e |

5. ST fag (4) 9, Y T AW SAeren et wfd & e &1 Fufor smfvs fafa sraan smfus
A g R S R o

6. IIooeh ST qe Hensdl aTelt 3 TR ad Al 1 FASH ATIH &9 | Aot T8l ol | T8
el qft el B @ WE U M w1 g < i 1 gt i quiie o el | denfy, feedt
et T T WeE € SUGH SRl HT I WA e M o ®Y W o oAl S ekl €

7. WA 3Tad a1 STedRTe ST ST Hell el shenl i W AR @ s | ey
o i TET el o Sfedshiel $Eeh faudid € (SR T qard ) |

8. Tt wel wierk &1 Tfa @y Hvig faere & fog & we ened wfa g 2

9. fwdll =01 %1 fa afs W aed WA €, 9 SEeh foeenuy 1 fre w9 § 9 fRdl t w9 § o
foran ST =feT

x= A cos ot + B sin ot;

x=Acos (ot + a); x= Bsin (ot + f3)
3 i &9 gola: gaqed § (et oft T ®9 1 o= T w6l o W A oFed fha S wehar € 1)
30 YR ITOHIEd WS 2Aad Tfd THIR0T (14.31) TeT 21 | Tl 27ed i el gt | T8 sheel
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2m/b ¥ WEd B THY U o foIu & wheehed: Wl MEd i el €, Fel b e fradis
g1

10. YUNfEd el H, 01 1 TArRA o7een M (YUNfed el i qHa o6 q99r) T UH 8§ STed
T et & et g SU %0 %1 qbfae g o T S o yulifed <o ScdE e arel
T T F AR o, T T |

11. T STOH i e oraeen # g9 &1 fofd o o W WA eed fq w1 S e e §
Fiifer Teft arefaes Feml § $9 7 $o SEusT @vd € e 8, TR 98 Bl & & 7 @, e
fearfg weft off omdt TEY ®

12. Yulifed el oh 319, U1 1 GXA e T B shell YUNTEd e Sc= ¥ oicl a1l acl i
Fem | = B §

IRSIES ]

14.1 9 KU 7U SeRON § ®F eEd 1 w1 Fefg w5 @ 2
(i) fordh e g0 9 o TH qe W@ W A q S SR ST ek arqHl A g e |
(ii) Tt dad® ek MU <€ gk i SHE! N-S faen @ fomenfyq #2 ®ig 301
(ili) 3T oMM %% % ufd: gl M H FE BRGNS |
(iv) fFdt *am @ =g T i
14.2 == f&T MU SR § wF (THIHT) T SEd T 19U hF A W e AEd T el et
FW@ €2
(i) geeht =t 3T @11 o ufE: FOH T |
(i) fordt U-cft ® ememm 9R o &9 & M |
(iii) Tret fosa okt FeR o iR TH sfa SR & fd 59 38 frean fog 9 9 3R &+ fag
9 4o ®9 9 Wil W |
(iv) foret Iguemrss 1] &t oToet grRmaRen &t frofq o ufid: =mus w9 |
14.3 fo1 14.24 9 Tt o1 &1 Wash fa & fog =R x-t oM@ &Y 70 2 | 379 § SF-9 @ et i
1 TET0) I © ? IH A 1 SAEdR o e (SAEdl M Al T ) |

(a)

t(S)

AN A
R Varc vyt

2020-21



1 4 7 10 13 1)

X

VAN ANYAN
-3\/2 -1 /]o 1\/2 3\ «(s)

faT 14.24

14.4 <= f&U TQ 997 o Her § % (o) O fEd M4 (b) el W Wl e M F@l, 941 (¢) S
T F FET0 W T | TAF STt I T SR T RIS : (0 FIE UAEE SR 2 )

(a) sin wt - cos wt
(b) sin® ot

(c) 3 cos (% -2 o)

(d) cos wt+ cos 3 wt + cos 5 wt
(e) exp (-*t?)
0 1+ ot+ ot

14.5 % 0 TH T ¥ 10 cm T R feord 1 fagefl A den B o ote as @ aed fd T @R 1A
T B Hl AR HI I Bl oAHE 90 AT I, ©ROT 9T HU W o FA b fUg A HiSC @i
TE H

(a) A flt W 7,
(b) B f¥ W 2,
(c) A I @R W4 8¢ AB & Hex fag W ¢,
(d) A% 3R S gL B ¥ 2 cm [ E,
(e) B! 3R 54 g€ A ™ 3 cm [ &, a0
() A®! SRS g B H 4cm TR I
14.6 99 KU 70 R F0 F @R q q°1 IR x o o9 Gl § 9 fRed W oTad T Gag ©
(a) a=0.7x
(b) a=-200 x
() a=-10x
(d) a=100
14.7 e 37Ed T w3 fomedt wor 1 i w1 v e e e feremee wer g R s €,
x(9) = A cos (ot + ¢)
IfE %01 #1 AR (¢ = 0) Feorfd 1 cm @ SHHT SIRRTR a7 1 om s €, A U1 HT AW qAl SRR
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el IO € 2 HUN KT KON G 1 s § | A% WA e T BT G0 i o foQ s (cos)
e o M W 89 A (sin) B 94; x = Bsin (ot + o), @ ST R gfqaei o o1 &1 A
qer SR kel IO R AT 2

14.8 fordt HAMIRR gar &1 91 0 ¥ 50 kg d 3ifehd € 3 T4 *1 @€ 20 cm € | 39 gl 9 o™l
T 1E fuve, 5ol foeenfud ek o foh a1 W1 €, 0.6 s o 3Tadshiel § Siei widl 8 | g 1 wR fha @ 2

14.9 1200 N m™' %aHI-feeris 1 1 war =5 14.25 § g9iv Fqar fad afas oe o €t € | wam

o g T 9 3 kg 599H 1 %1 Ty e ? | 39 fivg %1t iR 2.0 cm a6 @i T g o
ST R,

faT 14.25

(i) fave = <o &1 s,
(i) fuve =1 sAferRad @R, qe
(iii) fave #t sifysran = 9@ *INT |
14.10 199 14.9 |, A oS0 Sd FHMA ST stawen § 8 90 fyve & feorfd x= 08 9o o} | ¢ 1
fou x-318 &1 A U0 © | SoH W fIve & foRer X 999 o Hod & ®9 ¥ SuIEe, SEih
form =€t &1 eRH (t = 0) FW T fuve,
(a) oTot e fefa,
(b) sifieran aifra feefd, den
(c) stferemam Hdited =t feafa w 2
T e T o fAU F e U g G egfa |, o § et iR e § fhw w9 d fum €2
14.11 T3 14.26 9 U U < oM@ < adet 1@l o aeged € | YT SR@ W g9 i e, gReHu-she,

sfiyer feafa ol ufterwor &7 faen <ol T § | vo® 9o §, uRewo w3 %01 o Feu-ufew o
Xx-318] W YT Hl IGIEN WA e fd Fd R |

faT 14.26
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14.12 = & T yE WA Ed A % fau agged R g9 @1 em@ wifaw | goff e w smfhes
(t = 0) fearfa, g =1 == qen >Ivfia wmar <EW | gmar o foaw g yaheor | 9fishAur &1 fen
IEEd ST | (x S ecm § 91 tH s H ST 1)

(a) x=-2sin (3t+m/3)
(b) x=cos (n/6 - 1)

(c) x=3sin (2nt+ n/4)
(d) x=2 cosnt

14.13 99 14.27(a) ¥ k 9a-feeris &1 fordlt wart o Tw fR &1 7 33 oMaR 9 Sehel 9o 3 g
R 9 T S| m el A T 2 | HEE % ged f W a9 FOARIUG el | Al o S
21 fa 14.30(b) ® 3H FAM & <A g G W FEHA m S SR TS | FHA % A
%1 fo 14.30 & @AM e F R aifd fohen T € |

1= T

Z wr
TTT7T 7777707 8777777

(a)

foT 14.27

(a) T GHCON | AT 1 Stfuhan foRar W § 2
(b) AR (a) 1 TEEE A (b) o I FAAM HI o BIg €A WM, q@ TF GO § I I
SR A HIfT |
14.14 Tt t@met & g9 & faferet 2 o faed &1 Wi (9m &1 3 ) 1.0 m &1 § | afg fawe
200 rad/min ! ®Ivia g o et e T HT B, A SHT AfeHan = a7 2
14.15 =5H o g8 R Tecld @0 1.7 m s2 ® | 9% Frel 9t olicish &1 geaft o g3 W A 3.5
2, A SHEH! A % YRS W SR fHa B 2 (YA % Y8 W g = 9.8m s2)
14.16 = R T gl & IR AT
(a) fFdl &1 %1 WA 3TEd Td o STEdRTA 1 M ST HU o SAAN ql ga-Fefid W R

m%:T=27r\/'Z: | FIE WA et Hi-The T 3fed M w3l ¢ | 9 e fRdt aiere

T STEdehTd oicdsh oh goqaE W AR F=ai 72} & ?
(b) foreht wXet wlierer w1 Tfd SIS 101 & Gft Srerl o fog Giehe Ta afed i gl @ | &g ol

% el & fa s g favemm gg <wiar € fF T # AW 2x éﬁaﬁ%ﬁ%ﬁélsﬂ

2020-21



oy i gHeE o fou fRdt Tumers @R w1 fua wifee |

(c) g =afert heng wet afd fopet HHR 1 =it 9 ik @ | @0 goa &9 ° R w99 @kt o€t
Jenel HE Aqr ® 2

(d) @ 9@ o Aaid ok &9 4 iR fFet Sfer & o W@ @esw % Sem &t eigia #®an
B 82

14.17 Tl #R &1 o4 @ | A %1 F1T WA cliorsh, 5@ dielh %1 So90H M 2, Teh™l T 8 | %R
R T =1 oeig 99 W GHEEE =@ v @ aEE € | 9 dieres B e § ool wrereen
feafq o eR-SeR BIE e H@T 7, A TR ATdRIA N A ?

14.18 SR &9FA A T $a1E h o Th Fich H1 SHR IHST p, T & [HH 59 § T @1 | ik
F ol A9 aEH @As Vg 2 2, U8 <Y f ek FW-AY Wl SEd qed w8 e
ST

T=2n |22 %
P8
&l p Hich 1 W € (9 HI YAl o HRO GHSA hi A0F H(Q) |

14.19 "R @ 9 fret U 7ot %1 wh fou e 5oor g9 @ Se1 ?, qon gaa fo agHed | gen sig ke
TR | A W § 5w Seier S W@l Sl € | ¥ <9iey fh S §ov 99 i g %4 ¥, 96 U
TFeft W R 1 W9 Tl SEd T Ll § |

Irfafiem  3Tv g

14.20 99 14.28 ¥ TV IR V AFa o fordll a1g &l &1 Wl (TRA) T STIIRY Tl H1 &% a
21 39 Mer § mgeAuE 1 1S el fod fRed w0 o SR-AE T # G © | 98 wiey fR
S el 1 efigl i qEH qa BIg 3d €, O 9% WA A A A T | -3 e Hi
THATH HAHHL Sl b AR 1 stk i sitse [fad 14.28 3f@y] |

I

ag

faT 14.28

14.21 319 fHE 3000 kg a9 & e ded W GaR © | 98 AT ok 219 39 o &1 s gomeft
o el Ao T THeT0T T W@ € | S TEE a1ed 38 W @l Sl €, a9 felsd 15 cm S
g ® | W &, U qul <o i orafy | <o o oM § 50% Seiad @l St | Frefotad o
Ml &1 SThe HIfST ¢

(a) A ferid, qen
(b) HHF N Tk UG o Yord 3TemNush dF o fag stewed feeris b
78 Wi foh s 9fed 750 kg SR GE H € |
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14.22

14.23

14.24

14.25

g Tz fr o e omad 1 & fRE &0 & o oM w1 et oafy @ eia eSSl
I srafy w1 ofwa feafas o % ToM Bt §

10kg SoAHM 1 *IE Ie1a Ffhert 3104 g 9§ I Rl aR 9 oleshl © | Afhart &1 oM I aR
H U SO ik G T X1 W1 € | WS e 1 AR 1.5 s ® | AR #t B 15
cm ® | 9R &1 TS HAE Fedis @ Hifee | [FRE HAE e o 969 J = - o 0 gR IR
oo ST €, F8T J YA 99 I 8 qe @ Usd &I g

HE T 5 cm % AW qA 0.2 Yohe w1 AR W WA AR A R 1 GE] B @O qA1 A
TSI & a%g 1 faeemm= (a) 5cm (b) 3 em (c) 0 cm &I

fordt A W Tew T fuve U Afas 9 § HI00" 9 o 9 w0 A1 sTeaHed WEd e # Ghdl
2138 W9 x, T T Wiud ¢ SR Wiuet Big 30 § @ 98 Hqer e ¥ W (=0 W v, I ¥ ToRdl
%IWw,xoﬁmvoa?qﬁﬁqﬁ“ﬁﬁmwwaﬁml [Fehd: FHIHIT x = a cos (ot+6)
¥ URY HIfU wm ® R arfas 9 momes Bl
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W 15 11089CH15

15.1 YfHehT

15.2 IR qe seed ati
15.3 W W § fazer s deay
15.4 TH a1 i A1

15.5 TN o FA=ARAU &1 fagid
15.6 T &1 T

15.7 foou

15.8 Sl 999

ICEEUIRREER]
A
Afaftea A=

5
-

15.1 iHerT

fuse s1eam | g9 U fyuel &1 fd o o) | 1eg9q T S TehTen!
T Y €1 A e e gl gohR o fyvel o1 99 7, df 39 fem
o 1 B2 ek S| g HIETH THT YehR ok TR w1 SR 2
TH YHR o AT H YA o HEAH o ST9Tdl hi ThH-gER 9 oY
T ? T ol fondlt Tk o191 71fd T 79 &1 71 b1 geifea
HTl T AR AT Th B Shehg i Twdl qrerel o Id oA | R 9
firrd, df Stet b1 ges faegsy & Stan € | 4e foeiis fondlt wh e qe
& Hifra 7€ e, o T I o R Wl *1 3R guRd g 2
7% 39 3 YR e § fRR shepg R ©, a1 o119 I8 3@ foh
Tl & g3 o o fag W faeiiy Sc=t gan ® oel @ 9% faeiy oui
o &Y H ool ¥ Sed 1 AR T HI @ | eH UE Ydid g @ o
faeiisr fog & Siat T aex &t 3R T 2 @1 &1 | AR 27 faegesy I
R FP BR-DI Hich & hS ¥R ¥ W I, @ 39 WA fF A Hik
o THS - T W & FWR-A T ket §, TR Fedier o b
fog ¥ R & 9 sreiq ST faeny o ohx @ 0 FEa o =@ 2
Y 78 YRt el & foh STt 1 SoAAM W J7il o | 9 3R
T & a1, 99, Tk i faety S B S | T YRR 5
T dle €, df wafd gl (AreAm) | eHE R W 2 | WG 59 giehn o
(919) TH 9FT | W A6 H Yelifed &1 Bl | arg | 3ca gU faafy
T T Y 9 f@rE 761 <q, TR S 212761 HIgshiw ! g1 & §H S
I K €1 39 YRR % faenedi & gfeed @ Yo S g7 ok ot
ifereh TAHIARUT 199 T o4 o YelTe o fo1 &1 A1eA™ o Tk T g
TR WA d T F €, T FEAW ¢ | 39 e B g9 qah &
o o 1o 3 |

T g U g @ TR fag a%k Tl qen et & e Y gee
1 H=RUT BI1 1 HRI THE HeR-as A gl Fehdl o HeRo W e
Xl &1 orep (SIaeid) 1 21ef & 9g H eaf il Seq= HTA a S
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382

sfifeent

3ok T T S HIAT & | T BT STEH-YH W':
fafi=1 YR 1 i o WIeAH g BIAl B 1SS0l o
S e ] R P e e
fohan < gehen © T8 forga-gena @@l S 1 S
SN0 & Tehdll €1 o Hohd o GG H THIAE] Tl =100
ekt %9 | ST S 2

[t T i TeRO1 o foAw memm &Y sTeavdehdn
& Bt | & S @ T weRrer 9w fata | T o
Tl © | T Hehel gehrer o 1 g W e arf @
I YT AR I 3Tdel, S eRE €9 9
foata €1 €, ¥ T AT g3 eH ah Teedl © |

TRt S qen ST § 3= au, & au, et
S s e S e ey T
1 27 gl IO o Heul & fou HWieEw ) SArevFRdl
Bl 8, 3 farm Treem o H=iid 21 &1 Wehdl | 3eh1 =0
HIEAH o HUNl o Qe o RO H9E 8 Ul © el
e ok Yerey ol W R s €| farga-geen g aai
e f9=1 YehR i a@il Bil € Torion forva o 1ma =men
12 ¥ 7= T | foR[a-gaehta a o 9= o fag
e 1 BT ATk e — Sehl Terol fafa o off
Bl €1 wenrr, e ¥, X-Toreol el faga-gesia
feptol €)1 frata o @it faega-gaesa @ 1 =, c,
U Bl € e 9 2

c=29,97,92,458 m s’! (15.1)

TG YHR HT Tk 379 a0 ¢ T8 g a1 & 99 9
ST ST 81 78§67 o e, WieH, =I2M, TCATI] 9ol
0] S TTh! | Garg &1 3 a0 Wehfa o aieq A
faawo o wehe Bt & formes faw & e swreft wansdi
T qeH | TPt 3 U HehouAIHs &9 § Ak a1 forzga
e 0 I qor W etk ard ©, qentd geen
STTART MY feh TENfTerT 1 =g o got gfermai & wran
ST €; TS ¥ TG woA a7 k1 SN SeladH
gereelt | feman S @ |

TG 1A § BH ohdal Al il o IR o, feeh
Ho0] o ToTU geaTeies HILaH STavaeh ©, 31899 i |

TR T § & SR Shell o Fifeed T T 61
HiedauTeTss gE gier=R g 2, ftf oft o i &1

Safrer foreror Tewer TrEe varest § fae T o |
foRfe=@m BT (1629-1695), T2 §H T TS
2 %o U8 Wieg difaerfas & fomeh =19 a2
Rt O g & | HHA D o8 Tyue) o <ot 1 difept
qN A Aieteh k1 HfderT o T9=rd €1 a2 ki ifert
S THS AT | YoATE HIEE B R kT et <ol
o T AT G g1 T | (i S, Fefe
HHIT, o S e Heawi & ST € 1) 39
oY i AT TH W 3B §R H |

o7 15.1 7 3WIMT 3TIER T IR 9 TG HATA!
%1 FeEel R fo=R i | 9 59eh T X &6t St
%l FHH ST BIS 3, A1 a1 foary T i 7
T AT B | 9 kA | 0 el ® 2 FAehraeh Wied
TR YEElt HHHT ST FrTaee St ofarg 9 faafifid gt
2 | St <ol S veell A 9 Gag €, o1 Sun
T e Tl Bl € R 39 YR I8 UlhAr S
Tt S @ | Tl faeiy @ ueh R W q@ as ek
B Sl €, W YH HHA SO WreEe i ety
o TER-SEY & oY Qe il @l € | U @
ORI 3360 o €9 H {oTd WM T faum &1 feerfa
o @t fordlt {emel W fo=m wifse | et o fafv=
M

Y

fa 15.1 To-3R & qag HA7E &1 9798 | ’R A &1
TR T STl &; 7 et g R ae g
gt S & 1

fes, FAF JHH! g7 TH-SW & Ffad B € | 5
2 fesal o fordlt wop T 9 forell 5 =1 wired €, @
q€ AT W TS fes 1 ¥FhT <1 € qU1 TS U]
e e ey e s i e
TG et oo T R T A

3T, 379 TH 91 § &af1 al o ool W faanr
S E | S A A o © B Tl
% IW WM HI 9 o B U & HI GUifed e
foreaTfia et @ | 39k HRU U DR & HI ag h
B §, 6 ST (8p), IRerdA B € | <, i Tehieh
gothel T ARG =t 811 2, 37d: HAF i & wifa

2020-21



i

383

zg feafa o o faefy o sTAMEE o ‘ yomaq s’
IO 2l ST € | T8l 59 WehdoT H, Sl B URerd, AT
¥ S gifted steen fodror & 9wy © | 9k fadt
&5 1 ghifed foman Sm 8, @ 39 & o 370] o}
feheTeht THTTerd &1 o S 1 ¥oIE id & | 39 UK,
el &5 o S Sedl §, S1efel SH e | CHted’
I Bl € Toreh thorered qead! & o ¢ foer S
B ST & | A hiE &5 ST =R 3R ok &Sl shi qer
¥ forfera &1, a1 3@ & o =Rl I % qRaw &1 91y
39 & § YA ek e il gHivedl & w1 iR
vehel 3l ® | 39 YR, Wited s1edl fove wh &
T E &5 1 IR I e €, Fes shror o | faeny
1 GeR0T o & Tl € |

3l | off Tt % Hgw ek fea S HeRdn © |
foRteea S|l H TXATY] S1efe TRATYST oF THE STad
Setehl ® oo Bid & | ST, Yoieh TRAT] e
TRATULST T TR, 3T TR} TR o TRATIET §RT STRifaa
Sl o SR, TEAEE gl | AT ST TRArge
i fRer Tad gu fhdt weh ] i fazenfua fwan s,
al ik IE YR S TR HEE o WeROl W T, 39
feorfq o off T TIEA 9 S0 @ @ © | 374 89
ST (lattice) oF TRAMST &1 i fage 1 «ifq
o Tehd € q WAl o o= wmATE ol Je
Thd T |

319 TH 9 78T oF 3Tl STIHNT | auTl ok fafe=
stfeerforen Ton &t == wAT |

15.2 3TIYE a1 e A%

T ST © Tof =131k Aol bt 7ife o WA ok s1geh <o
T &1 A WIeH o S2eh 7 %1 T 1 TR o dere
o Hed & Al TE X 1 BH STIIE X heEd 71 AR

N\ Y

X

ferg 15.2 w9 fordt aif it o 91397 (x- 378) #iE Taher
w3 Afaelicr g & at SR 1 i Fheeat
ST TR (y-378) o7 FIT & |

TR TS ok T sl SR oAl ST Fehal €1 ol 15.3
o off Ut &) ue feurfa wefkia 1 T © SR et g
2 for o 9Tl 1k g S & T I | Sw-A
1 3R G Al SAehT Feeh Ye R S @ B

/

fera 15.3 1ol SRt & ST3feT Wa iE sad (SAraehia)
T ST TR ] T ISR 81 R o 67 5
SR T FIE FIEYT STaed @ 1 TET o9 &
AT ITTH] IHEE % TIYe FierT el B

T YRR 9 S H 3= faefyy <1 uftony S99y

T1AH o T2 qUT 1 I ohi TR o6 STIf<E Sre i
&l a0 1 < W o Y | S W R

foa 15.2 ¥ T8 S & e U T8 o1 i
Tf Hed fe@man T 7 59 S/l A T 9R ST
e oF W% S TR T B AR TS o STHIT i
o B SR T aE STt 81 df SHoh TR R d
T W Tee € TS h 3T & S| 37 T

ST T Bl 2 | 1 &1 IRfeerfaal o aresm o sterera
O e HrETee o 5¢-fiT <o i € S g
e T 39 Hefd gl 81 e S | a1 w1 i
1 TN o Tared €, 31 T8 STTHE O 1 Teh S0
2l

&0 fordl 1 W YR ¥ foER 1 wehd €1 'H
fordt fafy=ra Srar-&1o1 W et | 9T &1 fagor
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sfiferent

Tehd &1 THY BY TRl hiel-&10 9 0 i epid e
S| Wk o fafy @i ot foret T faeie W fomm
T € NG 79 101 e S o fepedt Ffyera steea
T higd L q 9T o WY Thk el 3d|
o 15.4 W @rgeed aXail o W W S0 LAt
T =T fearfa wefelfd =1 7 @1 9 ¥ W R o e
& T I W T fUeed o 81 fred &1 T ar 31t
1 AR eeheld SR TR aeT &1 SR Ei=m 9 Hdteq

fera 15.4 e &t sr-vie fd #3a3 arg @ 97t ol
T safq T 3 FT G & | G G-
& TIeTT O A &7 1990 & GHIR &, 37d: T8
g R

(3=4 wcel) qe1 foe (7 W) 1 T S §

S| afg e St 37X Y AR Lok qe dTel &

3R WiEH 1 Y Gad q1 3Tt (SIaehid) 8l df Th

ST T 3T SR Sil U159 ohi TalTg o STf<9 a1
H T M TR T G I8 ST T4 H ST
W TG € i o Wi % U fag ° T fag
ek TTHHA <Ll & | SiT o w8l s T €, 9 g foed
T gt et 7, i T e 21 Sereoned, et e
¥ 5t &1 gl ®9 9 T B {1 R, TRl St e
¥ faeiiy fa od & 9 fF gof &9 9 @l g6 TR,
oA (g 1 qUi ®9 F TfG) T A T hl Th T8l
G AMfeU— & T | e (6 o §) 1 a1y
H Tl g1 © a1g wieAm qoi w4 i 6 e 2

3TIIE T | UM T G T Helor 1 fIem o
e el @ | 37d: T Heol & THY HIeTH % Yosh
e W TqEqul faehfa Bl € 1 o1d: STue a &
GOl shelel S8l HieAwi, S S|l | B Wehdl §
TEYS Gfaaall 1 IRUTeH L Teh Sidfch el § I8
HooT 91 Bl Wehall | Rl o WL-W 3F o e

TerehTal o1 HfcdTer o Hehd €, 37d: STREA Tl ohl =Rl
et Yo WAl § a1 S 9ol 2 | 30 o T,
Wil S8 ezl | STe Td S A WehR Wi A
GeId & Gehdll &, STefen 919 § eheret arq<ed Fifsren @l
1 & GO WG ® | STeA o Y58 W § YN HT A
Bl & : ShiYTehTe™ (STl U3 e) R qel e
T | T8S TR FI a0 FHIH! HH qUE T SHRT
Bt & forehl aureed e S 9 aifuss @l gt
T2 7ok S 1 VT STel oF Y3 TG o ShIR0T e a
o Il & | e all shi e o qrefues e g
HeX ¥ % Gt Hiel 9 el € | A T e feue
o &9 H @ oTel FeAHIA ol gRI Sl @ Sl STl ok
TS I T A T R W HT FIE FA T

T T | FUI o I I3 dk &1 Hifhd T8l w©d
dfeeh 37ehT TIEaR SIed W o | dell qeh el @
TA-TT | HOI-T1q o WY Weh Sifea i Finfad sl
2,9 7 ohael S T hid © Sfeh Seh! 99 qell
-7 oft B €1 WY § Seq AT STuRY q den
arqeed T 1 S B )

ST &9 H 78 IR 7T R o ek € HeAn | STueY
T qen ergeed a1 = fae-fe g 2

> ISIETUT 15.1 < AT Ifd o F© I3 [

g €, g feafd § 7e waey fo = @ i

ST ¢, el © e <l 1 WA ©

(a) fwdl @t Fefad FAH o TH R & T
R forenfya & W 39 HUMN w1 fHdt
fasm () =t 7fd |

(b) 59 ¥ R frat fafre o sqa faea =t
M-S ¥ep faferer o o= O |

(¢) ST o I8 T Ferd! Hietae gR 3eq=1 ad |

(d) Tl HUEmM Fores fheed §RI o H 3ca—
TS T |

gcl

(a) 31T

(b) e=d

(c) SIIEY ael eesd

(d) e <

15.3 TITHT 9O | Taeenus Heier
fordt st q o Tfordia faeror < fow, g9 fafq x
T TG 3 % TR For F TeRAhd Bl ¢l U
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&0 W T8 T T i SH &0 W SAh{d =hl e <
T € < g e Tefd W o o Su fefa wowem
1 Ter o1 7T sk fereRoT oft <a1 1 4t &1 fendht s
e R (U we o o 15.3 H qgied W ®) e
T =Ed € d Hel her o Saeeh e B =eT) e
o o 20 fopelt STt o W fomR Rt fores =fs A
o fordt eroma ot feafa ot x 9 freftd L staad i
e feafa 9 faxemm &1 y 9 fefug s g e
SHEhI W GO 1 a9 7 ®9 9§ aftld s §
yx ) =asin (kx—-ot+ ¢) (15.2)
S He o hIiR H IR ¢ T deqd © R wm
1 3R IS Herl o g G W foEr w ®
g
ylx, 1) = A sin (kx— ot) + B cos (kx — ot) (15.3)
Ta FHIHT (15.2) T9 (15.3) W

a= ‘/m qql ¢ = tan! (%)
FHRTOT (15.2) 90 Aok g T qe frefid s &
g THFA o fou frelt ffvea &, wm efifsg t=¢,
R foeR # @ THE (15.2) § S % 1 Sl
(Fox + TeertioR) BRI o7d: R &1 TR (TRt ¥ eo
T) x o Held o B9 H oI R0 ¢ 76 v, Rl fifvea
ferfd x = x, W T &3 e FEieT (15.2) § <01 e
1 IVl Teh Teolish —@t ©1 31d: Trdlt Ffvem feofa @
foeeTTe y 99 & Y SEe i w9 4 ufafdd g 2l
arefa, faf= ferfaai w Aem o staga X stad Tifd
F B A ST R S ¢ 9 wedl 2, x 7 o
YAk o B 9 9 Jox—ot + ¢ T A TR Tl
3T FHIRI (15.2) x - 3181 o g foul oF ST
SEh I (3TEd) T Rl e 1 gHeh faadd, wer

ylx, t) = asin (kx + ot + ¢) (15.4)
x-3781 T O TN o STfeer ifaefier o =1 frefua
Yyt . feofa x don w9 ¢ o weW o U H
ICEDILE]

a ;T T A

® ;TR HI HIONT Tgha

Ik IV T HEA

kx-wt+¢ : FRFIH FHl FO (a+x =0, t=0)

fars 15.5 GHIH (15.2) o 9HF fagl &1 grRem

F4 ¢ | fod 15.5 gt (15.2) & fafv=r sifdes
TRt o 919 geiar @ foge! g9 ofd aRwifid 3

fo= 15.6 THA HaUa W U= f9= 7 o fag
EHIRTT (15.2) o e <9l 21 foredt o & efremam
eTeeh fereenTae ot feig ol oY whed € e atferemam
SUTicHeh TereeiTo ot feig ol Td shed €1 98 <@ & fog
fo hTE T o TG HTA & TH I W A hiwd A
Tehd B IR TR 3 o =g ot oo o @iy o Tifd

fera 15.6 37 T | X-3787 %1 &7cmeh 1590 & 1gfavr
Tier Hig SAed @

e 21 o o 39 ol W (X) © e e 81 6
YR B WAy o fRdt ffvea feafa, am difse xere
o d fog W fordll eeFa &1 Tfa W foaR wT Td
g1 =8 Tl W 3 fag (o) @ <wien w0 B o 15.6
o e <9 € TR ge fag W S faig (o) @A &
el 3t &Y Y i LAl €1 e, 9 o T o el
ot fog W feod o1 oot wrem feafq o wia: Som
F 21 U8 TR o= feufq & %0 & fou of 9o R
&4 7 off 3@ € fon e 9w o o foig (o) wh o
e Xl € S W v weh e O we o 8l
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o3 15.6 o 3TiEl oF YR W 379 8 THIHI0
(15.2) = fafy= uferi =t aftafoa w0

15.3.1 3TIH qAT chell

TeieRYor (15.2) H, Ffeh A1 e 1 A +1 q -1
o e iEfdd il 8, e y (0 ®1 99 aqen
—a% o9 uRafdd e 81 g9 A€ a1 e 3T
A d STaehdl 1 IS 29 TEl Bl §1 79 a WA ok
fordht et &1 oTqe ey feafq @ sifusran fawemo
<9Il B1 & < o foemae y oFTeHeh 1 RO €l
Tehell § g a ¥ 1 qhl a1 1 377474 Fed 8

THHTOT (15.2) o HIVIE Ht AR (lox — ot + )
1 T T el wed 21 K gu 3@ ook forg, ot
feafq wd a9 W Fa T 1 fowemas fuifia s
1 Tqd: x =0T t= 0 R hell ¢ B 37 ¢ i SARFTH
Hell B0 FHE T x- 38 R G fog qen TRk o
1 T YR T Ted & Hud e € 7 ¢ =0 | or:
THEIT (15.2) B ¢ =0 TH T SATIHA HT h 29
T e 2l

15.3.2 AU q9T R a1 G&T

TH el o &) fagati o el 1 =ad T w1 quresd
FEd ¢ 3R 38 g A 9w € gieen & forg
T G shell ol fage bl 3id =1 7d o "Wehd! €1 A
G 3 v ool sten el o e w5l R
THETT (15.2) H ¢ =0 TH W, t=0 W fowmo gmm

y(x, 0) = asin kx (15.5)
Ifeh &0 H 277 ¥ TS IREA R A BT h1 H7E
e @ ©

2nzw

sin kx = sin (kx + 2nxn) = sin k{x +T}

arerfa fargati xaen X+2%7[at|1f3|@1m IO B € -

Tl n=1,2,3, ... | TAA fower fFe i gu o =
et Teigedi o e =™ < n= 1 oF T W e 81 A
o fean S & St

27 27
ﬂ:— k:_
o 0 7 (15.6)

Jch] WeRuT TeeRieh 37eral ShIUHT qO & Fed ¢ |
THHT SI TES eaq Uid HieX 312@ rad m! g1

15.3.3 3TTaehIct, ShIVT TG qem g

o 15.7 9 U SHeshig e @ T 2l aE
forelt fafierd &1 o 9 1 SRR &Y g9ar @ afesw
ey o U 2f9ad (Tt ffvea freafa w) =1 ww
o @1 faeeme geifar ?1 gfaen o forg eq e
(15.2) § ¢=0 o & 3R @ (4 oS x=0 ™)
1 T W eAE <A B a9 ed 9w B @
y(0,t) = asin (i)
= —asin ot

fera 15.7 79 @7 SR 9 @ Tordl € at fordt ffeer frafq
T SRT %7 37999 39 a @ GHT & G1Y gieid
F Bl

T o el T 3Ted Hidd SR o fohdl stad
SR T Ui e H forn e w2 st
—asin ot = —asin o(t+ 1)
= —asin (ot+ o)
<{feh S ol Y 2 IV W GG Bl €,

2
ol =2%, o o= T” (15.7)

® T T HT R R Fad € | STHT SI A=
Ifeo ufa dehe ¥dl rad s B1 fondll o = a1l
v 9fd Hehs ol w1 FEA B oT:

@

o (15.8)

_ 1
Ve T

7l ot rad I B Uhd & I A I e m U THd B Tohd Bl q:, k, IHE AR H GHI Gehd AlCA N Hl GEA
1 o ¥ UM HH W I €H @ttt mo! SI A § At S aredt Ui @)
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v %I g9 (Hz) ® 919d 2|
Stda W=l § wed € fedt e % erfRw
Tferefiet TR Steen SR X w1 el o e
e O § Hrewm o TRl e H T WOl i
oo o "W feRem g ® | w@Hieo (15.2)
H forelt erqeed @ o forg foemae e 39 YR
foren S 2,
s(x, §) = asin (kx - wt + ¢) (15.9)
Tl s(x, ) Fearfd x den w9 ¢ W qemm o fomd
e 1 T FEROT 1 feen W fowene € 1wt
(15.9) | q foreeme 1 21 o= quft Ui o =@t ared
& S ST O o Yool H 9 | Sheiel Tk € R § R
WWWy(x,t)éFWWWS(x,t)WW
2l
> 3TTEYOT 15.2 ; fFdl St & S T
T 1 foeror 39 yeR T T @,
ylx, t) = 0.005 sin (80.0 x- 3.0 9
Tl Aiferer feerier SI 9@kt ® € (0.005 m,
80.0 rad/m dT 3.0 rad/s)l AT =1
(a) @M, (b) WA (c) el Td
g 9Rfeld ifST | €0 x = 30.0 cm. a2
A t=20s W T kI foremaq y ot gRewferd
IS |
go7 39 faeamo &1 ga T (15.2) ¥ i W
Yy (x, §) = asin (lkx - ol
& frafafed 7@ 9w e €,
(a) U 1 AW = 0.005 m =5 mm
(b) IV T H&M = 80.0 m! T HIvi gfa
w=30s"!
e &H R0 (15.6) o gR1 aTeEd A 99l ko
T ey foed ©

x_z_“
Tk

2n
80.0 m™
= 7.85cm
(¢) 19 89 7= fSu U T 99 o § G4 gR T &1
M 96 FW €,

T = 2n/w
2n
T 3057
= 2.09s
319 Jfk s v=1/T
=0.48 Hz

T x=30.0 cm A 9T t=20 s W e

y = 0.005m sin (80.0x0.3-3.0x20)

0.005m sin (36 + 12m) = (0.005 m) sin (1.699)
(0.005 m) sin (97°) ~ 5 mm |
15.4 TTHT TR S =ATA

fordt Tt @ Ft = el w9 o faw g @
o fordll fog (Thelt svem 0T gI0 Sifrafard) W =M
fgd FX gohd 7 iR <@d ® foh 7 foig Tmg o @y
fohe TRE T YAl €1 AT ok IS i A W A 3
gfeerses e 21 fos 15.8 W <1 faf=1 g, fomen
e A ¢ 1 oY THA SHAle €, W AT h1 SR Sl
T R GEE W U € e (X3 HY oS
&9 Ax T worar B1 o W, fag (o) gRI g
o THF At H T A x T B ST YRR 9 HY A
Ax/At B TRt 37 et =t fag W off 7| fag (o)
M HWehd &1 I8 IE AT » W T HAM (ST WA
Yo erufiafda & @m) | @ W R Ffvea s
fiig =1 T 1 feom s @

kx — ot = THadis (15.10)

37d: T8 T ¢ Sl €, @ Ffvea e fag w1 feafa
x 39 YR et & o el v =R ®1 ora:

kx — wt = k (+Ax)-o(t + At
a0 KAx—-wAt=0
Ax, At T 3TTqH AH oH T

dx _o_

dt k|

O T TM ke HT A O Fard wE T 74 W o ©
bo2m 2

=== (15.12)

THIHT (15.12) I T @ o fau uw =

oY 2| € dard! © fob HiemH o foRdl erege & T

(15.11)
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quf e et § a0 U Tk qresd o e g
F 2w it T feedl =it @@ wt =
ey o See O (S % foau e g
e, T SoAHM S ) qe qere o (s
el o faq I Yoo ToTeh/STIETT T[uTid,
I FeATeerdl T[Tk ) g1 TR eiar 21 wrems =
fruifia shear 21 e gt (15.2) T fHive=a =«
o forq amesd @i et 1 Hee a1 @) ard o,
ST TEel S S e €, WIETH § Sy qel Seed
T T G9e § 1 SehT TIel SHI HeAH H S-Sl
FhMt| 30 312 o oTadl SUFN H o HieA AlfAh
T FT =t o faw gq fafdre =iee g S

Y

A

AX t+At

/7?( Y
A

tu’rarn 0

feora 15.8 TT t T t+At aF fFdt sTgfa @ &1 T,
&l At T THT SAIeT &1 T Yed qHed ®Y
T <7 97 THIaRa 8 ST &1 ¥ 7 v (7
fafs=rd er e #i R fag) a97 At 7 5@
Ax THT T &

» X

15.4.1 A SRt UX U T i o1e

forelt =ifs @1 B o foay o wRO WeEm o
I YA T 3R SIgel ol (FSAHH S g1
fuifa gt 21 =Tet 9oH SR W AR ®9 9 g
TR HNF ¥ Ufoedd &9 9 gafua eidt 21 R ek
T T o AU YoaHaT o S | 99 T 95H S
21 38 T H Secl™ U e ForHE Ty @ S
TR o FFAM m I ITH! 9 | 9 faaisa &3 w
e Bl €1 g o Tfaehd FrEml & SuEn wih
frdl S W T &1 =1 o fau Jenedf g3 g foman
S Fehdl © W] I8 Scufd 59 &Ik hi T ok ol
21 31d: B0 e faveiv &1 ST %31 W g9 T
SH 9k ¢ o ket fardia fagetowr @ gened g =
W & Fehal 21 39 fafy ¥ wr wey o feudiew e
Affy=raar Wl 81wt fomn ML) € a1 T 1 =
1, erefd [MLT?] B g5 34 fommefl &1 58 waR

2020-21

fordt Tt W WE &1 WSROt
frdt T W T

TS h1 HEROT AT Lw\_/
M 9 3@ Tehd
2 9 TE I©
i | 3W ]
1 e g ot
3@ HHd © IR
THh AT o I
oA oft T Gehd
21 gHeh fIU 9kl 1 ¥ 3 cm =1 & Teh &,
T Rl IR o 9RI 1 ATl BNl 3T TE
T ST e § off Y Hehd © SR SENTee
T o

1 93 cm 9 &l ost T eliforg) fmey
FANR A1 AR o STHA-GHH i IR |
T gk TIHL ST Th 90 Th g ° g &
e <o 1R S F 6 O o1l g% § eIk
FLTH W HIE 9N (1 ¥ 5kg) wAehizd| aani o
a9 a3 9 5 WX B gl Bl T B
HfTE 3K Tt o Tk i o O 39 W SR 9
TER HIfSU| 396 WH W Th W oM &
9 W TR X T STl e 36 g R a@
ST TR Bidl g 3@ Hehd €1 379 STt
T 3R W T8 hT Al 1 Gau o =
Tehd | T o THIG B § T8 M9 56k al-
A IEd B 3 Hehd B 1 sk weuare (ferm
HET) ® HEEd | Y T 5N Th S6R ° TR
IR HT U Tk T § @ I A4 R Fhd
T 3R fF 3H% A HI AT H FHA B
DT oI FHIRIOT (15.14) SN U T o
Al

e € ol wita o o vad efifersh dq o
HEe W off Bl 1 qEeT AR o9 e § b g
i SHTE XAHM HH BF oh SR 39 W TS H
o7 HIST T T Tk o i Gorl § Il e
B 21 T W T H1 AT HH T h HROT
TW @I ST Hehell © 3R gEfAT A9 Flaersren
AR Hieh B S 2
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HAifSa w0 2 foF e w1 famn (LT w8l ed
A W %@ "Wehd § T oUW T/u @ o @

[MLT ]
[ML™]
IQ:, AE T qen p & Wi sifqes it @

= C\/Z (15.13)
U

el ¢ faaem feoms 2, fod fodfia favewor g
i e dua & | I o gened g3 # ¢ @
M 171 o7 A SR W STy Al w1 e

_ [L2T72]

v= |- (15.14)
U

e Y fom =t v /e o O T 3R p (T Sed
T o HRUN Al S T AT ) T AT
Teres =1 s W a: f 71 e 21 e
Fenetl H oMY UH M ok IR H uen et =
g 9 Tedsl el 81 T HRehl A Tl v I alT i
gt faefiy o Hiq w9 e 21 ae o ford
fafvea =@ qen smgfa & faw, =i (15.12)
s 1 fAui e 2

5]
a=2
> (15.15)

> 3QIEYOT 15.3 :0.72 m A fFH Tiet o IR 1
FIM 5.0x10-°kg ¢ | A% R T TE 60N T,
A qR W ST A T e =R ?

Zo7: AR i Yfd Uehish @iaTe ol SAHM

_ 5.0x10°kg
0.72 m

= 6.9x10°% kg m"!
€, T= 60N
TR TR STIYE TN i =1,

T 60 N
V=, —= = —=93ms! <
£ \6.9x10°kgm

15.4.2 S TN &t O - a1 A e
forelt aTgeed au o Hiew o STEEE q WeRl i e
o et fefq o om-de <o W € | g9 Y ot
<@ ok € T eaf q@il a1g o oy AEae-srEFal o
Gfte qen foerl & ®9 H T w3 € | gl
fogfa o ufdaa &1 FaRo &E el gemer qored
AR 1 AFA GRSl Ol @ T 3@ ¥R
uRefea v €,

B=—% (15.16)

el <@ | Iadd A P 3 fassfd AV/ VS
L S| B 1 famn o€t & S <@ *1 § 31 SI "
T 30 Uhd (Pa) W =99 %d &l 901 & G0 %
T, STEifTeR STEe ™l U1 o e p & fore o
[ML?] & | €9 3 § <@ %ehd € o6 W1 B/p
‘a"ﬁf&ﬁﬁlﬁ%:

ML T?]
IML®]

Ia:, A B e p & Wi difges uivmEi €

v= C\/% (15.18)

T C T FeRiE Y e favemy gn fadita

FHET GG el ¢ g9 Std ¥ C=1 U B ¢ | o7

ferelt mrezm o ereed qu w1 e o fore = g €
B

= .= 15.19
v 0 ( )

et o e S W wem % fag, v o
Igelf TER T B § SR e Bg ) el STeE
fospfar o foam ta 1 eTehdl Bidl ©1 36 Y0l
o, Wi Jereerd sk ‘I unis’ ® forment o
A -JeARYdl Ul 1 T Bl 38 Wil o eI
faria forgeioor Teet S/En € @R ed wHieor (15.18)
ST eI W gt © o ettt feeriss ¢ B
2 Toret A genedf Scafd § 1 9 gl @1 39 YR
et S/ B ¥ oresd i &1 = FreAfafad g
SR e H S 8

! (15.20)
V= . .
p

[’ T7] (15.17)
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Tel Y ©g & Sl 1 7 YAl olih € | GRof
15.1 ¥ fafy= wregai & eafn 1 =ma ot
T 2

WRUMT 15.1 %o dreEdl B AT @t wnet

=
g (0C) 331
a9 (20°C) 343
feay 965
HESER] 1284
)
S (0°C) 1402
I (20°C) 1482
TR 1522
3
Tt 6420
iR (ie) 3560
=i 5941
TR 6000
JeohTEsS T 54

el e Sl | wat et =1t T Wt gor | A
2 [=F 2 R S & g ¥, W =@ 9 o
STEed T4 Y A 31 THRT BRU A€ 2 o i o S
1 TGl w1 o ® Hdifeq we i wfcd g 21
3T: S STFA AR Uk o HH AR Bl &
TR (15.19) 2@ | 3@ 31 ol =1 6 Y gor
H SHM T 3T el § | TReg ST STl TR
TR TOhT § iy wE ek B 7 | A&t wRo
2 T 3Gl 3R gaf o wort w1 dig Al B @

fopelt 7| o eaf o =1el 1 3Teher gH eyl 1|
qfehed § X Ghd o R eeel 9 (2 s
11) o foIu q@ P, 3T¥@ V @ @9 T o == Hay
T YR e Tl STl B

PV = Nk, T (15.21)
TET NI T ST W@, ke, SieasT N i qen
T 9 1 Shfeed § 19 © | 37q: fordt gaard aftedH
&f?;aﬁwuazn@ﬁﬁwfﬁ@aaﬁum
B

VAP + PAV=0

d: FHIRIOT (15.16) § I8 HH Gfaeenfyd & |,
B=P
1A THIRTT (15.19) W fordlt el 79 o ergeed axni
I =T,
P

L= — 15.22
P ( )

9 HeY i FauAH e - wfyq fRa o, oTa:
T8 e H1 g o FEd €

> STTEYUT 15.4 =27 o G 1 STANT hich HAh
9 T TE (STP) W a1 H =AM & =
%1 3T HITIT | I oh 1 T I FeATH
29.0x 10° kg © |

Zo7 : 9 WA € T femelt off 719 o 1 HieT &1 STP
T A 22.4 o Bl © | 37d: 91 1 STP W
el

1 91 a1g 1 FAHE

Py =
STP W 1 Hid arg &1 T

29.0x10°kg
22.4x10°m®
=1.29 kgm?
et Trezm | ea i 9 o fae =ed % g
o STI9R TH STP W ag | &af o o & fefarad
HH W Bl €,

V2
1.01x10°N m ™2 O
Y iokgme | T 01529 <

HHIROT (15.23) | 9 a1g | &3 i =1e &1
HH, 9RO 15.1 ® T T¢ =T g U arg ¥ et
%! =l o HF 331 m s H1 goT B 15% %W B
AR THY Hel Tordt gE2 ARG 0 =T Hi ™ qa
THETT T T R FTEH =2 7 w8 =X o 99
weAd | I W gH aTel IRadd sl JHardt |/, @ 89
e I ® o SRt I8 shou wet Tl o | e |
g warn fob waft d=ror o 9 A ¥ Se- e
Tal g A 9 B9 © R S YaTE o fore ard @l
T 91T TG T STE¥dsh 999 SUTsd 81 21 9rai
FAEEY I% GRedd GHdadl @l B a9 Terd
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(adiabatic) %ﬁ% | TG sk a?fi_'lESTF{Sf ﬁ@ftl'{
e Wi @] B © (WE 12.8 3)
pV' = feerien
FYEl A (PV) =0
PYV"'AV+ V'AP=0
T8l y @ w1 < fafere soAen @1 erqu
c,/C, B |
T YRR, ST 71 o T T5 o STIa Feareer oTeh
AP
Pa="3uy =
37d: A | A &1 = [FHe (15.19)],

’ P
v= [T~ (15.24)
p

I % T | 39 HYfE H ATCTH WM Fed ¢ |
a1 o fou y=7/5, 31 314 9 g4 STP W 919 ¥
A HT AT o 3The o foTu GHRT (15.24) 1
TN I @ &afT ST e 1 A 331.3 m s W B
2, S wifyd =l § ool @i © |

15.5 UM ok TLARIIUT kT Tagia
e o feemsti & T et < 9T T Tk I
R Y B ql = g (e 15.9)? 98 <@ S @
& IR FW &F 9] ff |7 W AU Afed T
Tl 1 IR, SAfGeAa o <A, T YA <A1 e wEi
¥ fu= gran 21 o 15.9 ek T faodia el aret
T W T F TH T R SR T T fefa gt
B S T AT B © o qRomH fereee gers-gerh
e[ o HROT foReTol &1 SSIIUE FiT Bidl Bl 39
T SIS Gl 1 STEARIYUT T Taegial Haelrdl 2l
7 Tgid oF STER, Tl % 36 YehR TET HLdl @
A TR T T T &1 o HieAm ok srege <l
o HROT foenfid B € SR S fawemma sm @
EUTCHS B Hehd ©, 72 foeerdd g1 faeema i &1
arsmfurdte =i et 1 fom 15.9 fafe=r a9ei @ @
AR 1 @ ST 1 3@ () W a9 gme
2 < : IH TS o HROT JUH-YUF S e
TF T F Ik ¥ FRe = € 9 7@F fog W
el farem = 21

AR o Fagid i MR ®9 § 9 HH
faw, oM =i y,(x, o 991y, (x, § Aem o T

g o ToreenoH €, Sl I T ST-3TerT TH Sl
39 31eFd o Bl Afg ] i fRd & § U |
gl € R stfqenfua gl @ @ A forer y(x, o
|l

yx =y t)+y,(x 9 (15.25)
t=0s
m 5 (a)
0123 4 g

farT 15.9 o wd faudia faeergT areit fawita fom &
THT FIAT JT TSI IMAE () F FH WSl &
Hfaeare § I e giar 2

Ifg frdt meom o ww € & S A sifue
o Yeeh-geh a1 el 1 AN B § | e 9t
el a9 W 39 YER T,

y, =1, (x-vt,

y, =1, (x-vt),

y, =f, (x-vt,

qa wegq | 9y 1 9uiq S 9o 90 wed 39
YHR e fHAT @ €,
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y=f, (x-v) +f,(x-v) +............ +f (x-vt)

=Zfi(x—vt) (15.26)
i=1

ARIeT w1 fagid safaetor 1 afteeT &1
T 2

et o fou, fedt aifa e o srfeer o
I 3 e T q R e R <A ae
I G o THH B qA I T G e A
TOME €| o7 $9oh aiTesd ot WHH €1 SRl a =
ot guH 2R 9 SifST foF 59k ST wHE ® qen
AT X318 o eI fun § A Sl 21 3 aan o
IR ohael ARTHE el § g1 HIHWOT (15.2)
AR & <Al a4 Rl 39 YR Fe Hd €

y, (x, § = asin (kx - o (15.27)
Xy, (x O = asin (k- ot + ) (15.28)

A NI &k fagid & T FEH W, 42
eI 56 YR e fohdl Sl ©

Y (x, ) =asin (kx—- ot + asin (kx— ot+ ¢) (15.29)

a{m{(m—axw(m—awq ﬂ

9 COSE (15.30)

qﬁ%ﬁﬁ(glnA+51nB)a;mﬁaﬁmﬁﬁa;W
T 1w TR B1 ord:

y (xt)= {Za cos%([)} sin(kx—wt+%¢) (15.31)

THIROT (15.31) I8 <91  fo wfomedt o= o,
x-F8T H U e W T Rl e T @
fSreh! eTmafa qen et I ql % "9uE 1 W
TR FARK ¢/2 B He@qul 927 I8 € fo 5@
M <A 2k qN o |ie AR ¢ T Hed @

A(P)=2a cos%¢ (15.32)

Ife ¢=0, el <Al T T FHer § €,

Yy (xt) =2 asin (kx- ot) (15.33)

arfq qRomH T BT @M 2a B, A h
Gontferd Al H etfurehad €1 = o forg, < a@i gofa:
Tk TR W Tarodia swmeneti ® et € qen aRomH a3 5
T G T &0 YA e

y =0 (15.34)

y al
AVAGTAY /\*A
iR BY

(b)

faa 15.10 STARITY & 14519 & ST9aR GaF S
T IS a3 gfd A F R
T GROTHT T T STIH FAR @ TR TH
Al &1 T8 IR (a) F 7T 7 & @i (b)
& faw 1

THIRT (15.33) I TN T T AR
Terian 1 39 Y01 W SHT ST S S &1 Fefiehir
(15.34) < a0 1 faameh safqewor <iar 2 s
SReome T | SHT ST 1 SR g g1 fa 15.10
AT % 7 ] GO R <Al S STEART
fagia =1 aiom 21

15.6 T R TTE

fUscl SR ¥ g8 STaReg A | 9% Goxul &
o= H1 | B © S IS TE e au fRdt
Rt T el © 2 Afg a3 @l oy
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e T WEtdd g Sl ¢ ety e g
fGEHET | e 1 Sre 81 Atk aid g 3e
Tl ®, sreren = Tl < fa=1 weare wieadi o o
Fges , i feafa o Sfea @ st 21 39 feafa
IFI T HT heS AT WSfid &l STl & a1 F 9
TR WA ¥ qRIAHd 8 S 21 A g aw J fee
el 1 gRE W e rfad g © d IRt
T I Tt 0T wed 21 Sfufad T sraafda adl
el o USdd o TREl 1 UM eIl ©, ad
afad Ud qafdd a@ weds o 9 e
e L 2

foa 15.11 foredt @if1a e/ o erfeer o St
e ufelEn @ wafdd g a <eiar @1 A 7 o
TRETHT g1 S o1 T STERITl el Bl © dl et
AT 1 SR T el @ S 3Afad g Rl § W
R & 35 Hell § 7T A 180° T FHalldR Scq— &
ST 81 39T SROT IE € TR aftdmn g @ o oftd
R gt &l W fasy w1 faeams g s Aey
eANel & fagia o oER, 98 adt Hud ? S«
3o Ud wEfdd am § U helial gl difeh gt
fomeITTe ¥ 311 I a6 §¢ aR H UREH gfaed ™
a2 39 IROm il eW iaewtE gfte | st
FT T 1 5 TR IR W TG € A g8 IR W
I SR a1 81 =2 & AR Fem o SER e

wd

%

s

faar 15.11 %9 3¢ 9REET T W3 AT Wad

T W 9Romm ¥ ga qen fien o fauda g omifya
FHTdl 21 IROTHEEEY qUeEfdd T S gl 2 et
Fell § U T SHR Bl 2
o fau quf ®9 @ @ ¥ (S8 T o T U9 s
T &t ® W foRelt B8 W Tad ®9 9 TG H qeh)
q qafdd T Y el A ST (U o el 29 A
?) =l © S efad w6 o 1 A2 uiEm W sty
fomenT™ 79 Y% T o ST K I A T TGS
UfCE T I AR WY BT gen 9 2
e, el R A W o R ge
R § e | 7 helia S el @ 9 el
IR W qEd § IS wellal S el eidl €1 39
FHA hl AT T | e H o [T, AF AT
JMfad a1 i 36 YR e i ®

y, (x, t) =asin (kx - ot

T, 8 UREM ¥ Tada o fole, wafda a1 1 59
TR Frefid # 2,

y [x, t) = asin (kx + ot + 1)
= -a sin (kx + ot) (15.35)
forelt gl R @ e & ferw, wiEa T
*1 3H TER eI w3 2,
Yy, [x, t) =asin (kx + ot) (15.36)

T g8 UREH Wy =y, +y =0 Wft =l
R

15.6.1 T 7RI agr yamA= faemd

frsa A9 ¥ g9 T R W uREifia fem W
o oo | g U ¢ Rt feerfet § (SR
A foll W uftes i srean afifiq owrg w1 oy
o) Ty qwerda < =1 e fa W B 2l
el o fau, fodt =/ # ww foem A
F T T R W quafdd B 21 uw wetdd
T gEd e § Mo ek g fR W qEfdd e
21 78 YiHa 99 q Fordt Wl @ 5" %k Sf |
T eufad! @@ Yed T e S U o e
AWM T e 21 U w9 | 39 e F
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& fAT, x-781 Tl oFTcH TS § T8 Lt fhet aw
qAT x—3787 hi FOMHE TSN T THF Hidl THH 3T
e eEd el Efdd o ) TR HiT 9= 0 %
fore ST (15.2) 37 (15.4) 9

y, (x, t) = asin (kx - ot)

Yy, (x, t) = asin (kx + ot)

Td, AR o fagid o STTER I IR @1 39
THR FE FT S T,

ybt) =y bt)+y, (x 0
= a/l[sin (kx - ot) + sin (kx + ot)]

guRfaad Frepmifid T

sin (A + B) +sin (A- B) =2 sin A cos B, HT ST
FEH W

Yy (1) =2 asin kx cos ot (15.37)

gt (15.37) gR1 Frefd atr Yo qen e
(15.2) 312l THIHT (15.4) gR1 F&fga 9@ o o=

eVl AW W & 3| FHIH (15.37) § U8 kox T
ot ITAT-3TeT ToRmE €, 7 T (ke - o) % F4SE %
w9 H| 3H T 1 AAH 2asin kx 1 37 39 T G
¥, S yorsh fag W = g @ o S o T
31EId FAM HI0NT TG\ o I 3Mad Hed Y e
FA ¢ T % fafa saFel o qed § FIE Al
T g 21 ek ool wu 9 fafe= fagel w fafu=
AEM W T & el | e il ¢ AT U A al
o 3 3R 7 T SR T HIA B 3z T ST
ed ¢ foreht ffvem feafa W gwem sam = g
? W S\ vee A T ¢ fafye Rl w e
o= e 81 o feigedl W emam v e @ 5= Freig
#ed € e f5 fogell W eiferskan e 8 5= wwe
wed 21 fomr 15.12 Toadia fegnsti & 7o et < a
o SR o hereery qIOMHT 9T T <91 2

ST T T o WEwqul el I § R
T o e 1 Heferd @ <At =N g o W,
uftefion ufiey o RO, wfdsfd g @) e
e gt 9 qe e B Hehdl @ (SUHT ol

P ~N
t e
A
P T L e,

fers 15.12 fogdia feomsit & 787 #3dl g1 sadt @il o TR @ 9= STYET a1 e 3 foF faeet (9 farweraT

ard fag) &1 Reefa g4t gwal w eraRafda wEdt 8
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St T T G HY) I TGH Lo Bl S
Tanifaeh SgiEl 1 T T=ed Bl €1 37 Sgraai
1 e o1 T faem ed €1 o B9 g4 i W
g frdt aifa S o fore gamr= faen =1 frafo
FH|

g (15.37) 9 fregg &1 feafeai (ST
M I e ) d

sin kx=0
FAAq kx = nn, n=0,1,2,3...

IfF k= 271/A%, ¥a:

A
x=n5, n=0,1, 2, 3... (15.38)

w:ﬁmﬁmﬁ#aﬁaﬁ@%%ﬁ?ﬁél

IH YRR el i fefad (ST eam sifenad B
) ¥ sin Joc &1 AF AwdT BT ©
| sin kx| =1

TR gt & AE g
%)
v_nﬁ, n=1,2,3... (15.42)

T YHR T (T o e *i w@nefas sgiaar
reran g faen feiia =2 foan 21 frdlt freea =1
JAqH Gt w@neraeh g wi Fema &t go faer
I ger gy wed €1 A o W afterg L olsE o
af@ = % fag v=i S T (15.42) H
n=1%h W 1 T8I p HILAH o LN T S T
%1 =T €1 n=2 1 e faun 1 fgd ongta wed
gl n=3 o qETed qar o Bl AR SE FhR
et ToTgfET Bt € | 5 faened © e egfe i
v (n=1,2,..) g1 fafgqa f&ar smar 2

foa 15.13 ¥ 4 il W ufeg @it e/ o
WM B oGt quiet T € |

o e 1 ~ (@)
3 \kx—(n+5)7r, n=0,1,2,3... T STeE G
k= 2m/A T W A A LI
1 A
xX= (n+5)5, n=0,1,2,3... é<><>é (b)
(15.39) N 5 aomd

T I HAFE T o W w1 gl A

A/2 B B GHEI (15.38) 1 ST A

T ol R uReg L oo & afid el ©
S e K X >0

x=09A o d uREm wfadsr B A
x=0dM x=L W 5% &M x=0

Wias i Teel W e eft €1 x=L A A A A G)
e, e & fore st § i o é<><><><>é e i
L A9 B e @ e A A NTa NTRTNTR
L=n§, n=1,2,3.. A A A A A
(15.40) é<><><><><>é trTaaﬁ(e)
IFd: L e # e Wi AN NTNTTTNR

TR H AT T 9T TR ©

et am f=fafea gdy gr 9 A A

ERIESIGIS ®
. 7 NS NSNS NSNS, ECIRMIEIR]
A== n=1.2.3. o7 15.13 3 ff ® 9Rag aifia < & 3o 1 999 o
(15.41) NEEE]
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e AEYTH e ¢ Toh HIE i St 3 faenadi
o 9 foedt faun § s w1 gEman e Sl &
s faf=1 faeneti =1 sreariun g 1 g faund
Afereh ereral © S 81 Hehdl € IR o %A et
Y| fqar o smfeq 9 9@ 99 39 fagia W aneia
A @ faen gud faun 9 sifue sufva @ 98 3@
a1 R F1eR e @ F </ i g fog W wipa faman
T R

o1d &9 fordt t8 e o oAl &) faenet o1
e il et weh faw g @ i v i g
21 SAYd: STl W 9 oIl shiw i AeTehl T o Hierd
T T 1 TUeh SSTER01 B 1Y Hied | S i B
el fo I fredg g © e gl fo W ges g B
frrede o <@ o qited sAfuehad g § St Ty
=T () B €1 sHer fawia ge fR W sl
TR B ¥, a9 <@ IRedE B € den faeem 6
AW AfUHaH B &1 Sl o Hueh ool T W
x=0 o W froug gfasy (T 15.38) &1 w@d:
Tafte gt 21 A 3o fot x = L 999 81 df gt
(15.39) ¥ 7€ yRomm feherar € T

L= 2 )7

Gunfard wnesd freafafad wea 9 wfasfa i

n=0,1,2,3..

_ 2L
Mz n=0.1.2.3. (15.43)

frm &1 g faud i sgfal 39 YRR
= 1 S B s

1\ v
v=(n +§)E n=0,1,2,3...(15.44)

{Hﬁﬂn=0@?@ﬂ%ﬁ?%ﬁ%lm
3=a gfaal qa emgfa &t fawm wongfear stefq

v v .
3—, 5— anfg Bl
4L° 4L g

a7 15.14 T fR W go q21 T I | a8
o1 e & vod w: foaaw qongfat et 21 2 R
W e IgY o TIT yekeh R TR S el €1 39 WK
T e € fo <A foll W gd oy wiem |

Tt

gt
fa7 15.14 T R @ @a a1 TR R | a5 fwdt
Ag-HIcT F1 FI FIE femd] heer famg
ferend g &
TogfEl Se i ® (3@ e 15.15) 1 SR affa
frenmli, SXt U a1 Hiem § YUifed Je (T 14)
I B Fhd §1 A STl St R ot wneifaes
g o SR et ® o R  aFE Scd 2 2

frdt = &t IRy ¥ geargds IRTS AR
foreett, SereTond, Jeet Ft fEieett o Al 1 GHHE
faenati w1 fruftor gm0 aftedien 9 o gro feen e @
fr foacett =1 9Rfy W feog w8 o fog o &
el 3@ @ & S el gEmE fawmet w6t
Al o1 Mo 3tfush Sifed % § | 39 Toe |

2020-21



397

TS ST YO TR foefrar Tt

et ot =iteft T
fer 15.15 fondt get 99 & TFmd @ | 9gelt 9R)
TongfaEr gt T 8
T fammeti ® @@ w=Ror winferd g @ | R o gue
fafifed et o=@l 2 |
b ISTEVOT 15.5 M 1 9 Gl fRdl a9 @i
W 30.0 cm ® | 1.1 kHz 39 & @ gN
TH UEY 1 HH-G TOER faen w1 oA 5}
Saferd feran Sn @ 2 3% 59 wew & Tk R
ag Y fon e @ @0 7w R of s+ w5
IR G Tohd € 2 ag ® =@ # =
330m s’ ® |

Zel: Gol WEY o U &l Tgell o fgumd o
15.15 | <9l 7€ & | veel [ongta w1 Seh,

LV _ D

"rffﬁ (gt |rE9)

Tl LAY i e B | nal qonghd i g
Ve=2 (n=1,2 3.) (gell 1E)
2L
T& L=30.0cm, v=330m s

~nx330 ms’!

M TT5%03 m

T § T 1.1 kHz 3T 1 96, TR 51 v,
sMgfa Aefq fgda ot i 3afsa am |

37 A U159 <Rl Uk ¥ =% © T THIHTOT (15.40)
T 7g qfiomm e € o6 39 aRY %1 9ot srgf,

=550n s!

1] 5] .
n=—=gr (T fa W §g )
T UEY § ohadl faum T &1 gt € faeme
et €

3v 5v
=—  Vg=—o
ARG qT 3T YRR 3T ... |

L=30cm @ v=300m s! & fau, &
T <% UIgY AT G A 275 Hz € 91 Wi 1 g
=32 oM % e 81 SR e oI e % S
o1 Heifaa foren 761 @, o7d: 39 Gid % Tl UrEY 1 Th
90 98 T W AR YA T8l M| <

15.7 fawd

forede Tl o SATaeRTol W SO U U= qiEel B
S T Wik eMgf (W SR AEY) et |
e waf a0 T B WA GO <t § A g9 wuE
gt (A1 wfehe erafael #1 sfed) g & @
WG B P9 IR ot G < €1 7 A w1 Foa o
-+ T2 I T GE <1 § et emgfa T
Tfiehe Tgfaal o it & ek Bidl € Siiad 59
R 1 ST SO AT oh THERO H Hid B 9
3 T I q9 Ik GHEE F ©d © 5 9 STk
QO wE H R oI GAE T 2

3 S &) g fae=m o faw, g9 < e
awaﬁvﬁaagﬁiﬁmlqamzﬁmwﬁaﬁﬁm
o ed € e giaen o forg feefa &1 x= 0 wF |
HHIT (15.2) § Shell &1 Th qYfad 99 (¢ = 1/2
Tk qUT o feTT) aem sReR 1M o T 85 W g
g

S, = acos ot q4ql s, = acos ,t (15.45)

el W T el y o T W s H1 ST T B
ifer &9 e 7 foh Il foeero i o1d # @
g A ifSe fom SEl sl § o, i€l 9€r R
AR o f9gid o S8R, JRomHt fageme i g9
TH YR F Hd B :

s=s,+s,=alcos ot +cos o,

cosA+cosB¢mﬁaﬁﬂTﬁ?ﬁ'€lm
1 ITAM HH |

Vs

- t + t
s =2acos (a)l 2%) cos (a)l 2602) (15.46)

— ), + . .
?Jﬁ:%ﬂwfwlzwz a0 =——— fod

iR (15.46) ! 39 GHR forg gad © :
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T o, =l W
1 |G 9"
ESIcIiIECE R
FFR @A H
et €, feRe, A
wY, @Wd Gid
TR B hal 3
FHd Bl aferg
o TeTATIR T
4 wha foren o
St U Wl w1 g € el oR 9
THeHM W, IRA YT F o6 Jol @R-T,
Y, M, W, W, o, A, 1, S B el g Sl
o U 3TH SIS fhT T TeeR ol WeTeerdT,
e 3R w9 o SR W R W 2
ifta Tl 1 = Aol § Ster s e
T: TR goit ¥ ¥ gifa ww S wefhew
TR-HUH I H €, TR ST & TOT-Ge
gt & 1T SN 1, FF I W T W A9
W Al S HW &1 Tl IR HiE % T gfd
e @ 9 ok 2l
JRIccEER A € o eedror | queem
e oF Y] 51 HIqa SIarest § Sam T o)
JoeearoR. HiST qen IfHur IRA B SH hE
TR ARG (S T (e o), FeEergE
IR frgeragey oY) H o Giila-w 7uR

391 1 & forfered ¥ iR gfEn % R o wm
¥ 3 7l 9T |
s=[2 acos a)bt] cos ot (15.47)

A o, - 0, << 0, 0,; 0,>> o, 2, a9 g
(15.47) ¥ frend Freheran €, aRomdt T siea wivf
IR o, ¥ I FA T T THHT ST A &

Y IR e ® S TR Tk Y5 e ol o Weheor |
B #1 5@ H cos @, t H UE + 1 G —1 Tl T
T Stfeehan gl 1 TR vkl o, g @ w5y
ol % 2T 2 0, = 0, - 0, ¥ SAR-TEE e T HfH
w=2ny faog vbeataﬁwwmm@f%’,

Uyt = Vi— Vs (15.48)

11 Hz @91 9 Hz & R Agfq aO § 3o faeug
&1 aftere foa 15,16 T9ifan 21 qiomst < 61 e

2Hz 1 Tgfa W faedg <gifar 2

VA A AANANAAN
M INARRNARAIAES

(a)

PEANAAAAA N NN

N AVATATATATAVAVAYATE

(b)

fera 15.16 (@) 11 Hz 3Tgfa &1 qongha @i &1 e
(b) 9 Hz 3mgfa &t Tungfa @wT &1 37erg
(¢) T (a) T&T (b) FHT JEIRTT G 3G~
2 Hz g 71 faeqs soifar 21

b ISTEYUT 15.6 < T9ari &1 SIfEl A 91 B T
1 ‘o’ TR ST @ aU W o e SR e
o U1 5 Hz 3G o foeig Seq=1 Y &1 & |
TH B & @4 H 8 gfg & W fawg =t
g Skl 3 Hz @ Sl € | A A i e
427 Hz ®, A B &1 4ol A 1 Hiteg |

g7 : SR H T 9@ W SR U I TG T8
S 7 1A SR B A STaf (v,) A Y S (v)
¥ sk €, 7@ v, | oR 95 39 W faes &1 smafa
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Jet =g, Wy fawug-smgfa o fiv@Ee o
T | e we fred fke @ fF v, < v, | S
v,~ Vv, = 5Hz, T v, = 427 Hz, 3: S B &1 9

G v, = 422 Hz <

15.8 S g9

Tg BUR offe Sfted %1 owd § fF S &g Hie
It g2 AT Ieel FHE R W 7, 36 G 5
AR (21 ga) | el et Wt € | 5 gw die
Tfq o fre eat-dia o e S ®, 99 gaE
et A H dRA EAH-"d o ardfas aRd 9
foreh Wi eian 81 8eh faodid S 1S Y& eaf -
Y g o 7, d Uferd dRe eaf-wid % arfae
R © %W B ® | 39 G Gaelt gl e
SR UWTE Hed § | A o wifdewfag Sied
FoRfe= SR = 9eyed 99 1842 . H 39 U9E &l
TEAIfad fRaT | T 1845 H wie | 9T Sal 7 Tuh
W TherT TR | SR WHE T a-uiEe €,
TE Sheel B N W B AR TR e, dfcew g8 geft
forga geenra M W R @0 e © | e, W Tl
Haa w1 WM W faEr w |

7 o fafr= aRfarfael o smafa o aRadq &1
fargeroor w3 ¢ (1) Yerk feer & Wg Wia Wil
(2) Vet TIfaeiier B g Gid feer ®, den (3) Yersh den
i T Tfeiier € | Yeteh qel WieAH ok st |riet Tfd
T 31T 7 T o wR uRkfefaEr (1) 9 (2) T TR
Y = & | safekTer 90T 1 GeRor o fow wea w5
AR gidt & ; T oft, ferega garentar axeil shi Heom
o faQ A1y &t staegeRd 981 ol | afg Fi Aeay
T2, d@ 27 A ulfarfaal § 9% 5 w1 i S TR
B o HRU, 9% YHe Tfavfial B A¥El Hi,
iR T THH B @ |

15.8.1 Hid Tfaviier; Dersh feer

3 it faom & weler ® g9 =g ufturet s o € TR
UeTeh W G &t 31T 9T AT ¢l 376 89 T 9id
S T fomm & € St v, o | AREE € 3R Ve T
T8 %H | fer 7 fay wemm ff feer 31 w9 <fifse
o g qu, foraent mream o gt form stawen feafa
Yereh gRI T T UG SR @@ SedwE T, R,
1 A 07 | T UG € R Uarh o U U TgEh

G UEd | a1 uraad

S9 gol UEY H oo
g g H, 3= @
I FE TR THH TR
R W ugwa €, @ sEh
S e e
fehTern 2 gafaT T8t <
TSt 9 iR argHvee™
T o SR @ Sl 2
JRUTEEY 39 WS 6
WS o arell Fo a1y off St et S 2
IeY § 36 R R %Y @, IY H, THY IR hi
&S o I A9 e g1 TE8 HH 6 H TE
&5 S 1 3R el 2

TROTHA: = &1 S =eld g1 3= T
TR, = @ o oY TR H a8l HL FUW H AN
eIl €1 B ed © T < w0 go 9
e et € d THeRT hell § 180° w1 R
37 S B Sigh S9 gt A qrey § sty
A BT S TH TohH T IROmH R

o & o 39, fR 59 =9 @ &1 9
g, o f | ugwa €, o o g @ 5% iR
T zohUeRt oY T feen o aoe fedt 21 =@l
&H ®ed € for <@ a fo et shariat o
ufEfda gt 2|

L +v.T,

<——>
LT,

fera 15.17 forrm &1 feifa 5 O W @S Jer@ & R v, =9reT
g it #iIE &id 43 S, W T a1-Rrer
Ieafa Far & 1 76t @i O, v,T, T4 7o &
gvarq fag S, @ U RI-RrEy i
A B |
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sfiferent

(detector) %ﬁqu@ﬁwmw—w
(crest)ﬁﬁ'ﬁﬂT% |Wt=omw@ﬁﬁ§slm
Frafeerd © (3@ o 15.17) , i ok a1 Torer scafsm
FXA T | T8 HA (t= 0) R Gid Yersh ¥ LTH WR |
g - FoTER Uereh o I WA ¢ = (L/v) R T g |
T (=T, T Hid e7sh 1 3R v T, T =t ol € iR
fog S, W T S © Foreh! Tarh 9 g (L+o,T) B
g S, W ¥ TF IR (W) wI-frer 3a@fm
F T | AT O TR YaE TH THA f, W
e B,
t,=T

2 0

+ (L + v T,)
1
TG T, T Hd (n+1) A T1-Forer 3eafer e
T S Yerek A% o 9WE ¢, W wEEaT § 39 T TR
= G ¥,

L T
t =nT+M

n+l 0
3d: 99T 3TaqaA

(L + nwT,) L
v v

{nT0 +

H Yersh 1 GGk n -TIER fiFar € de Jerk an
1 e T XU SgaR Rere e @

+
T= {nTo + LT 10To) £}/n
1) 1]

v. T,
=T, + s°0
0 5]
US

=Ty 1+7 (15.49)

HHIHT (15.49) ! &9 9 o 9= § off fog wehd
g 19fg v, 9% g & S id o Yerek <A ok feRmm
H eF W Ardt 7€ ] 9o v ferd engfh @ S Wi ok
el gF W 7, df e e,

v !
v =Vo (HTJ (15.50)
IS T =M v GO § HG B =A o,FH AH HH

%a’rfﬁmw%%ﬁmaﬁa‘aﬁaﬁqw,

TR0 (15.50) 1 Gieed: 28 THR for@ gad 7,

v=vo(l—%sj (15.51)
I Hid Y&k T S 3 @Il @ v, F (-v)

Y yfaeenfyd 0 W EH UQ ® :

v="o (vaj (15.52)

3Fd: S 1 et W fRelt Yereh | 9T S @
79 39 feafa &1 qan § 99 I8 fom m o, dere
UeThd T TG WU €| S G SHhT SR =eral
2 78 Tl i g tfus A 2

15.8.2 UeTeh TTaviter; Hia fer

e 39 fearfa o, ST Yarer HId 1 AR v, =1 @ ThEE
1, Je Wia farm ® 21, df SR faxems &1 o= w5
o foTu 9 X @71 9 11 91 81 | §H Tiaeiel Yaieh
o e % o el 8T | 39 FSen T T e et
A v, T FHG T 2 U T F THT S H A
v, + 02 | el afifefs ® St &0 sommEn T on s
1 38 qRfefq ® off o e W BW 7 U € f Ted
T e qe (n+1) & T R’ & Yarw 9k g
o ot gHF el T YR oA oAl S Gehel €,
nueTy

the1 -4 = nTo_U + 0
o

31d:, Y&k gRI YT T T HT 3Tad

T=To[1— 2o ]
Uy +U

-1
=T, (1+”—0j
1]

gt & 9ol § 30 39 YHN oFe T Ghd ©,

5]
v= v0[1+70j (15.53)
Vo o
afg " 1 AF FH T, T SR foRT e o

BT, =Te efeh TIfd sh{ 3727 Hid , sHifoh THIhI (15.53)
el gf=ihe ey (15.51) §OF © |
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15.8.3 €l a4 WeTeh Sl a9t &

379 BH SR Y6 o feTu, B o1 Y&ieh Q1 o TTfreiier
TR ST Fieh a1 il | T8l i T8 &1 Y&h
T Gid &t faen & e faen aeT 9 ey fas
15.18 &1 wifd Hd q F&fh HA: v, T v, o W
Tfefiet €, 7 THA ¢= 0 R Yaih O, T T Hid S, (0)
1 1 SR B WeAw ok e foR T Yerk @ §
o 51 31T v, ST v IR 371erd e T, 1 7 Seafor
F T t=0 T G T TEeN T R S
FIA F IH T YEH O, HI WA S, WU LT |
37a <feh Tareh Teliel ©, SAfeTT a2 1 Yereh b Trdey

V,—> L, —>
0O, 10, S 1S,

I I

I I

I I

| |

I I

I I

I I

I I

I I

| |

| |

I I

I I

I 1

I I

I |

I I
<— —
VT, : LT, :

| |

o7 15.18 v, 91 g TiE Jeis v, =rel g TiEr Fid)
T t= 0 R 3 &1 STarefadr #a1: O, ao
S, & 574 Hiq afT (et aream & arde 3
v &) BT TEE RI-RRER IElAq HYdl 81 T
&rerd el @ a5 (t=T,) ) 9&7% v, T, 0 T
O, ® o1 9id v, T, T FeTaT S, T g d
&, S Gid ST TT-FrER St w8

A (v +v,) § | I e TR Yarh W HHA
t, =L/(v+v,) R ET € | 999G ¢ =T, T Jaih a0
B[ A B A =@ fefa wHw: 0, de1 S, W
T W € | Uek qen ®id o s T 4,
0,S, =L+ (v,-v)/T, & | S, T &d THI TT-Ferer
SR T I 7 | I8 T-RER ek 7k T W
g & TS 39 YR e TR S Wehel €,

t,=T,+ [L - (US— UO]TO]/(U + vo)

T n T, W, BT (n+ 1) aF T Forer 3efem 2 <
T S W ¢ TR Varh W Ugaa @ o 36 WehR e
T T,

ther = NT, + [L— 1 (U + DYT)] /(U + V)

Id: W A, (¢, , - 0)

nT, + [L + n(U+V)T,]/(U+V,) - L/(V + V)

T Yok n aT-Rrer fid & qen Yereh a8 o1 sTrerdehTel
T &t & 59 39 g9y g0 e fwan 5 &

T - To[Hu]
v+ U,

- To[ DFYs J (15.54)
v+ U,

Tgfed o 9= § Yook g UfeTa eTgfd il 39 YR e
FGHA T,

v o=y | V1Yo
ol D+ v, (15.55)

S 7 et Tefoi T e g e T
Tk Hige I 431 B A o o7 et o 9o’ g1
I T WY Y At A 1 9% g ga?
T G 3T Yereh ST €1 THME a7 Y =l © § 31d: 3T
T h1E S TET S SR AT =t iehforh gty gt
S G S T @1 21 Afeh 1o 1 92 o ar| @el
IS YeTsh UTehfdeh oTgfa § 3ifersh egfa Aie 3 <
TAMET SHHT SR 3T © SR 7 g A1 HT 5
el SHE R 2

o[ § o s99 YeTeh § Wid &1 590 &1 oA
f&om el ®| safey 9 Yereh Gid i SR =l w1 e
v, 1 A HFCE © Sk A1 98 Wd S | T S @
B @ v, B A FOEF T G SR AR S Faw O
YR W@ E A v, B AR GEEF § SE AR TR
O &1 3R 31 T 2 @ v, F T FHUMES ¢1 Fid g
IS eatT qeft feemedt o oA S €)1 5| et
S T Yerh hT SR STl © SUh! & % Fgfad L
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SR YIS o STIIART
e fuvel w1 egfwEl |, SR g9e % hROT S dlel 3T %1 SuAnT, O, ity fam,
wiifersht 9 faferer &5 & fyuel o1 o Aree o fog fohen Sar ©1 gHeRt WA gfer® o8 Siten
o fau ot wedt @ fop g M vfadm @ stfuss wfd | A @ e s @

A g w1 et a1 fogd gasr a1 iae fuve w5t iR 9GS S 1 Wi 'vH
R, fuvg g WEfdd T W ek ! SR T HT STl 81 39 & Al i A S
Tereemom et 2

T STeEl W AFAR! % WEiGe % for, S § v A 3 wge o forg 39 fafy @1 swEm
fopan STan €1 @i AifdehifaR qRi w1 a7 /O o foly SHeRT SUET i B

TR AT 7ed T 31 IR o fafi=1 o | o YaTe 1 31eHe i o foTu SHeRT SUERT
T T FET o TEA T h1 I hid B SR WH AR § 30 AR el Sl €1 qaeat
T AR o IR W YoRl el € R T W e qqetdd e Sl @ qefl W i Tid 3R g5
el & e ok favE § SRR USH R €, T YUl o g5d 1 wed off it ?1 gsd 9

Tt TN | S e S @ 39 geRIeRIT ST el Sl 2l

21 = SR y&F feofaal o Yaer o e et &
a1 (v + vy B

> 3IGTEYUT 15.7 : hls Tohe 200 m s 1t A1 |
fopelt @e w1 3R e € 4T i w9 T
1000 Hz S o1 a1 ScAfSa il © | 9 ealfil
FT FT A AT R Tgd HT Yfaeafi o w9 §
MG ek 1 3R qEfad el Sl 8 | (a) @ed
5 SYfaa a1 &1 TEfd, a1 (b)) Tohe g1

wgfe gfart B st Re i T |

77 ¢ (a) 39 U9 ° Yarek fem @ den &id Y& i
3R 200 m s =1 9§ Tfaeiiel §, it o= 9, ety

9T (= 330 ms) F T g T o gH Tl

THRIOT (15.50) 1 ST T 7 foh Gfehe THienTor
(15.51) =Tl 78l SFifer G feer @1e 1 IR = @I
€ v, M R (~v) Tireenfod HE1 30 Fohr Feiisn
(15.50) §

-1
1%
v = vo[l——sj
1%

200 ms™ Jl

= 1-
1000 HZX( 330 ms

=2540 Hz

(b) T&l 38 997 | 379 oie & ¢ (Fifw 78 ufaeafq
1 HT 8) T ohe 1 HYah 31d TH Hgeh el
Yereh (TR 98 Tg=A f FR) 7 1 91@: 0, =0T
v, 1 T AR ¥ 9T B () 5 ST st
aﬁa@ﬁv%aﬁﬁawmmm&f% | 781 &9
Hd 1 et AT v, 1 TN &l T Hehdl | 372 Yohe
Y I 9Y=® 5N & &1 T e

v+U
V= v 0
v

200 ms'+ 330m s!
300m s

= 2540 Hz X (

=4080 Hz
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10.

11.

403

HRTIT

7k @ s e B fomdE ® gawdt § qen 3 =ged & i o frgml gu wheEfha e @
3gyey @ A a6 et & o wieAm o Ul a1 HeRo 1 K9 o ofeeq qe S © |
sgeed @ 3 A B 2 O W o v a ol fEen % Sefew ded i 2|
JH @R g€ T et @ W WieAn o U fog 9 g fag 9k T et €
T x-Taen o HERa SHehid @ 1 (IR 38 YR ek fehel il ©-

Y (x t) = a sin (kx- ot + ¢)
T&T a T HT @M, ko HIVE T T, 0 IO TGN, (kox— ot + ¢) Fell, T ¢ Fell-Fadih 12T
RS Fell R R |
fopell gt a1 wRE A, Su Tl U8 S AN fageti o ofte i g oh SeR B © W feme
&0 W THE hell § B ¢ | STTTH 7 o o g% % A el steren weusi o ot T gl o
% TR e R |
fret 91 o SaderT T 1 SH HHI g uRwid feen St © fes wieaw %1 % steua S TR
e gl HIA © | T8 A I HIUN G o W TH FHR Hefd el ©

_

®
fopell a1 1 eghy v Bl 1/T & &9 | uRwfyd feman ian & den gt o shivig st o fFrefotad
oY B €

T

forell it S W SgFeT R BT =er 9 = o Ui § fuifa et € | Ak foreh < A e T
A S 1 Wah ToAHE S u® Al @ S W S q & =,

T
v=[—
U

eFf Tl Seed AfeR qal Bt € S S, Fell qen e § T R Wehdll € | AT ToRw A 1 AR
YAl TUlh B 4 S p € dl S® WeAW W Al adl i we

B
v=_|—
Yo,
oiq 1 B U R A B =
Y
v= [—
Yo,
fordt @ o, <fF B =P, o@: @ &1 =
oo [P
Yo,

7l y W\ Q) fafere oS w1 Sgua (y= C,/C). p W F HAE A P W H @ T

12. & < =1 3ifrer q@f frel HWieam § U WY T Sl ©, qd HISEH o fRdl ofeud i oy Yo
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13.

14.

15.

T oo 1 SSFIOTE A B © | IH aUh o SR @7 a5l Fed © |

y:ifi (x —vt)

i=1
TH & S W T HIA I SAEhT a1 AARI & fgia & STaR Fehed 1ean fRes gry sAfason
1 IRER YR wedl © | A% THF @M a qel 9EF SIghd diefl W well § shell-tEdie ¢ % 3
areft q q Tk € e W iaHH ® |l Sk sAfaehiol 1 qRuT Tk Ushel o gt § forEent emgha off
ek HHE B ©

y(x,t)={2a cos%¢}sin(kx- ot +% ¢j

IfE ¢ = 0 1 27 1 YUl 7O B Al A THLH GAF hedl § Bl € 91 AR A e €; AR
¢=n gl nifed &1 fawm S B @ W uweH fauwla wenshi & et @ den safaetor formedt
Rl

fopelt gt W’ 1 ferelt g it Sreren &% f W qWEde whell-SchEUl o @I el §, TRy e gell
RE W FE wWeds o TR ser-ufedd o e € |

fordt emafaq @@ o6 ferg
y, (x, §) = a sin (kx - o)
3 R ¥ wEfdd @ & fa
y, (x, t) = - asin (kx + ot)
eft afRelm § wEkla @ & o
y, (x, ) = asin (kx + of)

forqdra feemed o wfaeiia < Gegg @Ol & AfqHI § T a8 39 B © | 94 i W ufeg it
TN T 3O ST 9O 1 T YRR =ed fRA Sl @

Y (x, ) = [2 a sin k] cos ot

AYM A T Tk AT Te ® e g fowered #1 ffved sraftfiat f9= fredg wed € den
rfereham fagene =1 fHfve saftofmat 572 woug sed €, et @ | < wAra el e1een < wanTd gesi

o ote w g E R
L @ & aifa et St Al fal W uReg ©, frefafea e @ w o wwdt © o

5]
V=n— n=1,2,3....
2L

el v T HT S W TEA I A B | 3@ GaY ¥ W giadl i 92 b oh U St <o whi
9G] faurd wed € | feam ergfa @ <o w6 faun gor faer sieen yem qorghi wedrd § 1 n=2
1 o faen i GdlF qorgfy wed €, 3R $& YR %A a5 S € |

L @ 1 g oft fogent weh fow o den so faw gon @, S ag-wiem, Frefafed sl @ s
H R

V_(ml)i
2 oL n=0,1, 2, 3....
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IR Hey g Frefd STafeEl 1 92 39 YR o ™ % dler St gEEg e e € | 39 e gr
n=0 % fo ww frem smfa U ¥, i3 SR o Fr B qe foe st wem ot @l € o

16. 3 fdl @ ufeg L &g &t aifid S otere T fR @ 97 a0 R R R e et g R W
o ag-hierd 5 frad emafadi § w71 &3 € 3= o fami =1 g faurd #ed € 1 e 9 v
srgfa e 1 s Snghy Bl & |

17. 993 q@ o917 810 € W9 9gd A S F1 A ST v a9 v, T TH W wYaq w1 Sl §) faee
YR 39 YR S I S T,

vbeat = vl ~ v2

18. =AY o el A i (S) 21aT YeTh O AU I I A o HRO fomddt 1 w1 9ferd smafa o afteds
B SR FUE hEedl ¢l e % fore dfe gl R eaft H i et v, % i ¥ e feRen S @

1 U+,
U+ Uy

& v WA § A FY A, v, WEH % e Ye w1 A 9o v, WIEA o | ea-wa w1 A
21 3@ B ST I THA, OS I fEen H A wrenss AR fauda feen # o fow s

_--__
[L]

T & 401 W GU hell o & HAN
feigatl o o= =1 0
H=Rol Trdis k [L'] m’! =2—;
T = v [LT] m s V= DA
fereg s Voeut [T] o T fiehe il =t steamifua au
T Agraal T TR
fa=mmota fau

1. w0 fordt wregm & gue go7 1 g T T | vod 9 | et qir 9 fu et 1 v H w2
U T T o o1 H G GfEferd et @ | et qin § a1g sl i o1 "t ae feter wftfor
Rl

2. T H TH TWH ¥ T T q%F Fell wAiaRa e € A fF g |

3. ot #ifie @ o, A1egm o ke el W o e ST (YE W A d%) TR Fall oh
O o RO el Tl B © |

4. ITIFE AN 1 GEROT cheet SEI WIeAH W T Hehdl © TSH STUEUU FeAEAdl oM @, SEreeone
o9 | eed T hl STEA WAl UM Wi AEvAshdl Bl €, 3d: A avi |l ’remmi-a,
7a a1 T # Gua el § |

5. € T agfd F fFE W oed W a @ § @ H w1 W 99 e @, 1 fRe fig
F1ad T7g W 3TH1 wed f9=1 Bt © | foret st an # ferelt fFfvea aor o wef O 1 et
A Bl € W ST M e g
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6. fodr wemm o form =1 feufa ot Jerer o Aer 3@ Aiegm o TR i @@ &1 9 (v) e
HeAH o YT qel 3 ON (S geHH se) WA wdl @ 1 9 s o an W ik
& A |

7. WEAH % WO v, O 9 Toeia fRE Jaw o T Toe w9 9 @ B At v § fae @il @ qen
Tqe Al vivoﬁ?ﬁ%l

15.1

15.2

15.3

15.4

15.5

15.6

15.7

15.8

15.9

ATy

2.50 kg 49 1 20 cm @l A1fd SR W 200 N & o1 @16 € | (€ 39 S & T f & S1aed
e fear S @ 3o faey fhad wma § g fR 9 wgem 2

300 m S WHR o 9T o fiREn T ger HiMR % SUR W S dield o O | SR § | AR |y
o e 1 =16l 340 m s ® Al T2 o T 1 eafd HHR o I W wer fiRE o fha X a” g
M ? (g=9.8m s?)

12.0 m &« Wil & - 1 579 2.10 kg ® | R § o feher1 1 =g aifeh 59 a) W ferelt arqweer
T HT = 20 °C W I 9 § =9 & =6 (343 m 1) & SR @ |

el 1 YA Fleh TR HISY fF ag 7 waf wt = =1

(@) T@ R AR & *wd,

(b) 9 & G o S ¥, qo

(c) Edl & @Y §@ St © ?

A T W € T ek fam § i W @ wer y = f (x, §) 5N e i et © R x den ¢
W x- vt AN x + vt A y = f(x+ o) FASH F The T WG | FA1 3T Fiaetw f T 7 ?
F= U MU y o T el 1 R ik ¥€ waigy foh g fREt W qw b frefuq e wehar e
(@) (x- i)

(b) log [(x+vt)/x)

(¢) 1/(x+ vt
I JHEg a1 ¥ 1000 k Hz 9fd &1 T0sed waf 3eafsld a1 8 | 3AfE 7 waf sl o s ¥ ehTl
?, @ (a) WEfda eaf qen (b) IRAMHA e shi GO Fd I | 91g 91 A § Al Hi ool HE:
340 ms! 1 1486 m s © |
ot sroqdrel ® Sashl § <gEU 1 Udl O o T wge SRR T WA TR S € | S9 Sdd o
st § aeed fohat @ fEd e w1 e 1.7 kms! ® 2 TR 1 WeeM g 4.2 MHz © |
fordt S W HE ouR Mg @ w1 U

y(x ) =3.0sin (36 t+0.018 x+ n/4)

g fopen wmar ® 1 =Wl x qen y WIAWR W qen ¢ Yehe ® ® | x A1 oA faen od 9 <l ?

(a) 1 TE W q01 2 Ao SAYH ? AfE Fe F a0 T Al U] et a1 H=l0 1 fEwn @ ¥ 2
(b) ST SEM A g F 2

(c) ST % THY TUH! ARMAF Hell F1 T ?

(d) 3@ @1 ¥ § ward Rl o die s Een g8 @ e 2
W9 15.8 § affid @7 o foly x =0 cm, 2 cm @1 4 cm o ToIq foeemeT (y) 3R 93 (1) o = %
Al iU | 37 UThT 1 STepfd a1 € 2 W, i s1e/n el § @ fohel weqedl o gt a0 o
ot e wk fog o g fag W fa= 22
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15.10 WH TUmgia @@

15.11

15.12

15.13

15.14

15.15

15.16

15.17

Y (x, 1) =2.0 cos 2n (10 t - 0.0080 x + 0.35)

S x @yl m® a1t s § foran @ 7, o fo $9 < <ol fagel & ot shetiak foha @ fSeen
EiERC i

(a) 4m

(b) 0.5m
(c) 7»3/%
(d) T
Tl R W ofeg Rt @i S W eruey fawer w1 39 YR o fal T ©
ylx, ) = 0.06 sin (%ﬂ’f) cos (120 & )
S xqem y o mqe (i s | forn 7@ 2 | seH SR %1 oo 1.5 m ® fSEent wefd 3.0 x 102 kg
2 | freAfafaa w1 s €S
(a) 98 Ho WIH 901 e Ty o § 9 R frefid w2
(b) THeT = faada fegnsti § oA T < T & AR & FY H FW U GoE T F AR,
Sgfa der = T I |
(c) S ¥ TG ¥ HIfeT |
(i)¥e9 15.11 ¥ affid St M 1 o foau saEe f6 w0 Sl & 9@t &g 96@ (a) smafd, (b) e,
(C) @M ¥ o Td € 2 3T I I TR HIET |
(ii)w% f ¥ 0.375 m R o fag =1 smEm foha 2 2
Fra et ey A (STIIRY el SFeed) o foawerd i fEfUd # o x 99 t e e €T Y
€ | e waey T 8 W R (i) W 9T B, (i) S R B, (id0) 3 @ fRe off @ w1 e et
w ©
(a) y=2cos (3x sin 10t
b) y=2x-vt
(¢) y=3sin (5x- 0.5t + 4 cos (5x- 0.51)
(d) y=cos xsin t+ cos 2xsin 2t
T gg I o " diia dR o ot faen § 45 Hz ogf § 99 il @ | 3@ AR I GoAHH
3.5 x 102 kg q2 @ 599 57 4.0 X 102 kg m™ T | (a) IR W Y O HI ol F1 F, a0
(b) aR ® T fepe @ 2

T R W gell 9o T R W IaemE fed @ft 1 m a6t Jfaewn, & fraa emafa & 9 (340
Hz &afa =1 @i f9s) & @, v Afas § 9y Hiad 25.5 cm J96l 79.3 cm B4l © q6 SR
Tl € | FENTEIeN % Y W o W €At i Wlel Sl SAhel HITSC | FR-YHE i T0F TH Fehd € |

100 cm &t €ia-sg oo e fag W ufag ® | 30k o<l &9 &1 g1 g 2.53 kHz ® | @i
o eafy &1 = e 2

20 cm @@ % UEY % Th AU % 2 | 430 Hz 9 o 9id g1 39 929 i - qonga faun

IR NI SIS 1 Wt 8 2 A 39 Wz o <A R gl @ al ot 9 9% i 39 UEY o Wi AR
HUM ? o | wafd w1 = 340 m s @ |
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15.18

15.19

15.20

15.21

15.22

15.23

15.24

15.25

faar &1 < Sifal Aden B Tk @ ‘M wWR ST @ T qen ot Sgh g o %Rul 6 Hz 3T %
foredg Sea= Y @ B | S A 1 a1 $ SeM W faeg it g seek 3 Hz ® Sl € 1 Ak A W
ot g 324 Hz @ @ B &1 engfa =1 € ?
e HIfST (Y HE)

(a) forelt eaft a@n o foeero fredg <@ gedg g @ iR fawemes wed <@ fredg g @ |

(b) eff@ 9 eF W ot TR eeiewl &1 T, &, ghfa qon R gifved & od € |

(c) amafed don foar & i w1 il T g W ot 79 I U S W § 9 Y od €
(d) 3 e qe STITEA Tl YHR H1 a1 GO HY Hehd € Wi T W oheel eesd aqwi

& Heid e wehdt ®, ae

(e) URET wesm § WU oF WHY TE 1 AHId faHd & St T |
e WY & 9@ e W @et %iE temel wiid 99 § 400 Hz g 1wl a2 | (i) e
TR @E Y& o o HiEt 1 g =0 gl Safeh Wmel (a) 10 m s 96 § wihH &t IR fasia
2,7 (b) 10 m s 917 ¥ iehd ¥ TS @ ? ? (i) A & yeRon  eaft it =t #= € 2 9 a1y
4 egfq 1 9t 340 m s AT |
VA 7€ § @El *iE et i a9 § 400 Hz 3gfd st €t o1 w2 1 aff 10 m s =1 9 a1
Y WA 1 IR GG T84 ol § | WA o wiewiE W @ Rl Yerh o fog saft @i egi, aesd
qq =T o B 2 ge feufa derd: sw feufd o weww € e ag wiq @ 9 Yerek 10 m s =
Y 1€ * R g W@ B 2 WA 9 § wafd w9l 340 m s o Fohd © |

faRea  s1eme

forelt S W I FE UTE @ 36 YRR oFe i TE @

y(x, ) =7.5sin (0.0050 x+ 12 t + n/4)
(@) x=1cmdN t=1s R fFH fog &1 fazeme qon e w1 =6 9@ HIGT | F1 T8 =6 T Gl
1 Wl o e © 2
(b) St o 3 feigetl sl sraftefd T iy S srweer fawene= den =re sat & & fSfaft x= 1 cm
W feord foig 1 @99 t=2s, 5 @ 11 s WE |
wa o1 I Wi wog (S<ewnd widt w1 fua’) weam o 9 S ® | (a) 0T R Bl hE e
() egfa, (i) TORE, (ii) TEROT HT A F 2 (b) IR W W1 TR 9 20 ke € rerfq W gw
20 s o UYEN UhS % $ A oh AT ot €, d Wi gRI Sed= TR 1 g (1/20) Hz 319&1 0.05
Hz® ?
8.0 x 10 kg m! s FeaAM ¥ w1 fepdll sl SRt o1 U T 256 Hz 319f o faga =ifora w@fies
fgust 9 g1 2 1 S 1 guu fau frdt fer Rt o S ToRal gan fRdl qon o vore 9 Sur @ e
W 90 kg o W12 wiech B | el oren o | ek Sl sl Sfeeifud e o @ foreh sRor 3@ il
@ qrEfdd a1 SAEm 0 Bl ® | t=0 W e o a1 f (gt et fl) x = 0 W sy foeemH
A ® (y=0) T 98 y I S G0 ok S TiRiie 8 | W % @ 5.0 cm ® | SR W TE
T &1 UM A A6l STIIEY ORI y &l x @ t o ®ed o &9 9 fafen |
frdt Tgst @ oteg wiE ‘®AR' ™ 40.0 kHz g W WHeE Rl @1 hiE IE-UAgsst
360 km h'! =Id ¥ 36 |FR &1 R fa et 81 wHgs ¥ Wi s s gt s 82 S | s w5
= 1450 m s T |
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15.26 9T Yeal o 9fiel a0 Sea hid § | el ok forodia, gedt eryee (S) qen Seed (P) S YRR i
w1 IR F G B | S AN KT U WSl T 4.0 km s, 91 P AW 1 giaedt =t e
8.0 km s € | HE YHy-o@l ol by H P a1 S WA hl e &l € | wEeAl P wgedt S
T H T T 4 e TES T $ | T W B R A0 T Y § T w9 e
qehT Hfed B ol T H g # e

15.27 & 99MEs fHd T § wewen g WU A S F gU 3¢ W ¢ | HA Wiy SEEs g
Scafsld Tisied eaf 1 g 40 kHz ® | fohedt SR 1 iR dien gl giagl ARd 909 IEIES 1w
wf ®T A F1 0.03 TH 7 | IHIRS g A T FOR ¥ Waldd @ #w gt @ w2
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