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gt AR FeT A F Gl aoT F2MEl H arear
& 9T Yl o FR GoT Fell § geag ik wifFene
81 gae AT 7 & ST T Teeit Gorzw ot T
ierd d sr=afied il areh F%7 %41 G gald gid &
ey ot g Farch 1 Jerr o7t aw el g &l
FaTh! H TH FE=H B Y7 gl & ford ‘e’
#ed & a0 3 Tk TR G ‘TqAi@’ (TFaE TRa)
A Tl & AT @ SR B E

g3 ATt

A 3fafer e Wes (ISRO) &t dadze
http://www.isro.gov.in ¥ ®wuidiid

#reide-1 (CARTOSAT - 1) 3ifd g7 e G Gas
STE 1 T8 URAIT STafe vy T (ISRO) GRT
gfeeT Rmle df<g d2emsed gt  fAfa ™Rear 3778
21 T &7 W 3ThT GehT 156 kg off, a9 39 ISRO
& ya19 39U8 FHrH ared PSLV-C6 317 618 km
9 yat & qeaIier el § FHIfd [H4T 7T 9H
39T &I &Y © HEFTT FHel & &7 9 8l
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8.1 YftahT

8.1
8.2
8.3
8.4
8.5
8.6

fHehT
Yfdarel den feepfa

g 1 fom
Yfdaei-forepfd ok
ERIERIRINIED

51 o YR AR o ST

foaneia fag
Y

e 7 § T fuel o i o 9R A ver oI T gmen fE fed
fyue =) 7fa 39 @ |y Rk wwd ? fF fave & i gomm
foFa yoR faafi 21 g9 31 @12 & chadl 9 fuvel &1 W
feerfert qer &) Sfiftra T en TR g8 fave 1 o1 g © uw
T oR 39 I oot g ffved eepfa qen eTeR 311 9y
areqe o fuvel = qfa, Sdifeq sen sfera foman <1 wehan €1 el
T Tor TRl ST 3¢ STUT 1 B i ff T TA 1Rl 96 TR
foefad feren 1 Tk 21 399 78 o1 frsver @ foF o fave qof
®9 9§ 3¢ &l B

el S =1 W Y= emepfa qen eeR B ®1 frel fuve
T SR ALET SRR hl 95 (A1 fa&fud w) & faw & 5
1 SfEvIehd el 81 A feret puefera fom o ol &l R 9
e faarfia feman STQ at i ot darg o1t sig S 21 o1 afg
o o f =1 i < df 98 1ot YR smeRfa Td SR i T:
T & @ R fave @1 g T, 9w 9% yemifia 99 & g
TR O YRIR SATRT T SAHR I GH: F HY a8, Ted et
HEA € T ST foeqy] Yeareey faeuur FHeen €1 5 T I
fque W e @ ® o fyvee o oo IR SR 9 i i
yafa e Bt @ 3 7 Tl w9 4 fawid g i 21 36 Y
1ol i wATEeR qe U1 o 39 U1 hl WATREehal %hed g1 Uh
3R G e oMyt wifies €

sifaitert festes o 5ol o YImee SHe@R i 3T8H fHeht it
B S0 ok oy, et s i fese #vd w99 39w, whishie
M S T AR Rfd 1 T TeEvaE 71 Y, Tl aed,
ot a1 w1 festred o fau ot 7€t o T 21 9% ye o g
S Tkl € Tor o B9 U1 oA fEsTee Y Wehd ® Sl §gd Soth
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iR oft o WofEa €17 N e Tw UM SO ST
feamet #2 W € S emanga saw feeg eifue
Tofed €12 ¥ Ul Y SRt 1% GHE o et 82
e & G S Sefeh el a1 TEl g? 56
YRR oF T9A 1 IW I AT | URY B TR
STUATHA HIHURU YR o i a1 9 f9=1-fa=1 3w
fyuel w1 fore wehR faefia e &1 % i 21 5
1A | &N Sl o Yo SHegR SR AR ol
T A | TH Tgd ¥ YA T W I

8.2 Ufaaer aur faerfa

o forelt five o U ot o S @ 3Ed e
71 afek faequr e < @ S fave o s 1 weRfd
qor foreT® o1 o A W R Fa 21 8 HeRdl ©
% oga @ 5= o 9% fawuw Sve fe@E 7@ ve,
fife oft =% & 81 5 foreht fyve W e foeus s«
T Sl € dl SEH Teh YeAae ool Tk fd 81 S
®, S foh ueel el S Rl 81 TE TArEA ol 9
T YR ot o a¥eR qen feon o 3gek foada g
2| Tshish &5H T M aTel YA a ol o1 Uideret
Fed g1 AfE fyve & ke Al fhdt sryeer e
1 Fae <90 H TFIC T 9 61 91 F &l

gfdelel = F/A (8.1)

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

o fret S/ W FIE Rl 9a wE e dl
Ta! foad 9 yhR 9 a5t Tehdt €1 3 fom 8.1 |

=—
. S
>
=

(@) (b)

femm 7w &1 ot 8.1(a) H, T S I SHR SIHES
qR=s] i ddaq f<en #§ g 99 9d TR ard
fran w21 39 feurfq |, e S%d W YIREA
Tl i A Ufdeiet wed 21 A Jearifd sl o e
W do guifed 81 ST a1 Ukl &hd T I
T ! HWUrST ufderer sed €| a1 a1 Gdied yfaed
1 e fdeer o el ST Fehdl €|

T &) feafaat & o 1 e § R el S ?
favg (w=l SeF) &+ oo o qfedT AL den STt
RFTR A Lo ST 1 3Teed fereRfa wed €

gt fagft =

e 7 wUeR 3 foueli faeus sa dem &
STIIEY UREER o WA T S, S o 8.1(b)
fe@mn o 7, 9 Ao o GrE wesh! oh s grde
fereenma g1 STl B | @I Y S99 ol o hRUl Thich
FAHA W S GAMIH ot hi WY 41 TT@UuT
yfdeet sed 81 @Y U el 9o o gRomEeEEy
ST % THE el o o U Grdel fawenTT Ax
B 8, St o 8.1(b) § REmn w Rl 39 R
S foepfd i srusuur faerfa wed € iR @
Thelshl o ATdel faRemas Ax AT e &1 @eTE L o
U | R e €

(8.2)

(8.3)

(©) (@)

a7 8.1 (a) 7 Tfaae & 9919 7 T a0 AL T @ fa&aid & 1 &, (b) ST9&97 (T99f) Fidaet o g9 o T
derT FI 0 T Al & S €, (c) STTETV Yigeet & §UrE 4 U §Ei, (d) EA ST giaeer & gure

4w 3G e AV HF G A § qgptaa g s g
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el 9 TeAleR (S i yRfwes fefa) o de @
Fig fagem 21 9% 0 9gd F9 T 2, tan 6
ST 10T 9ok SR &l el §, (I o faw g
0=10° dl 93T tangeh A § shearel 1% T AR Bral
)1 afx fordt g w1 e @ o) afas fgen &
Tehed, Sl T 8.2(c) ® Te@mn o v, 9@ off uH
forepfd Bl 3@ ST Hehdl B1 39 YHK,

SIS faehfd =tan 6~ 6 (8.4)

fox 8.1(@) H, afus @ & et 59 & i W@
T 3 Tl Tt 3R W FHE B9 9 Faifted & S 2
F B I T o U o U8 o e felg W e
feen & e B UE fefa § fyve w6 Sief Hdiea
w1 feufq ® e S 2 T S eTeRfa H foRe
TRe o for € e | e 8 St 21 five o siet
iR T a1 3= 2l S € il 56l §RI e, g
Tl & aUe qe foredl B) € (5 W WY e W
faug 31O+t IR STreRfd qe SR 1 YH: W 3 orell
?) | 29 Teufd o Ui &5thel W 2TidReh Fea ol s
ST Ufeiet Sed ¢ IR SHRl HH Selid <6 (Tl
Aol T S ol &iel) o SeR Bl ¢l

Tl @ ok HRO I foeRfd I AmEE
faerfa wed B1 38 e1maaq | ufiadq (A V) qen IRfew
A (V) o 31 9 uReied i @

A faepfd = AV—V

Ifk foepa uRfwes fomm qen fomm & of@
ﬁqgm%,wﬁqmﬁmmﬁﬁawqﬁ
g 2|

(8.5)

8.3 Th o Tram
fom 8.1 o femE w fafu= feafeal o ufgse qen
faepfa o ererm-sren ¥4 @ S €1 wA fawqw &%
fore gfieret don faepfa T T & SHFHEI e 2
Tt g 1 F9H FEdE 21 T TR
gfderet o ferepid
gfdeiel = k x feepfd (8.6)
Sl ko STTRETIITshd e € iR 3H Weameerdr
TR Fed T

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

8.4 Ufda-fagfa =k

T gfderet o 3idiia forelt f TTU 57 o fera wfaee
den faepfa o o= Heiel AT g0 ST ST Skl @
T O T HFE Sid §, TRt wieqor e a1 9r i
T YARiTtd sl gr T fran man @1 g o
T s (faepfa) qen =3 faspfa &t 3= &
o fau erEvgs TORfUa oa o e w@ 2
FARIfd o i HR-4R wHeg =l H e € 8k
darE | gReadT 1 A wd S 81 gidee (e
T T &A% T T TT o6 oF HH o ale
Bl ®) IR ITY I faepfa o e Th W Eied
g1 fondlt urq ok e Qe us wretuss o fes 8.2 |
e T B1 Hdted den usqu gfged o forw off
¥ U W T ST Tehd &1 F=1-To=1 gei oF ferg
Yiaae-faepta o fa=-f9=1 8 €1 = al &l
TErIdl W B0 98 G Ghd € T i K gan g
50 gU oIS o Yy forefyd gar 21 W 9 e
IE 2@ Whd B fh O W Ach ot | =k e 21 39
&5 g o 198 1 UIeH il 81 e JRIfud ot
i g foan san © ot fuve et unfaes fommsti &t
T @ H o B 3E & H 3 U g fyug
SIET SATERTT LT 2

ST €T D

7
:
%

0t 30%

<1% farfa ——
fam 8.2 fordl g & fog T grefyes Ffaae-fasfa
CET]

Reprint 2025-26



176

ofiferent

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

Iff WX 1 IR @1 fea sy df Sea= wfdee
W gmed g e @ Sar § SR fRY wfdee o
oS W SR % for o Fore A @ a1 A
B 3R D ok sI= 1 97T 78 91 21 B 3D o o=
forelt g, A9 & C, W 5@ 9R &l g1 f=n @
s e yRfaes T =1 A Wi el e 2 5|
fefq o 5@ gftaa 3= 81 5w 7@ ot foepfa = &1
T |1 99 I8 el o § R 5o o vt fawqur
&1 T T8 fawun 5 e fawuer wEd € e
W g D 54 &1 oA @ wmed (o) ¥ 39 fog &
ST YR 9 1 WM W off Afafte faerfa 3=
Bl € 3R fog E W fadsH 8 S ®1 A€ =
gmed foig D iR fawsH fog E ae-urw 8 df g4 &l
W HEd 21 9% o ik g0 W el @ g4 A a
Fed 2l

ST UEe el S e §, Hiaael-faepfa eaewr |
T 557 U T %4 | ST g1 Sl 71 30 % fow,
WS hi A YRFIH oAdE o Hg A qh Gl o
Gehal B, T oft o 370t Rfiyer sepfa o oo a1
S 21 ot 8.3 | W S 5o, WRlHHA 1 Y

I !
0 0.5 1.0

foepfs —

faa 8.3 WeTeHAl, 859 @ W@ Hl & I el gEd
AT (TMEHT), & JART Fak & faw
gfcercr-foasptd a1

Sk, o oty afdeet-faefa o fe@mn wn 21 e
3 fop Tafy yome & sga eifus € fi off 78 5=
T o om 1 facieper oft wer @l e 21 s
HIE e wifies &9 Ff 7 81 wer, Wy 9
weref 2 afid ek atcaferen Tarepfa Bar =1 1 wehdlt
2, UeRTeTeh heeld

8.5 UATEIAT [UTih

s an o sifvenfrent fesmed & fag
Ufctaret-faefa ok o Tk i o e 1 STHHI
&7 (fo1 8.2 ® & OA) 9gd Hequl &iar 21 wfeaet
AN fIehfd o STUI ! WeHTRAdT UTIeh hed € 3I
ot U gu 5o o forw g@ent wan fafdre 7 g 2

8.5.1 I T[UMH

T et e <uid § fF gfdee =R® a e @
IR Hitesw, Sca forepld &1 OF FHM el ¢ a1
(= Hitew) wfded (o) den e fapfa () o
ST T T IUTIGR h! IR Bt & T 30 eflh
y g fefua # @

O

y=—
€

HHeRToT (8.1) 31X (8.2) ©

(8.7)

Y =(F/A)/(AL/L)
= (FxL) /(AxAL) 8.8)
<ifer forepfar W formferd wfn €, = o
THE I T © S ufqed @, etefq, N m2 o
R (Pa) | TROT 8.1 H e Z&A1 o I [0k qefl
e | o w9 feu Ty gl
groft 8.1 ® KU U tiehel ¥ 78 wal =eran @
¥t ok feTw = Tqunieh atfureh g €1 efery 3w
H der | el g 3R I9A wW o fau sgd
Afesh 9 F1 STEATIHA Bl Tl 0.1 cm? FTHE
TR=S] o Teh Udel S99 o IR i @ialTg ol 0.1% 9
agH @ Tl 2000 N o 1 1 3Tevaehdl el &l
I oTyRYy U=R] o Uqfafem, dide qen did o
IR o 3 &1 faepfa 3= e o fo emevas 9
HE: 690 N, 900 N e 1100 N i &1 g&eht 37ef
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WU 8.1 T S o I O q T qrqed

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

2710

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

# ggref T YETT YIS & IqId fehaT T

g ¢ TR dfen, Wda den tgfaftem 9 o st

TR BT B T HRO § Sifek I ot S A ) (3.18x10°Nm™)(1 m)
Tl IR HEeHss fesel § osEu W ety - 2x10""Nm2
aeran <t St 81 Aehel, A, shohie qe hid o 4T =1.59 x 103 m
Wgh—qgﬁ%| =1.59 mm
forepfa gt
b SaTEUr 8.1 meswmaﬁmaﬁ foapft = AL/L
551 10 mm wmﬁ‘lm?l 100 kN'hi- T =(1.59 x 10m )/(1 m)
9 F 58! e 1 fawn & qf e 1@ = 1.59 x 102
¥ (a) W@, (b) fa&R, den (o) fowfa =i =0.16 % <
UM HIW| EAHS S99 1 G TUTh
9.0x10' N m=2 21 3TEUT 8.2 disl 1 Th 2.2 m sl ar qefl

. 3O T U 1.6 m o1 ar, f59H <41 o =amd
767 B9 I8 WM o o T H U R W i wieh 3.0 mm &, fR 9§ 92 gU 8| 99 W T IR Y

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

feen o o T @ B8 W gidee 8 T R T G W I
W=%zﬂ% go7 did 3R U % qN Sad & e gided oh
Fafa € sEiifr 39 W A e (9N W ek aer)
_ 100x10°N TR € T Ik STIE USSR o AhT A SO B
3.14%(102m)’ w1 (8.7) ¥ &9 WA € o Wit = fagpfd x 2m
T, TEfeT
=3.18 x 10° Nm™ W/A=Y,x (AL/L) = Y,x (AL /L)
faear g, el UISIeR ¢ q91 s HAS: sl qefl SO bl FeiHa
AL - (F/A)L EZoRAIEOC
Y AL /AL = (Y,/Y) x (L./L)
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e %,LC= 22m,L,=1.6m
TROM 8.1 Y, =1.1x 10! N m2 3R
Y,=2.0 x 10!! N m2| g6faC
AL /AL =(2.0x 1011/1.1 x 10'}) x (2.2/1.6) = 2.5
Tt foear o gem €
AL, +AL .= 7.0 x10*m
SR U T gHEOT il TA HE W
AL,=5.0 x10*m, d AL ,=2.0 x10*m

B L
W =(AxY_xAL)/L,

=1 (1.5x103)2x[1.1 x 10'1%(5.0x 10%*)/2.2]

=1.8x 102N <

b SerEvurs.3 frdt T ¥ ww wMaE fifre
T T Hqferd Y9 1 9N 9R T Al S T9+t
W3 o o ol g €, o O oY emrenfia B (SR
ot 8.4 o fe@mn o ®) 1 39 w1 Froaea
FH et It AR, B, wlehl oS w1 Fe
TM 280 kg ®1 TR &1 qefl W oot die
% ot ofd gU AR 1 SEM 60 kg B 3@
Afdd H1 TAF IARY (HIH) H1 sl
50 cm 1 9 591 2.0 cm B 1 feRTfeT foR
fafiaa R & SR Y& Safey fepa=it A 8
Hdifed & Wt 2|

for7 8.4 g § T qEET e

go7 gl frsureent, WSil, weRl MfE &1 Fdd FHE

=280 kg

YR 3 aTel FoIeeh 1 S99 = 60 kg

fiifre 1 aeft o foaees & W W erefa
TEME = 280 - 60 = 220 kg

TH IMHIRA SFHM hl AR

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

fToaIee 1 Y A W Hid 9R

=-(2156) N= 1078 N

RO 8.1 § ATk W1 I O,

Y =8.4x 10°N m=2

e A i &aE L=0.5mad S =2.0cm

TH YHR AR oF STUE T Hl AR
A =1tx(2x10%)2m?=1.26x 10° m?
Y& JAE | ST (AL) T IO FHIHIT (8.8)
1 SEHTS HToh H1 S Gl @ ¢

AL  =[(FxL)/(Yx A

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

7g 9gd A I B I § fa=renes et ghit

AL/L=0.000091 a10.0091% <

8.5.2 3TUEYUT T[UTich
HATEYU] Yideel qA Gd 7YY foehfd o1 37U
Z5 T STUWYUT 0TIk FHEC ¢ 7201 38 G ¥ Frefim
F T T ggaT Nk o Fed ¢

G = ATEIU Gfqee () /3990 faepfa

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

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

ATEI Ffqeet o il TH ff e foman ST weRar @
o,= G x0 (8.11)
&Y TUT 1 SISHE N m2 a1 Pa el 2|

RO 8.2 § e MR Sl oF &I uTieh T T

g1 T @1 S Hehal € T STOEUOl Ul (A gl

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

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

T G (10° Nm-2
91 GPa)

Tqfafem 25
didet 36
cll 42
EaE 23
ARt 70
ESiEs| 5.6
ffea 77
T 84
A 150
AHRE 10

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

wia, forgaT Tiers 10 cm @, 1 Taell Boidh W
8.0 x 10* N #I UF &Y cT o &1 T
YaeT i 9§ Rae 541 g3 81 S Horh
feraT faeenfya & ST@in?

Zo7 W o1 Wia fReR § de 91 I Udelt woldh o
HHIR RN T 7, o fa 8.5 o fewmen e 21 2w

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

g9feTT
gaee = (8.4 x 10 N/0.05 m?)

=1.80x 105 N m2

50 cm 1

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

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

8.5.3 3Ia T[UTleh

TEd % We (8.2) W TH I8 3@ ok ¢ T o R
fyug 1 efuss <@ & TH w9 H gaEm W@l ©
[fe=1 8.1(d)] it 9 et gfdee (Sefta I o °M
o SUER) o T el Wil g1 98 fuve o Sy
H el S Al 7, TH WhR Uk ferept, Ford s
faerfa wed €, Sc= Bl € (W 8.5) 1 Sl
Jiqaet qe W Aad foepfd o6 ST 1 ST
U HEd €| T8 Wdieh B § fefua feran S €

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

F1 T 39 q29 1 A Gohd il € R <@ o
s & W AFdH § wH et @1 ererfq, A p
IR € Al AV RO BT 38 FehR Treqreree |
fodt fe o o em@ds o B &1 AH W&
¥ BTI| STTId T[0T 1 SIgehTE =@l Bl & S
TE HI, AU, N m2 a1 Pal T qEA A *
A TN |Roft 8.3 H faw €

SR T o ohH 1§18l wed © adl
T W Frefra % €)1 <9 | This 9fg W eEdd o
frerer ofat 9 39 IR o €

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

groft 8.3 ® fau U sAfwel | ¥ 2w whd B
o SIa & eTraad O gat @ el stfusk @ o
gl o fTq sHepT A G (19) T AT § wEl
Afersk 21 38 %R 31T g3 Tag w1 e e
& e 1o wad afw goiigy g g1 19 S
1 STH&T T T9 @ A AfE Fiied sidr
g1 e &1 girear sifues gidl & S arg qen <e
& WY SEad B 3 w1 SrHdigAd qEAadn
ME-UH o AT o o= §¢ 74 oh hRl
Bt 1 5ol o o7u] oft oo U o erupett @ Sy
Y ® AR sa Aeedt @ T faad st @)
et % o] T W & et © aud T @
gfimd e 2l
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WRUM 8.3 T WA 41 o A 0T (B)

T B (10° N m2 97 GPa)
Tfafe 72
RG] 61
GIEl 140
Eai] 37
dre 100
IRIET 260
T 160
Sl 2.2
EDE Il 0.9
FEA SRATHES 1.56
e 4.76
BNy 25
9 A h

(A a9 TS T W) 1.0x 10*

gruit 8.4 # fafy= wwR & ufdew, fawfa,
ALY TUTk a1 T i 98 oTeee feH ¥w anp
B 2, i T 3fte § @ ™ B

IS0 8.5 e WK 1 Siud U
TS 3000 m B HEMNR i aeft H IHT ok
f=reqes Hdited AV/V 1 0 sifse, fean ©
o UMt 1 AT TETH 2.2 x 10° N m2 @
g = 10 m s 2&ife)|

Ze7 Telt s WA W UET OF 3000 m Y WY GN
SURECISIIGC
p=hpg =3000m x 1000 kg m=x 10 m s2
=3 x 107 kg m! s2
=3 x 10" Nm™

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

8.5.4 @dl 31U

YK d o oweed feen H eH areft faeefa @i
uiivder faerfa wed 21 foum @l 3 g fawifa
o o fF Tomea S § uivees faefa ses
faefa o GaMU et ?)1 et aifa ar o wifvds
foepfa qen ergeed fagpfa &1 otqu @l U
Feadl 21 A% fHdt aR w1 ga " d den yge
Hideret i <90 | @ | HWepwEA Ad ®, d qivdes
foepfd Ad/d sRfl Ak 36 R &1 qa odars L e
TR et i ferfa ® e 7 9fg ALE, 1 e
faefa AL/L B 31: @i 3| (Ad/d)/(AL/L)
31 (Ad/AL) X (L/d) B @&t o779 <1 faefaat
1 YA €1 3Td: I8 Teh T § q1 SEeh1 hig form
1A T &1 Sl $9hT 7 gred Ft yehfd W &
R e 21 I o fAT 39 199 &1 A6 0.28 qe
0.30 o HeA Bl €1 TogHitEm i fasemget & foag
THRT HF T 033 2

8.5.6 drfd ar ® uamer wWifaew =it

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

2
—YAZ dl = Exl_

L 2

(i)
W= —xYx| —| XAL
2 L

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

Il Sl N 7 - i

@ T3 o daaq e 1 feen § fawar

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

(v fearfq & a1 U8

i qfer e W Fat g

QN el e ST

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

o, 9 SR Tehich (Hdte =1 fowr)

A W T () H
T S

Aav/v)

& Y= (), A
(AXAL) TR

& Bl G =TF/(AX0) q&q Gl
TR A
qedr
TR

3M, 79
qen g

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

1
=5><a’111rurf$><ﬁ§wﬁr2><anm

3T
1
=§xwﬁa€fxmxaﬂww

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

= —X
u g (O¢ (8.14)

8.6 Tl o WARY SRR o IIHAM

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

I R ! ISM qA Th TH 9 W LIH T
S S oh foTT yogert kAl | uTg T U el WE B
2 oo 9R =1 Sig oo s 81 & 1 w6l an
forfi 1 7eg | @i S 21 °F o T e T um
o ST @ FSTEeh! Se1 e &1 wmed 10 Hifesw o
(Imetric ton = 1000 kg) &1l T @1 W& foha
el BT =ET? ST, B9 7€ Hled € foh 9’ T
1 TR w9 9 fawfud 7 # 3| safan famr gemre
o 9 sifuss R g1 ifeul 9Relt 8.1 ® 'Y ual
A € % 93 o W W ;e (o) T
300 x 106Nm2%IwW@é€Wqﬁv_§§
1 Ehel 1 FAaH HH ®

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

= (10* kg x 10 m s3)/(300 x 106 N m?)

= 3.3 x 104 m?
I AR IRESE ok T o fAT @ 1 em e
o G ST €1 RO, el o fau 9R |
a1 WIS (ST S| o Ureh 1) e s €1 59
TE T 3 em BT 1 T Al T d5ga fowman
Sl 21 39 53 o1 (ohel IR SAERIS ®9 9§ T 8
B B WM zEfan i fmtr § o= qen
el o foft T8 Tl 1 gHIN dAvil i 0RE a8 9
Tl AR ol YRR ek ST | ST S €

et 91 1 39 YR fewmegd we g © forgd
g T gU AT oF AR hi, T 91 1 el 379+
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AR &1 I8 HY o | TH YR, a1 i fesmed o
TUel Wd WAl 1 SYAN wgd wHEfed 21 a el
feafqal o, ¥R o Sidd V€ o dhd HI THET §
FEHN T g4 & Hedqul Bl 21 IS I AT
dfehd B A1 LN TE =fen| B9 frd U g o
IR H foam w5t fadi & g emenfia gt qen fomeh
Teg foig W R o §, S o 8.6 W @
B T 1, IS b qO1 HICE d HI TH Gg1 ok HeA
fig W IR W& 9R @H 9 S99 Us oid AQm
fomert amn e

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

W

8.6 U W amenfa aem @< W 9IRd TF 308

offgT | heteherd 3R a1 3 veel € ug ek
&, SHH! STAM Hh 3@ Hee H A fRaAr S
bl ©1 THISHTOT (8. 15) © BH <@ ¢ foh ferdlt i gu
IR o faU 969 ®9 W o fau @ 57 &1 S99
AT A1eT fSreRt 7T T Y 3tfurek el ot 53 gu
%o o T Sk %H ST oh foIT AISE b okl &=
Il d ! g1 A gurel il © =it 5, d 3
wfeh bl ok STTHAMIC! eidl 8 (Taf <US i ofarg
JATIS HT S & AMe) | Afeh 5a qs T 7 &
fF IR focipat St WM W @ 8 (W T 8T
AT ATl ol T U e S hiod 2, [
TgH W U UH sfehd B Tehdl € S faa 8.7(b)
@ T 1 T Mg Fed 71 T 9= o fan
e o7 8.7(c) B @i T enepfa w1 sTmey
Ifesg foran Sar 81 T ufest 9 9R 98 S %
T =21 g3 qen S Uk o oy gat Ter faerdt
21 T YR 1 3Hd § el o1 =Aoer 3 fom
2l TUS & WX I Y fHA1 S Fehal B, 37d: AN
ER RS

P

<o
(a) (b) (©)

ot ve #1 fafa=T s1ggwer IR=a7 STl
(@) TF &t F SIAHR IR=ET, (b) TH
Tt 2t o 9 ST 8 g 8, () TR
FET & arcll GEl & g QIERIaEr T
TR=331

ol qT Yol | @rel A1 e b1 ST off Sgd
Teferd 81 el forl arel @ st foe1 8.8(a) ¥ @
T3 €, helleRR 3rehfd o1 8.8(b) ol @l shi 37den
F R I T Gehd €| e gt =1 e w1 uRigs
fesTe Y W 39 o1l 1 &4 W@ ugdl § fF a8
o aftfearfaal & @ w1 , A @ el SR
quifad gl o o1 Seleprea fovaadaar sfg
1 8?

faa 8.7

<

N1

L

(a) (b)

o7 8.8 @rt I WEI: (@) WeAd G &1 @,
(b) BeTERR a1 @w

et W fHEt wdd #1 eAfushan 9 o
10 km Eidl €, 59 9 o1 3% 1 =gl o g o
T fo=m s 9 el Tehar 81 T eid 1 SR THE
e & eqia el el €, 98 wgHl %l 9
HTETH Gidae YEH Hd @ TorEen SA=aid 9 gented
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(fager) & Fehdl &1 ST & TR 54 o HROT Yidael
39 wifdeh 3TTETSH Yfdeel ¥ &7 e J1fet 99 ™
Je™ varfea B (fawen)|

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

T T 57 SeAr fGu o 39 9l 1 S9e S €,
wifeh gefd o R = €1 safaT 7 <& = e

Ttea St fearfa & 21 71l Uk 1T reEd € S
AT hpg & B o7, Tl wrefues Sz o1 Jearee
G130 x 107 N m2 8l 81 38 hpg o aXeR @A
el p =3 x 103kg m, 89 U1 €

hpg =30 x 10" Nm™2

@M, h = 30x 107N m2/(3x10°kg m3x10m s2?)

~ 10 km

I AR TRE H 34k 9 SR 2

|I9n

1. Ui 8% W YT o Sideel gl & aun fom § foa=irenes =< faspfa giar 21 31w ar
R fH YRR ok Fiaee B & (a) T Fideet — Seed gfdeet (99 9 Tag) a1 gited dfieet
(TTed § 9a5), (b) 3TI&IH Ffdad, Tl (c) Sefd Fiaaal

2. %0 fawqu o for stfrerat el & ufteet fospf o SIHAMU el 21 38 g% 1 o wed
&1 TR 1 feeRish Jeareerdr o el gl faeuu el o ofH W fyuel i
Yfafsra 3R Yeareel SHeER 1 Jui i o fAu i Fedreer ulishi ~ T Tk, STAET Uk

TN A O 1 IUANT feRal S 2

Sl 1 T o, S AR el €, §h o 99 1 Uled el il
3. W % Tyvg qa 1 Hiied o i Bl € d g o 19| w1 B9 Bl €

F/A =YAL/L,

&l AL/LTive 1 a7 I wited fosfa 7, Fiosfa sca= &6 9l Joiifid o %1 A6 2,
A ST URE3E 1 o8 98 ehel € T5E W F YR Bl € (A weea) 3R Y e @& 5o

1 I O T s F/A R

4. 99 9 T AR el ol o TR R S| S d 2 fuve 39 yehr fosfid g ©
F 90 woteh el has & T 9 i S faeefud st ¢l U e w1 Afds faeemas
AL SR 9% L @aad a1 ¢l 36 YR &1 faeq0] 9890 Feam ¢ i W ghaad

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

F/A=GxAL/L

et AL fivg & s fR o1 yoRifud 9o Fat fgen o foenfud ® o) G e ot 2
5. @ %iE fuve uRadl 59 g1 @ T qiied o HRU Selld Gdted | S € o g o e

F1 &9 14 8 @ 2
p=B(AV/V),

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

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

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

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

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

wTgal & ferw =7 ek 1 W Ty urge SR WeareerereRl 1 aTden S Bier €1 I O
o 31fueh | a1l ol | warg o oftel uiade e o Ty eI el whi Stevashar gl 2
e Sftem § =R 98 “Ron B © fR S %o sifuss dfd g €, 9 sifes geare e €, ifehe
g fhea €1 aredel § 9 5o W S gU WK o foq 9 afd e 8, sifersh g eug S €
= ®9 H, fHe wh fKon § smifua fowus oo o= fomsti A of famfa soo=1 & gepan
B Ul Rl o gfteet we faepfa o die sTiaendl o1 o0i sheel Tsh Weareerdl i g
& feRan S TheTl ST o T, erqRed fackfa & sfaria, srgwee famn (uftess &1 o) ®
off efigr 3R & STum fSgewt 9o 57 o T e e @ wd © (79w s
FEd T

el T |ige ik € € il 5ot i awE Wideer fwd fowiy fgen 9@ freifa @ foen

Tohdl| fwet faveg o e 9 W et e o1 ffv=a i w1 5a &1 & ffyeEa faom
B 21

8.1

8.2

SIRIES ]

4.7m @9 F 3.0% 10°m? IR T o Wil o R 91 3.5 m @d d 4.0 X 10-°m? 3TIIE
1 & dle o dR R KT T guH IR & 9 R A W STHRT oAdsal § g gig et
2 | I a0 e % 9 FeAdl Ol § 9 S 87

o fomr 8.9 # fepelt fRu 7w wered o forw wiqerer-forepfa ok <witan @0 21 39 w9 & forg
() T YCATET TUT, 9T (b) TfThe TUE QrHed =1 2
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300 —
250
g
Z 200
2 150
100
50
0
0 0.001 0.002 0.003 0.004
faerfa
faT 8.9

8.3 < wgel A 3R B o fory wiaera-foepfa e fomt 8.10 ® <wiiw @ €

faerfa faerfa
a7 8.10

T W K1 TH & A AR G T R
(@) forelt weref o1 = yeoreern s atfues 22
(b) < uref § S sfus TeEd 2
8.4 Trefafad < sweml &1 ©aF ¥ ufgd iR SRo1 gied =aqsd &6 9 91 € o1 3T
(a) ST KT TR ToS H1 AT U AT B;
(b) T Foeel =1 a1 SHek STETY o | Fruifa g 1
8.5 0.25cm =99 % 3 qR, f58 T 0 1 den SH3 diqel 1 €, fosl 8.11 o @R wia &
forT 9R iesh™ e ael didel o ARl Rl ofeTgdl HY: 1.5 m 991 1.0 m ¥ | AE 38T a
diaeT o I OIS HA: 2.0% 10! Pa @M1 0.91 x 10! Pa Bl I $EA1@ q2 aa o a1 # faer

T UM HifST|

A\ 4

VA A A A

1.5m
e

C 40kg

1.0m
e

| | 6.0 kg

a7 8.11

Reprint 2025-26



186

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

T 13U UF o @ Ferd ¥ 100 kg F1 TF 549M S 5@ @ 71 ugfaftem 6 saEgo
U 25 GPa €1 38 el ol Seaier faeene fehaan gmm?

8.7 T3 TWUM o IR TUEY W@ SRR &H 50,000 kg S o ol 51€ g4 &l oeR <3
BU B | Wesh T 1 ofiadd qen sredt oA el 30 99160 cm €1 HR T i THEHE W
U Y& W &1 quted fapfa i 1o wifse

8.8 did 1 Tk Zhel, Forgent syeel UfeaT 15.2 mm x 19.1 mm % €, 44,500 N 9 & o &
= a1 €, T sheel Yearey Tl 3= g1 3= forpfa w1 om SifsE

8.9 1.5 cm T %1 U 369 1 hfdel R SSH & foIQ g&iwrel o S 1 47 geqr o g
e 3R Ffeel 108 N m2 € dl S Sifuehdn SR <1 T0AT Hifere f58 shfsret $a1 wehal 21

8.10 15 kg SoAUM &1 Teh §g gl i diF ari, fow Teieh o1 ofel 2 m ®, | Hufid ofeshrn T
B Tl o < AR dldl o € qen e Aol e w1 €1 qRi ok SATEl o STUI TeRTfeny, Wedeh R
qE I B @A AUl

8.11 T HIX A <olE oF TO9d o dR oh Teh TR W 14.5 kg H1 SAUH a1 HL SY Tk
FealeR g9 | TAME S €, 99 H el W SUH HI00F A 2rev/s 71 TR F TR IR H
gahel 0.065 cm? ¥l dR H TR =1 701 SHIST 56 goomM 39+ 9o o freay fig = 21

8.12 7= 53 T3 ksl W ol o AT JAR TUNF T TUAT HIFT; IRATF =67 = 100.0 L
3@ H gf§ = 100.0 atm (1 atm = 1.013 x 105 Pa), 3ifaH T&@= = 100.5 L | 7@ a0 ® S&@
el A1 o ST CATEIdl OTeh| i ol SITeIT| TR Weal § HHeAed o 98 A s
aAferer i 21

8.13 STl o1 Scd 39 TEE W, SEl S6 80.0 atm @, a1 gm? faan e € o g W et i s
1.03 x 103 kg m=3, I i HHedl 45.8 x 1011 Pa! (1 Pa=1Nm?2)

8.14 F9 o Td R 10 atm FT JeiF & o R 3Tk FqT § FI=ATHS SR HT T0MET FHifew)

8.15 i o Teh SIF 5[ &1 Teh R0 10 cm 1 €1 T W 7.0 x 106 Pa &1 Sl T o T 3Hoh
ST | Hepaa feptferg)

8.16 T ol a R T@ H foha i fan sw fh 98 0.10% ¥ wdifeq &t sm?
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11089CH10

I
A oF FitAehl T
-
9.1 ¥fHahT

9.1
9.2
9.3
9.4
9.5
9.6

YRG! JaTe
el 1 fagra

Us3 qd1d

fommta faua
1Y

79 A H g9 s a1 TG oF w9 W ifask O 1 st
FHN| 59 0 719 yarfed St ¥ o1d: Tl wedr ¢ g w9 § 39
0 o YR W eH gl T i 1 Sl 9 fa9g w2

TAR IR 3R & T W R 71 gl o FR GG H1 TR0 ©
3R e g8 H1 -fierE 9 S 9 Aesied 81 Sl sl g
Sfrer o sifded o foru & erravas el ® o Wt wer siged
o YRR 1 Afushiel 9 STt 21 el Gfed gt wsfel o g ot
TG Yiohaet § el B T AT Bt ¥ T el % TR
9 TN ! FHFAT Sgd Hew ol 2

e S | hg g &2 gaf aen TE o sn-an e 22 S
o Touid et i STUT shis M¥=a STehfd T1 Bidt| 319l T Kol hl
e emee gl € Sefeh 19 U o el STEAA i R Rl €l
frse a1 o g9 vel ® T gfded g Gl o St H ufterdd
foFan ST Weha1 1 S, S99 ¥l TG HT AT TH R A oA
Hftreret s1erdn <@ W R @1 9 eH S 1 59 ok Ffved s
9 < €, T BUN Aeqd agHScl S o 31 3T 9 gl B
9l Y G W 9l ek W S A1 g9 o 3Fdd | qied wgd
%Y T 21 TR VAT H T R 70T 319 S g h 1 Gigadn HTh!
%1 2t 2

sTqequ (foeuor) yfqae 3™ o sTEad | qRadd foy fom
SHH! B SEet Fehdl 21 el k1 Gl 0T I8 © T o7 fawuw
Yfdeet 1 9gd & T Y Fd 7| Hera: e ¥ fawun wfgee
O © off ST TR Seel St 81 SIEl i 37U qlell 1 ST
Yfdeel ST <9 el w9 B gl

9.2 <T@

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

e h1E fug ot wnid et ® g gen €, @ /e
39 fivg W 9 FARIfd & €1 98 9ot gd fuve &
T3t & eifieiead BT ¢ U safe © fR, Ak
%1 g7 fUve & g5 & WHIAR Bl § @ e
ot FEmgeER, fave off o7 §ag o 9@ W W
Tt R HLAT1 B T8 Tt Tl i 55 o THiR e
& fou =1eg & 1 g Hud T 2, ;i @
fargmmrereen 9 21 o1q: formeen o @we g @A el
a1 Tqug o H9eh g8 o ifad g SIRITd &1 Hehal
21 30 fot 9.1(a) & S9N TN B

A gN Tl fog W +ria 39 ifvca a1 &l
YT ST Hehdl &1 UHN & TF <@ H9F Jferd ok et
w9 % 9 9.1(b) H @A T ¥ 2@ IR H Th
faffaa <R g €, f9e8 T FHar e 2id 215
AN 1 LM T8l § B 5ok (e T T o i
17 ok feaw R feran T 21 39 I 1 /el ok IR
o fordt fag W @ S 81 e W R g SRt
I @ HAA FN =T W ARG sa ¥ "gfad
ek Tl g e W STRIfd ot o A1 o €1 Af%
A 5 A &9%he oh fIes W SIRifua sifaeia aet 1
ofmor PR, @ Sd 9T P e qe 8 &
U o &9 § R fhar S @

SIRK

P, ==

A

gifaer &9 ¥ fre o &%l ) F90H @1 9
B a1 <1 Thar B1 99 Gifd st § <@ i o5
YehR qRT # ©

9.1)

(a) ®)
7 9.1 (o) % & 59 5 g4 1978 32761 3GF1 R
W 59 5N SR 567 fyvg & Y3 & &7 fag & ofaaq
#1% Hal 21 (b) I W % forg gfa &1 59 w91

T T Al IR 7| TR 79 ST Tg AR e
=Ed € foh TeieRTon (9.1) 9o (9.2) o 9 ¥ gftemier
g4 aret ufer gafua &3 @ sifvadaq
a0 F FaEd © 7 {6 (Wfew) @ gHeRt fommd
[ML-T2] €1 STl 1 95 N m2 21 HIEE axifen
SIS URRd (1623-1662) § T I &3 § GO
g fopdn| gAfaL 3ok W | @ o SI AEh
WWW{pascal,Tﬁ%Pa)T@TW%lmaﬂ
T 3T HHI A agHYSA (atmosphere, Fdih
atm) 1¥iq 995 6 W agHed N ARE <6, §
(1atm=1.013 x 10°Pa)l

T T U B o AT S (p) TR T siiferen
Tty & fores faw & =it oo e @1 v et
I m el o fohdl W &1 A

_m
P=y

T i e (ML) &1 $He1 SI 9 kg m 2 2|
g Teh YAk 3R TR ] 59 3rEdEd B B, o
et 59 1 T T IE W AT SR @/l 2
Tah foufta, T <@ o ofedd o @y s o
et qitad gedt 2

4 °C (277 K) W STe1 T ¥ 1.0 x 10° kg m™
21 frgt ared 1 e s (fafvre TEe) <9

(9.3)
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e} o T qT 5ol oF 4 °C T S 1 ST 2l
21 I8 fomEd v sifew sifaew Ul 31 <o &
fau ugfufem 1 smife e 2.7 81 SElE g@w
T 2.7 x 10° kg m > B1 GROM 9.1 A T A
Wl & T Y T 2

RO 9.1 F I Al o Fcd Tk arg qen

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

b oo o.1 % st i D e
HT I HTE HT &F%A 10 cm? €, 40 kg
Hefd o AFe YRR o Y0 91 i Gl B
Sdfeufeat g1 Hew Rt WM ot ofwd <e
ST hifeTd|

goT  TARYEl H FA AU FHIE HT TR
A=2x10 cm? = 20 x 10 m?| A | HERA
99 F=40kg wt =400 N (g = 10 m s2%H M|
Tg 9o SeaeR A w1 fRwn ¥ wE w7, o
7% sdfeeEt W sfudEaq owar @1 sHifag
atrga e

PaU=§=2x105Nm_2 <

9.2.1 Ul Rl W

TR S s Uehal | 9 T afg |t fag
TH & T W F @ foum feafa & @ & et
fogeti W <& THH ST 39 T 1 el Hifd W €9
o gwiian ST Tkt 7

* STP T &1 WM 9 0 °C a7 €4 1 atm ¢l

fa79.2 UReHd & 99 &1 0891 ABC-DEF faig

feeifr @ feondll TRCT o ST &1 Hig 79T
81 78 3Fa a1 Bl & T ocd & FAI B
IUET T T Gl &, W T & foIq 39
gafefa gerfar mar g1

fo 9.2 # fom feurfa o forell WA o6 AR |
FE Fagd WA T ¥ TS 31 ABC-DEF Th
T food & w9 ° 71 e e1eea oR o wgd
BRI ¢ AT 3T Y foI5 WA o I3 o qHH
TETE TR HAT S Gehell © AR 9T Yedieh foig R o
1 YA FHA B UG 39 g Rl TR T
feTT &0 9 ¥ i 91 Hieh WAl €1 39 e
R AIfAT S I WA & HRO 2 AR @ fom FwW
T 7971 & WA & HROT AR 57l Je3f o 3tfiretsl
w1 F T oo fod | i SER W 59 T
Hee T ARIA @l P, P, T P, o qad&d o F,
F, 1 F, %¥¥1: %eishi BEFC, ADFC ¢ ADEB W
arfreterer stmafad g € S for fosr 9.2 o <wifan
21 Bl BEFC, ADFC G2 ADEB &IA , A, T&A_
T HHY: T HI 2| T

F, sin6=F_, F, cos6=F, (HTWIH’@JT@)

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

Fb

4,

_i—‘;_ i—z; P, =P. =P, (9.4)

o7q: formmeen § 59 oF o1 o Tt fagmsti o
@ g &Y G HE el 21 eH 98 ;A e
2 fF o7 YR & wided &1 Aifd & <« aiew T2
Bl 38 g feen & < S wemdt| fameen o <T@,
WA o i o fordll e (AoEn TRag w®a) |

Afireteerd gl @ =18 anrhet fendlt off srafeufa o =&
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WA o Teh 31999 i Hedql HU Sl Th gaH
ST 12 Il B o THEY 8| T8 B U ST
T 21 39k aFl TRl W eRa Afas at | atereen
o g =ifew) o1 I fadl W g9H @ g =i
o0 fag giar ¢ for o s ©§ A qa A g9 &
ot forgeti ® g9 <@ {1 7 foF 59 ok fafa
R FHH I T T, 99 59 R T T ok HRO 98
TR 37d: o' i eruftefd o ferd &fas qaf ™
A H Y TIH W T 6 &A1 =84

9.2.2 TEUE o WY I W UReda

Th 95 H 59 & fommeen W four =) 99 9.3 °
fag 1 g 29 hoeE W2 S5 1 92 R 9 HA:
P, T P, ¥1 A SR &% G2 h 9% & T & Th
IR 3T 1 | Tk aXel TormHeen § € 31d:
aforHt ifast st I g =few) giomd Heafer fen
T HPRd 9 W 7999 o IR % qed eFl =Afgul
I T IR FE FE T F R W T/ ok @
BV 9 (P,A) T & W SR T 3R FME HT a1en
I (P,A) B1 9 9o H Tel 1 9R mg &

(P,-P)A=mg

3@ A p WA 1 T § ol STH! Hafd

m=pV=pM_6>|Tﬁ,3W

P,-P= pgh

(9.5)

(9.6)

— ()] ——
S —

—| <—
— <
% b
) le——
EENNEEN PR
W DU

«—r—

£

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

fog 192 o I 39k = HealeR g4 h, W/
o T p AUl e S @Rl g W R 71 Al
foremufia fag 1 1 @@ (A 9T) o 39 et ™
TG Y o S S argAved o foe et €
P, %! SFHEA < (P) SR A1 P, %1 PH Hfcreerifid
foman ST Wehar €1 9 SR (9.6) W

P=P_ +pgh 9.7)

@ TR, IgHed & fa ol 7 & 9 e
PEIATESHE T i 3TU&T pgh IRHATT & 31fek ghml
h e W feerd ferdlt forg w sifaftem <@ P - P 39
fig | I I1@ Feara 2

U (WH) @ % FHH (9.7) § ded @
&AHT T&I o Wl 37q:, T qReher o faT T o
WY 1 S Hewyel € 1 fF a5 enepfa, eneR
1 SFIIE HIE| FHH Afst qel (FHH TelE) o Fedt
figeti W 5 1 <@ TAA B ¢ Feedfaen fadentaa
o SETET0T ¥ TH R w1 FeAitd THen ST Wbl B
A, B e C faf= smepfaal o o of (Fas 9.4) 1 ¥
o T &fds 959 gRI S9! Siel S ©1 U R W
T A IRl W SEeRT qel T TEdl @ J@ry g e
=T om0 ® e 21 98 gElae € fon gehl dqelt
R T GAF Tl 2l

gaesifas ferieifa 1 = 7 oE A, B

AR C 7 GEA SE T 5o W & W Gt
4 e &1 gRErT fr=-fir=r 1

r IerEvur 9. 2 fhet 3iiel o T8 | 10 m T W

o7 9.4

ferdt T R I T HIfe)
ZeT 78l h= 10 m 9% p = 1000 kg m'3
g=10ms2d
THRIT (9.7) ¥,
P=P +pgh

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

9.2.3 THEAUSHI IF aAT IS &S

TRl fog W agAvSE 3@ 39 fog o Thish TIuee
Fe I ARG W 39 foIg § agAved o I a@
1 91 o W9 & IR & IR Bl 21 TS I W T8
1.013x 10° Pa® (1 atm)| STAVSHT e i Feed
g o feTT Tewerm geclt o dRffeh safereet Siaett
(1608-1647) 7 T ok ohi &A1 i a1 AFATSA
el 1 AT S R fo 9.5 (a) ® quiten w0 ®, w
R A % el = T ol T STH IR SR T 3R
R 38 R ¥ TR W U § FeEER 3de el
fohell TN 56 IR Wi UR ST S Ed B et
TR ¥ FT 1 TAF IR Hi arsd F9eh1 @ Paga 79
B €, T @ 2, A8 @ a1 FH B € R 3 T
T Fehd €1 37: fg A W @ I 2 W & R
g B @ 9HM dd a1et fiIg C W 31« o qed &

W(PB:Pa)'

(a) IRT FTgRTE AT

h

0 LH.

(b) GeAt-eil A (@R JTd)
ferg 9.5 319 79 &1 51 giFr|

B W T[€ = AFAYSH T4 P,

P_=pgh (9.8)

& p IR T S 94 h el § IR o &9 Rl S 2

AN | 9 T foR SR qel WS | uR ok
W Y 9% 76 cm S TRTHT B ¢ S U IgAvSHd
T (1 atm) o T 1 THIT (9.8) W p HT TH
TRehY ot 30 9 oA S Gehar ©1 WEE: e
U cm ¥ mm (R &9) o T8 H ferar S 2
1 mm (Hg) <19 %1 gedish! I 1 2N (torr) FEAMI €
(REet o I9H o) |

1 torr = 133 Pa

o foram den sRR fran fomm (fpfSetarsh)
ﬁm@*wéﬁmﬁmmmg)ﬂ%?ﬁ(torﬂaﬂ
YA R S 71 9w 9 | <1 6 9 1
IR (bar) 91 &R (millibar) fen smr 2

1 bar = 10° Pa

R A % gee e T
TGS STH €1 39 Fferd T Teh U SR b1 Al et
2 food STge 59 w0 g1 © S1efq w9 @ Jo
o foTT W S 1 59 (S dl) qen stfues eiar
o e ek e 1 59 (S URT) S S 21 el
1 U T arHed ¥ gor B f&ar S qen o
o g @ &1 <@ 9 w6 ®, SO g @
S B1 [RfEw fo 9.5 (b)]1 o5 A R ¥ fag B W
T % R 2| 59 <@ w5 g9 g 9 @ e
& § T S1eE A @ E 81 A8 P - P,
TR 2l & S GHIhoT (9.8) 5N f&an <war ® den
T 1 S hoh SO 2l 2
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U el § W 59 o qall § < 3T g9H @ gl
21 T e 9 o fasgd uRER § 9o o e § wgd
%0 ufedd B ?1 eH T&qd faas & fog s feer
M Fohd 71 S 3R @ qe d19 e o e i
o T | agd efues ufied gRererd g g1 e
i =t g o faudia sai 1 eiferkier w9 9 srEdie
AT ST 2

3gTEYT 9.3 HHE a1 T agHSH hl B 1.29
kg/m®®| 98 | g foh ST o WY ol o
s qREdT Tl Bldl, A HiTeT b argHSH i
foear ferat = a% 2?2

T : B THIHT (9.8) 1 SYAN I ©
pgh =1.29kgm>x9.8ms?2xh m=1.01x10°Pa
h=7989 m~8km
e |, HAE % W a7 % A ° FH e
S 1 UE € Teed @R g o @i o g R
ARIAUSEIT AR 1 faedR Ted <@ o WY T
100 km ST d% 21 g4 98 M T@l =fet & 9x
e R SgASHE @ F<d & 760 mm (Hg) T&l Bl
99 10 mm (Hg) 3@ 3Tfieh i FHH &M oh 3T
FT gk T ¢

>

3QTEYUT 9.4 IR & = 1000 m TeTE W (a)
W @ fema €2 (b) o< fohae 82/(c) T
BT W UGSl i 20 cm x 20 cm HFAFA
arett fagat (SFeh oTales 9 @1 @ §9%
T W AFATSHIT 6 o S W@l T §) W
I a1 1 AheT HiSCl (TS S
FT@ 1.03x 10°kgm3,g=10m s?)

geT : T8 h=1000m T p=1.03x 10° kgm®
(a) THHIU (9.7) ¥ TH T
P =P + pgh
= 1.01 x 10° Pa + 1.03 x 103kg m™
x10m s2x 1000 m
= 104.01 x 10° Pa
~ 104 atm

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

() TEE % SIeX @ P =P, + pgh 3R R I P,
21 afer fagst W sifad o T W T P
= pgh ®| Sfeh Tagsh! &1 Sk A =0.04 m* €
3d: ATafad ol
F=P, A=103x10°Pax0.04m*=4.12x 10°N <

9.2.4 ¥9 =ATfeid YA

3MEA o7a B9 2@d € foh U W W@ @l W S e
TREde H § @ F F 82 T dfas so W faER
Y o fage o € o sueh fafir= fogei w 6=
Fed zga ol ¥ [ 9.6(a)] T <79 | 59 W
1 =g Afas ded § el 1 T S 81 7 gl
Fed el | erferdd: gAE Et @1 afg fuwed w6 o
whetd ® df gt 2l § el 1 TR I3 Sl g, 9
TH: TE G § FHE el S 2l

| \A/ /B\_‘
feI79.6 (a) A 4 @ WA & fhG 97T | 54 96T 09
Hrafaa gt &, @ 98§+t sy 9 gar
®Y G GuRd 8 S g
g Tl © foh ST Se W < s e S © dl
g g el ¥ WA &9 § faafia e S 81 g9 %8
THd € & T & 7@ e & fohwl YT Ut e angr
19 ATAfr giaT &, A Ag o gr o | fgvmsit
% @arT w9 ¥ @Rd g Jar g1 9% “unehe o
Trram o1 ot WU € U e Sied W SHeh e
ST B
%% Yl S9 g oifeld Selues 3R ge
wIfera st 39 e | snenfia €1 5 gfmEl § S
el o feIu el st S9Em feman s €1 o 9.6 (b)
% STER F9 dfed S H el g W WHE 9
foafma < fawed €1 sTgyeer w12 A, 1 S fred 59
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mﬁmwmaﬁﬁaw%#%mﬁa&ﬁ
TaRd BT & q1 STIIRY FE A, a9 do forwd
e @ € W HeAYE 9a PA, % F9 H e g
21 eraue, T stfues o i Hqferd (S8 wiewd

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

| A, T &1 IS ©ITHH hl FH

A
=1 < A S Hehdl ©1 59 YhR W e XZW
1

g iR el
L Tt e b

(b)
fer7 9.6 (b) 59 =fcid Scerqs:, 9RT s 3314 HT TF
gl & &/ FA & (G51d HT =T BT

TG SRE|

b SerEver 9.5 o= sy &2 areft /
foeertieal & (famm g€ o) ot o 2 iR 2=
I @ T R el ¥ FH S e T R
B qA g8 T oF =AM HEN: 1 em qAq
3 cm 2l (@) 99 B¢ e W 10N &1 5o
T W@ 2 oAl ag fUed W a9 @i
3TMehe &It (b) A B f9%T T 6 cm
I Yt o Smar & dr e fawed farem
T T ?

77 : (a) ifeh To1 B o <19 Tyol 59 o HeRa e ¢,

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

(b) T T rHded AMT S B B fuwed &
I T W e 3T o fUes grr el &1 3R
T 1 A HT B

LA =LA,

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

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

x6x1072m

ng.aw HR IUTH T B2 fred
et 59201 5 cm @ W F, 91t Tl arg &
21 98 T 15 cm 5= ot S e R w=ia
g € (Fot 9.6)1 A% 3SE S aeft %R
Hefd 1350 kg 1 Al F, &1 3Thed STl 39
T &1 HO= T o felu SawEs <€ = 772
(9=9.8 ms?

gc7 : Fifer |YUl A | <@ o B9 o HaRka g
&

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

=1470N
~1.5x 10°N

9 9¢1 o §d Ay 3@

(1350 kgx 9.8 ms™)

3
p=B_ IOXION )6 10°Pa

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

X %R H 59 aiferd sk off 36t fagia | &
#d &1 5 B 310 W W el | 9 Yed W A
&t faed AR So % ST 9T © 3R S qe
% ddl gR e & =2 d9thdl W H=ia e
e W U 21 9c1 1 w1 21 3Tk A i AR
Tohel M W i Y el T Sk g ki Sadl B 3
YR Yeel W Uil | o Uy W A o9 "
S Yl B 36 TR 1 Tk ygE w9 €
oot 1 TIH I 9 AR ufed ¥ Ferd st
o 9aF &9 9 TEd g1 © a8 et 1 a9 gt
g W e el 2|
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9.3 YRRET YT

379 e B foum el o 9R ° AeEd fRAn e
WelTE oh 18I i qlel ekl hed & Sid &9 T i
P e IR i B oA [ e R e A T e B e
Tedl B1 Ifhd S& UM 1 TG 9gdl @ df o STt
S fq 1 Bie a1 {1 aell HI A B eI
F H TH U AN chixd iyl fh fFdl &R
fordt &1 fagm W, e & fafa= Foi ) =0 8 @
2 forel T 1 waE Tuftadt warE wed B, 4k
ot T ¥ ToRA 916! T o YA HUT 1 o THA
o R Tedl B1 5EehT 1Y 78 e € fon T o fafu=
fagetl W o gHH 21 SH-S i fafire %o s fog
T T g FT AR TR T €, THHT T 5K el
8, a1 fopell T fag W o1 w1 A o=t &1 ke
21 T TR g W TS W H1 e o & SR
F € S for 98l @ 9k wEel ToRA Al 1 A
o g 07 Fh10) qel T et @ 3R Ol o qe
TH TR HI T Hed|

9.7 YRRETST #7137 (o) fHE T F71 I8IT J99

(b) ¥RRET J919 7 &3]

et e oTaRad yare ¥ 59 9 W &1 79
FT 7 3T URRET Fed 2| frdt fig @ ot w01 1
1 T A A A S P W T o
o SRR BT ® S RGN Yee ol U L 2|
St o fo1 9.7 () o <ifen e 7, forelt o1 % uy
1 oI 8| 9 8 T 8 FoF Tt 1 H0 TG o T
fFE YR Tfd Ll B 9% PQ el YalE 1 Tt
wafes ® St 78 <uiidr € foh @l o wehR e
yefed giar 81 i ff < URREd TH T Hl ARl
Fredl afg 98 THT wdt € (reiq Fredt €) ot fad
fog W WA 1 FaT8 fEer T8l B q91 Th A w0l

et ot fegm o wifq s o 3R e safad! &Y
W zafere eafied! yare | yare &1 aHtas 999 |
feor Tedn €1 B9 fenead! uRR@et 1 o Eied 22
fg §9 YAF FAIfad U1 Rl URR@T i S0
1 Zo91 Wad © dl &H @isll o Hiae ¥ fgge s
WA Yo i fon o Faaq gHaa | fo=R S
a1fd fa= 9.7 (b) § 9 fog P, R 91 Q W 37 9Haa
el 1 e 39 YR fohan St € fF gent dimnd o
e & A TE g it g S swen o
2 % P, RN Q W W T Head THaA i o
Yefed BIF oel qiel U i & HHH 21 39 YHR
IS P, R, o1 Q W T HUI o a7 GRAT HH: v,
v, T 0, & TN T T o SABA T A,A, IR
A E T BR W T ST At A ¥ T A WA
1 Hefd p,Av,At 21 TE THR A H B Fallfed aee
! Gafd Am,= p A U At 3R Amg = p A v, At BT
qeft Al H A oF ael e &1 HWafd 39 WM
T T a1l WA hl Hefd o e |

SIRLCH

pPAPvPAt = pRARvRAt = pQAQvQA t

HUET WA & JaE b g

P =Py =Py

q9 FHIRT (9.9)

A, = Ay, = AQUQ (9.10)
T age Wl 21 9 Wiae-GHeRu sed © adl
IEiET Wt g9d | I8 Gefd T 1 weH 2l
HHI: Av = Teeris (9.11)

Av T faTE 21 JaTg ST AT €1 I el Ja
o el feer TEd € ord: Hent T W W8l URT W@
IH-9H € S8 ofl °g Wl § a1 gEehl feeid:
f9.7b A T2 8 fF A > A v, < uy, REQH
Falfed ol @i gl 81 &fas TEd § 78 @l <« o
IRed | Heg B

A o HH o W UN Y8 W il €1 Tk drata
M o 9yerd T8 hifdes a7 &ed ©, T8 U Yae
UG Vg H 9%d Wl ¢ 9§ Uk d Wl
¥R TgF © THUA § Al BH 2@ Fehd § Th
BR-BIE % (foam) HeR S o & 9= -1
(white water rapids) wed %I

o1 9.8 T TE YaTe &1 ¥RR@ <eiE T 2
I & fau o 9.8(a) § WA Ya® <WIA

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

T R

g E‘:/:\
== =
= ==

(@) (b)

517 9.8 (a) TET JaTE &1 F& YRREMY (b) JaTE & T
@l T9et Wi § Tl a1 Si2l I8 JYH JAE FH T
337E &

9.4 et w1 faegra

WA YalE Teh Sifeet TREeAr €1 g Sl el s
SYIRT I U TH STARE! S12fal UN-YaE o 59
fafere 1ol i W R Hehd

TR STIIE e o T | Wd Jae W fomR
Hife) A for gy aiadt Seeal | ? S fe
a7 9.9 ® <@l w71 o A fF WET §
IdTEd e STAREd YaTe & Yalfed 1 Fided THiHT01
% TUR 38 A7 § Iade g1 =1feul @R S
T oh Ty ek ot o1 3Tegehal € S 39 =R g el
T I gl B fa-foet wett o < fa=t g =
qeq o 31 fogel o o9 [eiat 1 Gau o qied
(M St gREde) den =9 (S9E) H aiada
(fearfa =1t # 9fEd) <A1 H YRR L arel |
FSH, Al BT THET | T G w g
ifqerfag 2faa et 7 famfaa faar em

31 & 1 (37U BC) 920 2 (370fq DE) &4 | yareg
I T ARG § B A D °h &= T &l | 3T T
WA At H T8 T Jaifed srml 71 fF B W =
v, M D W v, ¥ TWB W WA vAt, C F X
YaIfEd e (v At SO B € fF w9 BC # WM
IR HTE o Fohd €)1 TH U ATA At H RA
St SR § DR T E ST 3R gafed g qen v At T
T HOM T &S S A A, A, &

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

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

T FE H FS 9 WA Dl A FHeil gRafdd
FE W Tl W€, q° 99 96 R/ H o
ferfas oot afRafda & & =on smr #1 afg o=y
Yellfed el oh1 ¥l p T Am = pA,v,At = pAV i
efd At g9 | UEY @ yeifed ® df ey fefas
Tt | e

AU = pgAV (h,- h)

Tt St § Ufed

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

T o 39 A R 4 FE-Ssl 0T (ST 6)
T ST FT Fohd & Tored 7o Frefafad gy o
B 2

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

T&% 95 i AV ¥ fawfea &+ w

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

SR TG} ! TH: FARYd 3 T TH W FH

1 1
R Y
(9.12)
Tg S WURTOT 1 Ffth TEuee i ofer o
19 2 forel < feorfqai =61 gwiid € o1a: &9 9= &Y
T = L GHhd © 1

1 .
P+ (Ej p1? + pgh = Tl (9.13)
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fa79.9 Rad! STqEdEIe & fHdt ey H faHdt
ST T H1 JaT6, v, At TG o @S H 7T
A THI At 7 v At TalE & G T T FT

oar g1

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

KE| Pqﬁrmwwﬁawﬁ[p; ]awsn%rwl’aﬁ

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

e & fr el Weu & fEm #1 ST w5
G 78 HE T § fR wor oF hRoT B St e e
BIdl| T aT&dd |, W& qXel YE el €, dl S
T % FE s H A A A 3 e
Fcafd @ & fafa 9asl o fa=-f9=1 o & yare
o HROT T T I8 HAE U GE W HEY a9 T
& @I RuTHEEY Sl w1 g Bl €1 aiel o 39
1 Tl Fed & fae fodr @ = 9% & @S
¥ & T ¥ WA B e TS Sl S Selt o
TREfdd 81 St 81 37: Selt 1 THIH I YA
AT ST Wl W AR Bl ¢ Tl THE W Th
3R gfqeer © fof T8 smdied well W & «n) e €,
Hifer Tl T FE et ol el foran o 81 I
H 9ok T STAN € W HH YA T STHGSH el
1 SEd H SIS i S H Wehd B SR e
fagiy yamre & +ff el THRTO ® @l Il FifR
Y 97 91 9 g9 § AR AR wd 2

e TR ferrarereen ® g 7 1eiq g i W
THoh U k1 o A B, el GHieRL0 f YRR @
IS

P, +pgh, = P, + pgh,

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

S e (9.6) % & HEH 2

9.4.1 T T T(gdlg : SIHT ot FEm

afgate e &1 31ef B T &1 dfetE| AREet 3 98
a1 o T R get 2wt ¥ w—a & dfedtg Hi
=e i Jod &9 9 fIRd fave &t =1t o6 I o 99&
G g YR a1 ST Hehal 1 p ¥ o 59 9 9l
fordt TEt @@t W fa=m Fifs fSed 2@t & ac |
y, S9E R T B fox 7 (3fae fo 9.10) 1 59 &+
SR, e 78 y, S9E W E, 9 7 i 7 P
B Wiaed THeRT (qHR 9.9) 9
VA =U,A,
AI
U2=A—2U1
IS THT 1 STIIE HE F &ABA A, Tog T
TR T &R A, i o | ! SIfu T (A,
>>A), 79 B9 MY A0 W T i Fi-iehed: T o
T Tkt 7, ST v, = 01 79 g 1 7o 2 R THeht
HHIRTOT @] I U M I8 oid 3¢ foh 8% W 3@
P, STIAYSTH 316 o IR 7, ST P, = P, TR
(9.12) ¥ &5 o7 Te'e U B 2

@ P=pP

1

h

A,
B %—(D —_.ﬂ/_> v,

] -

2IRGelt a1 917 & wr9d § afgale 1 et
v, Tl GHIFIT 5T T el &1 A T F
i 9T Gerr & aen argHved & queh 4 &

T9 v, = 2gh

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

y2—y1=hﬁ?\t|?

S P>>P, © 1 2 g hsh! SU&T &1 ST ¥ehell T,
T4 afgate i =e &1 R aE-3e gr o S
21 U & fearfq Fope-T | eIt €1 38ek fawdia A
2! 1 HIU A6 Gell B o RN SIHTSH o d9eh
¥ed@ P=p,

v =+/2gh (9.15)

e Tt g w9 @ i@ fog =t =@ 2
GHiieRTuT (9.14) SHRAAT o Tagia =1 i < 2|

(9.14)

9.4.2 Tfdaeh Semueh (oo )

ot fyve W Tfaes Seeeh Tk 5 21 w9 T o
WA | 7Ifd o HRO agAE o 99 W, Tl a1 Th
AR W W B GA WG fopepe, @, dmeia @
Teh § g9 SEd ¢ for ag o St g2 ot e
RS 99 W g2 W ¢ 39 e i i w9
el Togid o wWemE ST Hehdl 2
() fomm & g o1 oo WA F wroe fo g
TfeAE g & IR 3R o 9.11(a) H “RR@E
R €1 URR@et % waid § 9% W 2
WA § g o TW qA A= Gd fagei W sHen

=

s ——

(a)

O\:

a1 gaH 7, fE8 @i g g @1 31: 7 W
Y BE SHEAE! STl U@ da T&l |
(i) IEE TE T Tt AT : THU HIA ge g T W
g H T 71 A% ok Tga B @l sfu
g TS ST fRE Edt g8 faue 1] @6
uRR@ [ 9.11(b)] SufER T €1 g e
3R =Tl © q 3ok TTuet o1 1w i 1R ot
21 TEleIY, T % SW a1 1 o7 &8 Sl § 3R
T e 9@ (WU 9.3 W) | U W SW
1 X GoF B Sl € SR A9 i R fawet ®
St &1
T A ST o HROT SO a1 e g R gEiw
3O 81 9 € 9o i W s 2 Sedud! 9t e
AN 21 TEHN o HROT Scq=] TH Tl SeATh
W qHE (Magnus Effect)ﬁﬁ%l
A o UG AT TR T SeelTieh @
TR 9 § afest feen  =er & @ 59,11 (o)
¥ fe@m A7ar fafite o&R & S TIUwEa T
Tfaesh S TR AT AR ol g1 o 9.11 (o) &
TER g o U@ 1 SFIIEY HIE TIAHEA SIEt
vdtd Bt @ foeer uf: emied w1 s
TIhIEe ol & faudid =efdl € dd 9@l %1 el Jae
o g e yRR@neT i 9@ oF S9-d &l
TUeT WY T <1 B1 TAE H1 T 9 TR atferen @i
F U T 21 TEh BN SeAgEl 9 9 1@ W
e Scegeh I Bl © SR I8 SgAH o R
Tgferd e &1 1 S 8 qwifan 2

—=)
—

(c)

fa7 9.11 (a) S0 T T & THT WA (b) TH GHA TAHE et & e § ToRT aid o #1 HRITaE
(c) TRIBITeT & THT T ToRA arell a1 4 4RR@E]
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b serevor 9.7 et ol wiRa sEn foEE
el 3.3 x 10° kg B1 TEh! el U@ &hal
500 m? | 78 T FAf¥=d 291 WI60 km/h
o U 3T @I Bl () 7@ o Sudt g1 Freel geai
o o9 I AT {ed Hireel (b) Feel g3 &t
o ° SO0 I3 W a1 Hi 91 | SRR IS
ehTerd RIS [91g &1 el p = 1.2 kg m?]
ZeT (a) TEWR ¥ SHEqE 96 ¥ Hqfad aET faqm
w1 9R 7

APXA=3.3x 10°kg x 9.8

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

(b) FHRIOT (9.12) H TH IYAM o HI4 T3 TNl
eIt I 1 SEdl o 9IS ST shi SUET T 3 B
RERSC G LR CIH

APzg(vg -v7)

3T v, T HT FR TS K FW A A v, A F
et g3 o+ = 2l

2AP
(Uz - Ul):

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

AP
(vy —vl)/vav=p7zo.08

av

T@l o HW 91 I 96 U@l o e 9 S 9
FT o H had 8 % AfYw BT =My <

9.5 YA

et T SR A Tl B a1 98 T H o T
TeTd &1 TR T § 39 Siaiy i SAiafies SHu oF w9
o @1 1 Heal & S S g8 W fd | Sea sy
ST Bre €1 38 YA hed 21 S %o shi Hdel § et
Tfd Bt & a9 ¥E ot Sufted g 21 e 9.12 (@)
T SR 4% = &1 < w2 o o Tk 59 99
el i o ®, el wie i feer T sy sefs Sad
w2 S FHME 1A 9 el wie %1 st 5an g 3t

qa o1 IE ¥ fawenfya X < @ S 9 9 @i &
AN o eI 3tfereh &7 1 STereFehdl BTl SHY BH
g et frehterd & foF dt =1 qor & SIS Y v
Afush B1 I3 o Hueh W aXA T ST I3 o o ok
HHH B 81 3742, 59 1 S Hag o Hh J 59 v
o W el ¢ 3R el feer wde o Hueh | @ i
e feer gt fech fer gqe 9@ (3= am) S9-59
IR A & FARl T AT FHE TG Y dGdl Sl @ qen
Ho SO g 1 o v el 81 TRl oft <9 g o
U, 308 S 1 Hde T 3 w1 SR Giwdl € s
F= ) Hae NS #1 R SiEdt 81 6k HNU1 Hael
o o9 ol 31 8 Sl €1 59 YehR o Y ol
TR YeE HEd 1 S8 A W @ =udt ferare W afas
Tl A W SHeh T TthEerd 8 SH TR 59 1 0
Tk TR W fFgedt ¢ 5t oy =21 <79 o 59
T o&dl € o g9 o 3787 o ST %9 h1 TR K

|AX=UAI

B E C F

—»F

S

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

ferTo.12
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AT efuehan gl © 3R IH: IH: S eH eri i 3R
Teid & 9% B B S ¢ SR $id ¥ = e S @
[fe= 9.12 (b)]| T TPA § IR T8 T a7 fer
T 2
TG A oF HRU T9 °h T GF S R T
ABCD & &9 H ol S 973 31q0d (At) § AEFD 1
TE o ol 81 39 T S § g6 § Teh STeaequ
fapfa Ax/1 391 &1 St €1 <k vafed 59 H 90
 T53 % SER A TEE W S 9 % faa
A gR gEn e @ fo wfaee faepfa w6t srdan
“forepfa afteda &1 ' & ‘faeefa <X’ e7aid Ax/ (LAt
A v/l G el b1 9w fehan S €1 YAl qonieh
(3=aR ‘ge1’) T R STaEI Hfdee den faghfaex
% w9 § 1 9 C,
_F/A_H
v/l vA
YEA HT SIHE @S (P) Bl 39 T A
Nsm? a Pas @l v &1 faand (MLT ] €
AR T Il Saii S I, Teehled 2A1fE e a¥edl
S RICHIR, T, frered o1fs kT 31den %8 39 g
? $9 9HE dCll o YAFAT 0GR 9.2 |
Teftarg §| T T 91 el o Tooa 6 ) deA whl aa
&, S 3mek fotw Tk &1 Gahd €1 Aot 9.2 H g
Al oF SMYUR W S i godl | W@ Al el
(tfr waH) B T WA kT AU I
(n/n,) TE-TRER 0°C |37 °C % o= 7= &t 2l

Td 1 TGl a9 9G4 W SEdl ©, Sefeh 6 i
A Y TG W @ 2l

) SATEYUT9.8 0.10 m? &l sl i ©g !
e fRdl SR St e WSt Uk Sy et
(fsr wefa eq, qen & fed @ =1 E) &
S Y BT S €,0.010 kg Wefa & fo19.15
I wifa I T FE 59 fEH! fFed 0.30 mm
e 1 €, U1 991 =i o St Wl g °1 g
fhT M W @ 0.085 m s &1 =R =1 ¥ IE
AR TIfd HH T B1 KA KT I ONE A
SIS

(9.16)

.0.01 kg

fer7 9.13 59 & ¥IFGT U &1 A97]

go7 SRl § T o &Rl ¥ i @I I[ AR
H B S | T8 a1 e T uiE | e/ 9 fafiea
fqUg & YR mg o e 8| 37q: @

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

2
78 T SFaET HeEe = A= 28 X107

0.10
v 0.085
el =X = 1 0.30x107
n= SIREN
faepfa X

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

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

Reprint 2025-26



200

ofiferent

9.5.1 ich &l am

YA T T fyue fhd et 9 firkan @ @ 9 e
ek H el 1 ULl 1 ot Wiwd g1 a1 e
W § e Tfd SO B Wt © eI uRemeeey
fyug T IROMH Heh o 9 FIAT ¢ WAAdIE
iRt g2 ot &1 9= a1 qred T AT g ATk
Tt fq % Fw AE ISR F| A8 @ T
I 9 TYUg 1 71fd o6 AU qon S9! fom o
fauia & #xa 21 S o UivEt 59 W Sa F
et ® A =Y A 7 A WA BT B a Bl TH
SIS AR T St ST, W (1819-1903) 3 T
FU0 91 F 1 dew g el fwa 2

F=6nnav (9.17)

™ Wi #1 m wed 1 e0 2 & w
Fcafd T8l |

TS gt 1 F8 FE0 T Juh S0 B S
a1 & U B fRE vam wem o fird fave
ST HIoh W THHRT Hew TG HT Thd 2| &1 I
o et wsh auf 1 9% W e hfgd Fd T R o
g T ot oh RN N Bl 81 SH-SId THehT a7
a1 Sl €, Heeh YA a1 o sgdl S g1 3fd | e
T W HRERA T 96 991 e 9, o 9a o
T 1 W1 €, dl 2 el qe ol T € Wl €| el
ol 1 d% SR o W A w AR Rl B W
sFereen | wwiq o v e gR fean S @

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

SElp Ao % q Tl & e Fafd = 2|
B I e ¢

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

3 1T A7 v, el o SHR o6 o1 b FR R
YAl € A1 HIEAH o ANl o SJehHMddl il 2l

(9.18)

39wl § 39 IR 5.2 W H: A % Tehd B

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

767 W 1,=6.5x10?ms’,a=2x10%m, g=9.8
ms?, p=8.9%x10°kg m?,

6 =1.5 x10°% kg m™| FHI&H (9.20) &

9 (2x10°) m®x9.8ms™

=Zx
d 9 6.5x10?ms™

x7.4x10°kgm™

= 99x10'kgm' st |

9.6 UX H G

3T @M BN T ot qen Sa oad o el fierd; s
YT SR eI el T 31 © W oIq@ ! ; IR
e O T fagerar ferg w1 Taues S ©; e o
1 sufterfa ® off 9ot ¥ 6t ax 4 SR =g S R
T q1 I Ug o 3 et qiEl qe S S8 S €,
T o g9 % O @ e W AR g § gar W Rt
T T W T FAR S W S e A E A
Teh 3T A% o 21 A 3R T & e v sl
1 Tds Hdel ¥ Heifed €1 5ol i g ffvea enefa
TE 2ielt, T SeRT ST Weh e e g 2
S 3% el U WSS § Al SRl U T I
B 37 IS} 1 o i ol et 81 39 qiEe
1 I3 TG HEd 21 T hoel Sali | el Fehdl © ifeh
i o HIE T T8 & Bl | T T 39 URESAT i
TUEH 1 YIS H B
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9.6.1 TS Hall

HIE 5o 3T UET o wle SR ok HROT T B
79 o iR T ] AR SATRATEE SRE 5|
TR 1 Bl € foh 718 e1o B el Weft oRAroge
R il e ® [ 9.14(a)]1 39 SAHYO W
IRUTREEY $TUsT oF e sHomees feefast s 3c=
Bt 81 Teurfast St o1 aftor 36 o W e € T
M T B A9 % UR AR 0] faE fRE YR
foaftd & den ST Ge F {1 g 9ot sropeH a5
fra fefas ot g9 2t 21 9% 39 qe9 9 T
o 39 yR o et & fRdt Teom (59) 1 oF &
e = TH S W Q faEw (A =@ e
) ok feTw St 1 STEYIRdT el €1 T8 S Sl
1T Afersk it 81 9 o fore 71e St 40 kJ/mol
o U™ Bt 2

39 Td oh Y53 oh GHIY fREl 9] W BH fa=R
# € [Fo9.14(b)]1 59 & Fia o 9] H qor H
39 % o9 1] F T ] I AW TN T S ok
U1 D RO TLfas Sl Bt 81 T T &Y
Y I8 5o o Hiql o 0] § 3TUehd HH el © i
S UiEd ¥ SR T gE TIET S Sl o ST
el B 71 39 YRR TRl o o I3 o 310 hi Soll

7d o Sfiql SRt w1 e © 5w A gl 81 o
g 5d ol e o ST ER, %9 ¥ %7 I IS
5Tl A 1 WA LT &1 IS o el | gig
T o T el @9 B Tl Bl iR g
gRereTe il eH 6 924 % usl o Gue "ehd @
Rt 319] i Y53 W @A H ol o1l Tavas gt
22 S| foh S v TR SR © FE e 0]
F1 7 B Y 7 W R TR F S F e B
? @reff oo T ST ki el Sl wfey

s & 3@ TS F 27 $FF 59 et TRt
g ¥ 91 € o7 Ul ®Y W T IS TEl e el
[fer 9.14(c)] 5 21031l T T 2z = 0 W FS & 7]
AR T U T IS § SRt I € S g

9.6.2 TSI Hell a9 IS qE

31 Gt FRT, S T S 1 Feer Tad gu S
B Teel foam R © R g9 o gS & Wiy el
Targ Bt 2 AR iUk I3 S e =8 ol g 3R
Ifus S @9 ® S| 9 T H 3H YRR
o o AT 59 % Th UE afds fhew W femr
Hifey <t ford Tt B8 W o B ? S g
Rl W TR & e s @ [ (9.15)]1

-

(a

ERCA

(©

fa79.14 fordl 59 § T8 W STUST &1 aeel] SIRG T Fcll 1 GJo () [HHT 59 & X ST91 379 T 374 3737
& BRO Fell ) qua T 21 AR BT Rend Sk syeren i @ gt 81 (b) 78t T 59 & yS & foru

(c) STHYT (A) @1 FasT (R) Feal &1 Gger|
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—>dje

l m
F
(a) (b)

fer79.15 fordl freq &1 A1 (o) g7 F HIE 56T (b)
forsdt sifaiea g4 @& an+a freal

T ST greeken ¥ g0 fo o 39 AR B8
w1 el B 3 d 7% 7o &1 9 fhed *1 &
(1A T3 KT &%) 9 T 7 o o fieE o
ik STl eivit| gwent @1ef B fon eviafies ot o faadia
%1 fman T B WA U S S F E al SIifaa
e g7 fra T wE F.d = Fd 21 S S0 o
IER 98 o1a fhen o e erfaltem sriafe ot 21
ol o fthen 1 9fd Thish &hel 753 Sl S €, 3R
sfaftea &owa 2dl 81 et fifed & <) urvd 81 &
Sen o= o %9 21 € o fhed o & Y= B €
o7 AfARe STl

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

TR S Y @ w1 ARAT €1 A€ A o Wi
Tehish &l 1 st Sofl ©1 98 =1ferd o 1 9fd
Tl @aE W Tl 5N AR a1 21

a1eft 9% T ohael Uk % % YRS 1 Il i R
s T €9 ¥ T WA b Fal A1 3 TR W
o e =nfen) 57 feufodti & g it g & 39
AR o Tl W AR B 1 SeetvReEy Afg gered
o 3T0] STH H Teh SO i 3Teh{d id B al g
Tl A B S g A o8 Teh O i Hfcahita
# € O g Sl 9ig S| 39 WehR AR 2Afien
SUgH &9 U B9 Fe Gohd & TR g1g it At usredf
o e AAYSS HI ol € 9 T8 I R & FAelR 2

SR w49t & YR W fEfafed Jeror
ETGI

(9.19)
(9.20)

(i) T3 T g9 qeN 2 foRet ugred o ot Ay
% qa § Ui Tehlsh @aTs W HRERA 9 (ALE
94 Ui &5k #1 YEIT o) 21 FE 5 o
ffaX o T[Tl ST o | STaUYss oh TN i
Afafier St 2

(i) 3TaTS o forelt off fog W ew g a1 (Fw &
srfafier) o U Y@ G gehd € a1 59 3@
Hfq Uik TAE W W1 o Haaq qRAT § qHH
Ter fen o foada g3 a1 9ell S i hoddl HT
Tehd B € L@ wreeee | § 3 atfush el
o foIq 8 T TRALS! sTean TS i Us @l
T HTTAT HIfSUl TH @I o 915 3R TH] @l
1 AT R Giwd € q91 S 39 3@ ok TE AN
& % 30 T 3R Tiied €1 e whi fefa o 77
TRATSH 1 T g § gt 81 4 owdd o,
@ SAAYSS T Hiaia T b1 Ffe s @ s
o T 9.14 (a) T (1b) T <9 7T © Al Shelet SR
1 3R i ehieh ofelE § oM el 5t S B
qreft 9.3 # fafa= sai o faw g @@ & 71

f&E T €1 I8 e 1 A g ) R g €1 v

o T S 1 1 HIF q9gfg o WY ®H Bl Sl
2l

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

EILE

St
(kJ/mol)
Biferad -270 0.000239 0.115
SRS -183 0.0132 7.1
T 20 0.0227 406
ST 2 0.0727 44.16
R 2 0.4355 63.2
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I -9 T TWA-a1g T il oh A0 o
T q1 S H YEIF Fell A d WA 39 W
faqehm 3@ den 59 g A Mehuu Wt eI 2
fo19.16 H IUHIT o 3@ & IR &9 30 W9 &
M9 Hehd T Teh =9t Aifast e &1 @i fge =
ot a o g9 9 €, el I Tk T wE H B
w2 o &fas el fFR i a9 digl $W @,
ol & TE AR I W Hfeld L od &1 59
R U I el TR SIM B dlfch Ig Hid 1 @ &
&iferst fereRT =1 B 9 ol 3R I3 71 o R0 wie
%l = @ AR Tied @l o7 U IR FS 9 Wd
g 9 a% fF e 59 ¥ 9 e A 7 )

B

fer7 9.16 I a9 4191l

T ST sTreraer sifafied YR W 81 da e
9.20 T &1 I TE == 9, FI-91g SFTYS F T3
T

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

STl m SAfafier Hefd qei | = &1 @2 o et fhm
I TS T, WIKIER (la) TH T4 i IR KAl 7 foF T@l
Fa-o1 SAAYS q HiHerd 2

9.6.3 Wueh hIUT

foreh 31 weAH °F T dd o e &4 I T3,
AMAR R ThF Bl 21 Fueh fag W 59 I8 W
TIYAT T 59 oF 318 3 T8 TR TR oF o hivl
1 Tk 0T Fed T 3H 0 U Y H S 5ol g
2t ok fafir= i o sfaugsel W 97 - g
2| Heh IV kT A € ST ¢ fof g 5o foheft 3

(9.21)

o 3 R helTl 19l 39 R §8 SHIUT| SEIIEEY
St fo19.17 () W 3910 T ®, U % Td W U
F IR T € W WS Wi ©i R I B
S ® [ 9. 17(b)]1

Sla

& S

S S

sa sl

(a)

<"

m\l

(b)

e 9.17 Sfargest & @arg & @y 9 1 g4l & At
3T#R (@) FHA F TH T4 W (b) T @8 TEH T
T

379 B9 T AR TAE! T o IRl T
forR &t €1 S o o 9.17(a) @ (b) ® <@ien
T ® TR B9 S9-91, -9y q¢1 SM-59 & U3
TES,, S, S, | T &1 T weamt & gt | e
el Wk @ R qreEae ¥ g et 999,17 (b)
Y 79 e Heay o Y Wehd ©

S, cos + S =S

Ik S, > S, T T HIV &g IV B S R
T AT T T SAAYSS| ST 9 J8S 10l € ol 59 o
U] Teh TER T 3R HSTeel W ST el € 91 3|
o STV oF WY §9d &9 9| FI-2 AT
T H Fgd ol A9 BT €, 3R q9 59 39 H ALl
i) W= HE A A o IS WA % WY g @

(9.22)
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@ IR & Wy R off a9 W gEh IR, 9 59
U] 3 ok AU i AR Afersh Afekd § ShTA Bl
g @ A' S, H FH HL M THCT, cos 6 T HHaT
% 9 QW € Wehell 1 T @RIV BN, TET I ok
Hia I s R EH 9 el € @ gl o 9
frdl ot o%q W (Fe Haw el S )| WA,
ISR el UM STl a&qy, el e g1 vE 3%
ot S € @ Soeh v i g e @ ed 98
el 7R JEet gl 8 S ©1 U qen 9 &
o9 GUeh hIvl 9] HH o U Ul H T TGehRS
1 Toemn s 2|

9.6.4 sig AUT TeTacl

TS T H Th Ted I8 ff € T Ak e 9 &
TS i SULT KT W ek df %9 hi A 9% al
TAGS TR B4 €1 3T 39 qe 1 Fa9d <@l
B fovies T 9 9 359 o 9t § ST S
Y g o STt BRI d&l o, 16l AU T % Gua
TAIT T o Torgal Hl 9% q9 gt e € i e
22 WA o goge g o TRl €2 S R '
IR-SR ==l T @ € b Tt go-org sy | ot
Bt 21 31 Tt faw Tu evrerd o forg weifers woredt
3 &l & et U3 anhel Tl A @l el | T
TO7 BI B1 B9 9 G2 1 36 GEdeh W FeAId el T
Gohd T MY W T8 e HL Gehd @ o 39 ged
T Tiiel % Y HH Teh ¥ B! gorl § 9edl g1 3 97
o 9 a1 3T I (ITRn Ig-Hiaw) Fregset
g @ g9 &1 92 T 2 €

TS G 1 Tk 3 ek UROTH T8 § T 9
% iR T I I F R ok 9 W AT B
(e 9.18(a)]| T oS r 5o &1 ®E T %
e ° 71 A 39 9 a6 B o ar i 9fg a5
ST, 32§ sfRE e A,

[4n(r + Ar)?- 4nr®] S = 8nr Ar S,

I g TrEEEn ¥ € @ @9 w1 T 9% el 9%
o i d1 9EY o FEaL (P, - P) o 99 § TER

(9.23)

o HRU S GRI W k1 T Sell & Gferd eidt &1 Fet
Fd &

W= (P - P) 4nr’Ar
forag

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

(9.24)

(9.25)

e ®9 |, frdl ga-719 3fauyss & fory, 3w
TIYd &1 3T @ 1 AF AGded 919d i AR o 9 5
M Y 31fuek gl 81 SSe & fag, Ak frdt 59 &
iR T AT 1 A €, W Fe A H gAge
sfyes <@ W B [ 9.18 (b)]|

(a)

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

et gege (o7 9.18 (o)) &1 s e frdt 9=
FeraT ferdit Tfeeht ¥ Fo Bt 21 Jeige | < STy
T &1 SR Ik ok MUR R A et & ferg

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

FHIaq S RO WG FT aAgell oM oh g
Y] e At | Hehel TSl ], Weg wgd Afereh e
AR el Nfush I AT 2l

9.6.5 HiIThIa ST

T gufes 99 frdl el et ¥ o o foeg Sa
1 SR IS (S7F) Tondlt afrd sa-a17 Aqayss
o Tl R @ H SR BH o qRumHEEY 71 wfe
91 | 9% Capilla o1 314 € 91 27efiq o1l A g
TFeft SR Y G Tae B Al 39 Al H S §ga
IR BRI S q2A & 3@ ok o fondlt Tt IR
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(a) (b)
fe79.19 BRI 3777 () 51T & R Gel a7 7 gal

forsit gacit Tl 1 A ARG|

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

SIS FRe (1 ) & Fear hyFel W faar
F & oraeht Tk fw ot 9 ) foRet g oA | gan
? (Fr9.19) | Ul qen i § Gueh i1 = €Il 2
TH YR HiIERT T U T Y3 3Fede eidl ¢l Eeh
e € o ol g3 & <A 3R <R

(Pi— Po) =(2S/r) =2S/(asec 6)

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

W YR, Toll & Wiy Taeigw (arg-e
HTRTYS ) W T HT ST AIAVSEHT T & FH &1
fer7 9.19(a) ¥ 3 faigei’ A 79T B WX &1 Sifad
FINTT, 37 Gl T FAM ST T =AY, A

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

gl p T T T d9T h I FITHIT I
Fea & [F9.19(a)]| THFI (9.27) T (9.28)
1 ST FF &0 T F@ ©

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

&l ) T 3@ faawAr qur TR (9.24) TE
(9.25) ¥ I T B a1 € fF i s=ee
HN I3 7 € Bl @ o A o fog T stfues
B Sk o1 AT Taell ahiymehl | gfqedt dr &
Ig S cm 1 HIE HT ST T S F forg Az
a=0.05cm e q U % I3 e (@R 9.3)
UGN Lk §H U §

(9.29)

h=2S/(pgaq)

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

=2.98%x102m =2.98cm

A fife, A 5o (AFER) S9d @
S fer UR H gl € Ui cos 0 HUTHS ¥ al
THIH0 (9.28) W I8 T T foh HyFell § 59 1 aat
T iR S @ erefq Skt sTaeE B 2

P 3E7E¥Ur9.10 2.00 mm = F Rt
&1 fraen fau e ¥ R 5a & T8 9.8.00
cm < T g ST €1 el % Sl ® gof fl
TR AT el Tl o fau Tefi o HiaX
YIS < AT I TR b d™ T STl T
5. A6 7.30 X102 Nm 8| Sl &1 SFedl =
1000 kg/m?, IFHTSHIY <& = 1.01 X 10°Pa
del g =9.80 m s2 | <T@ ARy ff gfewferd
SHifsTu|

o7 Pl W & iR % g % s T
Ao = 2S/r, T&T S FA-T19 WIS HT TS
qq r gorgel w1 B 21 Tl e dfSe, s et
T € a9 IS 21 (TRl T # %9 w1 9 o fag |
Td SRS T €, 31 SH Y0 | I M =
A4S/ r ] Bl §) | Jofdel % el 6 P, = GgHvEHd
TE + 8 cm S WA H @I A

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

=1.01784 x 10° Pa

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

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

= (1.01784 + 0.00146) x 10° Pa

=1.02 x 10° Pa
<fer Jeren ela 7, 31a: FET hyrel w1 e
1 & Jetgel 1 B o T 21 (S H e i
el it ak fepan T B1) e & i <@
1Rt 146 Pa 21 <
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HRTIT
A BT AT 01 e € foF 9% efed B (Jed) T oo eTepfa W uReds & ufd el §
1S FieRie TET BINl 3Td: U 1 3MMehTd TReA i Sk i Fuifd Hdl 2
T9 ST Tl & q SHeHT ST T TS el #1719 Hdied et © 9o I8 ik gHE
ST AR (TAF) HI W A R
If% ferdll et R ferdll &athel A W SR Afiretsl 5t F @ <l i <1 P, ol oI 91 &b
% AU o ®Y § TH YR GRAIA e S @

TMd 1 A Uhdl (Pa) B1 I8 &G | N m? € B <6 o 37 G A 39 TR € ¢
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 99 : 39k TR formmeaeen ¥ el 1 3@ 39 9ot fogei | =it 999 3= W feom

&, TaF 2?1 et uReg et R IRifud g foe1 512 36 @ o geft faget qen a6t Semi
W GaRd & S 2

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

TRl STHHM STII%el e alc 9EY | STIREd! Jameid, SHed ®d & & fdg § Th dohe
o yarfed e aTel S 1 GRET geH @

v A = T (0 AT T A STIIR HTS HT ATHA)

srqdied el o e H g GHiehor Hefd e o g o SR R

el 1 fsTd : 39 fagid o STHER v &q el ¥ W@ o erfew T4 | €, 9 <9 (),
fa Tkl 3T Tfas o1l (pu?/2), 9o Wid Tehieh STEIaq feafast =1 (pgy) 1 A ST=R
@l €

P+pv2/2+pgy=ﬁqﬂﬁﬁ

& HHIHLUT, Ad: SIS Foetd, I YA el TR oh fIe @r] 81 el el §ean oM
B Y YA HT I 59 & BT T STH HH AT oA T T TH0 KT Aif St
? R 98 TSt ol 1 S WSt W SR Xl B

TR WA | ST foepfa o fau STo&9s Ufdae &1 STavaehd 81 sdl, T od fohel T
TR SISO Fiqeel SRTET Sl § al SEH T o1 St €, fSiEeh siRor seH U 1w fashfa
IO B S B S WA o S oh WY 9l 81 STUEu] Hiaed e Sqwqul faehfa w1 wHa
T ok S H1 A O 7 Fed B
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10.

11.

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

2, %9 1 YA o HRU TH T FYU1 9 F 3TN F1 & S F = 6nnav 571 7 fohan <
Thdl 21

forelt 59 1 I3 TG Ui Tehish @iale W TG 96 (3101 Ui Tehish &% i T el
B 7)), S A q HHid IS & " FAUTS o a § w1 H 2| I8 98 AR Fo ©
S %ol o R (STARR) o SAUST HT UL THh AAUYS AU F e 2l

faemoia fau=

T T AV AT R| I T GRS i Tehieh Shel T ARG s W gER 7 A UE
RN St € o e wfeer ik © W R orede W o © 1 qir o oiw W TS a1 yEm
fopan T @ o e H Wl 1 U ek ¢ Sl IS o el W Aetee SR i 1 el &
UM T THA T A1 96 TUUS kT hi ol § HeheHTceh Seeld shi TeRehdl Bt €l T8l gar
e @l o $9-39 9|l W € W el o U fag 9@ g fag o ufefda e W 2l

B =g eIy &l Wre w1fey o @l st SiEl, Sid fordt urst w1 R sreen @t § gan o
vered, W € T STl B ard § alel | eY f6g W e el B ANl 1 whig e (S T
51 9.2 (a)] W < T B, SHeh Tl hofehl WX WA <6 ARG BF o hRUT SrereE
o g R

EECAGIEEED

P=P +pgh

aft T B B, 59 @ AT 2| AR ®9 W #2 dl g8 56l W S Ak sedea
&, @] B § SR gHify s Fred S o fon sraRerdHia @ B

IS <@ (A A <) ATkt <6 qel aRHUSHrd S s Sl el 2

P-P,=P,

g | <@ A GfE T < & W S S 2R ok < T qe W 7 (SRR
aftafer

YRR ol e e i1 gHfes gt 81 Tl yae ¥ 91 URREnd U S sl e w9k
T g, A o fag WS uRR@End Tk SO 1 el € 98l aid w1 % & W9 a7 el
o el ® 9 S g1 @ SH W sl - fagid o T el 39 g | e vae o
BN fohen T s ofi O H @ =0feT qen P, [ 9.9] 1 WM EHIT (9.12) H U T AR
¥ %" B

Y S W Ke o Y] TR SAferek Tiasiiel 81 W € 9 YAl OTsh y 1 Wi ¥ Sl
ot 71 ® 19 9@ W 3T WEIE H1 Agfeses T 98 Sl @ SR off 9g S 2
T3 W SAUpsTl i feafast it 1@ o 31upeti wt feafast Se w1 s19en Sifires € o &R

Y3 T Bl €1 Q) gl fH o W W U ¥l §, o SAaUyss W (S SHT 1 gk el
®) U3 Tl Bl B1 FE oheel Weh ¥l 1 & U Tl 2
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ofiferent

T8 q

aTufereR M

ERIESIINICY

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

- B Poe . gfew

P s

Vi IML'T Pa s or 3yfesT
(P1)
S M T7?] Nm' srfeer

9.1

9.2

9.3

9.4

SIRIES

e FHIfST F4i

(a)
(b)

(c)

HiGqeh w1 19N WM 1 T W T =9 i g 2

6 km S9E W IIAVEAT 6 HR T TR AGHISHE el HT T S & S
®, FEfy argHvee 1 fa%R 100 km § 9t atferh o1 e 2

Ty <1, Ui TRl &sthel T O ool Sel gl 8 a9ty seedifis <@ Tk sfea
Tfer 2l

T FHIfST F4i

(a)
(b)
(c)

)

(d
(e)

R KT HiT % A T R0 AfE HI0 Sl R SElh S 1 Hi™ ok we ww
IO = 10T Tl B

i o Tos FHAT 58 W Sl el 1 YA Il @ Safh U SH g% W §e
T 1 T Il B (TR R H Sl Hi™ B el a1 © el g/ @ ALl
F 1)

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

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

I feordt e o 1 U9 7 B, A 59 9% kI SHA TF MAFR Al B

T TR o W1l Herd e § § IUYH VR Biewt 39 THUA o o T Fi g Hife:

(a)
(b)

(c)

(a)

e &9 | ol 1 Y a1 q19 §H W B (e

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

Tl JeATEET TUTh Sl Sri b fely, SToeuu] qfeeet.................. o SHHAI B R,
SR ol o AT . o STTHACII el €1 (SToeu feepfay/sroeau feaehfa
)

fordh T o oTufiad! yare o oMY fhdt ehivH W yare &t 91 ¥ gfg ¥ ... EDl
STTHROT B 1 (Tefq 1 Syl fagid)

fordt arg GO # Tt agaM o Hied H YT i <1 ardiaeh ogaM oF Y o fag
hifcsh =l H1 qerTl ... B B1 (3tfereh/am)

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

9.6

9.7

9.8

9.9

9.10

9.11

9.12

9.13

9.14

9.15

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

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

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

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

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

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

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

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

HT SEE A R |

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

? | % e e ol HeTETR o it fere oot o ok TR W T M o fory 39 ® 2

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

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

FITE ] | g I IIM 9Tt e T STUR 1S T &E 425 cm? € | B e i fara

SfiRan @ W8 LA BT 2

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

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

? | faafte 1 smiferss =M T wife |

IfE 99 9.9 T THEN |, U-eft 1 S el | gt ST golf i IR IS HT I g4

o Tl BT S 15 om IR o1 < W, 9 S genet § IR o W) W 4 SR e o (IR

1 SATfEeR B9 = 13.6) |

AT Tt FHIR0T BT STAN TRt T4t w1 foheht fafirent o STa-wame o1 faaon <1 o fae foen

S TRl € ? T AT |

Tl TR o YA § Afg fRue I oF T W YE <@ (T 79) R YA Y al

FI TS HIE TR IS ? T FHITT |

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

o Teh fR W Ul Hehg Tk B oTell fieredie w1 IR 4.0 X 109kg s ®, 1 et o

ol o o= @R Fd SIS | (FAEiE &1 99@ = 1.3 x 10°kg m® a1 fTaadd &1 v

=0.83Pas)

[o9 7e ot Site e =RT & 0 59 il § wlid yare w1 uieheu et € 1]

el ST ST 35 T ST H AT B R v 3 SR SR A % T R Ar g

1 A A 70 m s AAM 63 m s 7 | AR TG H FAFA 2.5 m2 ¥, A W W AR

Ieeh g1 UReRfad RIFT | a1g 1 o9 1.3 kg m AT |

o 9.20(a) @1 (b) Rl 59 (TAMAEN) 1 Safed! yome <oid € 1 & 94 fosll & &

FH Tt T € ? RO T HI |

m
@ frg.20 (b)
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9.16

9.17

9.18

9.19

9.20

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

U-3T&R o6 fordll AR &l 99 o faead 5 a1 & aed e T 999 39 | & 9dqalt
A HT fhed 99 T | 36 a1 o W f W fhed & dueh ot fheer amen o ar
M S 1.5% 102N 9R (e s@ent o101 R sft aftaferd ©) 1 Goreran € | fhger o
AR 1 G 30 cm € | WA F1 thed H1 g3 q 1 fopa € 2

fretifena fo 9.21(a) o TRt wdel %a-fhed & 4.5 x 102N 1 BT IR HIe 914m 7=
2153 (b) A () & o 3ot 59 =1 fohed &t @9 W feraen R daret gedt € 2 o1

IR I UHfdeh oMl o STER T HIWY |
40icm 40 cm

40 cm
(b)

forT 9.21

3.00 mm 5o &1 fordlt IR &1 % o iR FW S 99 R I F1 72 20 °C Y W IR FH
TS T 4.65% 10 Nm! § | I Igueeid @ 1.01 x 105 Pa ©, @ TR I ¥ o FiR
TE-Afye ot Fa BT |

5.00 mm 521 o ferelt T o foerar o Seigel o it <e-3nfers 1 82 20 °C a9 W
T o forera 1 983 T 2.50x 10> N m ® | 4f% gl fomn o1 e =g o1 gefgel 1.20
STTUfereR =A@ o WIgH o faarad § R R 915 ¥ 40.0 om TEUE W I, A 39 A o
TR &1 3@ BT, G HitC) (1 SgHSA™ @ = 1.01 X 10° Pa) |
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11089CH11

I
T o I T
-
10.1 SIfHeT

10.1
10.2
10.3
10.4

10.5
10.6
10.7
10.8
10.9

ST THTAX0T

10.10 =¥ 1 ¥ider

ESIy|
fommotg faw
S Ro e

B0 Gefl W 9 g1 SO kT WES Y RO et @1 arg et o
1 Il (ST 1 AT B €1 Seerd STt W ohdell It @ W
St § 3ffursh aw Bidl 1 difdert o g oA, g, e ewone i
Afereh HrEUMIges TRAM e 1 STavaehal gl 21 39 1ead |
Y =g ST o SO 37 © 3R 39 hY HIOd €, 9 U 9% 9 gl
I H SO YaTE i fafe=1 ufshanedl o1 s7eaas it 31 hid
Y I off 9 H fR fRet SermEt o dwet o dfeu w4 W
R &1 1 9 ¥ Ted @ier 3 aW 9 i €, 9o g4 o %
T WK T TR TA W IO 9N ShfAd @ e oidt €7 o
78 off ST foR o B € e Sol Seeidl ¥l SHAT @ 99 g9
gisrenetl i erafy o gHeh a9 o ufReds & gia, T=T HIRT A
o o1 $9eh WqUETd 9l yaied et 2?1

10.2 <MY dAT StHT

BH S oh A YU °h STEIET 1 SR A9 G ST hi GRS
T T Hhd €1 AT 1 ST Siqer i SAUfRR W STed e
B €1 forelt awt oI o AT Bl $=9 919 9 9% o ¥ o aId i
=1 @9 wed B1 T fyve forgent @ s fave =% smen sifuss €,
STYEIFT SAfush qw Fel Sl 1 e A, 7R o iR far w6
ifd qd qen v of emifes U ¥ 79 Tl gR A9 1 eTEE
Tohd §| T T€ q Y ho-FS AATaEHd Bl € qUl THRI
IR g1 Gifrd € for ferlt otk wmal o faw sHeRt S STEn
Tt fohan <1 el

3o el W W I8 WM € foh forelt aw Tt o 5w uw
R @I 9% o Idet S o 9 fTerd siadnmen T € S € Sefn
T TE W G e SH A W3S 8l Sl @1 sHent 31ef T g
for <@ ot fordt a%g (Fm) , 30 g0 ° 9 1 Siaa siat T
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offerent

T =T, qUT Wk YR HieAH o i | 3ia¥ ghm
T % T IHh IRERM HIEAH o e 39 §HI a9
ST MG Bl & el ek % qe $Eeh! gRaeh
I A 99 TR el 3T S| 89 I8 off Sd © TR
firema o R Iaa ST oF GHOT H ST 9ATeR0T |
it o wenfed et €, S T =@ o Gl
SO T = o @ § waferoy § yarfed Bt 21 3
BH € HE Tehd & foh SOAT Sl ol Ueh ®U ¢
fSae TemiaReT St (stean arfiies ) el o
srer steran fordt femma aer SEeR aiasT o s
AT H 3T o HIOT BT 2| TR o1 Sl o
SI U i 5@ (J) H F a1 S @ sfe qr
1 SI AR ohieea (K) € 991 °C M 399 § 31H
Al 19 1 A 81 ST Rt oeg &1 7 & €
a9 ogd 9 IRerdA € gehd 21 39 a9 ¥ gfg @
Hehdl 2, 390 THR B Gehdl © e Sfereen Ufierdd el
el | STerdl SN | B fafe=1 seqeti w s
o YIS T T HA|

10.3 AT HIOA
AqATT (eHTHER) w1 SUAN ek a9 i Tk HT
e eIt 1 aerel o agd ¥ sifask il § 99 o @i
e afed gid &1 U8 F9 O 1 draErd i T
1 SN T ST fohan el 21 9 39 o
M arel U YA o WY fREr g9 % oTEdA o
IRed" B €1 SN & foru, W shie-d-ga
YR o AMEIGAl § 9T, Ueehielcd TS 1 SYAM
foren St 2, FStept W o8 aReR § 3@ ardid TeR
e g 21 e a9 ufifaq €1 9 e Toskigia
U9 59 & forent SuanT Stfuehter shra-4-ga qraia
o foan S 21

AOEITE] 1 39T 39 TR T san @ T
fordlt fu T a0 i FE TS 99 R SugE
ey W Fuifa fwan < weh| fordt off T amss
o fere <1 Frora T feigett =1 stmavaear it 21 Hf
a9 % gy gl gerel w1 fomnd oRefda e © e
TR o fau #iE Ry wged suasy Tl R aurfa
Arevsh f7a fog w1 9ed ¥ a9 W g Sl
e aftereiel § Fafua fFan S wehar 71 S &1
femisr qen wm-fag < Yo o fag € &=
femish qen Faeri® Fed &1 3 < faq fog 98 qm @
51 W 3§ 51 A @ o T SHAT qe1 3l
21 BRAEES A9 W qe Wfewsd a1 WA, |
guRkfad a9 A9 T BRAETES HTTsR W fEis qen

9T9-faig o WM SHHST: 32°F 921 212°F € Selfeh Weqod
HIYFH TR 3k T FHAI: 0°C T4 100°C &1 HRARTEE
raeHH TR q Hee foget o st 180 WA St §
do HiewaE AU W A e 100 2

tr

212

a9 (°F)

32

a7 10.1 R8I T (t,) Fid SeKqad ard (t.) FH G|

T AHAl H EUGRT o U STevge GeY ohi
TRALIZE M (t,) de Hfcwz ™ a9 (¢t) o = e 9
o fepan ST "Rl B1 98 T W W (Fe 10.1)
2 ST i 39 YR @ :

t.—32 t,

180 100

10.4 3TEY-TE FHEIOT q4T WH q0

HIF-H-5d qIE, FER O H AR & wRO fFEa
fogett @ o= Al o fo=7 wgArw <id € W @
et S T T S g 7, =R S TR ot
TG 1 ITEM TRl S, 99 U & qeAE gei
Y B FEN T Z9Id © o wefl T hu e g1 W
T FHR- 3RO 9t &1 o =X qfmi, s famet <
TE A (SEE) 1 1 o ST i e w1 ©,
T, S 91 919 (P, V, 991 T) (F&1 T= t+273.15;¢t
few= @ W9shd °C | A9 €)1 S ard i e w@n
S €, i Tt 1 et ffy=ia wen w1 <@ qen S
PV = frdish o ®9 W Gaiferd eid €1 59 Hee i, Th
SIS AR T atae (1627-1691) 5= 34 Tay
F @S & o, % AW R SEa-FREE wed 81 S e
# fa @ €, @ Tt ffvea 9w = 4w
FT FdT IHh qr9 ¥ TE YRR Hafud ©

(10.1)
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V/T = i o8 99y % ddiHe S =med
(1747-1823) o ™ W =cd o =9 9 S0 S
21 FY T W NG 37 FEEl w1 e # § e
Thel Ged H GHRIRSTG fohan s gl 81 s iR
o <fer @ *1 § g2 7 & faw pv = fradis qen
V/T = froaie, s@fau pv/T o wh i B
afew 39 Ge 1 3Ted T Fram #ed 2 39 oIk stk
e ¥4 W for@r <1 Gl @ SRt Sy sheaet
Rt Toher T T T W W e, 9 feR
ff FH S HI 9 H fordt e % faw fe st
bl B1 39 Heiel 1 S0 T GHeRIuT hed 2|
PV _
=
HUA PV=uRT (10.2)
Tel, 1 T o gfaesl o Hiel ® @ € 9 R Wl
reifrr T\ frodis #ed ©
R=8.31J mol!K!
et 10.2 ¥ B ST € TR g aen st
(T M%) 9 o SFTHAA & : PV o T | T
ey fordl fraa e T8 aroErdt § 919 J9E o fee
19 o STAN ! TR L 81 fHel T8 &1 3=
19 TR W, PaT W< Bial 81 39 YR, forelt fera
1 Bl et R e e B e R e 1 A

AR

/
-2\73. 15°C /

-
-
- 1 | |

100°C a9

UR

-200°C -100°C 0°C

farT 10.2 799 o7aa W @ G &8 59 1 19 &
3T T AT & &g UTH|

A TE g A
-273.15°C o°C ™

(0K)

&7 10.3 79 @71 A9 & 19 TTH HT GT Tl FH
e &1 Il & faT I@sT F7 afgavT g
W YT 9 F Gobd XAl Bl

for 10.2 39T TR, 39 W01 |, I 91 d9 o e
% T T @ Bl 2l

denfy, fret a9 W arfas T W St T A
TN eTeEl T FE g UnE W H STaX W T R
TRe] Uk Taega g ufeR ° 71e Ged a7 qen g
et g € fop A T et sreeen & € W+ ®@ Al
9 T W TE I B oS fed 10.3 § i
FTER, T 1@ i afgafer wich fordt et 19 o
e wem s 9 gred e S Hehat €1 39 AT
T - 273.15°C 9T T 91 36 UXH I H3l Sl
2 T 3 fafew dmfrer @i shfead & M W
Shfee ATd AITehH 12 TH 19 HI9ehH T SR 2|
39 H9hH W-273.15°C &l I g o &9 H, AAAiq
0K femn st @ (o 10.4) |

g foig H 373.15K .- -H 100°C — ——| 212°F

femisd  [azz15k -~ =[] 0%c——— - H 398

Q OK 273.15°C 459.69 °F

;A ' '

e 10.4 foaq, feqaq aur BRAEES 19 q9FHal 4
g l

ohfead qen Afcwad A9sHEl o fauw d&e &1
ST 3731 THH I €, 3Td: 7 IR oh ardi H Hee
SHW%:

T=t, +273.15 (10.3)

10.5 dMUE TR

M I8 @M BT o Fweft-aheft ergeti o eoha arelt
9 dIcll oh JSIGR @kl i AT hEHhT 98 Y a1
Sl & foh Goepel w1 WieH o foT 3% 9o < q T
St H S Bl 81 UHl i T @k § FER Bl 98
el &1 S § S SHeRT Afedl T ° gt S €
Zall o YRl | SO 9% <@ B o S foRet araqemdt
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ofiferent

1 FAh SWT 9l § Wad €, @ 39 qoEd U 5
W TG Sl g1 A TH A9Ed Rl S Sel ¥ e}
fehtel o € df Aot § R w1 de = R S R
Tl YR, TG o WeRtoT |, 38 W H e w9 9
Tl Shig T[N, S Scl § T STH TR ST9H 98 ST
T Bl Thdl ¢l 38k T, S fRdt ofd: el
fopedt TeaR 1 ¥t oot | e € o 9 iR w1 g
o foepe & SN0 fHee sy #T & 2

Ig AR T 319 ¢ foh eaferskrer wref o
B W YEIRd g € ae vaer W faged € e
%] o a9 | IRadd g9 W I famsti o sid =
S B1 fepedt o o @ § gfg e W SHeR! e
T 9fg & 1 I TR ed ) e | TER 1 aek
TOR %Ed Bl &9%d H TEN %l 9F YA’ Fed o
A W TER i ATIA THR wed € (Fo910.5) 1

_____________

(@) a® TER ) &7 JER

a7 10.5 ardtg 99r|

Ife veref ferelt oot D o &9 § 2, A a9 H 37y
qRadH, AT, o fau @ | fg=res 9fied™, Al/L AT
o SHALIR Bl 2

Al

4" o, AT (10.4)

ST o, 1 {Raeh WER uTieR ( 3teran Haes wawr)
Fed € q 98 B & qSred w1 et g 2
RO 10.1 H A9 IRE 0 °C ¥ 100 °C ¥ FB T1e0 o
g gER TRl o giaed qem we R T
TH 9RO § wa q q1d & A o F A R
o Hifeu) g9 78 U © R wum am 9fs &
for afd & &g &1 ga § " T ST TR
BT €1 W, Aiget W Sife TER e ® qen
3ok foTT o, & A oTdemepa ifie & &

HRUM 10.1 F3 T&10 o forw Fash TR omiehi o HH

LGIGIERE 2.5
RG] 1.8
el 1.2
GIEl 1.7
EIE 1.9
Sk 1.4
g (qEE) 0.32
G 0.29

36t YRR, B9 fRet a9 aftedy, AT & fou fedt

Wﬁ%fﬂﬁmwvﬁaﬁq,%,mﬁaﬂmﬁ

& TN ST WER T[UTieh ( ST9ET 3T YT ),
o, I T9 FRR gRefd FwW §

AV 1
%—(7)5
TET ot o, TR 1 Stfrea ¥, T W 1 § a9
i 81§ 9% &9 § 9% a9 W AR w7

(99 10.6) | 7I& N 7T 7 o el S=9 99 Ro,
iR s S R

(10.5)

[o)}
|

ay (10°K™) —

9%}
|

2‘50 560
T (K)—
o7 10.6 @9 & %ol & ®Y I did &1 3MFdT TGR
T |
ARUft 10.2 H0-100 °C 19 IR & F qH=A
Terefl o STEIAT WER Tl o | fET Y € &9 T
@ Fhd ? o 21 weredl (39 9 g9) o ardid qER
Y T, qU1 PR Hid q9 TR (SR qe Fehet &1
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faferse fag org) S g=1ei o o, % A foeeeT fe
€1 38 IRl § 79 9 UM © T uewieia (Wfud) &
fIT o, 1 AF IR HT g H afuew 2, 9o "uH
a9 iy o Torg 3@ IR ot gor | 3t ofg B 2l

WRUM 10.2 F2 T o 3G JIR UMk o HAME

Tt

7 X 10°
RG] 6 x 105
e 3.55 x 10
CReic 58.8 x 10
Hig (HEE) 2.5 x 10
i (qEE) 1x 10°®
FSR WE 2.4 x 10+
EREIEY 2x10°
IR 18.2 x 10
E 20.7 x 10
Teehiela (39T 110x10°

St STETA HER Y hidl €; T8 0°C W 4°C
& a9 ™ fer WM W fagpear @1 e K Mo
TRATOT o STl o1 ST, el a9 9 4°C T 38T fhU
SH W, sl € [ 10.7(a)] 1 4°C ¥ HH A W
AP Gdl ® 37d: T Heal © [Fa 10.7(b)]

TR A I I TR SA H WA 4°C W
Afehay B ¥ WA o 39 U k1 TH Tl
AR e © ;TS qel gl S ST

\%

2 1.04343F - ———— === === - -

E

%

E 1

3

£ 1.00013

2 1.00000F ~—e

— || | N 1 T
0 5 10 100

am (°C)
(a)

3itd W vee AT 81 S-S gl 4°C e ST Bl
St €, 53 o HHIY 1 STl (U Sell STareRol i
<A ST € 3R TEA ot ST ST 21 el sh1 3o,
emehd HH Hea Sl SR 331 &1 W, Th R
AT & 3 Wel 1 @9 4°C W = 9EH 5§, T8
STt H GE o ST ®, SR g% W€ @l €, Wl
o€ WH W1 ®| A€ STt | =g o1 7 B, o g qen
qreATE dell ¥ SR i 3R A fTa8 ST Tframien
Seftg Sfted (Sl Sie-Si=g, 9@ did) T @l S

GEFT q WG e gei w1 sden el o
TUeTehd 3Tfush TER Bl 21 ol o foru, eimaae waR
ToTieh 3TdeTehd a9 W fAei T wan g i %
fau 7 aq R feik s 21 frdt eneet 1w & forg
ot o < W SIFAA TUR TOT ST 6 STEY T
GOl | W fRa ST Eehel ®

PV=uRT

fHaa a9

PAV = uRAT

AV AT

v T

auﬁ;;oc,):% eyl 19 & e (10.6)

0°C, o, = 3.7 x 10° K, Sl 3@ =M Zal &
TYE SFAfUE T T FHHI (10.6) o BT AT T
fefar =1 <wildt 1 g9t W @ H gfg o @y #A
g S @1 a3 qen w9 R R T o faw
o, T HE T 3300x10°K! T, Wt fom wfaedr
Zal oh STET YER T hi o H e hife TET
EE

P

1.00000
0.99995
0.99990
0.99985
0.99980
0.99975

0.99970

g (kg/m’ x 109

a7 10.7 ST %7 T9T F9RI
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ST FHR 0T (or,) T IEeh FER 0 (o)
o Teh T Gael g1 e [ oh fRel TH S 1 hedar
FHifs f5e| @@ § AT &1 gfg a1 | |+t femew
o woH w9 9 gfg gl ¢ ad

Al=q, AT

HIfq, AV = (1+AD® - P 3B Al (10.7)

HHIRIT 10.7 H A (Al) F 1 T o1 H Bl
M o FRUT (A)2 AT (AD? o UG i SULUNE HE
feren B1 e

AVz%Alz?)Vocl AT (10.8)
99 B U e §
o, = 3 (10.9)

1 2l 8, o Trelt o o <A R i gear @
ST TEHeh AT TER i ekl Sl ¢ T B T
U o gg sraciel g Y 9 9dl o HRU B H
e fashfa Sco= el ot @ fooes aeqedt 98 o
T Yfdee 3 B € 99 arde wiqeer wed g
3T oh fAT 40 cm?  3TIIRY FIC oF &ABA i
5m Wl RId & TH B€ & ar H four &g
fStgeh qrdia SHR 1 AehT AT @, Seifeh 39 arq §
10°C i gfg #1 T 21 Ea F1 FEw JER TorE
1.2 x 105 K 81 3fd: g8 @die ferepfa

% ey =
Al
— = - -5 — -4
= Oy, AT = 1.2X10-7%10=1.2x10"1 e &
folu I geareerdr Torish Y o = 2¥10" N m2| 37

AF Al
Bg ° I9= aa ufqed 7=Ym(—)=

l
2.4x107 N m2, 39 T&I&dl a’l e

Al
AF = AY (T) = 2.4x107x40x10™* ~ 10° N

ofg amer f9 W eTeg 39 YR i ©id &t g 92
o offadt fr wueh o € o 39 uRmmr o 5o wefaE w
A ¥ T Fhd 2l

> SarEor 10.1 7 <@ fR fRA oW W
STIARR T &1 &5 TUR TOTeh, (AA/A)/AT,
79 fEsh JER O o T I AT S S

AA, = (Ad) (ADb)
= a(Ab)
i A
J Ab v
b
a Aa k—
T
AA, = Db (AQ)
faT 10.8

g7 fordlt o/ uered ) SR e et o
a @ e b (59 10.8) &, W =R ®ifw) <19 @
HAT 1 gfg T 51 8 @ a H Aa=o,aAT T b
H Ab=o,b AT I gfg Bt 81 o1 10.8 & TER
gae | gfg

AA = AA, +AA, + AA,

AA = aAb + bAa + (Aa) (Ab)

= aob AT + ba, a AT + (o)* ab (AT)?

= o abAT (2 + oy, AT) = o, AAT (2 + o AT)
If o, 105K, 7 HROM 10.1 % STTER 2

Tl ¥ TUFEE, o, AT T A 984 B 8, 31 39
SUeTUite WA S ekl B 3

(48) L s 4
A JAT 1

p 3GTETUT 10.2 %1E TR ThEl SNSNTE! oh elhs!
o UfgT i S W R ®1 {0 S g1 27°C
TR AT q &g &1 R o M %9l 5.243m
TU15.231 m 2| @R HI 77 i fohe a9 qeh qw
foran T fop o ufeu w1 9 W S S8 S

gcl
fen mn € &, T, =27°C
L,=5231m
L,=5.243m
3d:
L‘rz =L‘r1 [1+0C1 (T2_T1)]
5.243m =5.231m [1 + 1.20x 10° K™ (T, -27°C]
AT, =218°C |
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10.6 fafyre swar erfiar

et a1 | St ol 39 foRelt e W TH T SR
HIfSTy) s & 219 St o Jerge S 33d @ S
& a0 A 9fg # S}, 9 9 o FHon H) ol o
faenyr g9 e g Bl Sl ® 3R el See ol
219 &AM 9 HRH € T W et qged 1 qm sgH
o oy efrewass oA 1 AE e et 22 39 g
T IW A o foU germ =R01 H, I HT FS WEAT
T ek 3T a9 F9 9f5, 9 20°C AT R
SHH M GHA Al HITST| TA: A & S ekl T
T9eh 9§ HoAT oF ST Ad G 40°C i 9 Jfg
HIfT 3R T =€t § 99 Hie Hifsu) 9 78 qa
o 30 IR SIS < T HHA O €1 3T HE A
% 9 o a9 H & T gfg ok faw q I Fe
1 W 1 SRl il 2|

T =1 H, oTd A AT A9 T A 1A AR
T8 T R o fu SE Wi 1 STE Heh 36 ad
T 20°C #1 AU-gfg F € 9 7@ T fF 77 IR
TRe TH & o Ieel SR T STUET T | A T
o 2

TR =0 A, o & WH R, 379 R dt, S9
Tl W1 TA, Sl A T bt 390k @19 § +ff 20°C
#1 gfg iUl s & form =<t g0 @A Al
FIFTT 29 8 AT % 3T 9 Tgod HT 19T HH
T O €| 3 STEYIE SOl Shi | HH H o
Sl o A9 H A gfg oh T sTawdeh oA St A
g %9 2

ST YeTur 77 <9 € R fendlt fw Tu garef <Rt
IO H o U SEvash o1 1 AET §Heh SeqqH
m, 9§ IRacd AT, e 919 &1 Yopfd W MR &t
21 Terdlt wered o qmq | ufterdq, Stafer o1 1 TH <
TE W BT oE TSI STeifod A ¢ S1¥e afeshd
FAT T, Tk T, T 39 yered w1 oA enfiar wed
€, g0 arfvrertera =t ot @1 ferelt wrel et oA el
S ! B9 39 YR GRS 3 T

g=49

AT
T&f AQ TSI o A HT | T+ AT a Giedd &
% fou sTavas HoA1 &1 A 2

(10.10)

3o gg Yeror fepen ® for v fafv= uwiet o
TUF EUE} ] TEE A § S UEH # S ¢,
@ STH e et TROTH 919 YRedd 99 Tl g1 3
o5 frerd feperar @ for forelt verel ot gomm
4 Tl d9-uledd o fo a8 u<iel S 1 T
fAfvaa 9 1= AT 1 STy STerdn SfethoT il
2, 28 uen 6 a9 %1 fafdre s arfar s 2

I m T o forelt 919 g/ AT 9 qfEd
& fau AQ o1 HI U EwNfud sTUal afgshd
FHE et €l 39 weref ) fafyre o enfiar s w6
TH YR T TRl S ©

S 1AQ

“m mAT

fafore soar enfiar foredt wered =61 5@ o1 B ©

S 3" ued gR Tk fRQ T qReEr oS Rl

ST (31era dfgshd) it W (A yrareen gRad=

& ®) 39 ugrel o a9 ¥ B arel gRedq i faifa

A 2| 3H S R o8 HEN S R ueref s Ui

T 0 99 | Uehish uRadd o fou etawmfua

1o Sfgshd ial 8" oF ®9 H qRwifa femer s
21 fafyree o1 eifiar &1 SI 5% J kg ' K @1

I g7ef T {1 Seerd ' FEHE m TR’

o A tep Al p o ugl | feman Sman € ew feRet

1Y &l o i@ gfd Wiel w3 YRR e

#W

S=

(10.11)

S 1AQ
4 uAT
el ¢ Hier fafdre wr enfiar weard g1 S &1
ifd ¢ +ft 9_ref =T Yehfa qen s&er a9 W R &
21 Hier fafire oA ifiar 1 SI A J mol ! K21

T, T ot fafre o enfia o Hau d ¢ Wi
gftfyd s o fou sifalea ufasi =i emevgsa
Bl €1 39 ThI0l H <[ U A i TG T@hL
off o1 ST fRa ST Hehdl 1 AE o1 TR
o G T o1 <@ fEd T s e, o 59 frea e
o Her fafvre e anfiar #ed € o T CEm
fHfése feran wman 21 gek foadia, =g oA TR0
% WHY NH H G FEd W@ ©, a9 Frea
A U Hier fafdre ser enfiar sed € @K o
c, aW fffe %@ 2 e fawa oo & fau

(10.12)
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|RUT 10.3 IYATSHIT @ A1 FHa A9 W FH G K fafere Fe anfand

(J kg'K)

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

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

WRUMT 10.4 F3 T4 &1 Aer fafyme s «iand

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

20.8 125

H 28.8 20.4

N 29.1 20.8

29.4 Al N

37.0 28.5

Hier fafere o enfian 1 gt € T 21 TRof 10.3
T Y 7 A | W@ T ¢ fo 3= wedf i ger
o STt o fafire s wnfiar S=aan et 81 ¥8) SR
2 & waifad gl o ewed § S &1 suEm
Sfideter o &9 § feran Stran @ o faentd & fore syam
B ool a9 5o Aferdl § Sel 1 SYANT d19eh oh &Y
o o s B1 S=a fafre o aifiar g9 o wro
TR o et R STUen ot Sgd Hie i 9 T g @
TOTEEE TR i AR ¥ A Aol o viide gl 2|
39 3T I8 =1 Fohd & foh ToEH § oot k1 g3 A
o TEF I IO1 qAq WA & gHT W e = Bl
ST B

10.7 SSTHIG

ot frerma =1 fage fhm 99 el <1 @ <19 39
T dun 3eh ufEw & &= &is e fafma
STUAT ST AR &l sl sia ot fogea e

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

& fafe= 9 - M W B §, 99 e
H S AT =4 99 o AN 9 T q arer 9m
H TR & S T ITT qW ok WE R g
o 7 AM o 9F g ST Afsd o SRR
Bl B

Foiftfa w1 1o FoA AIO €1 S HIE S a9
F1 &g fwdt = 99 1 9%q & GIh | 8 S
€, T 3= Y T 9% 5 qW SO T a9 F T g
SN oA Afsl oF SR et , 99 foh FreR 9@
ST ST bl 91T off TREeT § Jae 9 & T g
e o Ao fRFe ST w6 SH SSHTATHY Fed ©
(fe 10.20) | T oI o Tk i den SE ae o9
dle el TegATem o fagicis o faerert o gian
Bl TH A I T AHEl o eV o Hay, forew
o gere S wiE A 90 B €, W Sl el
ALl SATEROT FOH1 herel i Wifd w1 &l & 991 T8
Ferdt S ST 1 HH AT <1 €| AR SR
o w fog o=@ s @ f598 i) gu ar w1 arErd
T o i TEu €1 FrefefEd Seeeor grr et
forelt fEu 7T 21 sl 1 fafre o wnfar I &
w1 U fafy fiaa Sl o o e = e afed
& fagia &1 s fohar s 2
p 3STEYUT 10.3 0.047 kg T99M o fohdl

TQfafem o el Sl BT 999 o fag 3aerd
S W W oA W W T @ dlfeh el w1 qra
100°C B T/ $eh 9= el i 43 0.14 kg
ST o dld o SeEm, S 20°C #10.25
kg ST W B, § TAAIARE TR S g1 el o
a9 o gfig Bl € 91 TE 23°C W TR aferwen
TeU FR oAl Bl UofatEm s fafre s
TR aRehfera wifsul
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ZcT 39 ST I T B AT BH TH qLT HI
START 4T T T staen § Uelfattay & W gr
M S S qAT SEHET R STERNTd S5 o6
R B 2

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

TGffH o el 1 R @9 = 100°C

SAfqH a9 = 23°C

g ¥ gRadd (AT) = (100°C - 23°C) = 77°C
oM efifey, ggfafrem 6t faftre s aifidr = s,

UM o el 510 W HOA1 i A =

m;s, AT =0.047kg xs,, x77°C

S 1 FFHA (m,) = 0.25 kg

FOHHET T FoHH (m,) = 0.14 kg

S qAT HSHMEG ST 3R a9 = 20°C

Trgor =1 3w amg = 23°C

a9 | qiEdd (AT,) = 23°C-20°C = 3°C

STt st faferse sar wif (s)

= 4.18x10°% J kg! °C!

diel o MG Tt fafdme o urfiarn

= 0.386x10° J kg! °C™!

STl YT SEATHTT GRT TGl hi ATl

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

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

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

0.386 x 10° J kg! °C™) (23°C - 20°C)

TRl oTerEe o Ui o el g oW e

=T R S Al + SEMET gRI o1 alfed

0.047 kg X s, X 77°C

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

0.386 x 10° J kg °C)(3°C)

s, = 0.911 kJ kg °C! <

10.8 3TSEAT UREds

HE= w9 H g6 1 qF e § ¢ 319, 5o qel
| & erareensti § § foREl U orereen ¥ qEdl sraen
o HeRHU ! TR UREd hEd B < WH STere
IRede 31 § %9 a1 %9 9 T (qen faea:) €13
TiEd aa &1 8l Wehd © Stieh ered e SEeh qies
o ofte o1 o Taf e eran 1 qro e Sitded ™
ST YR 1 TP FHLH o oy, e f=fafad
[ERIETS RIS

ToRaTeReTd 10.1

T de H o fea e v feq w1 am e
HIfTU| 30 dR-+R fordt o= S 9 W T
3R HINT| B T e o 9¥=rq a Al Hifeg|
S den fem o fago &t R fosifaa
MW 999 AR a9 o o= WE AeifEd Hift
(f 10.9) | =9 I TdT fF 5o a% o | fem
Iufterd © q9 a9 a9 § IS qREdd T8l Bl ST
gisren ®, fm 1 S FT wad eMufd B W ot
3Tk AT H hIS URed Tel Sl TeT HE i <7 &I
o H1 3TN 3 (few) § 5@ (Sa) o efawen
9fterde forT STH # @1 @I 2l

100 -

a4 (°C)

R G g (fae)

for7 10.9 67 &1 T4 & T o7 4 gT IRadq &t
a9 3R G99 & Ste U1 STeifad ek e
(W & T7ER 1)1

3T Y FF U ITEEA URAd i e (e
Toerer ) qen 59 9 39 B 7w Uied i fgHientor
Hed &1 T8 U T © o 3 ured Y S we o
oo ok 9 fad el @ S1eiq o & ga U arawen
uftads st erafy ® uared ot Sl 1Aty 3 ar
ga AT 9 ¥ Hgadt gl 3l 98 a9 e W
foreht wref T 39 qe o TR WER T T
o gt ¥ 39 39 Tered I TR Fed &l 98 TRt
a1l o1 ATEIRTT Bl 81 T g W ot R s B
A IgHvSed 3@ W fRdr 9qed o e @l
YHMET ek shed 2| 60 o oM 1 Hishan &
T o foau sy f=fafed A w3
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ToRaTeReTd 10.2

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

-
G

T 10.10

g G T STa § ®idid 8 S 7 i 36
eI S8 & T SR T T AT =] Wl € of 7
Te UM € fp A A gfg et emw @ Wt @
fo 10.91 a1 ® 7€ gfg FRAR T 100 °C T Bt
? IR =&l Tt a9 feer @ Sar 21 1™ Y St i
ST HEHAT 1 ITATT SIcT ohl 59 STIEA § J1O7 37efal
et aferen § w9 @ § BT B

o 9 o (el NE) § SYee iedd o
O HEd &1 T8 T T © o HHed g9 o Ay o
TR B d% 19 fd @ 1 e, 3| © o
o araen qRadd i oty o ugrel 1 gHl eferend
Ta a9 g 9 ¥ weedt el 21 9% g for|
I foret gl o) ga qen oo < STErEd ardig |
T TER Head! 2 & 39 39 ugiel T gaYid HEd
21 S % e H UlHA I GHIH o foU ST
frefafea e =

ToRaTeReTd 10.3

M W Afush S W 9 TH M U h wAh
i) fo 10.11 # ST ATER Felleeh o J@ T
R 1ok oh Sl | BT A ST ¢ Weh arqeTdr qef
Teh 919 6 ek | TIET SR WA hl o 6
S e S € v T e 2, el 9% 3fau
7% 9T, < I H e o, SR-w qee % w9
T e S| TeILaT 9 o Jordel Tk ohi qeft
o o, T S8 & 3 S o urg ok eide ofd
3R FW I T, T TIHT 3199 & 9 &1 3T
S8 € THE St 1 9 100°C W UEEdl €, 99 &
ToIge! T3 R TEd € IR I B ol €1 Hellieh
o fiaR g e 7 <, wReg S & ek 9 ]
feherd €, I <1 1 3Ted Bl sl & B9 H GEfd
B 4u o B9 H Y Bl Bl

Q

fer 10.11 F7 gl

319 A1 F© Uehel o fau 99 e &l a8 X
3, Tfer wek o iR 3@ | g 71, 79 9 @
@ T FaeH TF W1 S| WA W FaeH yfwmar qH:
3TRY BH Toh ST o a9 H Jfg i o fa (F@ W
et T gU) SR oA 1 AEvThal Bl 21 39
YHR <@ | gig oF | FEeFie § gy 8 Sl 2l

TEU 379 TH SR i T o0 & 91 STl i oI
80°C T 3T T <4 ¥l Welleh ¥ qIqHTd qenm g
T TR Tk o He &l A1g%es5 Hoh ¥ HF
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e fog

forelt weref w1 19 SR SrErE U (e qiEd) i ofaty § fed @ 21 fRe uered o ar
T Q1 <6 P o ot STeifiad U1 ol Yol SR 31efel P- T 3@ whed | == fe@ 7y fos § wie
T CO, T WISl 3TRW WM T | 36 YohR hT T R@ P T T i 3 &, aTsF & 7o 5o
&= o fauifsra ear 21 57 &5 ol aohl S8 FHeduTa aeh (BO), e gk (AO) T aTsae ogh (CO) 5N
goreh fohen ST 81 Seduad a9k BO o fag 39 eteren i Fefyd & € 5| W 3 den arsy yreeerd
Heed Bl €1 W ash AO o g ST 37eeel ol &yl hid 8 e 3 qen ga wrareemd Heed il
&1 99 % CO ok faig 39 arawen i frefia wtd € foaw g9 qen oy gt Jead eidt €1 9@ dm
T T TS W G ok, SO ok qel SEAula ok Herd @ e ferelt wered shi i qrereend weed

6.11x10 Pa g T&ftd &d 2|

P A
(at?) A
218 |-------------- i C
o !
= i
|
]
O 1
0.006 |-----~ sy
B B : : »
220  0.01 374  T(C)

(a)

Bt € 39 vsred 1 Fren foig Feean 1SS o fau, S o e fig %1 273, 16K 99 3@

(a) ST T (b) CO, & TTq Fra-aTT FIereel] ik (4ar o ST{aR 78T)

A

P
(atm)
A
(X1 ] SOTP SORETRRRN SRR , C
56,0 <neeneeeeeennef /'
. 0
I
Soll1 cmcccomnas O
' oo
1.0}----- B
B : i R h - »
-78.5 -56.6 2031.1 T(C)
(b)

o Y 3d €1 36 FAR hl W W Sl Hieh W@
T IR worek W feueiifad S Seed §1 UE W
TARR oF WAl 1 STorarsd HEfd gl Tk o
fid STt o Y55 W @ hl HH T Il 71 e
Y W S | GH: FHUA AR B Sl 1 39 YR <[
o wt e W FELHE S S B

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

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

e 3 g ooy e | iR foeima: wge W 2
fordt ugrel 1 39 Ta%en § Ay ofawen H, for 59
e § TSN, TSIl HEAUTad weeldl © 9 uH
Tl i Sedura e wEd €1 I B (39 Co,)
T S BT ¢, STAEN +ff 5 YR &1 e B
T %1 Uil o wEa fedl el w1 gEl
SATEAT - BT qef T SFerEe ardg | § Tgeadt
Bt B

10.8.1 T HEAT

UM 10.8 ¥ T I i ® T 5o wiE e
rereen uftad w1 feerfq o gran €t uerel qen Swek
RS o o9 S i Uk iy Amn wamaia eid
21 Toreht ueref w1 sraren qfiad &1 afafy §, ST T
T 1 Ufd Tehish SAHM TG, 39 U81e &1 59
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HRUM 10.5 1 atm @ R fafq=1 garef o stawen ufads o da den Ta ST

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

o
c)
EDEI
Tl

-114
1063 0.645 2660 15.8
e 328 0.25 1744 8.67
IR -39 0.12 357 2.7
RIECEE] -210 0.26 -196 2.0
S -219 0.14 -183 2.1
Sl 0 3.33 100 22.6

TR o foT A ST FHEA 21 S ok o,
afg —10°C = fwdt feu T wfmmor o feq =t T
e ST 1 SHeRT A9 $eh TTerieh (0°C) Teh sl &1
TE A9 W 3R ST 3 W q9 ¥ gig Tl B, W
fon foerer ot © stufq stecen IRedd g €1 <
e & foerer st €, d 31K o1 34 W STl ok dra
o gfg 2t 21 55 yoR 1 feafq Faeris W g9-Tg
oS Ufiede o THY Bl €1 Saetd STot i 3R SeAl
TH HT W a9 ¥ gfg T eidt; S g s 2

7T UREd oF U STEvTh ST hT GRHETT
o aered = sraen | uRade B @1 § SHeh §ouHE
A BHRI-FoAT T 9 HLq 1 36 Y, IE m
38 e %1 goauE ? faEe w efewen w@
TE e H ufked Bl @l §, q9 eavdeh S
AT

Q=mL

Fgd L=Q/m
(10.13)

Tel L1 T SO Fed © a1 I8 qared 1 stfireterr
21 39T SIHE J kg'®1 L o1 0F g6 W o fefRk
FI B YA: THh O HT IS0 AESE agHvSAd
T R R ST 1 SE-59 e gfedd & feg
Tl ST H AT R A ST (L) Fed €, 9
TG ST IRedH o foTt T s 1 e wht
T FO (L) FEd T TH TH YA WA F a0
ATou ST e B 1 T 10,12 5 STt o fehedt aftmn

o fTT AT9 qen o1 ok S UTE R STeRd <90ET T
21 9RO 10.5 W g1l 1 T FOAT, Tk a
FaeMleh fau T B

22.6 x 10° J/kg
(540kcal/kg)

3.33x 10° J/kg
(80kcal/kg)

a7 10.12 57 & fa@ a9 e 7 & 19 %
e (T & 3T9aR TeT) |

2 ST foh Sa erereen ufiad o 989 o1 &
(1ere &) ST €, g e e 21 e 9 2fEy
for fo 10.12 o Wrereen @il &1 Yoo g9 Ty
g S ¥E Hopd 31 § T fefa= srerensti =t fafire
T A g9 e ®1 Sl o feI, e qen
M T T FET FAA: L= 3.33x10° J kg ! q2
L, =22.6x10°J kg 21 319iq 1 kg &0 &l 0°C R
T o fT 3.33%10° J 61 AMfeW qell 1 kg STa i
100°C W 99 H R M o oy 22.6x10° J 6
=1feul 3d: 100°C & & i Y& 100°C i Y
T 22.6 x 105J kg! SO Sferek Bl 81 F€t R0 @
foh S9ad S@ &1 qo H IH A9 w1 9™ g
Atk TR e 2t B
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’mlo.ﬁmmcmr@ 0.15 kg f&q =l

fordt a= § M 50°C & 0.30 kg 5@ H e
S € ot fasror w1 9RomR 99 6.7°C B S

21 feu & HUeM *1 oA GRekfed whitey)
(s, =4186J kg' °C)

gt :

S g W ™= ms_ (6-6)

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

=54376.14J

feu o oM o fau stevEs e

=m,L =(0.15kg) L,

feu 5@ o U &1 Afqw 99 9% FgH o fau
HELIH FH = m.s_ (6-6),

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

=4206.93J

W HEAT = HOAT Al

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

L =3.34x10°J kg <

> SarEeur 10.5 fR SEETE R _12°¢ &
3 kg feq &l IgAvSHT T@ T 100°C 3hi. 59
o giafad e o fau sewas o aRefod
wife) fean e 2 few @ fafyme s wnf
=2100 J kg'°C!, Sia ! fafdre e amfikar
= 4186 J kg 1°C!, fe" o FeM &1 T Sl
= 3.35x105 J kg! 9o |19 i T HEAI
= 2.256%10° J kg!.

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

=2.256x10° J kg!
-12°C o 3 kg f&9 =1 100°C &1
a9 | IREfdd s o fog emevaes
ST
-12°C o 3 kg &m0 &l 0°C & fem
¥ gfEfda & & foau seves
ST
= ms,_ AT, = (3 kg) (2100 J kg*
°C1) [0~(~12)]°C = 75600 J
0°C & 3 kg fed &1 0°C & 5ia1 |
Hfed & o fou eTewas o
= mL, =(3kg (3.35x10°J kg")
= 1005000 J
0°C o 3 kg STt ! 100°C o
¥ gfEfda & o foau sevas
ST

= ms_AT,

= (3kg) (4186J kg™ °C1) (100°C)

= 1255800 J
Q,= 100°C % 3 kg S/l sl 100°C &1

9 ¥ gRafda & o foag sTevas
ST
= mL,_ =(3kg(2.256x10°J kg")
= 6768000 J

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

i
®
[

+ 1255800 dJ + 6768000 J
=9.1x106J <

10.9 HEHT TETAUT

T <@ ¢ R a9 H SR o R U R ¥ @
e o stean fRdl M o T 9 9 IHeh g
G H ol o TAFIROT T SOH FEd &l 38 Tl
WM & fafay e« 87 S LIEiE
# goge i fafeml € =rer, gaed dun fafeo
(fe=110.13) |
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ofiferent

&I 10.13 =re, G987 der fafedor gr ara=i

10.9.1 =ITe=
fordlt o o <t Gl 9 o Wi 3k gl H AW
% HROT ST TAFIROT i fHafafe =1 ame™ wed
g1 9 ity frelt u1g w1 B 1 U fa e w5
SaTelt ® @ 21 vy € v %1 o faw gan e @
ST o o9 3Y A9 T el ¥ Yok el Wohtl| TR
BE H o AR Fe g1 B o a« R 9 88
& fafa= ami 9 2o g R 7k & 21 i EE
S TCT B € 9T ol i ATerhdr S e 5t
@& o= *1 et 2

S &9 |, ST Ao a1 o fordlt usred
T forelt f T araieR o T o1 yare &t )X g
fFan ST B L oS qOl A THHHH STIIE HE
gA%A ®I U H A T B8 W fo=m wifse
foraer <Al Rl & e amiae Tenfua fen w2
IR0 ok Teq, UH S o F 1 shHe: T, 921 T,

T GHT ok I TR ST 3 W €; B
1 9 g o WY THHHAA €9 9 T, " T, q HSdl
T (T.>T,)1 C T ST 9UER U 7o I W S b
A el €, S B W TFAARA Bkl SH S H D
R feord $o1 Wer ® 9g9 Wt 21 wE gR 9% ur
ST foF 59 Tomel saRen ®, S WAl k1 R H
AR (T, - T,) TN STIIEA HE &THA, A
STFHATU 3R T I <A L & kAT it
L&

T.-T,
L

STfaskar fEerieh K oh! 9a1ef sl SeAT SATeTehal
wHed o fordlt uerel o foru Kot | foiqen stferes =i
2 a0 &) vitea § o S = w3 81 Kl SI
e J st m- K- 3196l W ml K 21 9roft 10.6 §
faf=r gererf &Y o =rerehar o HF fEU T ©) g
Ml qI9 o WY e S Bl €, I WHE A
IR § =1 " I ST A G B

=S SO ARl (HTqeN) 1 STUaehd SAfuh
S AR B TAT FS 3To SCANE e,
¥ TRl AUl Hi™ ddq, HI STURA HH oAl
AT W SIS S Ig 9= 81T T @ g™
o @ T 1 U W Al Hh1 faeied g 1 e
3= Teieh B oh Ul diel Sdq i Yal T ST
Toreor sl 3=Ta ea @ FEE AisH §9F ®9 9 Tehar
21 3Heh foudia, wifiesh &, JeId: o i i
B o ST, 3753 SOANIET Bl B 918 ST 119 3eq

H=KA (10.14)

F TH el % Goh § @ fRA S HWehdl ©
(99 10.14)| =& &0 U T Ae9 feafq =) oo
FW ¢ forad o & avd oia: SR § aifs aredf
qen ufew & o9 oo o1 fafma 9= g

T, L T,

< »!
< »

&

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

sk Bl § de RN 10.6 9 9 @t fe e
AR IS HIM| Tgd H 3= STIIAN | ST &R0
T TRV Ae@qul B1d §1 AR <9 H, SHehie Hi
el Al = T | Sgd T 8l S ©, $hT R0l 98
2 for shehie 1 Fo1 =Tetehar (F=Ifq ergeti 1 qor
HTHT w9 21) T oft agd w0 &l 21 sefifery, v
A Bl W RA-TEA HIA THS I € AR HoA
TR 1 Yeheh? HT hl Iad @1 5 k| FD
feorferll & o1 TN hifder BT 1 ST
ot ifyenta Ruaed o glowga So-Taiae e
1 TMA T hi SAEIehdl Bl € itk AT9ehie
fuex & @i ¥ Tfvsig faged g sa= fawma
Sl 1 RGBT T H dRT GO foRan ST deh den
Hie Afdad gH | =1 |l
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ARUT 10.6 T UTAT Tl HEHAT SATRATT
-

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

‘mw.m%aw.wﬁm’rqvqﬁmaﬁ
Tl e o Wiel-dien WY 1 a9 2 82
i B HI @6E = 15.0 cm, 9 &I B FI
@aTE = 10.0 cm, Wl H1-AM = 300°C, T
1 dM9 = 0°C; LI i B i FTIEA HIE Tl
A% Ao Dl B hl TIHE HIE o &Thd
1 T T B (A T SO =kl = 50.2 J
s m'K!; dd &1 FAT ATARAT =
385J s'm K1)

S .
CF fem @
300 °C 3 0°C
TTed
feorT 10.15

Ze7: D B AN SR W N @ o SR Tared
Tl o T¥d W I oTel SO & i HH L d B
THIfAT, ST ohelel B HT W o Afew €&
yelfed et €1 B H R ot oWy w W
foar ®ifsw| Torh seeen § g o fodl sEEa
¥ Y9 % dell S SHY SRl frshied g8
STCl HOAT o SRIeR BT 6T, AT 3TaFe §RI HEAT
H1 A Afel A¥en B SR qeN SHRT q19 TR
T WM 39 YRR R ofaen § € & fed
YL 1§ Yerlfed B ol HOAT i T HIYH
TIA-dle B 1 o o e gt fagei | gam
21 HH ST Wiel-dien @ w1 T serwen § ag
T B, dd

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

50.2x2(300-T) 385T
15 10

T=44.4°C |

iy

D SerEeur10.7 59 10.16 § 39T 319aR @R *1
fr&l B8 (L, = 0.1m, A, = 0.02 m?, K, = 79
W m K) %l fet diqet &1 8 (L, = 0.1m,
A,=0.02m?% K, = 109 W m'K) & qi% frt
Y fR i et el T 21 iR w9 a
Tqel i B o w@ad a9 ol HEW: 373 KaA
273 K R wifua fan @ 21 (i) A Dl i
Y 91 19, (i) TIH B I oA HOAT dTcihdl,
T (iii) FIFT B H HOAT YATE I &L oh foIq
=S feRtfer den aftenferd shifsal
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offerent

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

L,=L=L=0.1m, A = A=A=0.02 m?
K, =79Wm' K, K,= 109 Wm" K,
T, =373 K, 3R T, = 273 K
T Tl &I I oh M, g hl B 9
T TETE 1 &L (H,) 1 1 B8 H HOH Jal8 1 <L
(H,) % ¥AH 2|
#@:, H=H,=H,
KA (T -T,) K,A (T, -T,)
Ll L2
Ifh A, =A,=ATN L, =L, =L
3T ST GHROT R
Kl (Tl _To) =K2 (To_ T2)
31 T Bl ® WY w1 A9 T, BW
KT, +K,T,
To="K +K,
T, o 39 | o1 Yieerod 3 9 fodl off o5 9
S Y8 1 R H H AF U B E:

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

H

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

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

KA (T, - T,)

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

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

2K, K,

(i) K’ =
K, + K,

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

KA(T, - T,)
2L

(i) H=H=

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

=916.1W |

10.9.2 wagd
Gogd = fafy € o wered ) areafass wfa gr
T TR Bl €1 € sheel Xl | € Hed @
ToTe WIhfdeh &l Gehell € 2127 Juiifad off f Hehal 2|
Tepfash Hoed o U Hewyqul feRt e 2
g fordl @ &1 AR 9w R S R, @ e
¥ YO Bl ®, FHoewy SHH HAE HE Sl 2l
ICATEAT o HRUT I8 S IS ¢ q91 HaH gt 9
T yfaeenfud < 31 81 98 qH: 99 81 €, SR 33l
® Qe A o STUeIhd Yidel W R Wideetua g
Bl T8 Yiha =erd! dl 21 TR ®9 Y FOAT A
%1 78 fafy =erm § = gt €1 "o o @ o
faf= arii =1 T e g 2|

JUNfed Gae H usted i fhdt gm0 sreran ot 1=
Hifcier HEE g T S o feru feorerr foman e 21 =)
T yuifsd o A fem, AFe 9iEeRer 9 qen
TETferd deHl o gl ob Ided e Yol daea
erTl oF HEMT 3SR B1 Hie IRR W ged Th T
1 Aifd 1 A & S SR 1 IR ok fafa= wm o
HeRUl I §, AU TH YehR WoUllfed Helg gl Sl
TMIART Heh I § THEHH 19 i sl 2

Wrehfdeh Hered dgd ©f gaifaa aftereisti o fag
SAEE 21 & & w98 SaRE s qe | o
3fter e B ST §1 TH ) RN | Bl © - Usell i
=1 fafyre o it s== @ qon <o fafya ard
AN 35T ohi faRNeT SIds o Sicl o O 9 o
faanfd X <t 1 T o & Yook a9 =
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ﬁfg/*i

= B
S~ I

o ST k1 3TUE IOT

C

RN

iy
S~ _ 3

A O hi 3TUET IOOT

a7 10.17 9a87 9%

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

T WIET H1 UH 37 ITE IW I
forgad I i AR Jeat T 8 arell Rl Ier g9y
g, o =it o #ed €1 T e w1 gt
S 59 YR § : Yedl o fayedia el qen yea
&5 ! T HT F FAR A H U T B fagaa
Tq o THIY Yeall o Y8 W o A el © Sk
¥l o S AgHUSH™ oY Yiaa gt ¢l et o
FRE hI FURd ¥, Hoed URIT YaTed e e
o 9 fogada g ¥ SR ISHL Yal & 3R
TR, fmR = T 3R ST e sEdt g8 g favyea
T hI 3R S| T, Yot i O MG 39 Fagd
R H HIeE w3 @ fSees wRo faved 99 %
GHIq 1 o1 K1 g9 1 AR =l 1600 km/h B §
Sefer yail & GHIY 78 =Tel I Bl @1 gRummeeEy
g I el W A T R 7 Bk 30°N (SW)
eTYT R Herdt ® IR foyed 99 W e ol 21 3
TRk Ta F8d 2|

10.9.3 fafervur

e Tl Hagd i IRas Aead o 9 | ford qared
1 SAETTHAl Bl 1 HOH TEIR0 i fafee
frafa & gk 1 axgeil & g framta T2 8 g
T foema 0 a1 W off gest @ W e U
Wt B1 6 YRR, BH UG 1 3T i SO IS &
39E T d &, TG o1 3Feq Heleh © q 34 A
99§ Geed R off wenfuq @l @ ol e
TAMIAOT k1 et fafy =1 fordt drey &t eravaeshdn
&l el zw fafa @i fafeor wed €, qun foga
SeHE T N 39 YR Tk St o ferfentar
Foit wed 21 frdt fogE gawm w0 § dga den
a1 & f&en aen el | <o i 81 3 TRt
Herdl € qen o fata o waE =, 79 9o & =
FEd € AU 3x10°m s @ T Fehell B1 T qedl
o 9 ¥ faEIR 9 319 91 | R w4 Jief, 7w o
M9 T8 S Y € o fafewor g o s &
feTq Hremm 61 BT A STEvgs TRl ® qel U€ St
T g @ = B 1 e g & o @ e i
(= 3fafer) @ ek gedlt qh qgedl @1 gt am
fyve = o 3, 5o teen 19 &, fafentor ot seafea
F g1 frdt fyve g SEer a1 o RO St
for gt faferol S| @ aw oer 9@ fafeo
Nl T T 9 YhTeT kil SeAr Tafertor wEd 2
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9 e o fafeor o= fyvel W ggar €
TEehT AR TUEd qel YTk STaeNyor Bidl €1 oA
&1 a8 ufmm f5 g fuve fafeor grr stawnfia &
Hehdl 8, 39 fyug & oof (1) W Al w5 2

B U8 Ud € fr o fuvg fafeor =t @
STITNYUT T IS geteh avull oF TUugl i 79l
ek T T T q9 o BHR Sf ek Sied § 3T
YA €1 TH A | Yo 1efe getoh Al o o
TETd € ik o GF kT HU Y FH A ST FL
=g WAl ed el avf o 9% Ted ® S gd &t
feren o1 i STERITd ek 6 3907 Wd &1 @Ml
Yeh™ o a1 ULt Rl hTen did feF S @ drfen
M W g IfUehay AT TERNA ek TS oM
el Hosll ahl <l

T TR, TYIR Tk YA o9HE dqd Th
Vel e A e T e e S
o S T H A #2198 aRd
e 1 hie o1 o eial & foraes! fiadt qen sed
Hari W =S 1 @9 B 21 il Ser 9 fafwto
R B sidel i 3qded | o9 ofie S €1 36t
YHR el IaR ft 9l 9 o ot feet off fafeon
! ATTE e Y Al B1 <aRi o s e T
fraffaa ek =Te den Haed g BH ol ST &
1 HEE Sl © AU TR hi o1 Ul SIE whieh TX
e s 21 sifery o i qw@ sfade (S
TY) 1 31 BF W a9 | IUART ¥, e dehfeush
w9 § S Sdaeqel (S &) w1 qEre wH o o
LRl
10.9.4 ettt fafertor

39 9% BN SN fafRo o aUeEd o ue o
Soot@ et fwen g1 frdt a0 w S fafertor o
o o wewyel 9 7% 7 & fafwo o 9= @
(I wfaqa) @esd T e €, dfeh sHH |
T W W A quTesd o ofte SEehT Haq
e BT 8| qufy fafe= aarest o forn fafwia
IS HT HSA w) AEN - B 21 fE 1018
fafir= amai R fowdt it & THis &7 §R THiT
FaTeE WIS fafeia e qen Tes % e
IR ook geItar 2

faferfa el ufd wwhiw dores

9fd Twiw &7
>
o
S
S
=

40,000A A

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

™ 9 R R e fF w4 s fae
fafrfa =il waifue 8, 99 9@ W e g1 A qel
T & HeA Gay o de-faeemus frem sed -
A T = fads (10.15)
frardie (S fdier) &1 AH 2.9 x 10° m K
Bl B 98 I 59 o1 w1 e i ¢ o S e
F TRl o A A 6 T S @ T
BIhT T, T ToRo el 37K oid o Wb o @l i
B - w1 SwEn @it e, s- i, gl @
311 IRI <1 T b 19 T STAM o | shid &1 =gl
Y YhE I WEH AU digdl 14 pm e o
AHUE Bl 81 ST ¥ = S wag %
200 K TAIa o man 21 9R fafswzor ) sifusran
dad 4 = 4753 A W B T IH HATER
T=6060 K | 9% @ f 98 a9 g & 9a8 a1
g 7 for Sweh i (Sfiad) 9t w1l

o 10.18 ® <@iq TQ hfturhr faferzor ehi o
Tefud gaifuss fafere o o8 ® fo 3 9o g
B &1 F HiTehT o oherel @9 W IR e € 7 T
Ik 3R, 3TMERfd A1 Fa1ef W Swall Tt oh YRA
¥ it & fafexor i Tgifas €9 9 =@ &
& forg St yare forw o s Aifqent o saieq wifd
T YO I THeR fOWA W Y M ST UIedehH
T e

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

H= AcT* (10.16)
STl A SR 1 &t & 91 T Skl TRAAT g1 39
TS hl Ted LW A T § fpren aon 9’ o
dieegdr |3 dgifar w9 9 fag fean @ Rwia
SieeEH™ fam 91 fodis o wl REHE-deedd™
frerars wed €1 SI W Ugid W sHeT "
5.67 x 108 W m2 K 2Idl 21 31fuehak sqd Tefietor
(A2) § <t TS IOHT 1 T T S 9 & IcdrSid
F1 <9 Forer S8 TR g ScAfSia S T X T
G & HA B 21 39 HRO TR TR M9 e
9 g F1 SeSiehdl %ed &, F IR w7
3R G (10.16) 1 T TR 9 o7 hid B

H= AeoT* (10.17)

et smeet fafes & fAU e= 1 21 21 ST &
AR T LT 9 o TAU e 1 HF T 0.4 Bl

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

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

T A9 aTel s a%] foweh aril 3R o6 ardeRol &
A9 T, 7, Foll hT TR G I I el
ard: fodt oreet fafees @ fafefa sonm & @
(T1F) &t e R Ffafad g9 9 =Jed &1 STgi —

H=6A(T*-T*
3 o o TeIu FTeent Scasiehdl e €, ST 931
YhR ¥ ®UART B ST —

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

IZTELONY, 3T, TH 379 IRR U Scafsid ST i MM
F| A e fRdt =afad o IRR 1 g3 ewa
TN 1.9 m?2 € 991 A I a9 22°C B S &4
S €, IER 1 fafes a9 37°C eil &1 |, o
1 AT 20°C B Wi faga et fafetor e

T a1 1 ISRl '€ TNHT 0.97 B 39 ISR ¥
3T B it -

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

S form stereen IR R 3= Fsll i X (120 W)
o 3 W Uigl A 1 S o 3H &1 i SR
T § T ¥ f P TR S (T
HUSl ¥ =) TH WehR ST W € feh IR a1 woren
o T1Y Teh AR Iaell SHehER HIqE 9d gl €, S
IR o faferwor & quefdd 2 2t 2

10.10 <27 & Jiidem Tam

70 gft 97 99 ? & q@ St e 3 A W A
W Big ¢ ql 9 -+ viide BT AR T < B
{qa: o UREe o a9 W UgH Sl €1 g & TE o
o ufew § o 1 fafta et 9 e @
Tehdll ©, THRT AT H o fag emey Fefafea
IERIETIRECTY

ToRaTeReTT 10.4

& foeiaqs dfed Somd ¥ 8 WA, 99 o
300 mL FfST iR 30 I fox ot TRkt o @
S| eFhd o T fox o faeias do g fog o
qroETdt TRIET den I8 gifvea swifsw foh arqErdt w6
Tod Sl § 9 ST aTIHTd 61 G Al it I8
UIed T, GRET T AT 7| HEEM o S Rl TN
TH HITSY foh TR a9 et A9 (37eiq aRem o6 ard)
Y TTT40 °C Ak T TEH ST TALH SO Hiet
F TR A I TH R 9 Firel fowm =S
T N YA FEd THF it 99 1 fiee &%
Tvarq foeiee ¥ ¥R-4R foeifad i g a6
I3k e iU ST T a9 IRERT oF a9 & TR
5 °C 31ftrh T qeh TS e i W A Ao
IE UG (T,) | TeI9= A9 AT =T, - T, I y-3181
o ST TR T YAk A oF T qeIed ¢ ok
A ol x-3Y o IR WHR WF SeifEgd R
(fe110.19) 1
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AT(C)

g (i)

7 10.19 98T & Q1Y T« A & Iideid &l 90
CIRCED

T ¥ 3119 7 fepd feprel T © o6 ford YR
Tl STeT o1 e STeh 3797 qA1 379 URasT o aral
o e 3 W R e 1 e g7 o e el e
RN W e i X So9 & a1 o] o g |
TH R TE W T A B

SR fhaehed I8 <9 € fF % qa fave e
fafertor o ®9 ¥ S GERT 1 T @ A B TE
-4 1 R TYUg qen 3Tk uRawt o ardi o iR W
R Fft 21 =T W Tee i & RN R e
T 3785 oF iR W TRt fIve 510 g S qen 6ok
9 & Sre Gae 1 AeHEg STeRH R

=T o ¥ded oW o ogER fedr five &
S & it R, - dQ/dt Tuve qen 3gek gfewT o ardl
o HRAT = (T,~T) F SFHIU et ¢1 e Fram
hadl @Y Wik % fau g 9w 21 fafwwr gr
To-& fIue o g8 &1 Uehfd 91 G IS &
&erhel W oft R e 21 3ra: e for@m whd € TR

_4d9_
dt—k(T2 T)) (10.19)

Tl k Teh YA Terdier @ St fyug & g o
el AT SHeB! Wopld W ¥R St g1 7 wfifeg
m SeAu qe fafie s aiitar s &1 %1 favg 7,
A9 W 2| W AT 9RkEw & 9 T, 1A i
fyue o1 A9 T oY T A dt W dT, FH B S
®, 79 o SO T URA

dQ=msdT,

- SO &7 B

dQ drT,
—=-ms—=2
dt dt (10.20)

RN (10.15) 901 (10.16) § &5 I =il @

dT,

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

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

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

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

THIFHIOT (10.23) &1 Terd ¥ e fafdre am aiReR
o 3R Yider 1 999 Iehford fan ST ek 2

Y A ok fau, =Ted, Haed den fafewr &
TG T ok SHROT I oh! T TIIGR o STIeRATIAN
Bt 21 fordt faferter @ M | o T,
i AR W IR SR SS-&1fd 318l B9 W = o
@ 99 o vide § U8 Tk oY Gheeed 2l

(10.21)

10ge(Tz‘T1)

@ (b)
ferd 10.20 =27 & vhaead (a9 & G|

o3 10.20(a) ¥ < T UERTE =EERn &
el ¥ =Jed o Ided FE w1 g@rd fea st
T T T el OR aren w6 (V) SRt
TRl o = Sa W g ¢, o S @1 9 <Rl
e aTet 7 | T el Y R diel T ST (C)
Td 21 38 < A w1 SyEn fear St @, fo
AT T, o5 gRI Sl <arl ok e T W0 Sfet 1
T AIGHTS T, o GRS § 9 Sl <1 a1 H9d
T| S o d Sel A9 Ch e A &
TE W9 S § WHA ¢ 9 log, (T,-T) [A1 In
(T,~T,)] < == T sTeifiad fehan < & forgert vepfa
o5 10.19(b) # 3T STTER FHUMHS o0 H Th
el @ Bl €1 e FHihuT 10.22 1 gt il B
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8°C _ .
3qTEY0T 10.8 ToHE & | W I IS H 2ﬁ:|:|2_K(7OC)

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

69 °C A1 71°C &1 HIEF 70 °C €, S Hel-adrq §
50 °C fuh 71 39 FaLl H K ToT 1ol & THM ¥,

Y foram 99T a? s

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

31d:, HEIRT (10.21) 4, g°c/2 = _ K(70°C)

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

1. S Sl 1 Tk ®9 7 S R fyve qen s9eh uftad! qream o ot 399 qraidt o SR Yenfed
B 21 FFE fuve 1 qwa 1 Fife TEEE €9 H a9 gR e e 2l

2. Tt qm wrom gfem (qromrdt) & Ao e e 48 o (RS arorde o7 Ed €) R S
foran man 2, e a9 & @iy aReds g 21 fafv= arardt & fas-fa= g wvss o 2

IS A9 WUHH I o fore &1 o faigafi ot == fohen S @ e 3% % Agtesd a4
U WM #1 3 < Ged 7k o qo {65 991 SUeh W i S W v Hedt

3. Wfeqa™ 1Y (1) 9o HRAES 1 (¢,) H T8 Teiel 1 ® 1t = (9/5) t_ + 32
4. T (P), MG (V) T TH M9 (1) H Toie 9 areft STeel 9 THiw0 39 YehR o shi Wt
S
PV = uRT
el u WA 1 @A a1 R Wt 19 i 2
5. W 9 WY W, WIGHH 1 I, M9 ok TR I i ST LAl €| T8 9E M € o | qeieh

wref W =Aan Gifaq nfaeh WfkEdr Bt 21 hfeed W ATY WIS (T) % WA 1 SRR

YfH" AT HUHH (¢ ) & AR o SHR o SR B ¢ T 376 o fagelt o SfR e 2
t. = T-273.15

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

Al

T° oy AT
AV
Vv - ayAT

FEIAL T AVAY HAT 1 GREd 8 T L TalE (9 AFaq V § giedq i ffée =
21 = Frefafaa g9y 2

o, = 3q
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7. et uered & faftte o aiRan @ 9 TR uRwiftd fRe s 2
_14A9

S =
m AT
&l m IE1 T SeAHH 9UT AQ U o AT W AT 1 URed i o IT STevdeh ol shi [l
2| fordlt weref ) Hier fafdre o 1R Y 39 YRR GRed R S 8
_14Q
-
et 7l % e T 3
8. T i T AT (L) HT H1 I8 WA & S FoRw q=1ed o Uehich SoAHA k! WM A9 4ol <1
W I TR ¥ 7 o | URafid FT o U sTavae it 21 ST i T S (L) e
1 o8 AEN € S e Uil oF Wehish SoAHM Wi A1d o <o | fo IS qiede oy e steren
Q o e § uRafid S o foy saves g 2l
9. ST I A fafeE § - e, Haed qun fafewon
10. =TeF H fordt favg o -9 o 9T o Se S5 1 T STfvaeh SeegHl g1 99— il
2 W 9 %57 1 YelTe T eral foRe L ofars qe A Sy e Stk 1 v, fowes < i
o AT T, T T, W T fwA T R, gR geufed S ki R

T -T
H=KA-¢ D
L

Te KBS o Ug1Y 1 FO1 Treiehdl 8
11. =7 o Yider 1 o AFaR et five oF e i T IRew o SR a5 o q9-Ts &

SHAM Bl @
a9 _ _
o k(T,-T,)

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

LUl wdter | femrd U feoott

T1ed T A u (|ret) e (mol)

Hfewr® am 1, (K] °C

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

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

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

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

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

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

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

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

4. Gogd ¥ fRdl @ & idt 39k 9 § STH a1 BF 9% %R0 S5 1 YaTe 9rHfad gidl g
fordht 2iet © iR <iat o i Wt fhdt aw ©€ 1 01 1 &9 B o 53 adl Sial oh aie <ot
¥ HNU B © A o Hiat Hergd g e Bl

AT

10.1 T3 a2 co, o Tk foig HHe1: 24.57 K q91216.55 K €1 57 A141 i Hiewad qe1 HRAERES
TYRAl § S it
10.2 T WY dTY HYHAI A TA B R A oh 7% 95 I 200 A T 350 B 5N GRS fohan 7o
21 T, A T, ® 0 o 87
10.3 e qromrdt &1 o7\ o forpa ufadiy a9 o W fFefataa af-ee a9 o oigaR afafi
B @
R=R,[1+a(T-T,)
I aromArdt 1 Sl & ek g 273.16 K W 9RRIY 101.6 91 o8 o G e fag
(600.5 K) W TiRIY 165.5 Q¢ dl I A9 @ HIfere fo/g | arqerdt 1 gfadier 123.4 Q B
10.4 frfafed & s® GfSw:
(a) YR aafifa § wet 1 Tk fog wh wres fe faig 2, @2 fem o e qen St
o FALMIS i UHH Fad fog aee § (S 5 g Sfedsa aen | e mn em)
1 W 72
(b) S foh S aui fean < g1 € for 9o Afewad Ao o 1 faa f6g o feent s
0°C TT 100 °C &AM fA=ifa =1 7 off | Tr a9 99k W H § ush o foig v
o1 T foig forn o @ 59 Shfeam W A19 A0 H W GE 273,16 K i@ &1 T
21 39 WU (Sfead W A) W 3 o fag w22
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10.5

10.6

10.7

10.8

10.9

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

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

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

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

(b)  F foeR ¥ qumfTEl A den B SO K efiel SfaX g 1 9 HRO 2?2 (JH
AT W g ] T ) | S ISR o Siel whi TGl w1 HH e o folg 39 TN
o 3R 1 A ST 7?2

ot 1m ofel Wil o Wi 1 gened eiR 27.0 °C W fohar e 81 frdt qw fa st
45°C o1 99 36 HiId © e Wil &1 B i @aE 63.0 cm A TE| 34 K7 ©a 1 8¢ &t
SRt oarg @ o ? i &7 a9 27.0 °C 81N 39 {7 TH B *T Fare a1 SR Wi Hl
@ Y8R [ONd = 1.20 X 10° K ! |

ot 2 Wit o ufew %1 St u=1el 1 foRelt o R i S ®1 27°C W 4 51 el |
8.70 cm T UfET o ks fox 1 A 8.69 cm B1 G 5Tk gRI 4t T ST feran A 2
8 o forg a9 W afedn g W =_M? e Wi fF savae q oieR § et 1 e @R
o PR T B o, = 1.20x10°K |

dld 1 WS ¥ s 55 feman wa #127.0 °C W 5 1 A 4.24 cm B 39 W HI WL
%1227 °C T T« HH R 8% & =@ | 1 IRewd= gm? dfd &1 W@ J8R s
=1.70x 10° K|

27°C R 1.8 cm &4 fohdll dfd & TR 1 I 38 ol o o9 3TeT TI9 TR AT FHT1 T
213 R 1 -39 °C 17 T M Y A R § fohe 1 qF19 a1 & SIWN? dR %1 A
2.0 mm B dad #1 WE TR [ONE = 2.0 x 10° K, fiqed w1 I g
Ok = 0.91 x 10*! Pal

10.10 50 cm && TA13.0 mm A Fi forelt Tact i S HI I g qo 9 H1 fomedt Lt &l

10.11

T T SiEl T 21 AR I g AaEa140°C W €, A 250 °C R I D 1 oS § 1 qReH
BM? A G W A e Seie @2 B o Gl Sl WER o T g @ T Rl
(dfs qen et o W TR U HAN:=2.0x 10° K, WA =12x 10°K " €)

TroRe <1 3TEa FHR oM 49 x 107 ° K™ &1 419 # 30 °C 1 9fg &M W 3T e | &1
aifereR afRer ghm?
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10.12

10.13

10.14

10.15

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

2.5 kg SSHM o didl o T2k &I fREI W1 § 500 °C % qW HH o UvEN Hdl 98
fem-=etish R T@ & S 21 TIferd e Weh el few w1 stfereRan A @ 22 dfd i fafire
o afdr = 0.39 J g ' K a% i GeM S =335J g ! |

Rt w1q w1 fafiree SeAT +1Ran oF WA 5 0.20 kg F ©Tg o Teoh i 150 °C T T hich,
fepelt el & ST (STt qodish = 0.025 kg), FEH 27 °C F1 150 cm® Wt o1 &, ® fiwran
ST @1 31feqd a9 40 °C 1 o1 1 fafere s enfian wRekfor Sifsw) afg ufee o e s
e 7 R IR AT S ®, 99 91 SA9eRT ST g ki faferse e i o
&t A 9 31fues UM S9N SIUEn 2

FT U TG % He q9 R Hier fafire s diiaret & ger e Ky T €

Erst e fafyrse e anfiar (c,)
(calmol™' K
HECEE] 4.87
BIECEE 4.97
SRS 5.02
RIEECTc Gt 4.99
e HAFES 5.01
FAR 6.17

Y goge w9 9§ = €1 wdiehrers ®9 H fondt weh wans: T w1 gier fafire s difdar 2,92
cal/mol K Bl &1 38 SiaT 1 TILIHT IS0 A o foq o5 sifereh 9 (99 1 370a)
B U 39w frehy ke €72

10.16

10.17

10.18

101°F a9 SR ¥ tifgd fordt o= i T2 (SoR %H 3 &1 ga1) < T8 fSreeh R
3Tk YR ¥ TEH o oo 1 ) W gig 8 Tl A 20 e | ek 98 oF a% IR S @
Al T4 g B ST SAfafie ST Y SiEd ) 1 87 I8 W fo S g w1 UHAH 3UE
AT € €1 = %1 KeAHH 30 kg €1 WIS YRR T fafyme o Uiiar st s fafyrse o
IRl o T e’ § ql SH O W STl o SISY i T ST 580 cal gl B

omTehIa 1 a1 ‘fem afe’ fawioes el § &9 O o Yok WS o HSRUT 1 FE a4
T87 WM B130 cm 9 % fR feq o 1 W9eE 5.0 cm B A 39 S § 4.0 kg fem
T@1 ® 16 h o qvE a9 &9 &1 G0 H1 e I STedl 919 45 °C ® d UHiskhia
T SO WM 0.01 J s m! K* 21 (fed &1 e w1 = 335 x 10°J kg)

fopedt dieer o afFer 1 U< 1 e 0.15 m? A9 HieE 1.0 cm B el 19 we ® @
W 3EH 6.0 kg/min 1 S W We1 Seerdl €| SiFeR oh Wueh shi el o 9T ol 19 SATehierd
SHITSTT) et 1 S Bkl = 109 J s m K371 & oo Sl = 2256 x10° J kg B
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10.19 & Hifaw f& =i -

10.20

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

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

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

() fo arareRer & geat SR Sfaa = ST

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

foredt fyve o1 919 5 fe & 80 °C W 50 °C B ST 21 AfE 9fEST &1 919 20°C 7, @ 39
TT 1 IReme wifay {98 ST 99 60 °C 9 30 °C B STum|
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11.6
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11.8
11.9
11.10
11.10
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GIEIR =]

FEHANTfAehT ST I <hife

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

EACINIGEAREC CE et
ST 1 FHIHLI

FeArfaent <1 fgdta frem
ST o STIGHHTIE FshH

fo=meia faua
A

ST Rt
|

11.1 ofHerT

frset stea ¥ 799 s o A Uil 1 Tem TR Tw st
o &q 37 Tl 1 S1eEd w3 S S el i i w5 1w
37 i &1 stemed S0 f9d s s § uRefda g @, qen
foretta: o off e & ufEfda g @ | via =g o @ ' gl
1 TER TIEd ¢ df g6 TR 1 S et § i 39 ufseen o
TR 7o T SHT 30 LAl © | STk foradid, 79 g5 | g W
1 T ITART IS F i O wE H Al e & g A
A g ® forgeh qRomaeEy el & ufE ged €

Gfqert ® oA, A9, ®E g w1 SRS i A
GrEHIgd e TR e o eyl vedl © | Uit ®9 9 S
i Tl TR Tk TEoH o fIQ Tafed T0F T | ek STaemon
o Qd o1 I TH Y& 315Yd T oF ®9 § GHeA T SN TR aered
o Tl 0 90 T ® | TRA 9 32 Te o urefish Wueh W 3T W T ol
(s SFetifier sed o) 32 fie | smasd W fie § o= o @ |
g Tacierel oF1 €1 @ ST SH WHA Bl € S fae-fae gl ok
g | ol <) 2Rl ol U Aifas o W Sig fe@ S ® | Sl o s
SH GHT qoh TREX o1 a1 € ST qoh S 2l § STl o qel qHH
9 21 Sd )| 26 o GHA SO 1 Sheiiiies | RN | SO 39 HHY a9
yalfed il Tl € 5 a foh ‘oheiifie det’ (37fq ) oam e
RESIcE

T o, ST Bl STl o &9 H hieqd w1 STH SR
o RO $Hh (1 o) T TWEY hl TR A T | 39 Fay |
1798 H SIS e (= s whie i %ed 8) o Teh Heeyul
A ot foma | 3iH uren fo didet @) 99§ B Sid 9 g At
S G BT © o ST U Seet Gehat § | SO 31fueh Heeyul
oA I I g7l foh T § 3= o1 &1 IRy 39 & W R
Tl o1 1 HiS Tget b1 SEH o id & 7 T gt o 9o W | Sheiih
T oh TR 3Tfeh Ut fael ol Tl © Stfereh 7o aee sired FrieTer
=fen, forg W o =1e Tt el I T | YeTon ok ey stfereh wnefoas
e 97 off for oA Sl o1 € Uk w9 © den gA 9 o T g
ﬁw?ﬁwwﬁ@mﬁawﬁm@mﬁmﬁa
RS
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FOHTTRT TRt o1 o8 TG © St SvoHT e AT
1 BTN TS o1 oF 3T Wb i Srstiall H 3Tad-
FUROT 1 fod= el & | STHmTaeRT Tk T2t faem
2, ifen ag fordlt feh 1 Toe wepfa W fomm et
@ 1 Top go7 1 aTifvereh SO W | oTdel W, SHY Faited
SRS qen el @1 gfqueA 199 vaesl | 39
Y g3 o1 59 §A o 3fUas &Y & Igargdeh
o =&l fean T o | SeAnaeRt o 9 o fe
o STUTRd 9 € Te =X gAed B 8 S e
NI R G € qon f8 et &9 & |11 <71 Fehell
2 | Serewond, Tt T o ged 9ol W SUsh! T
et ST STysti o faenishi wal 3l oAt feioT eTrawee
BT | Ereten el ok STUpTRel fagia ot fereror s ferega
&l & TR oft 3w aqugsti o ol ot forawo wwifed # |
Then Taodid fordlt T o Sroamifaesta faawo o snfoaes
o quf ®9 ¥ FHR 5z < 7 | SeAntas! o
9 1 STereN ST, SFAH, 19, SoAHM a0 e Sl
T Ty = gr Frwifid gt @ TR en oo sfeai @
I Y & SR Y Fehdl &

Rt T SHTIAhT o o9 9% 3T9eh Afsh
o wyeftefa sm s =fen | =iyt § gArt v aai qen
A U o JE § WIfq X ® i ud fyvef | gt
2 | SoAmTqeRT & Gyol e 1 fa W faem @ fmen
ST | g9t B five it onifate Toe stewen | Bt
? | 99 Fgk W e AW 99 S uRedd B € 9%
et St A Tazen (favet Mfast seit) H aRads
BIl ©, SHeh a9 § & | 5T el Aehel o Suhl Tk
St € et it Tfas St e | waraid g St
2 TS el qen 39er 9/ 3R 1 RSt i Has! H
Y REfdd g Sar € | ag el s efidikes Tfa (S
eaftd ©) 1 Sl 9 Hafud g € 7 f et &t

ol 7Ifd 9 |

11.2 " 9=

7Rt o A 9 qed € o fem W e 9w
a1 ° Sl U Y § | SOHNTqeR! | W
a1ef o1 g o gfiemier 2iar € : fehra 1 steen =1
TH U Y e H Fhed € o et i Stfirererfor
FE I WA R GEF o @Y ufafdd @l g |
3R, fRet qafervr ¥ quid: SR 98 38 I

¥ a8t F1E 19 FNgs ®9 9 d9 greaEeen | g
el Tk M€, AT, AT, SSHM o AT T 9134
g % Ty ufafda T 8 |

(a)

(b)

ferT 11.1 (@) (31391 &) 719 A 9 B T %519 &R
B Y & : 39 IR © FOAT SRR TE1 S Tt |
(b) 7&1 7% A § B T% FHT-91¢f 319K G g9
9T 7T & | 78 Teh Fierdh <1aR gl & forad ot
T 4o © @R 4 =l sl & | 39 S9ER 7
ardia ar Feifaa geg 9 9red & S g

1S Trepm wreeen o ® ff e o w9 o
I8 9N AR oF qRAY 991 39 AR F ghia W AR
FX & S R 1 afEe @ gk el ® | ke
Fifee & < 7 A 9 B 1 fa=-fom ol 7 ol 7
A gR1 e ar € fop ferdlt T o fRu gU gormE &
T[@ J q9 I 3T 3 TaT 9 ok &9 § A ST Gehdl
€ | A hfSe fo e o <9 9 st wE: (P, V,)
T (P, V) & | Hedw Hifee fw weet IH e
G-I € WY 3% Rl T €er (T st
ar) gR Tk S Y Yeh @l T § | 39 SR ok
FHROT FeAl () T 9§ T T H G S A
2 | fremat 1 off 91 aRkEeT 9 S5 YR T T daR
Y g Tad € | 39 S &1 STREH fe=1 [ 11.1(a) ]
¥ e 2 | gel aw A T R (P, v,) % feRd

* FHoANTRT § o1 U =R off Fifed g & S e Hr gl R g e T e (Ssreone, wgid, woredt (gyut weAn) | onfy foren fova # emg
I=d wmenel § W), fohg 3 Ul Toye =R ¥ | Ty ferdl SSTTqeR T Srereen whi uie oreen =R, S <@, a1, i S IR ugid %
w9 o frefa foran smar € | foreh Frerra =1 Wit Sueht eTedaren o1 A9 el € |
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ot wrferd g 1 91 (P, V,,) o fohet off S9a 3
o HH oF |1 FrEee § g | A heddl hifg fh
g o7 ST i Ueh FoAT-urel-dia ¥ yfaeenfyq =<
fen e ® - 7 SR (So) Tl i Tk FeRE 9
TR o ¥ 9 3 7 1 TW R H 9w <@ T g
for fMl A9 BoF TJd =) T9d: 39 999 9o qRafdd
B € ST e fop ST TR wrereren ot feufa
TE T T | SHoh UYEIq STeh! STERRM H whis qRedd
&l eran ® | 59 feerfd i fos [11.1(b)] o <ertan
? | " eiforg o < TG o < 9 et Helr =R
wftafdd e FHHA: (P, V) T (P, V7) 8 9 ©
@R AT BT T ST G Teh-SE 1 HTerare
o g St & | Tk e o s e | o S et
1 YaE el g | e feufa o g9 wed € fop frem
A, T Boh @iy ardia @ | 2

3 Tl o \em @) wrerewen &) feafq o)
Afefard hedl € 2 M9 3709 SN | ST I STHAM
A Hehd € | qrdE g |, g1 Frenr o A /W e
& | g9 S foF SRt § A9 T STEUROT d% Sl
ST € 7 FONITh! R Y TS 1 R SEeRt 3R
Hehd T ® |
11.3 FENIhT T I hife Tam

FHeql HifaT foh 3 FF A9 BT Fg™ <OR °
goyeh & | ETH W Y U AR R ¢ ° U gerers
HaR gR1 Gek | € [ 11.2(a)] | Frpmi 1 erareemd
(31U I7eh TJA W) 9 qk IRafdd Bl 59 T A
a BRI R C ok w1t it W | Tl o Wi € |
& TH & ST Sheddl Hifee foF AS Boh He4 &l
TG R T arersh dar 9 faeenfad w2 § St
2T CHI AT BY Rl T <1aR | gorep o faa
S & [Fos 11.2(b)] | Q@ 3@ S € foF A9 BT
et 37 #iR e Seerdt etefq o S ere At
T T BT S | 78 YR SOATIeRT ok I hife fem
1 SR & | 78 0 adqend € R afe @ e
ferdt dtae eRTeT o Q1Y 9IF-g9eF ¥9 @ ardie
o ¥ § A 3 W ot arditg ane 9 gha g ) 3Rl
IE 9 SAF H @A AfeT fh SHAFIaeh! oh Jed 9
Tt frem =t sifreafaa qen 3ek i o sgd 99
1€ 1931 H 3TTH. HISeR A Y hife [0 1 Afqared
o= e

I hife f1am @ =g Gehd et & for <@ < fem
A BTRER A 91 6 e ©, o Ul 6 fifaes afn
S ST FeRTE o forT e o Tt € | 9 S
=R, foraeht M ardia 9= aret Tt o fore gum g
7, dT9 (T) FEAC © | 3714: A AT B Arerareen § d
9™ C ¥ 9ok § 1 T, = T, 7N T, =T, | 351 qcqd
?T'E?%%ﬁh‘ T, =T, 31 fFm A9 B¥ +ff ardia s
TE

I wife Fa o wream | god fafued @ =t
SFROT e 1 8 | 8AR WA H: Teh U9 S
B ® ; fy=-fu= fiel o a9 & forg en sifees am
&1 o S 3?2 T Wl W, B9 919 HOHH Y
TAIG? qrafafd 59 difes 99 9 Hey W@l € e
oo H B9 SFIel S9N | 31299 il |

Y T S
e . PP

- v :.-“ =y

.- el . PRI

. PR LI R T O
v PRI N P R P P T I

(b)

fors 11.2 (o) 9719 A 9 B S & %GI™ 519k € 5% &
Saf T G g&dF TH AR [FE C I TH
GeTei S19R G 99eh 4 8 | (b) A9 B & 75
1 TG AR 1 frdt G 1R G Fhoeefid
feFar 71 & et C %1 A9 B @ %5 §laR @
Yoy qIA T B

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

et 4l o <@ &I URERdd S =T |
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11.4 T, 3M(qch Holt a7 H

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

ot f1ehTa St 2TidTieh Srotl oh1 STEIRUN <l THSHT
wied T&l € | 50 I © T ek T e srgie
arugsti @ faftfa € 1 el S 59 et w1 fefas
T Tt Setetl 1 A ® | e 98 feoroh @ @ f
TGt § FehTa &1 990 ®9 9 Tfas el qrEfies
T B | 39 YR, T9 TH A srafie e o1 i
TSt & Teufast Svsit o 41T o e gidl @ Toren amer
1Rt 1 SeAm-ohs, Terrmereen § il € | 39 WK,
A haet T o eTupel i afess fa o e
(3reFafter) el €t THfed Bl ® | Fenr st s1iales
Tl i U 9 fafgd = €

Tgfy g ATdes el o 27 &1 gHeH o foag
anfoeer o weqa foran @ i Siel qeh SoAmTiaeht
Y B, U 7ohT2 o1 ohelel Ueh T W€ | Sffafieh
Sl & o T Heequl 997 7 € f 98 hed
renT w1 arereen W R et ® 7 o 39 5 W fw
I8 aee fohd YR U< g | Mo it eviafian et
U MR * steree = 1 U Se@Ll § | T8eh
M e w1 € g8 eraeen W R war © 7 o sues
gfagfc (History) (mﬁwfwﬁrwqﬁaﬁéﬁm
TR0 ferT T wer) W) &7t : Feedt e o R T gere
o e eridfier Sl SHen! feafa @ fasit et 2 | =
feafq <@, emadq 9 au o fafire A 9@ aftfa g
? 1 72 38 91 W Felk 7 St fop g o 9w feafa
o9 TR U< g8 | I19, STIGH, A9 92 STdfe el
T (1) o FOHMTIeR T STereell = el & (ST
11.7 2@) | A 719 o feuyumal SFauivass aal i
S 3 T e ) oA Sl SEh ST #
5 ez Tl | Helg, st Srsiisll o A1 o Sieh aUe]

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

o us fog 9 g fag o e et @), o 38 21y
1 Tt qen wud T ot et € (Fe 11.3) |

(a) (b)

forg 11.3 (a) 5@ aieg farrareeen 5 & d 39 &7 ke
Folt U 39k S79aT 1 Tfast & feefast it &
a1 & S gl & | & YR &1 afaar
(T, qofl, H97) & HRT Al Foil &l
U o gwifed o1 <irdr & | (b) 9f% 781 qay i
$© a7 T GEH €, d qied BT s Foil wl
U o aftfea 78t &3 2 |

(a)

forT 11.4 &1 7 F19 fhdt [AH@ T o1l THRor 1
gt fafy= fafiar & (979 39t ialk® s 4
YRedT glar 81 (o) (@719 aer 9Rawr & e
ATIIR & HRUT ST il Foil & CFIART & &G
T URYIT A & 1 (b) FT9 37 G (3T,
e @ 98 4RI %1 SR 14 ek 42T &1 Tfd
341) BRI 34 Foil &1 TFIGRO] & 57749 ardra?
grTfea &t & |
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ot frepma ot sTidfer Sett | foh ST & uftedq
foFT <11 Tehd € 2 gfaen & gfie 9 9 e Hifsg
o fo 11.4 o 38R e feeht fu T Somm &6t
T T & S U Tafere # ot @ e nfaeiter e
M R | SN I8 Fara € fom TG 1 sreeen (e g™
YR 3! STdfen Srsi) TRATId T o6 11 U™ B
g | T 3™ @ T faferst = 3@ fyvs & queh o @
S 719 T STen S Y W ® | ATqial oh hROT el
(o) e fyug 9 e o yerfed B0 | QW w6
AR Foll o S | O 39 ? foF fae 61 e
T SR &R WY (e e | wr ffan s |
za oft 719 1 A o1 o6 St © | FEeE 3 9Ef
o farodia feen o off G7e et © 1 41fE =Ry 31 o uiew
1 19 A & q SO T § qiEwn o yerted i | 56
Y, T e o1 0 &1 S el € Gehdl @ 3R
IREY W T H Fehdl B | GEY §, o 3R 1 |
-y fafiat & foa <ot e =1 fReerfa et
Bl © q91 SHR! Siaieh Sl § qiede el ¢ |

SO TH ARk ol bl GRS § S i
YrEUee THgHT STevde € | oA ffyed & 9 S
? W TE Tl U | ® | T8 HA UKk hl e el
2 1 < o SR ot Hewe 1 ® | foRet Seient fenr
w1 frorfq SHep! sriafter ool § aiferfera it © 9 T
S W | 3 YRR & Uk & fmar &
g% araver ¥ 919 W T i o [IAT gt &' 3T
& fele 2 5 T = werem fo ‘ot & g2 feafar
¥ 9 & Fo T Ffed giar & 1 9ok fawla, ‘feret
3t g eraver ¥ 9 B sTaier St i ke AT gt
2 g0 e W Uk ek YR © | T YR W, U TeheH
S ‘FeRTa Wt Tk (fvera AT &t S5 & 7 g
A ‘Frerra gRT Tek Ffvera amEr @&t @i fohar w&ar
gufd: srefqul wrefeh geper € |

Y H, 1 9 14 SHmfaet § ferfg =7 e
B | 3 fordt frepra o et weriaRor w1 fafesi gt
? Tored sqeh! snfaftes w1l aiafdd gidt 21 s, S T
gl Ui Y ek €, Teh Sfee =R Bl ¢ |

HIYROT 91§ &5 WTd: o1 a0 STdieh el §
g0 o @ § | FB WAfgs dfqwt 1 gEw |
Hefi-nefl 5 9 1 U L S ® | qea oAt
1 eftfa gagE & fae 78 fd9g stevas @ |

11.5 SHIT(dehl T Ugw fam

B9 I <@ Toh € foh Tonell Frepmr 1 efafies =i U
Ty faferal 9 il TG oh hROT Yiefdd 8l Sehdl
213 fafrl € 30 a1 wF | Fea RiT fF
AQ = U@y iy T &1 < T e
AW = Trm@ g7 9f@wr w fowan = s
AU = 1™ &7 niales e | giedd
Tl G o O fem ¥ 97 ofarifed ©
AQ = AU+ AW (11.1)
T acqd s © T St el (AQ) T Wi & S
2, SUH Fo 9 Tk ) i et § gfg
2 (AU) T 99 IREY R R T o (AW) ® | iR
(11.1) &1 SNT(AeR! & U™ 99 o5 9 § S
ST € | I8 Sl HI&01 1 shael W fem © S

foelt off S e W ] fohann S wehen © Forew wftas
1 STET GREYT Y IEHT TGN T 4 e <irem 7 |

M Aoy fom &9 THieRor (11.1) 1 derfeash
w9 F T FW T,
AQ - AW = AU (11.2)
79 A oitfere foh frermr fordt sTRfyen otereen @
affem sTaren & g YHR W o € | SSreeond, i &
ST (P, V,) § RAfdd e (P, V,) FT a ST al
T Tt 9 o I 1 feR T 3Heh ST iV,
¥ v, ¥ ufafid % € s1eiq e &0 s (P, V)
o o Hehd € IR fR 719 o s1ea w1 feer T g
79 <@ &I P, ¥ p, ¥ uREfdd w € | 399 79 (P,
V,) 3Terel ® 9g Wt @ | forheua: 9 st ST #
feor T@ gahd & IR R <ama feer v €1 9 Ut
L W B, AU ohael R o 3ffam sraensti ®
et i 71 for 5@ v W ford e U erereen 9@ gEd
TN T gl € | R, AQ T AW AT, HIHI=I,
38 99 R R o € oo T yrfes sreeen 9 sifqy
e W S B | SOHANTIehT o ww e, weieno
(11.2), 9 T T7 ? fob G AQ- AW 79 W s
TEl el | 39 TaT =i € o A e e el wemen
ST & e AU= 0 (STeeomed, 31reet 119 1 e
JER, TI9M 11.8 3f@w), @
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AU e =l < T FoA1 TR g qREe W
#H § gl w9 9 STER F o1 S # |
afe ferra faferet & w9 @ qen fafeee o

Tifgeiiet e o @ qf fuses w1 wfd <4 o 79 i %
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AQ = AU + PAV (11.3)
HHRTOT (11.3) o STIIAN o &9 H 84 1g ST &l
A St op URade W fo=m 31 BN <" 98 3T
To TTaEe § aroy grareer | uftafdd giar | Siel i A
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THRTOT (11.3) 9 B STdfe Sl 1 91 U BT €,
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1 e Sl § gfg wE o =7 B 2 | 39 giwa
4 Sl 59 9§ arg g H uitafdd g @ |

11.6 fafyre wwr anfiar

FHed siferg fof fre arel &1 <t T oA T A
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1 ST IRl b1 Ffeiad JehR | IR o € |

AQ

T AT
TH ST T 2 Toh AQ 3TN 56 TR © oA Hifiar

S T ok S ok AU Brell & | 5ok Stfdiier
T a9 R ot et % Fewdt 7 | ereifq fa-fae qf
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s el w1 fafdre Fear anfiar @ed € | 9w
1 Yepla 3 STeh qrd W el et 2 | Ty o

1 A J kg 'K 2l

=g ugred o qfiArer w1 U 4 A (SEEE m
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Thd &

(11.6)

C ! 71 1 Aier fafvre o enftar wed © | s
aifa ¢ ot uref o o w ARk 1€ war a9 wew
o T RfEafaa, 9rel @t gepfa, 3Her a9 W AR
LA B | CH AGER J mol ' K1 € | <141 T &9 =g o
T (19 o forfire S o6 G H) ¢ A1 s 1 g
T o TeTT AT vrdl o1 STTevaiehal U Tehdl € | C
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F TF < ¢, > 5N T o s €, om:

1 1 1 3
(o) =gz (ymog) e (gmit )3T (1223

TR el e o0 foen &1 8, 37d: FHie (12.23)
9 3 e ® fo

1 2 1 1 P 1
— mv = — kT -{(— mv = — k,T.
<2 > 2 7 ’<2 y> 2 P

1
5 kT (12.24)
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ofifereht

feepee H 7ifa o fore wa foret o1o) ot feerfa
W & fau &8 & Fewiel #1 sravashar gl 2|
I T TTid fhel T 9aa o a1ed &Y 3 9,
3 et =1, iR aft T forslt e Y@ & erfaw
Tfq o forq et s faan S, 4t shael W e
T STETTRT BN 3H Th W &7 ° o = fopan
S Hehdl 81 B9 HEd © T Wo @i T o fou
T e feepey™ # Wl o fow w@ds wie @b 2
foret Tyui fave &t & fag o W fog o= 7fa &1
AT A HEd €1 ora:, e o wfa & fog
T 9] I A s RIS Bt &1 Ueeh T
Tefsiel 1 Teh TaTe>d hife et &, Foraw wif oF fameft
H’(Hﬂ@fﬂﬁﬂﬁﬁ%ﬁ"ﬂ%,@@ﬂﬁﬂﬁ—mvﬁﬁ?
=t % W W v, T v, ¥ THE (12.24) F 7
@d ® o ardia 9 W 39 YRR o Yol UR
Ed TH - I, T 2

I Sl THTRETEE T ok st | shed
T @63 Fife Bt 81 AfehT 0, & N, St
fauaT 5 o fawa § 1 %E Wehd €2 0, ]
T 3 TFAdd @ Hife al gl @ €, W, $h
TR T8 0] 379 AT h% o IRa: FOM Td ot
F Hahd 21 Tosl 12.6 |, Sl o < AT i
SreA oreft W o Weer & s YU e 1 T 2
Tuify e & ek afta: o] s Tfa T Tk 2+
3Td: T TRl § YA 1 < SOl s i Bl 7
TH TR Pl ol H LI Sl g, T O ol g,
Tl 1 AR B 2l

1, 1 , 1
& +€E =—mUs+—Mw, +—
2

Smuf e mt+ Lo+ Laf (12.25)

+()

Q)

ferd 12.6  fGWRHT 319 & I T FOA 3787

aﬁa)l@a)zmza?@IEﬁQa?‘TﬁH:WW
qI T [, SR G Sed-mel ¥ e if,
yieh HUT T4 hife Sl § Teh U8 1 ANEH il
2 forgd it fq & ferdt =R o1 ot Gftmfed e 21

TR T I W o €, % 0, 9] ‘g3
it &, aterfq, 78 @10 Sk T w0, faw 7w
T, TRy (HEE A W) e 9 T €, W Eed
=1 T 2l CO S o 319, W ard R ot
O HW €, e ST T, SHATRH el
T e L TR
Wﬁﬁﬂ?ﬁw)aﬁ?m:%%ﬁﬁ@qﬁ,g
U STl 1 of g €, T

1 (dy) 1, ,

sv=§m(d—l;j +§ky
el ke et 1 5 Fdish T y3HenT shod s
HEEES

E=¢& +E& +¢, (12.26)

TH: =F Sifee, g (12.26) § fgu T
HUA-Foll U H, A o A =R y T dy/dt o 9t
Hftfera 21

g ot @ fF TIF TIFIAE T O W@
Fife T @ s & “affid 98" 1 AEE fma W
HHIRT (12.26) § T MU 9= w6 Fife & |He
15 | nfas wd fufast et = & are g afia
T

S oF A H TE fGE 9% 1] R Seel
eIt T <1 Teh 7 Tl €1 8H 3W oh ¢ 16
TH a9 T T A aresen § e 1fd &
Tk T o T T Sl Y I, T 1 Hemew Heee
s fag fey MU R ufaficd wifersm =itet =
Haifuss ufspd fagid o STER el & fa9eH o
T & H U1 € 2l € =R ol A @, =oft @
N HYT Hell BN AU A W/ H, el GHE €9 9
goft Hoe ol w4 R sfed et € IR g w9 A
ST Sl Yo o, T TS S 81 T Sistl skt WIS
frem ?1 qgqER, fRdt o1o) w1 T ud Soft
T HifeAl | G Y I, T St b1 A0EH I &

wRATEt  fier areft Y@ & uiid: S w1 g Sl Sgd HH Bl © SR Feieh Ahg wRon ° geret e

B M@l ST 12.6 1 3Afam s @)
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Stefeh Yok A S 2 x Ve kT = k, T S 1
e 2 2, b, S d R SR e
Tl YRR T ST w1 AN B @)

el o FAfGSHE W & Iudfd 36 e Hi
fawg a5 9 a1 21 ==l 79 dsifaw w9 9 6 R
faftre o A 9@ & o faw 39 fm @
SYART | 918 | Sl i fafire e oiikar o fag
ot ek IUAT 1 dfered faazor <)

12.6 fafyte swar enfiar

12.6.1 THUTHU T4l o fag

THTH[E TH o 0] § chelel dF T s
e Bl €1 37d: S9eh ek Y] I T a9 W e
Ssil (3/2)k, T BRTT| 38 Foh 1 76 o 1 Hiet 1 et
Tl S,

3

3
U =§kBTXNA =§RT (1227)

T S W HieR fafere S et ¢, 1 9 R,

dUu 3
C, (THTHTE 9 & faw) =47 =g RT
(12.28)
et e & fag
C,-C,=R (12.29)

e, c i <1 T TR fARTS SR 2
5

31, C—_ (12.30)
ﬁﬁﬁﬁ%mmﬁmﬁww

C, 5

=_r == 12.31
’=¢c "3 ( )
12.6.2 fguramres 4t o feu

S Tt T e < g € T fguRAnes ety
THTd STAHR et © SR AT 39 Mpfa Hi g o
M, 9 39T 5 WA Hif € : 3 TWHAiT T 2
Toff| Sl gHfEAS o FEAMER 38 YER &1 g
% Uk HId DI, TAH R Fal R e,
U=2k,TxN, =2RT
2 2

31 Hier fafyre o wnftard
C, (33 Tguam) =§R, Cp=%R

(12.32)

(12.33)

(12.34)

y(@wmawg

Ifg fgwamEs o) 38 @ ¥, 9 W U
sifafaa w9 w9 ot wiwfea 2, @

U =(%kBT+kBT )NA = %RT

C,=LR C,=2R y=2R

=g R C=3 = (12.35)

12.6.3 SEUTHIIE @l o e
e &9 | Rl TguANE T § 3 TIEadE, 3
Ul WA= hife Td F Miv"a 9@ (f) & &
®Y B 2| el GHGHST o FEETER 98 G d
AL S Gohdl ® T 36 YRR HT 49 & 1 Hiod H
FA AANE il
U= (3 k,T+3 I, T+ fk,T) N,
2 2
#iq C,=(3+f) R
_(4+f)
(3+f)
w1 T, C, - C, =R T+ft ameet T = feg

T €, ﬁﬂaﬁ%ﬁvmﬁ RIS c
ST SIS S A T B

=@+f)R

(12.36)

groft (12.1) @, &l ®, s i w1 SURT
BU, ! fafire o wifaned & fawa o dgifaew
JaiAH 1 Gl R T €13 7 grel (12.2)
¥ fiu T ¢ T & fou fafere s et o
TR 7 9 RTE 99 @ 21 98 U €, foh Ol
% T ¥ (S Il ® T guiE W R), w6l CH,
3R wgd W SRR T, SR Wi @it

AR 12.1 i 1 fafeme o i@t & gaigta
A (U I T IUT H gL)

ﬁvaﬂ c,-c,
(Jmol K (Jmol K" | (dmol'K")

12.5 20.8 8.31 1.67
fng{]FF 20.8 29.1 8.31 1.40
e 24.93 33.24 8.31 1.33
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Wﬁuz@'@ﬁﬁaﬁﬁﬁﬂmmﬁmﬁ&

C,-C,
(Jmol K (Jmol K7 | @mol' K

qamrmvlaﬁ He 2. 1.66

12.7 0.8 8.12 1.64

12.5 20.8 8.30 1.67

Ar

W H, 20.4 28.8 8.45 1.41
o,
N,

21.0 29.3 8.32 1.40

fgaTaTR 20.8 29.1 8.32 1.40
o wo 27.0 35.4 8.35 1.31
TEIRATE  CH, 27.1 354 8.36 131

Al § ogd Tl Ul T B1 WHRUE: 1 e a6
faftre o amRarsti & @ 9reft (12.1) ® KT 7w
Hegifes 71 9 Sfer W T 2 3EE e A g TR
T &9 uRehedl H hud &9 % ANEH HI ot
ftafea #X, a waife wd dgifas 9 o sifus
Hfa gferie] BM| 3Tq:, WHEMT a1 W Shell FHGHSH
&1 frem, grEifies &0 9 38l @ I e 2l

SqTEYUT 12.8 44.8 WX 9 okl o T
AR o4 § STP W iferad 19 4 21 39
9 o a9 ¥ 15.0 °C gfg & e fag Tt
] SR AR 2FT? (R=8.31 Jmol-' K1)

Ze7 : 19 98 PV = URT 1 S9N &k 319 78
e < Fehd € fop ferdlt oft et 1w ok 1w
1, "M d9 (273 K) W& € (1 atm = 1.01 X 10°
Pa) W ST 22.4 ¢l eidl 81 39 WEih e
! ‘HieR T@dA’ sed g1 31d: §9 IS § o o
fie Eiferem oh 2 Tt €1 s Eiferm T |
2, R fEd egad w fafyre oA arfian

= (3/2) R, a1 TId <@ W faferse sear e

= (5/2) R 8| Hifh a4 1 oA Fod T,
eRFh HOH1 G 6 o fT C, 1 ST 8| 1a:
SEYTS SO = Hiel i G x Aer fafyrse o
HTRATx A9l

=2x1.5Rx15.0=45R
=45x8.31=374J <

12.6.4 o o fafyre e arfar

2rEl i fafire Sameniar 9 w3 o fau o g7 e
FHfgueH 1 F90 @6 #X gead €1 R S %
fova & fomm ST, SN WEEt w1 o 21 Tew
T SO e el o SER-SER ShuA Y Tl R
et wwfodfa U ® sfEd S 2 x% kT
= I, T | fforfia sl o fau sima =i 3k, T 2
3 %k | Hid o fTU N= N, 3R 38! Fo s
Sell

U= 3 k,T xN, =3RT

o1, f9d @ WAQ = AU + PAV = AU, Fiif
fret 3| & faw Av 3uafig 21 e
_AQ _AU
AT AT

FRUMN 12.3 W & a9 Td IYHSd @ R FD
3 i fafere o wnfaret o °m

= 3R (12.37)

ugrd &t | Tafire son anfter | Wiew fafdre s

L) Jkg'K") |enfiar(J mol'K™)
900.0 24.4
HTEA 506.5 6.1
GIEl 386.4 24.5
i 127.7 26.5
=7y 236.1 25.5
T 134.4 24.9

HRUt 12.3 3t @ foF =9 ®9 9, 9 9
T AT WA i AR WY Aol @ 2| (ShTee
Teh 9T ©) |

12.7 HIET Had T

|l o erupe w1 T TRl Stfuek, S W eaf o o
1 hife o oUeR Bl g1 al off, g o faferet §
s g2 19 H FH ok T HH qF foala e o
SHTRT 3Tfueh W ol €| aTgree | ¢U i oigel s
T S Lo 8| U1 THieI i €, iR, T o 37
T R, W ST BIe ST & B 21 gt o
TWER TH{G T o fou @ied €| giomTeEey, |
T ®Y W, T 1 H Tl el W@ Gohd, SAhT 9
R wftefda & 2|
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fard 12.7 At G99 ° ot 879 GRT F9i4a e foad
FIE T 3T T THATI

M e, foret 719 o6 219 d oI & Tl
7l &1 T oA Tt U@ TIfamE e10] W Shfsd i
et T =1 <> B 9% foRdt off T8 g ey |
Terg T ST < R o hwl o s &I I d
o 31&T 3T ST AL 9 § T8 T (ad2 <v> Ab) T
FIA © e o aren ®iE o1 T THuw (I
o 12.7) 1 A 9fd Taier e o STUpstl i we&
ne @ HE A At FHI H nad? <v> At FHIE AT
T PR Tl A R nad? <v> Bl A6l I Hifh
Tergl o | Sfied v,

T = 1/(nmr<v> &) (12.38)

forel ) i Wl & A T o g0, fo
e e U (1) HEd ©, B :

1 =<v> 7= 1/(nac?) (12.39)

T [ W §O TE Hodd Hi ¢ fh g g
3] ferrrereen ® B wq oard ® qeft o1y wfadr @
AR Heg ST Squpe ok Sftea smuferes o gy it
T S B1 o1 T TR (12.38) W <> I <o,>
o yfaeenfad w0 g 3T At Jened Fedata g

1= 1/(@ n7rd2) (12.40)

3T, 376§ o1 o S0l o feTe, STP W 3t o
<v> = (485m/s) @ | T T o1 Sehe i &

(0.02x10%)
"7 (22.4x107)
=27x102°m™3
d=2x10"1"m o+ |,
7=6.1x101°s
T, 1=2.9% 107 m = 1500d (12.41)
STt arden off, TEeRtor (12.40) R T = wen
T 9 h1 HF 370 i HY T G&AT @ W
wiaeirmd: fet e 21 fordht ercafss faffad e o
=R n fma off &9 =& 7 8, WA a9y Hw A
Felt 1 AT o SUE B Hehdl B
3QTEYUT 12.9 373 KW, 5id aisd. §,.5ic1 o
3T0] oF HTEA ot 9 1 ST il STEL
12.1 3R i (12.41) ® & 71 g @
ITINT Hife|

gc7 a1 9 ok feT d 1 9, 391 a1 o6 T 71
TR BT €| A S W 19 o kel 8

zafe n=2.7x10%° ><%:2><1025m’3

d: W Jokd 99 1=4x10"m <

& JISC, 712 Ja e, 96 9Rehadl g 9
SITIHE T ~40A=4%10°m &I &l H 100
T 1 A G U 1 T2 el 9 & 6 % wefus
SRR 1 Anieyie 21 for ford e a1 o 6l
ifga =&t foran 1 weman B

STURTR gl ST SURRT hich , YA, SoHI-<1eiehd,
e T S Ty T N i enfae Sm S9
rfagen yreell 9 et fehan 1 Tehar 21 36 e &
qaul 9 &1 Fege U i STHY & STha fhal
T |

|9t

1. T (P), ST (V) 3R WA A9 (T) § Feiel iy wad areft aeet 9 g 2,
PV=uRT =k, NT
78T u T | Hiedl BT WA SN S FT T TIR Tk, A WA 19 s

dieesH i 7
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R=8.314Jmol' K!, Ik, = N. = 1.38 x 1023 J K1

aredfas T, eTeel 9 GHieRor w1 Sk Urer heel 359 a9 ael e g W g i B
2. oTRE 9 o STupfa fasid o STER

P:lnmv2
3

TET n SAU[H R EAT T, m ST F FATE TE 2 TAh! WA o w1l T THh! I T
TH{RTOT o W A ¥ 9 kT T STUfas AR W B g,

LTI -(°)" = [SkesT
2 2 m
T4 &9 ¥ 9 g ? T fRelt T 1 qrg sueh Rt oru) &6 oftdd TSt il skl A € SR
g 19 = 9] 1 Yepta W R & a1 U Frad ara W i o fage o 9 eto) i sl
el STUeehd Bl 2l
3. TAMIAdE TS St

4. it GEiESH 1w T @ 5 Al uh e weae T W) e | © d gl el g9H
&Y ¥ fafi= So &9 | de T A B € SR B T o WA G A Foll — ke, T B
B Y TG T F[Of Tsd hife & G STaeivol 1 Th el &9 gl € ik 598 I
SStt — ke, T B €1 Tk O SR o W Sl o & w9 (st T feerfaet) Jed € afan
3G W4 Sl =2x—k, T=k, T

5. Sl gUfaAISH 1 a9 A0 Fih &9 TG #1 Hier fafire e enfiar 9 F ged § 3R T
R 91 fafdre Fo enfaet o w19 o wEn g g fafere s st o we
Y fHer €1 A i o sho i ol o gReherl § GitHferd Y di e G SR o g S

6. WA e U 1 370] o & ik GEZl o we SHeh §NI wfeid SiEd 5 €

o1
V2 nza?
STET n HEA ¥ T d 31U T A T

foemoitg faug

1. fwEl T@ &1 3@ Fae uRE 1 AR W g AR 781 g1, dfeh I8 W H g She foeme
@l &1 o W T Y o S W i uid Wreeree o gl € siith 39 WA ok <l SR HqHH
T Fa 2

2. 9 H SHARHANE U o G | W 9gd 9gI-9g FL IS ¥R Tl S Sy G A
3R T W FE S R gl | SARHASE S o @A 6 TH o Se €1 Sgd 19 3R 9
2 o o Wied god UM © W el T SIaRAes i 1 100 A SR SAU] H1 SAH
1000 AT Bl 1
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Foll GHfa9TsH % 199 1 €9 39 YR %8 Tehd 8— Aid W § Y WA il o WY
Yol T Fofl 21 Bl €1 319 T Ft ol oh o | G GO 9% UF W Hhie i
ST =ME) 374, Y& SoA-Toen § < w@idsd hife (7 o k) e 2 (fas ue feafas =i
%W)ﬁﬁaﬁmzx%kBT=kBTﬁﬁr%|

fordt R o 919 & 99 A9 A & IR S (TF oF HROT) qAqT HI W AR AL I8 o
i o SEd o W T Bid B IR PR Wz i Wd € | e § e Sesdl W s
ofrgT fireh B € (SI9 SHUSE W) | THeRT YA %4 €, Wih H Sengdl o fag fefas
Sl (mgh) &1 | 3T0] ST S TS ot 1/2 mu? 1 gl | 16T HH 2|

<?> T (< v>)2 o SE Te eianl frel it o ol w1 "ien arevaes el € o S| ufy ok
1A o o o SRISR BN 1 A9 T HUA i Y o oIy II@01 I Tehd &2

12.1

12.2

12.3

12.4

SIRSIES

RIS o SAUET % TR SR STP W $9eh NI SR 7T el SFe 1 STUI 1 h ey

SIS o6 T 319 &1 =6 3 A difu)

HieR e, STP W ferdlt 79 (eeel) & | Hiel gRI S 740 31 21 (STP : 1 atm <04,

0°C)| S9ed T 77 22.4 ofiex 21

fo1 12.8 ¥ SRS o 1.00x10°2 kg §MM o felt PV/T TS PH, {1 3TeT-3Tel drdl W

T <9 T g N
Yy

TUKD

\4

o7 12.8
(a) Toigfera Y@ @ st 272

(b) 1§ B : T, > T, AU T, < T,?

(c) y-318T W STel o fherd € @@l PV/T &1 5F &1 872

(d) 7% &7 W@ & WMH 1.00x10-3 kg BRGNS o fau sAIC df «ff 1 39 fog W W&l o
y-181 9 foed ® Pv/T 1AM 7 B2 A% T df geet % fhad seadH ok fere pyy
T 1 A (FH 319 3R 3=4 A9 % &5 o U ot g2 H, &1 77 $FHE = 2.02 u, O,
T Y T = 32.0 u, R= 8.31 J mol-! K!)

Tk Ao fafeiet fget smae 30 it §, § Sfadise %1 TR I 15 atm TS @9
27°C T 398 ¥ &% 119 Fehiet o o o1 9t (191) <@ iR #X 11 atm T a9 iR %
17 °C = Sl 21 T hiferg o fafeiey @ stfedism +1 frat @m0 el T 21(R=8.31
J mol™! K1, SRS =T 377] FeTHH O, = 32 u) |
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12.5

12.6

12.7

12.8

12.9

12.10

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

Tk R, TRt i 25.0 m3 €, 27 °C 99 3R 1 atm T R, 97 o el 10gai (Fos
eSS, SATafSH, Sterarsy 3R o7 gt sl o w1 wiwferd §) 1 el 96 S

s o] H1 Sigd qrdig el 1 e HITNT () FW o 99 (27 °C) W () I F
TG @9 (6000 K) W (i) 100 TR hfead d™ (AR o IS &l WEas a9) W

TAM IR o A S T & g SR g R A wl ¥ veel sdq i (TR
g 2, T ¥ FadE (fgwmmgs) T @ iR fet & fem 3reiNEe (SEREEE) |
B A S W TG o G AUt kT HE §EE ®? 9 A U § STued wio
(ot " e =) wHE R

e AT R o T fafder § gt #1 v, - 20 °C R A W wEpEt w o, F
TR BRI (Ar T THIY] SHHM = 39.9 u, TG Sfera™ T THY] F49H = 4.0 u)|

ESH T % Uk faferet §,2.0 atm @ T 17 °C @19 R, AEZSH T0[A o H1e Yo 99
TE §HE STEMd 1 SThald HITSC| AEeIS 210] i 5531 T 1.0 A TSI Fog-h1el i
T STV R & WG| o die WAAdgach do H ol THF | HIE) (ATgesH 1 Tvae
T = 28.0 u) |

S
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13.1
13.2
13.3
13.4

13.5

13.6

13.7
13.8

CIEED]
T AR et T

WA A T

A 3T T T THIHH
ELE RIS

WA 3Ed A H S qd

TS 3TTed T o faw &
TA 3 Tfd | el

WA S T e e
I F© e

fommoig faw
S Ro e

CAGE|
]

13.1 fHeRm
T A e Sfam § fafi= wehr w1 el <Ed € | 3 A 5w ol
el Weh T 1R forelt geren o) fq o fomg o @t o1 sreae o
& g € | A <A & el STt il € | BHA ThEHE e T ae
OR 9RaR o Uel &1 wefa niaal o fawa o off steeem e fomn 2
7 el | e THE-iaue % qveEd U 1 R el 2,
TIfq 78 STt Bl © | SO SeI9 H 379 el 219 ol W e
1 = Torn e | = AT i g gl §, W et uE et
afrerdt Tfa @ o= gt © | et o fenelt wren feorfd o seR-Ser T
FIA | STaR-EE! 1 Alersh F 3 TR 1 T H 213 TR
H I-uvE (SM-UD) ofEdl i oh WEX SIEdU §- T W
TSN gE A1, 9TSF Soi H o7 3R U9 erdn gan fue anfal
TH YRR T T ! Sl T Fed 7 | T9 A9 | 86 39 A %
TR H A=A HAT |

el T o1 ST ifeeh! o fIT SRy €; Tga-Hl ifdeh
REEIE H GHEH % fIU HER] Heheul i SAEeIehdl Bl 8 | o
#5i1; SrH-faar, fier stemn amfaq o g9 shaaae Sl g T
tafal Seq=1 2Id gU 2@ © | @il o ool qen Sefiem oI eaft
foearenl o Ty | SAWM AU Jrea fRafd o $eR-3R U &
T | oY o SUET o Al g B e -H=l) §9e €l Uil ¢ T S
vered o @70 sroet Tren feufadl o URid: R e €, S S
ol A9 o HEEIT €t 81 AC TeR U dieedl s GH0T shidl
2 S A 9 (IE) FOUAHF 9T HONHE A THIR FH G
TAPHM @l 2l

foreht ot TIfd o6 =9 e I T o fae faero & fau
TS A Hehod1sil; SE—aTadehTe, sTgfa, faeen, smam ik e
T IR Bl © | 3T S9N H T Geheuratl i faenfaa fapan
T E |
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ofiferent

13.2 A AR et ia

o 13.1 § o oredl et <oiE W € 9 oS
HIE HIe fopdl T R =gar € IR iR S 21 98 3o
YRfeh T W 3T Sl € 3R 39 WA ol aR-eR
YAl 21 AR 9 A W SR THH] S a1 G
o o9 WF Wig a 98 fa7 13.1(a) F w®e @) afg
g aTeteh Topdl TGl W =e 3R Ik q T8 Wiha i
TAM €Y ¥ aR-91 63 d SHH! ST ad1 G99 o
o= T o 13.1(b) o SiEn fe@T S 3 TRt Wi
i T B W S %l W aR-9R "RA © i
THRT HAE AR GHI oh SE WE 13.1(c) o Sl
femm e <fSe fo fo3 13.1(0) & <Hf g 9
e H T FHHOT % STER WAed & A T,
9T (2.6) fEm

1
h=ut+§gt23?%ﬁ1§[@ Tfq & faw, qen

h=ut—égt2 SyftgEt T & ferg,

T gHRIOn | w1 AF oFer uiifeufat o fae =
B A |l SYerdt T o S<Te 1 STd: Whig T S
fifead SRe o 9 TREf w7 emadt wd
Wﬁﬁ/\ 2l

x(t)

pap
\4

x(t)

x(t)
\ )
t

feora 13.1 3Tafd Tfa & 33601 Jedieh STaeeqT § STadahict
T gwifar 71 &1

HMEG: AEdl 1fd S arel fIug & T dged
TN Bl © S SHek T o u | feerd giar §1 o
fyue 50 HqeH faeen ® el © df 39 W o H ol
el el 9o I Bl B 314 Al fyve i 39 eraen
¥ form =t feorfa & 9ig § @1 7e gsa fawmmewen o
wm Afg fuve 1 39 sTaen ¥ ol wr fawenfad ¥
@ favg R Tk Tt HE wE ofE @ S faue S g
TR HJAT-3TN HT SR A A H1 TAH Hl B
3R weeey fiug § Ser o1 shus S @l Sl €l
3T o faw afs frdt wer § wh ik W < q ]
R 1 qell W Her Tael § gl 81 A SEeh! 39
fog § wrer foeenfud &Y @ 715 ek | Jod i ot
B Yk e T Sl Bt € TRy Yedsh St T
e el Bt e T ot STedt eidl §, Wy <o
& = 2

e T U H FIE GO HR TEl 21 WHRO:
el TG 1 O HH 2l 8 A g9 T i Serg Fed
3 (3 e 99 1 2o 1 <o R | T fda
S Tfa w1 egfa sifuk B € df &W fd i s
Fed €1 99 et @iia 9 % 9’ H S

WA 3Nl M S T 1 T Wt &9 8| T8
T4 BIl 2 e TR S g% oh S A oe ael
T STeree | gHeh faeae o HHur gial 81 IH:
T o TIe o IR TE I Fid TH T ST FH
T R B 81 T8 Hqe STagen owq i T i
mren feafa o =it 2

R &9 § gt Sea a&qy SiadnTeT 1o
o STl Sl Ui Y ofdl € ifeh gt fq o
YU qAT 3T &I oIl oh RO STTHS I BIal
21 T I AR A o L BH a%] | e
e H @ Wehd &1 39 IS ok 3ifaw S o v
ST qe1 JUNfed el 1 STead |

forelt off s ATeAH Wi W e Iferl &1 T
T T A Hehd €1 37 Iferl o |fesh Qe aw
1 &Y o 1 STt a2, Jehfiud a3, fagd gaewta a
A o S € g wee o fava o 'w
STTE 31T | ST |

13.2.1 3TEdehld qdT AT

B <@ § T @i vfa fest et fafia g9
HWA W WE TR et € 3t i weardl 2
qE AT THT RT [rqer q9and TTd &t grigha
Al &, SHehT HTadhTeT HEellal &1 3Td: THT i &1

Reprint 2025-26



e

273

T §N <¥0id €1 SHHT SI T Webg B | S et
e o forw, St Sebel o UM W A d wgd did
el 9gd TS eIl €, THT o 3T GaHeh qeh
ST ® @MU W 2 | R qads feed w1 s
el HIEhIeHS (1076 s) o HISIeh!, FSTEehT Welleh ps @,
¥ =aq foman <1 © | 39 famid 99 78 & HhefE
ety 88 9-faod Bt T | Sell Hehg & 76 99 &
Y Y SR Bl € |

T ‘T o Fohd ¥ g4 U0 3 999 o
Tl H G W et ¢ g8 AR et i
ST e € | 38 Fdieh v g ety fepan sman
T 1 v A T % wea Frefaied qReIie dee g 2

1
V=T
M YHR v 1 WO (s) ® | oA @ o
SRR NG TEh Tedd (1857-1894) & TH W
STgd o A 1 Tk T M X T | 36 8
(hertz Wdleh Hz) %ed 8 | 39 W&K,
1835 = 1 Hz = 1 Y01 ¥fd ¥ehe = 1s!  (13.2)
e ST, emgfa 1 Tea € quife e sTrev
T |
b 3STEYUT 13.1 HIE W6 €5 Ueh 1o | efidan
75 SR g Al YA Sl € | THRT g
qAT AEdhTA YRehferd hifelg |

6T T3A HI ¥SHA &l g = 75/(1 i)

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

(13.1)

e, T

13.2.2 fawemu=

S 3.2 ° B fohE %01 o faemdd &l e
feorfa wfew o afteds o &9 & uRenfyd fean on 1 3@
SA™ H gH fowerme ame 3§ Ug & 39 At
=aes el B i | gg fR ot fommofe sdifas o
o grd o Y aiedd 1 fEfya e | ST o+
fore, T g W fordl =ia dfd s W W@ T o
fore, 999 o o o ®9 H IRY fag 9 dfa &
Tae Trarfa-faweamo ® | go fag %1 g gfaugar
foha ST Thel & | W SIT h1E T[eaht fomelt st o
SE1 ¢ forent guu fou fordt 38 $or 9 dag @
[fau fat 13.2 (a) ] FERoE: Tt fqog =1 fowemma
TIHT e STaEl ¥ A TR e TRt e

fera 13.2(a) & T2 f&d FaMHE & Gord, a1 a7
a1 ot 38 J1aR @ Gag & | e T9
ed g8 W A AT & | Jek FT MG H
F1aR @ 34, s79aT faeeraT X & &I 7 =
fomar < e & |

for 13.2(b ) UF IIrTqA QS ik, 96T T Bl
FealeR g FHIvT fGeerqT 0 o g5t 7 =7k
foar S G & |

TS et o fau, 999 & Held o ®9 § HEaier
T FH wf farrE-=R & w9 fAefya fem s
ged © [RfEaw fa 13.2m))1 ‘faeerd’ ug
oot Ted feafa o wed o € &l fwan S |
foreemod =R % o7 YRR o ot B Hewd © | fRd
a.c. IRUY § Haifaq 9uiie o fo)f o5 o= 999 &
Ty ufiafad et @ aieedr” & ff T fazerms =1
wq H foran ST Hehdl © | 36 YehT, eaf qu oh Heoy
T gua o 919 ‘<@’ o aRedy, Tt T | uRkafdd
B W Sgd 9 gakig & 3wt o fawen ok
ISR &1 FoReIToT =1 o1 HH ¥FIcHe 91 KU 8
Hehdl 21 <ol o TA o, fa= S o forg fereemam
=0 1 HY o SR |

foreeno 1 Ted € "HG o T e g)l
el forean <1 wehar € | evmedt wiadl | T@ wed
T R el Bl ® | STl el § W Teh SR
Sad! Wl i 9 YR 9 e Y Hehd |,
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f({t)=Acos ot (13.3a)

IfE 39 ®ed o HIh, of, H 21 AT a1 59k fohdt

quish TS W1 gfg WX & WG, A e w1 HH
& fEd © | dd o o f() Al €1 @l 2 e
e, T fefafad e,

27
®

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

SO =ft+D

af T S (sin) e, f(t) = Asin ot 1 &
e w9 ¥ 7€l 9o el B ® | WY € 4 (sin)
TS A (cos) oMl 1 T o =94, S

f(t) = Asin ot + B cos ot (13.3¢)

off arrad! wor B 8, freer sader T2 @ | afg
el

T (13.3b)

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

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

D=+A?+ B’ @ ¢= tanl(gj

(13.3d)

el S S s el o1 oIy Hewel e
T S SrafeRe SHE B (1768-1830) 511 s
STAIROT IROMT o RO €, S 30 YhR € ¢ fepdl 9T
SISl TeTT bt 3T Uk ATt 1= 3TadahTeT
& T T HIVIT Tl o STEARIYUT GRT ek fenar
ST qHAT & |

b 3TEYUT 13.2 TrefafEd 999 o el | e
(a) 3T o (b) M@ T1d i &g Hd
2 7 UAE e i 1 STedeRe farey
[ 1 AT s 2] |

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

iv) log (wt)

g1 (i) sin ot + cos wt Th aTer Her el e
ﬁsin(whrgj F w7 F off =9 fHA ST g
3, (f2 sin (ot +t/4) = ([ sin (ot + T/4+27)

= ﬁsin[w(t+£}+%}

(o

. 27
T Wl bl 3HATddhIc 7y 2 |

(i) 8 3T (A T TH R0 7 | oA A, 7wt
Y% U5 T fafa—= hivfia eTgid o STedl %o ol
frefud e ® | <feh STadeRTet 98 =Aaq 99 S
g1 € fSeh U9 Weld 310H W &t @E g
W% sin ot T TR TO=27t/o);cos 2wt <h1
SRR 1t/ 0= T,/2; T sin 4 ot 1 R 21/
4 0=T,/4 B | YoM T T SR A < w_
o STEdhTal T U BT ¢ o7d: 3ffaH qua
11 siaque foreeh STa il 9_1 o1 AT GO e
g T, 7 & fS@en amad F1d 21/0 T

(iii) e e I €, I8 IUA H gfg &k WA TH
fEwed: T2l € TN t—e0 TH W YA HT 3 YT eIl &
3R 39 YR wefl ff 9+ W w1 TR Tl e |
(iv) e log () THA o 1Y Tehgwed: 9gdl ¢ | 37d:
g AT A 1 el ff TR T e iR T
e e ® | e T, tse BH R log oot
AU BT o T UEH Sl €1 o7 T8 Tt off
YR o 9ifder foremad o1 frefua 72 s e | <

13.3 | 3Tad T

70 9 13.3 & THER x-3781 o o fog W +A 3R
_A IH sl % Hed oW 3N Uv" hud w ol
frdt o1 W fo=aR = | 39 JAEEE TG R W

-A . +A

<G>

ferT 13.3 x-318T & goT fag W +A 3R —A diwre &
offeR 3 R qvE FHT XA gY FIE H |

arad T wed €, Ak qa fag o w1 o1 fawem x
g % @y = gt & orER uiafda =i

x (t) =Acos (ot + ¢) (13.4)
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Tel A, o T ¢ Teeri® B or: qaie orad Tfd X
amed Tfa (SHM) 7€t ©; ohael et efed i forew
TR -T2 o1 Ho Sk E €, Te 3fed TIhd et
21 13.4 § W o7ad A #d g TH O HD

x( : T\ x, 999t % Wed % ®9 H
A : SAH

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

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

ferd 13.4 T S7ad i 3 §¢ THT 3 S79ad T t =
0. T/4, T/2, 3T/4, T, 5T/4 W %7 &I
feefa1 a8 gog ek geara Tfd #1 gAgd
gidt &, T Feerdt 81 IRfve feafd (t = 0) 379
Fo o g4, T &1 717 R B H7 H1 916l
I TaeT9T (x = 0 T W Afeehaq qer T
*1 wm feafaal g it 2

Tag o 3Haq Ol W feafa gl T 21 v i
A T/4 ¢ Sl T a1 STedes 2l

X

[ JANEVA
ARV VAN

(=]

fera 13.5 T 37/ad Tid 3d g w01 1 foeeraT G
& §ad Hord & ®9 7

s 13.5 § x o 919 ¢ 1 U 3TaifEd & S 999 o
Tad S & €9 § H o ORI w1 9 It 2
T A, 0 ¢ St TE ad Tfd w1 farwivar sardt

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

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

SHM &1 3™ A, &1 o 3ifiehan fawem =1
GREATOT Bl ©1 [BAF €, SATdehighehal ob e TRl
THTH %, A I ¢ foran S gk 21 = g9
F HA Hed +1 ¥ -1 o a9 g w1 e,
gafey foramm =@ feafa +A @ —A & <=9 fa=ron
FHUMN 3 W @ MqA oh @ qe0 @ T, Aferd
mgwﬁm%,ém%ﬁa 13.7(a) ¥ fe@mn
T R

%0\%\
AVARVE

forg 13.7 (a) GHI#07 (13.4) 9 91 ¢ = 0 W GHT &
FeTd & &9 H [5€79T %7 o | 9% 1 3R
2 3 =7 I AT A% T &

D>U:J

& ferdt U U eTed T w1 S A FRE R,
fordt Ua ¢ W HOT T TG FT AR Bl FHI BT
o I (ot + ¢) S R A Sl T THE W
oTfsa wH arett 39 AR (ot + ¢) BT TG HT FHel
FEd 21 ¢ = 0 W FHeAl H URA ¢ Bl © 5 FHe
fedien (ST hefl-hiu1) shed &1 af% &M T 8l
T t=0 Wk T a1 9 ¢ A fohan ST Fehat
21 q WA Ed U oh A 9™l @ HHA ol
FaA-H ¢ fafa= & Tohd €, St fw fo7 13.7 (b)
o < T R
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X

-A L0=0

A~

t—»

fogemom —>

fera 13.7(b) GEIa01 (13.4) T 91 (x-t) 377G | a5
3 U4 FHAI: FA FT ¢ = 0 rad TUr
¢=—-n/4rad & fom €| I aeral & forg
M A GHA Bl

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

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

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

319 feh 2n 3MEd HIE S HicAT B SAadl
8, Al S wivnsh 20 Wead @ uRafda e €, 98
Y9 9N @9 1 RGN S g1 I

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

o 1 SHM 1 #h1viig g ed €1 36T S.L
e e ufd Gohs 21 Jfeh e w1 g e 1/
T®, o< i 3gfd &1 27701 Bl &1 T el AT
Tfq oF AT ¢ THH, T o fafe=1 & wehd 2, S
for fost 13.8 W @1 S Hehal €1 39 @ W 9% b
1 A el Tk qoh 3T hiel i TN § Sefeh
TEH! AT Tk a i A H G B

X

|
EAN AW/AN
RAVOVAV

t—>

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

(b) sin? wt

gc¢1 (a) sin wt — cos wt

= sin ot — sin (1/2 — wt)

= 2 cos (n/4) sin (wt - n/4)

= /2 sin (ot —n/4)
€ el T e T w1 o s ®, fSwen
e T = 21/ @ T HA-hI0T (—1/4) rad TN
(7n/4) rad ® |
(b) sin? wt = Y2 — Y2 cos 2 wt
T o ST ¢, TTeeRT STeRkehTet T=n/ o0 © | 3 S foig
I o TGl Y W WA A T o quir } <
13.4 W €A T(d a7 ThAHM gl T
TG YN | TH 3@ foh 990 % A8 W THETH g
T o1 Y&IY T 3TTEd T hedl ¢ Tk o3 93 (o
13.9) 3H Ha¥] ! Tsid heddl i H gHRI HSS hidl
?1 T g o ford St o R @ et afast aa o
39 foreht Fft=a fog o af@: s=R ivia =« 9 7fd
U | T 1< QT T B TehEHE adet I | sTa
1 1 T o qa T ehi=d Tad gu st SR 9 stema
A ¥ 7] 1 gt Siferel o fog 1 afg &n
Te1 fog O 1 I 7% Tk &ifSt dt o TR SER-SER
TG Tt g2 Udid gt fashedd: o1 71 1 WSE g9
o Tt o oeed ford SR W off <@ Hehd 71 39 uiRa
o B0 S 9 dcieh Hd €, Iqd o o AN 3fie
1 fawm o sifielseq =9 R st ®1 T B 2

\:,\
DN
¥

forT 13.8 THtaxv (14.4) & ¢ = Orad W 3 = fog 13.9 fF7R @ 3G 70 T gaet § dic &1 g T

SrEdpIen & fora eeiE|

TeT a7rerd T 2l
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ot 13.10 5 fearfa =t it ®9 90w
21 T WY hiE 01 P, 521 A o Teh I TR hivi
T o T THGHHT T F @1 1T Hh e arared
?1 %1 1 Rfue ‘feefa wfewr’ s1efq (= 0 W Afkw
OP , &FIcHeh x 3181 o T Ul ¢ ST 2|

fa 13.10

t I o 9% qE A FI0 o T HId € 3R
Tt ‘fearfd Wi’ +ve x-3781 o W1 TH HI @t +¢
T B 1 376 x-3781 R * Feerfa @fer’ Op o vy W fammr
Y| T OP BN <d 0T P g W T hLal & al x-
el WP’ i fefd wew Y Sl €

x(t) = Acos (wt + ¢@)

S foF SHM 1 wiRteifies Sientor 21 =8 @il &
Ife p fordll g9 W THEHFIT T Tl € A THeRT 94T
P I o oA W ETA 3T T el 1 Rl P el
o g9 W 78 T a1 @ 39 wH: T3l %ur den
e g9 Fed T

P &1 Tfa & 9&i9 =i g9 frdt ot =, 59 fo
Y318 T Wk 21 39 fearfq § y-3181 T P ot fereereA
y(t) Bl

y(t) = Asin (ot + ¢)
7€ i Wb SHM © TSTehT 3T x- 2781 T &Y o TaH
& 7, AT T8t Fen n/2 W A= 2

Iga TG A1 SHM o o9 39 Had o dTesR
ek T et T | ot smor o oTar g3t o feret

FHUT HI THEAH dgal Td H W@ ok fAu savaes

Afeh=<a o1 ¥ HTHBT ST 2

p 3TEVOT 13.4 1 <3 fo=t & <1 ot i gt
TE§ | 5 Tersll T o o1 e, S[uf o1 StrerdhTe,
ARfTe fearfq qen soia =1 feem oiferd &1 T 7 |
o feafa o =it sor p o oo wfkw &6
Xx-9&9 T TS 3TEd T Y il |

Y D=0

(@) t=0 T, OP x-3&1 (! &S M) | 45°
= 1/4 rad 1 I S & | ¢ GHT GTE T8

amred faem | %tradwzﬂw%,ﬁm

2
_7[1_'+£

T 4j rad S SR | G ¢

x-31g 9 (

T x-31% T OP o Y&IY TH Yeh ook hid & :

27 T
x(t) = A cos (—t+—j

T 4

T=4s% fau
(2_”t+£j

x(t) = A cos 4 4

ST for A 3T, 4 s 3TadehTal 9o YR sharr*
% FHT A e A B

(b) 39 farfd § ¢ = 0 W, OP x-31841 ¥ 90° = 1t/2
T IV S & | I8 Sferomerd fem o z—T”t T

* 10 T WIehfaeh 3ohTS Aeam € o F5roe st =19 o S §RI qRa ed €1 shiol SAfeer Y1 €1 ST & n ohl SHeh
TG A1 A forad € d Wed st 1 Seoi@ wE SEvEe e 81 e iR feilt & oftm waieron, iet, S
71 il & s SYR0T o GHEY &l ¢ AR fRdt Frepiidia wor o wivnies § R T e @ @ wee =i R
ThTE fEa 71 AR o1 Y gohTE feufl @ o SUh! Toved: ST BRI ST % fAU sin(15°) 1 1ed @ 15 feuht @
sin| T sin (15) 1 dcd 15 &aA Fsin 1 30 A ‘rad’ 3R & 39091 STCM| S ot 101 A1 SAfeher A fo

ThTE o a1 g3n € d s arsa | g 2
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TR AT T, T X3 Y (g—%ﬂt] SR

2 1 O t T x-318 T OP U&Y ! T80 TR =T
T

x(t) = B cos (1_2_7[tj
2 T

27
= B sin Tt

T=30s7d fau,
e
x(t) = B sin 15

T 39 YHR  x(t) = B cos (%t—%j for@at

THHT THHIT (13.4) ¥ T A W e I8
1 21 @ T 9% B 3T, 30 s STedenTel ae

qﬁwm—grad#rwaﬁﬁnﬁrﬁ

e e © | <
13.5 YA 2Tad fd W a9 QAT <O
THTAMM gdel T L 8¢ fhdl 07 1 =1t s9h!
I =Tel O 99 1 B A o SUeR gl 2

v=wA (13.8)

TRt EF ¢ W, A7 v ot e 9 o 39 fog TR womisan
o ST Bl © el 01 39 &0 W e el 8
ot 13.11 1 sififa @ 98 e ¢ fh 999 ¢ W ye
FHU P A

U(t) =-w A sin (ot + ¢) (13.9)

fars 13.11 %9 P' 7 a7 v(t) G55 T P & a7 v &7
garg 2 |

el SmuTcH Torg =18 <Ifar & o v(e) 1 TR x-31e7 =
¥TeHe Toum o faradia 81 Tiertor (13.9) , e 3T
TIfel shed G U1 1 ATCRITOTeR o Yed Shidll €, ST8T fereemH
GHeRTT (13.4) @ T 2ial | Feeee 59 THishr
g9 fo sefdia wivne o St W T Gehd R
Tk foTu Tie GHieRor (13.4) i ¢ oF QTUe] STaehfcrd
ExGIAE

u(t) = % x(1)

TS ST T i GU U1 o AICelfuIeh 0T ohi
T 3 o faq §]e g i fafy &1 & TR 71
o o S Hehdl B
B 9@ ? foh uwmeneE ada vfa o wur ok
AMYeh=TT ©ROT 1 IRATT 12/ A SAUE (?PAT A T8
g &1 AR e €, fefd sqe! fEen PO 1 31 B
&[T hOT P’ oh1 dTcatioreh ol aef i (o 13.12 <)
a(t) = — w*Acos (ot + ¢)
a(t) = — o’x (1) y

(13.10)

(13.11)

e

fer 13.12 fag P' &1 @R a(t), 95 a5 P & @R a &7
gelq giar € 1
FHHTOT (13.11) T A T HLd GE HIT h
TR e hIdl B | TEHT THIROT i, TR (13.9)
W YA O u(t) I THI b GrUe] TFHfeId Hich die
o o S HeRd B

d
alt) = Ev(t) (13.12)

HHIRTO (13.11) | TH Teh Hewaqu] IR O &1
%d € for WXt e Tfa W o1 o1 ol 3ok e
o AU Brdl 21 x(t) > 0 o ToT a(t) < O de
X(t) <0 % faU alt) > 0 B 21 Fd: AN A
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e x T OF FB o B, SR a(t) THI HE HT AR
e <& 2

WAl o faw g9 ¢ = 0 W H x(t), v(t) 3R
alt) % ek 1 foaed
x(t)=A cos ot, v(t)=—wA sin wt, a(t)=—a?A cos wt

T 3T i Tor 13.13 o <ertan e B | |eft ¥
AT o W1 A6 1 Toreru] 3l B ol 3R 3feas
(maxima) ¥ 3= BId1 © e 3eh Meidl | henadi
1 fg=ran Bt 81 x, ~A 991 A o Heq fo=ror s
2 U(t), ~WA T WA % T faER0 wa § ue
alt), —a?A T @PA o e Toreror e 21 fereemmq
eI o TIYE, o 3ferd i el § /2 1 S 2
AN R @ T FHell § 71 H R/ 2

EM‘)\@ / ”

@ |

—
+
£
b

T

0 g

(b)

t—

-w? AO / (©) | \

fera 13. 13 9eer 37rad i d fondt 07 7 fareerra, a7 aer
T T 37T T THT 8T 8, Giferd 371
Fenrst & fy=rar gt 81
> 3STEYOT 13.5 : g Tug FAfafad xR &
STTER T Sed Tfd 9 <o il &,
x= (5.0 m) cos [(2r rad/s) t + ®/4]

t=1.5s R, fue =1 (a) foremem, (b) 3 720 (o)
=01 Ufehfad Sifs |

gc7 TUe 1 FIvi TG 0 =271 5! T SHRT TeHTA
T=1s

t=15sW,

(a) foem = (5.0m)cos [(2n s)x 155+ ]
= (5.0m) cos [Bn+ ;)]
= -5.0x0.707 m
= -3.535m

(b) THIFOT (13.9) 1 SYAN HH R U &1 97

= - (6.0 m) 2nsY) sin [2n s X
(1.5s+7)]

- (5.0 m) 2ns) sin [(3n + )]
10 x0.707ms™

22 m s
() THERTUT (13.10) 1 3TN A W U 1 o
= — (27 s )2 x foqemaq
= —(2ns)? % (-3.535 m)
= 130 m s <

13.6 WA 3Mad Wiq o fog sier a1 Fem

I Wi Tid oF g8 1A qen e 1fd i fRdt 0
o T T o sasteh (FHERTOT 13.11) WAFT hid T

F(t) = ma
= - ma’x (1)
JAYE, F (t) = - k Xt (13.13)
Ridl k= ma? (13.14a)
3797, a):\/; (13.14b)
m

RO 1 e, 9 g "re feufq &t o fAfds
T ® — THIAT I8 el ST T § YAHIH 5cl haedrdl
21 319 I 1 TE ==l GiHw F WEY I ©
for et st 7ifq &t <1 YRR 9 aRefoa foman s geman
®, o q foreenam o feru wefieRor (13.4) g 1%
HHIRLOT (13.13) 0 S Tk &1t oh 199 98 e 2|
THHTOT (13.4) F THIEHWT (13.13) W 3 o fog
T 39 T IR Taehferd A1 US| T YR 9 ok f7m,
THEHTOT (13.13) ol & IR TH AT HiH W EH arad
iRt (13.4) OIS &1 Hehell 2

e ST fo THieRTor (13.13) H 5 X0
e THHA 21 374 TH NE o ol oh G9E Y <o
T U feoredl 01 1 WGk 71 <oteh shed &1 ST
H, 90 o A9 H x2, x@ S & U F 9% &
Hehd &1 37d: = N@H qerh Fed o
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b 3IFEYOT 13.6 HAMI femi® k I I a9y
FHTET M Sefd o fhet Teoh don feer st
¥ foot 13.14 o <eiiT MU STgER 9t g €

m

fa7 13.14

g TN foh 5T T[eeh ohl STUAT Arrereer i feafa
9 el oix foenfad foren S 7, 99 9% O
STEd T AT S | ST BT SAedehTel 1 TSy |

goT UM WY Teeh 1 U Wrmeeer &1 feorfa o
W SR x g T e R ST %
13.15 ® fem@mn o €1 39 feafa o o1 3 &1 &t
x e gr i e St € qen <€ 3R i wHE off

13.7 |TA 3Mad T | Hal

WA e T I g HO1 ht feafast qen fas e
S g qen STo stferehem aREror o s ferror st €

ST 13.5 H A <@ 7 T TR e i e
R et 01 1 AT 9 T A For Bl ¢ | T
1 =Ry feafqai § 98 vy &1 € | o1 W™ HO &Y
Tfas St (K), 79 &9 39 gehR gRefia & €,

K=lmu2
2

=%ma)2A2 sin?(at + ¢)

=%kAZSin2(a)t+¢) (13.15)

o TG T A Fe B et i forer
FAftrRdd B T I qef U1 o wed fefd WEH W

St &1 AT I Hifed € St ® | 79 T2k W HrEikd
E|
F =-lkx (I gR o 3R ARG e, S
Tech w1 WieA fearfa ot 3R @i
T YA HIl B 1)
F,=-kx (Fl g/ &€ R ARG e,
Tk ) W fef SR HeR
T YA HIl 1)

PRI — K
0
faa 13.15
Td ek W ARG 2 94,
F=-2kx

37, ek W AR et foreemos o STshaTardt
ae mer-feafa = iR fHfde g 8; gafey, e w1
Tfq S e i © | TEH a1 AR,

m
=2 /— %
T V4 " | |

tfushad il © | e <ifS, S Tfast e K ¥, v
o fag o1 &k Y T T, Aq: K H STEdhA
T/2

T e T HH arel fRet w1 @t ferfas
TSl fohal B € ? 3129 5 H A 2w @ fop feurfast
ST 1 GeheoH oholel TLell ool o ferg € Bt B |
HHA o F=— Jox Toh wXef o1 8 o feefast ot
G B ® |

1
U=§kx2 (13.16)

3d: WA Aad T H fRdt o i fefas s,

1 2
Ux) = ~k
(6%} 5 fex

(13.17)

T YHR, WA TEd T Hd fhdr wor &t Rafas
Sl ot Srerdt Bl ¢ fSTEeRt feishiel T/2 Bl €, 78
Tt wren feerfa | s den = fagenmal w s
Bl € | 3d: WHieRIOn (13.15) @ (13.17) ¥ &H
T ® Fa F E, T B S,

E =U+K

=%k A? cos?(at + ¢)
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=%ch2 cos®(at + @) +%ch2 sin® (et + @)

= % k A® [cosz(a)t + @) + sin’®(wt + ¢):|

rporfidt &t AT dIEeHe Sl WA R W hISE
¥ & T Uit % 9 TF W s ¢ o
_1.

E=_kA (13.18)
1 fof el sl o o1ef it o forn smen 1 S
g frdt off o oadl <ok H FA AE Sl
FHIeAEd &l Bt | fRd e e afedt a5

gt den frefast seisi 1 g9 iR fawem =
frvfear o3 13.16 o <9l T © |

K E=k(®+ U1

U

Kt(t)
O T/2 T
(a)

K k(x+ UMK

U(x)

R
K(x)
-A 0o +A

(b)

ferar 13.16 7t 91, feerfast St ae el o1l G99 &
T & &Y F [() 7 7l d9r Gier sfrard Tt
#Td gU H1 1 faeeryq [(b) d qf¥fa)] | e
oIt @or Reefast St 1 sadeet T/ 2 &
gy GRIGAT #3d 81 t a9 x & g4 qer
& 17T et Soil 49d Tt 2

2 e fo W stad nfa | fefast qen
TSt < it fost 13.16 | €U &FTeHs A TE 2|
=g Tfasl o1l &l Ko &1 o1 Fehdl, Fifh
g A o ol o qEEad g @1 feafas sei o

Tt | T fadie o 99 o R feafas et
YT eIt g1 TSt qen feerfast < St SHM ok
A ATkt | q1 9 31O = feafa o6t ured st
2l x=0 o foru, Seff nfgs ®; = feofd x=+ A W
g QAR W feafast =it 71 57 Dt o < fd
B, Feerfast ooft o w2 | T St et © qen st
TS o e o frafas =1 @&t 2

> 3GTEYOT 13.7 1kg Hafd o TRl T[ech &l Th
FHAF W ST TR | HHA hT HAA R
50N m ® | TZeh h! SUeh! Hreamareer i feerfq
x=0 ¥ t=0R fFd TREH 78 W Fs 3
x =10 cm 9% il SN 7 | S _TIHT AT
meg-ferfd ¥ 5 cm [ €, 79 3TH! A,
fearfast 9o a1 S, IReRfera ST |

gl
e WX STEd T el € 1 GHIhOT [13.14(b)] |
! hI0I ST

o = Jifm

50 N m"
1 kg

7.07 rad s™! ‘iﬁTﬁ
T frdt 9 t W 391 fowenyq
x() = 0.1 cos (7.07t) BT |

d:, S 0T o wied feefd ¥ 5 em R, @4
0.05=0.1 cos (7.071)

Y cos (7.07t) =0.5,

V3

2

3Ad:, sin (7.071) = =0.866

& T[2eh ol x=5 cm ™ T = 0.1 7.07 X 0.866m s°!
=0.61m s

m:,@aﬁwﬁam‘&%mz

[1 kgx(o.6123ms-1)2]

N |~

=0.19dJ
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282 iferent

, Tl FL 21 T8 HEA FaT 13.17(a) g 29E T8 B
lex 9 13.17(b) § <ol W HERG 96 YRR fH T §
S Tk YR 1 Tol-FEee o 2l

qen Teoh i feafas s =

N |~

(50 Nm™%0.05x0.05m )

N |~

= 0.0625J
. x=5cm W h hl HA ol
=(0.19 + 0.0625)J
= 0.25J
70 78 ot S @ T erfershan faeena e, wifest it
I B €, ofd: R i et Sl feefas et &
TR eI € | o7d: R & pet ol

1
= 5(50 Nm'!x0.1 mX0.1m)

=0.25J
& Sl 5 cm foeeod W M SSiet o AN o SR &
B | 7% ol wRe fagia o Rt 2 <

13.8 T 3MTad i Fearfad it et 9 e

FRUerd: I5 R 37red T o iE A 3R T
T | 3T eI Sied H 'H U9 e Ed © S
fort fafyaa affeafaal o o e stad wifd s
& 1 39 39 ¥ 3Heh UvErd B9 U9 & i frhm
T Bt == A |
13.8.1 W wiciah

T€ wEl Wil ¢ T Nelfod 3 fed == 4w
A SMSHMH H1 STEdhI AT TS T TG
Tfd B A o | 3% u8 TR fekren TR srewrE
1 T 3T © | 98 R liersh 1 €l T YRR Bl
T o 1 et o 7 figwn ol o o ol 39
T T 9 TR 1 Thel SRl o9 o 319 U et
T Ghd © | ST Alereh i TR Sfed 3 § St
9 TR Tehiy fh 98 TaAares e Y b |
TR o ZHS 1 FH U T TRt ek Big o1 |
TeoR TEN-SU T hid oAl © | Teer i I8 TIfd 3Trerdt
Bl & FSTEeh! STedenTel TS 2 Yehe BT Bl

B I wifud &1 fF Aemm fufa 9 @y
Tzl o fou 39 dier &t oTed TIfd Wa e
T et 21 ot T8 e wliersh W fomr wifsre foras
m SSAUM 1 his oY THY T Melsh L s ok
SEAMEN a7 fe=r ara el o Th fR ° 54 7
ot 1 gEw ou fohedl gg o @ Yo €1 e 39
TR §¢ 3 9 TR STH aTell @ o AR aa §

m "
forT 13.17 (a) T1e7 fRfq & Qroer 3icrT HIar I8 aRel
e, (b) 9 @61 T-mg cos6 3TfYe= acT
Y3 FT & WG YT o GrIe TR HIT
T30 &1 §IaTl T9 3T T mg sind
Y9 &1 9317 T Bl

T foh S Sealer @ 9 101 SR 1 ST etk
e fefg @ e at 9=0

TiieTeh R shelel ] 9el hIERA § : SN0 Wl olarg
% STSY E T Al o o HRU FEEER da
(=mg)| B 9 mg 1 foaeA SR o SR T
mgcos@ﬂwmmmgsineaiwﬁwm
1 <ffer ek w1 T L T ok fordelt 9 o arfew @
gt s e fog W feord B, 314 Tiieteh o1 hig
1 & (@?L) T WY F TRREE @R g
TIYRET ©ROT 1 R Jd o =19 oh TTET T hl
THEHM 7 B 21 B @Rt 42 559 51l T- mg coso
%W@W%Wﬁﬁ@ﬁ@qmmgsmea?
THTOT I Brel B YU o Wriel s el W feEr
FE1 Afush Gfaurere gl ¢ i aa B o
7ot I @ ST §1 59 e SR o |l st 7ol
© 9 o TR ek NI & quiadr W g ¢

7=-L (mgsin 6) (13.19)
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g T YT o e € i e o wfioms 1
% H T TAH Hl €; $H HRO 3H FUMHS g
SN = fohan e B woft wfq & faw <A & faw
6 STIER
t=1la (13.20)
el 1 e foig o ufid: dietsh 1 ol g @ 90 «
3t g o ufid: ST RO | 3H TER
Io. = -mgL sin 6
mgL sin 6

(13.21)

YAl o =— (13.22)

1
Ife g9 I8 A fok fomened ¢ ®ier 8, @ @i
(13.22) &l T &A1 Thd & | 89 S @ T sin 6
F TH UHR I HA S T T,

e o
sin 6= 6 - ?"F? — e (13.23)
Tef o e H 2

a9 4fe g BIeTE, Al sin 0 H GRS 9 g
foran < gerar ® 1 U ufifeafy & g (13.22)
FI =9 YHR ot g v €,
—m%l'e (13.24)
AROT 13.1 § THA BT 9 I M H, Sk ok
ezl ®, qen oM sin 6 % AF YEEg BT T |
RO § I @1 S Hehell € Tk 0 oF 20 319 T 5
HHI % AT sin 6 % TF T 97 B § 99 9

o=

eaal o =ra 9 W fien ©
HROUM 13.1 sin § HIU 9 o o o ®9 H

6 (39 W) 6 (YfeTmt ®) sin 0
0 0 0
5 0.087 0.087
10 0.174 0.174
15 0.262 0.259
20 0.349 0.342

wfordtE w9 § gHEiRor (13.24) GHIHWOT (13.11) &
T B, 3@ sheel I8 ® o 7=l =Xl shivfg @
Bl o e T Tag MK 2 % 0% oy o ok
o etk =1 TIfd WX eTed I 2

THERTOT (13.24) q1 GHiHOr (13.11) 9 &9
7€ 2@d ® TR
mgL

I

T TR R STTEdhTA

T=27 [L
mgL

19 FIfh TAeTh HI SR FAEH 7, o1: Sied el
1 Shad mL?<h 9o o 399 BH WXd e o 3Tad
1d o e gaifea ¥ foa s @

L
T =2mn,[|—
8

b 3TTETUT 13.8 39 §ldl dlicih i @ials I %,
Sl &Y Uehe oh @S fosh i © ?

Z67 GHIeRIT (13.26) 9 Tohdt TR Tictsh o 3TeiehiaT,

T:27t\/Z

8
39 Hay 9 79 U B B,

P L

47*
W TH Ohe o % foh ®W a6 WA et
e T, 2 s Bl € | 3d: g= 9.8 m s2 q@l
T=2s fau W dicTs &I T

_9.8(ms7)x4(s)
4’

=

(13.25)

(13.26)

L

=1m <

|I9T

1. 98 T S W@ & el @ el Afd FwEAn ©,

2. UF oM ST Tk H W HE o foIU Tewash THE T F SdT Fed & | 98 T 9 3@ YR

T=1
v
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ot strerdt s1eran Srert A w1 ST ST gR 1 Wehe W W R T el w1 Hen Bt ® | SI 9
Tgfa ¥ 38 a1 | W 9 R
134 = 1Hz = 1 3o 90 e = 1s!
3. e Ed ufd |, TRt w1 w1 U wrEEEe & fufd @ forerdd x(f) 39 YR e fea S €,
x(t) = x_ cos (ot +¢) (fowers)
Tel x, T 7 ST (ot + ¢) T BT FHA, T ¢ FHeq ReRF € | BV TGN\ o A S IR
don R W 39 YRR Hefud et 7

w=% = 2ny (I 3TgFa)

4. WA e T, HEHA adel A % 9 g9 % od W YA g 2, fow w i e @ o
5. TS 3TEd T o WHA U o A7 Gl ©RUl i GHY ¢ % Her oh ®Y H 3@ YR % i €,
v () = -wA_sin (ot + ¢) (3T)
a(t) = -aw’A  cos (ot + ¢)
= —w’x (1) (<aen)
IR A IR T ofed a0 g9 97 SR A F T UK 3@ G 2
6. T e T fRE w0 w1 o M e @ f e 39 wu W owiE UW o SR ®d €, S 0 ok
oreTTe o STIRHA!, 9 Wd T oF ohg Wi AR A€ '@ €

7. wwmﬁwﬁraﬂﬁﬁ?@wﬁ,ﬁmﬁ%ﬁw,wﬁaWK=%mv2‘dmﬁwﬁWWU=%kx2%ﬁr

2 1 3fE ¥ wefor 7 &, @ Frerr 1 e AT S, E = K+U§e9 € 37R &l ¢ ey K el U aRafdd
g

8. M FSAUM 1 HIE HU S gh o 799 o SUR o FAHIA 9 F=— x o 996 H e il €,
W ead T gwiar @ fowes faw,

a)=\/§ (Ivfm smgfa)

qer T=2n\/% (STTEdHRIA )

W freE %1 Was o ot wed € |
9. @Y HIUN § o Hd T wlelh i T Gi-The T A T Bl & | THeRT ST,

T=27t\/E
g

[T] s fd & W gREgha & fag
AT 9
g f Ay [T & v=%
FviE sgfa 1) [T] s =2y
E3slERGIED 0 fomE RERE] WA Tad M | faeem it wen
1 ARf9h HH
ECEERICH k [MT2] N m WA Ed M H
F=-kx
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fa=moia fawa

1. STadwe T9€ a9 09 gl ¢ foaeh gver fd &1 @ TR el € | 39 YR, Y S
nT o U9eTq T 1 T@F TRg et €, 98l n *iE guis 2 |

2. YIE ATl A WA A A &N Bl | A Tt A A St gA-fm F = ke x g7
B T, WA e A B T

3. odd Tid eRd-ar FEw ge (9 wEE Tt §) den fgfam # @t smed 9o —maetr o SRl Se
B Thdl T | 9K ok YR W, A HT g, q oAeaq fene (x 90 y) ¥ 1/2 rad 500 faA
B =R | 39 YR, i w1 et SR feafa (0, a) 9 9T (@A, 0) ® —m oPr 9 AR
T I W AT % 99§ THEEH aga A Han |

4. o % TR G T am #1 Paw g ored 1fa & fau S emfus ol stavas € ok 3 wd Tifa
1 id: Feifa w0 o fau wafa &1 3 srevasw ol @ gt § (i) R feafa qen smfusw
AT, AT (ii) STTATH qAT K, ST (iii) Tl q el |

5. IWEd fag (4) W, T MU @M steran Ssit a1 el w1 FuRo omfvys fufq ste@n sRfas
9 g feRan S

6. Rfezd AT qA FHensTl ATl I WA e A B FASH AR TY H A AT Bl | TS
e qeft el gl € W Tk T k1 smgfa gEd i Y engf w1 quiie i =t o qenfy, feh
el T Bl Hed € S SEMI i 3Td WXl e Al o ®9 H o fehdl S Gehdl 21

7. OA STEd WA w1 STEdhTe STAM 31efa] FHelt Aoran e fadies | AR & s | eermy
o i TS el o SMadeTd $Hoh faudia € (SR w1 gdid fEa) |

8. Tt wa dictk 1 T @ vl fazen o ferw & W e e 2

9. et w1 &1 fg afE war oferd i =, 9 STk foenud & 1 w9 § @ fordt t w9 A =
R ST =feT

x=Acos wt + B sin ot;

x=Acos (ot + @); x= Bsin (ot + f3)

3l &9 gofa: auged € (FRelt oft T T 1 o= @ T ok TR § e fRar S eRar € 1)

AT

13.1 = fRu 7 Sl | ®H et wl fefud e € 2
(i) fordh U g)1 A o TH 9@ ¥ W e qF S SR ST Uk g A g |
(i) fordl TdsAIgEsd TeHT T I Faskh ! STHRT N-S feon ¥ forenfyq 2 Big 301
(iii) T A hg o URA: UM A HIA FE BRGNS A |
(iv) fFe +am ¥ Bier T 9R |
13.2 & R ¢ S F HE (W) WA e MG H qN B e W WA e T T e
F §?
(i) gealt T 3T 3381 oF 9Ra: FOH M |
(ii) T U-elt ¥ Sremme 9R o W9 &1 7 |
(iii) frEh foehe i FeR & iR TH aid 9FiT &t 1fd S99 f7an 95 9 8 R & g
W g €9 9 Bl ST |
(iv) Trdt agaRvE 70 &t o wrmERen &1 fufd o uf@: =mus w |
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286 Wifaant

13.3 fasr 13.18 # Tt %1 =1 s fd o fou =R x-t e fRu U 2 | 399 9 Fi9-9 3 afrerdt Tfd
1 Freqo e & 2 39 T o1 SAedee @ © (SEdl T gt wfd ) |

X

(2) >
£(s)
\/ v \/ \/ “
© = 4 7 10 13 19
X

P4 N AN/A N
AT\ N2 Vi
fax 13.18

13.4 9 RU TC THg o Herl § HH (a) T G T (b) e W WA A T TEl, a9 () S
Tfq 1 FEq0 w7 & | U Sfedl i w1 SAEdeRTel A IS : (@ IS UARHS SR 1)
(a) sin wt — cos wt
(b) sin® wt
(c) 3 cos (%—Zwt)
(d) cos wt + cos 3 wt + cos 5 wt
(e) exp (-t
f 1+ ot+ «?t?
13.5 I FU TF TR ¥ 10 cm T R feord 1 fogafi A 9en B & i fos wa oo 1fa s @i g1 A
Y B &1 SR H1 RN Hl oFITE G0 AFHR 9, RO 991 HU W Rl 9 o U8 6 Hifey Sefw
Tg FH

a) Aﬁﬁfﬂ%,

(b) B fR w2,

(©) A #I 3R S Y AB o wen faig W 2,
(d A% 3R BH2cm Y T,
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(e) B®! i Sd g A ¥ 3 cm [ &, a0
) AT IR TAETCB T 4em TR
13.6 T X U foreh w01 oF @O q e foReae x o = Geel § W ROy e omad Tfd Geag €
(@) a=0.7x
(b) a=-200 x*
() a=-10x
(d) a=100 x®
13.7 & o7ad Tfa #d fomet o1 11 fa 1 9o = fRw o faeermn wem g fRen S €,
x(t) = A cos (wt + ¢)

=g o1 1 AR (¢ = 0) Feerfd 1 cm e STehT AR a7 1 om s B, @ 0T 1 AW q RIS
Hell HI0T S € 2 HOT I IO G 1 s B | AR T A T T 0w o fAIC i (cos)
e o M W H A (sin) B 9H; x = B sin (of + o), @ SR RWek gfqaei & w01 &1 W
qeNl STRfWeh el I F BT 2

13.8 fhdl FHAMITR qon %1 Y91 0 ¥ 50 kg @ 3ffehd ? oI 44 &1 oo 20 cm ® | 39 ol 9 ek
T 1E fivg, S faeenfud ek god foh a1 ST 2, 0.6 s o 3Tedshiel ¥ Slei il @ | fife 1 9r fha @ 2

13.9 1200 N m! HuMI-feeris &1 g war o 13.19 # iy sgar fad afas a9 9 ot € | s
% T f ¥ 3 kg 599 w1 %1 fuve e ? | 376 fIg %1 U X 2.0 cm 5 9% Gi" #) g R
STl €,

foT 13.19

(i) fave = e * emEf,
(ii) Tuvg =1 Afueraq wRoT, qen
(iii) Tyve =i eAfershan = I Hifeg |
13.10 319 13.9 |, AM WSy S sl i sreeen o € a9 fuve & feufd x = 0 @ don oid @ <
T 9 x-2181 H1 oA TR ? | <o wd fuve oF faerTd x i WHA o e % &9 § 9IE,
afer form =€t @ WY (t = 0) W wHy fuvs,
(a) T Hrem feerfd,
(b) SAfsam aia feufd, qen
(c) @Afreham Hditeq &1 frofq @ 2
W AFd M F AT F hew Uw R W eafa H, S ¥ steen oRfd when ¥ fRw w9 H fum €2
13.11 o3 13.20 ¥ f{u U & om@ < adat e & e | Yd SE W g9 &1 e, afeheu-sh,
R feafa oiR aftermo ) faen goflt 7 @ 1 w2 g o, qfieHn #d w0 % Beg-afie &
X-38 T YT Hi TR A STEd TG G hITeT |
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ferg 13.20

13.12 99 & T ydF WA Fed A ok fau aegEd fRe g9 @1 em@ wifdaw | ol w1 w1 ARTR
(t = 0) fearfq, 3@ =1 oo den wIoig =1a T | oA & faC g&ds g § 9femae &t feen
e efifsrT | (x T cm B A1 t il s H o 1)
(a) x=-2sin (3t + n/3)
(b) x=cos (n/6 - 1)
(c) x=3sin 2nt + n/4)
(d) x=2 cosnt

13.13 99 13.21(a) ¥ k 9a-feeis &1 fordt &AM o Tk X 1 fFE g€ oaR 9 Sher 9o g g
R ¥ T g m gl 9 T ? | REE % g f W 9d FORIfUG e ° wAET o S
2 | fo1 13.21(b) ® S wHF % S g TH0 W FSAHE m el SO T € | HAEA o S T
i fo 13.21 & GAE o1 F g1 difa femean w2

F
Yy ey
(a)
fog 13.21

(@) < YRTon H AT 1 iRy foeaR e ® 2

(b) If% (a) 1 ST T (b) ok I FHAEHN HI G SIS A AT, A I&F FHOT § e H
SAEHTA A HIfaT |
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13.14 Topel YemEl o g5 o faferet g o fuwed 1 @i (@m %1 9 ) 1.0 m 1 | A e
200 rad/min 1 &g g ¥ W& 3TEd Ta HLal €, A SHRT Afehan =rel fhadt 8 2
13.15 <51 % U8 W el ©R0 1.7 m s2 ¢ | A% el Ta dets &1 gedft o 58 W SAEdat 3.5
?, O ST WA & Y53 W SAdhTSl fehad1 BAN 2 (Yot o U8 W g = 9.8m s2)

13.16 fHdt #R %1 B9 9 | @ 61 S5 G dicish, T5Heh e &1 Se9d M M ¢, 9™ T 8 | %
R T &1 g 99 W THEHF =6 v ¥ TaHE ® | A oot Bed e o S | &
fefa o TUR-S¥X B el S ¢, d SHH1 SEdehle =1 B 2

13.17 3MYR %A AT H9E h o Tk Hich 1 IoHHR IHST p, T & el 590 § R W 8 | Hich
i gl ¥ TEER WA Big <4 €, T€ IR foh hich WA WA A e wal € e
eI
T=2n he 21

P8

TEl p Hich H T € (X9 HI TAMCl o HROT SEHA I AM0G HW) |

13.18 " ¥ ) Rt U 7eft %1 wk fou fordt 5o g9 @ Se1 ?, 9o g@a fou agEed § g s &
T | A Wl § $9 EieR SAIT @ Sl § | e q9ie S Sf9 guo 99 i g | ¥, 99 U
Feft # UR T WY WY SAed A sk ® |
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14.1 9

14.2 Y a1 e a
14.3 TIH @@ § foweme gy
14.4 WH T 61 =1

14.5 TN ok STHRQU FH1 faga
14.6 TN &1 e

14.7 faeg

ESIy|
fommotg faw
S Ro e

5
-

14.1 sIfHaT
fusa steara o go U@ el &t 1fd o aR # e7ead R S et
e e E1 Al g e g6 R o vl %1 w9 7, @ 59 e
o o1 B? Ueh S g HIeTH TE YR o FeR w1 S 2
T UHR o TeA9 H YA Tl HIEAH o FAFadl i Th-TR G 9
T 2 forgeh et fordt U s1ead &1 71 TR 31ead &1 71 1 gefad
FI 21 A A9 Tk BIS Shebg I Tohdll dread & I 5o H R 9
g, <t STt &1 g faeqsd e S @ | ¥e fasiy fordl we T as
& Wi =& Tedr, SR T g9 o ST o i R GHEd el 2
I 39 T YR e § FRER shehg I W@, @ @17 9% <@ foh
ATes o g3 ok g fog W faeiy Seo=t gan € @l 9 = faeiy g
% &9 § gl ¥ 9Tel 1 S A w € | eH TH g g € S
faei fog 9 Siat @@ aeX F IR I 3 @1 &1 | Afg 1 faege g
R T BT FE F S R @ 2, A W w3
3 TS S-S T WA S T A § e e &
forg @ R & S ereriq Tkt faeis o o @ g fad o+ @ R
Y T YRR il @ TR et 1 SoHE W gl o | ol Y 3R
Tfq & T, I, Tk st e =1 81 <1 § | 36 YRR o
O S €, df et g (AreAm) H eHd R W 2 | W 39 giehan o
(91g) TH 9N 9 TE 9N H Yared T8l el | 9 H Iea gu faery
=8 Ty &9 9 fe@r e <9, TR FE 1] HechihiAl gRI €1 g9 SRl
S I €1 39 YRR & faeiei & gfawy a1 S i go7 o arafas
ifeh TR 1291 H $54 o aTe o ol €t w1eam & Tk TH 9
T WM T A F ¢, 7071 HEAW 2 | 39 7AF H g9 M &
oo o s1ees B3 |

T 5 U g @ TR g % Tl qen e o e # ge
T GEROT Bl B | HRI THE GeR-as A R Hehdl o Heor T e
HIAT T Ak (STaed) w1 37ef © g H Al T Sea HIAT 9 FG0
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3ok TG i Hed T €| AT I SEH-TSH F:
fafe= YehR w1 a7 o HeAW gRI BIal 1 Sl &
fora eaf Tl ! weger faga Hendl o &9 | qiafda
o <1 Heha @ S0 foega-gasa aaf <iffa &1 S
SN 8 Tkl €1 gt Hohd o TG | =Iadn J8) =7l
Tk HH H STAIT W B

[t T 1 GeROT o fow mream &1 eI
F& Bt | B S @ o geRrer 99 fafa @ e o
Thdl & | 3O Hehel Yok ¥ ki g R feord a)f @
IR YehTYT SR SAaRel, St Aaelies ®9 9
fafa & 2, @ THT I g3 B9 dh Ugedl € |

forelt S den STat o 3o a4, w9, et
e S e e T e e S o
21 5 |eft T o He=Ror o foAu Hiem w1 STrevgendl
Brdl 8, A far wresm o weia e &1 Wbl | 3eh1 TR0l
e o Nl o el oh HROT H9E Bl Uil © el
e o Yearey uil X Feft shean 21 faga-seeh g ol
e f9=1 YR k1 a%i BIdl € forten fowa o ama wmen
12 H 27279 3| fagm-gasa aa o 9=l o fau
1A HT THT SAETIH Tel 2~ Teh1 G=rol Fraia & o
B 81 genrn, e @, X-foreol qeft faga-gesia
et &1 frafa o @oft foega-gasa o #1 =, c,
U Bt € e 9 ©:

c=29,97,92,458 m ! (14.1)

T JeRR T Tk 3 X € T g T ok M g
ST Sl 1 98 554 o g, Wie, =2, TRAT] qe
3] S 2o W GaIg B | A a0 Uepfa o aelien A
fereror | wehe il € Toreer fomar o en9 srrelt shemati
9T | T A T Hehod-TeHsh €9 | A1k qer faga
Seehid qCN I qor W ATueh Id €, 9y gAehT
ST 37k TeNfiTen! &1 srga i et el o qran
Sl €; Solged @ Heg g7 al il STAN S
geraelt | feran S @

T 3141 | §H ohddl difAeh aull o aR |, fSren
Gl o feIu SeATeHeh H1ea STavaeh 8, $1e9 i |

A I § & SHR hell a1 Fifiged T T h
Fieatreres gure gite=r g 8, i ot @ ifd &

At fergeroor weigerm weeelt wraredt § fopan 1 o |
forfyaam TR (1629-1695), &2 T a1 3TEsieh
A F T8 wfag ifaerfag € fomes am an fq 5
ifetent W Garg & | HAHT 9 59 Tquei o Sl 1 et
TN T et 1 Hifaen! o g9 €1 a0 1 difdh!
o1 TS AT | YATEY HIEE B AR kT 3! <ot
% Y AT G B § | (A S, Fefed
FHATET, 91g o1 geareer At o S € 1) 79
ee] i AR &0 WA IR GRT H |

o 14.1 o 91T 18R T TR © g It
1 Faee W fo=R IS | afg 39 T R &t FAE
I ThEH Giaehl BIS =, A Iq faaid TR R T
T Tl € | 56 Uisha § o1 Bl § 2 FAhraeh Wied
T UEeHl AT 7Y AreATerEe i s o faenfird g
2 | Sifer T U Ugell wHA § WAy €, 7 SHH
TS T Gl Bial 8 SN 39 YR T qieha STl
Tl S 7 | 7Rl faeie O e R 9 g 9 g
Bl ST €, TR Tk HEHT SO wreereen & feefy
& -SSR € oY <o e @l € | 0 € U
AT 33BN o &Y H {oTd WM R forrg =1 feafa
T @e! fhdt et W fo=r S | el & fafa=

fera 14.1 -3 & Gag HANTT &1 998 | R A Fi
THTIE T ST &; 7 38T SR R a g=ia
gl 5 8

fes3, wAFT gl g7 TH-TW ¥ Fod g € | S
2 fosdl o forelt T R o fordli oM w1 Sied €, @t
€ AT W TS Tged i weenT <l € Al T el
e e e e e e
G (OAMEl 31 & TH W EEl wdl € |

3TN, 376 TH 1Y | &t M oh H=ol W faan
F € | S & IS et T oI @ et et €,
I8 39 WM hl 91 oF BIE ¥ &F Il FUIfed T
foeafia Xt 8 | 39k FROT 39 BR & H 9 F
Bcd |, /I ST (5p), ferd B @ | 31, Uid Tehish
&l TR AN ot Bl ©, 31d: A w1 & «ifd
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9 feafq o off fasiiv o A7wAEEE H YA 9’
SO B S E | T8 T 5 W ol |, S | ufted, A
o Ieq=1 Hifte e foaeano o guey ¢ | At et
&5 1 Hdifed fran S ®, A S° & o 370] AR
et HTgerd & o ST o1 99E 3 € | 39 TN,
Gritgerdt & o S dgdl B, S1eel 39 & | ‘gie’
e BIl & Toreh Therearey eierd! & ¥ foer’ Seo=
B S ® | AfE hIE & 37O IR AR ok &l Rl qer
T foRfera &, @ 39 &3 oF 9ri SR o REe @i arg
39 & § YoY Hhich foRe ol GHad &3 @i AR
ohel <l € | 39 YR, Hiled e foler U &
T W & T R TG w0 2, Forgeh wrwr oy | faeis
1 GOl HOd B I ® |

S|l o off gt % Hgw qek e S "R © |
fortectia Sl o TXHTY] SAeEn TRHS oF HHE STadl
el § oafeerd eid ® | $TH, Y qRET] S7er
RT3 T TR, 319 =R 3R o TCHV[ gRT SARIfad
Tl o KR, TR § el 7 | A o1 mRarpef
=1 feeR TEd g fonelt Wk o] i fowenfya foman sime,
@ Stk ST YRR ST foh HAMT o WeRol | o, 39
feerfg & oft weh Yo oot S @ S © | 87 e
ST (lattice) o WTTLSﬁ H A ﬁﬁ?:ﬁ 1 wifd
o Whd B qU TH-FeA o o= A o e
Thd € |

e BH 39 S7EA ob 3Tl ST H 7 o faf¥=1
sifeenaforen TN T ==t HI |

14.2 U QAT 3L a0l

B WA € fop 131k el =1 Tifd | Hiemw o w2 e
F3d €1 A AeAm o T2k 9 1 T T TE9 o e
et T €l TE a0 i B0 STE A hed €1 A%
TIE7H ok Sk qUT 1 TITd 1 TS9N o ST JeH i
& @ T Bl IS a0 o ®q § S Sl B

ot 14.2 ¥ fordt <R & oy TF @ TR &
Tfq s @ T @ 5 S’ #1 Tk 9N Sw-AE
12l oh WIS ScU [ohdl T 2| IS TGS o SYTHIT 1
T § SR HI e Tt 7 df SHeh T fR a%
TEOH | Tee € TS 1 THEA B S| 74 I R
TR TS o WS Rl SLEN R S Hehar €1 Fo 14.3

o ——

|,

fera 14.2 59 ot anf4a SR o ST31e9T (x- 378) FIE TheT
w5 Mfavicr giar & @ SR @1 FiE gfowdt
g FR-A4 (y-378) FIoT FIAT & |

o off uEt € we Teufa yefiia &1 T € S sheel 3o
2 for 5o 9Tl %1 g0 S & U@ f | Sw-A=
1 3R Hqa Al SAeh 14 ek YSM oy S ® R
M YR 9 W ° 301 faefiyy =51 aRomm 399 ot

y

.

farT 14.3 &9 SR & S1gfa Jid &is s7ad (Saeia)
TT STTIE T ] T SSTEI &1 R & &7 F
SRT &7 &8 FhIET S7aad T 1 T 9 &
eI YA FEE & Wiel Fie il g

ST 1 TR B © | R € aRfefeE o wiesm o steee
SO A G o 33T e i € Safe T
e T S8 WEid Bl 1 e SR | A% Y T
1 G o ofded §, o: Te YL T 1 Th
3T B

7Y fordl @1 W YR @ fa=R X ¥ehd B1 8H
fordt ffvaa FraT-e701 W TR § AR &1 faar &
Hohd 2| 39U B Tondl Shiei-&707 9T qU i SAha fet
STt wes o faft ain st foeet Tom fag w faar

Reprint 2025-26



e

293

FHIAT € N g9 ST &4 S ok Rt ffvea sraea
T Higd F qA THA & 1Y 39k Il hl 3@ |
51 14.4  31<ed qXTil o e WIH SEre LAt
i 1 feorfr afeta 1 T ¥ 9 @ R e o
o Toh R W T e o 21 feT & T ar 3w
1 AR eeheld SR TR aeT &1 3R Eied ° g

fera 14.4 =T &1 Sr-98 7 #F arg & 90 T
o qfy @ S FT Sl & | gl arg-sad
& glor @7 A w1 {9 & GHIR €, a: T8
3R T &

(33 ) A1 foRe (F o) 1 W] 30 &
S| AfE fee i 318t 1 SR ¥ehe qef S &l
3R WieM 1 W Had qef STadl (SAEshia) 8t Th
ST T S¢q— BT Sl q15Y9 hi otalTs o T3 a1y
H T ST T E9 Y T ST T8 H1 S 2
T & € i 98 oA o U fag @ @ feig
Tk THA I 7 | ST o gl ST T €, 9 so ford
T Gl et ®, T T e &1 Srewonsd, gt e
T 5 &1 of 9 9 TG B 71 g, R S @
o fagiis nfd &2 ® 7 fF gof ®9 @ 51l 56 9w,
oA (a1 T U1 €9 | Tfq) q1 LA T H Th T
AT AU~ & T | fa&ie (@ 77 o) 1 a1y
o HeRoT g1 © o1g HieAw qui w97 1 & 2

STIEY TN § N i T T Haor i 9 o
Teferd BIet & | 37d: TR GeR01 o U WEAH o Yok
ead § 3TaEvT farepfd B € | o1d: STy X 1
Yo heel S HieAml, S8 el H @ gehar © S
STYEYF Yfdael 1 URAIe T ¥oh Sfafeh qal ¥ I8
HoR0T TET 81 Wehall | el oh |- 3 o e
ferepfar o1 WfddTer % Tehd €, 37 STeed ol sh1 Heror

ol oo HTeAHl | SHUE S Hehell € | S0 ok fog,
el S Tl W ST o Seed S YRR i ai
G B Wehdl €, Safeh o | sheret arg<ed Afren A
1 € GO GG B | 5TeA o I3 W I YRR KT T
B € : hivThTeE (31 53 qre) A den e
T | UBA YN HT a0 R HH areed i S
Bt € et areed e weer @ srfus @l gl
eI g7eh I o1 ShIUT STt oh I3 T8l ok hI0T oA
o BT € | oo aX k1 qeed o1 qrefush IRE e
X ¥ H2 Tt Wil 9 B 2 | A W e faumE
& &Y H o Gl YA S g St € S S o
T3 1 U F[aH TR W WA hl FAE HE

T AT | &I o e I8 a & Hitdd T8 Wd
qfeer 371 faear 52 ST o WY dell q el @
AT | HU-T(G o e Teh Stfeet T Ffferd gt
%, 9 A oherel HR-TE T hid © Siodh SR agE qel
AT oF Bl €1 WK W S AT STIRY q qen
e a1 AN e

e &Y T 28 I T E Teh Weh &1 Hiem | ey
T qen Seed qun e fa-fae g 2

b SQTETUT 14.1 < I A % FH 3T Y
g 2, g frofq o o' waEy fo s @ wfa
FATEY B, SFeEd © e A 1 HASH ®
(a) fordt @et Fefaa wAM o T X =1 T

R foaxenfya & W 39 wAM &I fomdt
fasm (Ya) =t Tfd |
(b) 5@ ¥ W fordt faferer o saah fued =i
M- *¥eh faferer | 3oq=1 i |
(¢) o1 h 83 W FeTdl HiewEe gRI 3ca= ai |
(d) et HIEHH FE fohted gRI Ay H 3cd—
T T |

gcl

(a) 3TI9%A

(b) ergeed

(c) STIIE qon STqeA

(d) sTgeA <

14.3 WH @ § faweme e

fordt gt 9 o TifordE faeor o fou, sH frafa x
q THT tSHI o ToRE e 1 STETehdl Bidl 81 Uik
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ofiferent

&0 T I8 He a1 i U &0 R A T faawor <
B & < g v fRfa W e wer S| fefq W
T 3T i T R fereRon oft <1 ?1 AfE & fondt s g
T T (U e o e 14.3 9 g9 v ) i vl
STl wTed & ol Hele Her ff Sesh gF =g gfaen
o fora &0 fonelt sToeer T W foeR i forr afg wrem
o fordt o7 =t feafa &t x & &g &8 @ o7e=a &t
e feafa 9 foreamm =1 y @ frefug = e fedt
SRR W G0 1 a7 w9 9§ aflq e §
y(x, t) = asin (kx - ot + ¢) (14.2)
1 ol o v | U5 ¢ 1 ad © fF Ew
1 3R ISl el o s HasT W faER 9 @
I
y(x, 9) = A sin (kx— ot) + B cos (kx — wt)
qa FHIHT (14.2) T (14.3) W

B
a= Ja%+ B2 99 ¢=tan’ (X]

TR (14.2) T SAEh T W a0 Fefid s €
e A oh fag feret iy aor, 9 <fifsrg ¢ = ¢,
R foaR X @ GHHT (14.2) H 1 He 1 HI0h
(Foxe + TeertioR) BAM| o7a: T o1 oAeRR (feredt ff¥era o
W) x o e o B9 H I a0 81 g6 wehR, et iy
Tefd x = x, T TR o1 T Tl (14.2) 9 51 HeH
1 hIvlieh Teh Teeioh —wt €1 31a: fondlt fafvem feorfa w
oo y e o WY ek g ®9 4 qfEfdd g 2|
srerta, fafu= feafaai W mreem o staga WA oTad T
F B A AT R S ¢ 1 HAF 95 €, xS A o
YA 9 | 9 S8 Joc —ot + ¢ 3T AF 3R Rl
3T: THIRIT (14.2) x - 318 oF &IcHeh foum oF Sfgfew
SEhE (3TEd) R Rl e 21 gHeh faadd, wer

ylx, t) = asin (kx+ ot + ¢) (14.4)
X318 T FEMCHR 2N o STfeT Tfasiiel a1 =l Fefua

ylx. 1)

(14.3)

 fafgxdn T t o o & T H

foreem=
a ;T R M
o ;T HT R g
k : IV T GE&

kx-ot+¢ : ARFIE FHell HOT (a+x =0, t = 0)

fara 14.5 G907 (14.2) & 7% fagl 1 gk

Fadl ¢ | fad 14.5 R (14.2) o fafa=r wifaes
TRt o = <eiar @ fSen! 70 o1d uftwifed )

fot 14.6 TUH e W G f9= gH o fag
THIHT (14.2) F 3@ <9 €1 foreht o o exferemam
e foeenae ot faig ot oiid shed € e sifererad
FUTcHeh fereeno o1t feig ! 7d hed €1 98 <@ & fog
o g T hd T el € &H I W LA ka9
Tohd B IR fifY < o =g oid oma & @iy &9 Tfg

fera 14.6 F7=1 Gl | X-3787 1 YA 1397 & 71T
Tiiier i SATed] T

e 21 Fas o 39 ol W (x) | <t e Bl s
R T WA o fordt ffvea feufa, 9 dfse x ot
o 7 fag W forelt st &t 1fd | fo=r & Fed
g1 28 fom W 3 fag (o) @ <wien @ R o 14.6
o Tl T © o qo fog W S faig (o) wHa o
I STl ®9 9 TG w21 St oW o T o Wy
7o foig W feom &1 ot mren feafa & wifkd: o
e 81 7 Tl o feafa & o1 & foag o o 2
&1 98 oft 3Ed € fon o oma o 3 g (o) wh goi
o H T 3 ¥ 9 s Ffvea @ = o 2
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o5 14.6 o 3TeEl o YR W 37 §H THIHIOT
(14.2) =1 fafy= ufemai =t aftanfoa s

14.3.1 3TEMH AT ehell

TR (14.2) ®, Jfh SO0 e &1 AE +1 9 -1
o g qfafdd g §, faeemdd y () %1 76 aqe
—a % o9 qiEfdd g 81 W 9% awhi e e
T df ATl T IS B9 el el €1 d a HIedF ok
fordt staz@ =1 oo wren feafq 9 eAftreray fowemam
Tgiien 81 &M < fop e y oFeres A1 BoleHeh &l
Gohdl & W a ¥ €1 @hl T01 1 7979 Fed 2|

THFT (14.2) o HIVIEH I TR (kx — ot + 9)
1 T 1 el Fed 21 & gC W ah forg, freht
frafa td 99 W wen R F1 fazerq fufa s
B T : x =0 A ¢ = O R el ¢ B 3Tq: ¢ hl SARTH
Hel IV FHed §1 x- 3 R A foig qen ik e
%1 30 YHR e Hool & Hud Bl € fF ¢ = 0 | 31
THHIT (14.2) H ¢ =0 TF T AT HI hE B
& g 2

14.3.2 U Q9T HIVHT a@ T GE&T

T hefl ok 3 fogat o o= 1 =Han g 1 atres
FEd ¢ 3N 3H gE=: A 9§ g9 € glaen o fog
B U el a1l fage 1 vid 21 7d o "ehd 21 e
reed < hEr Sfef steren Tl o <t T g 2
THRT (14.2) ® ¢ =0 e W, t= 0 T faeem= gmm

ylx, 0) = asin kx (14.5)
IR HI0 H 27 ¥ Y& Red WA Fed w1 7H
e Wl ©

2nr
sin kx = sin (kx + 2nn) =sin k x+T

rerfa feigen xaen X+2%”am%|wq=r T ER T —

T n=1,2,3,..... | T forr fFe i3 gu e =
et feigedi o e = < n= 1 oF W 9w Bl 71 A
e e e @ St

27 2w
2:— k:—
PR

Jcoh! TERUT Reiah 312fa ShIUNT a¥aT GE&T Fad ¢ |
g1 SI "R oo ufd Hiew s1dn rad m! B I*

(14.6)

14.3.3 3TEdehlA, VT MM a9T T

o 14.7 9 T W@ ooE fe@En ™ 2l 9
foreht ffyera & w9 o1 SR @l Swian © e
ey o Tk 99 (fohdt ffvem fafa ) =1 9w
o a1y foeera guiar €1 gfaen o forw &n g
(14.2) W ¢=0 o & 3R e7e@d (WA T x=0 W)
I T W A A 7| 99 eH U gl ©
y0,) =
= —asin ot

SN
\/

fora 14.7 <& @7 S’ 4 4 ot & at fordl v fefd
W SR & 37999 HEMH a @ G % QY SleiT
Far Bl

TET o Sl o1 3TEd ohidd BRI o fohdl 3Taad
BN T ol e o fean e gHa @1 steiq

—asin ot = —asin o(t+ 1)
= —asin (wt+ oT)

<feh <1 T Y& 21 FIU R RGN Hl 2,

asin (-ot)

T

27

ol =2, I o =T (14.7)

® ! T 1 SRIUTE TG Fed B | TR SI A
ez 9fa dehe 319l rad s 21 fopddl a1 61 e
v ufd ke el S H@N 1 3T
o
2n

(14.8)

N -

v:

*7el 9t rad ! BI ehd € X AH HI had m W T X Tehd & Iq:, k, THIS oGS B GHI Gehel Al AT ki HEA
HTon W N FH W W H el m! SI AES § A S ared i
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v %! 89 (Hz) ® 99d 2|

Triw w= § Wi @ R S % emRw
Tferefier TR STeren SE T w1 Hew o T € |
e a1 o HieAw o foRel Srage W T Weor
feon o wwiR foremd g ® 1 @HieRO (14.2)
o fepelt eresd @ o oy foeende wer TH YR
foran S R,

s(x, §) = asin (kx- ot + ¢) (14.9)
Tl s(x, ) ferfa x den ww ¢ W HeEm % fedt
3FFE 1 a1 G i feen o fowemad #1 @Hienor
(14.9) ® q Toreenmam e 21 e weft Tfvwl o =@t ord
T S ST T % Yo § 9| Shael U & 3 B fR
forem® ®eH y (x, § F TWH R HeH s (x, § o=
T R

> 3GTEYOT 14.2 : Thdt S{ o ST T St
T 1 Taewor 39 R T e ®,
ylx, ) = 0.005 sin (80.0 x— 3.0 t)
el ofifersh fEerieh SI WEehI ® € (0.005 m,
80.0 rad/m AT 3.0 rad/s)! dYIT <kl
(a) MM, (b) TRE (c) SfEdded To
sgfa aftskferd *ifST | <8 x = 30.0 cm. A2
T t =20 s T T 1 foazemeq y o aRefea
HifSTT |
goT 39 fomemum &1 qern Il (14.2) ¥ & |
y(x, t) = asin (kx- ot)
&Y Frefafed 7F 9 B84 ©,
(a) T 1 M = 0.005m =5 mm
(b) IV T FE&A = 80.0 m! TN HIvia g
0=30s"!
9 &H GHIHT (14.6) o g aUesd A 99l k
o day fored

X_Z_’T
ok

2n
80.0 m™'
= 7.85cm
(c¢) 319 89 79 U T T q2M o H G4 g T H1
oH T W €,

T = 2n/ow
2n
T 305
= 2.09s
319 Jfek smafd v=1/T
=0.48 Hz

T x=30.0 cm AU GHF t =20 s W e

y = 0.005m sin (80.0x0.3-3.0x20)
= 0.005m sin (-36 + 12n) = (0.005 m) sin (1.699)
= (0.005 m) sin (97°) ~ 5 mm <
14.4 WH T &1 <A

fordt Wt T w1 e fefud F % faw g @
o Tl fog (Tl shem i1 g0 AfYaIfer) W e
Higd R Fhd T IR <wd ¥ % 9w fog 9w o @
oh e @ T LAl €1 T ok IS T A W A 3
gfaurse g 21 fost 14.8 o < faf=r wwe, fren
a9 A ¢ T oY HI S €, W AT HT SAHR 90T
T B AR T U € SR (X318 I S
f5em) Ax i <o 1 O ¥, fag (o) R @i
IS TO At T U Ax TN B TE YRR q4T KT =1
Ax/At B TR 311 hen ol fag W oft 59 fog (o)
M Wehd Bl I SE AT v ¥ THA HAM (T T
Yo srufafda =& ®@m) | w1 W R fHfeea wan
fag =t Tfq = T St @

kx — ot = TR (14.10)
31q: W& GHY ¢ SEedl €, i ffea oo fag ) feafa
x ff T8 YR aerdl & & el o 3R W o:

kx — ot =k (x+tAx)-o(t + At)
a0 KAx-wAt=0
AX, At T TTGdH HH o W

dx _o _
T (14.11)
©® T T T ke HT A Y Fafd & W 28 W e &
v=@=l _4 14.12
27k T (14.12)

TR0 (14.12) Tt W W o fau uw oo
HaY 21 U8 dardl ¢ T weay o ford) steme & T
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ot e e | 9 Yo Uk e o SR g 99
Fd Bl eam e R fed w@ife @ w5 e
oy o wieed O (S % Ty Waw gera
T, TN SeAHM ) qe Jeareet on (e
feml o faw 7 gy TUNeh/STIEIT TOTe
I FeATerdl TTish) gR1 T eian 21 A =
frerifia shear 1 @1en weietr (14.2) T iy =
o foru s @R egf 1 Welw a B Ak #,
ST e STl S e €, WA U STueY aefl e
T T4 Hord € qe k! el SE A o SYenT-Sfer
BT 39 3TeA™ o STad] SUNH | s WA At
T T =@ o foau gw fafte =se 9 S|

y

4

Ax LAt

/7<< s
/e

t‘Tl'?ﬂ"T 0

fera 14.8 T0F t T t+At TF fHH ST @RI HT T,
STl At T GHT ST 81 T YT qHE w9
T ¥ AR THIaRa g S g1 a7 9 (A
fafaa e aren F1F iR fig) g At 4 T
Ax THT FT B

» X

14.4.1 AT SR W 3FWRY T @t AT

fordt =i @ *1 9ra fasiy o wRoT ey o
I T I 3R Sty Ol (KA TeE) gR
it it 21 =1et 9o SR ¥ ™ ®9 9 d
TR HNH U Haad &9 9 Getua et 21 e =l

HAIfSa e © foh =re &1 famn LT 9 B EH
A ¥ 3@ "ehd ® fop e T/ H F@l fam @

[MLT]
[ML']

3@:, AR T ad p & wEies Gifae it €

v:C\/Z
U

Sl ¢ fomem fers ®, fm fade favomor g
i e doa € | oI o Fened gF § ¢
E 121 oFd: difd SR H STHE T Hl e

— [LZT_Z]

(14.13)

(14.14)

e ST T =t o WeEm o O T @I p (T Sl
T % HRO A SR F1 SR 2) T AT H
TRE 71 g W ;R T et 21 e
Hefrell | ST UH @M o 9 H Ten el =
Mg Y T TEt 81 &1 ekl A qT v e AT Bl
et faeis o Hiq W i e 21 e ot
faftga =@ qen omgfa & fau, Tl (14.12)
TR o1 fuie s e

15}
=2
> (14.15)

p 3GTEYOT 14.3 : 0.72 m @d fhelt HIa o R
1 59 5.0x10°kg ® | A T R & 60N
?, @ dR W STIIE TN i =l =¥ ?

T T o AU I oH 96 S § 79E T U8
21 38 Heod | Sigcl v Wash gormE T g e S
TR o UM m I ITHT darg [ 9 faafea e W
W B €1 e o Tfaskid el s STE weh
forelt SR W 9% T 91 oh faw Fened g ura foRa
S Fehdl @ TR I8 Scfd T Y& shi WA o SR
B\ o1d: e ot faeioo &1 S il W ed 98
ST ook & TR et fodta favermo @ gened g €
W 81 Fehal B1 39 oty § urw ey | feergen deedt
fT=rdar Tt B1 w et T [ML] @ 990 T &1 5
#I, etafd [MLT?| 21 &8 39 fomei & 39 ¥R

Ze7: AR i Yid Tehlsh <ials o] S

B 5.0x10°kg
0.72 m

= 6.9x10° kg m"!
TE, T=60N
TR R STIIE T i =1,

60 N

T
v=/—= — —=93ms! <
4 \6.9x10°kg m
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ofiferent

14.4.2 3T I &I oA - a1 Hl oA
fopelt areed a § WA o Sfarge q WeRol i fawm
o et feorfa & om-die <o | € | g9 Ted ot
@ o € & el o ag o @ e -sEat &
GifteH aen foremi o ®9 § THA el B | G
fapfa o ufqaa @1 faRor W At gere o
qeqq 1 AFdH JARedl ol @ 58 39 YR
gRsfe 3 €,

B=-ﬁ (14.16)

el T/ | uierdd A P e Tl Av/vsa=
3 &1 B i fomn <@l ® S 5@ &1 € iR SI "
o 30 Ukl (Pa) | =¥ i €1 @ % GEl
fou, wrefiter Srecd o1 FeHH T p ® Torent famn
[ML?] € | 89 3TEHT ¥ 3@ ¥d ¢ for i B/p ®
Iuferd famm @ -

ML T?]
M L]

3a:, A B qen p & WrEhies sifaes ufvmEt €

v=C\/%

T/ ¢ e femiw T 9 o favewo g fawifa

FHE G9E T8l ¢l g I ¥ C=1 U B § | 37

ferdht wemm H e a3l ot =t o fore e 9 R
B

= i 14.19
v 0 ( )

freht 3 o5 SW Wig wem % fae, s o
UIgela FUR 0T el € SN BH B i sheel STReA
fopfa W AR # ® STEvEd e 8l 39 TR
o, WrEfiTeh Feareerar Ulieh o s’ ® TRt faen
ST -FeATEdl Ol i e B1 38 Wehdol ok forg
foria fogeion qeet ST @ SR BH THieT (14.18)
St FefeRTor ara i @ o eifeifia feriar ¢ e
2 forges 9 =enef safd § 1 W B 21 39 YR
forelt S og o eresd @ i = FretetEa dee
SN o9 1 STl @

=L’ T7] (14.17)

(14.18)

Y
v= L[

P (14.20)

Tel Y ©g & gl 1 A YA ol 81 HRof
14.1 ® fafg= #wreawt # wafq &1 =@ et
T 2|

AR 14.1 T weadl § a1 il wne

o
g (0C) 331
g (20°C) 343
giferam 965
HEESE] 1284
EC
S (0°C) 1402
S (20°C) 1482
TYE-STeA 1522
3|
Tt 6420
I (dfe) 3560
= 5941
PRlEC 6000
EE RIEEEIRG 54

Teli qen Sl | eaf =Tt T S gor | stk
Bl [oH < fop S o weheor W, WrEfes = o o
SR T 1 = 8| THH HRO TE © T ol o S
1 T T o | Hifed S A wied e el
Td: ok TR YAl Uk o W Sk B g
FHEHIT (14.19) G | S SR gl T TG 1 g
H 5o T 3T BT © | T S STEd ST
Tt ot ® gfg e stfurs Bt 7 1 =@ Hwwo
? for ol SR golf o eal 1 e Tfa e @ |

ot T\ o Al o =1el 1 3Tkl &H STeyl T
gfehe o X Tehd €| Tl o1eel 9 (3@ srema
10) o faQ @ P, ™FaH V qe1 @9 T o6 = qa4
TH YR e Rl Sl B

PV =Nk, T (14.21)
Tel N 79§ TS R WA, e, Seesm i qe
T 9 &1 shfead & a9 € | ora: fond) guard aRed
o fau e (14.21) 9 &4 F=fatad g9y 9
T §

VAP +PAV=0

3;{@,—;” _i = P
AV/)V
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3d: GHIRIOT (14.16) H I8 AF dfaeenfud & |,
B=P

31 TR (14.19) | foreht sreel g o ergesd aon

HT =,

P
V= |[—

P

9 HaY ol HaUUH =g 1 Tfa fRan o, ofa:
T4 =g 1 g f Fed © |

P ISTETUT 14.4 =27 o A 1 ITAN FHleh A h
q9 Td @ (STP) W a1 H & &1 =1
1 ShHT HifSC | 9 o 1 HiA T FTqH
29.0%10% kg T |

Zo7 : 0 Wd & o fendlt off g o 1 | 1 STP
TR AETH 22.4 o B 7 | 37d: oI H STP W
e

(14.22)

1 Aid a1 61 FEEH

Po =
STP W 1 #id a1 &l T

_ 29.0x10 kg
 22.4x10°m®
=1.29kgm>
forelt w9 a1 &t =@ oh faw =ged & 9o
o TTUR W STP R a1 ¥ w3 o a7 &1 fr=fafed
M WIS Bl ®,

2
1.01x10°N m 2 O
I iokgme | T (1429 <

THIRIOT (14.23) ¥ U<l 9 § &4 1 =1el hl
HH, 9RO 14.1 H T 7T 90T g0 o< 9 § et
1 =1e1 o AF 331 m s 1 go § 15% & 2|
MfeR T el Terdt g2? afk e =2d % 39 ua
AT T T R TGH =[ed | e HeoT o 99
ey | S B g arel IRed i GHdrd T, 9 g9
€ I B b SeR! T€ hou WEl el ot | s
g oarn fof eaft J=Ror o 9ug wem o ge-aiada
gat dig fd | e © TR oA v o faw g w6
T SFTY WA T 3TEYIh 99T U= -8l 8l Irdll
FAEEd 98 URadd THdadt @l B a9 Tt

(adiabatic) %ﬁ% | TG Ufsraati 351%111311??? T W
71 Fe o] B € (WU 11.8 W)
PV’ = e
AL A (PV) =0
PyV ' AV+ V'AP=0
7Bl y @ F Q@ fafere wemen &1 erqum

c/c T |
30 TR, STEH T o T T A TR on
AP
By =7F

31d: 919 § A i A [FHRO (14.19)],

UZJZE
p
e o A | 30 TYfg FI e G9ner $Ed ¢ |
91 o faQ y=7/5, 31d: 319 A 30 STP R ag &
e I A o ATehald oh 1T FHIHIT (14.24) h

AT L i @ i =1 @1 71 331.3 m s W &Il
2, S =iy =l 9 9 @ ¢ |

14.5 TN oh TSARIYUT kT Tagia
St faodia feemeti & 7T el <1 TR T Th TR B
R A € @ o g @ (T 14.9) 2 9% <@ S @
ff I FE & 98 @t T WS A Afed T
Tt 71 g, AqeAT o SRE, T Y qH a< Taef
Y =1 giar 81 Fo1 14.9 SUeR wd faqdia el At
3 T T % T g H SR T 5 ferfy T
B St T AfeAi B © i IR e geren-gereh
e} o HTOT FoRTTH] 1 SO 4T B g1 39
TR ST qU 1 TEARIUT st Tagld e 2|
79 fagid & o9UR, Yo% W% 39 YR 0 hidl §
A R T e 76 1 o7 o ok stead e
o RoT faeenfud B € iR wfer fomemam e =
SBUCHe Bl Hehd ®, -¢ faeerds M fereema =
Srsrfordte = g 21 fest 14.9 fafs= wwa oo
SRR T 3@ WM 81 3T (c) | fosie gere ™
2 3 : I TI&I o RN JUR-JUh Icq el
Th T &I I ¥ FREq R 0 € 9o 7@ foig W
el T = @1

STARYY o fag1d ! T €9 § e & o6
fau, 7 AT y,(x, O Ty, (x, § Wem o fRet

(14.24)
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1l o Toreend €, S 4 R STe-3TerT T Hd!
ql 39 Fa¥9 o Bl AR I a0 fohdll & § T @y
gl € 3R erfdentua it € df e forer y(x,
BT

yb, =y, (x, § +y, (x 0 (14.25)

t=0s
Ry (@)
D &
012 3 4 6
t=1s
t=2s

o 14.9 gam wd fawdia faegm are fawdia fom &
T FIA 7 WG SAE (c) F IH TSl &
sifaearaT @ 9 e ghar &1

Az foreft mem o ww B oA A sreEn st
T T H @ E A SR qROmH T w9 <A q
o Yeh-Jereh TR ol 1 AN B B | Srefd A
Tl ql o AT B 39 YRR €,

y, =1, (x-uvd,

y,=J, x -,

y,=Jf, (-,

qd Hiegq o faeny o1 9uie i o 99 %od 39
YHR S R S R,

y=f, (x-v) +f, (x-v) +.......... +f (x-vi)

= Zn:fi (x - vt)
i=1

FANIU H fagid sAfaeor &t 9iEeTr &1
ot 2l

Wad & fau, fed @ s o sHfer ™=
HIAT A T R’ R faER FiF E T w
vl sTgfal o TuH & den Sl @ ge kot
U B 37d: $Toh aesd i gHH &1 SRl o =
off TaE Brf| 9 ST o ok Sam T9H © qen
T x-318T o YT Ta9n | THA L 21 g9 aen o
N oholel ARTWeh shell | T HHIOT (14.2) oh
SR 3 SH T ! 39 YR Fd H ©

(14.26)

Yy, (x, ) = asin (lx - ot) (14.27)
R Y, (x, ) = asin (kx - ot + ¢)

9 AR o fOSd &1 T FH W, T
oo 39 YRR I foRel S ©

y(x, t) = asin (kx— ot) + asin (kx- ot + ¢ (14.29)

(14.28)

cos—
2

a{zsm{(kx_“”;kx_awq ‘q (14.30)
T&T B (sin A + sin B) & fou femifafa &
guRfed g1 1 g fohan 21 or:

y (xt)= [Za cos%ﬂ sin (kx - wt+%¢] (14.31)

THIHT (14.31) 98 9 € o afRomedt @ o,
x-318 1 YR TRun W HA kIl el @ ®
et smafa den e <A WA o JEE g1 TR
TR FARK ¢/2 Tl He@qUl qe7 98 ¢ T 3@
I T Tk a4 o de HeAR ¢ T B €

A(@)=2acos %¢ (14.32)
g ¢=0, 31iq AT T T Fer § €,
Yy (x,t) =2 asin (kx - wt) (14.33)
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efq uRomR @ w1 AEW 2a €, ST A
Guifer A A stfereham 81 ¢ =n o for, <A o goid:
Tk T ¥ faudia Fanet o gt € qen aRondt @ w5
AW T T 0 I B €

ylx, =0 (14.34)
Yy y
2at
a-.
a
(0] /\ — /\ X /\ - A X
/ (0}
a \/
g=0 a1
_2a.
(a)
y y
_>
N\VAVAVANS x
(6]
-a //\/\\\//\/
@="Trad

(b)

o 14.10 SR & f9GId & STEAR GAF ST
T R a3 srghy @ F gRumE
1 TR T T STH FAR @ T 745
XAl &1 T8 FAR (a) F fo7@ 77 & a9 (b)
& fag mi

THRTT (14.33) I T HT O Ao
T €1 9 Y0 H <M ST G W 21 gHIR
(14.34) < a0 1 formeh safaeneor goian © foed
RO T W SH SR T S B g1 B 14,10
AR % 7 A1 GRS © S SR
fagia =1 aftom 2l

14.6 T T IS

fusal 3R o g oTuRes Areadl o 9 S0l &l
<=t H | F e S IS g teen qu fwRdt
R 1 e Rt © 2 afs i g @ dt wig
el T WEfdd g S {1 gfaeaty w1 ufEe 3

TREHT | e T I 7| A AREH qoia: T8
T 2, eren ae Tl & fa=1 wearee qreAdi o =
ATy 2, @ feafa o et e St 21 5@ fearfq o
e T <1 he W W 81 Sl & 9 e 9
TR e H qRIHd g1 S @) A wiE a9 fae
el 1 AR W) Tt stafad g ® gt
AT T 3TOalcd a0 hed &1 Aufad ud Tgafid aii
el o UEdd b Tl 1 U el ©, ae
fad T8 WEfad a e o 9 e @6
e L

foar 14.11 foreht arfa <) o STfRe T4
A R § wEfdd el T g9t 81 9 7 of TR
TR GRT SHoll T hE STV Tl el 7 o Tafedd
AT 1 R &l Bl & S i TS 1 8 W
e 9§ 9k el H 7T AT 180° hT Thaliak Sed— &l
STl &1 gHeRT RO 7 € o aiEian g5 @ qen aim
T gt gl W faaiy w1 fawerds s g =y
AR & fagid & ogaR, 78 9t gua € <@
Ifad Ud wRrEfdd W H 7T heAlar 2l drfeh afumHt
foreema 3= 2| F§ den 33 SR H uREE gideay W
e €1 39 gRomm 1 Bw Tfae e 9 o wrm
F Ghd Tl 99 TR AR W I 2 al 98 AR R
T ARG Hl g1 =2 o TR FoH o FFER Far
TN R qRomg § 99 qen fen # fawdia 9a st

N W

f
7474474 N\\\\\\\\ I NNNNNNN i ANANNAN U ANARNANY

AVl

faa 14.11 f#gt 32 wRdtar @ T3 &1 WEdT)
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Tl &1 TROTHEEY YUt T4 S gil @ foreent
FeAl § T T A e 2
& foru Ul T @ wA § (S T <R T O we
 sefi @ S forelt ©% W was w9 9 A A Heh)
ql TEfdd T i el qA ST (AH o e 2 A
A1) ol € S efad T o 1 He qiEmE W sty
o q9 Y% WS % @M &1 I A S| e
R T SSTEROT A WY KT G o 2

e W, fe T T T T R
REH @ TWEd | 7T el S gl © qe gal
IREE | e § g welll S el el g1 59
HYF HI MOT €Y H o HH 6 A, IH A
JMafad 9 1 39 YR e w4 ®

Yy, (x, t) = asin (kx - wt)

T, 3¢ UREH ¥ e o fag, Jafdd @@ &i 39
R fref| w39 2,

y (x, t) = asin (kx + ot + 1)
=_—a sin (kx + ot)

foreht et aftEi ™ ¥ wadH o fau, wEfdd o
1 39 TR FEE F@ T,

Yy, (x, t) =asin (lx + ot)

(14.35)

(14.36)
T 38 UREH W y =y, +y, =0 | aali W

14.6.1 MW a7 ae g faamd

e o9 ¥ gt R W uiEifia e |
foem e | g e+ gufifea feafr € (S <A
o = 9Rag S’ steen aRfaa @=TE 1 a1 hiaH)
e wereda < a1 stfues fall W OB €1 SER &
o, ot S/ o T feom o T Il T & R W
Efdd et 81 98 qereia o ud f&en | o ek
T R @ wafidd gt 71 98 ufhan qe Tk =t @l
2 5@ q S/ H T Srafted! 901 Y 1 9 S 1l
AT Y ST a4 e €1 e Y 9 59 e
FH o fou, x-3181 Tt ek foun o oA et Rt
T AT x-3787 I FHUMHE 9N F 707 H3dt ToHH
A Tel T aeft qaraia o W feer i) ¢
=0 o foTg TiehTor (14.2) 3R (14.4) §

Yy, (x, t) = a sin (kx — wt)
Yy, (x, t) = asin (kx + wt)

e, AR o Fagid o TR I aRomH auT 39
YHR FE H S T,

ybot) = y (xt)+y,(x t)

a [sin (kx — wt) + sin (kx + wt)]
guiifea Hermfide aeades

sin (A+ B) +sin (A- B) =2 sin A cos B, HT TN
HE

Y (x,t) =2 asin kx cos wt (14.37)

HHHTOT (14.37) G Tt o Yet e Heiieheor
(14.2) 31@ THIHI (14.4) gR0 F&efua am o o=
TRVl N W I 3| THIHRT (14.37) H T8 kex T
ot A1 ToemH €, 7 (lox — wt) & H4SE &
®Y H| 39 T 1 M 2asin kx Bl 3d: 79 00 Yo
o, T ke fag W= g ® W S o Yok
3TEIE FHM HIVF G o A Tad dd 9 e
A1 B T ok fafer= sfermal o Se § g el
Tl g 21 S’ ol w9 fafe= faged w fafa=
I Uh € el | e Sl ¢ awT Yed A
A SR 3R 7 S AR T hLal €1 3Tz T8 ST il
wed 2| foreht ffvem feafa w gae smam = e
? W S vge sarn v € fafie feefes w e
Tt gran 21 5 faigefi W emam 3= e @ 5% e
FEd ¢ qun o fagel W aifusran g @ 3% wedg
ed 21 ot 14.12 fooda feenett o o st < o
o SR o Horersy TR STOE T <3 2

AP W h1 G Hequl -0l TE ® T
T 2 Ao ] R A S A e,
Rt wfdsier o SR, Sistia g 21 Feer fed
@ A ¥ e TS R G € (R o
Tt T T W FY) A TR e wy STt
e A w1 Tk T et 21 37 sngfaa
1 SIeT 1 TETART faen wed 21 379 8 A fal W
TRag fedt @i S’ o fore wam= faen &1 faRo
Exuf
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fera 14.12 foodia feensit & 787 FdT 3T Sedt a7 o STEARIY & 37— STYH Rl &4 ] fo fAegat (S fareemsd
Tt fag) #1 Refa @t qga | eqRarda wdt gl

TR (14.37) 9 feqg =t feafei (SRl

@M I Bal ®) o
sin kx=0
A kx = nn, n=0,1,2, 3...

<f k=2n/A%, oa:

xX=n—,, n=0,1,2,3.. (14.38)

2
e J AT Fredsl & S w5 % Bt 71
I YR wel Wi feufaa (ST smem sifean B
?) ¥ sin kx &1 0F 3fu®dd 2 ©
|sinkx!| =1
amﬁkx=(n+%)n, n=0,1,2,3...
k=2n/A o1 ®

1 A
x=(n+5)5, n=0,1,2,3... (14.39)

9d: ] HATTT YT o5 A9 ®T g
A/2 TR | THIHTO (14.38) FT STEN IH R W
ufeg L o@E & @i Sl % fau w Tehd €1 Ak

Th TR =09 o o qfwm wfgsy =&
x =0T x=L W 9 BN x = 0 U=e i Tl
Tfe et 81 x = L g ey o fog erewaes ¢ R

e L auresd A9 i YR 9§ Geitid @l
L=n % n=1, 2, 3... (14.40)

3T L SaTE F1 SR W Hfhd qeresd s ST
T o9 bt = Torer 9 frefafiad ey g ure
e T 7,

2L

A= — n=1,2,3... (14.41)
qegedr gl o A i

15
V=n—— =

5rc n=1.2.5. (14.42)

T YHR T (R o Jer w1 o st
st wEr faen fruifta =2 fomn 21 freh freem &1
=JAqH FHIfad ek A & ™ w1 ger faer
T e UGl wed €1 qHl TRl R UieEs L weE %

i et o g V=i S TR (14.42) H
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n=1% HTd 8| T8l p WEAT o AL T A
G T HT A | on=2 H I (@)
ﬁmﬁfﬁ?ﬂﬂwméln=3a€ O oo SFdn g
aeged gl T Tt ¢ ST T Tohr i ¢ T
et Tt et © | 5 faenet 9 deg A A N
Wﬁvﬂ(nzl,z,...)mﬁ%ﬁfw
1% é<>N<>é e s
o 1413 % SF fi W ufeg A A
A SR H werm ©: qomefaE e T € A A A
Ig AT e & fF IS A S E<><><>é @
= fawed ¥ 9 fodt faen & s = N N ot
T et SR T S fafe faene A A A

F AARI B T P faumd s
Yelerdl | Sfd 8 Tehdl € 3R $ A
Yarerd 91 fgar o amEfer S99 97 T
fagia | e 21w & faun gwd A
faen 9 eifuss 3AfSa @ 78 39 o0 W feR
A & fF S &1 frw fig W siga A
T R

319 g9 fordl T o o ol &l
faenst &1 stezEm w3 e T o 9]
? Seifer guw T g B @9 S § 9l A
el i H Al w1 A Hie T
e =1 T 3T 1 A Fiew | 9o N
F B 9t fR W R e § qen g

A N NZTNTZF N7R

d

=Heft Tt

(e)
et Tongfa

A A A A A
(®

N"NNS"NSN B U

A A A A A

iR T yege B 21 e W e § yfad faa 14.13 3 R W 9Rag aifia kT d sid &1 999 B:

aAfaham B & Safer feemom = (37)

2 21 3o faadd gel fol W <l weig e ©, =gan
T Ufed Bid © el Torend b1 ST Sifiehan Bl
31 o1 % W A A ) x= 0 SR R Freas yhE
(TR 14.38) 1 T Tt g 81 afE g faw
x=L YEg B @ WHH (14.39) ¥ Ig 9Rumm
fererar ® T

-3
L=1""5)7%"

Hufad wresd Frfafad wey o wfgefua o

n=0,1,2,3...

2L
(n+1/2)* n=0,1,2,3...

(14.43)

frem &1 gme faud w@nanfas sigfaal 39 YR
ECiCT S G

UIEER]

1\ v
v:(n+§j£, n=0,1,2,3...(14.44)

wﬁmn=o$@m%3ﬁ1a€ﬁélm
S gfedl gt engta i favm TungtaEl stefq

5] 5] .
32 5 Y g v
AL’ CaL 2

o 14.14 T T W o 91 W R W a7
a1 e o Hem ©: T gl guiar €1 <H R
W gE TEY & A g fR W Y g 81 36 W
77 e € fF I fe W g 9 wem ¥ gt
TongfEl S B § (W A 14.15) 1 SHie aftfd
e, S TE a1y Fiem o WoifEa S (SHR 13)
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Tt

Tt
faa 14.14T& RR @ Ga a1 TR R | a5 fHdt
- HIcTH 1 FS FAH [T et fam
ferend g &
IO B Wehd 81 A% STl egfa Free w5t wnefaes
g o SR et 2 o o oe e B €

frdt o= 1 aRfy ¥ Jgagds IREs IR
foreett, 3TN, dael 1 et oh Shal ohi JEMER
faensti w1 frefvor g ot v o g foan i @
fop foeeh @1 oRfy T feor FE @ fag w 7@
H 3@ @ & & &1 gEm faumen &t
gl w1 STehe Afee Sfeet 1 @ | 39 THen |
T formiati § a0 weror winfera e ® | R off sed
araffed “fifaert o€t € |

T T q9H O Tgefrar qomrfa

el ot ieft Tt
faa 14.15 fd gd g9 4S9 @A | TR 9R
gl et T 8 1

> 3STEUT 14.5 T fO § o forst usy &t
S 30.0 cm ® | 1.1 kHz 319 & 9 gN
TH URY 1 - g faun 1 SR gr
SafSr ok ST @ 2 9% 39 qreT ok Tk R
g8 T ez se a1 = By {5 o 39 Hid g)
IR g1 Hhd € 2 ag W A &l =

330m s! ¢ |

Ze7: Gl WEY oh U Wl el oo faumd o
14.15 ¥ T9iie 7 ® | veel qungta @ e,

12 1
LY (g 1E)

&t LU #Y AR & | n A gty # emara
nv
Vn =5r (n=1,2,3..) (G uE9)

?JﬁL=30.0 cm, v=330m s!

~nx330 ms™!

mTT5503 m

Ty 7 R 1.1 kHz 3T 1 9, ST 517 v,
gt srefq fada qomafa 1 safsa wan |

379 A IIgW hT Tk o =% € T THIRTOT (14.40)
T Ig gy freherr © foF 5@ WEw %1 got e,

1% L

=711 (T TR W &< 1Y)

39 WY | cheel foaud wE & qungtaE € formme
F €
v3=2 v5=2 qor St YRR ST ..
4L 4L
L=30cm @M v=300m s! & fag, & &R
Yo% UIEY 1 gt G 275 Hz © a1 Wi 1 31gfa

=550n s !
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=gl o o qeTEd €1 <k T8 e e o e
1 Guyifad faen 72 ©, o7d: 39 Wid o 91¥ U5 1 Th
o & T W HE SR G TG <M <

14.7 faws

foredg T & SAfGROT W IO T Vg qREe B
S TR e g (WY seR &) et |
e et 0 TR € EE g <t @ dl ed weE
agta (S0 wi=ehe STgiaal &1 SiEd) G 3 ©
g e 9 R ot GAE a1 71 W A w1 foar ®
-+ w12 3R agE G 3 € et ergfa
iehe el o iR & ek Bl ¢ Siiae 39
e 1 ST A AT o GHERT | i Bl 9
YA I I q I THEH HId Wd © S qeh 3ok
GUET T 1 g ez g T <l

TG T 1 MO fae=m o fau, g9 <1 o
TR R0 I o, T o, Hl A ealf T R
foram e & qen gfaen o forg feafa 1 x= 0 7 |
THHIT (14.2) H Hel &1 Th G0 741 (¢ = 7/2
Y T o felw) qen seR STEH o W 8 9T
Bl @

s, =acos @t 9 s, = acos ,t (14.45)
&l W e Wdleh y o €A W s 1 STAN fohen B
iter &H ereed 1 o eruey oo &1 o Y ®
g W oifse fm I emafiEl W o, @€l @€t 2
SR o Tag1d o6 AR, IR fowemas =t gq
39 YHR = FW ©

s=s +s,=a(cos wt +cos m,t)

cosA+cosB$“§[Qﬁi\?|ﬁﬁilﬁ'ﬂTﬁq?ﬁ'qﬂ'omﬁﬂﬂ
T ST FH W

(0 - w,)t

_ (o +a)t
s =2acos 5 cos

2

(14.46)

- o+ .
aﬁ(%‘?wb=w12ab LRI wa=%f?f@ﬁa

THIHIT (14.46) F 30 TR ford Thd 2
s=[2 acos o, t] cos ot (14.47)
AR |o,- 0, << 0, 0,; 0, >> o, T, T FHHW
(14.47) © Fread froherar €, wRomdt @ siea wivia
AN o, | A HI § T TR STAH T
Y SR AL T S o Tk Y5 e qA ok Fehdol
H B 81 9@ 5 cos o, t H AR + 1 @ ~1 Bl
% oA sifueshan gl 81 S wskl W, gRomd @t w

wia w9
Tl #, Wi W
I G A"
EEINRIECL R
FFR T H
et B, wifepet, 3
w9, ¥d 9
TRIE B el S
F Bl A
o eedII HiST
4 wha fren o
ST T w1 T R R W
THSHM W, IRATT YT HIA o6 Jol ©R-1,
X, W, |, 0, O, A |, S B 213 &
o U ITH ST foRT T TeeR Y YR,
Tl SR WY o SR W P # 2
iitg & 1 dA Ao | dfer 1 geRan
¥ el oo ¥ ¥ sft W W el
TR-TOM 3 H &, A 407 T MOT-9ITeA
W1 ST BT g A I B © SR e
gt & T GO T, T8 T WA & S AT
TR e S I 2| HeedoR Wi & W g
TS @ Soft o 2
dEd A € o Hoear R G g
el o YS! g1 T1qal Il § a-ar Y 9
oA HiT qe1 <fRr WG H W g
T R (S wEh (e o), werpe
R feReeTIge o HEY) § ol Hiid-%e BAR
%91 1 € Torfersear € eiR gfen o feret off wm
¥ I I qY S|

o 7 3T 2 0, = 0, - 0, T SIR-T@E B &1 R

w=2ny a0 v &l 39 IR Fa H &,
Vo= Vi—V, (14.48)
11 Hz @ 9 Hz & 3 g a & 3ca foredg

w1 ufEeT o 14,16 @A &1 9RO T B ST

2Hz 1 egfa W faedg gwar 21

beat
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PINAAAAAAAAAD

L VVVVVVVVTT @

> IFTEVT 14.6 < TR 1 Sl A 721 B T
o1’ TR ST @ § qe T | ST Sl BN
o RO 5 Hz e o faeds Sca= ot @ e |

@) T B & @ § F8 gfg wH W fawg =i

ST S 3 Hz @ Il € | A% A 1 STgf

<

{;1(')0 A/\AAAAAAA 427 Hz %, @ B %1 91 g 7 Hifa |
1.0F \/\/\/\/\/VVV ) goT : S0 § oG agM W IHH! ShuA i M a¢
(b) ST © 1 A S B W A g (v) A T S
20+ (v) @ oiferk 8, 7@ v, ¥ 3R o B9 R fawsi wt
ol Al ot s =y, Wy feeioorgtn § free W
;1' ' T | om: 9% frwd freem @ fF v, < v, | I
-1.0H |/: VA—VB=5HZ,H94TVA=427HZ,3W:@'{°TBEI§TH§[
20 e v, = 422 Hz
fer7 14.16 (a) 11 Hz 37gfd &1 qUrgha @ & e
(b) 9 Hz 37gfa &1 Tumgrd @1 & sferd
(c) M (a) T (b) FT STEARTT § I
2 Hz 3mgfa &1 fareqs gorfar 21
RS IRU)

1.
2.
3.
4.
5.

Tk T s WA B faude W gewd € don 3 =ed & T o fem gu wiafha e §
s7gge @ o a6 el & o Wegm o k0 9 e i K9 o ofead qe w ? |
s el A A Bl © P Wiemm % U1 R H= i fewn % SEfEy <ed w2 |
TIH R g8 W eI § S WeAw o T f6g W g fAg 9% T w0
e x-Een o GURd SaeswE @ 1 YT 39 YR oAed fwdl Sl -

Yy (x, ) = asin (kx - ot + ¢)
TET a T HT AW, ko FIUG T G, @ FI0NF G, (kx — ot + ¢) Fell, 9T ¢ FHell- ik 12T
YRR el R0 T |
ety W 1 Wi A, Sud fRl W6 9 %ArE foge o o9 # g o SweR wt ® S fRe
&1 T WM Hell H B & | SR TN b AT a8 I HEG AR Steren YEEi o ot i gl o I
% R Bl ® |
et & ok SEdHT T hI SH GHA gRI URefaa fohan San @ fow wiemm w1 $E seEd S Th
o gul HA T | T8 T KT HIONG AN o ¥ T YHR Gafud g @

i L
w
fordt w1 # emgfd v H 1/T o 9 § IRfeq fopan S ® qen smafa 9 wivig stgfa ® frefafea
Fﬁqﬁ?ﬂ%:
1)
V=_
21
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9.

10.

11.

12.

13.

14.

T T HT T v=%=%=lv

forelt a1 St W g9y @ H1 = SH S o il 9 fwifa gt ? 1 Ak feet < | e TR
U S 1 Fah FoAEE S u® A 39 S W Sy @ &1 =,

\F
V= |—
U

eqf aXol oTgeed A ol g & S S, gai den el § T Y Tkl ® | Afg fRdlt e 1 et
YAl Uk B 91 ¥ p § dl 39 WeAW § A @l wl A

U1 H B § oA a1 =
Y
v=|—
P

frdt 79 @, Sf B = yP, 31: a1 &1 =

oo [P
o)

Tl y W 1 F fafire Se w1 SgEE (Y= C,/C), p T F TS A P W F AE 2|

Sa q A e 9 fRd weEg H Us WY THE S §, 9 HIsEH o fohE sfee o faRerid yde
T ok ool w1 SISO AN e € | 3 a oh SEARIYY T [dgid wed ® |

y=> fi x=ub)
i=1
T & SR W T HIl & SAEhE T ARV o fI§7q o SFTIER Hehed L@ FRE g1 SAfaawon
1 qfereT T wdt ® | A% qHH SR a G991 SHM g arell TRy el B hell-fadis ¢ o ST
arell & 90wk € feen § faHE € Al ek safaetor 1 URom U Uehel qi Bl © foreet st ot
Ik TAM Bl B

y(x,t)z[Za cos%dsin(kx - +% ¢j

g ¢ =0 AT 21 FT YUk U & df T THSH TAE hedl B Bl & T AfGH0 Furdt eiar ;A
¢=mn Al nifead w1 faom PN A @ WA when faula wonet # et @ qen cafaskor faamed
a1 €

fereht st R o1 FeRelt g o teen o] fE W Wede well-SehAY % 919 gl €, W fREt gt
IRt R I8 WerdA for foret won-aierd= o e § |

frelt smafaa @@ o fag
y, (x, § = a sin (kx — wt)
g UREM ¥ WEfdd )T % o
y (x, § = - asin (kx + of)
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15.

16.

17.

[L]

@émmww%ﬁw
foigeti o o= =1 O

=Rl I k [L1] m! k=27"

I A v [LT!] ms! V=)

faeig smgfa Voo [T] s 3 frehe il st et a
&t gfadl 1 IR

el IR | 9Etia @@ o fag
y. (x, ) = asin (kx + ot)

foradia fegmadt o wifasfier < weigd q@i o =afdeor 9 S 9@ S Bt @ | g i W ufteg arfa
T § IO ST a6 F 39 YHR e TRl Sl ©

Y (x, ) = [2 asin kx] cos ot

AP TN BT Th AT T € o Ty T w1 Ty sttt T freat e € den
Aferchem forema w1 fafee srafeafaal o= 7oz Fed 2, Bl € | < AT Feus) steran & shomma e
& = # T A

L <@ %1 afa Sl st Sl foll R aferg @, Frefafed smafeal 9 &0 o 2

15
V=n— n=1,2 3.
oL "

Tl v T HI S W THA HI WA € | W GaY Y W ARl w G2 Fep oF HUA S1eEn Qo w1
T faurd wed ® | feam omgfa @ <o w6 faen gor faer stedn yem ol ke © 1 n=2
I o faen w1 T gy wed €, 3R & YRR HH dEd S ¢ |

L oiaTE w1 i el foreht o fow =g 9o guw fqu ger e, S arg-shiem, Frefated st o s
H T

v—(n+1jv
2 9L n=0,1, 2, 3.

SR Feu g Frefia sTafil 1 T2 39 YHR o @ o SieM w1 gamET e e € | 39 e gr
n=0 % fau ww feem smafn U, ¥, S 36 bR % e o g faen s wem ot @
A fodl ¥ ufas L @arE &t @ifa S/t stean Tk R 9 ] qen g fR | ge stean < g W
Ao ag-hie 5 fFaq afaai @ & w1 © 3% 3 Feeml 1 g@m= oo #ed 1 3 9 gk
A fE & srgaR gl B 2

forers 79 39 B & S 9gd hH ST H A AR v a0 v, B A T W wgen w1 S 2 forg
S 39 YHR K B WA T,

beat = V1~ Va
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310

faemoia fau=

1. & e mregn o 9E %o7 &1 a2 ? | ged 9y | eaft o @ e et € 1 ge o uh T
U T WM % o1 i T GiAferd gl € | et i W o1 i el 1 Gited qen feer wftmfer
g 2l

2. W H TH TH W T WM doh el LEiaRd el @ 7 R g

3. fordlt @iifer @ o, "reem o ke el RN o W= STEda (IE W A0 ) T dal ok
A o HIU Sl EIFOT el €l

4. STIFE W HT GeROT Sheet I AW H B Hehdl © TSH STIEY0 YeATErl Ul @, SSrened
3 | eeed N ol TR WAl Ul i STEvAhdl il §, ofd: 3 avl weft wemdi-o,
59 71 19 H gug et 2

5. & T argfa #1 ferdt et ared W @@ § @eft il 1 SEm SAE gl €, Wy fed Ky
o1 T R ST et = Bt © | foRet sty o o fereht ffve eor w el sl &5t et
TAM et & W STk o fre we R

6. freh weam o form =1 fearfq arc e oF Ay 39 WeAw # fRE i w1 ® A9 (v) e
AT o YR qe 3T O (S g Te) R R et @ 1 7 st % A w ek
el

14.1

14.2

14.3

14.4

14.5

14.6

14.7

14.8

T
2.50 kg Se99M %1 20 cm el A1fd SR W 200 N o 1 7416 ¢ | i€ 79 S & Th f 1 syt
wesht fean s @ a1 fasny feae we ¥ g f 9w wgem 2
300 m S R o ¥ o fREn T geer HAR % SHR W S dreld o I ¥ SR § | Ak |91y
H eaft %1 et 340 m s ® A YR % THTH 1 AT HMR o 9 W geer fiRe o fRat X a1g g
M ? (g=9.8ms?)
12.0 m &« el & IR %1 599 2.10 kg € | aR & T foha1 i1 =few @ifer 59 qR R fordlt srqgeer
T &l A 20 °C W Y&k 9 H A H =1a (343 m s) o SR @ |

T™ oo = P F ITAM Feh TR HifgC fF ag & a1 &1 o a4

P

(a) T@ W AR T+,

(b) A9 % WY =g W €, 9

(c) 3Tl o @1l =g Wl € ?

A FE dan € 5w fam § S gl @@ wer y = f(x, ) 5N fEfua &) S @ ey x den ¢
P x- vt A x + vt FA y = £ (x = vi) TASH H The 1 A | F 5GHT Ul off g € 2
Fr f&u Ty ok YAF Her w1 G0 Foh I8 GAqEC R o7 R W @ w1 Frefud w g 2
(@) (x- v

(b) log [(x+vi)/ x|

() 1/(x+vd)
g TR 9 § 1000 k Hz Mg i wsed saf Seafsld 3l € | 9f€ 7 a1 il & I3 § 2Tt
7, @ (o) WEfdd &af qen (b) W saf w1 qresd Fa FISC | 9 qen St | eaft i = e
340 m s q 1486 m s ® |
el sTeaare | Skl B W 1 AT oM % AU Wges @R H WA R S ® 1S9 Haw o
et o e fhat @ fad At # 9| 1.7 kms! ® ? TR &1 YEeE 9 4.2 MHz © |
fordlt S W HE YRS ToTghd A H i

y(x, =3.0sin (36 £+ 0.018 x+ n/4)
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14.9

14.10

14.11

14.12

14.13

14.14

g TR ST ® | "Rl x dun y W W qen ¢ Gk § | x 1 oA fewn ad 9 Id @
(@) N T8 T GO0 el FAYH ? A T Y 9 @l THeH! =l qefl HeWoT i fa9n w7 2 ?
(b) THeT @M qen R = § 2

) ST % THA THH SRFTR Fe RN T 2
(d) 3@ T § I wAFE ekl & A= R A g0 Fm e ?
99 14.8 ¥ Ff0@ @ % fIY x =0 cm, 2 cm T 4 cm o g foeems T (y) 3R w94 () o &= WH
AeAfEd IS | 57 T w1 Tpfa 921 @ 2 1AW, orgfa stert el § O fore weqell o wdt i o
it fa s foig ¥ T fog W foe 72
T TOIgRd TT

y(x, t)=2.0 cos 2n (10 t — 0.0080 x + 0.35)
forad xqden y&l m ® 9o t 6 s H foan w0 2, % forw 39 S <ot faget & ot s fhan € e
% T 2

(c

4
I fRl W ofteg Rt @ife e W ey faremm i W YR o fRan T ©

2n

ylx, t) = 0.06 sin (7)‘) cos (120w 1)

forad xden yh mden t 1 s H forn T 2 1 TEd el Y @ 1.5 m ? fEet g'fd 3.0 x 102 kg
? | Frefefea 1 sw e

(@) T8 wer WIH 901 e Ay o § 9 R fefi s € 2

(b) k! s faudia feenet & o wedl < @ % AR % B9 Hid U Fedsh a0 shi axies

Sgfd qen =rel §Id Hife |

(c) SR ® TE 1 HIC |

(1)U 14.11 ¥ affd et | @ & foau gase & #n =@ & 9@t fog e (a) smafq, (b) Fan,
(c) @M ¥ &9 HTd © ? AT I H TR HISC |

(i)t f®’ ¥ 0.375 m R F fog &1 oMW fhaT 2 2
Fra forelt g o (SR el STeed) o faemad @ fEfUd R ol x @O ¢ oh e XU T
2| 98 9aET o 399 9§ I (i) TIH 90 1, (i) ST T 6, (iid) 39 9 TR oft o @ e et
Exuild

(a) y=2cos (8x) sin 10t
(b) y=2x—vt
(c) y=38sin (5x-0.51) + 4 cos (5x - 0.5%)
(d)
T qg IH o g @ AR AT gA g W 45 Hz S9fd ¥ kU F@ €| T AR K1 FAHH
3.5 x 102 kg a9l @sh 59 ¥ 4.0 x 102 kg m™ 2 | (a) TR W STIHE X7 1 =1l 941 €, qe
(b) TR ® T R € 2

y=cos xsin t + cos 2x sin 2t
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312

14.15 T f W geft do0 g i | IadH fed @it 1 m a6t Jfasw, e foa smafa o 99 (340
Hz 9 &1 @i f53s) o @, @ HAferh § 91 Hie™ 25.5 cm 3196l 79.3 cm &dl § q6 3
<ol @ | WA o @9 W o | A i Wlel I Aol HITST | R-GHE I UG HE Fehd € |

14.16 100 cm @ ©A-vg 994 A fog W ofiag 7 | 39 o34 %91 &1 gt 29fa 2.53 kHz ® | €A
o eaft 5t = e ?

14.17 20 cm @ o EY 1 Th 90 98 8 | 430 Hz 3G o Gid g1 9 g 1 hiA-E gt faen
SR SN Sfed 1 St 8 2 4 39 wey & A fR got & @ ot 0 9% Wi 39 uEY o Wi ST
HAM? 9g a1 &1 9 340 m s 2 |

14.18 fHar =1 <1 SiREl A 9o B Us @19 ‘W' @R ool @€ e AiEl-d sgd eF % %Rel 6 Hz 3ghd o
foreds S X @ T | S A THE FE M W faes #1 g sk 3 Hz T Wi € | afg At
ot 3Tgfa 324 Hz @ @ B 1 emgfa = € 2

14.19 T2 HIFGT & (12 Hd)

& Hafa B "ed g, 9
(e) URErdt ey | Heor o T TE 1 SHA foaHd & Sl @ |
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STV 9T faiad T oh 3T

I 8

8.1 18

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

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

) T A stfues d1 ugrel @ Eifer gEd goayar g qen favse fog o men e fawdo
el B 1 3T9eN e ® |

8.4 (a) TTeId
(b) I

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

8.6 TorETdd =4x10°m

8.7 2.8x10°

8.8 0.127

8.9 7.07x10'N

810 D /D =125

copper’ iron "

8.11 1.539X10*m
8.12 2.026 X 10°Pa

8.13 1.034 X 10°kg/m®
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8.14
8.15

8.16

9.3

9.5
9.6
9.7

9.8
9.9
9.10
9.11
9.12

9.13
9.14
9.15

9.16
9.17
9.18
9.19

9.20

10.1

10.2

10.3

0.0027
0.058 cm’®

2.2x 10°N/m?

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

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

6.92x 10°Pa
0.800

foafie areft oo § OR &1 TR W I3M; IR F T | FW =0.221 cm

T, et 1 g had YRREE YA W E A g ©

&, 5 < foigati W ariell o Qi 1 WA e € Sk o agHedd el § g ofa g
=8 |

9.8 x 10 Pa (FTogd H&T o9 0.3 8, 37d: JaT8 SHA B 1)

15% 1°N

51 (2) WET & B [HROT : RO W (ST el i S e 1 &5kl HH §) FeAuH wiaw e
o HNU YaTE H1 A Afesh B | IRomEE, el o fagid o SUR 98 W I« %H € | g TE
Reheu w1 ® fF @t erddigd ® 1]

0.64ms
2.5x 102N m!
(b) @M () o ToIT 4.5 x 102 N 37fq e ST €1 571 (a) & 2 |
TE-SAHF =310 Pa, I T = 1.031 x 10° Pa | AT, Ffeh Te & & TN 3Tkt o 3Tkl qoh Fyemed
2, 80 ¥ o i el < H 1.01x 10° Pa for@m =few |
A oF Jagel o WAl J@-3TMHE =20.0 Pa ; A7 o faeraq § €9 a1 oh aidel o HIa E- T
=10.0 Pa | 91 F FAGE! ok foTT SET T I = 1.01 x 105+0.4 x 10°x 9.8 x 1.2=1.06 x 103 Pa | I eI
Ta %A © T i wiefd ARl qo o o el o Sl el < = 1.06 x 10° Pa |

I 10
1AM : —248.58°C =—415.44 °F

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

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

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

10.6 BT Y 45.0 °C W TRATTF A = 63.0 +0.0136 =63.0136 cm (AT TH Jg FHg=1 =feT foh A7 Wefeh 3Tehi
T A H SR 0.0136 cm B, T bl oIS dI WLk bl q 63.0cm € | TH TG W 27.0°C W
e =63.0cm

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

10.8 =9 ® gfg o1 TR = 1.44 x 102 cm

10.9 38x10°N

10.10 wfer GAfSa o o f fiehst § wohe 721 € or: S H 9ok &9 § FER BT |
AIW =0.21 cm;Alﬁa =0.126cm=0.13cm
oo ® el UREdd =034 cm | ek B TR o fAU A €, S g ardig widee seq=1 e e |

10.11 0.0147=1.5x102

10.12 103°C

10.13 1.5kg

10.14 0.43) g K ; HHMR

10.15 T fgoeamps €, qen TRl i W@a>a Hife o fafed STt o7 @ii=a Hife (refq 7 a6t o=
faurd) «ff Gwa € | 9 % a9 H $ g & fog @t faunet w5 qen e o gfg w6 faw s
1 3gfd S SNt ] | Fore®y, Th WA 6 1 qor § fEwarys Tt w1 Hen fafere s aifus
Bt B | 7 S9ten S wehal € TR AfE g ohaet wia skt goll foen W & foeR w1 dt fgmngs T w6
Tier fafyre Soar (5/2)R Bt © it oheiel Feliie ! Bigeht WRoll ® 5y e gt 716 o Jeroi o fog o
2 | AN T Hier fafere wa 1 stfad I e <@l € T ek % o1 § I o R ol faen
o erfafier s faen oft suftera 2

10.16 4.3 g/min

10.17 3.7kg

10.18 238°C

10.20 9min

AT 11

11.1 16 g/min

11.2 9347

114 ()5 =2.64

11.5 1697

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

12.1 4x10*

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

12.4 0.14kg

12.5 53x10°m’®

12.6 6.10x 10%

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

12.8 &, s fram o oER | e, A e § ged gaet 9 o o v weifus 7;

12.9 2.52x 10°K

12.10 H1= Ha 99 o fag fAfafed g3 &1 3w SR
7o 1

\/Enndz
TE d 10 1 A § | I T AT F I F FAC MV =5.0x105 m> T ] =1.0x 107 m;v_=5.1x10Pms’
TEg gfa = V'IL‘“ =5.1x10°s™" | Hog g1 foram T 99 = vis =4 x 10"s | SFANTA Fegl o ot fern
T =$=2x10‘105|ww,m@a@'éaahmw1@a§ﬁaﬁwwsoow%|
T YR fRdt T 1 RIS 1] eravd € SAfusher g9 e TR heel € |
T 13

13.1 (b), ()

13.2 (b) T (c) WX 3T TMd; (a) T (d) ST M bl FEfud id € T Wt e i w1 Freuor Tt &
[ ol SEIRATIh 3T0] T e Uichfaeh SMgfcal eIl §; o1: oA &9 |, 30! oA fafa=1 sngfear =1
T T 3TEd Tl 1 AR Bl € | T8 ALY et o Bl €, W T e e e g ]

13.3 (b) T (d) 2Tad & T8 ToT o1 STEdHRA 25 ©; (a) AT () Tad T8l & [ =M dfse, e fd o
et M o T shael frdt we feafa &t Trgfa e € Taia 81 Sid; Tk STedehlal ohi 9Hed Tfd
I HANT TR g =ifEe] |

13.4 (a) WA TEd T, T=2m/w ; (b) 3, T=2n/0 R WA 3Tad T 7&l; (¢) TA e MM, T=m/w;
(d) ST, T= 21/ R T 3TEd T &l; () S (f) STEd (Whfash ol o STTaR WHHR
A & iR S G 1 0o, HEAT — 00)

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

13.6 (c) TR 3Ted W 1 FEq0 wed 7 |

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

13.8 219N

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

13.10 (a)x=2sin207r (b)x=2cos20¢

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

13.13

13.14
13.15

13.16

13.17

13.18

14.1
14.2
14.3

14.4

14.5

14.6
14.7
14.8

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

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

e |, hich 1 R Sceleq ol o sXSK BT ¢ | ST Shich 1 xS doh A o 9l €, q9 39

W A TA Axp,g FT HI T | 3T It TR k=Ap,g | 319 m=Ahp el Tﬂrrﬁ T YA
FTeh BH YT o U hY Tehd € |
e gHT TR SHE e w1 3R gel § qe g qeneti § R gl o doll § 3@ 4§, 9 Fa-T9 W AN
T T Ahpg T, TET AT BT SIS HIE HT B A p A B R K9 T A € | ek FeATIA oA
h o STTHHMUE €, 37q: T W Sed |

Y 14

0.5s
8.7s
2.06x10*N
pRT

aeyl g frem we ofifs P=7

Tl p 9 1 S M AU FeAuH a1 7 A ® |

W%ﬁ v= % Wﬁﬁ%l

(a) T@ W [ T& L

(b) M9 o MY T o SIER gl € |

(c) ST 1 SMUeh THHM (18), N, oh 3Tfaeh FeAHM (28) TN SRS o TUersh FAHM (32) | 7
?, ord: ol § gfg €9 W arg 1 AU S S Sl €, heesd e p 9¢ Sl € |

The faeim T 781 © | et et i & TR i 4 el o Tt T Youe] STevaehdl 98 @

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

AT | AT el HHeqdl fRe g o i fefud T2 e wend |

(2)3.4% 10“m(b) 1.49x 10~m

4.1%10“m

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

(b) 3.0cm,5.7s'Hz
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©) w4
(d 3.5m
14.9 |f W SR T | 3 WA o AW qen A gaE €, Wy YRiHE werd 9= 2
14.10 (a) 6.47mrad
(b) 0.8mrad
(¢) mrad
(d) (m/2)rad
14.11 (a) STHTH T8
(b) Gt T ok fAT 1 =3 m, n=60Hz T v =180 ms’!
(©) 648N
14.12 () T 1 Sret el o o weft fogeti *1 engfe qun sell 99H €, W @M THH T |
(b) 0.042m
14.13 (2) I8 HoH SMH 901 ) Frefud w3 2
(b) fHdt «ft T o U @R HE 9 Hed &l |
(c) Wt TqoTgfe T |
(d) < STHITEH T T ALY |
14.14 (a) 79ms™!
(b) 248N
14.15 347ms™!
W v, = O e o R S R R & o = 1,23
14.16 5.06kms™
14.17 9o Mg (a0 @Reh), &l
14.18 318 Hz
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I

plepLincy
4 qms o o fawa 1 afmfea fvan mn €, <7 fawai o eifaftaa sregem o forg g frefafed geaet
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o oF STIRIIG T2 HARSIeh WM e o fow o1 frefafad geasl § ° 9 Tk 9e =R | aea
& MU, 378 ¥ F9 Tkl i fo@d &1 T IHT Togd G50 o R U B 59 1@ T 2 |
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Framework
Mechanics
Atomic
Molecular

Photo electric effect

Quantum
Antiparticle
Discipline
Anti-electron
Unification
Reduction
Constituent
Macroscopic
Concept
Universal
Domain
Gravitation
Electromagnet
Kinetic theory

Statistical mechanics

Temperature
Average
Mean
Terrestrial
Celestial Object
Eclipse

Tide
Volcano
Rainbow
Phenomena
Interaction
Technology
Observation

TR GetaH
BIREIPRCICER

ECERET

FeeTfrh, o -eRt
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Qualitative
Quantitative
Prediction
Modelling
Verification
Speculation
Conjecture
Accuracy
Precision
Elliptical
Heliocentric
Planetary

Orbit
Scattering
Interplay
Astronomical
Radioactive
Nucleus
Nuclear fusion
Nuclear fission
Chain reaction
Binding energy
Annihilation
Classical Physics
Equilibrium
Electrodynamics
Optics
Thermodynamics
Magnetic field
System
Tonosphere
Efficiency
Range
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3e fie Rigid body R AT Inversely proportional
forgdarel =T Current carrying conductor ~ f>H IUUg Artificial satellites

A T Elementary particles EHIEEIR] W Galactic cluster

9y PG Air resistance IEEISIREE I CNI Unlike charges

fraifaa Evacuated AT AT Like charges

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

ofiferer Tl Physical quantity EIECCCn Normally

ST Aifcen! Applied Physics HEAER Vertical

HHT Measurement [EERN Perpendicularly
Hfehed Approximation &iferst Horizontal

el Acceleration HIEgH Medium

T @ Acceleration due to gravity IRt Dynamics

PIGRE] Resistance ™ fagid Wave theory

AR Communication ferfertor Radiation

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

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

B GIIR] Frstt Geothermal energy ERUIEET] Cosmology

SIS CINERCI R IEC] Genetic engineering T EiEsin] Massive boson

AT Impact Shifdeh Critical

TR (TS =eh) Merry go round I Neutral

IeftT e Muscular force = Cancel

TRl 9 Contact force AqR Intrinsic

LU Friction Icafsta, ffd Emitted

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

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

ERNIREED Intermolecular FfquTieh Half integer

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

AT dcd Elastic force &qa Decay

B eI Derived force ot Exchange

sgwfeae =4 Empirical law e Momentum

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

Reprint 2025-26



325

&Iforeh, &1

TR

ST

nifaer wfafsan

Tfas =

foafa, foger, gerh

S

yfaerw, wfafare

Seferd AT

SATIT, Sceddehdl

I

e

T FA

TR 07 Iy

ERIERC

EXIEINCS]

fo=mg, g&qu

Afaar=

e, garse,
Hao=eita

wifqer =

THafeerd T

Tfaes =

|t SOy

dHd 9=

efe Ty

-

L=y

Variable
Inclined plane
Aristotle
Epochal
Universal

Net

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

Elastic
Inelastic
Kinetic reaction
Kinetic friction
Isolated
Polygon
Recoil

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

Microscopic

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

@fd BH
FifeAfed o
fraer form

TgTeiel |
frepifa 9
¥ 139 3@

STafer el
et
Jeq Y

RIREEHERSE SR
Stk (Afew)
I Ham

IO @R
& AT

qafia 318
feaiht fepra

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

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

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

Couple

Centroid

Fulcrum

Fly wheel

Lamina

Leverarm

Line of contact
Moment of inertia
Orientation

Rigid body

Radius of gyration
Rotational kinetic energy
Torque

Theorem

Tension
Tangential

Axial rotation
Altitude
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ECEleT i

FAfvrenerforer Tqor
AR E'e

FREES]

Artificial GRIPED
Boulder e AT
Black hole EEEN

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

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

Jupiter IIHEA
Latitude EIRUIGED]
Mars EIEREICl
Mercury 2IED

Orbit ENENI
Periodicity axd

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

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

Common to two
Common to all
Picturisation
Experimental sample
Brittle

Yield point

Yield strength
Ultimate strength
Tensile strength
Ductile

Plastic region
Elastic hysteresis
Operational
Twist

Hydraulic
Composite
Atmospheric
Aerodynamics
Efflux

Equivalent
Bubble

Fluid

Fluid Dynamics
Floatation
Calibrated
Compressible
Capillary

Device

Gauge pressure
Irrotational
Streamline flow
Surface tension
Surface energy
Turbulence



u

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

SRED
Th—JHH
SAreage Y
Few=elt
amfervfa

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

fafyre o
A, Rt
AT Sl
Eas D]

oA

TH 9 HIIHH

T A
eyt
W JER T[T

I JER T[0T

Terminal velocity

Constitution

Diffusion

Degree of freedom

Diatomic

Equipartition

Hypothesis

Molar

Monatomic

Mean free path

Microscope

Manifestation

Phase transition

Polyatomic

Pollen grain

Root mean square speed

Rigid rotator

Specific heat

Telescope

Vibrational energy

Zig zag

Thermal

Heat

Absolute scale of
temperature

Absolute zero

Ideal gas

Coefficient of linear
expansion

Coefficient of volume
expansion

Surroundings (of the
system)

Law of equipartition of
energy

Isothermal

Adiabatic

Phases (solid, liquid, gas)

Infinitesimal

Equilibrium line

Mechanical equilibrium

Thermal equilibrium

Co-existence

Reservoir (of heat)
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Sink (of heat)

Refrigerator

Coefficient of performance

Idealised reversible process

Asymmetry

Semi-static

Conservative force

Carnot engine

Carnot cycle

Dissipative force

Microscopic constituent

Thermal capacity, Heat
capacity

Molar volume (22.4 L at
STP)

Absorbed

Boiling point

Melting point

Heat Insulator

Adiabatic wall

Thermometry

Thermocouple

Thermal expansion

Constant volume
thermometer

Incompressibility
Condensed
Young's Modulus

Approximation
Thermal stress
Compressive strain
Cross section
Calorimeter

Molar specific heat
Thermostat
Distinct

Isotherm
Quasi-static
Kelvin scale
Isochoric
Conduction
Convection
Radiation
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ST HoT Thermal conduction HIgAT Modulation

ST Hagd, Helgd Thermal convection YU Drag

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

RNERES Reflection fastin Disturbance

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

it Cooling ST e Sinusoidal function
EEEXSK| Lamp black Fis IH Cosine curve
I Pyrometer STTH Stationary wave

AR o Solar constant ATEqY fasfa Shearing strain
YR Scattered TRt T Capillary waves
et T Periodic motion Tecd Tas Gravity waves

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

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

FHIvTH Argument T Trough

EE] Vibration i, R Crest

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

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

T} () Reference (particle) pere iy Antinodes

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

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