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o T § =ue w9 9 3 Ry S 2

Wt o foodid, srefemerenl &1 Hiokiushal a9 § gfg BH W %W 8 Sl 81 39
et fefear w1 fo 3.10 o <witan e )

TH G (3.23) W = IRVl o SMUR W UfaRiuehdr i ard- e
1 TR Y W G Tehd 21 39 GHIHO O TRt uerd 1 aferieendr e a6t
St §

1 m
p=_ =i (3.27)
fordt uered &1 AfRiveRdl Wid Uenieh 379 H Soigeial ol T 991 3SHH gH arel
Fogl W yiaed &9 9§ feR wdt 81 S-S 89 919 Se §, TR O oed s
ATl SRl 1 S =Te agdl St © fteen qRumesy weg i g off wedl
S ®1 gEfere GEgl b fEd WH ¢, 919 o WY S 2
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E toa
“PC: =
S g
< S1.20
0.2 o
E El.lo—
| | | EIOO | | | |
0 50 100 150 200 400 600 800
aa T (K) — aa T (K) —
T 3.899 T & Hor o7 3.9 9 99 TS %o o ®9 H
¥ w9 T 9 = T &t gfaiesman
gfeierrar o |

oTgeit B n 1 A e Sheia ¥, TR A g ® ¢ % W % e %

HROT pedl €, S| T g Jer T 2

ety feraifea wa srefemerenl o @9 § 9fg o TU n ¥ @ g et B} T
gfg Tt (3.23) ® 1 H BF ot TR off st @ off erfers w1 afagfd s @

STeen wora®y TH Tl o forg Sfadierehdl p 61 | M9 o @1e U Sl 2

3201 3.3 TRt foqa IRex # b o6 qToe Y9 &1 ST Bial €1 e

U T 0 o foR[ ¥R yelfed el € dl sel a/d W (27.0 °C) SEeh
iRl 75.3 Q U1 ST §1 S 39 SR I 230 V 3Mgfd ¥ TS e 7
Al o Yohe | TRuY T 2.68 A %1 T ¥ T@iitd 8 Sl ¢ FehE-steeE
#1 e a9 e 2?2 fem w dfwfad 9 afer ¥ wfady 9o
1.70 x 10°*°C' 2
T
e FeFe W R 9gd e € dl qrdid Gl ki SUT 1 ST Wehdl € 3R qel
STIIE 1 A9 T, %R o 19 o SIeR 81 Sl &1 516 2Rt Bl 3TYfd & Tt
foren STam, @ IRfYe U Tl 91 2.68 A ¥ S AfS B ST W
oI ¥ o A4 999 oh RN A9 9. I8 JRY i agE Hereas
iy &t foagd a # 9 FHt 3OS S| S Uohe H TART ST U
B S den qrg SR AL S SFeFe w1 giadier 9o eyl | oft 7 faga
R Sl TR WA G Y T qe Tl 919 7, W SR R, 1 °H
230V
R "o 68a
ey R, =R, [1 + a (T, - T))] 1 3TN Ha¥
a=1.70 x 10*°C" o ¢ HE W W I Bl &

_ (85.8-75.3)
(75.3)x1.70x107*
379, T,= (820 + 27.0) °C = 847 °C

9 YR, A9 3199 1 A9 (9 €N o HROT a4 GAE Gfaaet | g Se
&9 o SR ®) 847 °C Bl

=858 Q

=820 °C

2~ 11
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90

IR 3.4 AT Fiaie qoETd o wifeT o R 1 giowy fewie W
5 Q @ 99 fag T 5.23 Q B & AgATd! i e qa-Soqe | gfaee e

ST B o @A o IR k1 GfaE 5.795 Q Bl Sdl &1 5 1 dI9 Uiehferd
Hifsu|

T R=5Q R, =523Q7MR=5.7950Q

100

-R
o, t= >~x100, R =R (1+at)

100

5.795-5
= x100
5.23-5

0.795
= x100= 345.65 °C
23

3.9 fag@ w=t, srfem

et =Teteh AB W fa=m wifse fred A9 B &1 3 [ /0 gaifed & @1 21 A 9o
B W fagd fawe wwe: V(A) T V(B) 9 fefia fh e &1 S o A 9B
X yafed & W ®, V(A) > V(B) 3R A AB & a0 & g faveid
V=V(A) - V(B) >0zl
At T A |, W R Th ABTAQ = [ At AW B &I 3 et 2l
IRATITER fog A R 3w &t feufast s Q V(A) oft den 35 yohR fog B W s7em
F1 feafewt S Q V(B) 21 sHfer feaferwt st o =1 ofedw AU, B
AU, = i festfrst st — srefor Feerfest ot
=AQIV(B)-V(A]=-AQV
= I VAt<0 (3.28)
I A& Fe o AR fo T fohe Tfaw= § @ SHet Tfast St ot wfafia
Bl ® e for Te St STaiafdd ®1 S St o SE] § I qRom feherd
g fw

AK= -AU,, (3.29)
o
AK=1VAt>0 (3.30)

37q: =TeTh oh e ToR[a & o U9E | TR TeN o 9 9 fauH Bd @t
ST A Sell o ST qefa, S0 Ueel THe ¢ foh T dR W, e @fid Tfa
Y T & A € dfeeh STEd] ST9eTE o ¥ Herd 21 98 IRITHA i Sfey | ST
A AR ¥ G o hRO B B Wl oh GHA YOSl gRI WK i T S,

@%wwmﬁwﬁaﬁ%mwww@wmﬁ%mﬁ
etk 9 B S B 39 YhR Uk Srdfsh dieih § el STaUd At H FOHT % &Y
T effad et w1 afmEr

AW = I VAL (3.31)

T Wehieh WA H &9 €5 Sl &It Wik o ek @ P= AW/At 3R &9 0w
FLGHA B

P=1V (3.32)
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fagd um@

39 % 99 V= [R %1 ST & W 89 U4 &

P=1>R=V?/R (3.33)
St for R wicdier o =rereh fore@ [ o om0 wenfed &1 @ 2, § B aren vt &
(A &) B T 9 wifed § S, <1 ok fore foRel qnodie fagd o w1 Fech
i e It ©, ek w01 o8 HOAT a1 G 1 fefeRtor s @)

7 vife el W ot 22 S T 21 vee TR 9 g
g for forelt = § TR o0 @1 Yeme ST W & fag I

T T A WA F AAHA B ¢ T qE Ha g T AN
59 39 wfed =1 oAgfd e =ifew) fa (8.11) o faga ) )

I o WY IWC M TH WA IR F IE FA H & R

TEEfE Foil © S 39 Wfed HT YA 9 qF hY ok, o srerea
F B

TR (3.32) 91 (3.33) H e o fou fgu 7w

= W I T B € for R gfadiees R ¥ eifaa wife
I Feieh H Yalled ¥R T 3§k Rl W dicedl R fohd TR
R et 2

TR (3.33) 1 fagm ifer Foror § weequl STIuanT
21 faga wifsd =1 G=RoT TeR WA 9 R qen sREH o
GER0T oheel g femen Sl € o fop kel Hiel U el Wend €1 T ® o g9 WeR
WAl | =1 e wREH 9 e arel FeRul shfad H g arl v & i =JAan
FHT TR 379 G foh HH B0 9 Uhel 8 Uehd B Ueh gfR R W foeR
e R wfttier et weror shfact & iR wfed P ol wgam ¢, o sifma: afaa
B € Ak R & R & o= dicedt Ve IR o9 [ faga «m yarfed & @ @ @

P=VI (3.34)

WeR WY 9 IR 1 WA e arel T ari o1 wiady aRfid @ 3R e
R, T WA R § el & P, S foR o = v €

P =1°R,

P’ R,

Z? (3.35)
THIRIT (3.32) ¥ 37q: i P! el gfo o1 damford s o fag, S ar
o vifer 37955 V 2 o kAU €1 Uel RH § ST dlel GeR0T shadl dhel Wi
T TId € T IR WeRid R HTHT Ak B 81 Wewor ® g el wfe-a P
HI HT FH & fou 37 fagdame! ) H ged dicedl VR foaR@ om0 yenfed &1 St
21 T HROT ® TR 37 Wil WEROT A W S dlieedl o @l o1 g & g g,
St o STl ol &9 W U W Ueh W S99 Bl 21 a1 S diegdl R o
1 WA TR e B1 3Td: 36 R i dieed] i SYAN o foly SUFSK W qeh Tk
Ifed gR1 o TR F'd ©, w9 fan S 2l

3.10 ua, faea aes® o (emf), 3ndRer Ufaure

T Tedl & Scord fohan B o faga staseht 9ot faga aftuy o womht oy w1 9
T & fou uF W g 21 S s ot 3,12 ° fs@mn = 2, 9ot ®9 9 T 9
@ T Seleeis B B, S b oA (P) 9 Uk (N) hedd 81 3 T fagd
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forga sTaerea
(a)

o=
(b)

o 3.12 (a) ¥+ A P
qAT HOMHF e N o6 91
T foea sToereia 9a &1 @
e Sl J@iT Y 2 faega
sTTEed § A a1 B fog urefues

IR WP TE N o fehe 2

(b) T T HT Gehd|
+ fog P &1 qen

- %1 fog N seidre # 3fm
FI T el o T faeda
H4ISH P 991 N W 91T S 2

et foeam o gd wd B foema # 59 soiwie fagd eeea & Wiy
AT T SACH-YEH I 2| SHoh Hora®y e TS o S IH
farga sraeret foera o foreht fog AW [ (3.12(a) ] 921 @ 39 ol
o o= Tk faaial V, (V, > 0) 811 81 36 YohR FUMHF soiaeie 30 dish
I8 o foag@ stuse faoem & fwdht fag B & @met ts wmomeres fase -
(V) (V> 0) W& Sl 21 <& IE foea o1 =&l yanfed gt & a g9
forga eraeret faeraa &1 o fawa e g, f5a@ f6 Paar N o weg
faeia V, - (-V ) =V, + V_T&dl 81 39 3R I U 1 557 96 ef (em)
FEd € IR W W Fle i €138 TR

e=VA+V >0 (3.36)
e Y foh ¢ e o T faweiak ©, ot 7| qenfy, gHeh 9 & fog
faga aTesh et o1 STAN Ui SRl 9 +3d € 3R 98 AW 39 9ny faan
T o1 5 I8 Uiere Sfud ®9 9 gHsht e T eff|

£ 1 e HHSH o T, 91 ¥ HAIfd T gfaees R W foeR #ifse
(e 3.12) 1 R ¥ Bt Tsh o & C § D &1 3R elifea et 81 st o
&l AT i S ghi €, Teh TR ORI SH1Q 1@ S ©, Shifen fagga e,
g 31a9Iea ¥ TR N ¥ P &1 1R Jellfed eidt ©1 Tqeea: fogd eowea 9
B Tt R N W P %1 3R Jaifed et © S R 9 Bkt 7€) 9 PE N
1 3R yerfed el 2|

5ra faga 7o ¥ 2ot 78 o yafed gidl € ST U uRfEd gfad
r 8 €, 59 ga 1 sriaites gfaiy sed €1 Ted B9 U fefa o fomm
& R 3d ¢ f5&@ ff 1= V/R=0, @[ V, P a2 N o H&d fawaiat 2|

a1,

V=P q A% A7 fauai®

+ AT B & T fauei®

+ B @1 N o A&7 faaeiat
=&

(3.37)

31d: fod ae® 9 ¢ TH Gol IRUY H (AUfd 9 Tl T SR g U &1 garfed
B W ?) oFcHe qefl SRUNCHS Soioeis o Heq fawaiat B
Jenfy, afg Rafad & At 19 =it e S feafd & P 9o N o 7 favara

V=V+V -Ir

=e-1Ir

(3.38)

AT B o &g favaiaR o fau =osish (I ) § oMcAs fag W &aF Sifea) 98
Ty @ fop foe oroeea & o)1 1, B9 A 1 3R yafed gt 21

TR ufteherl o, S o [T € o e >> [ r, 7o uiae | Het o 3T
Hiekie <1 707 WA ST Hehell €1 Hel oh SAidiieh Gialiel oh ardteres o, fafa= deii
o et fa=1-fm g € qenfa, gk 9ot & fag sriafer gy, gmr foem smoee
¥l ¥ &gd At Bl 2

B € 9t Sreciien fhean € o o R 9 giee fawaiak Vv« ofi| o fem o

92

V=IR

(3.39)
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fagd um

THRTOT (3.38) T (3.39) &l FAifeld i |,

IR =¢€¢-1Tr1
qan I= £ 3.40
R+r (3.40)

R= 07 fou 9e § Sifershad o/ ot 1 S 9ehelt € [, = e/r Qo Sifeemien
Yoli H eAfiehay STHa S 3 SIgd A ek ¢ T Tt 1 TRl &ifd 9 s S 9okl

3.11 <t 9T UGSk H WA

Hierierent w1 i, T oRaer & St w1 ot g foman S wehan €1 Wiaieren! i
& wifq uftuer & o qen fageiaR o giehe o fou Tell oF G &l T qod 9
Y yfqeenfua fran s gewar 21

€ € €eq
o | } o | } ° = o—@‘ I—@QI
AT B ! C Al C
rl r2 r(’

o 3.13 forpa A ot ¢, WM e, & T T AviieEA F WA &1, 72N 1, TR
Safe Ffele €1 AT C % WA Heler o foq waais 1 foga e 5@ e, qon
AR WY r, o TH Tl % S Hq A THA ¢

o, uftehd | < Tell W fomm Y (Fas 3.13), W&l Y& o U fHaet i
T e, S Fell % TH A TH T § G B, £, T Tell & forem
qEF dA §, ql r. rzmzmmgﬁﬁﬂ§|

o 3.13 H 391U 3{ER AT {5 A, B @21 C W, fava &wHen: V(A), V (B) a0
V(C) €198 V(A) - V (B) T8l ¥a1 o e 1 SEUcHh el o Hed faeeiat
21 TR (3.38) W 39 BEA Ued @1 Uiiehioid fehen €, of:

V,s=V(A)-V(B)=¢ - It (3.41)
T YRR
Vo=V (B)-V(C)=¢,-1Ir, (3.42)

31d: HASH o <fHAA A 1 C & 7 fawaia
Vaie=V(A)-V(C)=[V(A)-V(B)]+[V(B)-V(C)]
=(e+8)-I(r+r,) (3.43)

i B9 HASH I A 91 C 6 924 fhdl Tohel 9o 9 Sfqeentud s = fSdent
fore e @@ e, T A Wi r, @, 9@ T 9 g

Vac = € ITy, (3.44)
THHION (3.43) A1 (3.44) Tl TR HH W

£,,= € tE (3.45)

qaq Teq=T1 +r, (3.46)

Reprint 2025-26

93



I o9 3.13 H 397 U8c! Udl oh RUMHS SIS ohl TR 9dl oh EHATH
RS TolRIE § Hag R €1 39 TH W 3K w9 < Sal & R i
Al B A BT C 3 wag Y, o T (3.42) § V. = —&,-1Ir,
2 3R B W B ©:
= HILTE Seq=81—82 F81>82) . . (8.47)
B Tyeed: Jft WS ok o Rl Sell ki feRelt off de o fore ferei

o 3.14 3 9al &1 UG HWASH  faRar ST 9T B

AT C % AE T WA B (1) n el & ST w1 e TR a1 a3k sl few A
S giae r,, e forEd o ERiCIRC R ER D

T e, (7R A1 i (ii) n ¥ & SO HASH F1 qo STl UM A STiafe it
(3.54 @1 (3.55) W f&u U ¥) D

wwﬁaﬁwagﬁwﬁa UH T €, 56 o Gedeh Hel o e el § feherdl 21 9f€ 38
T THh T TIaSH | OW R 9 o HOMHS Toideie 9 fHde seqéﬁ s |,
el o1 T aes oot ROTcHe: T o W19 Wit eidl &, Sl foh Tt (3.47)

H gam 2|

379 &9 el o Tvd HAeH W fTER F E) L 901 [, 9 % IR SRS
¥ fropert areft R 21 < forgd omd 1, 9o 1, g B, W ToRT Sl § et 3
fag 9@ 1 ¥R wel fehordl 21

Hfeh 3T € SO T Yelfed e € o fo amew, W wr gt @

I=1,+1, (3.48)

7 wifs fage B, 9o B, W fawa wwer: vV (B,) 99 V (B,) €1 79 Ted ¥
TR @R T T 59k el o 78 faqaia@ V(B,) -V (B,) B 31d: FHiEww

(3.38) ®
V=V(B,)-V(B,)=¢ -1, (3.49)
fog B, 721 B, 36 TR -3k W T ¥ +ff o ¢ o7 T8 T ¥A W
foeR w6 9 T W g @
V=V (B,)-V(B,)=¢, - Lr, (3.50)
Tzt i1 TR ol Fafsld & W
I =1 + 1,
=—81_V+—82_V=(ﬁ+g—2J—V(l+lJ (3.51)
n Iy n n n n
TH YRR V H HA
i &0 . Nl
Y o hen (3.52)

I Tell o TW wASH * 89 fag B, 3R B, % o9 R U0 ThA §A 9§
wfoeenfoa Y foaet o a1 7 ¢, T Al wfem r, 2 A 2 T e E

94 V= €0y~ 1 Ty (3.53)
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THRIOT (3.52) 91 (3.53) 99 &H =8y, 37:

ger + £2r1
=12 =21 3.54
eq o+, ( )
nr
=—12 3.55
W (3.55)

T RN i B9 SR el ® W qiieh § Y& Y Hehd ©

1 1,1
o (3.56)
Eﬂ:i+£_2
rn (3.57)

ot (3.14) ® B9 A1 fEell 1 T Tl qef S YRR A T o fRE (1824 —
=01 2fiel &t ot T W Hag fen § fowe fae w7, qen 1887) Sl & wifehfeml
I, ¥ =fHet 9 amex feperdt 81 afk g 1 FHomeres fia e et T afef ¥ WHeE @
% YT 2 | Feg R fea S, 7@ sff weieRn (3.56) 7o TeAq: Tt o fowm o
(3.57) &, — —&, % T W & foTg, T S €1 S o

HIRTOT (3.56) 91 (3.57) i Al 9 foeiiia foran s ifﬁggﬁ?&i}a; f?ﬂzi T::
T €1 A TR U n A € TS foed e 9 g, ... g, TN

)
o
Q0
N
=~
|

—
0.0]
00)
-

) e v &
SR IR 1y, . .. r, € 3R S Ied el | € 8 WS 39 A @
ThA YA o qed B ekt foRa aws S g, qdn S
¥ r, & fed

11, .1

T (3.58)

EEQ _El + +£n

Z_Z Z (3.59)

3.12 faaEw & fam

o Rael W -l S WRReE T el Sz @ @ Has e ¥ S T red
AeH & fou S g B9 Tedt o feu €, 9 uRgy o @t faga eme den
faveiarl o forg gen wata e el < frem, {5 frwas o fem wed €, foga
uftge & favemo & sgd STEnt B 2

feu U yftay o &0 yeieh Gfqlees o vated Ur i R Ydieh Si® 79 AR
T T R AR F R g R % oY ST % v A w1 g e
Tad 1 A% 3fqq: [ et fawifia g 2 qf wfaieres o faga omn s arafaes fom,
IR = feon & B A 9 womenss ot €, At arad o faga um IR %) fn &
foradia wenfed el W@ 21 56 bR, Yk Gia (1eifa ool o faga wiiek o1 e gua
Hid) o Tl oMcHs 9o S0 Soiaeie i, 9al | Yarg 8 Wl ¥ o Gohd o
retren Ueh TR IR 9 fafgd ed €)1 7 7 e i Paen o i 95

Reprint 2025-26



30 @ h N & o9 fawal sa@m, V=V (P) -V (N)=e-1Ir
¢ [GHIeR0T (3.38), [ T8 Tl o AN ¥ Bt P shi IR Jelifed
L ) 2 e fre o 71 7k et & B e e ) e
L 400 o, % g B9 P A N & 3R oigd € o &ea:
aq —ed V=g+Ir (3.60)
\/ 45V fagl =1 o1 % uferan 1 o< & o 91 379 7
Ly o 200 Sy gen suufEt w1 e waT
A - . fagl =t s H fF gfsran &1 T W & 9% o/ '1
30V 2 fraai den Syufaa =i ifesrem &3 ¢

forg 3.15 W a W Feem ael faga &m (@ @Y frm—fpdt afer o gy & geer w3 arcfl faga
I, + [, T Ja9 T a1l foga o I, 21 S o 4TS 1 AT §6 T F (e it fqga qret &
m13=11+[2_]%§hmmaﬂﬁaq§ﬁ W*WW?(’%’?3J5)I
uRI T, 31 h ¥ e areft off T & o eIk 39 from 1 7T 39 qe | wEd € f e fae e
Wiy frm @, 4 ot [ @9 i cahdeba mor SRR B €, foR dfa o e & e fig w e
‘ahdefga’éﬁmwmﬁWW%—SOll Wﬁm%lmmwwﬁﬁﬂﬁﬂmﬁ(ﬁ
S A1L, 445 =0T 301, + 211, - 80 =0 T T H STORT & ToIE FT K T) X Fher et Fa
farga el o e Bl 2
(b) TT (cq9) fram—gfeRteen! aen def @ qffer et 95 991 & =R IR fayea &
YRedl 7 s 9rT = g & (fe 3.15) |
7 fram «ft gogwe B, i fage fawa fog =t safeafa w fak o= 21 or:
forelt foig @ e Y af% &9 a9y 36 fog W emd ©, f el aiede g e =fen)
T 5% U1 § B9 WEN fag W amw o S €, ¥ e sy 2

ISET0T 3.5 10 Vel 7109 e irie 1 92 T 519 9Ray S (Headh)
o fasvla: @ FH 9 I 21 wRuY S ¥ 1 Q Uy o 12 ghiesd ©
(f99 3.16) | 99 et 1 FAGEA TFRY T 59 o T TR o6 ST faga

YN T RIS

38180l 3.5

96
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IEEGICIN

T TRUY ST ! FiaUHehi o T U7 Tal Ive FarsH | qRa T8l fohal ST Eehal
Jnfa woA & T THiafa ¥ ek Suant g uftuer Set o Taqed Wik S
fepen <1 wehan 21

AA’, AD @l AB el i URuY STl § wuiidig fofe 9 @ w81 guan gk
o wAe faga o, 91 RS [ genfed et =feu) 6o sAfaied A, Ba D fa
T AT ¥/ [ 1 ] FHE i wmenstt § 22 =fetl 36 YR, B o | 12
ol & o)1 I TReAdrge [ % 9% ¥ forg Tohd &) 399 R o werm fam qen
U9 1 gEfEfd # STEm w9 2

M TH &% I S ABCC' EA #ifST iR 38 R R o1 fefta fem wmg
EQiS1

~IR-(1/2)IR- IR+ ¢£=0

Tel goish R 1 9fedier R ® @ S 1 faga aes 9 ¢ 2

9 YHR,
5

8:_IR
2

TR S (eh) A WeRE R e €

R, = é =Z R

R=1Q% el R_=(5/6)Q T £= 10V & fert, uRyel et (Feoreh) H el

U ®

3I=10V/(5/6)Q=12A s4qa [=4 A »

T R ¥ yafed B el ¥R i o1 fo 3.16 W ST ST Hehd ¢ o

T 9 W A g s =fen fF uRuy Seadsh i wufhfd o wRor 3T
3.5 H fre@ie o ol &1 foener wifed =1 ST =€t foran T 81 Uk W afige
Jeash § THhfd o RO 39 YhR T TR0 Tal sidll safee Tt ud =g aret
T (37! A At Bl ey TSt foh ook o s il ©) frvas o fremi
o IYANT G THET i Bl HY Hehd 2| I IS0 3.6 § Ty fmar A B

32T 3.6 fo51 3.17 ¥ @ U Seaeh i Tish W@l H N J i)

o 3.17

9°€ Ini21be
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% iRt

&
forx 3.18 Few=l ¥y

k34

eaeh 1 Yok YT o TIT Ueh @1 O it w1 e € R fenvaie o frem
1 AR F G HAT 21 YRA § & STl K1 G HH A ok o IAF e §
TR Toree o i e e 29 o o g fram 1 S7am W@ € 39 TR,
TR T 9 ST G 1, 1w 1€ 9 i fafe o o o ferv o fada
Frem % ST @ T W G 2|

&% 99 ADCA ¥ fehe@ies o T e o swai 9 e fefefad shoe o g 2

10-4(-L) +2(,+I,-1)-1 =0 [3.61 (a)]
et 71— 61, - 21, = 10
ST 99T ABCA % fau &4 ure & €
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