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THERMODYNAMICS AND CHEMICAL ENERGY SCIENCE

SEITE @1 wnfEe st S F A @i
IETTH T | SUD AT SHofl B [Af= THRE & e
THG ARG TRl & e fmar o 1 @
P BT AT BN Holl FEA & | o BT IRR H e
B & wpd § Sl Had gidl & 3 a8 Sl g8 g1
fopy oIt arel wEt A wEd B 2 | ool B B2 sl
¥ e T ST & i U Sl R S, were
Tl AEF oAl sears | A W HAe 9w gy d
AT HHT H BAFINT DI O FHal 8 |
Blex &l Wl sarfe gRads &1

e Swt § Iarate sfifeaei ®
RS 814 aTel Sl & URadHl &1 Sea= fasan
ST ® |

6.1 HUNIDI B ol JTEUNUNT  (Basic
concepts of Thermodynamics) —

FHEIAD! § B 3 drell Y9 AeaTdel]
HeT SRS BF T AaId & —
(31) S=Ifa@ T (System) — FSTS F T
arefad Wt e Serfaat seaga & forg g
o ST & a8 STt O weerdn & |
(@) uRds a1 arRurfd® (Surroundings) —
SHRITA®] a1 & JIfNad geloe &1 $9 AET giRkae
TEAT & | FTELRi— U Ut # 1 19 &1 SRS
A TR @ felu = foha e & a7 ure | 9
a1 el qur 9 & arerar 99 wrT fore urg o
wftafera & uRaw @weemym|

6.1.1 SSAIfU@ a1 & WHR (Types of System) —
1. |91 = (Homogeneous System) — o4
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fpufl ov=1 # Sufterd el gor wEF wrawen A1 wHE
TR WG AT §HH 07 a1l 8 a1 g8 a-F |
T HEeITeT | Iarexemel — 4 &1 A, 96 &
STei faerae sanfs |

2. fawwrft o= (Heterogeneous System) — 99
fopefl a=1 9 SulRerd ga @l <1 a7 <1 W aifdre araweng
g a1 98 a1 Rwmift o= dweorar 2 | s - an
g oel BT s anfe |

3. AT @4 (Open System) — T8 T 1 GREw &
Falt o g1 <M1 &1 8 faf & 9 99 g °F
@Ed & | Iareoned — el urd H v Sd e ulas
T ITHATH | Groll ST B Tt STar vgar & e
ar gfRkder § fael g wadt 2 | 39 ueR umn | St
TRIT S TF1 BT AT & H1eT Ma—HaT Bl & |
(et 6.1 21)

4. 9% TA (Closed System) — T8 TF Wi 30
RS | daet Sl (ST rerar o) &1 &) A e
T, Te (Ta1ed) T TS, T I o BEd & | SeEume—
Tt gRafea gid) 8 ue gey o wran fer wwd 2 (R
6.1 9) faselt 3= Ut % 29 arell wraTafad arfafir §
el Fea AT AT Foll BT &7 TRAT | MEH-HE™
e 2 |

5. fdafira (Rgew) @3 (Isolated System) — T8
T O A= aRTw W T At St @1 3R AT & g @
fafm (mem-vem) @ wo, faafe (ge) =
FHEAT & | eI S g & ge1 @1 A g St
Rerm vaelt 2 | 39 I o7 9§ Fed 2| SerEeoned — arw
®Ig rfafirar el O v ura # &1 off Wl A1 9ri el
A SR (Heat insulator) 81 @l U1 Rafa & &
3IFER T T T 7 UGS § ST 3R 59T of Fae © 3
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F 8 S uHar & o — ol ¥ vr Tl ue, gy, A,
B & cwel anfe (e 4. 6.1 40) | &I+ o= gof wy
¥ faarfa 72t g 2

6.1.2 HHATTIO WA (Thermodynamic Process)
— T U ARl F O IravelT H uRdfid g1 8, 99
FENTRIST W68 FEd € | 59 THT H T (system)
= 9Rae (surrounding) @ drd g d St @ fafm
B ol | T @ arenst § gRadw freforfea
WEHT BTRT BIT & —

1. FHag A (Isothermal Process) — Rer am
R fFaT W aTer YR WHandTg Wehd dEelta 2 59
| | ara Rer v & fere o= s afRaer & Soi @1
YIS &R Wbl & | A webw Sorerdl & o qaa
TS oo uRaw o1 ¢ < 9l 2 Al v e @
T gRaer & S o < SIer |

2. ®WEIS WA (Adiabatic Process) — 39 WshH |
T 31T aieasT o SO $T ATEH—TEH el Bl & |
Ife yepa et & o1 o § gfg enft den aft www
SO & AT a9 H e B S|

3. AHeEl A (Isobaric Process) — Rem g9 W
foFaT W1 arerT UeRH wHeTE W dEdrdl 2 |

4. GH3MIaHt WHH (Isochoric Process) — o
T TR a1 arelT Hepd ASTRIGHT MehW dearrdl
gl

5. F1g 959 (Cyclic Process) — o ueps R4 o=
fafer=1 aRexi=1 & Torar g3 O a9 ARfRTE srawen
T 3 WY o U UPHH F g UHH FEd ¢

o
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for=t 6.1

6.1.3 SSfa®H] ST AW 199 (First Law of
Thermodynamics) — 39 99 @ Sl @1 H=emw
9 (Law of Conservation of Energy) @&d € | 9
Frem & argar Sult @ 7 91 9o e o waar @
3R A &1 A o o waa 8 fawg Sel B @ w0
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¥ e wu i uRafifa fasar o v 2
SIS & wed fFrm &1 1R ®u — o9 fedr
T §RT ST @ ®U # Soll e 8l € o Sahr
FHS AR T &1 AIRP SHoll 4 gig He 4 T2T 99
T T GRT 310 aTaTaRo] TR &7 & # IR 81 ol
=l
AT T T i a= o) sravenm A aaRe
el U, 8| I8 T3 S B @B AT q AT P
e B # gel AT €| 3Rem B # Wt omR@
Folt U, 21 3 9 & aie St 7 gfe —
AU =U,-U,
=9 areRer ufigda § 9= 9 afRder g foer
AT B w B A SIS & H2W FHagan St 1
Al Feq~ ®I Sl Wbl & 3% 7 &7 7 B o Fhdl &
Tafy 39 ve 9 R wu i gRafdd fear on wear 2
T DI AMIRD Sl gig = 99 FRT AT TS +
T W o T Fr
AU=q+w
IRFT TG [T T BT SMTANSG o,
O UG BE B e W Bl WS ddl g |
21T SERTTAE & Werd a1 &l 59 R uReifia
DY WP & o [Pl e W O @ Sl 3§ gl aiRada
AU T BRI I SO q 3R 71 W fe 7u Fr
w @ AN @ a¥EY BT B |
Sq a1 # e ged uRade @ o sudad
THTERT B e B9 # fomar o wdar € —
dU =dq + dw
-,-qam“-aﬁﬁa’r‘mﬁa“\frﬁmﬁh
ard: (1) afe T §RT ST BT ST BiAT 8 a1 a
B HT g8 AT | 3T q BT A TAHAB (+ve) BIAT
2 AT O N S Scafod ardl & df q f "
FUCHS (—ve) BIAT 2|
(2) afe a=1 w= uRaY gRT & fasa e & 97w BT
A EFTCAS (+ve) TAT T BT RS W) 1 fHar
ST & G w B A UG (—ve) BIAT 2

6.2 Tl (Heat Content or Enthalpy)—
e H W eed Rer g W E ' € gaits
T # AfdT W el Ul # aEHvSed &9
o B ER B
R AT W T B HW SHGT ARG
Foit # gRads & avEe enh € F9ife Rer emraw
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(dv = 0) T fopar T @ g w2

& U, - U, =AU=q,, 78l q,, ReR 3w
T AT SO € qe U, 9 U, HEe afm den
yrfige aravenali § srdafe Sl 2 |

ST TepT e T4 Y @ 1 SEAT (q,) ST
ARG ot U T2 &1 @ OF @ 9962 81T 8 | a7
frer /g qv ST uRad= & #19H @ fore U H sraen
el TEredt (H) 7 faft &% €| 59 TR = B
Ty Iud fAfea @a oot B 8 O {6 e St
Tl &1 AT Sl & AT & avEy Bl €| 39 H g/
TIFT P © |

H=U-+ PV (W=PV)
-+ U. P aer v di=1 arawen e 8 2|
ad: H W U IRl Wold 2| 39 WeR veeiedl #
qReT A H
AH = H, - H,

T&l H,. H, HHe 0= & URfAE 9 sifH
IreRen ¥ veeied] 2| ufe Rer <@ P @) uRRerfei #
PIE T MARAT 1 W AN 2 H ggorar & A1 9ud
e § AH uRadd g6

AH =H, -H,= (U, +PV,) = (U, +PV)

AH = (U, - U) + PV, = V)

AH = AU + PAYV

Tl AH, AU 3R AV a1 # B gy,
arafRe Sl 3l amaad § aRads &

e fadt o= o T # uRacd T ST arae
Tl # gl AT T U ST A B & AN & A

BT £ |
A= b U aififiear Rer <@ P or @t &1 <=1

AT TEG AMIAT H AV BT gfE T # 1 3w Rafa #

T §W fobm T @1 w = PAV BRI AR O

&1 SR SO q &1 o SEfen @ ser Femrger,
AU =gq, - PAV

&4 O & b, w = P(V, —V))

aw U, - U =q, —P(V, V) @

q, = (U, + PV,) — (U, + PV)) 3 &9 w9 4

H=U+ PV

nq,=H, -H =q, = AH

3 Sugad wdiewnr 9§ we g 6 e g9 w g
BT ST S SHDT Goredl § gie & SRy B
g1 T AH 3@ wer & 3 q 4 3w ber
B | wEied U wrEeHd O E |

6.3 HOAT GTRAT (Heat Capacity) —
fdl o= W e (gerel) & ™ ® 1K (1
Hicad) ger= @ ferg foradl s &1 amavaesdr 2idl 2
I IH T B G AIRAT FEd £ |
e TP T B q W QU IF W) A/
WD AW T, W T, &1 SR & °1 o1 el =
Elam— o L
T, -T, AT
afe 91 W daa e & Ul fEm B gen
IHHT MR 1 UM B T4 SWST a9 1K ggr e o
O @ ATl Bl & Su faftee e enRar ar
fafdse wom T=a 2|

6.3.1 Aoy fafre e enRar (Molar Heat
Capacity) — 9 & o0 #00 0% W & 990 U6
I 3] (1 Hiel) o Ot £ | or afg e @ W uw
TTH I70] AT U AT ol SY 1 WG ST ENfIam bT Arere
ST DEdl & | A U TH A7 57 & 19 1K Ter
% forq foTaeT SO @F eawadal Rl € 98 g 3l
Hie ST enfiar deerrdt 2|
HIET o7 enfiar =

fafdre o (fafdre Gur enfan) x e game
o gRar @ SH1E - GH L B SHE B
afer wfees ufar @it (CalK™ mol™) @@ SI A1d |
ST T ¥ Hfca 7y Al (JK!' mol ') &1

For enf¥aT ue A A fediol o et & wafd
faféme Syear wep ArE wads A1 729 (Intensive) ORI 2 |

1. ReR amgas uv &1 enfar (Heat Capacity at
Constant Volume) (C,) — Rer amaaa w Y
gl @I FHET AR HET @Y a8 A= 99 B g
P AW 1K 98 99| 39 C, ¥ @aq 99 & i —

e : fas aRurdh
(i) afE o1 T O TV B AT E (g = D)
(i) Tfg o= ™ BRI AT SIET E (W = EETcHD)

(i) T T 5T SO Searera 31 oIl 2 (g =TEoeD)

(iv) T T g1 P A Sar 8 (w = SReAD)
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- (g%w), -
27 M)y v

B9 W ¢ o R amaae W fae e g1
TG FHT B ATAT IHDT AT Soll d gy &
e Bidl &1 arerfq q = AU ara:

AU AU
S e e e
27 Mty v

59 TR 9t Bfeqs a7 g™ W TRG ol
¥ gfe R sTRrae IR e enivaT (C) PEerr & | §IR
sregt # e St | @ & arer aRads # = Rer
ArrdH R frera @ e enRar dEdrd! 2 |
2. Rew T@ W w1 giRar (Heat Capacity at
constant Pressure) ‘er — fRer @ W ueref @
ST aTiar S @1 a8 " & o [T waref @ am
1K 98 W | 3 foR g9 =

Cp = [TﬂT} l, B (AqT}

EAWFd 86 q = AH =AU+ PAV 3@

c.o[_8H ) . _(AE+PavV) (AH
-1 ) AT ), \AT),

I YbR U $fead am de o Had @
oI # g ReR T W 5w enRar deardl 8 | g
vegl W el § A9 & 6T URaed @1 &8 fer g9 W
ST enfar dEard 21

6.3.2 WG] WHHYT HSAT U7 HTdeAT HHaAv &
et uRads — 59 ugrel &1 U@ e (S 9 §a
1 57 9 I9) | g wawen # uRads e & w e
@7 Ul HO W A1 et H H gRads g1 €| g
BT e @) 1 TRy 7 arRIfvad ge AeRT—arer T
BT 3 | 31 Qe HieT S (ATATY] / 3V)) Ol U wreRenr H
uRlad & uiRumd e Tt § ufvade mrawenr HaHor
ST Rl 2 |

H,0 (/) - H,0(g) + 440 KIJ

AT UEH A Tl §d WTawR | ars] arawen
uRafdd 2l 2 3l 91 9 uflad= 440 KJ &7 8 o 39
TR AHHOT HOAT HEd & | TUT PR —

C @) » C @wEe): AH=1.9 KJ

T HicT B (FORHT B8R ® TP Jied e
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ATeT Ihrse # ufads # 1.90 KI ST qad el 2
AT TE WHHT ST (Heat of transition) FEAR 2 |
6.4 WW(Entropy)—

et Tt - 9 1850 H SEET &
i Fem & sraee & veaq SIS & Ud A
TR Here &1 uard fear Ry ot et € aen 39
SIS GUMrET & S ETRT @7dd & & |

fedl a=1 @ Uil 99 a1 @1 2reraven ar
grgfReedal @1 AT (Degree of disorderness or
randomness) @1 AT & |

=9 PN T forar aifers srerafierd = m
IADGT TGN BT WY IqAT & SifE 2R 5T gEw
=1 foaer aiferes eraffera R SWal Tl &1 A1
FaTT € EH BN

ol i uRads FafariRaa aiao g uefia
feparr T @ —

Aszqm\fﬁu
T

TEl q__, ¢y TG ST & WD THH SohAvTa
2 qe T =d

=1 §RT S AT T3 W= S & A4 Jgal
21 39w (+) fore W vef¥ia e 2 o= g e
TR B W S @I I Ued 2 | 59 SRUeAd (—)
g1 wef¥ia s o1 Haar 2|

_ G

AS =8, — 8, ===

s Hiel garef & forg vt &t JK 'mol™! 11
@FT P B, T8 Ao Teidl Helldl 2 |

208 K T <21 U ATgHCSE I G169 TR b HIel
& sl @ Gl B USR] & A GTeidl e
ST 8 | 39 S° BT @ad &ed B |

T TdT %7 ggar @0 = 39 < §d < 9

oY uetef @ Selrr faers a9 o e i
&1 T de ur gl &1 W14 9 ofrar 2

6.5 Tei-1 I HET (Heat of Fusion : A H))-

U Hicl garel @ (SHd gavne ue) S wrawerr
&g wreer # uRafda 2 w qul S ¥ 9 giads
BIAT & S e @ SO HEd € | SEEI — T Al
I (@) @ 9 (§d) H g W 602 KJ W
gaerifirg BT B am WA @1 AT ST
602 K Jmol™! 2| 59 AH[.Q‘?WW%I
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H-0 (s} = H,0 () AHl =+4+6.02 KJ

6.6 AT DI HET

(Heat of Vapourisation: AH ) -

few v g1q gon a9 favg uv 1 Hie g9 (G7eT)
@ I (S aroT) wravern # ufafda 8F 1R gl sen A
RET a9 @7 S AR & | S&T8v0T — 1 Al ofel
(&) ®1 373 K R 9 arey (79) ¥ g5 W qof e
# gfe =l 2

H.O(f) - H,0(g) AH, = + 440 KJ

6.7 SEUTAE @I &S (Heat of Sublima-
tion : AH) -

1 Hiet arefrr s ueref & i arsy reaven §
qRafd &M W S QU S H uRadd BT 8 oW
TeATT P HHAT Hed & | TN —

I,(s) > I,(g) AH, =+ 624K]

TeATA D HEAT AT BT GAT TAT ITAT DI
SO FT AR BT & 3t —

AH, = AH, + AH,

6.8 HHTE U JfHFHAT (Exothermic
Reaction) —
ST TR ST W SewT Hae BIaR aiRasT
H Tl W 2, 9% ST Aifdifsrar dEandl § 1 STmee-
A+ B o C+ D + q (= 3o

N, (g) + 3H,(g) —» 2NH, (g) + 933 KJ

6.9 HSHTYTSfY GTﬁTf%?JT(Endothermic
Reaction) —
fow wmafas sifafrar # s ooy |
@D FINT Araeiiyd eRfl 2, 7% S arféfsar
FHEAC & | IITET —
A+B+q > C+D
A+B = C+ D - q (51 %o
N, (g) + O.(g) + 180.5K] — 2NO(g)
N.(g) + O,(g) — 2NO(g) — 180.5KJ
TEAeTdT rfrfraren @ fau AH = —ve
FEOHSD TT SOt aifafdraai & e AH = +ve
& BICT 2 |
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6.10 ﬂﬁﬂT@T(Adsorption) -

gaTef @1 &1 HrgRneli ® ge we drell Tas
B IS (surface) TE & | TEATT TRTT GRESHT € |
forr 6.2 & o fall o/ a1 59 & e T
(interior) ¥ fRer o] AT fewmei % W9 0 ¥ sy
3T F & | TN U8 TN SUNRId 37 3TN B 37
311 AVIRIT BRI JATHYT F6T BT AT Bl & | AT 3MH
1 54 FT S o gerdt (S A, fad o ergfaar)
@ i dwd 59 rafine gal o Wqferd avar &
ST o fore 6.2 % gwifam T 21 ¥ a7 9 A1 E9 @
HE TR TR ¥ Q1 oTaid AnT H AR o # |

T s T AN gl
I\ OOOO (@]

esmmzas (@) s/ TS W

I R NG 99 g T 3
fra 6.2

T AT BT AT ARG WHT T e 3 U
R Al BT E | e & o e § ST @ anie o7
SIeeh? 2 TN 3 B i1 B4 8 Sl 2 | §9H ol
@ 319 31 UeTel @ U U¥ Ifreifie 21 W € | o Tt
319 A1 5a g fosdl e ugtef @ arvpeit & s e
BT TR BT I8 U IRV TR &l ge] [oTad I

/(J,TH ar faer)

o 6.3 : afereiws Tur AIfreisy

o Tl & U we rfererT BT § 99 wemef
@ rfreny® (Adsorbent) Fed £

ST geTef STfereTyed @1 Tde W ey 2n &
I srfreisg (Adsorbate) Ed 2|

ARG uerl & 9 us F Oy ue ge afefia
¥ 99 B @ fagmer (Dcsorption)ﬁﬁ’%l

ALY & BTy IS Folf § P4l 81 O]
2| o9 oy arferetiaes &7 Wag W e @ drsan
qedl & T 3 SHHE 7T A=l Tedl & af SEVTHS
arfereiigor dad €|
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AfRIEITHYT (adsorption) TIT TG (absorption) ﬂ'ﬁifﬁ
@I gfte 3 g9 v ot wad & 5 Y @ wi w
e foram S arerr arET raei wEerar €1 g
TEEA @ gfte ¥ Afereyr oy araeryer # e

IR — el 6.1

1. |78 o9d e 31| a8 wrel vernd W uw
s TR B arell AT | WA B arefl '
= .=l

PP 151 1 | = 1 (1 O ) s | = 1
war W R ¥ |9 wE e a9
BRI E | BT E |

3. |rfErermer @ iy ey | aw wwE Ry @ s
¥ a9 T de #|E|
HR—ef T BT & |
seew-fafasr  ofd | Seew-gw CaCly
ERT O/l W 7| BRI Wd 9 @l
srfereTeeT | ST |

6.9.1 3IRNINUT & HHR (Types of Adsorption)—

rferereT g1 WY @1 BT & —

(i) wifae arferereer (i) ST arfereor

(i) ¥ arfereiwor (Physical Adsorption) —
SIFERIST & U7 ATEEGF & TS TN gaol aIosy e el
AFErTIooT Ped & | SeEvv—alhy arae ) i
9 |

(i) YemafE AR (Chemical Adsorption)—
Aferei® & O AR & 6 W IARAE aal
afra 21 8 91 3 I ST Ed 2 | SeRv—
e W CO, AT O, &I I’

wrefl 6.2 wifas vd wamfe aftei # sFaw

HH| Hifas affemyo

S ey

1

ayfereTyes e rfereTisy
T el gl avEd dre
=

uE Rftre sy @
A

TR FH I NEAE |
T4 BT AT T E |

arfersTiges e erfereisy
T W AR g
EAE |

e fafire wefy &
AT o
TE TS A WEEE |
TEdrE |

EERCIERILE EEREGIR]
=

frerrsy @Y arawen
ATINE UF g8 9T A
A ERE |

R B e S
TE E |

feTeeT  HT araeen
TRE Td g AT
=T 2 |
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6.9.2 AT S FAAG FA aed PRP (Fac-
tors affecting Adsorption) — 3rferzrnvor &1
Frferiaa wre waTfag oed & —

(i) = @ gBRT (Nature of Gas) — TS T f=ly
AT 39 R T AT AfeE W aF SIwiYT B) 8
faeg wverar @ wfad & areft 9 (NH,. HCL. CL,.
SO.. CO,) < 4 (0. N, H,) @1 e s
siferenfia g €1

(i) s1ferene® & P (Nature of Adsorbent) —
FOR TM TRTE TR12T 1 SIUeT TER[FT 20T arId o1
% w9 H o el W Srrwer Sifée BT E |
RIA T7 aIE ol # S @ IO AW Afdd
B ¥ arferemyor evar o7 rfew R €

(iii) <19 &1 791G (Affect of Pressure) — 3TERIHH
@ g g AR el B 1 Aferenyer @i ;e (x/m) qen
e[ W g RErgar femrar mar g1 @el o« =
SIS &1 9N a2l m = LvE & 9N £ |

x/m
pa

ﬁ?

e @ u= arfereraer @ AT (x/m) TRIT 9
BN TE (P) & FeA NG B FAA! T Hed & |
hsferd qT TURR A 3HE! AR W wHeT 2|
(iv) 9 @1 5H1T (Affect of Temperature) — Af¥@a
<1a ¥ ag ¥ iy W arfereraer & A F HHemdt @
qr a1 § BE | ey @ A g wrd 21
(v) feraioe @1 Wfhaur (Activation of Adsor-
bent)— HHAVT § T AMETLAS BT ACTLIGOT T
i afg v W | e @ srferen e # gfy
T TS A1 YRS SR g o) wad € |
afdreives & vie—vie o § fawfag &= swa
arfererior erear W afy & o gadl 2|

Heayul fa=g

1. SHEIETST &1 Ifegdr el HOT & Targ & aeaa=
e
2. ®R B B BT Goll Hed E |
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10.

11,

12,

13.

14.

15.

16.

17.

18.
19.

20.

® @

A &l IR F g g @ ubd F Soff gad 21
2 Ol 89N SRl # rpEd g 2|

JE08 ® d8 ararad T frdT SemTiaas
A & forr Tue fosar o 8, Swmfadt o=
PEATT & |

HFIO®! 0 @ AfaRed gevs &1 99 AR
iRaer dEdTdl g |

FENIE 71 ST IR @ 80 & — (1) Wil a=r
(2) fawHd T=1

wig faefl o= 4 suflera Wl geg W uraven ar
TAM IO a8 A1 WA T dean B |

g foredl =1 # Suferd g @1 7 91 ©1 9 31fvw
IRy & of fauAif a1 dEdrd 8 |

GO T T U raNel W Nl arENer #
gRaftid BT SRS Hehd baeldl & |
SHANTIIE Tehd & aTavenat § uRadd gHari,
WS, GHIE], TAATCET Ud awd WA g
BT &

GRS & Yord fem ol Sorl @1 ety fem
FEd 21 39 M @ R Sl @ 7 a1 I
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