Department of Mechanical Engineering

Indira Gandhi Institute of Technology, Sarang

Hand Written Notes of Engineering Thermodynamics
(PCMEA4201)

Dr Anand Gupta

Assistant Professor

Department of Mechanical Engineering
IGIT Sarang



Basic Concept

—— e

e B
- £ 49-%' U"a"
o Thies r‘r’nr‘m rLu..n-u. ch 2 — oAy e Sonwnt .

PPy ol Agriin:

. 5 “li;*ET":— Tk iz o J—Lﬂ_ail}w in L‘FD'LL
The JJ:LIJJ-H, e ﬁu&mtd e Cosmcmnryoted -

. -__LELH,EI-Lu\-;LL L{:ﬁ WV& B ternol 'IJ::I X
oLl

Lla,(tl..l"'h Al 8 uroutunda

- E"ﬁtuu{m-.ur{ : = Thz A&{Jumlu:m.: betdeen J—-Laﬂﬂ—ﬂ'l,
4 1
Qg Wn? LB dhnous ag
Nofe ;- b_a-u:d.r:u—ua. Can e ' oo fleocible.

“.W

P{_l («ﬁ a .":Lf,ch.n; 3% '\_'I_:I closed Sa“.l_w}.‘l

(2) ﬂfﬁuﬁ E*d-st-&m

(%) Geetated EETSH,M

LLF“*.H L el




£ e s Mass ¢ e
S‘dﬂtuﬂ Tie ? E B '_t’lnr”ﬁ_(j-t‘. {’:'GIVLF
Pisten C'dﬂnd%-'
elosed Ca X tstHErLLE

Vo lyes

Tlseblne

.:I-PQ " \//J V/ Cormpress o
Fu.L«A_r:

Het wup o

Jsolated X X | zﬁ-? {na

| Pheriseblage

FUL ,{J-Lﬂ ];_[ -_J::..l_f_' 4]:| 'r-_.1 n [:_'I-L-l'.\.'.'.-! r:EI e L'E_Mi]l T-E'|_:'_U_I—1"I_.-|'_'I_I.‘!LLJT
WEHOACGHDLE &= P — -
¢ rear T Miocoscofic D-FIF”':’M y T

G‘E s . pey A4 daken 1rilp
befa oot

. alsp Rnpuwi
& t.'-'l—ﬂj"\..- LA
Comitdertalionm cond ! I =

T Moesos I:.Dfﬂ-‘-ﬂ

Tndividaial moletutes
Cde comdideswdiow dauk e CUEARGE




Prapli foag K-St e
Etice of a a»&;mm.

Bye - Priesiuee T erjorualisie | velme gkcos

e

7 i [_”:_.‘ 'Fif"' Py il et el 2 - Ll b mml Ve &M MWFQ

(2-) Extensive @ Extexonsie,

() TTatundlve 'Fucr.umf.f_vi: Tl aid e -Tm-:,&!:vcl;:‘u
b indtlsmd-r_mt- ,g.b— rradd .

Exs— Praetaure | TLM—‘:#-HE’IU-’“-- i "E't”“jia!' ""’wﬁ'taf )

thetnnt Lm'kd.mzﬁxﬂta. ‘
l;_i'lJ Eﬁ-:nﬂn: _T-".Hrtf--”f-ﬂ'-'- o Tl are dehend: 0w
-+l g , “d‘ t]h """a

a1 - Veltiwas | &AL ﬁ-ﬂ’-uvu @—E wﬁ"
F“4E=_{_E'1*Liﬁ Lalip of, Jeon extuagive ‘F!-Lb'fth..he.g U o
Lntend vt FH—:TQJ:H_- | - |
&) *S—P'-U-b-lt, @—IJJ:LHD'H? Ane  Lalens e {le:}«-BFLhL:
fxi- 5_13,‘%& Vieliene | S.FG-LIF:, LAt oenal q._m_,\w (W)
ﬁf!ﬁ-ﬁ—&, uMnJ.Pa_ IL'::LUJB(C. r.'_,nbr-e]‘:?
prysbenn e~ Tk PR LD-VLﬂJHQ'hBﬁ‘ a
ﬂg%%ﬂ%mm%mwmq.

brieusn 04 Q P'—iﬂ-ﬂ.ﬁla '

Steate &f Hhe
T

e —

1
i ,‘5\ tkullhit w0 Adode A
I




Mede s~ (1) Prespeuties asce glat L BA 54—:-_&:
iy F ecties o i_m:rmdeu of- P aar AL
K H'\-U&EU-L{ facl epeind eit »Fm

EP)—w’rMu s, Lt.xmgt c!_i&.{l-?"ej-ttiﬂ—h ald -

LIH.‘J

THesero i i i:j_ttili_hﬂit“fn: i S\d—s'rtm & soud tobe

== ;"1 a SHaestenun _ i 'E'-F]I"I"tl:"'!ll""l"l

*_%l,rﬂmﬂ‘rfm E.ﬂlu,Ll_Lhu.t.LL-m &ql_l,n.uﬁa,m-t.lM\P

: &

i anical EQW l‘_tquﬂﬂ)ﬂa nﬁﬁm_} -"u:*

' i i
Chesru col Eﬂ:,u.l_t.b{iﬁ-wm [_ﬁﬁ LL!!-L\'GJ &E thenucal —fﬂﬁv{t

E:-""i'l;-.*_.t:l"' -FI_hE F-:LLIE . L |:'|' Il o &ﬁhhs Fhﬂ_.l.f_ ¥
[P = c+2 |
o Photet
L et P= No Bf . *
F = DwoOF (Mim: no: af AMLFMM W vt okl
1o smta]
£ = Nov bk P.o-m.Pwmﬂ

.
v Ts el bl e J;v-n..{_h:_'..___:..;1 . . 2% 191‘51:‘,&-5.-!- . A1
JEr LY s anr ek ubles l—h‘

—

Reviiuole
_ Soud io be

g vl ath
Db siaseade dnineiin jretiesd FRET T f |
X el {J-@w—“'ﬂutd Aol ustinocak J._F_IL'I.-LHﬂ_ITd, c:ma

4ot Hhe ¢ -
t.h..h-u_r &-Efe.i‘ﬂ”*‘: a Nt -
- A pendible As O roat et cren ‘

L \ el bles oLf ik Ad
ﬁ-ﬂﬂntm Lsndery e NOb O MCEN ﬁ:uc

browsn o Lrodeilale prOCesse




TTH‘LH'I{“'r{!:rjhu.r-*;q.f _!.'14“1_'] = I E‘:‘a&'lﬂ"r*ﬂ is 2oud o be,

L.I'.J"\.Giah.gcﬂ. H"‘I-E,,._n’me‘-'d"”-a'mfc' Daﬂﬂ , Lee Lb—
intint  and ﬁlmj f:u;inr aste & annd
Min: no. 8f fPrbcedd H.-e_cqu.iH!.d o tpthe OAL — a0

HeN Dtvr_i.e ) e {,,L\_n_m_aﬂ_un %‘ﬂ?‘f#ﬁ)ﬁ s Feao .
'-':'LL;L{: CibBE-oung r_ A A sle-E,'iﬂJ‘l.l"_L j._!. _,.'E.Hlﬂi in be a FLM

Subsianes .q_t E 45 ph Covalamt Chemical

Cenapogit en -{—wﬂ_u.—u-%’hc-u—r fhe Vel .

B 1= Lre. wloten Lee 4 waote 4 L0 0Ll B "-’“—F‘-'-’"-‘-"- eke .
H_MI L -:H.‘L_J'{L . p_.?'[:f:-:_l.[. . I -PTH:-EE-S e ey ;..b ﬂ_ﬂsrﬂ_higd
Ak fn avesd alod mmannesd Lt Aol
Ww— (i Prnews ag ﬂij_a&l-—‘érﬂi—“— "f’"m"—"*"

\lcke s~ The avm %mwﬂc—d-l-d»ﬂm E:hd_ld- s th Comvea
d%ﬁ-ﬁ.ﬂﬂ.i&ﬂ.ﬂ form efs el | eat fntn g-mﬂ-a«ﬂie %@h
G-ﬁ mm.tdaa,{_ujmk} I @ Eﬁ-ﬂ_‘iw'_im A




pl————

-Z':"ff'i-lj :lt"-u'i' '_'ﬂ |"~'|f*ﬁ&}'tr-r{.ﬁ.1-|u..-f.m L8l )

Thas lows %ﬂﬂ pae Cenespt off Pempenabu

Cdexb oot ¢ ." LuMhen o hc-—d-lav Ao gy Ly Hhesunnaod ¢ gutilib
datrry  LsiHA hl_—:ﬁ-?j B ond In.,:.—elH B Ly am
thowmial equilibsium wikh Badiy ¢, ceptenotelsd 4o,
!'-H,- amd G ast A A esenal .Qﬂmm}duﬂ"'ﬁ:i

'n| [€] PN e B TE
:f E, 5 TE'C‘ Ther B —30

Agam et ea -

————

T o ThOC
(1D _H (_xil":'}'-rf.{n".l.‘t_ i—_l'.i.'--l'ul,trrm,i“"""i
o Wheat stone -h,u_';d_a,( f;}-(.fn.d.f:i—g Argf
Ln T qfhumwmﬂ-m HeLt Ltanee .!oLr—'l-a, Hog Maole a»ﬁ_.

[ Thourmidtion ). 2k 4 koo




1.“:' nll"t”][ r_—u._{_'*'i This #hermermnelesc A8 bogod on fosd
back, E{rﬁ“"*"-r Lop wohem Teoo deadimilase

Tednls aue QWJEM:J[ ool J.ﬁ- Lhsal ﬁ@m p ULE S ‘:Lt_ﬁ«h.tld'.ﬂm_t'

dt_mfu:wu g J.b— Thedar d"—'—“&f—'—ﬂ'w. Ag -Avioiabein  ad
d_.,ﬁ—ér_ueﬂ ium.fa e L A ﬁu"l.ﬂ!-r_ajﬂ_d and Tt g mef
o ﬂunfb difesenee bebwees Loo [}mmmt,

In fhuwﬁtm&PfEJ ey P_J_g_a{,g o pegle

Ltk

ol 2

n'__llij {Ft -::_f_rlul'_ '-,.r;;.t.u,p-.r:._r_ ;ju_i -'I-hn;- .;m{h k]q_{ _-_ "'lr e ovL oL -
Wil e ﬁta.s eyl By P-ﬂl._i’_u_tlh_.#_.

aﬂﬁuuuu @_ﬁiﬂumwnﬂmc]b'*ﬂf’ufl‘g

pv = mRTL
W CE‘I'\EM

[Pt

{IIII"u':I I'__.l"_T‘!.'.fﬂ:‘_L_r }'-HL_UI"H L}E 'i.h'-."l: e U'.-'ru.h‘n: -« T Fhu Hars
bt ol ,[:tr:uﬁ T !—L&la o4 Hownd

R by o

P = Consimmit




Py = ¢ (3sothormap

d
~ Rtw

_r'l"..w‘-__f."l?_w;-_.h_l_*-w scake 2 Tesmp. Stales ame mw%ﬂua(

-_..-.,—\_7
o

o

I w]_, \h'lg W

Shepavia 3
(00"C Petnt —r T35k
a | K= 0c +273z
e 113'['&-_“&

o Tee o=
Cel ¢lus
Scole ‘E‘(ELS‘I?

Nele «— In ,tntml gas tﬂuﬂmn The bemap 5 An be_e and

keluin Seals,

Sroly |,
Mettiorda LL‘.tH hltl i 145 S 7 . It 4 dbaored om TwDd 'k:ﬁ
__ tt-mp- e . 10E PH"’J (0% and 2jeam flm-*"f{mnc’_ﬁ

+t= ap+b
fce point- (i) - t{= 0%
Steam Txm..r (8)- tg = |DoC
= Cps+ b
‘Lf_: ﬂPL"' b
oo ﬂ-FE'I‘b




- 0 =-fpitb)
loo - cr.{p.;—pcj
q = 10g
PP
O= api+b
D:%Eﬁkpi-rb
b = -loo pt
Ps - p¢
t = ap+b
= ~ oo pt
el bt T

t = loo {P-lﬁ)]
=4 osemipw el L, a
‘t*ld 'I?-"'-Ei' ﬂ_& Hax +h sl

Eusim.sfalna te,.m_llg cam ot —hmm_du

Method Awed ofter (asY .. Tr A bosed en Single
bl Lot ) : o b
'[3,41‘&:1 temp o U2 tdple el ef
Py = MAT
v= Cenalowt
PAT
F'_-_ KT —— Fl'-: PtE :':T
233016
F‘EP'L KT!’:F
k = Ptp

Ttp




K: PEF
2T 1g

p= Pep
733516

X T
- : L i
.T‘ 11‘%IL[F,‘:P>

EJEL_TE. e Tdedl gas FHeétemonul o is fn.dff;rm;l
ﬁf‘ﬁ ot esiold a—h Ceriatruistien -




.: r]“L—-IJ '-*nf.tltﬂi .I!U'!r'l lf tL"II_L"LL‘ﬂ B Hia k)

Wosk A 2aid o be doms bﬁ.aaﬁahm i D Sole
effect o Haingg ertecnal fe The E-dz!pﬂ:, g be

‘-j—‘i[LLﬂ-*?-d S ,:-u'_g.'m_a_ a—ﬁ uﬂﬁjﬁfﬁ ( Laed &&Jr w.—\p_nj noli-—be
ﬂrﬂﬂﬂlhdl rectised )

F = il
glectsical toeetk. dranipen Mo toesch_Hrantfr

y dedbi
A s o A Ak ght
If-_l."E" '-."."F"J\.ttc-r""- . myhk‘ h'd

AT N t_'u. e amd weonk, dene o e ‘uﬁ&%

33 Dokon as —(ve * W +ive )

oy L —-i."l-!"'l':._.}

_[i!.ﬂ-_l. Evt [ Sy R :

(@ closed ,-:_a,agh-_,m wogsck @8 Nem - flets wrondy

& Gpen ,udm.‘nrm Lsprk, B ﬁiem wrpake




Lih Clpsed "'-",'-'-1""‘" copnk_ €L N oo e R ==

_F.Hﬂu-ﬁr A= Fadse F:TT;'

== gw= PRAdx F= pA
Pos=ilaw

— t:tlﬂ-: Pdw

—ped |
e
Closed & 4

_ o s 'dr&l‘:ﬂr;ﬁ‘d" hiﬂ'r':ﬁ-(ﬂ'h-mﬂ“h{w

T

Le i E’.-.'d{‘v‘rﬂﬂ"“-' Loork, s equal tp AMea Levichos Hae Ciowy

LS JP.-_(QE}LU,IE.:[ oy velurmp ox e an F-V Mﬂ%-‘“ﬂ:ﬁ"‘ﬂ”-
#
g ks o i P

Watwy YV v
‘IF\—D‘U.SE'-. ke end f:;c:.nl—,_-. gse poth @ avid b arme fame bub 4
as4ea 13 d_-itrtmmn_r and honce oG i.ﬂtmﬁ‘l-ui ar A and ba

' b fheasbene rosd. meamafen, depanmda g1 feath
peaed hej e ‘{_‘,.M'E-E-E.& g oo poe-dsle Mﬂﬂ&m Lt

o {x\_Hw -ﬁtmdﬂﬂ-r} and - & not o P?Bf:am}_.




Mote - (1) Weasnk, Txamifes AL am An Extuer .:!:L.ﬁte_mtnfﬁﬂ_!
(do e bw):

k}_}UﬂEﬂLR_IjLﬂﬁiLﬁﬂhﬂ M a *hﬂiLn;hﬂha Ph ergmasinov -
i._'LI.-\_.;,li..El_"l{_'.n t £ kl—[i‘rﬂljij_ e 8 1_u.:l;ﬁl.;rm,_j L

() A Ea.gﬁfmni, mttit be & clos ad %W
(2) wexk should creoRs thae t}ﬂﬁJruiﬂJﬁjl

-faaﬂtmsg-

2 ) The Procesd Ut A B sasoefr ble

Moy — E,[ fat TR E kg~ b t{'-" L_ v i'--':.l|_l."' Ll

) gsed fi*.;‘:'*'h"- i
] FTIEERS =

——— e~ B b i ach o Yo
0> comtamt velurne Proces LISOSRESS o0 S
Rigd s gas W= [Pdv T 5B
containes J= constant P
dvz=0 ,
L —

Ntﬂl /

cosde IS wal +o =t
closed 5;ﬁsh&nﬁ Comiste 'JEALUﬂlﬂi L Ef1 o
ssobaie 0 dsoplatie P

S
_—

~ Prescure !‘:'J'nn'l"-i.l?j.-iL
P lpF

LJ’_—-—-—-—'J F}ﬂ.}fﬂ + Pp = p&MJ

[ 11y Comsian u
L&um
5 g i =




= T
' > Wz [ pdy
Fi=Fy
=F ul
v = ijﬁu
= Y
% Vi Ty Vr
- 2
W= P( V2=V, ) W= p [‘Uj_ .
N = P f”l"*’.'_'lj
|_|‘”-] J sl wy -,‘l;_'l'_ I‘I'.1|";'|' .:-,'-l'T I'.iﬂ"l:-,{'_ -I-e'_‘.”,_lﬁ'_,, .| ..r
% Pves MRT ( T-Cemsiasds )
Pyvoz= p = 9n FET
P1v‘ = Pﬂ."—-vl L~ %
Pv = '
Py | —O®
W = j- Pdy
= Vs \ -
o 1IN e




H:PV"'IJFE‘MI"'LJ;

Vi
p|"'u"|: F'l-u,.,rl
N _ B
?1 &_
W= f v :.L‘l":l%r_L

E-. h L .LI,:_'_'_I E{J\_ 1! Il

EE¢|
V)
'ﬂnﬁ'ﬂ‘. - -—uk”-u-'g
vy
WIS ‘

" - - LQEL i
iy r‘l_dgl':':i—tlfi_tLt- h—l ':.L-l L.
v I SOTNRC 1

I'J
Vi o
i
i
i
JI .
I|| 'g,;.:lugq
i o
Vv, Vi
A 9
i
I
\ |
l n'
F 3
"u’:_ v,

e
- 2 o povcess whiag G

Hoap- im—E-EIe),_, }5"‘“"‘% E“d-%’fﬂfm-




PYt=C
[ = Adiabaiie Index

>
r=<e

O : | )
t@" av ool abatie Prﬁt-“g Lt emoeton g»nbd,
. gl P $
In adiabatie o 1
(v o

N -
A d Rl R
¢ Clioed s
bl et :
J'B\IL:LEL‘I.-'_L. - w _ ‘[Pdv
=g :
wf el
F = = -

.T_ :
K Py = C’-“‘-'rlr
I = J‘ulav_rdu
N
u\,rb'rd\.ﬂ'
i = B S‘U
|
._r-:-.'J“L
la) = C[_E_r_'rl—a #J




M7l and M d_l'r"




Closed

——

L] B0 2 =
Pypcess ﬂ_
~grut VO 2
F"{_"'-.f =¥y
st PTE.EE-LU'LI‘ £ J
T L N2
85 crHresernal W
. P|"‘J| — PJ.'“"I__
pdinbalic —
& P| “u"; = F.l'.'-‘_"""'I v
Pelymmpie — 7=
Py K- Constanl
M
it e Pl Cess 5
Qﬂv“‘}"ﬂ = c'lk
o0
P& .y = Comstamt censt Vel
k= 80 = v = C(enstovws Corige:  Prasais 0
PN =mRT B el wsomnad l
= & Al fa bt e il
gt = e
. S
P - Fﬂ‘ta—h'ﬂ'lb'-t
sl




!hi':__l“l'l'.ti.“‘-ﬂ Credes ”'F-t. H‘_ [

T |;_-'|'||_ CES b
p=clk=0) f=-C (6
p L
T 3 s T e |
= | (9go4bh vomnad :
Pol yhopi e LA
e ‘n i
: e alytropt €) T : (
""‘a:_'_); (Relinkotic ) o g
Vog! (k=02) - a0 T 3.8 e
K I8 Increadl p-
. m;—g_u-‘“""i feﬂpﬁ&'m)
(s P .
TR 2
! - v PN cifﬂq‘f—'t.ﬁ"n’.—
g [hFE' =4 iertheremiag QSN ES wn oty
dy - dp f

dx  dv 5 \
P"nul-: TR T
Pvz o fl’}

Pdy +vdp= O

>
Pdy = — Vdp ez )
AP = §
aN =

Slape. ot Bathormal O3%Ve B Ry dh;ﬂﬂ,m

T = —P'fu




-SJEJIT-'E -ﬁ-t #h-d.udwtl.u: -._Lt:rtuk"'; &) i'— W {"Llut"l' ¢ LYY

Pyt = €
Py ) dy + vdp = 0

Tﬁ&u —-vfdp

* vt

S

_y dia =
Elepe m{iaﬁimmltc cusaes o PV g




Heat
Heat ;- The ""Wﬂ‘d preamsfer, i Lo Lempb- ti.l.ﬁ-ﬁ—mi Ay
frecsn as Poal srcamales -
B o ™
=t Al
£l m At
l 8 = wie b{:J Heht = S’bmﬁb_{c hoot

e

:ﬂ*‘ﬂﬁjﬂ Heal= - gy 43 ametnt &b— fonk _s_ﬂ_ﬁru,l_,-.' rd o ohaul
deﬁu_-un, S i {fesreeriog

Gp= WMCp At ]__I_}__T:.E_
By =mcybt e |
Bp >8Ry Al
?ﬁﬂpﬁ/{ 3"")‘4'&—\:'5/4
Cp 7 Cy
[~

pes =R

spedfic heat ar covistant presswt Cpis greaten Hhom
&Pw’.ﬁfc treabk oF comtamt valma Cy haﬂumcpfﬂdi&if
Ingerenald En—m@ and external weale wiha as g

Treluide eno ‘hﬂﬁ[




L] ) il d N 'LE ':-.-!.
faup of, SEHE OETHE T

Flist .
"lows of condespsituon ©ff #engite
Statement” § — Fok a closed syglermn undesgelng a G
= Bumbilboy &f bioat SLseoval@dt g -E'_T_mj 13
Do altten Bﬁ— utsrcte freamfEn
=g = = W J
valid fer a closed %Lum mﬂa-._gfai-? gayentiale oy
D otevensi ble
L'Eﬂ_veuii-?-:}. r_rrf- H pet Ih_-..#-l-bﬁ_*'-‘__:'. ~ Wealk E'-'f-»ib_if E:d o M
= ﬁ‘iﬁt&-}ﬂﬂﬂi& W+TULWMJ«%M

- & ¢+
. — Ve
frem A agstem s Fakenas @
l_.'l}"rLM;.'!l uence __ti_ﬁ:ﬂtai' Joo sf s rm_‘:.f\l('?*imm. & =fv

() Heat Preavinfen 18 o -PC'J*" ‘ﬂﬂ”‘ﬂ‘iﬂ‘n = "

| = -2-p-— 1 — SYcle @1
|—q-2-C- '——}CJdd;lE i

i e . e

;d'ﬁji ffd—ﬂ_}lm: (& w) A (dw)u, .
La'& it (8], . =( qumL+_LHmJ;,_EI

—

—t i

T (@6 )am 190),¢ = (dw ), ~ @ )sc,
de'"‘:'hbl :F [d_mJlﬂ I
(A% ) o, "‘@“J,]:m F0




(d8),,, -8 Loy FO

(‘jﬂ)lbi ¥ @ﬂ }-‘-C]

TFW‘L%"” e path bande end Pﬂmta ot Aaryw, haak
Paanspen Lo difgeremt for difpenimi- patty ond henee
heat tamiger (> O path funeitén 0nal it 4 net
P""F“‘U‘_d wamd F Ky nel avn exoek gl_i',ﬁ-ﬁ‘wlﬂj_{-
ezl a.r,-l_!y:nf:hﬂr F{,L.,.L_Eﬂ R TP A ey SR e e, EE"* Sivid
WER Preomsf e .
() Reth asc poth fumndion’
(2) Bath axe Unexcck dxb-[rmﬂnl—rai
(30 poth axe beundosw Phentmenon .
() bBotn asae net i}‘*@—f:b;hq{;
(S0 fath Ant braamgent govm ot Eﬂﬂ;t.ﬂf? ,
L'[Ti ‘E_“ijlj _'ri a If;cp enky ;-

(d8 )2, - @&}1*1: 3 @w)%; _'@m-“]:c /

@8 2m — @%) 54y = (), (o),

@H_ d0),p = (d8-dw),
The Guanticy da -dw i -i‘mq,w:w_ of path omd it
“’“Jﬂ dependence id painli theufeu G8-Sw muibe
nPTUIE:mJTJ ﬂﬂdd’hu.‘}m«‘:%% u Bhaown o g,ww
@:E‘- ‘ﬁ,u::/_] 2b| ‘@ﬁ_‘gu})‘lf:i P 1 3
Qﬁﬂ FﬂmJ1b| - O

86 = dE SuJJ




This equatien ( valid e a closed Sbtg,-l-:”g Mdﬁﬁ{:ﬁ&?ﬂﬁ
Q stenNersible @ ooavensible process
E=R-E +PE-+ U 2
by et '

MassD s cofoic, m?um;c.&rﬂ 0

Al = dE+E W)
E = KE 4PE + U

de = d( Ke+PE 4 U ) ‘t
dE = deke)4decee)+au

Fer 0 clowd gios eiem K€ omd PIE. Chamgey 0
mg_%hﬁ;ble Mﬁm

]5&:5u+aml

TFU-S whd ELF‘-P‘UERHE -ﬁ-ﬁt’r_ a closed E;_f'a.j‘!l'ﬂrﬂﬂ_ng_ ﬁ:dag.twﬂ
Lﬂm!)tﬂr‘.'ﬁ"iﬂ— }t.ﬂ.ﬁ.,rthjihl'g o7 MHf P‘ﬂ’ﬂf_ﬂ&ﬁ

qunﬂﬂﬂfﬂﬂ du+r-‘=du_; e oppli cable enly {
elosed Sﬁawm urdmagt,-ﬁ. it LLibl e Fq-n:u.a-

ul
Tatesenal u. e pon an d .LP A4 am extemgiv
P 0
.l'lll-] TnLags B (L) leelated & dem .;_'_: alioa £ Cernsioa
L ﬁd bEn::i = E +Eu d

D= dE=p

diE=p

E’i—Er =D

Eax E.': Condtronl—




ol ki el

fJ.‘u’J 1“;3-_1-,.».';!’-'411? maching wighen 0 1T ke of f

18 lnp@Ssible  (PMM - T])¢~
Thud, cam be no maching whdd Jevordicecs ook, CoviH Auiote
Wla Gbiﬂhh-llr\ﬂ Song  ethen fovm aﬁ.—-ﬂ?rmnﬂnd o df Such
A okt fee S dmitr*::?_d Hrsea b Vi oalely -UH.H.F-
law ef —thoomedinormted

v&—

|mm_lu-'1 ¢ |[—auld

Eﬂih% Tin +h edu-?rnnmm e teem Uthy
appeond ib-‘f-fdfp,wn.tl? amd fea € B UH it G

MMumﬁﬂuled.

ar 4 an exkengi ve fpe]bul:a :

=) =
Frtemsive H S A
fﬁbpm;[ oo - Uhkilw
" )
i %‘14 E%'} W= Miam
AT P\h\
h= K3

4
A - Sp- tni*haif:g, s am iatentive P”’f’“‘nd E




Healt Yreungfesy T-ﬂ VAl el —fJTFr.t;_L-;

{'fll‘.‘.lst.J u;ﬂf_ Er LB .!;tﬁf -]!'nm':-r'.-r -}'
‘11‘-:;{’

U_}. Eufi‘w"rn-nl' "'.fi'-ll-it"'i"'lf PyDCcail -.

£6 = dU + &wW
88 = dLJ'f‘PdU

&6y = du]
For o constampy velume closed Syskem
16 equat 5 Chamge in Inbescnad ereny -
We knetn Haal E}TU: ‘TT"IC-,‘.--E'_'J..-[:'
du = ™Moy de |
Thie "’iq“ & m?t:dp[_.f('_ubl'.e oo cwa frocess o cattge 1 atewna
Pane L Ji'rrﬂfoe .
h'l"“"}' i ,Lw 1--}.‘? g
TR covishenit  Fa ':‘.'.-E_-;LL'."LJ."-.' P¥prgds -
EHG = dU LeW
&8 — du +PaAvV

P =,
dlp = du+ dPv)

g[ﬁp = dﬂU"i’p’Uj

[Foe=dn

Pm% Heolt briime




Heat treamife, To o tomsianmt pressusn dosed syekon
process is equal 1 Chamge in %njha_tf;ﬁl

Hie Rnsws dhot heab feendfen Vo comsioed -fJTt&-&u_n_
#)TDMS s mf‘_PdT

L & alH = TﬂgpdTJ

This eg" is le:i:th'e-:hla -ﬁa-mcnmﬁ
:‘-s.ai-fxmlbeﬂ;ta.
E Show +Hwab Cp-Cyz B
H= U4+ PV
dH = dy +d(pv)
™MeGdT = meydT + o (MRT )

%wf - ey df + pfr df

—P’aﬂw be p puas Cndha

Cp= Cy+ R,
Cp—=0us B
2°F 0 %= |
Cp-Cu=R For oty -
Y‘{lvn@,‘,:g\ cp= 1'00S k‘”*’“ﬁ'{
ey (y=1) = K Cy =0 HS K3 ]ig g
Cy= e R=G:2%7 KJ/R_HI[

fiag - ;
Cp:—%_' ‘:T %iﬁl-":"li}




[‘I_-I|} JeoHh eeomnial Fmre,ﬂ.h" ¢t = V' Tete focam ' Eg 3 ek
i"’ffpﬂ.#timmﬁ +ie interenaf w% of

am tdeal g s a Junetion of temp . atene
W= eT )
&8 = dou +8w
U= 4£07) 2 4o% | deol g%
e e
)= Cengtat
CJL}::D
68 = O+ §w
I_EﬂrE.Lﬂ—ﬂ
FB"l ax ;dﬂﬂj 81.1_5? mduﬂﬁb:'tﬁ L et eseriaf frrum:.,; Jsula;l"
frondes, (g Eﬂ'“'-"-ﬂ Iy wieik +ravafes

V) Adiabatic Process .. [88=p

"i-:l"_'.:'[."__,_ "

) Polytwpic Process ¢ ' PyP=p
> | Lip {r

66 = du 4 8w
8§68 = moydT + PAVi—fav,
m-|
50 = ML {T‘:.*-TJJ_.} PV, -—PJ_VL

5m = Pavgp ~RV) 4 PV =Py,
= =




Lﬁﬂ it MW‘;J
'llf'..

Pelytaopic. = n:H'ir Heéat~"
g it

& F':::L-d ‘r’*ﬁ }(LP V) Fl-vé-j

'”'-I

= Y=n_ (mRT.rmRTll
r-| ) — |

= = Tﬂﬁ*{_Tr"T.LJ
iy 15 248
"n.-';E]J ™Moy, {Tr—f__l) a7 = TL_TF

df =L+
o (—th'”J&vi—dT} T=Tea=d
=i

WRBING- ow bs
= ol )

wﬁ?_l {lhnhi n—

&]g:}l-d

I




B A (W mLy
Heal trons \
E‘ fes, fn JrangthIt, ‘Pmr-u.d ic less +ha., ook fa
Thas I:-#"-'?ﬂ oLk frangfey Cownos tm {ngesnat emeng +h
th . |
ﬁﬁ\ u Fﬂ,wm process rH-._aug,e-l heat Oy Supépir'i%
pe seedueHeon 10 'lﬂ-ﬂTLJJ Q- gl I‘.'Perllc_f_ 1§ I‘Lﬂ_g

/[/“’f.;.wil‘:“ .
n Shew Hhal PV I Lo St f o Qditlhat ¢

'[-}u"rr:v: -
g8a = du+ pPdy
58 =mcyd T+ Pdy
Fer adiabati o pocegs 58= O
O = mMeydT 4 Pd y
Pdv = — meo,dr

H= U+PV
adH = d
L_,%id_y*UdP

iy

dH = &§ + Vdp
4o ewdi abalye {)'wcm 88=0

adH = vdp
™ cpdT = Vdp —3®
£9'® = £9'0
inVl{ _ vape
Wiyt ~pdv
Cp _ ~Nde

——

L Y o Paly




Pl v
-ayv _ —d
Y ? o ._'E.E

d 3 af A
‘{*F —F.' = W

The akave ﬂq"" py'f,_ c 18 valid tﬁ" o Lo enseldl b | e
diabob o fJTE-"L‘ﬂH il bepatse wiile ﬂLﬂt.ﬂJ—'l,ﬂ Fag

eq” Pdv wep (s ujq_f_;ép_f{ arid Pdu wiesk (& poac)ple

'ﬁQ‘L Lenendi bl e f?mc.ﬂaa MLLE




Free E xpansiem

Free @;x{m’m}m ek g nl_mwd& Eciua.! Te Reag .

Thong pedi b Lo e isid

(nas Vel

£@ = du+aw
o= d+ D
dL}:‘ 8
,rl,rfllrlrrhrlr.rr T o W R T
CIU .6

Ll =l = ')
UJ;_: F:I:Q'ﬂE‘Fﬂrle“

L'-JEP_H.::L:.J*WL:}J WMLMWFHL@MW
W%WM ﬂﬁHﬂJiPJWEﬂEAﬁ'&

s tongtasdt .
tal tad temp = ot tenk .

IV INRENEE,

BT

ME{'E

mmrs |
¢y uf =% un =Ty U AL =hy




O Pen _‘ﬁ%s:'.-'ﬂ:"m iﬁ._"-..l‘:
Aes "L”'”f’n“':‘“_“'u_i— () -'duqfe-d- kinelia fﬂ@ﬂﬂt‘d u/mﬂmaﬁﬁ :

(2 ) Meghect famtm al im_mg.la; Ehu;ma,m.

(3} Rewecatble prpcesd.
t'inu.n Saaﬂm wewR =-—(vdp

Er;:ltn ﬁ_;a“;,l-c,m WA R ,r_;rm_-.; 45 At a  tndoy The CLAM € tthaw

‘Ilswdkcﬂﬁd o) fﬂmuu QgAY

fh Cevistant volivme piocedd § -

F oo
W = [P’“vap P =3,
P
= -y [Tl PRI )
=Nt Pt b
Wz =V{f-p) Vi=Mp= o ¥
i_w':{_P'-—F'J_Jv
"Ui.i Comatant Pﬁ.ﬁsuu  chhhis, P4
| 2
S
W= fud? —_—
P=c W= ,

3
dP 20 W
(omstaml preasung ﬂ'i;rw: L'agi&m Looak equal e #eros

e reanm -h"r-r.u_;-._-.,q 3

(1)) dsoth
PV="RT
T=£
Pv = 2,




Pdy = - vdp Pj’;@%}\m

IP[!'.J: -‘ufjdi’

lwmp_d - L'-JE-,::.-.-}
lFthns.mrl-hu-me Pﬂmn‘ﬁ-ﬂ,ﬂidﬂ-ﬂl‘ Tw a—r:uﬂmsff-smn *""{

?.qu_ﬂJ shoaed &?&ﬁm wrenk bocotia e ﬂWd&Lm I"ﬂl’ﬂﬂq_hﬂ-!.
usbitan Wﬁi preseun Axix omd velusie oxig E_MJP_J:.

I!

A0 o |1.t|-_.n_u
rU‘U.} i"'"«'fuﬂhﬂ*-[f-'r.‘ PTE'E t—'ji =
Y[ Ri¥sfade )

Weopen =
ot ]

V) Pl'."fJ.F‘f'lr“-fjw k}}«!’: rr:-:,‘l.-_
- = TV RN PN
,Walgw, f_ﬂ'ﬂr 5 V5 )

DrspLace MENT RE
T4 18 e woik dransiey ‘i'nnfa-iuﬂd A Eﬂ.n‘..l‘..!{f'l._g_ }g ﬁh.ud
elemesl eldhee To entey en leave 4 cenbol JVelume g

kriewsn Qs dull.s]:)‘ﬂ_te it wigd .

== ¥
Sw = FRAx : .
sSw = PdB xd¥ II =
w = Pdy \
- p-dy i 3
aligeese i




.E.‘.-.I-L_pu

Tiags =~
Tedal werk = P % 4
b= ¥
o
vy =z

]T.::.-fw..l displaccmont werR = PV 2
displacoment WOR b —jve and enit ducple

Kete s - E-n.rudaﬁ
Tilent  uroal FE. +.|ﬂ,

o Ve haedas &Lﬂw .rar:ﬂta_u L aprs-fgwd—ru d-ﬂr'l._ﬂ-l" vmtm

Lty Time oLk cng a-wm:r Lo oo -

Fose & . CeL , Han mand enbesed and  lemsdn
the Cenbrgd velbme G Samg

Tor S%—tm.dad ti_m.-. fuwr_e.!r; e Aol WL?-? Mut/;ua g

Cenfsell veluny _{aw
== =

T s B
= |
[ | f
' |
| i !
Z : .
i .J 2 Uz PL"II" TL
| i I
\ i
sy L J IEL




y Vo= Leaving e O
Tetat au;uw mtmnﬁ#w’. Tetal enegy ving
L
L}ch}wmazl +tU+8 gy =3 mey +™MIZ, + LUy + QW
Wie iy desblpromont” sk + ey ¢ &xdk disp weh
W= - BV, $+waey +P v,
!
T ATGT U+ OBy = L met ¢mgz, U, WAV F UL, Y,

L:me'1+mﬂzi il Bl AP ::1£+W?311+L!2 + Py, +0

-
H) +5 ™ +maz,+ Qev = H2_+-5‘Tn-:‘_‘§*+ M9z, + Wov

0 2
hi+ S+ g2 Hep=ha +ng__ + 472 +ey

ke, cimhdn.ﬂ thih H“W‘ﬁ&nl astwiprhen L made (.e
e flewo 13 M’Efkd*a - Tha eg" 13 applicakle fon e ensenl bl
L (s Mertib o .1:.11)-;544

This équatees &8 also brewen as st Law ofy thovmedy:
v ey ﬁm-‘s, E'.f:"“ E’gﬁ%ﬂﬂ

£ i:n'.n:'.-i:'-:ti' fages
(O Mozzte ;-

2
% fE'L-IrE;ar Hay=hat gz, 3 i,
& 2

"hl"'f'_'l:"lblg}_l
£ <
if G7r e,

]
o A




(i Toxcbine ;- %.+%+w/+: #’“;"}*E»{'ﬁ + Wy
f .

Hiz hatw F |
W = =4,
Conditigns undey Lohich [_tTT_ 4, -k ‘ 3
ey T ﬁlma st be ﬂ}—ca.d-a, :
1JTh,hmmmLu.%m*mt At atenl s

[3) ket maliee  eay y ble
(43 P-E- m% M;?;Ls,

(111 ) {?hVLF-.f edere ;- In comprasen weak dnpu- (s Glven &
the E?ﬁh’r’ﬁ ‘ fmf:?ﬂ&ﬂr LY T -_F};_'F‘.-‘

Wy=Hh|-hy
W = ~(hy~4 )
— ) = hl"h[

‘:\"‘Eurn‘n.f-rhrnj f_Lri:_Iﬂg Lu_f._a Elf] RALY = {.-l—l, i

(1) Etwru Mwimm.m the cane of $iinblng .

IU V) ihamt‘lhqq J.ELI.:-F G thaethl 'L k_chuuf
The E.m:!Jn'z.P!u 6‘9’1 "H'ﬁw’tllm_? ity L

Uy Blowo dhseagha | l”luﬁ spened yvalre

'L':r Flmw f:@ww.hmiﬂ

LD} Fhets Hpeoagly 0 Enpate opentiy




Changatuaticy of theotiling & -

LTE Mo heat mrspes s (i .
[2.) MD wesek huonkes, ‘e i 1
@) &eputnsile  process 1 @

M+ & -I-Eyé 1—@!{-‘ # o -I-':-?- +EV§ %
%4—#{17/ by +22’

[,z be
{Evlmv&ttLLn,a iy Qs mmfhnl.d:m: P’mcﬂﬁa

L3n ﬂfﬂmﬁ_.a ctate (Tyorniiert cfnte ) T’ar__-.-.‘.;ljl.f_r._q.e.l

UI‘ Comtesenvnalton _E?-f;l "ﬂi'-"-_ - i"- e . —

et mf @vid my be e vrags m_l’udnﬂ,_ m"__':, III

and kmu?nﬂ Ha Comtral vsd | : L o
Lek v amd ™mp, be the maag  tf Conbyor{ | rr—-—: i

Uehmfrdtnu_a Mﬁimug_ T

I;_l',l 'L-D‘I"J._.L-{urlh ﬂ-f} 5‘_& rraLLu,

d”"”) = v'n{rﬁ'f:ﬂ-—(l}
dr Jey

{II}-EI:"!‘L':'E‘W-NU-I'E*"H f-l EMEA ?'I} -
+u +£E"+2¢ +q
’hE +C.g _L'E'ca' + L/

E mth{+LmLf:+TﬂL ﬁ'h -+ &
o

(%E.F)w = EL -F e




& l o [ming+ L micy o gact€) =8 (et mece
+ Med T T L“J)

Ty KE-0nd PE chuﬁLac_g arL Mﬁﬂg’%ahu. Haum dE = dy
E-kie +PEAL

AE - ds;/‘- y+d gre ) +du
d€ = du

(alfl = [m h.,'i'l})é{'!?/ 7 +Ei/‘1~d (Wehetd oo -LT“é'

d ) & 2 (min+a) -4 4 (mehg+w)

4| €

e —

ot
H_Lﬁ Hne LAt H’*J‘“»Mpa Wi ond excrh E‘#LF—lﬁLalf&bf he dg
rLo UHHJJ ey s

o7

( ) -*ui”“w bedme .5
it

[.’:_i_"f_.) :ﬁ";'ﬁhtui—gi‘?:']e""d";:'
E’“_ Cu

- d (mini pQ -{%(mghﬁj_h}




Seconp Law of THERMDD yMAMT CS

OF e olap bnswn as disetenal Lo .

Finet me? —-faﬂ-ld Tia mn% Aa E.E‘ﬂ-ﬁ'%’lﬂﬂ_ﬁlvﬂ:*:ntﬂ-
net  gue cm,U dlispelion, f81 aft:mthm.i;am H_.l'..l.-'lu"H-'L
leeond faw f heosmedgramiiy wien geves dirnselion ¢
2 Pﬂﬂﬂﬂlﬂ-ﬂ’t 'fWDLt-id —H-m:u?'-; e Comeepl nt— EMFH ’

Henge fecme louwo @ alic Racw o2 Adoaetienal D,
Thewnat Energy Reseion ; -

Soweeee - Tt has Tafinile ameunt ofy Azat Bniagy Ao dhat it
.Eh_-k“-:' TH s speseoiery whith Con obSewl hoafl et et
Lundes gold e - Char
' 4 . SH |
Cance +—T rtmaw covdloadd eink  t— T vl
m -
Mebe ©  LopxR jePrsur o4 p]__l_%)/‘( gﬁ.adL W..?»? and healb &
frpumn as dew ﬁuad-.a. em.:a.« ol Laﬁxpi{h_ c.on W 27T
&t.-'.uu:a}m_:u VY {&W_TEI_} . lu"ﬁf{ﬂ a'TELt:l'E tuﬂﬂ?
(udork ) in hdfcit (" fm.fbnm:;bit
Srhexeais mr_— ¢ Li% f tn'u::l_ {

Lo I._._.L | esediLe rﬁ_g-"- n,.n-.f-:'l_

[

L'; ] E_l..!._till'l tjlli'l-'rﬂ; g4t v-;--*,m,_f".;_ '_'I} _,l_"g I,,V‘I"LPDSE.':HE 1o IﬂﬁW.LD‘P 43

devdp g ﬁPEHﬂIZﬂﬁ L (_‘.fﬂl.f_!_E.
el whe ey fbrrxb,tuu wroal cpaH nl_miu%( h-tr c#{f&nﬂ-‘&j
ool Wity a -ﬁif‘u&z&_ S 03 anply




m,ﬂﬂ

Dewice |(—= Wz §

(oncept Of Heat engine s — Ahearenegine &

P™Mn -2 15 ‘mims.aib!e

LOourtaL
oL deice Lshuch &l’ﬂ-"Lﬂ:ﬂ"E& G o V&,

Ctj»ch; ond tomvests pard ef Heak rnlo TR ot iy
werk  ond m&eﬂ:a-nmuim? o Hhu 82

5%&5&@4}/%4 o Ak
Ef-.‘HEfu’Lf.,‘r . 'V’ll-_— W gl
1= °J

[ &n.f:;u-l' &8 |
Q'L: H-I*E‘-L
) = B‘L_QE_
H = GG'GE\

N ===
— @
'(t - QE"QK 1’( = ﬂi_ﬂ} ._.__j
Iﬂa \
This a8 af::f:.,h cabalp -E-@-g soalenable oa ol ok ooy esstdole,

Cac,be. '

!LE_} 'E.!_ELL‘I.;ELL!‘ Sénteruenl” « | T __j__ph me_nggllr_ﬂ,g 5 I d—"*—-.fei_,ﬂ'[\a_
dewice i‘-’ijﬁ'.-‘-tﬂ.ﬂﬂ M. | Eld-rJ-L g h'ﬂ"!’]{:_-ﬂ_l.-'._
ook tnwrn Lo es l'_-cw*; 4 : tﬁ-‘\"'\)&: s M ﬂﬂg"
exfbesinal oad "C'Lu,LI,bJ.




Ceneept of R,Hbﬁ_g?f#‘na‘fp_fa and feat f’uyr_fz:-_ =

CofP-= _@de .{b-b{t'} ; buighes +ewip j
B‘LE)\% ’EM'-LFLL'_
_ Ba
S S s
(= Ei,—m .
. oL
C{-‘}FR i ﬁ|_ﬂl

Sl ble Dﬂ-E.JI.E,'

Nete © - Tha e,:T“ L% o-f::_p.l;t_::d:;ﬁ_t —hﬁh seenrdstiible QL LayEAL

Fleak Pump i - Hear pumb malniom highes Tl

Eem;ﬂ:m to gumneandimg
This eg” 43 o plicable O A scgible oL well as

B eengible t'.ld,-c!e . IR::m"rﬂ i J Hﬂﬁ"“-"-
LDPy.p = EL 18
; " L TP
l Er‘ﬂl_ &2

Gunoudy

[T L



walth 7

Pelolwyy betuerm EEF_EF_b_i_P T_h:i cop {rﬁ _H':!t*nrﬂ_" Sk

"W e E‘:"I
l._.DFHF E‘E‘L
CoP Red = b 2
§,-Q5
Copup - Cop Ref
ﬂj — ﬁ"j"_

mr"'_g"lu _.Q‘i‘_ﬁl_
Y I ﬂ.?’g'&_
G‘f""’élL _'J

==

Keledn - Plonk and ClonLsidohs sfeitment @@ f}ﬂhuﬂ.hl
Shater endd ET Secend Jos0 ST “*ﬁ&wé-‘dmm& e
Vi Mcﬂ_im r_'-—b ovie Liatowonl ﬂ-"l'“-ﬁ"'”-.ﬁ-ﬁ_r'_ o T mtieh

L
-E.tsi'—h‘-l'rm-'-;!_'u
xi-fﬁ'lﬂ-dﬁ"ﬂ D‘t,_ r-!.ﬂ_l.[.iiLLL St rmiont -
- ley us yiolel elavaits Lfatremwienl 04
E?h{fl‘t..-l}ﬂ 1_};';. —"- : 4 2 =
I Hi&hm T""ﬁ']:_ar! i & &y
]
I &_?a
esL
 oloes .[.-n-.-..-}h Ts | Lot th“l"'l.lﬂ 2.




.‘:mmﬂf capcle G- S 1 seaestilisle uam :
_F A ud.::lp_. 'u._t, .!,ﬂfd.':lu e o oM OeiLble L-dde. s

all pvocesge ase poens eselbsle -IW‘DHH
| — 2 — dsothewnal eXpomsl 6m
CHear addition )
o9 —» Adiabotie ex-pamawem
T Sﬂﬂﬂ'}mﬁle coTrpreasien .
Heat u.d/u]lw;

U | — Addobdalie Le'mprﬂ%

Casenol m].gﬁ)% e Henewsitle ﬂ-ﬁimﬂﬁ[‘t‘: Fmﬁ%
and too sesveaible {agthewumal proces: 10 settlige '5““"”“”:
Condiliong the procest sl be sooed Vv mmf-? and o
Mﬂ.ﬂ:@ﬂ adfabdlis cordibens e ,Frmr'.uu uwat be ca-m.-lj
it g g ﬁw-cunj' rronnese  and Hendg tront Tion (erd
nafies  ane net T,mﬁ:.'r.hh in %u‘-h- : ﬂﬁ% Casungt Dﬁ«:h

1y o Haepd b cal Edf’..h‘f

Coartngt thegsem < - Fas vosaou mﬁ&m u}mh_z.bﬂ hlfg,g Lo Hon
npovie has e effciens a‘@:&h Haen oy Huen euible
Emﬂlhz, e_ﬂ-gicimfva{.~ ET

T shew has "fzr:'f: M sevendiafe engine S Udavuticl Eage

&, A
! .l..»‘tuu.mh'lw @, e ekl 4
Bin- F“




"‘_l"?'ql
.
T{"“ L—g—: 'YEE = ",a-'l—l
”(1?‘].1— /%’II ‘71:5’3%
W, > Wy

L led L Sethd hd D A

84 Ex Gy s efreraiiole maﬂu-u

grguAal. 1 —

B
84

.
—

W WD

&
w:m"ﬂ-mz_ 3

i Tiflﬂ‘ﬂm‘(‘”‘b _l‘

T 44 @ viptaTion S5 WKtlisin f"m"“h et gzt omd e
Eriare M,A.mep-l'-t'im i3 tﬁﬂ&ﬁﬂ, Lii

'rit',w Ly net a‘tm}m Haoh YBJUW'

Sirrﬁl_mk& t:.a $aken hﬂdhrL 1 be aoms avnetmd— 0 Fhg
Viedatien ot Clalgius atefumamt and hene e "llﬂt Hoewverdlt
Udc.i-: ¥ a,u.p_nzr-m +hj]--ﬂ'? &-& LaneMernu bie Cai‘.lj:' aaﬁ.qhmtm

{

b/l""':l S orYile —H:-'I"I"I_}; TPy

—.Lﬂw.,%;o-d'rlr‘r.f" fointy Wt o Euﬂtﬂhif FH_[[E_,I._
Eﬁfy‘ﬂmﬂﬁ of @ ey puible Gycle ic dependent e temp

" I

Lot




(27} BU e sevtdlble Dﬂrtiu. HP"’-‘HLHMH Bl Som kemko
j_in.,j_i b . a’nﬂnﬂt%"-

(3 efpy" of @ severcgilale el (L ind ependent of werhin

']

P

_.'rF E-"Lﬂ'i.bf-'b-'zf ﬂ{'lWL:f_'- Te wtb evinliine Sreals
[ S u ¥ —

leb ur asbtmag Haver svesdible {L_aﬂﬂ,m el i h rHJ]-

M, = 882
= 2
- 1"‘512.
| TL Ef;
Ny= FLT T2 )

_ B

| EE"; = —f—l(TllTe_J
% - 1#+'[T',T?_)

i o e BT
__"_.L: I_TILTU "')
E‘L" $'| C-T-I:,Tl J
O
Cz _ G, CT;,T&)




= :

_/frt l.-:_ml_l P—'t O Riw"ﬂ.%}jblf- He el
q 'E';|

= .| 4 ‘.”&3
y Yt m.l E &
W By % _f_:
rl".-a
8o ’ylf"a.w -_—'l“'q}
5 o

J

[T | o







COP &4 o R an taslble R e fni geaaton.
E e

_ a2
& . T
€ | Tl
& .o
&T, i
If:;]-l = W Ty @l':. KTI
— Kl
OB =
PRev) = L7 ",y
= Ta
;=
1
CoP faisan 1
TR Th-T

. 3 LTb-I. heat P - ._; ‘::_r__ll_._
Mot - Coar Bt;:j e B é m\r) T!-T:_ =

Qi H..LL.!.ILL{, #P‘.Eq. walt LL’

ol Am O
Wuﬁﬂitfﬂaﬁﬁm&tﬁﬂ 1 less @t eq
L @EE{:G

ety bl
@}1— -D—%demmaﬂn 2

86 = le TR esinle cagtle
é_ﬁ——{g } (’a' g Lﬂ|1r S il e J?




: p1 ALearesis | kale

- : r {L-‘E.r!n LLJ-'I.-"LE_ '.1..1'”. o b W

Aol I = J'—Ej_ Lk, La
T e "

43#_1_- T Ta

gora wev Gpce (=02 )

Tz
?E‘E}“ -@I—!—'— Lﬂ‘):{}
S T T
: % =
To e |
‘ q le
Cage -2 7 Jdshevdnslble Gic Ik
Wy = g,— 82 E,_Er_._ EL ( T;
= Wy = B -0z = =
| . LT
i &8 __B__I_ :@-1;.,'11"_
8, qj 88 - 3
o
% 80 - 1 _ 84 lyev
dP—:': e Tae
i = - 828 (e
! —
| ™ | =
&
T}' =W Y}L"_"UJ]__ Qv > 8,
B s &




