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Chapter-1

Thermodynamic concept & Terminology

INTRODUCTION:

e Thermodynamics is the science that deals with heat and work and those properties of substance
that bear a relation to heat and work.

e Thermodynamics is the study of the patterns of energy change. Most of this course will be
concerned with understanding the patterns of energy change.

e More specifically, thermodynamics deals with (a) energy conversion and (b) the direction of
change.

Basis of thermodynamics is experimental observation. In that sense it is an empirical
science. The principles of thermodynamics are summarized in the form of four laws known as
zeroth, first, second, and the third laws of thermodynamics.

e Thermodynamics comes from two greek words Thermi & Dynamic. Thermi means heat &
dynamic means power or work by motion.

Macroscopic and Microscopic Approaches:

e Microscopic approach uses the statistical considerations and probability theory, where we deal
with “average” for all particles under consideration. This is the approach used in the disciplines
known as kinetic theory and statistical mechanics.

e Inthe macroscopic point of view, of classical thermodynamics, one is concerned with the time-
averaged influence of many molecules that can be perceived by the senses and measured by the
instruments. The pressure exerted by a gas is an example of this. It results from the change in
momentum of the molecules, as they collide with the wall. Here we are not concerned with the
actions of individual molecules but with the time-averaged force on a given area that can be
measured by a pressure gage.

e  From the macroscopic point of view, we are always concerned with volumes that are very large
compared to molecular dimensions, and therefore a system contains many molecules, and this
is called continuum. The concept of continuum loses validity when the mean free path of
molecules approaches the order of typical system dimensions.

Thermodynamic systems:

Surroundings
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A Thermodynamic system is defined as the fixed mass or fixed region in space upon which
our study is focused. A specified region in a space upon which attention is focused for
thermodynamic analysis is known as a system.

We introduce boundaries in our study called the system and surroundings. The boundaries
are set up in a way most conducive to understanding the energetics of what we're studying.
Defining the system and surroundings is arbitrary, but it becomes important when we consider
the exchange of energy between the system and surroundings.

Surroundings: Everything external to the system is called Surrounding.

Boundary: It is a real or imaginary surface which separates system from the surroundings. A
boundary can be fixed or movable. A boundary has no thickness, no mass and no volume.

Two types of exchange can occur between system and surroundings:
(1) energy exchange (heat, work, friction, radiation, etc.) and,
(2) matter exchange (movement of molecules across the boundary of the system and surroundings).

Based on the types of exchange which take place or don't take place, we will define three types of
systems:

¢ Isolated systems: no exchange of matter or energy.

¢ Closed systems: no exchange of matter but some exchange of energy.

* Open systems: exchange of both matter and energy.

Thermodynamic Property :

In thermodynamics a property is any characteristic of a system that is associated with the energy and
can be quantitatively evaluated.

*The property of a system should have a definite value when the system is in a particular state.
*Thermodynamic property is a point function.

*Properties like volume of a system that depend on the mass of a system are called extensive
properties.

*Properties like pressure or temperature which do not depend on the system mass are called intensive
properties.

*The ratio of extensive property to the mass of the system are called specific properties and therefore
become intensive properties.

eSubstance can be found in three states of physical aggregation namely, solid, liquid and vapor which
are called its phases.

«|f the system consists of mixture of different phases, the phases are separated from each other by
phase boundary.

*The thermodynamic properties change abruptly at the phase boundary, even though the intensive
properties like temperature and pressure are identical.

Pressure ( p):

A fluid exerts on a surface element dS of a wall a force of pressure perpendicular to dS, directed
outwards with a norm equal to p dS, where by definition p is the pressure of the fluid.

Pressure is defined as force acting per unit area.

Sl unit is the Pascal(N/M?).



Temperature (T):

Temperature is a measure of the average kinetic energy of the atoms or molecules in the
system. The unit of measurement in the International System of Units (SI) is the
kelvin.

Temperature is measure of hotness or coldness in a substance.

The basic units (SI Units)

e Mass kg.

e Mole The mole is the amount of substance that contains as many atoms (or molecules) as
there are atoms in 0.012 kg of carbon-12.

e Length—m.

e Time: second (s)

e S| unit of temperature is Kelvin (abbreviated as K). The Kelvin is defined as the fraction of
1/273.16 of the thermodynamic temperature of the triple point of water. The relation between
Kelvin and Celsius temperature is K = C + 273.15 (The triple point of water is at 0.01 C).

e Force:1N=1kgm/s,

e Pressure, 1 Pa=1N/m?, 1bar=10°Pa, 1 atm. = 101.325 KPa.= 760 mm of HG
In thermodynamics we are concerned with absolute pressure.

Gauge pressure = absolute pressure — atmospheric pressure.
Ordinary vacuum gauge pressure = atmospheric pressure — absolute pressure.

Volume (V):

The volume of a thermodynamic system typically refers to the volume of the working fluid, such
as, for example, the fluid within a piston. Changes to this volume may be made through an
application of work, or may be used to produce work. Sl unit of volume is M3,

Internal Energy :
* The molecule as a whole can move in x, y and z directions with respective components of velocities

and hence possesses kinetic energy.
¢ There can be rotation of molecule about its center of mass and than the kinetic energy associated with
rotation is called rotational energy.
¢ In addition the bond length undergoes change and the energy associated with it is called vibrational
energy.
* The electron move around the nucleus and they possess a certain energy that is called electron
energy.
¢ The microscopic modes of energy are due to the internal structure of the matter and hence sum of all
microscopic modes of energy is called the internal energy.
Bulk kinetic energy (KE) and potential energy (PE) are considered separately and the other energy of
control mass as a single property (U).

The total energy possessed by the body is given by:

E=KE+PE+U

Intensive & Extensive properties:

e Anintensive property is one that does not depend on the mass of the substance or
system.
e Temperature (T), pressure (P) and density (r) are examples of intensive properties.
Intensive Property Examples;
The properties of matter that do not depend on the size or quantity of matter in any
way are referred to as an intensive property of matter. Temperatures, density, color, melting
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and boiling point, etc., all are intensive property as they will not change with a change in size or
quantity of matter. The density of 1 liter of water or 100 liters of water will remain the same as
it is an intensive property.

e An extensive property of a system depends on the system size or the amount of matter

in the system.

If the value of the property of a system is equal to the sum of the values for the parts of the
system then such a property is called extensive property. Volume, energy, and mass are
examples of extensive properties.

Extensive Property Examples;

There are properties such as length, mass, volume, weight, etc. that depend on the quantity or
size of the matter, these properties are called an extensive property of matter and their value
changes if the size or quantity of matter changes. Suppose we have two boxes made up of
the same material, one has a capacity of four litres while the other has a capacity of ten litres.
The box with ten litres capacity will have more amount of matter as compared to that of a four-
liter box.

Extensive Intensive
Symbol Sl units Symbol S1 units
property property ,
Volume v m’ orl Specific volume v mi/kg or L/kg
Internal energy U ] _ Specific internal energy . u | I/kg
Entropy § )X |  Specific entropy 5 If(kgK)
Enthalpy H J Specific enthalpy h Ifkg
Gibbs free energy G ] Specific Gibbs [ree energy g Ifkg
Heat copocit Specific heot capacit
s C, K pect a4 , i/ (kgK)
at constant volume | otconstant volume
Heat copacit Specific heat capaci
P C, I Pttt | & (kg)
at constant pressure at constant pressure

Specific properties derived from extensive properties

Thermodynamic process:

A process is path followed by a system in reaching a given final state of equilibrium state starting
from a specified initial state.
An actual process occurs only when the equilibrium state does not exist.
An ideal process can be defined in which the deviation from thermodynamic equilibrium is infinitesimal.
All the states the system passes through during a quasi-equilibrium process may be considered
equilibrium states.
For non-equilibrium processes, we are limited to a description of the system before the process occurs
and after the equilibrium is restored.

® A process is said to be reversible if both the system and its surroundings can be restored to their
respective initial states by reversing the direction of the process.
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e reversible: if the process happens slow enough to be reversed.
irreversible: if the process cannot be reversed (like most processes).

e isobaric: process done at constant pressure

e isochoric: process done at constant volume

e isothermal: process done at constant temperature

¢ adiabatic: process where heat transfer is zero.(q=0)

e cyclic: process where initial state = final state

Thermodynamic State: A system is said to be exist in a definite state if all the properties of the
system (pressure, temperature, volume etc,) have fixed values. If any one of the property
changes, the system changes to another state.

Example: At 1 atm pressure and 10 degree centigrade water is in solid state (mixed state)

At 1 atm pressure and 110 degree centigrade it is vapour state.

Thermodynamic Path: The series of states passed through by the system during a change from
one equilibrium state to another. Change of state of a system is the consequence of any
operation in which properties will change. The series of states through which system passes
during a change of state is called the path of the process.

SYSTEM )

Thermodynamic Cycle: Thermodynamics cycle is a process in which initial and final conditions
are same. A thermodynamic cycle is defined as a series of process such that the system returns

to its initial state. Thus the series of processes (cycle process) in a cycle starts and ends at the
)

-

same state of a system.
(Figure illustrate the cycle comprising two processes A and B.)



Path function:
A Path function is a function whose value depends on the path followed by
the thermodynamic process irrespective of the initial and final states of the process.
An example of path function is work done in a thermodynamic process.
e Work done in a thermodynamic process is dependent on the path followed by the
process.
e A path function is an inexact or imperfect differential.
Point function:

A Point function (also known as state function) is a function whose value depends on the
final and initial states of the thermodynamic process, irrespective of the path followed by the
process.

e Example of point functions are density, enthalpy, internal energy, entropy etc.

e A point function is a property of the system or we can say all the properties of the
system are point functions.

e Point functions are exact or perfect differential.

Note: Since a point function is only dependent on the initial or final state of the system, hence

in a cyclic process value of a thermodynamic function is zero, or change in thermodynamic

property is zero.

Difference between point function and path function:

Sr.
no. Point Function Path Function
Its values are based on the state of the Its values are based on how
system (i.e. pressure, volume, that particular thermodynamic
1 temperature etc.) state is achieved.
No matter by which process the state is Different processes to obtain a
obtained, its values will always remain particular state will give us

2 the same. different values.


https://clubtechnical.com/thermodynamic-process-cycle
https://clubtechnical.com/thermodynamic-state
https://clubtechnical.com/entropy
https://clubtechnical.com/thermodynamic-properties

Only initial and final states of the We need to know exact path

3 process are sufficient followed by the process
Its values are independent of the path Its values are dependent on
4 followed the path followed

Itis an inexact or imperfect
5 It is an exact or perfect differential differential.

Its cyclic integral may or may
6 Its cyclic integral is always zero not be zero

It is not the property of the

7 It is property of the system system
Its examples are density, enthalpy, Its examples are Heat, work
8 internal energy, entropy etc etc.

Thermodynamic equilibrium:

The system is said to be thermodynamic equilibrium when there is no spontaneous change in
any macroscopic property is observed, as the system is isolated from its surroundings is known
as thermodynamic Equilibrium.

When the property of a system is defined, it is understood that the system is in equilibrium.
e If a system is in thermal equilibrium, the temperature will be same throughout the system.
e If a system is in mechanical equilibrium, there is no tendency for the pressure to change. In a single
phase system, if the concentration is uniform and there is no tendency for mass transfer or diffusion,
the system is said to be in chemical equilibrium.



Thermodynamics Equilibrium

Thermal Equilibrium - The temperature of the system does not
change with time and has same value at all

pomts of the system

Mechanical Equilibrium - There are no unbalanced forces within
the systom or belwes the surrour l!lxu_l--
The pressure in the system iIs Same at all
poinis and does not change with respect
to time.

Chemical Equilibriyum - No chemical reaction takes place in the

ame throughout the system does
y with tirme

The following three types of equilibrium states must be achievex
called thermodynamics equilibnum

Quasi-static process:

When a process proceeds in such a manner that the system remains infinitesimally close to an

equilibrium state at all times: Quasi-static or Quasi-equilibrium process

* The process proceeds slow enough to allow the system to the system to adjust itself internally
so that properties in one part of the system do not change any faster than those at other parts.

Engineers are interested in quasi-static processes because —they are easy to analyse — work-
producing devices deliver maximum work when they operate on quasi-static processes
¢ Quasi-static processes serve as standards to which actual processes can be compared.

STOPS
o — v |
INITIAL STATE

m I _t’: \ EQUILIBRIUM STATES

~FINAL STATE

// f/
o "ol |
_~WEIGHTS /. | ouasisTaTiC
/ PROCESS
v — J
Em———
PISTON ~ INITIAL STATE
et I T Rt
' - FINAL STATE
ks rag —~$YSTEM BOUNDARY .
5 \»‘S - “'

(Fig. Quasi-static process)

e The quasi-static or quasi-equilibrium process is also known as reversible process. A
process which can be reversed in direction and the system retraces the same

equilibrium states is known as reversible process.
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Energy:
Energy possesses the ability to produce a dynamic, vital effect. Energy exists in various forms.

e.g. mechanical, thermal, electrical etc. One form of energy can transform to other by suitable
arrangements.
SOURCES OF ENERGY:
The various sources of energy are:
¢ Fuels- I. Solids-Coal,Coke, Anthracite etc.
2. Liquids-Petroleum and its derivates
3. Gases-Natural gas, blast furnace gas etc
* Energy stored in water
* Nuclear energy
e Wind energy
e Solar energy
e Tidal energy
e Geothermal energy
* Thermoelectric power

Power:

Any Physical unit of energy when divided by a unit of time automatically becomes a unit of power.
Power can be defined as rate of flow of energy and can state that a power plant is a unit built for
production and delivery of flow of mechanical and electrical energy. With the advancement of
technology the power consumption is rising steadily.

This necessitates that in addition to the existing source of power such as coal, water, petroleum etc.
other source of energy should be searched out and new and more efficient ways of producing energy
should be decided.

Work:

The work is said to be done by a force when it acts onabody moving in the direction of force.
Whenever a system interacts with its surroundings, it can exchange energy in two wayswork and heat.
In mechanics, work is defined as the product of the force and the displacement in the direction of the
force.

Work done when a volume is increased or decreased Consider a gas in a container with a movable
piston on top. If the gas expands, the piston moves out and work is done by the system on the
surroundings.
To calculate the work done in moving the piston,
e we know that the, force = pressure x area and then,
work = pressure x area timex distance or, work = pressure x change in volume.
So,W= [pdV
e The differential work done (dW) associated with a differential displacement (dl) is given by
dw =F .dl
e Fora piston cylinder assembly, dW = Fdl = PA (dl) =P dV
e |[fthe gas is allowed to expand reversibly from the initial pressure P to final pressure P, then
the work done is given by W = [ p dV
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The integral represents the area under the curve on a pressure versus volume diagram. Therefore the
work depends on the path followed and work is a path function and hence not a property of the system.
¢ The above expression does not represent work in the case of an irreversible process.

¢ The thermodynamic definition of work is “ Work is said to be done by a system on the surrounding if
the sole effect external to the system could be reduced to the raising of a mass through a distance”.

V
The integral expression gives . p| 2

b
the exact area under the cuve W = |PdV P
which 1s equal to the work.

V, Y, <+ AV VE

Heat:

Heat is the mode of energy transfer which takes place by virtue of temperature difference. The
direction of spontaneous heat transfer is always from higher temperature to lower
temperature. The mode of heat transfer may be in conduction, convection and radiation.

Heat like work, is energy in transit and it can be identified only at the boundary of the system.

e Heatis not stored in the body but energy is stored in the body.
e Heat, like work is not aproperty of the systemand hence it is not an exact differential.

e Thus heat is also a path function and notpoint function.

Comparision of heat and work:
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Mechanical equivalent of Heat:

There is a simple relation between mechanical work done on a system and heat generated in it.
James Prescott Joule first experimentally found that the heat produced in a system is directly
proportional to the mechanical work done on it.

He also calculated the constant of proportionality through a unique experiment, which we
will also describe in this article. The constant is popularly known as Mechanical Equivalent of
Heat. After the name of James Prescott Joule, the constant is also often known as Joule’s
Mechanical Equivalent of Heat or simply Joule’s Constant. We denote it with the capital
English letter J.

If W is the work done on a system and Q is the quantity of heat produced due to this work, then

W o Q
= W = JQ
S

Q

After, this experiment, by putting all known values of
J = 4.186 kJ/keal

Here, in this experiment, the potential energy of the falling mass is converted into the kinetic
energy and finally to the heat energy.
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Displacement work:

Consider a piston cylinder arrangement as given in the Figure 2.4. If the
pressure of the fluid is greater than that of the surroundings, there will be an
unbalanced force on the face of the piston. Hence, the piston will move towards
right.

: Jul !
ti'i:L.':l'tt::

fo= OF =
Figure 24 Displacement work

Force acting on the piston =Pressure x Area
=p.A
Work done =Force x distance
= pA x dx
=p.dV
Where, dV =change in volume.
This work is known as displacement work or pdV work corresponding to the elemental
displacement dx . To obtain the total work done in a process, this elemental work must be
added from the initial state to the final state.

14



15



.- e P . L oA

qn oV | FW{MW'L Wisae 3 Qo paastnsld
e el N~ [j — e, [
_ p_m fo -Irl«umnu noumict
‘1.1"' -_;.E'-Hﬂ’b.'ir 1 i = fL-faﬁ r ,! l«" (i 9 J j
ﬁi-gﬁﬂﬁ JURART ‘ b .
1 M.Jem&n e : s 1c
. 7 Jds b 24k r"i' ﬁ-gﬂfll rE
Yy

e J || N A

[ o & J' i'.n””lﬂ"’,igﬁyx

! :‘F;H !ﬁ“u‘f':.hﬂl%e-' 5

',m._:h-\bn ‘;E"ﬂjm
3T et -
E}.-"H} TR JEWM & .

'-d—“‘ﬁ'—hfrﬁ.‘m J"H?g_ﬂ Cu—ul :'r-r] o remaf %_J_Il”rrm

T '||"[_| _] Ill J i ||'i||" l|.-'i -

Y it
RO R Ly 1'| @_n.,u) a-f-m o e “rasdd

By | ;T LR

{,ﬂuu.tmﬂ rHnen e it swﬁ,su TfWith - @ng
o E“'—PW%{ il ”egn esliabadre | wal]yl c} n @
NAE i a9
+h!tru:j E'a«?-}ﬂ_m 3 -rs 'm Enmmum mrﬁam, ,wﬂ'#-lq
JW I,_,P‘"'{? EHS*M(\F'G’ N R PN e B_-,:;

qr ;;iéﬁ;{ 'T'_é,a\sz,_um?ﬁ‘ r"-'r|r'1jt::i.w—t-r.&_t.x.irauf!d- -mem_t

%éﬂuul? PGy | O3, +kbi9[=*=w’s- Luetem | 4 +ha

S tepa (ngfijl ﬂ!‘n }ia#afﬂ.l..tlb -+ e N
s IR S el e

el R i +Cy R

et -
"?':I u'} t sl | ']I:h-. fror U lIf“l.. W P ."ri‘lHLI'

LA9% ot p o ) AN

Tt Zawnth Pas L 'Jrhﬂfgﬁwd.-d)am‘@
Cenver a bodtis 1}»:—1 +u1vmm+ df

i)
" wf@f’f’y@wﬂmm,. mos -i ﬁf:mﬂ
ff*b'-..ﬂ_ Syt tem &, Lﬂ.ﬁ %{; +wﬂ ai

R ! anyf o apedy mrerr



V2~ g | e
Q,g‘, L ool fg:a%,m.ﬁ C;dﬂ ;:_‘ ; T"’J

| . u{;".h Lm
Hroromag LaulllTbraem h“‘”'ﬂ P

i . Hi ||. I_I- k -
AN IR TR | ST f-‘. J-.n'l--',u Tl

B Al il
51- i . . . E_.ﬂ-lt_
4% paan of Tharoma "meu > 'E]\t EH J.iﬂ cLple

Swmmf "M s stades Fuhat +y anerglyy Can
e m+l-¢u A‘:Jtﬂ_wfve,ﬁf Mqﬂd._ﬂ.smﬁ‘b:* 71 ﬂ“la

+mTfiEm r-firqﬂm ::an ?ﬂﬂ.m o' Binthon,

'Fr1 e '_,'I: I I|

‘ H’e—ﬁjl N E IR P b ":"";‘-'
_. (v dr 3V N0 0 k] iy s [0 '
__b.cnr\gpcl_ﬂ_rt a pPrecey ~for, -%3;-;
bt wo mﬂ:&nw“ Tn'imd*:b')
v o= By laod PHE“{E’ *rsJ Ly Sverp Hygut 4
4%?mm Hfd“’ff',,”" E{Pm“rrﬂ"‘ ony 'ai‘n
¢ Formpsa A Y ( R

p,gqrr_n,ngr o Mlh'r HLMEFEA J5{’—r'uwr~= i—b{"_o_
E‘UIF']"! Pﬁﬁj‘ﬂ;\tht %Eﬁ'ﬂﬂ .-:Lﬂ_('l,l‘k._ﬂ_ﬂkil-ﬂ :

S8, g wlﬂi ﬁﬂli‘&l ‘o-"\%gl 1p:f£
Lu!-;}_ . poteto 'IE[WH ’H 'H\IL -E_n%ap-'q o

'-F‘w?ﬂ"n h :il-ull .1;'}.'1-””"! E{.‘ﬂdj‘ﬂa—! AR l-,1|||.|”- )

%m *{"M'.'_- 1 samp G_E _I_Ml nnl‘h 3 nll

rHl“ P il .f-|'q'| oel | Iy By 0 Hl
RN
:?,f .;.IJ h'u"-{@ . "II.-"'Il,- . I‘Il
UH’-"I 1'\*"'&5; q'::l- Iy ﬁ:l‘”i% 1 |"J“l."‘-i
=’ : _-D =
. '. bL
— "'_‘_ :

R ! anyf o apedy mrerr




= i 23) |- '::.+-—f3 e. :Lnn-, o
S*Eﬁ-ﬂ'{'ﬂ ~f1ala’ "preveeies o4y J._-(-"’-.)Ili, l

.1+ <5 dw ren A F,rulc_md d.-Mj»}ﬂ,,fq:l Lﬂ: =T
Hnpered 2L & Fraigd watth s +ho - tguen-}lmﬂe,mm.mﬂ
el fandl- | eaeres b +e o . |

Totenl @ntrcgh &F apon L:'_J‘Hj_n;} B%&l—&m , ,;._rj I“.‘._;

Tha ﬁm%a = Y HRIE HPE 2 -
_I_I y J i, r ——T . e prag e
S[es Ut E 43z A3l
— . LIYF 32 "-_._":_!_lr,' L= G
ot e=tiiga | o FaPRPVEE 437 |
B '—|'+':__1.‘~*—|. (VPTIE in-‘l-érthm..l ' !-' -_"\;.' '?éﬂ:ﬁr;éﬂ}- TR __Iﬂ'l'-EJL"}lN
ﬂ.'Tn-iuJ EHME d:f o, .IJ '1_'&.-'11_‘. &%ﬁa g‘_’m. :f’law I&H-Em
'l"‘ﬂﬁh ”FIEM'! ebu:q-@m . 15'. i : DEPTTAN & el
6 -h- iq7 3 - T 11 £ % SRELLAY, -,||.-|. . "
tikarre | 5,'1"1}&_! Eno_rcﬁﬁ & +k.d_ ﬁ?*h""""’"'"‘g "'f“:i‘# Iﬂ‘:‘-:?’_ft_l{;_nJJ— |
, vyt Bt ' III_ "_'.‘ L 3 ! |
* f1-ﬂ' - +}= En“"]"wa‘a} o III-""I “ |l 'II‘: i

E*rv\j Plaw em vétdn.nﬁ.;hi L::;T

i i S -
,,__,-_ﬁ__ir,ﬁf‘-f“’.‘élm AFD 2 d e
o ;"j P £ Mo = i g
] | . i
ﬂ-'iul_ﬂ%fl ;t‘.é‘ L E'-ig;;-;'t.i 1‘5_.'?- |-‘-r|.r J4ped ._15,,11_} il
. 3
EHFJ E"T_ IQ:.I' 0 i I T TR E t,‘j' " s Il'.' W B A
18 ;

‘1.9-1”""1'-1 baqu c.:-ﬂmiﬂ:mma

AR m‘l@nw; LS H‘f_;ﬁm;ﬁﬁﬂ‘ mgnw:-eﬁ to Lnﬂ'ffr_,ﬂl "ﬁ"*{-"‘}ﬂﬁﬁ
1,n.xt":' '1'!,{.;“ “1Rﬂ‘¢'—rﬁi %L\MrhuH“ 11|-r-.r] ([#Q;LJ- L,-| it w
| P=Prastune mﬁj N |

\p I =5p ELr‘”-‘ Gn mt_a,a\r'l‘ﬂ 'E"Eif arl T’

g\ €pes m‘”%ﬂ“wp **’fhmwtm a3 F‘a

V= valeddty o fladq mis J

7 = Eleverdtnn ﬂ.]:ﬂvﬂ -:ieuf *rl-r} F’-, N h e a by

8= at, e Hheabay, 5 i
S A R Y

PP ons. é*ﬁm %&”ﬁwﬁﬁwwmw ol -tkﬁi.,?wrh.ﬂ

PR g B ) e g, &"‘Mm md\
Fin A ]:

WSt on, a E-l's-_n.:ia :ﬁumq

i E;; sid

Jodal enmngy Cruedd ﬂvﬁ' 0y

for oy amy i £ apely ey



$ senislio ] 2H -
'TM -H"'-ﬂ-l -&nu_a.}a m\.& (,.‘;21 Epnhu!&LLHI—MEr-, 'TF‘”.l.. -

Q lal'= é'_M'Lﬂ?_ "5:-_ E:;“"'_"'G,} 3 RUNE S B | & '}
For a xMﬂu_ F1aef E';::Irﬁﬂm;(gnq *mfe.-f %15-:&11' -éhs'-l) rl‘l'uﬂ -‘U‘I,r -'-'..|
lo ¢ 0omad — | T Ak

Q —Al = E"“lhﬁ;_*ri"ﬂaﬂ, '——_"'_{iu RN AT
wikiamg M, =Magy, Flew) ruu'e &y o4

Ma = Hlm.[..' Prow rode a4 xfit
We knewn e to+ad £

. O il < ' I a8 = UILl'P-U" + L _-_{'Ilbi  peno | TR
Se - '-Inqeﬁmur%e_nearﬁﬂ E'L- potentioll Enery
? : Fw, F;da 'Q“'“D—'Ejﬂ IJ v:’)fll{ m?:-".l-_m,i'_tt- Wﬂ"d rl
u.m-ua Ay volupd &' Tr 1ogh 4..:‘] N2 -
o -—-H ihi;(u +Pm'||-f +l"2,_—|—*‘ﬂ'19 ﬂ I”n P'“’ +-"L +a’zfj
iy R 6 T II'
Hﬁu £4 Flaw -Ehﬂﬂﬂa La_tantt AHa ﬂlﬁﬂ ‘*Eﬁw,qﬂ-"f -E'J-}'r"*‘
-H.‘,g f_.M-iunl velewmo HAomoadnd congtant . ;I Cof b=
' T.E MI"—M:- ﬂ LY A E er- LS I {r‘l - T ol Y

2n -f—h_.u_ ebove 2a) - E?_L.ﬂ
R MEULJ.U-f) + (v H)lF}LfLui;i‘:j'} 3{‘_11- )j-_‘_{"?

Uet h =04 F"u T -E'jr" [THJ;WE

Q W = ME '-lnj ‘}-( | ) '1"@(_71';"’2) .u.Cuj 3
Drvidling beth crdys ‘ﬂ‘ﬁ*}” | ‘tfruiﬂ Ao
entrgh e becomdld l [1 21 M, “n *5“"-

e B T i ke .'-:("th-L” + (f:-_ 'l_g‘i'a = )
; ... '__.' '= Ak + T E = refn e ) 0 '-“-1
e 2 S el s i el
A = IE_-L l.---Jlm-r.{l w!*?:{} P‘E’fﬁl‘:—'l-"'i..l'f“ L gN N5 an

I'| f"l_

"m ﬂ-.hﬁ"ﬂ" Emim 'Lﬂ' 'LHH"LTH1 :l'.hr'. :
-ty = AU"J&FRV*{T-&Irﬁ%ﬁr#ﬂF'é?Hj}Qa

-
I 1_” 1 T eal o l--.iﬁ'.

Ste o)y =P e % e (18 .,,1'.1,,.__,_J (8 <

m;ﬂi' 13l E_.i:rnprr.ﬂ.llﬁﬂ AL TR

i'l'} % '.|_ b e N T II o \nll".", A

I,‘,l.'H.EHJ’ nd o mu | Eﬂﬂ:'-é}]!. o @ I’*-U.ﬂ‘ﬂ"'l
' dﬂ.ﬂ‘? |"". 1h"l il

ST & SRS ;I,,_: o e KAnakTe W‘a’ﬂ

\ 2 ChAY
| ﬁfrrr':j‘l'?n-fe.m‘l‘fl‘:‘rjﬁ SR L s it posnte
L

;C i':;;j é‘;,j;,a{y)"“ e V0312 g vy my

b sy i ar iy T

Yntal,




'.1.-- "'-'-ﬂ-'- 1 2 s S }

E{:hﬂmﬂ:ﬁt df vitden +'—U¢-H-‘Lﬂj mé;ﬁe;_-g EFIDL%:\

o |

1Ry

“Rade & meuq:\ Ly AUelting = AV 8 1“
Woad Hrongpon ﬁmmww ;R = h> § iy
AU = Chon T epedific Thdlinod .-Enunﬁ: |
Ty <ie :#rmmFeefL ongyy %"?urmhu{u. m..;

“—Lrw ”-&U-Fﬂﬁ)l\-f.ﬁ*-q} £IAP. L 1

@ —W s (o) 4 Bva P h}-}@h"'b) (z221)
2 0-w = N EH(E-J& Chy 02 ) 14 (B) e
Slm w-rv) H4- w‘vﬁj +3(Z.L'za)+#~l l

TS NEVE

bV by |

S 'll :
5-]. Empreoes ex Vo ¥ e
'P m T @ clavece &wﬁhmﬁmwrﬁun 7). Lind
T s A g Teter o S

i) Rmpmwthﬁ Crmprotion = Un '*,L‘-ilj'- ‘

Compred et o reod e ﬂ: Rsr -?'npti.; =-vp
 ren 2.0 4-Lohd= A Vg - FEUUN
""‘Hﬂ BRERSD ot fmod 1B Ak
E=0 -

- &byw _'r f‘-fi-..n“"“:"{ L {-#%q,gq ﬁl% 1ﬁw
{pmm h_':e'f-“Mjﬁj O o = 0 nlj
e _ME‘%_HI.) +(P2. Mg Pp ]_J /.E

e

s

for oy amy i £ apely ey



L]

JEL AR e B | = v, o
! 'Fg'gjprt.n;,&);'thﬂ| E"“‘Ph_ﬂ:l(u_ﬁ}&) ‘i’u—l‘:} T ‘4.‘?’!: od - 199 . & 19
TR, e s s .

—

(5 [ 1 : p b d

- Elg:kﬂlr":'-,_ Mbtox

: ll""'l'll"'||1'.' T

] 1'
: [i:-;.q_,lw_’—"-ﬂy" ﬁ"uﬂ 1'9'\' 5.

I RO g g Ynnp

'I"I |l|:l" ||:'.|'E'_.||l|."'_l.||lr_"'_'.

| DTN S R R

it
-'II'I". Lor. . : Wik Y ona
4% \\F?L " oy bTﬁFt‘mllrr'l |Pﬂh4‘i-h_% hl:"-l' i Ul . "| ||-: ) I‘ . :3_ 'k
: I ayey b 4 ' % o i
| [ {4 @ 7y d

|
I o i U T

Yt Yy e
I

hit=¢s refgny * ! Ay A ol
% "ﬁ ?' N '__TE'-‘ ? ] j.!I 11“*'1 tt}_& C_J:'v HI .-?JJ.: rT r'Fi Ev@w

J:H'Hh"' ) r-7'|-;1.r, Yy

tﬂ\lhh:_ﬂ T‘?]'P\L'_ﬁ-i- __"_'_t:.-}.‘a '.-.'q,r._ll: vy r""i.'"ﬁ_l_{ TR _-I I.-.‘.I- i -:.‘ F

VoA A

L3

Rate & kood frontfer)
f‘rl;‘l_lll.ﬂ.i-rﬁ_i__.' I"!I -

for oy amy i £ apely ey



; I:.-.I O | @j i'__. i

& Sieam "Shilsr’ & Ciphidetng GAHL) ri"uilhvf!!'-éj csﬁ-{hw'n'}'f;
and :;':Ffmj—_';r#c JEH-TH_:LLH #f 560 W:T/’tj an' ol
af.gi_{ﬂ_h'ﬂ.b b.,}'z"f-fq oY uquiJE ,S'ﬁ '15-!'-!:! Mfﬂ% EFJ ‘ﬁfFTC

i | &t S Hood! }msaq.l *ﬁe.mm
:ar}-th:r.}{p@ _ Qngn r;:r/;m _ Hoond |
rf-IH 'f‘-ﬂ.ﬂ.ﬁt‘:‘rngl +¢. ,.;.m gde‘Ed
a4pb %lﬂ-} % "'f't"-ﬂ— I‘-#«@.ﬁ_n‘] ”#?flbml "‘L&.ﬂfﬂ rﬂ E‘QH“’\S}?'L,-

Negtead +ha cliangy of Pn+anf-fb-L .E,nmtga

Fug +ba FE!LH:I.E,H o eved spod ‘:Hf.-i-hﬂ_ asebing .

n | Ap O ¢ [ il S i
%ﬂ- . G?T'Uﬂ.ﬂ {:L poA L I:..
=4e m)g 10 ""f".'-'a s aL” = . ].
LR ) (e '
EH—ILUMP'E L = 56D Eff ;
vy , h,=236248 h:‘/%ﬂ LHR‘W '—Qm Il;"_'r/’qu
‘w’

Q@ =m0 w&-/nu-; :%ﬁf__J_,] ®

-
[

=

|
.|;. i

m’rmﬂ n!— Eiﬂ"'fﬂ ‘qﬁ'fh cre r_i' ilTlr | [ r :. I::'

h‘:_ "f'“f%'ﬁ’““’ “3958:
| \ 'Vl.ﬁwj
B2 = m[:,g. .j;n Q_'L_ )

: WEITORN X Do

Ly Laz6Yg.ys KW= P

~uic 9k
7 R Sy o4
el Em.

D i LA, e



Q%SJ 15 L_D:-I-—lﬂ-'?-i}')

i o ff) it [ﬂi 1EBA:Pg. & ARS K 78 ﬁ_nmpmﬂﬂiﬁﬁ'}wlﬂ
5 %\_FD‘Q,-PB.. %Liﬂ'ﬂ"‘i* mma&{ -:fi'lam i-l:,wf-E :
Vt A 7e | 0:02 'QE/ R\- w f""““ ﬁliﬁjﬂr‘p’ha’,, .
R B o M P"ﬂ‘l’—iﬂ Agscming. L‘ICJ‘-M,?Q
-rr) Pn+—En_‘!1g,g 'E"‘E"}JE‘:!—;!E E,n?_xa*tﬂ_,l ﬂ,ﬂ-ﬂ .ﬂ'. .Ll.ﬂ]"l'.' r:E',
10— qﬂ-ﬂmmﬂu -{f-u: neceessary pnm-la,rr 'rn'_ﬂ_t;i_j 'HJA :H'q“-f-l
= E.ﬂmPquss.nrr ; '—_'_H_r_—‘ nﬁ*"'I L }.
E_grg‘»T GrrrEn t‘.‘Lﬁ\.!)1I Sl ]l ¥ spando 024 Foodrein
’ 5 F] -—tm "'Q.. Fd' l F;x] ..-ﬁéﬁ‘ﬂ K‘J['Jﬂn*‘ b4 M0y tal b .I 51'{;‘"

Th=q@ K., ,75 - yEOBK, POr . J. g3, L3P
i - 0.0L l‘:_‘j& 1o Ty .

I||I.'|‘| _"'||I-|--|' i N lhlllj - [I‘l

—R= ~le, M/,ﬁb H

. - Iy 'i'_ _”n_'r J!}_i-ilﬁ_,l.l "':_']. o L ¢
At ‘I‘_'..-'.;l' . II'.-*‘I\.I"’ I'"|1 'I;': _: : i i i

[, I*
S ---E PRI
B il T CA - P44 .4,”\-.1'*th"" W S

Fn

i' I ;
9-v3 = AL +4 pE 4

-“LE- NBH apag g = A2
= L""- Cp CTL I‘ﬂ [ Pal= m:n-;' ﬁj?‘:ﬁj;/ﬁ

-ﬂ‘w,, nud(ﬁmflm) .-
') f LTI' l ﬁhgx‘!&'ﬂ_, zlmf{n, k::r/r H SR
: T"i'"-:i - f“ ety o I!IIL! | o | ;
= b -5 -13.0:§ ?

= 4R % 2 “Vﬂag PRA ot -y,

T-'-'J,-P_ ﬂ-“"%ﬂ@l‘r %) ;\ .1_3;‘1_ Rm Ly ;I_

r*"ll!“ |‘I'

w |
JT-

o —

! ! = bt | .
: | q
¢ L G F | 3V . o o B
E':l'”‘-' ._I.'l ; " : F _.-"' . | 1l '] ._'l 1,_ i 5-. E.l;_ r _lll'.l g .. | .ﬂ .II - -H_]': L] 3 ‘\I
hed S |..-J e -:I 1||-|,- i "'::L"'-'
3 .:: 2 Aol 1 j-J EJ . ". =

S vyt ey apely g



.Tlllll‘l"'!'” @) 1
ZJ.KT#{T"FEUJ!T""? ,JE ‘g,f“‘-" LR 5f Mmmdﬁnwu“lr

ﬁn m || K] J Wﬂm}xww
[llj Dwuna '-F‘lus Qﬁtl"rt P*ﬂfﬂ_ﬂ ol h.m:ﬂ et rdlngfe !
e a.lmﬁf Lireec-fiy Frr.npimenmJ +o +ha- WWU'@ME

11N ;
h&u tn r'rh-lk |. Fruata_ta - dlbie s S n'rmlpsu an
rrEHmH-Tﬂr‘_: on mmqu <, wildeh Fhd |-:r:,nrr¢ﬂJ |

il t Le 'l Ky

atkeved MO oA & Vol o dyande 44
(H)l:m oo o tieonsfor 40 o iul_m.—' Er’ﬂﬂﬂ,ﬂ Cﬂhvﬂ.mﬁr&“’
't‘*nh o el LME:I!J\ I"""3iﬂ“'h""a:.l. 1.-'!'1 T}"'n+ PMFTE{Q" i |l H

“Eﬁ,"&n an 12 drde” Ly sk 5] I*r 08 C“ﬁvert*hv{" -‘rr"l'i'ﬂ- |
km‘Ehe-ﬂa +Hmnﬂh an) Rlesdnit, m*{ﬁ |

%IJJEJMJ 5 g "
@'IIF 1@ I»lni‘ ml&::.s ieLf-% Tnt‘iﬁmm;m

|f‘|1 || ;
T aatmﬂn f_rnn:rg ho s ”EJE ﬂ
’Jﬁt&m! Sy K én_u Fru:cm1 S IF"“‘
Fo hoest £ha nul ™ tad Hsom
{ Obx - . ,-“.:‘Di‘ g"]ilﬂj

j’lll e

.”jm L{g.m H’ii”""ﬂ ed T W

(&rmqq I 6l N,;wllbrl.,"l‘{t — - .t

f'\-"_“"}#t_,r M[jﬁ‘* o ——— |

Gelancws swamﬂm fe o) 2 2w Lo :th: —

g4 5 tMéJ" ot ‘f'[ T'i 4 Ihfﬂw g |

: = = 5 a G—HCJ“E oz - i

Lonpd Jeuttl +hﬂi1_GFM"E" n |

hoat on can Ant ke 'f'*t;ﬂ-ﬂ-"::fﬂa‘f Hfrom a|fLowd

'{‘EhFﬂH- Hrn'g“b Ih]a'gw"r\ I "'__.!h; =13

addition & oxdornal ﬂhR{. e S ey

i{-ﬂﬁn (Hr:mn\ ctademond L

PTGy ag s DR o CRt Ay mpetdi ble, £0

1 nz.:f 'rr;-, a
Conctresect an engrno g_;:.h_m_,lg cokile r-‘-‘rF'Q*t
Ry -t EﬂjTﬂ.Ej ot CMVQrL{“ an ha T ade [Hﬂ'r-f.'l:‘j

ealrlo Excﬁ.ﬂnjfna haad efroam n,':wﬂie 4.2m tLrep
el 0mme VaTH,

D i LA, e



@ : ][_ﬁr-:ﬂf E"i'l]
i '.n.'b.'... % 3
"I'"'I.'vuJ: El-\g:-:nn_ H_ﬂ.tuvﬁf' *'LEEG =F'U"": ‘1 1‘"--'3’-’1 "'EmP
rt{ﬂ'ﬂmﬂl‘m*b ﬂ-ﬂﬂr ﬂﬂ:j‘LEL+£r \w F 'HJ ﬂ' M 1 %F‘. |

LRI RN B Ifﬁ
FORORVER I o 1 a g Vebibbcoros o {*
r%ﬂ_ﬂﬁltu-b‘ﬂr‘ QT‘E“—!—FPHTM w?“"j&rﬁa’ J;’ C_M'l _.
AP ToUrg b Ll G s o P
T+ absorbs kﬂ-ﬂl—f < E’J“"Q-gj E‘Tfﬂ' &
PEnIVALY Datpan Yy At me e ds ]-rﬁ_ﬂ (eh (77)

T“ﬂkﬁﬂ“'&ummﬁw AU Syl sty pfek

D) SO A 1(I]+ O o &'H'kah&-hm.{\, bpd_\&ﬂw—r-gb\ﬂgn
-'L" et ’?ﬂﬁﬁj\b}d" ﬂ.ﬂjn“l.m:|~ {fL wﬁﬂ-ﬂﬂ -
J.:[.tﬁ-\fﬁ?‘fpm C"J‘Wj .ihl—::rj.lq g,_h MELL_I"\’-F” E 5 - F
bR | Mf’“”ﬁ(ﬂ A" 4. & g,{'ﬁ;’;.,{u W &

(o SE A TN S URTE ‘l"r

i
4

R € S i e
T VA e 0A Y ann A o
)
% :
r A LS oL Y JJ
5.':‘-1—?“ 34'51.1:1 ”-,-
| 2 VARRLIRTTRAFTP R - o)
I | " i . iy
: h -':b‘ﬁm ' A 1
S bl i+ 09 O B le e
M J;f-uniﬂ 'nﬁ;{

-'l—_,ﬂ'ﬂd-mﬂ k TN AP "'“1""-!‘

ROl P i s
LY | 2 g
L]

ML LTS R

éqjs 300 g é{ﬁ‘u.gmﬂn'r!ﬂ ﬂ-rsl"?-ﬂwp poudRt prown

-_,'. '|'.’i'|-|,f.|-|, "'.J.'Ll.-!l L | |.-1' P
f”ﬁ-mu} oFntt onal "'..'Ii | wersnn boa i
':I—m:llﬁ'.r:.*"-"'lf“""]‘ M2 1 ey lll'-"‘ﬂ-'I

RTITE =

Ay -
"l"lil Ty 0k I h-""l'l'\nl"'- "I|
By B
‘.TT’ 1.'-'| i |]1'. T F‘*I '!Illl .

i
bn,,\,.t.a N5y a1 ) by

b
S LT W —

b ymmrepd awq o apeily g




% Y < -
h YA " p R [l TR ghunls e 3R HL
_ np.'ﬁl-"”'"""""f_ﬂ-l um?rrcu,']'ﬂl ' g i |
.IJ D Q=) Th I S A U TG L A R B X
H
| -:|1||:._:. N r|1 a
S PNt
i Wl
HE T} et e 1o Feaiay e ed
':'I] LR D )
vl 21
Lawd "EErnF |y | ..-';l
rogerevatt et T |; R |
A

| L) Cebtmadte diogrom &b heodt ana'tﬂi;

| EIH. g . !":I|

I-—-—)”-Eu.:f E.u..pp*d L::.m.n_rr_cg;].
il;hﬂl ':"'Q,_'H-_[EL (R TR T Cl ey e hg- .

o ) | TN I;F]l.’. ; tﬁEJéﬂeqﬁd’gnR‘)
[“l.ﬂ‘i.'_-. L ¢ ! EHISH - ‘ vk ows

| '|

|
| e ot
;.I- E Q CH{_E u.r,t;#
3 T3 ﬁEfENgJ +ho F’_.I-"iﬂ_ltﬁﬁ ':fru-m a li\?_ua'a) -LEmrm:&r{un_i !
“’-"“H'hu-wenjg ol -5]'3 haot Thit WTW# '*A;-ec;h
. ﬂj fé'fw mm..ra-m

Heat Pum -
—~s -




*@
=T s a qlﬁ-'-"fﬂ! ﬂPEEM“a N e A ‘
Uhd_;h&

clL 'E.'meE (mum) hi(jfm_n Jﬁmpm:hm.ﬂ.“ 'E‘h.m') ::’t

ol
IUPHF _ Head E.LI:FFU'L“L “. I. J
: L-da.—uq:. ™ put .- vl "%;_f. Yok g
. U-E.J;F-Ft,:qn—i Gf f-ﬂ_u#rmnqtﬂ ,',.;If.['*{’l rr'r '_]r i | '
Wy d
&L‘I‘Mm" *l:“ : '

Fﬁﬂ:': EIL‘ +4 [ [r e [H-u!,‘_-l. rl P

‘ b wiaumg o

B A 5 - T et 2Ssade 44 s &= B

KE-Fn:IjMAJNt" b8} ! [ N
D+ s a daveee qpa-r.nd'tna - ‘1}., V—H-U-E# Flia d

metintaint a Eﬂdﬂ'-. Lowen, Hamparafuse "“'Ll_l,'l:j' a '&'unmw'
[CLH f:E-Fru,gEmeBj Spm@ u__.["ﬁ_ [ |

F = 0ol

|-fl'u,.': 1% O -. |

& P
ﬂw -IFM%LTIHH LEN i

'lrlw - H.J-. .I-.,-\.,,.-nr:l-.
- Vo pacyry | . o
[} (T | i ' y gt g -
&HI 127 Ny 14

) Beatic l:.thnﬂM"l o a 7%'3h&4n¢
,.;1.*.' Y ,‘};)

j } -
.] {J.l:-.l.r -'L'ul.t Iy
{ “»
I BRI
1| Pemane A Il 1'1"" |I

W |

S vyt ey apely g




H"I J}-""|.-'-| O 5o
L Ly %8 L] ‘l-E '-I#Llﬂail 'm'll Tl r[-.j. ||."1 r-ia' oo quJJ Fﬁ._ =

._:,':I‘ H‘If’i '.llf l_.'. f_1||f!1-|l|-.||r. rn]'r]{" ’—\.-;'

':ah- 11"!'1.11” r'ﬂ!l mis | I'!j.ﬂl‘

: HT”HH a2 I fj;l”h lr ‘I,dl L
|[‘|"3'{ l':.'l Il[I. 'll e L b [ 1 - I||'|' . - _Jl||_.l‘.' _I'"f-"rjﬂ'_r‘,ﬁ".l ' & I'| I+ -I."'I

: 'JHI.';'I-':T oty b wnk 2
(4 bee

I|*" taol sy L '_'- bomn =5
BAR '.r i B ; 5 ezl s |yd- | umi. A d =) yi- reod
) fdgmatsc Liagran 45 w,;aﬁ i
o = 4 | -v E_I 4 i (L El:l_-*r"‘ I..d.- ﬁl"fl Fi i ;
R@F)E\ = . ﬁ ik @c e

m"’"—‘(‘\ ‘?ﬂP‘f-l—f' ) .I""“AI"!FT_: e y =

i .-I;- '-' '-_E.:' _:.'T F i E" I]-rr_tl.;' - l_ .
(_E.HPJ /::.: : RN, T 1 I -
| ."H Q—H‘:m-f._"-"?"."- 1 R 1}
.."

M,ﬂ hoad engna operodes ona Fnnot ilo  botuemn
m an .sfnwkvf-:ampwzfm rf’ E'Hn‘.'_lﬂnta[ iﬁ?!c
nfnspgdwma LGP ko hasd" Lengtndd: 'II:ELCEIvQ_J YEOKT &
hasd freom gowrc? 'Fﬂ'thci‘fHT“ﬂ!t EEFF'-"LLWP'}Ua Jned o ‘ﬁﬂiﬁ'ﬂunﬂ_

$H fand pjemtad e FUPOY o)

¢ Lan a0 |
‘E.;P.-w' Gwnn dﬂmi]'f"ﬂ gg:} .:'_‘ Qg-’fﬂ;ﬂ-z =31Y } :
| = A0 !
5 e=,57% E F&jf:ﬁﬁ - 5, wre_“} |
. Qy = "f‘m RT

=1 [ |
m; [1ﬂj '

W)Y - e

;}w:}_.%%’.g-_ﬂl{E ‘-{é’”ﬁ’ = (1™ |
Ay = BB o yE SWES - Sr i
m[iﬂ qﬁﬂﬂpiﬁvﬁg

| éﬁﬁjhﬂ?.. L i
l«m—@u S TS
M= Ry —Wlagd = Y480 ~IR8 = 380K T J

for oy amy i £ apely ey



@3 @) ]M 36 € .'-:U
= n houselhlq  reepreligercador IWMm a tpace af
QA femporadura & 0% ., Ev trmig, b daor J
ﬂr‘-”é‘# wasyn  modeniol Tt Pl:u:{gf ‘Tn.iltd_ﬂ_ '
Tﬂ%h_nd.uunﬁ &n avoicat ﬁm-g-;rl.gﬁ Idul:f Mi“—#
m“-‘{frmn ﬂh!a . ] f‘_kﬁ.l\ﬁﬂ_ '*rn "F-@-'?FMU*LL
ot roenlyonadon . Tha deon ty dpaned as Hmy
a iﬂﬂ and +ho ﬂepmamn{ﬂn ©plreat ol at 5 of
fdont  Cop. The Cost of fﬁé [RuRSI B &0 Fox R~
WO oot g . Hhe mhﬂla Ir:wrn -H-L“ rcﬂ{‘—U mrf:)

Thea Sdmaping e 'F%mpwh _,'j" e:& zr; .

=
2 ven dth T T
"Tu=20% rfL*:Fz‘f'é 362"

Te = 0% +1:+'3%—' 2 l\

o Qs HEORT e R
" | : Lt | It = 1 LEid
EI 1§ e Hmf'l-itj‘{?-ﬂ ¥ H‘."| o] -.-"I-| o R [ \ P
W i - Y -] ﬁml— RJ .I v s .lf o ]| ?.I : ' n ; I s . IE:
. ot 8 1"‘|'.I'J,r

ol G .::LE-"*E’C—“

sl \n . i
g 11,_#1 o4 o 'i' ity b
- ‘3"53"‘:."-1'T._|-..jl.

i \ |

‘|
1115

_' - 7188000 e )
= l-tn '_‘iﬁnlifﬁ‘ﬁ'% U e "\','\T fi

I’ ".1,1]:- >, .ﬂl’:’!l % i
! W el



i (35) »* '
seiater \[2 BRI IC Cnit :mwg}&%mibﬁ??\m‘)

Qi pomn Sonauina = 12186513 . 06,63 affhr

L5 mu}nm -FL).H&-HE'!IIM#'?-& Qi}é'ﬂ"g&?ﬂ?lfw

1”_}1]"}]‘;‘1 -.-'-.!I‘i'.i"rllﬁll.‘ h,l'-'l! !l.."'_j! 1: |'|'.ijl'l] LA Iy j-.'

- 1
he Pd&i“l'r' “"{F" J’* "'i'.\1l-‘31[.‘ oy se teser it yinA R

ﬂ r
SALT R R E S LR N &)

2 B“i'”-ij” 60l oy B GERIAD ban woels (1G]
I : 'f:l"'-'l-lr'j’.-",[ '.'|ﬁ-'._r.r-| .ll"tu;ﬂ"" r]"l
f
t,'.rlﬂ:-"}" |.I !I r:la_]hrlf‘h ] l-'..l..l":l-.l :1" r-.llll .
Foeonyypem s vy +ahadn e AN
LD (hvem . 3OO0

Latd Ll‘l_i.l.'-:z‘ k-':EJ-H n% 5"

~ Hrany 2 H i3] N LR N o Jun k)

| i ”.‘.l'l: L NS _n-]“..l TR Rt 28

- _r _.Jrl.rlh .‘:-‘”I__":'

Lﬂ'ﬂl'l_:-uj.“[_} ,p;i;: n E-QL.J.}\:J S’” SIS R W, I
H&"&bfﬂ"\:ﬁ czby s :Hj'!-rn-w-u[u-“'li- b b9 D Yo Lhodemy B

‘.Juujtl "5‘;1 ’Hr"‘h-'hf' 'u hjr.m\:mrl,:.nq -i-l'lfu WAV Y ] R AR

| i [: !|||"‘¢' 1"‘-1’"“"'3 -||| ‘:1— P ALY,
. =k
] L"- I'F'ﬂrp ! "‘f!
¥ o] T - I. :.
‘.'II 7 l.'::l jl .I! ] h:'r\
1y o '__ i ll |I a L
| \ IL— Al = J
{ i y W LF
Lt (IR

o ey wvi B Ay prT




CJ-I-.‘E %LBPEJTJL"E-[ %m;' lf:-fr ﬁ?-én.ﬂlu’.?t 8#““:
1E-I'|'ﬁ' ;E_l'"."' 3"?!#:“‘ W - mi| i ww

e
‘jdﬂmia,@.quadu_—b\ !mm] m],nd_ar et
T dunl oL whkan <4 kﬂu +ha '-f'nnum-t‘ha ':fmw"'

®T4 kot no malociulosn Forces of atiractton on
0 ptal tibn,

@4 aser nad change T+e piuuu, diurdng @
Phreomadupnomic protest .

@ 74 oloasy s J:aﬁal'.es Lo M{r.ﬂ foun'.ond
ehoroetorled—re qeu @pwitant

A Zern prasiune adl reosld JoiLg bo haves 04

fdals mannar » thed Stede calkg tdaal Staty

E.n?l}ﬂ& E..ﬁ-u? L,

Dt crarer Hand wohan @ Gndgregoed
A prestess od Conttont 4@mporoduns 245 - Speel-fic
Vbltamy 11 ¥quuEJH preo pesthtdnad 46 dotolud@ pragtunt

W n{—l—- (T= Enns+m-+)

.}lp‘_—

|

‘g | EME.—:{. ! I
| L
ET T,_-Pv=t
N RN ttede-g
\ \ |
L v :
N — - .
me \

U a gos changsd ™ Ttede =frmrn PV, D P, vy
without change 7n ! ke 4'«&3
Avi=C
Pg_vl:'t
I i | l



(3%

ciothotemedl pripcdey . hpess

privced) Ot - Cong Hand +£mPW"TTFL C;g-“:“ﬁ
(o 1R : { ] :
¢ il i L r’

 Eaipd” feofhabim’ 0N

-r - ¥ 1
l—ﬂ.!ﬂ'l' e !l_h[C]‘fJ_F'-'-' PO L i' - f}l,_:.jfl}":* b Lal
!

M ¥ F = |l _
M%Eg:fﬁﬁ” |r1__?5['%‘% 'ﬁ‘:ﬂ"bnsfnfp Let” Cp ? Cy

(\ [ T ?'\-':"\_.)"\.N W“‘\-F

il R eI G T 7). appg i |

Tad? P* I 11 . R ’

L”g‘ﬁﬁﬁéﬁt ‘dd (Canatemnd ) pREMA R Jf’,ﬁ’ﬂ"ﬂfﬁg ﬁ)

Cvor sk o RN ERE

wE R-ﬂvmt— E!ﬂi‘H. %‘rﬂ—l{

5 Lo d PE&FE.H_&EJ’ r_J f‘ = Tf J:} = g
@ nazfells Lown—oT= Lﬁn-ﬁtﬁn‘]ﬂ‘—#{r.ﬁﬁt voltme

et

14; a ?-I- i)
‘."u-.tT:ﬁ-_':h?u ,,;-":'.,:_ﬂ_ % P"f g ;
O Vb(ﬂ'.‘u;q.siﬁ-;- =

T =g v -

N




' A=
T\%[ﬁ@“ﬂv'j—%w "—’ﬁ‘“"” MV |

a&_’;h n [ 1““""! LRI v b 'l,.“,-.r-” 0 11*‘1*-.:;-4;'

At Cematend ovelkamia s wop b !
) ; ._...__-( I
;.1;'1u' : Q:MCqﬂ.T iy Eﬂ( e In'\hlL) J |
e -5,“" | wmk c:uu Force @ K Ut plat@ment
R o e N . A
.I._| i P x"fw:r' oo -_‘:3,—-.|'|nn1\"|

D fal k@ qiaan ]t-«i Pc‘:l'i};fmulpu;w_lﬁi
S Al = PAOE ru{(‘ﬂ_,; Ju Lmnmmi)-{u
rﬁtmﬁﬂw ﬂﬁ“lmﬂtfﬁ ' t’x)ﬁw

r,m .:31.-;'“'

_%UT J‘-'— !1'-'] ,r:,--.,n_l,,] "'_3}' .

-—} CU ﬂrr = -&U+ G 1.' AT j 11 1,_." LN & _El L-l;|
ko SR e
178 13 AN F‘ —-}‘ 4'“‘" (:'ﬁk".ﬂ‘:r/l E h S TIE e ¥ |,.|';.~ Al 1|Ill'1l_|_qu,|
I

Feghaed - vt g

L Iy (e
I'{Iif‘a‘ r i .}q-'b '_cll’ll."':‘i'"+‘¢"'Jllrll"'l ?Kﬂ{“ !-ljllll ANEY "";-r )
| — o) =mCp AT = CP&T ( =) “’T‘“‘fh})‘_ﬁl; )

W o= PV tB0) 2 a2 1)

Tﬁ{i@+.duq‘wn[ Jant o ;Hfﬂ'.‘ ﬂJJ'I

| ﬁﬂncuﬂfp@v-——?@D
ﬁLD “cjm RIS Y s A ﬁ&,ﬁ*

§ R h‘F’{"’f SR ?F’M"R;Tu "*
ELETE Ry e ..;-“H o pAvivelpz RAT
— W"* -

?u_,f Hal valut Q'U

Cp &T, = C?M”ﬁm

R T A ol

- |"_-|




i 8 L
W L i,

lefﬂ Laner * [V J"']H

EH S
r.rj,“_”ﬂ h.rﬂ.r+GJ.,1+|k lff_(ﬂ:ﬁﬂ” 1{"3} _F_,-_,,‘_p_.-m.nﬂ "F'TP*'] "TH

sﬁﬁmﬁﬂ_ﬂf’mw ¢ (L Ere 1Y pwpudr-r‘hnu_h»ﬁﬂ

ot abislude temper ot r:mma_\fnu T prw
: \,‘ngf.;ﬁ M%:T,_n ' ;-".1.31.".' 5 :|”||1 T "| ,1" -

*}L}*ﬁ‘lﬁ‘p""@“ rE'_ ]'C,hﬁﬂ-t-cm* “ ef a‘fFfi'.ﬂF'EﬂJiLr“an%:f%Lé
Sqtaped A \]C‘P‘“‘tﬁﬁ'rl{pwimhr WEERLEY-

oy fen o Tdgat, 9as duk e sa petant
X Hﬂw-ﬁum Vi T, @vgr:,_ | 9

s 0 S S () VI

'E-_‘_'-""s-‘;:'ﬂ‘-ﬂ}]ﬂf 'm LJ-_F:-ll YO s Tl TR L RS i S 16

UI—H&’%} lﬂrl-mleﬂ Mﬁdﬁirﬁﬁhﬂﬂmd#eﬂpww
Efa-tuw 18.A.r-_ Mﬂrmwlﬁ :w'f*h!

5 LINER:S *%EMW 3 @4 Contdand V.mlg_qt.m.

L] ' _ 'E”E‘ PO{T} | ' "-H:;kg‘i_r-.r
| dheal P
A Qe D "_? ATl (g8l ¢ ‘TTI Oy
. Tauakhab Lt
”‘U,f‘%bq}u Jq I "mm e J%"' bi, 'E Lff;" V-hf‘—Lng ‘Q

For an Ddood | und.mj a1 tand
voluma Hicom ﬁ,}t\q bt ‘J

How B :
] T =P P rap > 2o .'rnr v pavalk
[ ! !-,

'1'."1{14. S, (D.=Np.0, ¥ Iq| TLJTI"'{‘__‘ B
1:{.:'"',"1;':! ;{1 P, p:.'{;E

R ! anyf o apedy mrerr

] D4-ge 29 N
5

T mmy'ﬁ ”+Hai:!“" 2 Ic{ a,‘mjlmchqtﬂ“ﬂ qQ Pmﬂteﬂ

‘



i T .L',--II_ ll,_--r wp}.__.' " e
'_ﬁ'\!ﬁj‘ic'frr.n".s Lo ® o~ LTTERT A

L] G e Ey +w e, mpjgcilon mets
LIy panpRel Qo828 00 pTof e, F-‘ﬂ:ﬂ:‘-ﬂ- olam

- o VAR Al iCandl tdh < ﬁﬂu Preg. 0,
i n"'hlci 1mem Tl I| A e 1 :||| r'|f~|f-r'u"-'|'b'- l

T experfmintd g hsuo +kg,f‘{i—l~51 *i‘-'?_maae
Wmm s dwmsle Por any pORAadt g o

Lo T7@a Q2.4 3. ”’X\W St At
T c{;uu:[ mutplard |
Praetuasg, Q 632 lcw-u) ﬂquI D ("_CM*T.D t}ﬂdu!*{in

e ; I )
b R B L
|' M _~ RLIEE-3 % LE '
= P13 ™ |
Datton's. AMmE wau Pprastios 87 1)

(e LY

T %mﬂ f]-f—k_nh_:f'h{-hj_ g e W eirof-t ot pMum
of 4hp’ Ln1¢+lr‘+m+~="*"‘!“ “*’“*‘“‘—*‘ﬂ
. egiimd et -Hiui o ol J#ﬂmﬂ;tﬂm ﬁﬂ"

mox AR \
3;” The | pe & -r-:x.l le:_uj.lu-'tltl P1 %T' <t UMPEM%J

-ﬁwa.l *ﬂﬂ-l ’?M*,’]'“ﬂ—l\ Mnﬂ' np ]rrHe'me}mf

1 ot '|':T) df MWC‘U"}

R B T [ abt: it
-P"t — - : = L[EI TV {1-‘1‘.{'.“1-,“ -

o .'_lt . 1
.;.-,:; anl gag eﬂ)-msﬂ-rb!rn ; :1 | “ i

= I":F-u,T n MH([) e gap

4:>-~M

_7-PT~")W - 4]_

for oy amy i £ apely ey

}

Us-?na




“ip!’ -‘Faf Dphaladdsde rop 1ERS Mot 9. VIO

H'u i‘j_fui.a L

P th|+”L+ﬂ$+ o~ .'f“”!u!?\‘-‘-IT: T

L HM -.-'1|| l‘f1 o T4
Seo, P-= P ",-'PL "’pﬁ-"-';'|+ .!T{r LY .

“'nl' 1r'|.|ﬁ

Gaxg [
PN e e Ly
Fa ATR R A P

L_'ﬁreﬁnwﬂﬂfp +%‘-‘=ﬂ ,"f, 3 '_"“‘ Proagisena
-|-E‘_rq-PP_rU:lJL|.r(TI. F"]"';'J. ﬁFU}J, 1 "“'{E"Wrm 0. spatbs foneg
T“ Rrbydn &)~ w#b'ﬁ U IE{_G‘-{'EﬂJ T Joag Gy B i [}

o —

I{F (MJJIFL[E-'V T) =0 r.ns 11n!rrf- tH iy '{ Al .-'nJ -

() buts 1 pr- Cm) 5 Y 2o 1Y, /= B (B

l“‘E[- flal.r*il?c h“h't"""i-' 5 2T TR - ved b pbal

lesimn_dem.u{-rci =4 g.f:u HM{-M}(R'} g B
e O oot - TS 1‘

* pems ckignoomn lﬁH&m st a.n“IdJ_u,f.
I‘."Tl. | - B el i
'3}!;4-44 l' urul_‘, *}{ﬁpw :s:'.,HE} EPE.E_#FM:
Vlams  varuy [ e it st g ! R etharnd form'sy
5904, @ quusdadd Ao FLIY mﬁ frzﬁm '.mﬂjg‘s Fes 1
%‘1 ‘:-‘kMJ"E-E}IJ!-}‘p'LTu 1.”“..-**”[} ‘m“ X I|1r=-.nn|| F'..
pael
gﬁzum +laa *E.-brnb'rhwﬂn {ﬁ betl *‘ﬂje’“‘{"‘hﬂﬁ
wp aé;_!.iﬂ. ] nd %) ;nr }..-.15,;.,:,” il ] - “?E-;‘ 6 ”'f.lr L

v
q I'F}r'u"il v ¥ (g = P‘{
LV of 5ok T=Cuels = 4 4n 1l

for oy amy i £ apely ey




NS

Wheke ,.R 4, :pa_m{l:tt (G et e\"ﬂ‘m{‘b@mﬁ‘dmm

) + (% ] {
g Pﬁ.hsmu}; pn.a.uum_ "'”' J ) 1|
V= E.pu_L,C'r?c , Vo dum § RS
R Hhturt_uf.ﬂ +E_mme’FU-"LQ+ 1:q o8

m J&qm;hnr: - kKrowin og Uﬂmkqd_:lwﬁ TCsy
3NJM1M r:ﬂarrcu% w'w\ Iy

Fore | 128 Q7 B mm,.; &f ﬁ'&{ff-&pb}"ﬂ %-*urt-ﬂ.me
- .+|‘,uu; -m ' 'l'-ll" \ Hy .H’J.I,:Ij'}j
R 4 mwrmﬁ " M[(LE .J)“ nu’”ﬂ? "{“""‘s"“l"-j

M MD[-E_LLLLM m, )m;!l-arﬂ BRI Y {r'-.':_l
Ualverg ot th‘: H-?..M{I:*I'u.a#- '{P&,n_' 1-., T

e AP A '
- Whay +hﬂ. mnleu.tm fnm - &f [&a &M(MJ T.S.
malitpls 1 me{l-rc_rﬁ cilg "Lt.hnn‘l-f-uh-f- LR,:)

than AL, '
'pl—-:,ndpﬂ m
Ny S ey (MK) Ts 5 *”d“ Emody Lot

- Eul&u-mg o SO SR '_*" s 3

TR L, S,

Q{:au EI E‘¢5+iem R\LL‘ . E’W/ ol R
Ckﬂu;_‘}eu:-'l-tc 3:5.] m:m% '[E:,j \ h“ ] “\F

| U 3|y
“f b pa BT gl "-‘JM'FMJ SR Volbidg
Tt cUffenand For Uiffengnd ¢elilog o1y -

o e [REBE o

Tr

']
._-"I‘. " o

1|]I

L-ak:um Ru,umvm#i a—&& uum} q~
M"“Mﬂi]&tﬂlﬂuﬂ mm my i
Unid st R = Riy) g, B BV
N\ } RN !‘w-qﬁ'}-.‘n..""(

L TARA=wvd 4o

for oy amy i £ apely ey



2L
chm-hrq,e f stade & on 'Jclgm_ita:m__gj;qll—a ootk kool

'ﬂ; < et 3.2-.; e bbb g 1PV RT *;Fmrﬂﬁn
Tdaad a"l% \LLHd.ﬂ.rtjuﬁ-na c,,h_nm&e st €tato '=F4tnﬂ1

1”,."[r.'|r i 1:

rrj.i'f.

BvT &) F—lw”'}” Ao i oo i 1 e

ad + ha ﬂf‘l‘_Ln"P - = PV’:mRT} ST a L L

[""_>EL-_L-"[ IR\".'II'-H.! 1?,-]'”1-”

ot f'f@»’gf-'l 91 T P'*-’s"';'"a. ’_mE“TLI u‘: P 1|r'r”

{ | |:. 1I1l I|. 1 "\'\—.'}JE;L,.?E‘ _'E: YT[TE\E L q‘)

. r 1.T:l,, i (.1 -"l'!'|.-r- ER 1\';4 ._-_-._._J-,._i'
'Eﬁl.l.u.\"':"ha -H«L’ ae tg:,H_}- %n mg_ﬂd; :

i J :.. 'l'|l .I-J-rﬂ_rx

|"!-:.I

i '[ !.I
v 1% ' |
A3 Flll'-f'ujI - P}r - [i B VY PYRNR IS5 P A W
P IS L i

JI.'I
D4 s A P?ﬁﬁ_ﬂf f T .ﬂ_J'mfllfq A0 I Fen p»n,qlgin_ai- au
I TR e j'I i _;_!
Mm/-ﬂ:ﬂud*?ﬂ.ﬂ‘au HA 9™ “I_fi,{” - Ih‘ 5 S I

A presca td rm mm&b +ha 'rnw .5'5-£ -I-er R grtem

ﬁlEl".l"'l' mal e5. C_#.L'Io_:i‘ h.ﬁ],nl-r';ff!hr? PrHﬂLSLLI .

coulionbiant tent. paign) |

5. pulﬂr-]-ru-pz_t p ratedd (Iﬂ 3"-“5’“‘"{“\),' _.,ﬁ...

= (8 jgg—}%% E‘F—I-Lgf_ﬂ.f] .1; PR 0 TS T R R T "I'"!.-'rI
Aaw' Ti=lc ok tpv= I e |

L P."v'.r PV f. Samnkas

‘f;’-"bw +“W'f;€ﬂtkﬁﬁ~hwﬁ wim('ﬁ:lw’)* ba sl |

LD A 0 I‘T“‘E‘TT’MLP"'}PHDHW- ot Oy |
. d

LhE ||

S vyt ey apely g



._,\1'@
Foml o o B T Y o by - .:-..i. € ol 1y i3 ey
Hend Mfﬁ"{ﬂr‘:\ﬂ?ll 1. J Ly b ‘} . Jl','r' |

E:Mnde Try Qm-!mqp\-d. A s TR Vﬂ_}rv,‘ Imli

mirdke Akt b agmis k-mR\.Lﬁ R./R5) g
Ql {_.Eﬂlq"ﬂ.n'l F'HJL!-&L.LIL{L Fm:_mr\:t;, uh@’-l"uiﬂ) v 0
Aaesn P=c u:mc{,l T 90 g v

i 'T'L. .

HJ?\ m?‘u&“ LhJ - F’ "'-'"3__""-!-"'1) ,
H'ﬁﬂ:f '*"lﬂn.{'.ﬁg_pt ﬂ} £l "y E'P(frl __.Tr) 8 N ll_i = | _r_j:l'}
C"‘“’{jb Th End-rr.hpa- ﬂs Tn] C ln("l":.n_/T) R

A V= c J ,E’JI__ P .y r |
-i '—T i | ,' TR T et g . Lis 1 &
i ! J"l II 1 II |
lﬂuﬁ-‘{ m&litﬁt fInl= 9 ! \ i Ir‘[_'rjjl “,lf.

Head Hransfen R = rr'-.CJ\.'rrT) AU

R }t;mﬂf f:Hﬂﬂ;mF PO D il quﬁ_
4. I'EEH"'*LDF?-%L p@tgj_, P ﬁ'H =% @)ﬁﬁ) n'| A

s e JH-M Pv‘"r b |trl £ i {- ' "'F"I _ = I":‘li y !
_— L ?lr.-r ‘_I' Iﬂr | 1:.| ..rh-.:u ,-1 ll ﬂhﬁﬂﬂ]‘-
'.r'”;_ﬂ:]’ | el _JL Irr| Yo i odl Lar® o1

0 manador

J-l"‘:-lle' rr;*' ?\-1 ;.l, 'sz"_"é::-—-yj-l']“‘m&m—m) “.
ﬁem.-ﬁ Wq’éﬁw@bn =

|'|I.'|_ £
Al RERT T TR L Ny

ey, NGRS, ey A

-.. %[HMP"? ch_e_j_i e [ II'.I.".'r.":'r""E]h'n'-:’|" | ,||_'J
!'EIIII pvh -':t 5! Wb DA ) rli "'l'é|r| Hi'[ |Ie.;'|
“Pﬂ,ﬂpm-:ﬁ_.! I-t.p_,,E,uJ-'thﬁ Ti ’)l;l]h -I:u“, ". 3 1‘. :

Wowek "|-"t.n.:uv,{g_;1 - hv FL'\].r "’Yi

T Y L_FK ‘lTFrl} e !”L\

He ot Wﬁaf#m“%w- IS € h h
kD kg Pniﬁwpﬁ“&%a‘dﬂt E'LE Jéﬂ < (‘_p-"-h{::
____-_—____ __-T:Hh_

for oy amy i £ apely ey




\ i ag) (7Y <
C_—r"‘”J.E' Tn(ﬂh"f’{ﬂf’ﬁ‘; 41\, a h'\(;n " é%)f A9 o ﬁ,u,.ﬁ,d S
( _.__ f-:!l\f:”. f"}"l.l (3 %) . - lEH_ quq

@ ,C\Ceﬁc-i"ﬁiq o occapres a Velame &
oamat q Pn:ﬂ,j,gwf d? a\_w Tho +Emp
&f +iha 3&4 QA »Hua.l S fode *rs. 356K «Tha
tndongeey a 'f-i-\nrtmad,énumn:?”amnr w-‘]“ 5 Jh
process candcl kb pragsciie reoused {H;r.qttam

rmiﬁa?ﬁ'{ 538 TR5P. 251 i end &h, Hw)
BEEF’ yi{““l' ﬁag ") .J.?I;:H ? 11r1"1fr Ir L&Mr&
oreguenthaley et 92, 70 entropy d-wma

ontPhd by PR £33 ) - TRRE: Cpr: F1E 'a:r/m
i‘-!"-‘—"‘ﬂﬂu Jnhrmnw [\'15" 10& *uﬂ!ﬂﬂ*??w '{Fﬂ!{‘ﬂ l('L

s s A

g g ﬂ‘lm ‘ﬁu__? _ mn"ﬁ
. RPFR Loz p, =3 bovt = T-'FE":""‘Q.:P
P’“ﬁrfl-‘il T, = @K

_—_—

£ '] i-a 1'% v1.0 i i
f gu;n-?m R;i‘{'%(] I.-I 1 ]
| .}.ﬂﬁl['.l'n pd-pay A _?!’-r e ._I'T?;;.» ; ene J2) o O
—orat?d
5.4 =2 e L8 Y1 3¢ .|ﬁén:f;-.,.~:'l, b LAy 25T
pl — T2 >Qﬂﬁ —_ mr-l-rlk It1 b gl
W T 350 :r;t ‘}b _
4 eOXI50 | 4
e '_—___}T'z_,:. T i jEI'Q..f:Tt
TaAr . - ~!~.a“ﬁ o ok
e < LU O BV SO A Y
PV: ﬂ"‘lP..T j ; ol
=) Mz oY - .-qkmin"l" = 00597
n RT T O« Q‘zr"-f-){r 35{]

Cchomp & 4 1= oGyl T
A m E‘“waﬁ&l— i ;;5 ¥ 0 #3132 & -250) |

l'.t-u,.”,,g-u[ :-"1' t*. ~-.,.-q1_. Ej_ﬁlg"qg- ‘QI:T-1II:IJ ap T |
Chong <k MMW ﬁ r+ - rnCpfFL—’Tn =0 mqmiﬂ 35%)

G ER )-] ' fﬂ-‘:?, TEvag 0" ]
e, - /4

for oy amy i £ apely ey




SONFY

CW& ~th -E,,hﬂ-ru:.p\af fl g- L ﬂ‘ﬁC‘u Q‘T%
R R R |
| B .. | LE SO HY (4n '___'1'1"?_

L [ a
i rllll 1 _‘-". (R .I_-[.l bR Ty ii‘.r

r1|‘:"| III'. _'E'n ﬂu 13 r- 1']1"'

' Hlj‘l w’

.'{Lll'ﬂ'r' ! Iyl |-

""a

B --.r..' 15

'|"|I I| X' L |"J- |
! ! T { [ 1= {

‘A& n+-l£_ma rpm:eu % L‘ i
TESAAGIN ) sl e L gep ik )

E—-:’ i'} ‘;&I'ﬂi’jw‘é‘ﬂ‘wfﬁuu ||_p| 2., 1k n 3a 9 C]

{f‘. o [ & . I Y T
{’-:jlp_ﬂq :Pri iy By Pn ij% %’MM

1 gl - ] /
g K _E]?"U{Aunj_ + @' Spen  V&IVe

¥
hasd, "B, Cdny u&,ﬁ' x' #&mﬁu +hon g
emmw L+u reamodng - Condtend
Tluy :Flf-un) 5 u—flmf t‘.mdlmg 4 +Hhn ﬂ"ﬂl:’
PM{\UJ . T a v 00n "v S, 8
b IO I I R O T | i e
e I et e 81
. . A 1 f_pf-- 'ﬂ-hiqin;l__ﬂ!q
4 n b
Jsotharemel r_!:'m:leh};,s EQM' ol BT, {

. -EPHI.I..# \ mm M E.Ln
taverertble Isﬂ-‘!-l-.efﬂﬁa.l :l FL& b

Prente ¢l -:f-'mw} <4
+he  wop qjh.;m BEG . g o € 1toy
0 = _r v h 3 W L N
ﬁ_ I"'I[' | i [J .||'||r"|'-|.'.!'_5| )

" ‘.
->}, H"'ﬂ. = ""‘JRT d v f P'*-"—rn'n;r -';. F'*- Trﬂa:rj
| 2

I
[ I‘\\""I
|

Efﬂ'\P{f i"') E’!i‘- 1 viay L
|" ‘ o LA
Al :.Ir]an'TL #_y-\‘ "ijil L:Illll TS y Y,

{-ﬂﬁ'l—ﬂ‘j |-|_._;|,'l-' n e AR A I -.T'”'."fi-pl'_e{'

The kﬂ_k[' -**ﬁn..n:;f’._e,_qq T"]'E'E]"‘ui;j -0 FTU?W_M
M © Flﬂ:{m} _{:,-VL P‘!I‘ ET‘)t\ pIe1 T M L, al nodlbma 0, {}rﬂn_”-l

j’j‘kﬁ{'\ .:E'ﬁ-’ Lﬂ;{—rﬁ\w:mﬂ."ﬁ Cf‘)"{’f ) .: ﬁla

S vyt ey apely g

-.1\ |'“'".{




J b
!-E#?J%- ilf:}';a.:nm:q Fﬁi :Trjn:kfﬁi'ﬂ”““""{k 23 ’j-“’“iiﬂ i'ﬂld
q—_ﬂ_]‘JrP -jﬁ- lf?tﬁ:nf’?”f—ﬂi‘éf j"'j:ng'b'}n:r 4 0T :D_.i-!"'r_H
1diensv piilidhea ([;ﬂ,* s rasd \a B W I gpssdE o
)1 OinD % H"kmuiﬁru:.m v o~ ([p alentls uﬂ)
ﬂ'—'-ﬁr[ 4o CHafes 6n _f.[,,._g_.fl.d-(_pt_q_{f Jaqulira 1

Ir;ﬂ_ﬂl_ﬁﬂ oA E'mi'{ FLJ.:':’ -|-f" 542 (‘T“PLM ﬁcﬁ

| _}(._L)!':-— ‘ﬁ:%;j‘ 7h-soc_ao

(AT 1114?@_1 HJ-.J_JMB U.'r
Tha oo+ oFhal” PSATRES af“e;% Txklg-rrw

—{n) Y- —I! jjl“‘

0 = xrfoﬂ T pud =

]f* b et o049 oum jnﬂ:‘[f

3" :_LJ M Al tad ¢ ;i st Q'H'}J‘
Conedclir . a[;wm—m%ﬁ P}L)flrw r

ek Sy QW= ua-a)d TV VA T
WD’ O-—-':W'ﬁ f1'|.— VETE__-—TFJ.JQ;;L\, .l| Bﬂﬂl j - !{2:_]‘-#_]:-'
o Py it ] .

VY *.-"_'TI ll v .2
.{

a= (_ffﬁﬂer-’PPVﬁ )ﬂﬂvﬂ 2 v
SRV I ..I.- Gy =
qlf"-'h vri':**?f' g :eui-- 3 'f“'f ) [y i Lo

-




¥v) (92) . R,
LR T8 1 | | h + " f! |- q I
Jmm 'Prtnceﬂ C:mi—wﬂ Entreopy Pucutg.j ““i

e Tc n-a-(n.u Sxtbangs ot Uaad
eris-enn, Sytdem. cu:cj I%amumtiJ TS IR VRRg} bl

C_’.ffrr_. t."f'rnr_u p'.ﬂ'_!.r_l,) +ha sy Hady
jﬁﬂ.ﬁ{'l‘l‘.__bpqt Pugm Wl e i
T e T ST T TR T A

crau g1 “"t’*” gy &E'l:l ilaA+am ,-I~kcL.»-,-t

+hao Qn;ar;ﬂ
Iel-ﬁf‘“'\ﬂt“"“‘l Por O Non-Blav pmtmr -rsJ -
59 = Y HEW I. iy
k‘l '-'-'!-J"} cuim.hmf-n; l"LI:lt I
.f ..,HFq"-r@...
clu, A B= g e ‘ i
= G THPYv = _H_@ P
?FM'PT:R{:}M+ may EE ¥ W5 ‘Id_ﬁL.mi a,a:u -d-l-u:z EA,’} 1
’D'EFFEF,U-H."':ME

*: 1t EEH—L" d.a;ﬂ”‘-ﬂﬁ_'}‘bl'

} JFC‘?%QF H’Rd{_-r ..-..u.@ fise bt
'—?"‘:}.T - """r+ VC:‘FI LA %
Ceobtse e d. g

ke VMﬁif“:"ﬁ <Tn -9_\,-"'--@ mﬁ%ﬁ_
C;_kF"‘lv-l-U'*P)_]_ pc:iﬁ.{,__ﬂ .

=5 cquu +cyv4p+ RM S| |
I .'
=% CvF‘dlu +Cuvn{p—}-RP L... 0

=> O Py 40/ Vd p {tpﬁcg(pm) e
&) CM-!deP F Py e,

Pdv ~ |
i ety ® \ u)
e l:';:: ;{] méh :\Mt l.a-a ?*’ﬁwu
i v
= — T ~ e,

#o, 4 o Y
T, - W




= e b 7 A
.In-l%n_ﬂxt"r\a lbotly + o)

EJF-} qp -J-I""J."ﬁ*{TC‘fV:D

= £ !

wolkareo flas A+ erm Ant s Cenliend e{f-

E‘n-f%rtgl):‘hn o

Tax-hy m#ﬂ& On both the ;che e gk .
pvT =

E:' A ma &f o R& & ain at 4 bar and o5 € 8 |
Contatn <Tn oL a,ﬂ_g,Ha,H T—fruﬂf_.‘f;h |
c—«‘ﬂ’['tlﬂﬂl-ﬂ" o ay~=ta - Thao eLire TS TDWR E';_nmprr_u_g,lut
ﬁuftJnfm F:s._u.m.ﬁF"fE %mz:{’m&czf irt.nm AL Tt

ctach fhad the  Hemp

Lindan remaing Coru ton
ChJE_cL; treansJercosd eand LIOTERAPNL
f poeh Th +ho proocey

4t pmﬂ-taﬂ; ﬂn':’ <LircacA o

@n. Matt(m) =6 & Ry | -
Pros. i =4 bar=o% Py - & bart = 5ot R-P.
Temp() = 5% 4333 79€ K. , T = )

We raowd +L,_;,J~J R=0.a%% Kj'!ma_K ((Got Canidend)
G ~0.%1165 RT/nﬂ"\
For Bort Waremed E'_Am{:.-rcn.ufnn prwtel]
' R
Ml_;‘ — mRTI M(—ﬁ—-)
. \ - 160
=48 15.3.&'4&5!3 X £n (*“E—G'Q)
= 11044 KT C At
e wngw st Ql‘:.:]"‘ll -—Ne 03 BRI b
- \ ru.ﬂ

i iyl anaf iy e



CHY  ‘Unjerenal Combuagtton 'lina{ne_

P Fa o i " T LA AL P T e
1C bngtne -
N G4 <t @ mathing 4@-_& 'ﬂnnum"'::r& ¢ Mo mreall ﬂnnnaa

<n a fuel Tate a mechantcol ener 4 -,fmn_l s barnd T o
combeartton ¢ lamben recloatoe koo -é.nnnﬂ'ﬂ(thmn#cﬂ f_nw.?th
which 18 Connoedod -twjo mechanical E’”"ﬁlﬂ aedly W P
of rr_n_ﬂpru:a{#-. -f:ws:i'a:u--.c;‘i1 c*_rmnlﬂ\ meehontem o

Claveftcadron ef Ic engrat
T vt PN o

94 kot 3 typos
1. 0ttocheln L."Tﬁe-irmr' Ena*:m }
% Dresel Cyeia f:’t}-‘?esqt ﬂ_na;nn) :
) \
@l\um;ﬁnﬂ +t g 'T.ﬁ:zhn t4eKsd cn Hhe ”‘:‘“"”\t""&— FH‘UP
1. Tws Sirowe -
e~ © de Fotare SHIARE ¥ | ; b
@nceonding o tha Faet tsaeg Th VO] Y .
(1) %E-frml Qrﬂfqg. ;
Lo W) Dregeld Ehﬂ-%rt!
E;n'} G 'P_Ha-\?nﬂl_ ; .
3. ¥ (19) Maps Pasl -n_ma'?ri'e. o T
@)ﬁﬂt.uuﬂra +4e 4 hao ‘iﬂﬂ}ﬁ.ﬂq tﬂ? Taﬂr‘f‘fn"'}_ 1
duspang igniHon(ar) — Pednbl engene -
.Y ;Lumﬁm_uﬁﬂésq_-é‘a.nhrbn (61) — Digse! Y0 . :
R pesoniog 9 b Fouslig  sgiEmoney oS T
Ty qnhwo_ﬂ’ Enarnﬂ(’f’!_:ﬁﬂ *"-‘—ﬁ&"“-’-)
(4) Yl &ﬁa:ﬂ'd Tn JE::,-.ITG*)( Dresel Ena—';ﬂ:h)"
@‘Ht&nﬂﬂjn 4o Al t“l%ﬂa E*&Rﬁ?fﬂ
1., €y Atn {_WI@FS‘

% i

i
L] LR |
£ i1

S
E.“‘j "a&lﬂ'ﬁ_l‘t.ﬂﬁ1e’{ e g - p "
® Pyrcondling b Ahha neamber o e, |
1. ETHETE Culiﬂd.lﬁ Fy i

4+ Menldr r_alirdm.



@ ﬂlf_ﬂﬁl‘tilﬂa 'f"t‘.‘r +l'\ﬂ gpﬁ"b—q_ \fﬁ{' ..-I‘:llﬂ ’I,E‘né:ﬁ | 7 -._'11'5.| . |
f“')d.jnm .!pau;‘
L:'J Meditam :,.po_npl i
2 () high cpoed -
‘ :ﬁf.fnmsﬂla by Aue pitg pectiden of +h0 @ngtng
IL?"J.' Vendeesd
| ') V~=.-*a«?nu

The 3 prdnedpte dypes of enging
1. "P\&{quc_mﬁﬁa Taaap,
afﬁﬂﬁhﬁhd .

AN~~~ T P Y : '
4. Boclld) - 04 2 the Trdernal diamo-fon of o r.ﬂtlnd.in
ﬂ WEprmLﬁﬁr\a -Eﬂa-:nj}. ; 1 3334
untd -mm

R ——

R B () > 74 $5 dhe einsae SOERG I-H.R_l}x,‘lﬂt} which
| +ho prsten movey o freavel  beduigen LHJ? -:i.m.:’
| Corino (TD:}-:ﬂ-ﬁﬂr bettem tinm:{ Cntng (‘E»ht:_) ™
| e cylinder,,. P

Unit —mm ' o |

| 3 PEAP cenrar— Thomo  ang, v Pxad pectiNn 24 g
e o i f L . ) 8 s . . ;
‘ hbl"d.‘llﬂ Lo dwonn m_ﬂ«ff._h +f_lm!1 *PTi.l.qu ﬂidqﬁnnm*'
(1) Tep DEAD CENTRE, y
(F) Berrion] DEAD CENTRE. VYRR Tand W

ol

Y, STROKE voLuME (Swept velamo) o  paila s bial
o — - — -

]
i

¥ Al velame saminad (Cxeatsd .1""1“‘"-};1:”“"'4

hﬂ Als  praten -l.tmfna ®nl tHaRe ' dravel .
"u"; = —-E qql— e Ay




O '-F'Ts.*}ﬁr, -:.;FE.QE&

T4 ¢ -tha l*:nun: ol ieonc e -}ru:rw:a{ Ian 'Pr;—.th:}
pern Second, r—'—>{“ﬂ"‘ﬂ ;ng_qimpm] |

. ALN m)i .pj
wic Al l". [mm__}_“‘ewtuj-fﬂq 'lpgg rrrrnu_a'
eftic
, Fﬂ_.f_l,q\ plr.na st Juol T4
= > eadv -
Fop <o O :
&#nﬂ; w . WE e arance
| . | . Velaamp
- Pand —
; *'—"Pﬂﬂi”md"'r
S4reac @
Bed4em 1
dﬂkﬂ caajnd ¥ !

AR




& [p4-16:9.19)

Tnlet vaive E;-hlm,u_rl- vee 1 vD

&,
nled pared ﬁ}" _ vane EF’LE“a
/(- E‘.-:H.ml.l-t-l Fﬂrt-i

Pectan e} | | = '
ﬂ@‘\\ | tﬂﬁr\a £ tne
E‘CM LHMW,H"—H L prs+an
Yiaelare Linong— | Fpriton pem
} |
S — ";‘Lmn{c_-}-rna I‘t_hc:} s
Cﬂ.ﬁ_ﬁ]{\ 1“1';_', A, I \ EH.MIQ\ Coe
‘P'fﬂ

" A\?M\

Ebe—rmls &f an fﬂf’lﬂmﬂ Com bty 24 b d_naﬂﬂj

E
s

@f_ﬂ_ﬂﬂdﬂﬂ '—'G\T+ -1,1 + b "12‘5'-’14 G£ E_ a"tm[ Et_nq 'r+|ﬂ._ﬂ=

P'T's‘."‘l"ﬂ.'l"} reeciprineade g 4
(D34 r:r. masly , Frem QmIf —:r:;i ﬂ"..-:hmx:t
24 - ey
@ . ELH ﬁ:ﬂﬂ%ﬂj{%{ P“:LI+ H"’ "ei!"‘h ,H
-HF—-x L@‘ml ”@J*} 3 e dap oy «f
“Yeindan mcm.:rirbc*m
BT Woures, 'E-P-:Lrt:\( Plug +

Lﬁa#qﬂ qﬂ;i ‘:F
T -E'
F'Lll -EﬂaTqﬂ e t%“ '“"'I

-

@I Fousn Hreore eyets , Hhe eypind

h
uiﬂu;j?im Tn1e ane exhagt,



"5*‘@5 1
@ Pieten —~ QT4 7 +hj Pru: cattn m:?_rmfaélﬁ f—"f
b e by the en d'rnﬂ and ‘<1 ru‘tupnnmjm V)
. il “+he tﬂllnd_ﬂ_n
'@.rf“# Ty hmi.g :f',-mm Chl"r 'rrunr;. art alummu-

@E"’jﬂ” m_"ﬂ -{I"‘an art +hnq_e F-ﬂ.i—ﬂn ru(c,js Ourt 0

R Ph,_w—rr.'ihiq on 1 ha. prstan.

@ T+ =5 mc{ +o 2eal Hhd tpace |
Le tewoomn Eaatﬂ.diﬁ Linart r'-ﬂn] [>* s don,
40 preavend ,.LEAK:QL_&{

@ 5 — (M O'% y a rtnﬂd-md mambore contf e i

maKey wesdadiso- \,_DH':.&LL*& motetdn —rn

The crxonr Cord |
@J"’E and c.j' 2y LMﬂEu 4.0 +86 Cronkg-

Shaf4 r_-u-.c,! AL Jamz} £t Connecdod b
fﬁnnpi-hn@ read|
@ C.“-'—MK; Cagd N0 T4 v fho h_mum uf Qrton K @nc:f

LT

o L S S - S - -Dr\arnq o Lh'?'i—utt') ~+ o
i Cy T indar ::u-,g, ‘6thar Ppouets Qure
ﬂt-&-'f-Eﬂﬂ_oj
@ Conne. nhfr r:_gfj W ) BT, <2 @ .i-m\ Leduvboen TJ-’I‘E.{-—-ﬂﬂ
a . Cung Crien g

'L T > @ a4 4mn!m{+1. Pﬁwﬁu= Q{.B_va,{.npﬂji
Gkl @enhe priden o Aho Qaus
ehofd b\

@Cﬂ‘tﬂiﬁ'ﬂkﬁwa} 4 4. =g tha ghoald, FLn-Huf-rn
 membker mkru:_l'} Connor s +a

[ = QH‘
; ll e @ ‘Lh«.ﬂ Fﬂmg_rg dj_,vn_LbP i::na :
| Ty ohgthg | ot | trewncmc au;hc cug
ok hthe Crank L of 4
@Lhnhr}ﬂ ﬁnf. t_,@ r*,,, _ﬁuﬁj},@v«fdg_:’ “-—'m Keep ~1—L~.ﬂ
= #ﬂﬂ'rn? pesridd '-'“"H';- a Saife
..-Ll-ﬂll"t 2

@rﬁtﬁ.ﬁmﬂi P"L{;l;‘f{q wreth thae tanlta (j
Custrton mand ©On Llafq-f ':i_Lul—\a
-'E_"'ia*tn

I 0

|.




Y . ||
Wcam shaps -0+ T3 provided on ‘:F'l'“*‘ﬂ e

! rEﬂ'rnﬂ.IJ |

@‘:H Cortreies temn C_Eunri :f-ﬂrf Lﬂf.ﬁ*}mn—ﬁ&a
+ha ﬂpilm.rr f_tnqna, d’.f iwnle-} ﬁ .

-E:ll-tmu_:# v.l VO .
@-T'ﬂ"! 4 VG.,'."'I-*{J a“@] "]'1.1_1_5 ur:g_Jw;:_: f_hr‘;-lﬂ_gf.ﬂ "‘HU-'_ ‘Mlgf”r}

&t charge 4o Fha CﬂLJndJﬂ W

Eu.&:f-:r:s 2 to

@Elkmu-} valve I~y rhe rmﬂmﬂ‘ .-:,E Fﬂnhm4£¢
'| | Qg i’l_j'-'*Hl_n ot Lﬂﬂﬂh\, B '“""%
' dﬁntmg Lcra thre vm.w:; 7~

@JQ'EJ ﬁm:‘«fﬂi‘i () Tt <Tg the "Ff"-‘“iﬂ Haresuighe
£ 0 Laliiedy Comrciotr € ﬂl’%ﬁj#m
: P Hrem "‘Hﬂt,a.t Cote uriadore 1o tho
2.n m A -
@Etl-fuu-l' ﬂ'.luq;':ﬁajﬂ*,_.ﬁ']_lnf <1 tha pastage which Caurerin
ootk xheangd gagie Hikom g
Rxhawtd vaivy 4o +he adwetplan

< ; 1 > 3
Beran 1o -
T4 Ts  preoys an the FHH_uI Ln Lna () ™
17 predives © Ipardgy | 5-'»:. Taden o wWhie b -hﬁi—fet
A Com ba D4ty Pproceds of “alhan J:EM:..
m.,n.j .lﬁch_-hu Ay Tx P :qui u*l"h w
WG Al decils fuel&<h Jo

| tn "rl-\l: ¢ -ﬂhndﬂn ad o ©ng
v 20 EDPrOtion g e lualq Pragising,
}Mﬁlﬂiﬂ” o~ LY ¢ I 'Frm*u-rd_g,a" Wtk Pofio| E"awi

and “4 prapoma g by "'""'l..l't-f-nqg
'-’Iuh ﬁ':ft.ld’.l L

L T8



- T = sy

. - oS o e o w-;—ftg a diresd
_:E'L*'-’— p ) p ,{ﬁ_tir T8 ﬂi}:v:hﬁ ‘:’-:::I‘.IEJL{' <o FaRen
. aTM -,Pu.ﬂf Cat

Ao iy furk TR b

; T e 4 Afuet <n e e fore .
@,.Erﬂr_mhaei ‘.;T_i 'TEIE mDLLﬂ"’JFﬂ_ﬂ’ an 4 ho {‘_r-_t_n-l.,npq\ ,g“[,.,m Frf'
~'“"’z-“] -t Storot 8n -&nc} e d £d o4

mialmeeos Hao Flueerudion CX Iﬁpﬂ_ae{
oF Alae #.na.fng - |
7 R e

I , 3 k) 1 A § R ;-'
%mn a{-ruge\'—'{?{é”f"!ﬂ -Ena*rni" R ]V:'H i ij
o e A2 scpank Pl |
+
Preansgere  pord E;‘m .,
rCmmana \
: ;-_1_-:4:1:!1 Fl&'ll:'l' :
Cmnr\\ 1
Cran Cron F"""'Ill-
\M \‘ L,.L'_L | ~a
'- AL sc o mP L R,
(eanuranddn § |/ T < Tpage@ sl M’H‘rj Y ". “ ‘
; - > nold 3 L0 T
04 1 cong et Khacdan |, praton , Cplindin sifiyprtien, §

H‘t"ﬂ ;{'_hﬁm_i:f{rﬂ repe| ,Cren R Lwﬂ\fhﬂ SLrean F"'*ﬁ"r"‘*f-

. .

—5 Tha P Cujq +4uel mextane ) s F“-—""—P':‘-‘iﬁ-‘;" outtidt
tla d:ﬂn T 4ha care lpturasfort - .

—> On duss edrago ©ngiag +ha f:r.-rr_ﬁ“ ard F@”"dﬂ*q TTET“ )
tnled (!:.ll'kﬁ-lt&E )d,\ 23 houbtd (;i?nn: ramval of exhoutat Hed.)s

s wredy FP‘"‘E wndiscdron  af c_l-..mt_ﬂ.e tryje Hhe C_ronk Cmeo

!




.'. ) @ = =
M —>Thao Freansfor | pand () s u._tn_g:+ For ‘reancsfon of fhmﬁﬂq
'Frrum +ua tm&w +6 +ho f_idﬂndm:

“a'%kﬂ;l.ﬁ pert! (E) -t Ll-.ii_ti e ::{_Ei-:.‘_l'l.ﬂ!.,na'l:"\ - la
€ x howia g amnl'-,f’mw- ~fhp t:.ﬂ.l.-[nci.lﬂ 46 4o ﬂ'h"nﬂplhﬂm_ﬂ+

——5"Tla E‘,'_P-r_‘_,t)q\ P1uﬂ {5 "bt.ﬂ.‘l?q "1"""] +hod f_tjl_;hi]ﬂ' hqhmn._‘:*-

= " F'!u.
FI.H‘.* ]
Priten > - M-
Cmm;% T .
o 1 “?’iﬁ}fﬂ ! vy ||
- A gy
;-.-' c: L-."-“ " - e 5
T _ '
\ @)e Lﬂnﬂe "F"-ﬂ-ﬁﬂﬂntﬁ' muufﬂﬂ e " : ;__,.. R
£ S I:. ' [Eh-’f;‘iﬂﬂ al E_lmfﬂ_ﬁitrtﬂ |
CHL:-#JH f. " ! | il =
..,,ﬂ‘* WF'Edﬂ G nsaT . 44 u\ ] Eﬂ'_l,-._m_l_l.:l."i ‘?b'n.‘l CE ]
ik )
| " Yo nden T . | é

| TR
o el
‘ ’[C.C} r'_nr].f!m_n:ﬂur; d,r}n{ !LLL:I‘[‘ﬂ. g

A




Expenngion

mPftﬂ_ﬂTaq S-I'_ﬂ_"{';ﬂr] i
l L 3 j
| . ExX 4

|

TR = . .

'l [—:LFa.ﬁJ:hﬂ-—‘.l Ethﬂl{'{ﬂ \ 1-
I

‘ﬁ—C_trnrr{_q_ulhﬁ TL

Cfhes "':Jf'f B
bl

-—rrr,'_ma,f-erf ?nn‘:":

P piggeny b o s .ngi?j
iﬂ)ﬂl‘f\’ﬂf Ak £ s.mv:ma-ma Y

'_""Hh!.lj "“"'I..l P"'E-"l'ﬁ"'.h 1_‘5, (1= 4 4—5 +hg CTmon CM*E"{E.BI‘L}
Ftn, Al Hresasfor  pret b exhasiet pored Sarce uﬁiwmﬁ

—* The '::Ltn: '#u-itf "111:+u'r£(tixurr:lﬂ ) ¢ SR qr;.a Comprea
orierce ARy —Aransferc perd Es e meve § Hu.l..l.i-f- am

'fhranﬂLj exhosuat  poret .
— In ~his -0 v..maqf: I?_natnﬂ

S0 ke <ncomio EHF‘MS‘ movas Fn cpw
'ﬂ_llruc:{m.-_. ai ij’ 2% a.mu +1u-: UFGAA}Q--,
Ty 'Cn..ll iw,&n +n . —?omz;nkl

—> Bz tha P-'rt.i-ﬁn ove ) u_pmmc_ur) +ha Face C:J'fu._-:aﬂ
?mnaf "":'H: +he ﬂdllninn |

a c:ﬁe;{'ef_«hn e ma:j, ‘




€ ) e C_bmfﬂmg,?ﬂrj suctron -
o

e e \ : 'ﬂ
3 Ar +hao p-;i'rﬂﬁ movel ™ U_,r‘lu\!mr_n’ f'.Llrf.Lﬁ.."l' Il'I.'_'H'"'_i / ﬁ‘”’)

'ﬁr_nmzfem Fm-f_-F %E{M Pnr:_-f- Elpl_g c_nuw_gf Jaa l:}-?tf'ﬂr}l
—+ The ch o Tnfide ha Caljncl_ﬂn Tt c-ﬂmrrt_ﬂ.ﬂjleqj -
tha SChmp  deme ~fha Tucfran urf_nr epane ot rtho

Hresh Ehmn_j,o endert Tndo —;F’-m C_a inclare

rﬂ\:};[-i!nh;ﬂh;_(cﬁ%mf;ﬁﬂj
—+ 10 hosyy the F-? ston | reachay '5‘-31 “;d‘ii"‘d-’—” LL‘EQ.LCJ (TDE%?
@ ] LL:EL .._;HF{EPE':H .E;Fﬂ_rt\ I}!ua -;an-:-fe_‘ +heo E.-I‘LM e

then <oOmbutdion Starts +n ke taﬁﬂdﬂﬂ-
“d) Pocoore ESjﬂ:;hnu.u-f i |
o, £

et e e,

—» The buaenn af gated Crecades s on tha *I"ﬁp o
e O
+ ko prites +Hoe P‘t5.+'ﬂr'j T3 :fﬁmhﬂ, c.’&pwnmﬁ_ru:ﬁ &'Taﬁ_nmn:i?
Preasiune +n tha ':Elj,l_:n.d_nm . /
— As The F?:mr} meve | ‘:‘Lﬁ'-“"f'-'f-’ﬂ-u; durern E&Pcl-nﬂm
Strore , riho exbaui poed s opent r% he burend
(ﬁmm wempila Artem ha Qﬂhnﬁiﬂn +o Hag admotphan

Eamrmullﬁi o b 2 P hy

“Tho ctight! [1
T Y e 4 Lo dan | ‘
ent oo F?‘.f""-:d Cabﬁdﬂz?} thon  ~fhe ‘%—;}Era% ‘%
Complededf, ) o
Tige strexe (clfesel ongzne

el fnfjecdsrr 0

Caplansfan .
¢ exbantt (g

ml;\::n.u

[L"n} ctard of Chmrrc.ﬂ_l.'a:uﬂ/—l
- -




S jni-E+ 4
. Fﬂl'f_

2y Cempreagioem R
El—%&]j‘“‘ '”31‘*;:%

E.-D“t"ﬁ"LLL.Lftt‘ur} ey 1M T .
“*doythis engine —Ilv-.n Pl f'i'"f( L‘-"“‘ﬂq) ‘“E“'”"”‘*
S 'ht"} striakp 5 d.n.uu] n . ente  dhe © alJ'-L-'t
ﬂ”j +he 'ZfLLLl Sy tnge E"l'-#_ t"v”""""&["’ f "U*e-'?
eadte | o | 'l.'"""'-._t. ond sk cﬂmpnmunuq strokQ |
—.;..'TT&J; d, e | ct1 H.lah E‘nmrmu_ﬂrnq rc,,cm;-li-@
l'-]- ) X R 7
ﬂ-lﬂ' rtLﬁ.ﬁ.'Exﬂ_l ;1.(

F'm*EmJ:n:m wep  of tntok e
a{" kg Enu\ af t:_c:mprt_lqtt:-n




v B
—&» 58, 4ho "}ﬂﬁﬂ_!fEf“J Fuol 4y Serf —?anz'iici' .

Ph mi "'..U-.H}l'a"

Expant Low

OF—FWQ_’I—:[\L} ‘f- - i
@'C_L\.n_rqg "f‘T‘m.n!‘fEﬂ '57 Sc i P "a':wl T
— WOhan -the P*;ii-ﬂr} -I-E_r_ AV R P iﬁ +ha EMHR:‘QM-E(E:-E:}
The —tronspere portd E)' exhousd . pord arg opon % EUaHI?
Cmprostoo] Qe ondens <33 HAe e lin dar
—e "The Eﬂmprf.n.ﬂqpl E'I__:-I"f hsaips 16 Lt:u_ul?_njg 0

EOM oL wor pnrr.:f of +he, bternd ageg -1 .
~+ho E(L]L_i' . b a ';rm”.n

]

—* T4 Condtnosud +h ke proten. Complodor S4¢
ﬂ{mnmmﬂlu’ :.«}r:.mp\,:_i " - 1

@CM}IF&M!:M 5_ ceve Atn

%

L 1]

=3 Py | R @P;z_mﬂ'«t"ﬁd_fmwl-b -Iﬂ,nn;-:ﬁzn Furpfﬁ_.ﬁ_tmuf}
pored  cuna c’_f‘hu_cj Jh-ﬁ uptmr:mcf mw;na,-P-:?:,.-l-t;q

— ©8, +us @) Tn i g Rnddre 2 | &Smpieiiapy
5 ~. et
-iu?rr.?i-a forwortsf <Strnako o HRE piiten uf‘

—» As -l'-h.ﬂ_ .P_-rzﬁ'n:, v}waﬂ '»’-LPWMO’? ft pﬁ.:ﬂ\‘-?-é_u
Voctimo e f"_n,_p;“ £ ..EI_.I'-‘I.'Jii —+ e ~—fﬂJE_._51J P o s
apen %_‘;Fk_ﬂ_lrlq alrt 1erg " nte  ftag tn&uﬁm

7 L
I.'l'lll o

b o -



(E3) A
@ Cmm'Ptl 1ttt (Pbuﬁ in_z'laﬂz +t‘hn‘)

'PI"” tha ‘”‘“’ ef *"'N"wprtmnnq etrak 0 , Hhat EP’LLE-'
Tt tNIL r-{e o VRe ; r:_ﬂ__uu_rul et
Qnﬁp ()S -:FLL

Ay kelp ﬁf el e | Tnje ater

—> The -rﬂjt?n-ii'u} -:F'mr_f +e  solf "'é]'"""
'Fnﬂﬂ#r;qrg e« L d ['Llrt.

—p Tl0 PTE.‘[E-I'} meyvel r{mmnuﬂmtff L:"a' + o ln.laflﬂ
F-ﬂ.ﬂﬂ_l‘,urt.# bewse nd afu{i qﬂ"j P:-Lr-aﬂn rug "}ﬂ'hﬂrirrfd'-l

Meod ta Ahg

0 "'|'£"'l.ﬂ Etimnﬂ B 2

(D £xhauad 1 Bl

—» A+ Had @nq sl pewer &1ruokd (,@rpmgmn smhmj
e oo P"”"’ g Epﬂnt:’ AW 2xRaterd
{L:u 4 aoves '_,i}r'l,hnwj --}hﬂ Qa_’l'ﬂ.l?j# ""ﬂ- "'{‘I-'\_ﬂ

met plomd . ‘ | |
Tha ‘wlra bt f‘_nmpmu-n; exgdee ¢ “nto
~+ g C.ﬂl Lﬁdﬂﬂ, a LﬁnL + 2 ij'l'ftw'ﬂﬁ[)rr PanJ
T f_m-l-uumu "H?']' appreoelast  fo.tha EE;Q ’

1l E‘a::!ﬂ ot (#mpia.sf&:*
-'FBwf <trepicnd Pwirml ﬂﬂﬂj_

CM 'I:-hu.u. th




'3
Caj,_lndih ) fldl_im‘ll_lt w;'

—+ 14 contltie al @
S erank gkﬂF+Eﬂl‘{‘

Epuruq\ Flu_a J Cnnnﬂlﬂ.f‘na 'I’L.I!h':* 'P'T'F. Han
—»On +hic Enﬂt‘hﬂ . —tha Ftsﬂn uua_-:,; Fare  atrekes d]
trrmh‘\ ‘Cholt  covers 00 rt:ﬂumu-:i'ﬁ“ .
“*Un Wit enqing  ~he valves ans earid -m:-paq f_{ parttt,
rm_ﬂ_'m aren 4-ta) B "h"ﬂ.l'h"E_l (i Baali] T.L'l (—E{lf_'f‘['lhﬁ v dlve

oy
ﬂm_ﬂ s P ML " spark pltig
e ;

T B
o

- {@rtxm*r'_] A v
f&} ?iggmn of  Jour “-H“mi ‘Pﬂ*m‘i *—ﬂﬁmﬂjéi' =

(:[;I s.uJ_:hhrl

__F.,_lq T q:enm{faq Aha  staeddn, wuwu. hpmii‘{‘xhu]'tf

ST AR v a T

_‘,-—nﬂ praten | mbvey rream Tu.: to Boe | Hhe ol -.ﬁu_._[
T xtnd (thutgtj 'Ti. Anaton 'rn"H.'a {Iﬁl lnt{mz

Il . ]
= \,,

B i |oasqld ot o 2}




R T ———— Co ;

"' L]
(3 Compreafihn .- :
#.}}_..j-:. 4nls ﬂpud-:‘un ~thda pTaton woves Arenm EPE'I'FJE;;{
and cattthn  valve . elstod oxhoautt vatve dﬂ_ ’

—p The charge raaisle ke mdj..{mn 3 Com pu_us;ﬂﬁ‘ i ba"
ko  Upward moving PTIteN T4 conttrosut el 1t
wooah 0L et ThC, e |

() Powen - ,
—»7In %&5 ﬁﬁﬂ&m‘h‘hq P?;ﬁn mﬂ_l«,m O.,{ TDC d‘ '1'1\4'.'?_

ﬁah ';n-l-e.n:ﬁ'ﬁ Spank plu -?an—HEJ the Lhﬂ-'taj f:l_ﬂnj
CambtadHdn ekt ploce mitdo the ;mliﬂﬂliﬂ. ey
—»Thao Eur:_n-r\hd ot Chongy €en ALt proattard Tn ~+hgd
E_a,lind.iﬂ . L
(Y fxhout+ - .
B T £ 5 ﬁpf—lu‘?‘t‘bn o P'?_t"lﬂﬂ moved dﬁﬂﬂmmg{
Aus o pra gt il ol I:;L_:_rr_nr;r}ﬂ aﬂ.tﬂ_.; J{ +ho ﬂ‘.rkmLu_‘h.

valve opened . | =S ‘
-3 Tho evhargd ﬂu_q_!u leovo 4l tﬂ-.ld-ﬂ-d# C‘ﬁi_.lnci_ﬂ_rf
4o -tho . admetphara

TLiE steeke TS u.'“PE’,"QE{ il th“
preton uﬂrma,kﬁ'-irﬂ*i Toe Fhall HHR2: Syle s

LS

) e ¢
Complede
i L
- . ! g - o, |
A\t LTS
‘ 4 TN
i (L b
W : :
i | d \ | '_I _:
P"h 5 s . o= |
m = : %, | ‘
su_PP“a |
A
! “ L
e, nea t o
l :l SLI.::_E_*'I’ﬂnl i "

i ol l'_.l 1 | ."_'I
70cl. e FVROR. LA -
Aianicam OF Q n- Stroe  pedrs - :‘
Bpy o s pebal @i

N N




GEEEEE Stleei e dieral

P T T B B0, P

 Jdngecfare

£ ""Lﬂ eha .




—g i R =SS

{,ﬂﬂ.'.'.'l'ml—lC_JT‘nn L2
@"I"’th enttne Conlolny a Jusl <+ ni ec 'Fm-{, -—,{LLLI" P“-mﬁ
'.E’ﬁ*'-i"d%t"; f."dl.:'nﬂ..lu‘l' '-u'm,::‘, anled & exhauar verlv s,
-;Lﬂ"‘n, Canno 1_-{—1"!121 o ,Creenk Cresni Lhaf4 .
@:l-"} +h1"; 2 WK ';:ﬁ,ﬂ 2 ang Eﬂclﬂ 'F‘L C.hmpi‘.-ﬂﬂ'i‘f“ '-Fhrf 40 m

m.m’“";ﬂﬂi ﬂ'f Cremnky  Shof 4 and Y Cireoige 1:5"3
preten. . '

GE-Ertﬁ:fﬁﬁ -
® gued<dn - -
—Tn +his apertos tovy el cene tion valve G‘ﬁ led v&,l_uq_j
::pn_nir_f‘—lm exhauct volve Cle ' 1

— Tha onl Q._I-I't :-?: d{nmq 1"':-11-1': + -‘:‘.EjL.U"-.dJUT —.Fﬂjm'
+hka Tpe T8 RDC ::_'I-_ﬁl:i: fhte ﬂ'f:.ert_m.ﬂ!'t'hn J_L'\{iﬂ
takar L paten ad Boc,

(R Compregegrn -
—Tn +fy Oposx
“TEe Tbe , ke Thled rvallve

valvp olles cloted’, |

LD _g\¥hy) dube emerda | T Q—a.iiﬂfclu ek Lﬂﬂwmﬂ_itﬂ_f_‘

A3 4ta  pruton reaomehef at ToDc, s 6

‘—t“ A4 ' A 'Epci‘ of Coempriattron e P e f‘n"'aﬁqéi

ol ad very -h.na"}!"pn_u;sun.ﬂ Trdn Ak E_umpnsugtn;df J Pt
o BAY S A FgRliYn | Stcd Hin i’ 4ha” <yRindan
. RS i AR i AN Pl | | ! i e whlayg b & AT
@ Rawese -y ey \ .l
'I"«“'T‘*ﬁnrrrh-i‘l* ﬁf‘-‘tﬂ—"-{‘mﬁ betl, —nled valug %o 0

"ﬁ"&iu% ‘e ‘L':ibstal N +hd :P‘?.n-}ﬂh-i" moves o fﬂ.cﬁgﬂgni

dln{-ﬁ -t Expnnnfﬁq ';Sf bt re G@n_nu L Bed + :

TR D o high prea 1M b age. +ha
i i il oy B i1 A i

Pevder ' Ty, a%"'“f"”'l‘?—ﬂ_(&““ﬂﬁbn prioce sl |
a.tﬁd‘_.?lﬁ‘.“F?-”“""_{T“"_,_J.IE*?}'I;hm mever Jrom mbe Toc

'|n11§£+h"lei;.uﬁu|‘l_‘.4 -IT:%v-uxl ﬂP'E'P-%— +.M':-:1ﬁ.1'.!-.4 "'-"'B.I.tUIQ‘ |

M—g‘hq 4 ha F-'h-l-ar«, move l +rebm %0 C
Clocdy  +ho £ % g g

" %M' it
iy E‘E“ H-"'Lh ey A ) hl-'..l . I'I: MHEJ ¥Mm ':'FI'LE s3]
. ]‘E'-,ﬂ-ljm .+-a -*fhﬂ. Cl‘:l#rnﬂ?}l-:j!h_ﬂ'-' AR RN vaT onm 94| 4
+ho . pHosm

Thasg el L compleded

| ' i
ee— {1




v
*’t‘;'frm—-“i'———;af noC

B

i

o Y
W = s_ww# (UARTRN S T

Ve =cl

E‘:‘P—ﬁ'd.anﬁm;m et a Hoar streoge dieset iﬂa*h?z)

= e = L8
Be el E“ﬂ"“’* =Ty | Enaﬂ?nﬂ .
(1) T+ operadesr on (enstont — _’Fjj'-} ﬂpemn:pf;_ fAir L-ns.-rm;;_-- 3
Volumg  Curle . Pred dpearp gL .
W4 e Ha_zul-raru o pedra] 5 T4 daed o lenel n-:;_g_- AL
| ar fued. - ' U.Jau fuad. %.- : [
WO The edr—fuat mixtone | 2 (111) Tha esed , enging tanes
Pm‘-fﬂl_:}_q[" TN "l"-'ulh Cﬂ_ﬂ.ﬂ;‘-tmﬂa‘ﬂr ™ L .51-{] q,t:l't_ -'E,‘-llm‘ﬁ a0
| {3‘[_111 -::nt{u.f_fﬂ_n[ tatn the Seiedfon u.mm,.g‘ <4 '
; End'rﬂ.ﬂ A el dluuﬂ(u! umpf:u.u.u! A g 2 q ol
e Sletipn  wdthone | Qﬂ‘?ﬁprzuiq‘ﬂq Sy
O Rt ol M-t 1o :f-':u[ R e ”.'?‘E—'—!Iﬂ..tf YN VL
l : ):n"l ":. e(ﬂ.m—'-ﬁ.,m mrxdang)| e ki Fraaveigg h:ﬂ o fual
. Ts -:'an-ri-{ LTG o dad, l-.'ﬁr‘nﬂm' G“'ﬂjﬂ. T, {
s diieg At g cpang[MV) Fual g 2 80 ..
| gt T e R R i o
| P a " seldg- ¢ "'rﬂ:i'#_l#, 1 |
{."’_) T4 (atod fe,u Camprat ity *1'“_'.5'1'} T ) c_.- 2 )
read Ty Juiu'nu'ua_ rc,!unae o Y-taln “&i#ﬁ';rmn *pad . "};ﬂﬂ.umn
Vi) Lower & tontrollod rmie of |vi) Hiol, Vs otk
redee ® ; E'H..Luu.nj \
Prastecnd ."-rt,.-'rlu.:u;{zma ':a.nf ®n ,co ‘E"ﬂ‘ﬂtﬁamﬁ"
Aperadtdn 11 Latiend '5'-““’ Y *rhual-. rang, S0t o
Tenoo+, | '

\\




o A

Lvr1jﬂ'm +lu faame Comprroels
te ad 0 s o @ﬁpwmn_ «f
petten| ‘?'"(j"M* rs boftorn.

Lvu;jﬂjmpcinﬂ_hwiﬂ ovaer
pellution ~Fore Teumd powen

(12) 74 hat <omporadivel
ﬁtmlagn oy pun-ﬁg +ha
240 7 Lmudh-f

00 Engraer asa Cheapor
(x1) T4+ reagquilreay fext &choapon

Mq*’feﬁﬂ.hu -
(1) very +8 Sdand dus o
Lvwien f.w_nmpn.r.ur?nn readfs .

‘ti

S

Tuoe - -$treo Erﬁwma
) mm T4 and wnmzug c4remp
Tn Lagh o veludetn enta
-EJ’H-ME hal marde even Horcarig

& rasduged wRbreagton .
(") T+ waoe Furulr% Hanr_n E.nﬂﬂrn_ﬂ
‘"ﬂfﬂn Tt s-rrrph?

{'“.}m Lmﬂ_ﬂftn e UMP!HPJ

TN OND podeltidton E‘E bhanes tF ]

Ay hisl, rn&.chmmf_ﬂ-i EFHum :
"“h}m Ii:l-'t.l_l'f__,n

Ebln pledo Vo gu_; ;,'H- r:.hJLLi' H

Tn E'JI = «t '#lujh f_hﬂrﬂ_gft

) Phae +hormat E'-FFt cyant due
:It Poor seave %e;cmpma
Chargy wrth’ Sxhausd

Lf1}t-er%1 Cotd oligg 4o lewd PMH 'T'l'\

{Vﬂ} %PE‘!{% Stmpld .

B
3

’t"y'”-}j,]. hait ﬂ_ﬂtﬂ'tﬂ EF'F"EF_.L.P-”

-~ n'ﬂ"-.Frf_I:l' L%Lﬂﬂ ﬂﬁﬂ

:er ceame
{'-f‘nrj #ha&ik Pbrru-hnr_l ——fluh:

Samy powln @l pug,
(1x) T+ wseg 'MJ‘ numben
E""‘-’—”#TF" pearecte 5 Hiont

*E’—‘:j'rnﬂ T hﬁmva
Ox) Coctbien engine <o +b
{'DmPIJtﬂL‘f‘J# Porete |
Y T4 rtﬂ‘-‘i,.t_!_tl'r._ﬂ'_.! f_u-HLna-;f
cing ﬂ—""‘gﬂ mmﬂ-l—mnmnrg
(¢t 'v'ena difFfcult 4o ctond
mgm Comprattion
h.!,‘dm

-

' ‘F‘*‘*J-” —Strake Engrvna

M = [} " o i i—y-

L) Thore T4 60 Workiny SProkg

Tn 4w reovaludtont  Hhmes
TP hot wheVen ' Aercgqueg

4 large v bradson | .

Wi)d4 tate) ValvPe ..i"",”"‘-ﬂ—-i"l.-ﬂ'ﬁ-ﬂh't )
mes bhanicm -rr].vn?wejf ts§ f,_.l!-rnpl_ﬂ.t‘
“'JL‘\JH*UEI cle t_pn:rp.lq:ﬂi'_.t *h
4we rcogdjutTon hancs T4 had
mnreg -.f_rdc_;lﬁm,rThLu l-e41

/ meshanital ‘EFP‘HE‘L&Q’H

(v) 14 hot <ppeirads tdrown Jor
explus von GL bunnd fagdy L +Harag
-qu_mz“_na diludidn ol Frash

%uﬁ Ybarmal E?—#«uqm,&

vy Morca <ottt 1elite o kg
numbaere & Pﬂrr.*H‘

iy Costlrbre & sl-ral.-.-ll.'z Complex

{ 1

i) Ll.ﬂ"hf&r: : @_ﬁtﬁg Ianc:l_ﬂ

@iii) veavion anging body -



b o
Ch-6 ¢GRS POWER CyeLE
r‘h-\...l-.l'-l" i
S ead
The Q{LV'??E.-E! Prt_md_u-:_?nd ned P“""JP” ﬂwﬂj
Cadjed H-ﬁa—?m_; and they cpermde ©n FHharem Sy aa
chchu cung -:‘asu,fmu’[ powren  Cuycled, . Ly

prr—t P

V{_'.LFDH-H- i'::l ol

Cyen g povoese Cycle LHUE
Fna-;np
L
e TR . over S
: d o P"[ﬂfﬂ_. 1r'1&|
D44 cmele B*;HJLJ ':_;Elt_m D o f Ir c 1@
rFF*M! S | [ Dreael unaw‘m'} {' oty pl?gh:ml diety
Eﬁ?ﬂluﬁmugn‘rp; Ex=Triaee K b i oy ' o Rk
Ii:I'"3-""“”'F‘f‘-"""‘-.iZI' Qlp pdrgy q.ﬁﬂﬂnﬂ#hﬂ
_\j':ﬂ JQIM oAt [ 8 G
‘-1|."’H T | ety A

| B
e § ] K L ' B ‘.FI..-‘ i ggr'fl"‘

. s b 8
I M
J

h _lfl'""“i_-'-_- Ewl 3 &,;?L - UYJ;‘%E "
)  © |

_ Cly
7- &.f: fﬂc le Chnticd ﬂf Y reoveres(b\g Priotagie |
' 4. Jeothoremod  head addition

3 -I‘ig{u%rmp:t expan u:r::r'; '_

LS o .
9, Teothormay hent  rogecfion
| % | I
Y Teentioprc Chmpretston, f \
. - =
- ; l o s ‘i)
B ",I_ r ot S b i |4 .
1 ] d 1 i I Wi ¥ H r._:p” e Fom fl




{aiS

Tt e;ﬁ-;u{.n Gfi “':1'“”“
{ Qi ]avy . *r.ll_""

v &
*Thsz thr'_n-l_'. durtfra Zoaflarmal hood adgdiftdn
- (3Y)- |

Cl’*rq "-dT;'l' (5;1_5) "_'['}

.

]

oM |
.r"ﬂw pnnu'_u et TEEI"JFF.*-I:.I:FTC -:‘:-:H:runsrmv': 1—1’ I)
b T.a.
I = '-.-IrT-ﬂJ? ond Cj'/qh; E
| N L-I N g| |
I "
“Tiad i?rr peogd f:LLLrl:.:"hd T“;ﬂ*“xﬂhmmj h_q_h__,F MJ-‘E-L-'{LFBH'\,
‘ (4-3) Y -
| D=0  Vouwd = TI_LE"!-—"J.) s
%I--:—*ﬁrl ﬁ
| r ; Lironl & —
| Tt Prinfae) dr.lr*c'r::ﬂ 'T_';_F_I"]'FF'I_J:}F['{"_ ¢ nmpree i ﬂ(a 3)
L ’__ﬂ
25 Vi
o b2 -‘:ﬂtlﬂ_
m ) -
"t"“'}
“Tle neod tﬂhrraqrﬂ-j.,nﬂﬂ ppu Hd {'i.,[ oLLrr
-'_fjll ) ma s é 'Hf,-hj
,f:n-' - O aund .
= TH Yy - "]"J‘_ T{—{__EI_____E-L)
j"\‘*l““" .?H 7;__) S £5) ,
“Tlag e el E.Hlemﬂnf’al r\’f € putno C_H celg T&
: - ].ﬂlqﬂ:ﬂ'—
e
WTPAS Lo K. o 2
’ Lc'r':-:l ﬁh i "|'“. .;11:-:.-1' i

il T, g # '||I"

.tj)"'l

Gﬁbl.ﬁ?“’-#; m‘lﬁ,iu_ H‘kﬂ
13 L_prl_r E'F'
""”"”J tﬁsﬁnn = e Ff::‘\
| ﬁ"|511'|'|1.,[-|:|:.| *_.nﬂl-l - = ‘-— 'Ii“ j




y — N _.'DJ
A I+ @lto Conveyc When Tho Haore moen f -E"FFf er q‘—ﬁ@a

THeRLgrs, fle ocwendge FEmp ertaifearng LB ) Tneka0L0g

Oty hoad additon ~ e +hi gﬂgvm 3 |

IWhon g Heoremal PFF:‘ﬂiD.ntg docromzeg e

Qverans 4empenafune oley ecreces wrth  heat

r""“jI‘?.L-I ehn feom 4+l 'E-."dHEm‘ | 'I‘T |
[D1- 3,10.19 |
C-4a fl.ji‘.a’.{’ — ta |
LR £ i‘b'ﬂ- r o Ch' —— L1
nr.f » _[l-, = arm |
- -} L 1 ot
_T | = '1' — R 1 i
| - |
—— = B f o
o | == 2 yeg
| I A 3 —
| | il T kT
o S PO TN a
W= et € xRpantion 3
"-'hrhprfﬂlll.f'l'l s T ' = e L Hhun,
P heasd as{aliHon wotel oo tithn
'y . - _
o R f
5 g Jgond . . 2
Rf-—r g T ”T:Tr C }.ﬂ'{}"
1 t'!-‘ l"..
J t’ Ty I:. '\-J_-
- iu"lqﬂ_,ﬂ }qrzj‘{-"’ Ihlﬂ"" .TLI —_ — - - = ::!i‘ l-t
r | | A
I T‘r - = .‘l_'- -
i | I: rfr | B .1-':-'”- |
Cle [ ‘u":_ _-.._."Ij KA ' :
s P i . : - 5 ©
| il ) 1 »‘-HEP—I"'HIU!"‘!
| b"lul_ , =X by T=-¢ r‘i_irLﬂfi_m ~ mrr m.;r[
| - H'r'a e f+ﬁnrlmr:aﬁ o440 Cge le,

’U“} Py dlrlﬂme

u ]
Tl cle % u.rp_ui -fart pe-rel enqTng, .jr“ enatre

% vh <peas] engrae
Thiys cyele Coneigd o

@ 4-3 -.L';mﬂt.np-u c_,nmprtj.l;ﬂl"‘l !
tlead addit'nn, . cid Congtanit veltume |

Y prenlagley |

-3
j_l‘_li - IELI‘I-'-!MPTL E‘J{P&hlq:h J, !
Dy.) - Heat rojertn at Conttent velbne_ -|




H“ﬂ"lﬁfiﬂ" @ .II. Ivi a l

Fore atto cytde , hooud Addididn ed Canstound
voltame - Qdy, = C‘u("'ﬁz ‘—-TL) U_j |

(a-1)

H-—Eﬂ.‘" red i?lﬁlrhf‘-, EL* [:“gn!-ﬁ—fmq- Vﬁltl]ﬂ.ﬁ-

vad = Gyl T L T = ."
o k\ } [:. _;:I i
* Nled tane l;\'-‘.v]'_mng = &« 9

= fl:fn_" o =
(Cu(jgi—'h_:] - :J\TLI - ‘:J/
R -

Tharmod 2ficioncy = lnad
V+n ' .
1 _ E.‘uh‘lj.i(_'] - e"‘.u,l:\."[”,‘Tl‘}
-”-_h . "f:w..r'r'Ta— _;.__j
[ = ' - [ L] ""{;l"-r'-.*“ R J
I'-.}‘IT‘. 7 - ‘vki ;_"[;r_ .JII

=2 { Ilr __Irr i -
| "-.._ .-lrﬁ"'—.;rz ’)} . {:l“
Cc-ﬂi:ld,ﬂrtrﬂ(ﬂ gt E;r--ﬂ-hfﬂp-*'f T pred s i Ptr,nl:ﬂ!!.f:ﬁf ;J

it WETHRRS <5 -
._l_.ﬂ — : :Ilil'—_. \ - ¥ = l_ ! L‘u'] _I’_ - r".,_mpﬂ.-:Jrlqﬁ. n_..ﬁ_'a.
‘T] ". 1'!-'"2' _.'I — et L | "'L."L_ s
%ﬂ "fl-'u? 3'7:7--'1'-}?"12-[‘"- I""H'F'!'“ihtl'imr‘x_ P,rn-:]_yz {: r,_‘.r}...*..!;] :
Y-d
T (M -
.TLF - ' "ll..r" . L 2
=t l'fl' T "'T

& r-l"\,u'bd-l:r{""ﬁ i 13"4

Eﬁllm%ﬂ ¥ L0 4 -

R e




r —®

| PLL-fh\a tha velue (£ Prea vrotd 28k Tn Eﬁr‘ﬁﬁqﬁ..ﬂ

e ___.'TLT-'T] Al m“}.

-

=
T

1_1._:‘1_') |
-T_l FT"-{

©

=* In an tne oo krny an Tdoal a4, ycle,
“+he +-EMP4E_mJu-rt.ﬂ_s n:_i ‘o be.am"na Etnc)l adl

“tha, (end | ofn-Campiaiaon, ( ans | 29%

-?F?n-:’ +lo f_m;En;z.t-?hn teof o r‘S5 alr —gﬁmd‘m;{ :

.e.[!f:.c'u‘\e.nba- the engtho .

Lt

—':-?"_-{"‘ GF#EI"II J.h:rﬂl_. - .
T ig 4+ RIT k= DB
'*'qr a7 1a13K: €se g, )

Cnummq 1pﬂc::fr‘t h_n-n.:’"f. ﬁ"-‘“‘* readldd ¥ = Ltf:: |

—

e T Y Gy .
s TP it =C] ]




#@e)
Cryrhe E.nmlrnt_u_l-l;hn rtﬂ.:ft't-r’ | 5 S
LE = Gen N\ 4o
:.%L ELH%-I-_)‘%—J' 3 -—-EE) A m s
(3 Theremeat -E‘FFILI-QHLH o A rgiao
=l - 0.4q9 >~ %6

= ""‘_ = 1=
)]MH ! Fe VT i (‘5-"-5)'¢I

E "E.'ﬁ'-".
[Ij-'l~-|f;|.lﬂ¢|c| {
T
i R
2 ‘rfjpn!* ¥
T = = - -
Ll - oh

rl-'_
L& r £ [ Ll
i Il T
T = - R V=

g
At rwqr:;[ dieset cyele

L
'—hm djn_::r_f, '."Ht[ﬂ y ol 4 f.n'Ln_i:f -r_-n ' ] | Fndrm:
']

STy Auls cele Hhe o'y

i L
Atrt g anpw_c-ﬂ-li!—ni ci_u.,ruﬂa

—fl.g 'I:'_l:rr,F-!r_E_!-‘.I"‘"] -ﬂ*"l’lﬁ'ﬂ By -
% T+ hag ma.h fﬂmpnﬂ_ﬂﬂtnq H:J;u:f"ﬁ(r';. a"fﬁ:'[ :Tf:l

o S

“Tla's tarh'—' cont it t :Sf :FMirr prescetd

1. Imn-}rt.np'rt f_n-r::pm,tf!.-nn

3. lsa,n-i-upﬂ_ Expantion
q-’km?hlq n":_mf'l'*_!l.;p'f Vﬁ{':ﬂ-'ﬂﬂ Hﬂﬂ.*f rq:‘;qn_ﬁgq'




f t
:PME-?—”{{.i IJ a4 E__.D-nt‘lﬂn'l valmg
| — A '[_':i = ]‘._r.-"i \
‘ K W
From 28 _
T, = —r'j:f
1
B.=T"

R i |
EEE.‘IvdJ;GH‘_--
: 1rg. aie 1n Q dresel cyefe

Head swpplt -F!:'.+ Qte 14-3) =
Heat refecting Qout (H-1) = Gy {T-.,--Tij —',—'{“}
leepclone:
Hen 4 supr?.
Fen ~ Doud

Fen

LR G -1

' —_...F Fﬁ -E{]_
| | 1Ty -7 )

- =

| e ol | iy
— a— == J

r—i}mnc::n[i a) J_.enfwl:frr r}n—krr_numr“

;L_% Trflr_i i _lf'w'] m};&

L s 1‘_1'-'!‘1?-#1!’“ bl

Cpi-Ta) L

QLD;:E:!-EI tye fo =

" =

i

?ﬂﬂ cal -3 a4 Conttant pregitieg
__"Fi. _—rf (C_:_L-f- —f:_ff H‘I‘_{J_H{}) ——Eu]
]

L -
i =

?ﬂﬂ{ﬂ_ﬁ.(a l.”l EEM*WQFTE E{Fﬁ.ﬂi.l.nr} -

o ,_,______TI_ (Va )'l'ﬂl___________,{)
. v,




qrrr_.iﬂ qunl;ﬁ fvrﬁr_ri
B % )HE
Vg '
) {?1 )r_iT'T I:“d Vi=% )
Y.
— rl.

Y7:-73 ) by
T Epa—tet019
. ﬁl-k‘:;fi.\’ I3 — r,i — H
v [@s 5
| 1"".-'l. i L
JI V.';. ll".I-_-;L 1.3'".[ T




-

et Hn l:l-l'.-rl' 5.-Ic'1ﬂd_i:l_rr_c+ b»”:_t I!.I Llrlf{ I\_l‘.'l._.l a C_umll;]ﬂ_ﬂ.-ul‘bh
fodro 6 14, Tt preocfiareyy ot 4he am.na s

G rY) Di-16:10:19 |

-—ftkﬂ. “"‘"P'tn_un'm, E"I'l'rhh:*,p ':i. 4 Lisyis 4 tem pcyr.a:’uni 1
TC 260K, The n—.m,.,mu f

m Chele 4o whg S
an H mpPoH oS

D-F"Lﬂ'n- - "
-E'Ff‘#npnrﬂ_ meag he Cud-efd HJJ(E‘% -}Lﬂmu,{

.-E_ﬂn‘ Gt=ven Anka

‘"Mrgmm‘hn eadic Crey=1Y
1 =41 ban =tgoipp , T, =28DK,.

T 33800 K. '
TJ'!.'ft 1}
M-
=260 %(1Y) = 2¢3.139 %
| A : y P e
!. Cord -cfd  waped | { P ‘*'fé_ - 1* _ A '["T' - a-gq
_ - Ef-,ii, H‘T
le:\.f'*rm"n_l'

4.'.-4_'_!!’-;.‘“;::,“- » f
R N § )
._{v? er

| [ -
rf| : s [ 1y)™ (Qeqf'T \
A TR, W '

W?aﬂq_

0.55 = 653

|
i
—-7}-\1"
:vlv W =

['f'— Iewfnaper 'E“"-ﬂJ_IJ




e (#9 a ™

o
r'ﬂ?«,['n[ f""udl" ‘.ﬂ_ﬁ,.
e = T A nrp
T —Fh?s. C HL"'-" e “feeet -rv\';w-i-ﬂ‘-ﬁ sdcare -t by -F
L}
LY ond sl F""‘F‘“""Hrhq edrenke S

Co, o p—u-f al Leod o ﬂ’f""-""’ oid) Conttand VORemd

Q\- 14 r'rﬂcfl"lh'J |"1I-|r|l[1li"l'1:r i

D_'{’ FT ilvm ‘f*h 5 1
Hemd Suppd oo ':f}_,,._': ffﬂg-titﬁrwdt!']

=, Fry 13 ) {"F(‘ﬁ;.‘]rq) e
Head ey oding, | Qauaq) = r";,.-{'_lrr.' ~-T) = £ 1)
.7 1y

I 1 = B '..*
J;I baal = o ! K oL pn :
3o ot e 73
I_tlrr—r. - 'I.L_'”_‘v;
—!,. ¥
i .1- 4 =k
L Qou errt—b8)
- e - - |
‘i"'ri'ﬂl
i & '.H.:H|-|- '_-I|"I .
- ': P i | . _J:‘.-n]ll
CulTa-Tg) ! C ]H‘rl I

Cri- @] modin » = M
e d |hI|4

. i 'I"I"I"I. — .,... vf_-t
E'I-\'E_al.'lﬁ.';,,"-r, L am - FT'E' — = 1':1
P”:"".-‘-" P lrn'{lrh = T-I!_. " “.P

EBMFHL‘LI!HHJ rt ) fn"lrﬂ', q

'-."-.lfﬂrt"ﬁ f'l"d_'} ':i":i!'h"hr.“r"'"f ftrrtpﬁtl‘,l‘fr-‘hl'q
. "ﬁ V- |
ﬁg = _‘fYF ‘r‘]
T r‘['i
& e




r

Tl TG e e
. =
L

AR @
Preecegpee (3-3) hend asibtdn ad Conbont VOlEML.

ﬁ_&-‘:r{l |
Tﬂ‘ﬁ; i '

:}j:rq = ! —{vi).

} Tg = [5'.. rl'pl —Lviy)

prescoss & -4 hoeod oofolitdn a4 Cont+ond P&Q—Hm 1
- f

Ta_ """.a

31_;-

_.'}}Tq C 'T-:,“P f -—-':1.!.}

Pr_m‘:.ﬂ_M (Y- G ) 3“—*.‘!'{”-"-'.9([5,{_:#_&'1 ngrhin

v T
I-IE)‘ :_(.*‘J;E)Ti:(_é) ‘/ — ey




— &y B

P‘»*-H’% il Fhoevatues b eqN— (i)

WS
i A
el = —_—— - o
cv(Ta-Ta) +cpiy=Te) &
-Tr.} N 1[

T

Ta=Ta +V{TyT2)
o
- lh(xh-Fﬂj'-Ti*';)

- ( Ty ,Tr:_rﬁh,;rvj;

|I
- 'fT-l:.r_{:f u
i T T_IT -_-.-—T ﬂ'r rt i
T, (rep ‘J"*ﬂ o A
Sk — ] _'If_h = -5 A ”E.-;}
TI ll“l’g n:T- }__ ITT!':I -j:1 hp ) 'frtp‘r.l \ 18
—I" 'n :g_‘

Whoy tp=d@+hon
nn‘;ﬂ‘.ﬁl‘..l :'fht--lM !
then rtpz], f=) 4aon

a?cH#h - nd}'eﬂ!l )

‘,é,, p-. -
S |

T




LA 1 . gy +-3v.18.
CH- 4“’”.[1 & C.sn\ﬁg{l_,-f.;ﬂ,j | I_D_ a m!
LS BN AR M e 3 ool | ot

_.—;;r'fl:.f,..e_r.‘r Ti A Cambggotable cidlistanco
-F-ru_:rian-f-z

= bdebeng | onl e

&f OXUFen and reatesre heod enon 9
—+ Tt hal 3 4ypoy 4

(1) Solid (Q)Asquuio  (3y Gan.

Fﬂ-%ﬂjﬁh':ﬁli'f contist af ceomdaln amouand «f boundarf

(Efl-ﬂm‘ﬁ'!lf. ﬂ..nmatd)d“ w4 ign f."'nHPtii trternal &nﬁnaa
— " Dedrein Comiata 94 -;nv; s e

CAFg  lotendqon «Sr 4be @
Place —hon e head onel 4 te realeate .
Eiﬂjﬂf.‘fi:"!rrjﬂﬂ";t‘ﬁ? sf rdoal -

ﬂ:nnii bLetunioon mnloc e e | d 'i
oo n d—’i newy rmolecuele) Jax

.1I

- uill_}ﬁ

(T4 sheatd bave a high Bring valae.

(1) Tt sheuly Lo ‘Jrecs T-frra-rrﬁ et attang . r

(ir) T4 showd Be Qagy -t freancperct ES etorn €0 mTnimam
Spase -

() G4 -E»hﬁtlk‘f hoave h;ak ¢ o btet4ton E:,"ﬂ'fu‘ﬂ,rmdr.

() 4 chowld lop trq_u_ﬂ{ha avaslabip ad Lewy ceet,

(wi) T4 -;anulo‘ have Candron) combwatron .
“pifforant Aypet & -ﬁujf
G-._.n._.h._:-_ e e R § ¥
i EEGR.IE! tfui'/ﬂ.ﬂ (?_nm_ﬂ jh.—-
L Qs OSSR
t L B L]
o il E-::Lm' ':fuif %‘ maTetiano .
'fLJddru en 4 nf-fmnjﬁn ,Ef-l.lphm / y
. 2 T -
— 14 nga; oo ri_l‘#’-r"i"ﬁﬂ*“'n# !-'..-'I'\'Lﬂstj ﬂumtﬁ e 1) s
"'-"4‘1 -—,f:_q.rr_.-j_m:f-r\hn A

24 - contadn  Carchon 0xyugen ,

sgaall

.IT_.-_'._ Ve oIk 1 . e 1 " . . = : l Frl;f
‘o L. _ LN ,.E?Ehﬂf



r —-——ﬁ;"-— —a
r— Pead [g,m o4 reo d{@; cm_al +n amj Fn"ld_l.l_fﬂl Fiﬂl.ﬂ'fﬂ }h
—'3‘&;3*1';49 EG-:'.\‘.-'. € are lon J\‘ te g0 +n puclear pewer ;:rnnfj )

s T T menoul E’Fﬂ:‘ eankbon & canes| tn g Pu;pciuﬂ A an.n—fs.r, !
3 Avdbreaccie ﬁm_ " owrr Lo cﬁ, uj.ﬂ:‘ *:'.n, a4earm Pt"trhmr Fl’m—fj |

Lt?_/"_}wnhc* {'tﬁﬂ,ﬁfl“[ [ !__J'E-F_C' -:r:, :rtlﬂﬂﬁﬁl'ﬂ' J .

-

ud —» Coke En— 5% Canbon l(u.mf# Tn C4eam pewen PLE“"II j J
r—a-“'E‘:rcEcuje Fl'ﬂ-rpr:_ﬂ[ Weed tn Framno ni‘_i’._J- - %
.—'}-r_F:}EHvE‘r:;:. I'_c* [C’*:u_s'ﬂ.q :{ Cacel ™ "‘]"F:"I-l'-' F:au}d-e rt r:rnrt m] 1

Lkeed 10 comend Toaiaieisl, OF-33.1614

'ﬁ'd?& T‘f:,tl';f’! ﬁtui ‘e = .

A ARA

1. Benr ol - ;
94 Conelsqd & Benzens [Q‘H{_') a a'no} FoeefOne (r'} HE)

ﬂ)-ﬂd ,,‘t ﬁlﬂ‘fﬂfnqﬂ! as a h;lj—}:'rrl:rit.u-i' el L-L:a[«_. SEemp,
Cmoed Cﬂrrlnﬂnt‘?'_nﬂtr'bq;tnq hf‘ﬂ*r'#hd valdupr vt Low,

4. AlCaka] -

—4T1+ hau noy evnd - H:.h. el wlid e il
— J4S bLeoads “(3 yapters s T *HE? - boww AL Cp mFMf_dI 19 |

ams. eling . ‘ |
R rg  morcd £ pe nve +b Pl‘t,nd,l_l.t._ﬂ'. ' "

g.“’]-'_{;:—-_a'*:_rmﬂ[ fh.nrint.ﬁ_t-{ petrealewm -

—»d4 ve the main Erevet o &L I'_;{_',:iu'gi feeo t ¢ Fon

('] q.¢. Ongeno S -
ﬁ Ld

— 1 ws wieq <N
| Aresel otl-
3. t’f‘ﬁm,: ol - )

M Py A :
“The oo ';Ft_l_’Lf.!. Sared U_Lﬂ_.ff tn £:3 1?.1-151“” : '_Ff.'g

({;ﬂ*—"m'f er 10 head furls aro *Eﬂuwm_n_gjp_#
and iecus Lﬂih&uw'

£ Ha.f"lﬂfﬁf gt q.anth!mﬂ-*qu_q ﬁm*
2. @arpr;,ndurj gov  y-cowmage cludy, gau -

5. Er;h-aﬂl

~;ftsrr_n‘.r af a-e-_!ﬂi;nﬂ J,K’-E.nn-t&ﬂn ,t'mﬂll_'!




Q) e |
,l.'-.,_i_thiwni;ddl ’
> i .. ‘1\-1. i L i _‘H.. \\"[I;t \ i\ I‘ rr.i {:-ﬂ!'"r” "I' ]

i. .
e YA \1 r-ul- L W *-h.ll"-l_ L H"F ( ¥ i n '“l.-, '} S Ll } |¢['|"|..il|.ﬁnir|f’

7
! a - |
s TL avadl 1.!'*- tnr#h ad) tvonse g TE enfou i fon

4 ot [0y
W

iy 19 T -F-{n;l_'r;i *:‘1 l.:;:”-”ﬂf P[.ﬂ”_ft 1,.__[ Hﬂp [J'iﬁrr.'f’ rt
. e " - §
bted  Perettclilous iy -:.h LIER, rgd mian r"ﬂ\:nni'-”’{
“freem ke ptace of a hw:fc:..f;wﬁ!'!rr'*f‘! o ~the P“"ﬁl"“
|

Pt

b, o 4 ¥ --.'--rfr-t_t,}h -«FI(_,&.-,,:-"TE[# o If Hl-'ﬂlﬂ.-:' ,p-pr..rl,-r i I[b'r‘p.pl.lnq
<]

. . ¢
as Vi sragoue feared J af‘l\'ﬂ L .
L =

W

i
M Cam] TIOD TR rrnnrl'.fnr-f'tlrmm{ *"H Li‘ﬂl"'“\a.
==}

Cagd Coarl 7o Cloted Yerldl,

L] l“ . al - h
— ooy L}‘-_} r S Jh*rn".ﬂ._'_’ {)a " I“_,a ':""'{"ﬂl'n :
<, Ea-fr-ﬂ'i:l*J Jrg.,;_f.; -
The Goreed rn-rpc{ur-ryj a{ztntnd maneifale fuing

. < R oy i:.d FHQ&LL{.{.

o~ t""'-"*; A g cel s g0 AT s ol Fov M
e .

— sBlest furnaco Um +¢ By - preodune 4 «f cheo |
pleande . T Conderin m‘,,t
ampeang s et pnrr rela .

H. sewnqq _“!erg:* éﬂi g8 -

—+ 714 {_t-nrlrur"] , H“'f V.Lt[kh et by M--l'f‘,ﬂ(’j T d] J[‘-l"tm"'ﬁﬁl‘

of wys

-—i'Tha: Qﬁu re rnmg‘n ﬂh‘(‘lt‘llﬂt?tt' .--Jn',nnw, F'f-l!..l'lﬁ"'
¢

o Cl‘i"""fﬂ.lﬂ fﬂﬂ:ﬁr

&

oy HI‘IHFJ.Gq €RwWog t{l't,_::_lns_.ﬂl P ants .
LY LV SIB0Y
—® Tl ¢

dr'l.l re Prtﬁ“mfld -rrrhl'h ".”-'i.l." Caw d.;u% .
e g ﬂerLrﬁdeP 'I'n rﬂn'éf -I’Itlflr.l-{-r.f-r-ﬂ_&ﬂ Hd.l{‘l

— 04 2 wai e P'”dLlLE {-u-.r'fl‘? @FHPF”L?J‘!
C homryeal r-ru.;j,r-i-tnn nnd cate ﬂ,ﬂft”ﬂ- .‘

tolye b

|.'.

__—-—-“




{ DY-2340

Headmy valuet &f - o
' we (( Catormifrr value (LY.
— Fue 1 o )

* f'-‘-w‘_"'\l—u_. ﬁ.,'.‘._-"q.'.‘ ﬁ-"'ﬂ-\._"'*"l_.-rr' ﬂ
' W

™ ";:r. dE;fr‘njr* | -he r:lmflrin-r' nfi hoat 'ﬂx"“'ﬁ
; "“-'““’“f by Complede Combulicen «f ""'4,

2 "lr.t.nﬂ.I.,.'Ja af el ;
U_q_é‘,r ‘ '
| “Tﬁ-:a —>Fore Sotid fueg & Ligord fuot
b_h_f"h}: — ':{*H an..ﬂ.’m.ll ":f'tm I

- 'Tli.f Cﬂfﬁ”:"‘_’f—:r v“'«‘ltﬂﬂ' E'r.;!: _'r‘ Lﬂl '1:':. r’hf HLE"’I‘IJgi
‘E”'”“"‘!'Pa Vertlue & Jearematron | ‘

— By t"f*_nwwi-r}-n Fue Caloreif+c value T3 Wy
ettt o I'La_; HPPM:"?F City i ';}’hrr o bcalade 1
-Fﬂ'fhffa Tfnl'rrrﬁ_fth ’

LPrceelid A &1 frﬁ:mr ‘TftLJLt!. A
g s L Y

i e, -r"-"‘"""- .

Epn.l'r!.; janr-ﬂ;hrj {r.‘:,]] [l-ﬂ._a-r\qp @F'{.I’Tﬂ' ,.Pnd.r"hp) ;
() ve radhity | |
__'.f':H 1" -4 Le "‘pl?ﬁ Fhmnnr-\"ﬂrrr-t'lflr J.'\r F&“{-r{h] oOn 1'-“_-[_,'
-3 The wneotuingw él —fuel Vvala 'f.-;f'r‘*'a e Pl y

|
:
q‘l
I

AAled 7 Leneddr s | en o epeein( de vece *°
| 4 t!frnnphﬂ#ff preaglcares
| @ stactng and oarmbp . © e

hd . " .
| > Ko the A Cerdoin l?ﬂlﬂ'f "d; +he Q0 -#naq--m}
. e Gasoheno nhnu!u[ vn.pnuu:a? ) teoom A8
:fm "’hlﬂ ':'“nnir'ha o Ak -Fna-?hq .

e .. “Tiy ']‘f"m . [ﬂ'l’“
—d g dhs L9TAD & "_1”:(’,. fhe P
[ rrlr ooyl 8 YLy o Mt.ﬁ.{-f\-., g em
Feadly AT ol . Sl

A




— (=7) o

@ {"Fﬂﬂ'u'fira __ﬁi’t*ja_-f_' L ﬂ; ' Pppr:fﬂrfll':ﬂnﬁp X

2 o & gk e [@END
2 fort 2Tt '"l
10 fia-lnrnfqi :F"'ﬂ"f ”“r&“ » -
.E!":“ A4 mp, cend el 1{’,.;: mné_ﬁ#

i | lhf-"l —rh||| m-f'*r‘r"-n
en 1'?13" -["'F""-' *‘-{"'}{? HE‘UF, |

' (gpd TBetl
_pBetHer vapeatizofdn it ‘prr_nr"f}

: 3 4 Lo e« _Ihnf{'hf.
caniderm dtt-!rrﬂntdr}ln fif "_TP""! " H’

L .

(_{? Prrﬂnh'{f.u.i'l‘ '_-'{H_L'L'('fﬂn .
ﬁ—;':??s.r“-h‘q'ru'ef feeel e e 2 "‘H““ﬁi’?" r{f'a.e.ln.uj o
d of f[i‘.larf.!t.n'u";fﬁj xed! ocl s laec b amn1d il

L] i -
f':"j'.-l;l*d_ﬁ.!-r e i L. wacrepaisf .-f:r.rfj#hrj}é: | f:g ._1“1 th
]
>y (L1 cpblome  @lLd e o Jea Lreecocd
L9 (7

f—.*r_ﬁ'i-l: .I'-q— . ‘
{"‘L:lr o FJ'L‘E'II"P-"_&"! '.-;D'"!H"ilf{'!-r] =
|

c bcareacr o re e el™ o
” o anal o Eqﬁﬂiln!f cff
{LHELHLML{

=) IEP({r-r ““i
\ sstivirs il ;

-] =
:‘"f-_nﬁrn,i*"!-r"rrif’}Tr.‘l

—-"Thts i
} for L N 4]
hﬁh Laar 77 e mp ,gf hdﬂﬂhcl tbobn

< lat ':ilt-lrri'n Sdaks ' L i Itr‘qis s G:F
e = s : L —feat | ~low

SR, o J {eolene Steps e t
"La'n_F(?umT pgron i

o Hhe qqu'r:nrr .
@AM; Koo "} Pera [ "L"'H

—¥ “Tha {]L-,rrmrrrn.qf L_\r..frrnira
Camlges vt e hevrmn Lo awtqef v::-h'é-l hll\jiq n'u.fP
ﬁ-f h‘l\:-". t ree lp Qs ) P.’Tﬂl!t‘lﬂﬂ'} 'fﬁmp_ ,31 alca

affosie -1ho Akowmal LfFeeiens

rfanfe .
b

af G F"L(j"r"r\# .

—¥ S0, "the andr Knne P:fur.ﬂnr'{* Tt Hﬂ&f““"#*
18 'I'?Hl'_'lfﬂﬂltp due dheremal -0 -tiﬂllf‘ﬂﬂa t% Pﬁtﬂ@ﬂ
Otafpeed

. Prtnpﬂu'f*a «f Forel e ponds

P Tl r"r.n"'lr'l.' ﬂ‘ﬁﬂrﬁ
B b oare  fraol *"""""'\"“Iﬂ:"ii'hll.‘.n!'jr
canl'it‘J.l..[M e e - g Awne Hfue )

e e —————————

¢ hamrenml Compet ctw



(&)
@ E—_ﬁiﬂ_i d:;f]pnraﬂ
__-_.;nn..fﬂf“ i"lar-fﬂm‘ﬂrffﬂﬂnq rff - g

—p W‘aa_ﬂ.ﬂ-;n.r
fr:"ﬂ"#n”? napthene < o re b et € HamtiTel #jm

Ltddlo (3”#} :

weneraafed #m*;'fb H:.ng:p ﬁ:f

Alr otem watl)

‘af A .E_narfn_u ;

— " [l :‘}matiq—f l"-'r e
dermp , 2Xpoierc A6 Cewnfa -t

caerle —the oOpE H_Q‘{rh(\:? i TEr Ct

@EHJEIL_.PH Co n-.l.-F_'t-w’

—_pThe swipher TS A coenptive elament o ke Feeo |
eoluae b Ammagse fthe Coare ltereoyefore %_':fu:.i

engecdion Chho |
L3 o
— = clnee Tht Cer ) phest lhol o fow ﬁ:'h*h*? rf-»Q_._;F




	Chapter-1
	Thermodynamic concept & Terminology
	INTRODUCTION:
	Macroscopic and Microscopic Approaches:

	Thermodynamic systems:
	Thermodynamic Property :
	Pressure ( p):
	The basic units (SI Units)
	Gauge pressure = absolute pressure – atmospheric pressure.
	Internal Energy :

	Intensive & Extensive properties:
	Thermodynamic process:
	Path function:
	Point function:
	Difference between point function and path function:
	Quasi-static process:
	Energy:
	SOURCES OF ENERGY:
	Power:
	Work:
	work = pressure x area timex distance or, work = pressure x change in volume. So, W = ∫ p dV
	dW = F .dl

	Heat:


