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1. Understand the 
fundamentals of 
thermodynamics. 



Define thermodynamic, system, boundary, surroundings and the universe. 

Thermodynamics, science of  the relationship between heat, work, 

temperature, and energy. In broad terms, thermodynamics deals with the 

transfer of  energy from one place to another and from one form to 

another. The key concept is that heat is a form of  energy corresponding 

to a definite amount of  mechanical work. 

A thermodynamic system is a group of  material and/or radiative 

contents. Its properties may be described by thermodynamic state variables 

such as temperature, entropy, internal energy, and pressure. 

https://en.wikipedia.org/wiki/Radiation
https://en.wikipedia.org/wiki/State_function
https://en.wikipedia.org/wiki/Temperature
https://en.wikipedia.org/wiki/Entropy
https://en.wikipedia.org/wiki/Internal_energy
https://en.wikipedia.org/wiki/Pressure


 

What is system, boundary and surrounding is thermodynamics ?  
 

A system is defined as a region in space containing a specific amount of matter whose behavior is being observed.  

The system is separated from its surrounding by a boundary. The boundary may be a real one or some imaginary 

surface covering  the region. The boundary may be at rest or in motion and may change its size or shape.  

The term surrounding is restricted to those portions of matter external to the system which is thermodynamically 

affected by the changes occurring within the system.  

Any thermodynamically analysis begins with the selection of the system, its boundary and the surroundings.   

 



The system and the surrounding combined are essentially "everything." 

This is because the combined energy in the system and the 

surroundings is a constant. Energy can flow between these two, but 

the total energy is constant. Thus we talk about the system + 

surroundings as the "universe." Since energy is constant in the universe 

(from a chemistry thermodynamics perspective), we can discuss 

changes for both the system and the surrounding as being for the 

universe.  

system + surroundings = universe  



Mention types of  systems- close, open, isolated, flow, non-flow systems 

with examples.     
Open and closed systems 

A closed system (sometimes termed as a control mass) is a system for which no masses cross the 

boundary i.e. quantity of matter within the system remains fixed throughout the investigation. But 

energy is allowed to cross the boundary (in the form of heat and work).  

 

An open system (sometimes termed as a control volume) on the other hand is a region in the space 

defined by a boundary across (in/out/through) which matter may flow in addition to energy (in the form 

of heat and work).  

A system is termed as isolated system if neither matter nor energy is allowed to transfer across the 

boundary. A truly isolated system can only be obtained ideally.  



An isolated system is a thermodynamic system that cannot exchange either energy or matter 

outside the boundaries of the system. There are two ways in which this may occur: 

 

 

1.The system may be so distant from another system that it cannot interact with them. 

2.The system may be enclosed such that neither energy nor mass may enter or exit. 

 

 

Isolated System Versus Closed System  

An isolated system differs from a closed system by the transfer of energy. Closed systems are only 

closed to matter, energy can be exchanged across the system's boundaries. 



  

Flow process : It is one in which fluid enters the system and 

leaves it after work interaction, which means that such processes 

occur in the systems having open boundary permitting mass 

interaction across the system boundary.  

Non flow process : It is the one in which there is no mass 

interaction across the system boundaries during the occurrence of  

process. 



We now define a non-flow process as one in which the system boundary change occurs 

wholly within the control volume under observation - i.e. no mass crosses the control 

surface which bounds · the con tro 1 vo 1 ume. Furthermore a flow process is one in 

which the system boundary change is such that mass does cross the control surface. 

Note that Q and w can cross both system and control volume boundaries but by 

definition mass can only cross the latter.  

 

Example of  a non-flow process - expansion in a cylinder  

System boundary (expanding) 

In the expansion depicted in the figure there is work transfer across the system 

boundary due to a pressure difference, there may be a heat transfer across the system 

boundary due to a temperature difference, but there is no mass transfer across the 

system boundary.  



Identify different applications of  thermodynamics in the engineering field.  

Thermodynamics has very wide applications as  basis of thermal engineering. Almost all process 

and engineering industries, agriculture, transport, commercial and domestic activities use thermal 

engineering. But energy  technology and power sector are fully dependent on the laws of 

thermodynamics.  

 

 

For examples: 

•Central thermal power plants, captive power plants based on coal 

•Nuclear power plants 

•Gas turbine power plants 

•Engines for automobiles, ships, airways & spacecrafts 

•Direct energy conversion devices: Fuel cells, thermoionic, thermoelectric engines 

•Air conditioning, HVAC 

•Domestic, Commercial and industrial lighting 

•Agricultural, transport and industrial machines 

All the above engines and power consuming plants are designed using laws of thermodynamics.  

https://mech-engineeringbd.blogspot.com/2016/06/thermodynamics.html
https://mech-engineeringbd.blogspot.com/2016/06/laws-of-thermodynamics.html
https://mech-engineeringbd.blogspot.com/2016/06/laws-of-thermodynamics.html
https://mech-engineeringbd.blogspot.com/2016/06/laws-of-thermodynamics.html
https://mech-engineeringbd.blogspot.com/2016/06/laws-of-thermodynamics.html
https://mech-engineeringbd.blogspot.com/2016/06/laws-of-thermodynamics.html


Explain the extensive & intensive properties of  thermodynamics systems 

with examples and units.  

Intensive Property: 

An intensive property is a physical property of  a system that does not depend on the 

system size or the amount of  material in the system. I.e. An intensive quantity (also 

intensive variable) is a physical quantity whose value does not depend on the amount 

of  the substance for which it is measured. Intensive property is also known as Bulk 

Property. 

Examples of  intensive properties include: 

Temperature 

Chemical Potential 

Density 

Specific Gravity 

Viscosity 

Velocity 

Electrical Resistivity. 



Extensive Property: 

An extensive property of  a system does depend on the system size or 

the amount of  material in the system. 

Examples of  extensive properties include: 

Mass 

Volume 

Entropy 

Enthalpy 

Energy 

Stiffness 

Particle Number 



1.5 Define thermodynamic state, path, process, quasi-static process, reversible & irreversible process, 

thermodynamic equilibrium, point function, path function, control volume.         

For thermodynamics, a thermodynamic state of a system is its 

condition at a specific time, that is fully identified by values of a 

suitable set of parameters known as state variables, state 

parameters or thermodynamic variables. Once such a set of 

values of thermodynamic variables has been specified for a 

system, the values of all thermodynamic properties of the system 

are uniquely determined. Usually, by default, a thermodynamic 

state is taken to be one of thermodynamic equilibrium. This 

means that the state is not merely the condition of the system at 

a specific time, but that the condition is the same, unchanging, 
over an indefinitely long duration of time. 

1.5 Define thermodynamic state, path, process, quasi-static process, reversible & irreversible process, 

thermodynamic equilibrium, point function, path function, control volume.         
Define thermodynamic state, path, process, quasi-static process, reversible & 

irreversible process, thermodynamic equilibrium, point function, path function, control 

volume.         

https://en.wikipedia.org/wiki/Thermodynamics
https://en.wikipedia.org/wiki/Thermodynamic_system
https://en.wikipedia.org/wiki/State_function
https://en.wikipedia.org/wiki/Thermodynamic_equilibrium


A thermodynamic process path is the path or series of states through which a 

system passes from an initial equilibrium state to a final equilibrium state[1] and can be 

viewed graphically on a pressure-volume (P-V), pressure-temperature (P-T), and 

temperature-entropy (T-s) diagrams.[2]  

           

There are an infinite number of possible paths from an initial point to an end point in a 

proses In many cases the path matters, however, changes in the thermodynamic 

properties depend only on the initial and final states and not upon the path.[3]  

Consider a gas in cylinder with a free floating piston resting on top of a volume of gas 

V1 at a temperature T1. If the gas is heated so that the temperature of the gas goes up 

to T2 while the piston is allowed to rise to V2 as in Figure 1, then the pressure is kept 

the same in this process due to the free floating piston being allowed to rise making 

the process an isobaric or constant pressure process. This Process Path is a straight 

horizontal line from state one to state two on a P-V diagram.  

https://en.wikipedia.org/wiki/Thermodynamic_process_path
https://en.wikipedia.org/wiki/Thermodynamic_process_path
https://en.wikipedia.org/wiki/Thermodynamic_process_path
https://en.wikipedia.org/wiki/Thermodynamic_process_path
https://en.wikipedia.org/wiki/Thermodynamic_process_path
https://en.wikipedia.org/wiki/Thermodynamic_process_path
https://en.wikipedia.org/wiki/Thermodynamic_process_path
https://en.wikipedia.org/wiki/Thermodynamic_process_path
https://en.wikipedia.org/wiki/Thermodynamic_process_path
https://en.wikipedia.org/wiki/File:Gax_expanding_doing_work_on_a_piston_in_a_cylinder.jpg


In thermodynamics, a quasi-static process is a 

thermodynamic process that happens slowly enough for 

the system to remain in internal equilibrium. An example 

of  this is quasi-static compression, where the volume of  a 

system changes at a slow rate enough to allow the pressure 

to remain uniform and constant throughout the system.[1] 

The processes which allow all isothermal and adiabatic 

operations to proceed very slowly are known as quasi-static 

processes 

https://en.wikipedia.org/wiki/Thermodynamics
https://en.wikipedia.org/wiki/Thermodynamic_process
https://en.wikipedia.org/wiki/Thermodynamic_equilibrium
https://en.wikipedia.org/wiki/Volume
https://en.wikipedia.org/wiki/Pressure
https://en.wikipedia.org/wiki/Quasistatic_process


Defined by change in a system, a thermodynamic process is a passage 

of  a thermodynamic system from an initial to a final state of  

thermodynamic equilibrium. The initial and final states are the defining 

elements of  the process. The actual course of  the process is not the 

primary concern, and thus often is ignored. This is the customary default 

meaning of  the term 'thermodynamic process'. In general, during the 

actual course of  a thermodynamic process, the system passes through 

physical states which are not describable as thermodynamic states, 

because they are far from internal thermodynamic equilibrium. Such 

processes are useful for thermodynamic theory 



Defined by a cycle of  transfers into and out of  a system, a 

cyclic process is described by the quantities transferred in 

the several stages of  the cycle, which recur unchangingly. 

The descriptions of  the staged states of  the system are not 

the primary concern. Cyclic processes were important 

conceptual devices in the early days of  thermodynamical 

investigation, while the concept of  the thermodynamic 

state variable was being developed.  



Defined by flows through a system, a flow process is a 

steady state of  flows into and out of  a vessel with definite 

wall properties. The internal state of  the vessel contents is 

not the primary concern. The quantities of  primary 

concern describe the states of  the inflow and the outflow 

materials, and, on the side, the transfers of  heat, work, and 

kinetic and potential energies for the vessel. Flow 

processes are of  interest in engineering.  



Equilibrium state: 

Physical systems found in nature are practically always dynamic 

and complex, but in many cases, macroscopic physical systems are 

amenable to description based on proximity to ideal conditions. One 

such ideal condition is that of a stable equilibrium state. Such a state 

is a primitive object of classical or equilibrium thermodynamics, in 

which it is called a thermodynamic state. Based on many 

observations, thermodynamics postulates that all systems that are 

isolated from the external environment will evolve so as to approach 

unique stable equilibrium states. There are a number of different 

types of equilibrium, corresponding to different physical variables, 

and a system reaches thermodynamic equilibrium when the 

conditions of all the relevant types of equilibrium are simultaneously 

satisfied. A few different types of equilibrium are listed below. 



•Thermal equilibrium: When the temperature throughout a 

system is uniform, the system is in thermal equilibrium. 

•Mechanical equilibrium: If at every point within a given system 

there is no change in pressure with time, and there is no 

movement of material, the system is in mechanical equilibrium. 

•Phase equilibrium: This occurs when the mass for each 

individual phase reaches a value that does not change with time. 

•Chemical equilibrium: In chemical equilibrium, the chemical 

composition of a system has settled and does not change with 

time. 

https://en.wikipedia.org/wiki/Thermal_equilibrium
https://en.wikipedia.org/wiki/Mechanical_equilibrium
https://en.wikipedia.org/wiki/Phase_equilibrium
https://en.wikipedia.org/wiki/Chemical_equilibrium


In thermodynamics, a reversible process is a process whose direction can 

be "reversed" by inducing infinitesimal changes to some property of  the 

system via its surroundings.[1] Throughout the entire reversible process, the 

system is in thermodynamic equilibrium with its surroundings. Having 

been reversed, it leaves no change in either the system or the surroundings. 

Since it would take an infinite amount of  time for the reversible process to 

finish, perfectly reversible processes are impossible. However, if  the system 

undergoing the changes responds much faster than the applied change, the 

deviation from reversibility may be negligible. In a reversible cycle, a cyclical 

reversible process, the system and its surroundings will be returned to their 

original states if  one half  cycle is followed by the other half  cycle.[2] 



Thermodynamic processes can be carried out in one of  two ways: reversibly 

or irreversibly. Reversibility means the reaction operates continuously at 

quasiequilibrium. In an ideal thermodynamically reversible process, the 

energy from work performed by or on the system would be maximized, and 

that from heat would be zero. However, heat cannot fully be converted to 

work and will always be lost to some degree (to the surroundings). (This is 

true only in case of  a cycle. In case of  an ideal process, heat can be 

completely converted into work, e.g., isothermal expansion of  an ideal gas in 

a piston–cylinder arrangement.) The phenomenon of  maximized work and 

minimized heat can be visualized on a pressure–volume graph as the area 

beneath the equilibrium curve, representing work done. In order to maximize 

work, one must follow the equilibrium curve precisely. 



Thermodynamic equilibrium is an axiomatic concept of  

thermodynamics. It is an internal state of  a single 

thermodynamic system, or a relation between several 

thermodynamic systems connected by more or less 

permeable or impermeable walls. In thermodynamic 

equilibrium there are no net macroscopic flows of  matter or 

of  energy, either within a system or between systems.  



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. 

Work done in a thermodynamic process is dependent on the 

path followed by the process. 

A path function is an inexact or imperfect differential. 

In the P-V diagram given above we can easily see that for 

the same initial and final states of  the system, work done in 

all the three process is different. 

For process A work done is b2A1a 

For process B work done is b2B1a 

For process C work done is b2C1a 

Another example of  path function is heat. 



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. 

Example of  point functions are density, enthalpy, internal energy, entropy 

etc. 

A point function is a property of  the system or we can say all the 

properties of  the system are point functions. 

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. 



Sr. no. Point Function Path Function 

1 
Its values are based on the state of  the system (i.e. 

pressure, volume, temperature etc.) 

Its values are based on how that particular 

thermodynamic state is achieved. 

2 
No matter by which process the state is obtained, its 

values will always remain the same. 

Different processes to obtain a particular 

state will give us different values. 

3 
Only initial and final states of  the process are 

sufficient 

We need to know exact path followed by 

the process 

4 Its values are independent of  the path followed 
Its values are dependent on the path 

followed 

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

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

7 It is property of  the system It is not the property of  the system 

8 
Its examples are density, enthalpy, internal energy, 

entropy etc 
Its examples are Heat, work etc. 



In continuum mechanics and thermodynamics, a control volume is a 

mathematical abstraction employed in the process of  creating mathematical 

models of  physical processes. In an inertial frame of  reference, it is a fictitious 

volume fixed in space or moving with constant flow velocity through which the 

continuum (gas, liquid or solid) flows. The surface enclosing the control volume 

is referred to as the control surface.[1]  

 

At steady state, a control volume can be thought of  as an arbitrary volume in 

which the mass of  the continuum remains constant. As a continuum moves 

through the control volume, the mass entering the control volume is equal to the 

mass leaving the control volume. At steady state, and in the absence of  work and 

heat transfer, the energy within the control volume remains constant. It is 

analogous to the classical mechanics concept of  the free body diagram.  

https://en.wikipedia.org/wiki/Continuum_mechanics
https://en.wikipedia.org/wiki/Thermodynamics
https://en.wikipedia.org/wiki/Mathematical_model
https://en.wikipedia.org/wiki/Mathematical_model
https://en.wikipedia.org/wiki/Inertial_frame_of_reference
https://en.wikipedia.org/wiki/Flow_velocity
https://en.wikipedia.org/wiki/Gas
https://en.wikipedia.org/wiki/Liquid
https://en.wikipedia.org/wiki/Solid
https://en.wikipedia.org/wiki/Control_volume
https://en.wikipedia.org/wiki/Control_volume
https://en.wikipedia.org/wiki/Control_volume
https://en.wikipedia.org/wiki/Steady_state
https://en.wikipedia.org/wiki/Steady_state
https://en.wikipedia.org/wiki/Free_body_diagram


Define heat, temperature and pressure. 1.7  Explain different types of  heat, temperature scale and 

pressure. 

Heat is the transfer of  kinetic energy from one 

medium or object to another, or from an 

energy source to a medium or object. Such 

energy transfer can occur in three ways: 

radiation, conduction, and convection. 



Notation and units 

As a form of  energy, heat has the unit joule (J) in the 

International System of  Units (SI). However, in many applied 

fields in engineering the British thermal unit (BTU) and the 

calorie are often used. The standard unit for the rate of  heat 

transferred is the watt (W), defined as one joule per second.  

 

Use of  the symbol Q for the total amount of  energy transferred 

as heat is due to Rudolf  Clausius in 1850:  

https://en.wikipedia.org/wiki/Joule
https://en.wikipedia.org/wiki/International_System_of_Units
https://en.wikipedia.org/wiki/British_thermal_unit
https://en.wikipedia.org/wiki/Calorie
https://en.wikipedia.org/wiki/Watt
https://en.wikipedia.org/wiki/Rudolf_Clausius


 (তা঩ভাত্রা ফা উষ্ণতা ঴চ্ছে ক াচ্ছনা ফস্তু  তটা গযভ (উষ্ণ) ফা ঠান্ডা (঱ীতর), তায ঩রযভা঩ এফং তা঩঱ক্তি 

঩রযফ঴ণ দ্বাযা ঳ফ঳ভয় উষ্ণতয ফস্তু কথচ্ছ  ঱ীতরতয ফস্তুচ্ছত প্রফার঴ত ঴য়। উষ্ণতা ক াচ্ছনা ফস্তুয কভাট তাচ্ছ঩য 

঩রযভা঩ নয়, তাচ্ছ঩য "ভাত্রা"য ঩রযভা঩। এই ভাত্রা ফস্তুয ক াচ্ছনা অংচ্ছ঱য স্থানীয় তা঩জরনত আণরফ  চাঞ্চচ্ছরেয 

঩রযভাচ্ছণয উ঩য রনব঄য  চ্ছয।  

঩যভ তা঩ভাত্রা এভন এ টট উষ্ণতা ঳ূচ  মা ফস্তুয তা঩জরনত গরত঱ক্তিয এ টট ঩রযচায় । এ ভ঴ারফচ্ছে মা র ছু 

আচ্ছছ তাচ্ছ  দু বাচ্ছগ বাগ  যা মায়। এ টট বাচ্ছগ আচ্ছছ ঩দাথ ঄ মাচ্ছদয বয আচ্ছছ, জায়গা দখর  চ্ছয এফং ফর 

প্রচ্ছয়াচ্ছগ ফাধা কদয়। অনেবাচ্ছগ আচ্ছছ ঱ক্তি। এচ্ছদয ক াচ্ছনা বয কনই, জায়গা দখর  চ্ছয না ফা ফর প্রচ্ছয়াচ্ছগ ক ান 

ফাধা কদয় না। এচ্ছদযচ্ছ  আভযা ইক্তিয় দ্বাযা অনুবফ  যচ্ছত ঩ারয। ঳ুতযাং তা঩ এভন এ  ধযচ্ছনয ঱ক্তি। ঩ঞ্চ 

ইক্তিচ্ছয়য ভচ্ছধে তা঩চ্ছ  ক ফর ত্ব  দ্বাযা অনুবফ  যা মায়।)  

A temperature expresses hot and cold, as measured with a thermometer. In 

physics, hotness is a body's ability to impart energy as heat to another body 

that is colder.  

In a body in which there are processes of  chemical reaction and flow of  

matter, temperature may vary over its parts, and over time, as measured by a 

suitably small and rapidly responding thermometer, and may depend also 

on the match of  the processes to the characteristics of  the thermometer.  

https://bn.wikipedia.org/wiki/%E0%A6%AA%E0%A6%B0%E0%A6%BF%E0%A6%AC%E0%A6%B9%E0%A6%A3_(%E0%A6%A4%E0%A6%BE%E0%A6%AA)
https://bn.wikipedia.org/wiki/%E0%A6%85%E0%A6%A3%E0%A7%81
https://bn.wikipedia.org/wiki/%E0%A6%AA%E0%A6%A6%E0%A6%BE%E0%A6%B0%E0%A7%8D%E0%A6%A5
https://bn.wikipedia.org/wiki/%E0%A6%AD%E0%A6%B0
https://bn.wikipedia.org/w/index.php?title=%E0%A6%87%E0%A6%A8%E0%A7%8D%E0%A6%A6%E0%A7%8D%E0%A6%B0%E0%A6%BF%E0%A6%AF%E0%A6%BC&action=edit&redlink=1
https://en.wikipedia.org/wiki/Measurement
https://en.wikipedia.org/wiki/Thermometer
https://en.wikipedia.org/wiki/Heat


Pressure is the amount of  force applied at right angles to the surface of  an object 

per unit area. The symbol for it is p or P. The IUPAC recommendation for pressure 

is a lower-case p.However, upper-case P is widely used. The usage of  P vs p depends 

upon the field in which one is working, on the nearby presence of  other symbols for 

quantities such as power and momentum, and on writing style.  

https://en.wikipedia.org/wiki/Right_angle
https://en.wikipedia.org/wiki/IUPAC
https://en.wikipedia.org/wiki/Power_(physics)
https://en.wikipedia.org/wiki/Momentum


১৯২৭ ঳াচ্ছর আন্তজ঄ারত  ওজন ও ঩রযভা঩ ঳ংস্থায (International Committee for Weights and Measures)  

এ  অরধচ্ছফ঱চ্ছন ক ররবন কেরচ্ছ  ফেফ঴ারয  কের র঴চ্ছ঳চ্ছফ ফেফ঴ায  যায অনুচ্ছভাদন কদয়। ক ররবনই ঴চ্ছরা  

এ঳.আই. এ  । তা঩ভাত্রায রতনটট কের ফেফ঴ায ঴চ্ছয় থাচ্ছ । ঳ফচ্ছচচ্ছয় কফর঱ ফেফ঴ায ঴য় ক঳রর঳য়া঳ কের।[২ 

] র ন্তু অচ্ছন ঳ভয় পাচ্ছযন঴াইট কেরও ফেফরৃত ঴য়। আয ঩দাথ ঄রফজ্ঞান ও য঳ায়চ্ছন কফর঱ ফেফরৃত ঴য় ক ররবন কের। 

 ঩যভ ঱ূনে তা঩ভাত্রা কথচ্ছ  ক ররবন কের শুরু ঴য়।  

১ ক ররবন= ১ রডরি ক঳রর঳য়া঳ ঴চ্ছরও ক঳রর঳য়া঳ কের এয শুরু ২৭৩ রডরি ক ররবন কথচ্ছ । 

 ২৭৩ ক ররবচ্ছন ঩ারন জচ্ছভ ফযপ ঴য়, তাই এচ্ছ  ক঳রর঳য়া঳ কেচ্ছরয শুরু (০° ক঳রর঳য়া঳) ধযা ঴য়।  

ক঳রর঳য়া঳, পাচ্ছযন঴াইট ও ক ররবন কেচ্ছরয ভধে ায ঳ম্প ঄টট ঴চ্ছরা:  

               

঩দাথ ঄রফজ্ঞাচ্ছনয ঩রযবালায় এ   কেত্রপচ্ছরয উ঩য প্রমুি ফরচ্ছ  চা঩ ফচ্ছর। এচ্ছ  P দ্বাযা প্র া঱  যা ঴য়।[১] রস্থয-তযর 

(঴াইচ্ছরাস্টাটট ) ফেফস্থায় ক াচ্ছনা তচ্ছরয উ঩য চা঩ ক ফর তচ্ছরয ঳চ্ছঙ্গ রম্ব বাচ্ছফ ঴য় এফং তরটটচ্ছ  এ ই উচ্চতায় কযচ্ছখ 

রদ  ঩রযফত঄ন  যচ্ছর চাচ্ছ঩য ক াচ্ছনা ঩রযফত঄ন ঴য় না (঩োোচ্ছরয ঳ূত্র)। তাই ঴াইচ্ছরাস্টাটট  চা঩চ্ছ  কেরায ফচ্ছর ধযা মায়। 

র ন্তু ঳চর-তযর (঴াইচ্ছরাডাইনারভ ) ফেফস্থায় চা঩ তচ্ছরয রদচ্ছ য উ঩য রনব঄য  যচ্ছত ঩াচ্ছয এফং তযচ্ছরয ভধেরস্থত ক ানও 

রফন্দচু্ছত চাচ্ছ঩য ভান ও রদ  ঩ুচ্ছযা঩ুরয রনরদ঄ষ্ট  যচ্ছত ঴চ্ছর, ঳াধাযণ কবক্টচ্ছযয নোয় ৩টট নয়, ৯টট রফচ্ছেরলত ভান রনচ্ছদ঄঱  যচ্ছত 
঴য়।  

তাই ঳চর-তযর (঴াইচ্ছরাডাইনারভ ) চা঩ কেরায (঱ূণে য ্  মাঙ্ক) ফা কবক্টয (প্রথভ য ্  মাঙ্ক) নয়, ফযং রদ্বতীয় য ্  মাচ্ছঙ্কয 
কটন্সায। 

চাচ্ছ঩য এ঳  আই এ   ঩োচ্ছের। চাচ্ছ঩য এ  চ্ছ  (Pa) দ্বাযা প্র া঱  যা ঴য়, র঳ক্তজএ঳ এ   

ডাইন/ক঳রিরভটায² 

https://bn.wikipedia.org/w/index.php?title=International_Committee_for_Weights_and_Measures&action=edit&redlink=1
https://bn.wikipedia.org/wiki/%E0%A6%95%E0%A7%87%E0%A6%B2%E0%A6%AD%E0%A6%BF%E0%A6%A8
https://bn.wikipedia.org/wiki/%E0%A6%86%E0%A6%A8%E0%A7%8D%E0%A6%A4%E0%A6%B0%E0%A7%8D%E0%A6%9C%E0%A6%BE%E0%A6%A4%E0%A6%BF%E0%A6%95_%E0%A6%8F%E0%A6%95%E0%A6%95_%E0%A6%AA%E0%A6%A6%E0%A7%8D%E0%A6%A7%E0%A6%A4%E0%A6%BF
https://bn.wikipedia.org/wiki/%E0%A6%86%E0%A6%A8%E0%A7%8D%E0%A6%A4%E0%A6%B0%E0%A7%8D%E0%A6%9C%E0%A6%BE%E0%A6%A4%E0%A6%BF%E0%A6%95_%E0%A6%8F%E0%A6%95%E0%A6%95_%E0%A6%AA%E0%A6%A6%E0%A7%8D%E0%A6%A7%E0%A6%A4%E0%A6%BF
https://bn.wikipedia.org/wiki/%E0%A6%86%E0%A6%A8%E0%A7%8D%E0%A6%A4%E0%A6%B0%E0%A7%8D%E0%A6%9C%E0%A6%BE%E0%A6%A4%E0%A6%BF%E0%A6%95_%E0%A6%8F%E0%A6%95%E0%A6%95_%E0%A6%AA%E0%A6%A6%E0%A7%8D%E0%A6%A7%E0%A6%A4%E0%A6%BF
https://bn.wikipedia.org/wiki/%E0%A6%86%E0%A6%A8%E0%A7%8D%E0%A6%A4%E0%A6%B0%E0%A7%8D%E0%A6%9C%E0%A6%BE%E0%A6%A4%E0%A6%BF%E0%A6%95_%E0%A6%8F%E0%A6%95%E0%A6%95_%E0%A6%AA%E0%A6%A6%E0%A7%8D%E0%A6%A7%E0%A6%A4%E0%A6%BF
https://bn.wikipedia.org/wiki/%E0%A6%B8%E0%A7%87%E0%A6%B2%E0%A6%B8%E0%A6%BF%E0%A6%AF%E0%A6%BC%E0%A6%BE%E0%A6%B8
https://bn.wikipedia.org/wiki/%E0%A6%A4%E0%A6%BE%E0%A6%AA%E0%A6%AE%E0%A6%BE%E0%A6%A4%E0%A7%8D%E0%A6%B0%E0%A6%BE
https://bn.wikipedia.org/wiki/%E0%A6%A4%E0%A6%BE%E0%A6%AA%E0%A6%AE%E0%A6%BE%E0%A6%A4%E0%A7%8D%E0%A6%B0%E0%A6%BE
https://bn.wikipedia.org/wiki/%E0%A6%A4%E0%A6%BE%E0%A6%AA%E0%A6%AE%E0%A6%BE%E0%A6%A4%E0%A7%8D%E0%A6%B0%E0%A6%BE
https://bn.wikipedia.org/wiki/%E0%A6%A4%E0%A6%BE%E0%A6%AA%E0%A6%AE%E0%A6%BE%E0%A6%A4%E0%A7%8D%E0%A6%B0%E0%A6%BE
https://bn.wikipedia.org/wiki/%E0%A6%AB%E0%A6%BE%E0%A6%B0%E0%A7%87%E0%A6%A8%E0%A6%B9%E0%A6%BE%E0%A6%87%E0%A6%9F
https://bn.wikipedia.org/wiki/%E0%A6%95%E0%A7%87%E0%A6%B2%E0%A6%AD%E0%A6%BF%E0%A6%A8
https://bn.wikipedia.org/w/index.php?title=%E0%A6%AA%E0%A6%B0%E0%A6%AE_%E0%A6%B6%E0%A7%82%E0%A6%A8%E0%A7%8D%E0%A6%AF_%E0%A6%A4%E0%A6%BE%E0%A6%AA%E0%A6%AE%E0%A6%BE%E0%A6%A4%E0%A7%8D%E0%A6%B0%E0%A6%BE&action=edit&redlink=1
https://bn.wikipedia.org/w/index.php?title=%E0%A6%AA%E0%A6%B0%E0%A6%AE_%E0%A6%B6%E0%A7%82%E0%A6%A8%E0%A7%8D%E0%A6%AF_%E0%A6%A4%E0%A6%BE%E0%A6%AA%E0%A6%AE%E0%A6%BE%E0%A6%A4%E0%A7%8D%E0%A6%B0%E0%A6%BE&action=edit&redlink=1
https://bn.wikipedia.org/w/index.php?title=%E0%A6%AA%E0%A6%B0%E0%A6%AE_%E0%A6%B6%E0%A7%82%E0%A6%A8%E0%A7%8D%E0%A6%AF_%E0%A6%A4%E0%A6%BE%E0%A6%AA%E0%A6%AE%E0%A6%BE%E0%A6%A4%E0%A7%8D%E0%A6%B0%E0%A6%BE&action=edit&redlink=1
https://bn.wikipedia.org/w/index.php?title=%E0%A6%AA%E0%A6%B0%E0%A6%AE_%E0%A6%B6%E0%A7%82%E0%A6%A8%E0%A7%8D%E0%A6%AF_%E0%A6%A4%E0%A6%BE%E0%A6%AA%E0%A6%AE%E0%A6%BE%E0%A6%A4%E0%A7%8D%E0%A6%B0%E0%A6%BE&action=edit&redlink=1
https://bn.wikipedia.org/w/index.php?title=%E0%A6%AA%E0%A6%B0%E0%A6%AE_%E0%A6%B6%E0%A7%82%E0%A6%A8%E0%A7%8D%E0%A6%AF_%E0%A6%A4%E0%A6%BE%E0%A6%AA%E0%A6%AE%E0%A6%BE%E0%A6%A4%E0%A7%8D%E0%A6%B0%E0%A6%BE&action=edit&redlink=1
https://bn.wikipedia.org/wiki/%E0%A6%AA%E0%A6%A6%E0%A6%BE%E0%A6%B0%E0%A7%8D%E0%A6%A5%E0%A6%AC%E0%A6%BF%E0%A6%9C%E0%A7%8D%E0%A6%9E%E0%A6%BE%E0%A6%A8
https://bn.wikipedia.org/wiki/%E0%A6%AC%E0%A6%B2
https://bn.wikipedia.org/wiki/%E0%A6%9A%E0%A6%BE%E0%A6%AA
https://bn.wikipedia.org/wiki/%E0%A6%9A%E0%A6%BE%E0%A6%AA
https://bn.wikipedia.org/wiki/%E0%A6%9A%E0%A6%BE%E0%A6%AA
https://bn.wikipedia.org/wiki/%E0%A6%AC%E0%A7%8D%E0%A6%B2%E0%A7%87%E0%A6%87%E0%A6%9C_%E0%A6%AA%E0%A7%8D%E0%A6%AF%E0%A6%BE%E0%A6%B8%E0%A6%95%E0%A7%87%E0%A6%B2
https://bn.wikipedia.org/w/index.php?title=%E0%A6%B9%E0%A6%BE%E0%A6%87%E0%A6%A1%E0%A7%8D%E0%A6%B0%E0%A7%8B%E0%A6%B8%E0%A7%8D%E0%A6%9F%E0%A6%BE%E0%A6%9F%E0%A6%BF%E0%A6%95&action=edit&redlink=1
https://bn.wikipedia.org/wiki/%E0%A6%AD%E0%A7%87%E0%A6%95%E0%A7%8D%E0%A6%9F%E0%A6%B0
https://bn.wikipedia.org/w/index.php?title=%E0%A6%B8%E0%A7%8D%E0%A6%95%E0%A7%87%E0%A6%B2%E0%A6%BE%E0%A6%B0&action=edit&redlink=1
https://bn.wikipedia.org/w/index.php?title=%E0%A6%9F%E0%A7%87%E0%A6%A8%E0%A7%8D%E0%A6%B8%E0%A6%BE%E0%A6%B0&action=edit&redlink=1
https://bn.wikipedia.org/wiki/%E0%A6%8F%E0%A6%B8%E0%A7%8D%E2%80%8C%E0%A6%86%E0%A6%87_%E0%A6%8F%E0%A6%95%E0%A6%95
https://bn.wikipedia.org/wiki/%E0%A6%8F%E0%A6%B8%E0%A7%8D%E2%80%8C%E0%A6%86%E0%A6%87_%E0%A6%8F%E0%A6%95%E0%A6%95
https://bn.wikipedia.org/wiki/%E0%A6%8F%E0%A6%B8%E0%A7%8D%E2%80%8C%E0%A6%86%E0%A6%87_%E0%A6%8F%E0%A6%95%E0%A6%95
https://bn.wikipedia.org/wiki/%E0%A6%8F%E0%A6%B8%E0%A7%8D%E2%80%8C%E0%A6%86%E0%A6%87_%E0%A6%8F%E0%A6%95%E0%A6%95
https://bn.wikipedia.org/wiki/%E0%A6%8F%E0%A6%B8%E0%A7%8D%E2%80%8C%E0%A6%86%E0%A6%87_%E0%A6%8F%E0%A6%95%E0%A6%95
https://bn.wikipedia.org/wiki/%E0%A6%AA%E0%A7%8D%E0%A6%AF%E0%A6%BE%E0%A6%B8%E0%A7%8D%E0%A6%95%E0%A7%87%E0%A6%B2_(%E0%A6%8F%E0%A6%95%E0%A6%95)
https://bn.wikipedia.org/w/index.php?title=%E0%A6%B8%E0%A6%BF%E0%A6%9C%E0%A6%BF%E0%A6%8F%E0%A6%B8_%E0%A6%8F%E0%A6%95%E0%A6%95&action=edit&redlink=1
https://bn.wikipedia.org/w/index.php?title=%E0%A6%B8%E0%A6%BF%E0%A6%9C%E0%A6%BF%E0%A6%8F%E0%A6%B8_%E0%A6%8F%E0%A6%95%E0%A6%95&action=edit&redlink=1
https://bn.wikipedia.org/w/index.php?title=%E0%A6%B8%E0%A6%BF%E0%A6%9C%E0%A6%BF%E0%A6%8F%E0%A6%B8_%E0%A6%8F%E0%A6%95%E0%A6%95&action=edit&redlink=1
https://bn.wikipedia.org/w/index.php?title=%E0%A6%A1%E0%A6%BE%E0%A6%87%E0%A6%A8/%E0%A6%B8%E0%A7%87%E0%A6%A8%E0%A7%8D%E0%A6%9F%E0%A6%BF%E0%A6%AE%E0%A6%BF%E0%A6%9F%E0%A6%BE%E0%A6%B0%C2%B2&action=edit&redlink=1
https://bn.wikipedia.org/w/index.php?title=%E0%A6%A1%E0%A6%BE%E0%A6%87%E0%A6%A8/%E0%A6%B8%E0%A7%87%E0%A6%A8%E0%A7%8D%E0%A6%9F%E0%A6%BF%E0%A6%AE%E0%A6%BF%E0%A6%9F%E0%A6%BE%E0%A6%B0%C2%B2&action=edit&redlink=1
https://bn.wikipedia.org/w/index.php?title=%E0%A6%A1%E0%A6%BE%E0%A6%87%E0%A6%A8/%E0%A6%B8%E0%A7%87%E0%A6%A8%E0%A7%8D%E0%A6%9F%E0%A6%BF%E0%A6%AE%E0%A6%BF%E0%A6%9F%E0%A6%BE%E0%A6%B0%C2%B2&action=edit&redlink=1
https://bn.wikipedia.org/w/index.php?title=%E0%A6%A1%E0%A6%BE%E0%A6%87%E0%A6%A8/%E0%A6%B8%E0%A7%87%E0%A6%A8%E0%A7%8D%E0%A6%9F%E0%A6%BF%E0%A6%AE%E0%A6%BF%E0%A6%9F%E0%A6%BE%E0%A6%B0%C2%B2&action=edit&redlink=1


Mention units of  heat, temperature scale and pressure.  

Convert one unit to another  unit of  heat, temperature scale and pressure.  

স্বাবারফ  ফায়ুচাচ্ছ঩ পাচ্ছযন঴াইট কেচ্ছর ঩ারনয র঴ভাঙ্ক ক  ধযা ঴য় ৩২ রডিী পাচ্ছযন঴াইট (°F) এফং ঳ পুটনাঙ্ক ক  

ধযা ঴য় ২১২ °F, এই দুই রফন্দযু ভধেফতঅ অং঱ ক  ১৮০ েুদ্র বাচ্ছগ বাগ  যা ঴য়। প্ররতটট েুদ্র বাগচ্ছ  ফরা ঴য় ১ 

রডিী পাচ্ছযন঴াইট।[৩] 

আফায ক঳রর঳য়া঳ কেচ্ছর স্বাবারফ  ফায়ুচাচ্ছ঩ ঩ারনয গরনাঙ্ক এফং ঳ পুটনাচ্ছঙ্কয ভধেফতঅ অং঱ ক  ১০০ বাচ্ছগ বাগ 

 যা ঴য় এফং প্ররতটট বাগচ্ছ  ফরা ঴য় ১ রডিী ক঳রর঳য়া঳।[৩] এ  রডিী পাচ্ছযন঴াইট তা঩ভাত্রা ঩াথ ঄ ে 

঴র ৫⁄৯ রডিী ক঳রর঳য়া঳ তা঩ভাত্রা ঩াথ ঄চ্ছ েয ঳ভান। 

আয এ টট ভজায রফলয় ঴র,−৪০ °F এফং −৪০ °C এ ই তা঩ভাত্রা রনচ্ছদ঄঱  চ্ছয।[৩] পাচ্ছযন঴াইট কেচ্ছর ঩যভ 

঱ূনে তা঩ভাত্রা ঴র -৪৫৯.৬৭ °F ।[৪] আফায যানর ন (Rankine scale) তা঩ভাত্রা ঩রযভা঩  কেচ্ছর এ  রডিী 

যানর ন (1 °R) ঴র, এ  রডিী পাচ্ছযন঴াইট এয ঳ভান। যানর ন কের এফং পাচ্ছযন঴াইট কেচ্ছরয ভচ্ছধে ঩াথ ঄ ে 
঴র ০ °R ঩যভ ঱ূনে তা঩ভাত্রা রনচ্ছদ঄঱  চ্ছয, আয ৩২ °F ঩ারনয র঴ভাঙ্ক রনচ্ছদ঄঱  চ্ছয। 

☼ ক্যালরারয [Calorie]:- 1 গ্রাভ রফশুদ্ধ জলরয উষ্ণতা 1oC ফৃদ্ধদ্ধ ক্যলত যম ঩রযভাণ তা঩ প্রল াজন ঴  

তালক্ 1 ক্যালরারয ফলর ।  CGS ঩দ্ধরতলত তাল঩য এক্ক্ ঴র ক্যালরারয । 

  

☼ জুর [joule]:-  SI ঩দ্ধরতলত তাল঩য এক্ক্ ঱দ্ধিয এক্লক্ প্রক্া঱ ক্যা ঴  । SI ঩দ্ধরতলত তাল঩য 

঩রযভাল঩য এক্ক্ ঴র জুর । 1 ক্যালরারয = 4.1825 জুর = 4.2 জুর (প্রা ) । 

https://bn.wikipedia.org/w/index.php?title=%E0%A6%B9%E0%A6%BF%E0%A6%AE%E0%A6%BE%E0%A6%99%E0%A7%8D%E0%A6%95&action=edit&redlink=1
https://bn.wikipedia.org/wiki/%E0%A6%B8%E0%A7%8D%E0%A6%AB%E0%A7%81%E0%A6%9F%E0%A6%A8%E0%A6%BE%E0%A6%99%E0%A7%8D%E0%A6%95
https://bn.wikipedia.org/wiki/%E0%A6%AB%E0%A6%BE%E0%A6%B0%E0%A7%87%E0%A6%A8%E0%A6%B9%E0%A6%BE%E0%A6%87%E0%A6%9F
https://bn.wikipedia.org/wiki/%E0%A6%AB%E0%A6%BE%E0%A6%B0%E0%A7%87%E0%A6%A8%E0%A6%B9%E0%A6%BE%E0%A6%87%E0%A6%9F
https://bn.wikipedia.org/wiki/%E0%A6%AB%E0%A6%BE%E0%A6%B0%E0%A7%87%E0%A6%A8%E0%A6%B9%E0%A6%BE%E0%A6%87%E0%A6%9F
https://bn.wikipedia.org/wiki/%E0%A6%AB%E0%A6%BE%E0%A6%B0%E0%A7%87%E0%A6%A8%E0%A6%B9%E0%A6%BE%E0%A6%87%E0%A6%9F
https://bn.wikipedia.org/wiki/%E0%A6%AB%E0%A6%BE%E0%A6%B0%E0%A7%87%E0%A6%A8%E0%A6%B9%E0%A6%BE%E0%A6%87%E0%A6%9F
https://bn.wikipedia.org/wiki/%E0%A6%AB%E0%A6%BE%E0%A6%B0%E0%A7%87%E0%A6%A8%E0%A6%B9%E0%A6%BE%E0%A6%87%E0%A6%9F
https://bn.wikipedia.org/wiki/%E0%A6%AB%E0%A6%BE%E0%A6%B0%E0%A7%87%E0%A6%A8%E0%A6%B9%E0%A6%BE%E0%A6%87%E0%A6%9F
https://bn.wikipedia.org/wiki/%E0%A6%AB%E0%A6%BE%E0%A6%B0%E0%A7%87%E0%A6%A8%E0%A6%B9%E0%A6%BE%E0%A6%87%E0%A6%9F
https://bn.wikipedia.org/wiki/%E0%A6%AB%E0%A6%BE%E0%A6%B0%E0%A7%87%E0%A6%A8%E0%A6%B9%E0%A6%BE%E0%A6%87%E0%A6%9F
https://bn.wikipedia.org/w/index.php?title=%E0%A6%AA%E0%A6%B0%E0%A6%AE_%E0%A6%B6%E0%A7%82%E0%A6%A8%E0%A7%8D%E0%A6%AF&action=edit&redlink=1
https://bn.wikipedia.org/w/index.php?title=%E0%A6%AA%E0%A6%B0%E0%A6%AE_%E0%A6%B6%E0%A7%82%E0%A6%A8%E0%A7%8D%E0%A6%AF&action=edit&redlink=1
https://bn.wikipedia.org/w/index.php?title=%E0%A6%AA%E0%A6%B0%E0%A6%AE_%E0%A6%B6%E0%A7%82%E0%A6%A8%E0%A7%8D%E0%A6%AF&action=edit&redlink=1
https://bn.wikipedia.org/wiki/%E0%A6%AB%E0%A6%BE%E0%A6%B0%E0%A7%87%E0%A6%A8%E0%A6%B9%E0%A6%BE%E0%A6%87%E0%A6%9F
https://bn.wikipedia.org/wiki/%E0%A6%AB%E0%A6%BE%E0%A6%B0%E0%A7%87%E0%A6%A8%E0%A6%B9%E0%A6%BE%E0%A6%87%E0%A6%9F
https://bn.wikipedia.org/wiki/%E0%A6%AB%E0%A6%BE%E0%A6%B0%E0%A7%87%E0%A6%A8%E0%A6%B9%E0%A6%BE%E0%A6%87%E0%A6%9F
https://bn.wikipedia.org/w/index.php?title=%E0%A6%B0%E0%A6%BE%E0%A6%A8%E0%A6%95%E0%A6%BF%E0%A6%A8_%E0%A6%B8%E0%A7%8D%E0%A6%95%E0%A7%87%E0%A6%B2%E0%A7%87&action=edit&redlink=1


঩দাথ ঄রফজ্ঞাচ্ছনয ঩রযবালায় এ   কেত্রপচ্ছরয উ঩য প্রমুি ফরচ্ছ  চা঩ ফচ্ছর। এচ্ছ  P দ্বাযা প্র া঱ 

 যা ঴য়।[১] রস্থয-তযর (঴াইচ্ছরাস্টাটট ) ফেফস্থায় ক াচ্ছনা তচ্ছরয উ঩য চা঩ ক ফর তচ্ছরয ঳চ্ছঙ্গ রম্ব 

বাচ্ছফ ঴য় এফং তরটটচ্ছ  এ ই উচ্চতায় কযচ্ছখ রদ  ঩রযফত঄ন  যচ্ছর চাচ্ছ঩য ক াচ্ছনা ঩রযফত঄ন ঴য় না 

(঩োোচ্ছরয ঳ূত্র)। তাই ঴াইচ্ছরাস্টাটট  চা঩চ্ছ  কেরায ফচ্ছর ধযা মায়। র ন্তু ঳চর-তযর 

(঴াইচ্ছরাডাইনারভ ) ফেফস্থায় চা঩ তচ্ছরয রদচ্ছ য উ঩য রনব঄য  যচ্ছত ঩াচ্ছয এফং তযচ্ছরয ভধেরস্থত 

ক ানও রফন্দচু্ছত চাচ্ছ঩য ভান ও রদ  ঩ুচ্ছযা঩ুরয রনরদ঄ষ্ট  যচ্ছত ঴চ্ছর, ঳াধাযণ কবক্টচ্ছযয নোয় ৩টট নয়, 

৯টট রফচ্ছেরলত ভান রনচ্ছদ঄঱  যচ্ছত ঴য়। তাই ঳চর-তযর (঴াইচ্ছরাডাইনারভ ) চা঩ কেরায (঱ূণে 
য ্  মাঙ্ক) ফা কবক্টয (প্রথভ য ্  মাঙ্ক) নয়, ফযং রদ্বতীয় য ্  মাচ্ছঙ্কয কটন্সায। 

চাচ্ছ঩য এ঳  আই এ   ঩োচ্ছের। চাচ্ছ঩য এ  চ্ছ  (Pa) দ্বাযা 
প্র া঱  যা ঴য়, র঳ক্তজএ঳ এ   ডাইন/ক঳রিরভটায²। 

https://bn.wikipedia.org/wiki/%E0%A6%AA%E0%A6%A6%E0%A6%BE%E0%A6%B0%E0%A7%8D%E0%A6%A5%E0%A6%AC%E0%A6%BF%E0%A6%9C%E0%A7%8D%E0%A6%9E%E0%A6%BE%E0%A6%A8
https://bn.wikipedia.org/wiki/%E0%A6%AC%E0%A6%B2
https://bn.wikipedia.org/wiki/%E0%A6%9A%E0%A6%BE%E0%A6%AA
https://bn.wikipedia.org/wiki/%E0%A6%9A%E0%A6%BE%E0%A6%AA
https://bn.wikipedia.org/wiki/%E0%A6%9A%E0%A6%BE%E0%A6%AA
https://bn.wikipedia.org/wiki/%E0%A6%AC%E0%A7%8D%E0%A6%B2%E0%A7%87%E0%A6%87%E0%A6%9C_%E0%A6%AA%E0%A7%8D%E0%A6%AF%E0%A6%BE%E0%A6%B8%E0%A6%95%E0%A7%87%E0%A6%B2
https://bn.wikipedia.org/w/index.php?title=%E0%A6%B9%E0%A6%BE%E0%A6%87%E0%A6%A1%E0%A7%8D%E0%A6%B0%E0%A7%8B%E0%A6%B8%E0%A7%8D%E0%A6%9F%E0%A6%BE%E0%A6%9F%E0%A6%BF%E0%A6%95&action=edit&redlink=1
https://bn.wikipedia.org/wiki/%E0%A6%AD%E0%A7%87%E0%A6%95%E0%A7%8D%E0%A6%9F%E0%A6%B0
https://bn.wikipedia.org/w/index.php?title=%E0%A6%B8%E0%A7%8D%E0%A6%95%E0%A7%87%E0%A6%B2%E0%A6%BE%E0%A6%B0&action=edit&redlink=1
https://bn.wikipedia.org/w/index.php?title=%E0%A6%9F%E0%A7%87%E0%A6%A8%E0%A7%8D%E0%A6%B8%E0%A6%BE%E0%A6%B0&action=edit&redlink=1
https://bn.wikipedia.org/wiki/%E0%A6%8F%E0%A6%B8%E0%A7%8D%E2%80%8C%E0%A6%86%E0%A6%87_%E0%A6%8F%E0%A6%95%E0%A6%95
https://bn.wikipedia.org/wiki/%E0%A6%8F%E0%A6%B8%E0%A7%8D%E2%80%8C%E0%A6%86%E0%A6%87_%E0%A6%8F%E0%A6%95%E0%A6%95
https://bn.wikipedia.org/wiki/%E0%A6%8F%E0%A6%B8%E0%A7%8D%E2%80%8C%E0%A6%86%E0%A6%87_%E0%A6%8F%E0%A6%95%E0%A6%95
https://bn.wikipedia.org/wiki/%E0%A6%8F%E0%A6%B8%E0%A7%8D%E2%80%8C%E0%A6%86%E0%A6%87_%E0%A6%8F%E0%A6%95%E0%A6%95
https://bn.wikipedia.org/wiki/%E0%A6%8F%E0%A6%B8%E0%A7%8D%E2%80%8C%E0%A6%86%E0%A6%87_%E0%A6%8F%E0%A6%95%E0%A6%95
https://bn.wikipedia.org/wiki/%E0%A6%AA%E0%A7%8D%E0%A6%AF%E0%A6%BE%E0%A6%B8%E0%A7%8D%E0%A6%95%E0%A7%87%E0%A6%B2_(%E0%A6%8F%E0%A6%95%E0%A6%95)
https://bn.wikipedia.org/w/index.php?title=%E0%A6%B8%E0%A6%BF%E0%A6%9C%E0%A6%BF%E0%A6%8F%E0%A6%B8_%E0%A6%8F%E0%A6%95%E0%A6%95&action=edit&redlink=1
https://bn.wikipedia.org/w/index.php?title=%E0%A6%B8%E0%A6%BF%E0%A6%9C%E0%A6%BF%E0%A6%8F%E0%A6%B8_%E0%A6%8F%E0%A6%95%E0%A6%95&action=edit&redlink=1
https://bn.wikipedia.org/w/index.php?title=%E0%A6%B8%E0%A6%BF%E0%A6%9C%E0%A6%BF%E0%A6%8F%E0%A6%B8_%E0%A6%8F%E0%A6%95%E0%A6%95&action=edit&redlink=1
https://bn.wikipedia.org/w/index.php?title=%E0%A6%A1%E0%A6%BE%E0%A6%87%E0%A6%A8/%E0%A6%B8%E0%A7%87%E0%A6%A8%E0%A7%8D%E0%A6%9F%E0%A6%BF%E0%A6%AE%E0%A6%BF%E0%A6%9F%E0%A6%BE%E0%A6%B0%C2%B2&action=edit&redlink=1
https://bn.wikipedia.org/w/index.php?title=%E0%A6%A1%E0%A6%BE%E0%A6%87%E0%A6%A8/%E0%A6%B8%E0%A7%87%E0%A6%A8%E0%A7%8D%E0%A6%9F%E0%A6%BF%E0%A6%AE%E0%A6%BF%E0%A6%9F%E0%A6%BE%E0%A6%B0%C2%B2&action=edit&redlink=1
https://bn.wikipedia.org/w/index.php?title=%E0%A6%A1%E0%A6%BE%E0%A6%87%E0%A6%A8/%E0%A6%B8%E0%A7%87%E0%A6%A8%E0%A7%8D%E0%A6%9F%E0%A6%BF%E0%A6%AE%E0%A6%BF%E0%A6%9F%E0%A6%BE%E0%A6%B0%C2%B2&action=edit&redlink=1
https://bn.wikipedia.org/w/index.php?title=%E0%A6%A1%E0%A6%BE%E0%A6%87%E0%A6%A8/%E0%A6%B8%E0%A7%87%E0%A6%A8%E0%A7%8D%E0%A6%9F%E0%A6%BF%E0%A6%AE%E0%A6%BF%E0%A6%9F%E0%A6%BE%E0%A6%B0%C2%B2&action=edit&redlink=1


 

পাচ্ছযন঴াইট কথচ্ছ  
পাচ্ছযন঴াইচ্ছট 

ক঳রর঳য়া঳ °C = (°F − ৩২) × ৫/৯ °F = °C × ৯/৫ + ৩২ 

ক ররবন K = (°F + ৪৫৯.৬৭) × ৫/৯ °F = [K] × ৯/৫ − ৪৫৯.৬৭ 

যানর ন °R = °F + ৪৫৯.৬৭ °F = °R − ৪৫৯.৬৭ 

কডররচ্ছ঳র °De = (২১২ − °F) × ৫/৬ °F = ২১২ − °De × ৬/৫ 

রনউটন °N = (°F − ৩২) × ১১/৬০ °F = °N ×৬০/১১+ ৩২ 

রযউভায °Ré = (°F − ৩২) × ৪/৯ °F = °Ré × ৪/৯+ ৩২ 

কযাভায °Rø = (°F − ৩২) × ৭/২৪+ ৭.৫ °F = (°Rø − ৭.৫) × ২৪/৭+ ৩২ 



তা঩ 

♦ তা঩ এ  প্র ায ঱ক্তি, মা ঠাণ্ডা ফা গযচ্ছভয অনুবূরত জাগায়। 

♦ তাচ্ছ঩য প্রফা঴ তাচ্ছ঩য ঩রযভাচ্ছণয ও঩য রনব঄য  চ্ছয না। 

♦ তা঩ ঴চ্ছরা তা঩ভাত্রায  াযণ। 

♦ তা঩ ঩রযভাচ্ছ঩য এ   জরু। 

♦ দুটট ফস্তুয তা঩ভাত্রা এ  ঴চ্ছরও এচ্ছদয তাচ্ছ঩য ঩রযভাণ রবন্ন ঴চ্ছত ঩াচ্ছয। 

♦ তা঩ ফস্তুরস্থত অণুয ঱ক্তিয ঳ভানু঩ারত । 

♦ তা঩ ঩রযভা঩  মচ্ছেয নাভ  োররয রভটায। 

  

তা঩ভাত্রা 

♦ তা঩ভাত্রা ঴চ্ছে ফস্তুয তা঩ীয় অফস্থা, মা অনে ফস্তুয তা঩ীয় ঳ংস্পচ্ছ঱ ঄ রনচ্ছয় এচ্ছর তা঩ কদচ্ছফ-না কনচ্ছফ 

তা রনধ ঄াযণ  চ্ছয। 

♦ তাচ্ছ঩য প্রফা঴ তা঩ভাত্রায ও঩য রনব঄য  চ্ছয। 

♦ তা঩ভাত্রা ঴চ্ছরা তাচ্ছ঩য পর। 

♦ তা঩ভাত্রা ঩রযভাচ্ছ঩য এ   ক ররবন। 

♦ দুটট ফস্তুয তাচ্ছ঩য ঩রযভাণ এ  ঴চ্ছরও এচ্ছদয তা঩ভাত্রা রবন্ন ঴চ্ছত ঩াচ্ছয। 

♦ তা঩ভাত্রা ফস্তুরস্থত গ঵ ঱ক্তিয ঳ভানু঩ারত । 

♦ তা঩ভাত্রা ঩রযভা঩  মচ্ছেয নাভ থাচ্ছভ ঄ারভটায। 



Explain heat is a low grade energy and work is a high grade energy.  

Low-grade energy: Based on the thermodynamic concepts, an 

energy source can be called as high-grade or low-grade, 

depending the ease with which it can be converted into other 

forms. Thus electrical energy is called a high-grade energy, as it is 

very easy to convert almost all of  it into other energy forms such 

as thermal energy (say by using an electrical heater). Whereas, it is 

not possible to convert thermal energy completely into electrical 

energy (typical efficiencies of  thermal power plants are around 30 

percent), hence thermal energy is called a low-grade energy. 

Naturally, high-grade energy sources are more expensive 

compared to low-grade energy sources. 



Solve problems on heat, temperature scale and pressure.  



SUBJECT: ENGINEERING THERMODYNAMICS 
CAPTER -02 

SUBJECT CODE: 27131 



2. Understand the concept of  

specific heat of  gases.  



Define specific heat, thermal capacity and water equivalent.  

► আল঩রিক্ তা঩ [Specific heat]:- 

• ঳ংজ্ঞা :- ক াচ্ছনা ঩দাচ্ছথ ঄য এ   বচ্ছযয উষ্ণতা এ  রডরি ফকৃ্তি  যচ্ছত কম ঩রযভাণ তাচ্ছ঩য 

প্রচ্ছয়াজন ঴য়, তাচ্ছ  ওই ঩দাচ্ছথ ঄য  আল঩রিক্ তা঩ ফচ্ছর । 

 

[ক্] CGS ঩দ্ধরতলত আল঩রিক্ তাল঩য ঳ংজ্ঞা:- এ  িাভ বচ্ছযয ক াচ্ছনা ঩দাচ্ছথ ঄য উষ্ণতা 

1oC ফা঵াচ্ছত মত  োচ্ছরারয তাচ্ছ঩য প্রচ্ছয়াজন ঴য়, তাচ্ছ  ওই ঩দাচ্ছথ ঄য আল঩রিক্ তা঩ ফচ্ছর 

।  এই ঩িরতচ্ছত আচ্ছ঩রে  তাচ্ছ঩য এ   ঴র  োচ্ছরারয প্ররত িাভ প্ররত রডরি ক঳রর঳য়া঳ 

(cal/gmoC) । 

 

'তাভায আল঩রিক্ তা঩ 0.09 ক্যালরারয/গ্রাভ রিরগ্র য঳রর঳ া঳' —ফরচ্ছত এই কফাঝায় কম, 

এ  িাভ তাভায উষ্ণতা 1oC ফকৃ্তি  যচ্ছত 0.09  োচ্ছরারয তাচ্ছ঩য প্রচ্ছয়াজন ঴য় । 

[খ]  

SI ঩দ্ধরতলত আল঩রিক্ তাল঩য ঳ংজ্ঞা:- এ  র চ্ছরািাভ বচ্ছযয ক াচ্ছনা ঩দাচ্ছথ ঄য উষ্ণতা 

এ  ক ররবন ফা 1oC ফকৃ্তি  যচ্ছত কম ঩রযভাণ তা঩঱ক্তিয প্রচ্ছয়াজন ঴য়, তাচ্ছ  ওই 

঩দাচ্ছথ ঄য আল঩রিক্ তা঩ ফচ্ছর । এয এ   ঴র—  জরু/ক ক্তজ ক ররবন ফা রডরি ক঳রর঳য়া঳ 

(J/kg K ফা,  J/kg oC) । আচ্ছ঩রে  তাচ্ছ঩য ভাত্রা = [ML2T-2/MK] = [L2T-2K-1] 







cvwbmg ev Zzj¨ RjvsK  

 

‡Kv‡bv e ‘̄i ZvcgvÎv GKK cwigvb evov‡Z †h cwigvb Zv‡ci 

cÖv‡qvRb nq, †m Zvc w`‡q hZUzKz cvwbi ZvcgvÎv GKK cwigvb 

evov‡bv hvq, Zv‡K IB e¯‘i cvwbmg e‡j| 

cvwbm‡gi GKK , f‡ii GKK,‡KwR,cvDÛ,MÖvg| 

 

Zvc aviY ÿgZvt †Kvb e¯‘i ZvcgvÎv 1 wWMÖx evov‡Z †h cwigvb 

Zv‡ci cÖ‡qvRb nq Zv‡K IB e¯‘I Zvc avib ÿgZv e‡j| 

GKK,Zv‡ci GKK K¨vjix,Ryj 







Describe the terms specific heat at constant pressure (Cp) and 

specific heat at constant Volume (Cv).  

 রিয চাল঩ আল঩রিক্ তা঩(Cp) ক্ালক্ ফলর? 

উত্তয : চা঩ রস্থয কযচ্ছখ ক াচ্ছনা গোচ্ছ঳য এ   বচ্ছযয 

তা঩ভাত্রা এ  রডরি ফকৃ্তি  যচ্ছত প্রচ্ছয়াজনীয় তা঩চ্ছ  

ওই গোচ্ছ঳য রস্থয চাচ্ছ঩ আচ্ছ঩রে  তা঩ ফচ্ছর।  রিয  

 

আ তলন আল঩রিক্ তা঩ (Cv) ক্ালক্ ফলর? 

উত্তয : আয়তন রস্থয কযচ্ছখ ক াচ্ছনা গোচ্ছ঳য এ   

বচ্ছযয তা঩ভাত্রা এ  রডরি ফকৃ্তি  যচ্ছত প্রচ্ছয়াজনীয় 

তা঩চ্ছ  ওই গোচ্ছ঳য রস্থয আয়তচ্ছন আচ্ছ঩রে  তা঩ 

ফচ্ছর। 







Mention Regnault’s law. 

Regnault’s Law: 

Regnault’s law states that the specific heat capacity of  a gas at constant 

pressure (Cp) and the specific heat capacity of  a gas at constant volume 

(Cv) do not change with change in pressure and temperature. According 

to this law, Cp and Cv values of  a gas remain constant. 

 

 



Relation between Cp and Cv : 
 

  







Relate two specific heats (Cp and Cv).  



Explain the ratio of  two specific heats (γ) 

আদ঱ ঄ গোচ্ছ঳য কেচ্ছত্র  খচ্ছনা  খচ্ছনা ĉV ও ĉp-এয ভাচ্ছনয 

঩াথ ঄ ে ঴চ্ছত ঩াচ্ছয। র ন্তু ফাস্তফ গোচ্ছ঳য কেচ্ছত্র তা  খনও 

঴চ্ছফ না। 

রস্থয চাচ্ছ঩ আচ্ছ঩রে  তা঩ ও রস্থয আয়তচ্ছন আচ্ছ঩রে  

তাচ্ছ঩য অনু঩াত:    Ꝩ  = Cp/Cv  

        
নানা গোচ্ছ঳য রভশ্রণ ফায়ুয কেচ্ছত্র এই অনু঩াচ্ছতয ভান ১.৪। 



Mention the standard value of  Cp, Cv, and γ for some common gases.  



Explain the molar specific heats of  a gas.  





Solve problems on Cp, Cv, and γ 
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3. Understand the laws of 
perfect gases. 

(Av`©k M¨v‡mi m~Îvewj) 



.  Define perfect gas 

Explain the variables of  perfect gases.  

Av`©k M¨v‡mi msÁvt †h †Kv‡bv w¯’i ZvcgvÎvq †h mKj M¨v‡mi AvqZb mKj 

Pv‡c e‡q‡ji m~Î †g‡b cwiewZ©Z nq Zv‡`i‡K mvavibfv‡e Av`©k M¨vm 

e‡j|ev¯Í‡e Av`k© M¨vm `~wó‡MvPi nq bv| wb¤œPv‡c Ges D”P ZvcgvÎvq cÖvq mKj 

M¨vm(‡hgb-nvB‡Wªv‡Rb,wnwjqvg M¨vm) Av`k© M¨v‡mi b¨vq AvPiY K‡i| 



e‡q‡ji m~Ît †Kv‡bv wbw`÷ f‡ii M¨v‡mi ZvcgvÎv 

w¯’i _vK‡j Zvi AvqZb Pv‡ci e¨¯Ívbycv‡Z cwiewZ©Z 

nq| 

 

Pvj‡m©i m~Ît 1g m~Î, w¯’i Pv‡c †Kv‡bv wbw`ó f‡ii 

M¨v‡mi AvqZb Zvi cigZvcgvÎvi mgvbycvwZK| 

 

Pvj‡m©i m~Ît 2q m~Î,Pvc w¯Íi _vK‡j wbw`ó †Kv‡bv 

M¨v‡mi AvqZb cÖwZ wWMÖx †mw›U‡MÖW ZvcgvÎv e~w× ev 

nªv‡mi Rb¨ Zvi 0c ZvcgvÎvi AvqZ‡bi 1/273 fvM 

e~w× ev n«vm cvq| 

State Boyle's 

law, Charles' 

law and Gay-

Lussac law, 

Avogadro’s 

law. 

 



‡Mjymv‡Ki m~Ît w¯’i AvqZ‡b wbw`ó f‡ii †Kv‡bv 

M¨v‡mi Pvc IB M¨v‡mi cig ev †Kjwfb ZvcgvÎvi 

mgvbycvwZK| 

 

cÖgvb ZvcgvÎv I Pvct †h ZvcgvÎvh cÖgvb Pv‡c eid 

M‡j cvwb‡Z cwibZ nh ev cvwb R‡g ei‡d cwibZ 

nq †mB ZvcgvÎv‡K cÖgvb ZvcgvÎv e‡j| k~b¨ wWMÖx 

†mw›Uª‡MÖW ev 273 †Kjwfb| 

 

cÖgvb Pvct 760 mm of Hg or 1.01325 

kg/cm2 

State Boyle's 

law, Charles' 

law and Gay-

Lussac law, 

Avogadro’s 

law. 

 



 অ্যালবাগালরায ঳ূত্র [Avogadro's law]:- 

ফাদ্ধজিরর াল঳য প্রক্ল্প (এক্ই চা঩ ও উষ্ণতা  ঳ভ-আ তন 

঳ক্র গযাল঳য ভলধয ঳ভান ঳ংখ্যক্ ঩যভাণু থালক্) ঳ংল঱াধন 

ক্লয অ্যালবাগালরা এক্টি ঳ূত্র প্রক্া঱ ক্লযন । এটি 

অ্যালবাগালরায ঳ূত্র নালভ খ্যাত । ঳ূত্রটি ঴র— এক্ই চা঩ ও 

উষ্ণতা  ঳ভ-আ তন ঳ক্র গযাল঳য ভলধয ঳ভান 

঳ংখ্যক্ অ্ণ ুথালক্ । 

  

State Boyle's 

law, Charles' 

law and Gay-

Lussac law, 

Avogadro’s 

law. 

 



Define perfect gas.  

 

Explain the variables 

of  perfect gases. 

  

State Boyle's law, 

Charles' law and Gay-

Lussac law, Avogadro’s 

law. 



Explain the general 

gas equation, 

characteristic gas 

equation and 

universal gas 

constant or 

molarconstant.  

 



Explain the general 

gas equation, 

characteristic gas 

equation and 

universal gas 

constant or 

molarconstant.  

 



Explain the general gas 

equation, characteristic gas 

equation and universal 

gas constant or 

molarconstant.  
 

Solve problems 

using gas laws 

and  equations 



Solve problems 

using gas laws 

and  equations 



Solve problems 

using gas laws 

and  equations 
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4. Understand the 
laws of 

thermodynamics.  
(Zvc MwZweÁv‡bi m~Îmg~n)  



Aa¨vq-4 Zvc MwZweÁv‡bi m~Îmg~n 

Zvc MwZweÁv‡bi k~b¨Zg m~Ît hLb ỳwU e¯Íy GKwU Z…Zxq e¯‘ w`‡q Zvcxq fvimvg¨ Av‡m ZLb Giv cÖ‡Z¨‡KB Zvcxq 

fvimvg¨ cÖvß nq| মরদ দটুি ফস্তু A ও B ঩ৃথক্ ঩ৃথক্বালফ এক্টি তৃতী  ফস্তু C-এয ঳ালথ তা঩ী  ঳ালভয থালক্, তলফ A ও 

B এলক্ অ্঩লযয ঳ালথ তা঩ী  ঳ালভয থাক্লফ।  

 

 

https://bn.wikipedia.org/w/index.php?title=%E0%A6%AC%E0%A6%B8%E0%A7%8D%E0%A6%A4%E0%A7%81&action=edit&redlink=1
https://bn.wikipedia.org/w/index.php?title=%E0%A6%AC%E0%A6%B8%E0%A7%8D%E0%A6%A4%E0%A7%81&action=edit&redlink=1


তা঩গরতরফদযায ঱ূনযতভ ঳ূত্র : Zeroth Law of  

Thermodynamics) যথলক্ জানা মা ,মরদ A ও B দটুি ফস্তু 

঴  এফং এলদয ভধযিতাক্াযী এক্টি ফস্তু C ঴ , তা঴লর A 
ও B ঳ভতা঩ী  অ্ফিা  থাক্লর A ও C এফং B ও C 

঳ভতা঩ী  অ্ফিা  থাক্লফ। 
 

এলক্ ঱ূনযতভ ঳ূত্র ফরায ক্াযণ ঴লরা, এটি তা঩গরতরফদযায 

প্রথভ দটুি ঳ূলত্রয ঩লয আরফষৃ্কত ঴ল রিলরা; রক্ন্তু 

রফল ফস্তু এফং বফর঱লযযয রদক্ যথলক্ এিা ওই দইু ঳ূলত্রয 

যচল  যভৌররক্ রিলরা। এই ঳ূত্রটিলক্ ওই দইু ঳ূলত্রয রবরত্ত 

ফলর ভলন ক্যা ঴ । এ ঳ূত্রটিই আভালদযলক্ তা঩ ও 

তা঩ভাত্রায ধাযণা যদ ।  

https://bn.wikipedia.org/wiki/%E0%A6%A4%E0%A6%BE%E0%A6%AA%E0%A6%97%E0%A6%A4%E0%A6%BF%E0%A6%AC%E0%A6%BF%E0%A6%A6%E0%A7%8D%E0%A6%AF%E0%A6%BE
https://bn.wikipedia.org/w/index.php?title=%E0%A6%AC%E0%A6%B8%E0%A7%8D%E0%A6%A4%E0%A7%81&action=edit&redlink=1
https://bn.wikipedia.org/w/index.php?title=%E0%A6%AC%E0%A6%B8%E0%A7%8D%E0%A6%A4%E0%A7%81&action=edit&redlink=1
https://bn.wikipedia.org/wiki/%E0%A6%A4%E0%A6%BE%E0%A6%AA
https://bn.wikipedia.org/wiki/%E0%A6%A4%E0%A6%BE%E0%A6%AA%E0%A6%AE%E0%A6%BE%E0%A6%A4%E0%A7%8D%E0%A6%B0%E0%A6%BE


Aa¨vq-4 Zvc MwZweÁv‡bi m~Îmg~n 

 

Zvc MwZweÁv‡bi 1g m~Ît Zvc kw³ hvwš¿K kw³‡Z 

A_ev hvwš¿K kw³ Zvc kw³‡Z iæcvšÍi n‡j 

iæcvšÍwiZ hvwš¿K kw³ I Drcbœ Zvc kw³ me©`vB 

mgvbycvwZK| 

W= KvR 

Q or H= mieivnK…Z Zvc  

W@ Q or W@H 

W=JQ  or W=JH,  J=hvwš¿K Zzj¨vsK 

(Mechanical Equivalent) 

J=427 kg-m/kcal, 4.2 kj/kcal, 778 ft-lb/BTU 



Zvc MwZweÁv‡bi m~Îmg~n 

GB m~Î †_‡K AviI ejv hvq †h, 

mieivnK…Z Zvckw³i wKQz Ask 

AšÍwbwnZ kw³ e„w× K‡i Ges evwK 

Ask Kv‡R cwiYZ nq| 

H=W+E   , H=Heat Supplied, 

W= Work done,E=Enternal 

Energy 

 



4.2  Explain the 1st law of  thermodynamics and it's limitation.  

তা঩গরতরফদযায প্রথভ ঳ূত্র ( First Law of 

Thermodynamics) প্র ৃত঩চ্ছে ঱ক্তিয রনতেতা ঳ূচ্ছত্রয 

এ টট রফচ্ছ঱ল রূ঩। 

 রফজ্ঞানী কজভ঳ কপ্র঳ ট জরু ঳ফ ঄প্রথভ  াজ ও তাচ্ছ঩য 

ভচ্ছধে এ টট ঳টঠ  ঳ম্প ঄ রনণ ঄য়  চ্ছযন এফং এচ্ছ  ঳ূত্র 

আ াচ্ছয প্র া঱  চ্ছযন। তা঩গরতরফদোয প্রথভ ঳ূত্রটটচ্ছ  

঳াধাযণত রফফতৃ  যা ঴য় এবাচ্ছফ কম, 

 ক াচ্ছনা ফি র঳চ্ছস্টভ ফা ফেফস্থায় তা঩঱ক্তি প্রদান  যা 

঴চ্ছর তায র ছু অং঱ অবেন্তযীণ ঱ক্তি ফকৃ্তিচ্ছত আয র ছু 

অং঱  াজ ঳ম্পাদচ্ছন ফেফরৃত ঴য়। েুদ্রারতেুদ্র 

প্রদান ৃত তা঩ dQ, অবেন্তযীণ ঱ক্তি ফকৃ্তি dU এফং 

঳ম্পারদত  াজ dW ঴চ্ছর, গারণরত  রফফরৃতটট ঴চ্ছফ:  

       [২]  

https://bn.wikipedia.org/wiki/%E0%A6%A4%E0%A6%BE%E0%A6%AA%E0%A6%97%E0%A6%A4%E0%A6%BF%E0%A6%AC%E0%A6%BF%E0%A6%A6%E0%A7%8D%E0%A6%AF%E0%A6%BE
https://bn.wikipedia.org/wiki/First_Law_of_Thermodynamics
https://bn.wikipedia.org/wiki/First_Law_of_Thermodynamics
https://bn.wikipedia.org/w/index.php?title=%E0%A6%B6%E0%A6%95%E0%A7%8D%E0%A6%A4%E0%A6%BF%E0%A6%B0_%E0%A6%A8%E0%A6%BF%E0%A6%A4%E0%A7%8D%E0%A6%AF%E0%A6%A4%E0%A6%BE_%E0%A6%B8%E0%A7%82%E0%A6%A4%E0%A7%8D%E0%A6%B0&action=edit&redlink=1
https://bn.wikipedia.org/w/index.php?title=%E0%A6%B6%E0%A6%95%E0%A7%8D%E0%A6%A4%E0%A6%BF%E0%A6%B0_%E0%A6%A8%E0%A6%BF%E0%A6%A4%E0%A7%8D%E0%A6%AF%E0%A6%A4%E0%A6%BE_%E0%A6%B8%E0%A7%82%E0%A6%A4%E0%A7%8D%E0%A6%B0&action=edit&redlink=1
https://bn.wikipedia.org/w/index.php?title=%E0%A6%B6%E0%A6%95%E0%A7%8D%E0%A6%A4%E0%A6%BF%E0%A6%B0_%E0%A6%A8%E0%A6%BF%E0%A6%A4%E0%A7%8D%E0%A6%AF%E0%A6%A4%E0%A6%BE_%E0%A6%B8%E0%A7%82%E0%A6%A4%E0%A7%8D%E0%A6%B0&action=edit&redlink=1
https://bn.wikipedia.org/w/index.php?title=%E0%A6%B6%E0%A6%95%E0%A7%8D%E0%A6%A4%E0%A6%BF%E0%A6%B0_%E0%A6%A8%E0%A6%BF%E0%A6%A4%E0%A7%8D%E0%A6%AF%E0%A6%A4%E0%A6%BE_%E0%A6%B8%E0%A7%82%E0%A6%A4%E0%A7%8D%E0%A6%B0&action=edit&redlink=1
https://bn.wikipedia.org/w/index.php?title=%E0%A6%B6%E0%A6%95%E0%A7%8D%E0%A6%A4%E0%A6%BF%E0%A6%B0_%E0%A6%A8%E0%A6%BF%E0%A6%A4%E0%A7%8D%E0%A6%AF%E0%A6%A4%E0%A6%BE_%E0%A6%B8%E0%A7%82%E0%A6%A4%E0%A7%8D%E0%A6%B0&action=edit&redlink=1
https://bn.wikipedia.org/wiki/%E0%A6%9C%E0%A7%87%E0%A6%AE%E0%A6%B8_%E0%A6%AA%E0%A7%8D%E0%A6%B0%E0%A7%87%E0%A6%B8%E0%A6%95%E0%A6%9F_%E0%A6%9C%E0%A7%81%E0%A6%B2
https://bn.wikipedia.org/wiki/%E0%A6%9C%E0%A7%87%E0%A6%AE%E0%A6%B8_%E0%A6%AA%E0%A7%8D%E0%A6%B0%E0%A7%87%E0%A6%B8%E0%A6%95%E0%A6%9F_%E0%A6%9C%E0%A7%81%E0%A6%B2
https://bn.wikipedia.org/wiki/%E0%A6%9C%E0%A7%87%E0%A6%AE%E0%A6%B8_%E0%A6%AA%E0%A7%8D%E0%A6%B0%E0%A7%87%E0%A6%B8%E0%A6%95%E0%A6%9F_%E0%A6%9C%E0%A7%81%E0%A6%B2
https://bn.wikipedia.org/wiki/%E0%A6%9C%E0%A7%87%E0%A6%AE%E0%A6%B8_%E0%A6%AA%E0%A7%8D%E0%A6%B0%E0%A7%87%E0%A6%B8%E0%A6%95%E0%A6%9F_%E0%A6%9C%E0%A7%81%E0%A6%B2
https://bn.wikipedia.org/wiki/%E0%A6%9C%E0%A7%87%E0%A6%AE%E0%A6%B8_%E0%A6%AA%E0%A7%8D%E0%A6%B0%E0%A7%87%E0%A6%B8%E0%A6%95%E0%A6%9F_%E0%A6%9C%E0%A7%81%E0%A6%B2
https://bn.wikipedia.org/wiki/%E0%A6%95%E0%A6%BE%E0%A6%9C
https://bn.wikipedia.org/wiki/%E0%A6%A4%E0%A6%BE%E0%A6%AA
https://bn.wikipedia.org/w/index.php?title=%E0%A6%AC%E0%A7%8D%E0%A6%AF%E0%A6%AC%E0%A6%B8%E0%A7%8D%E0%A6%A5%E0%A6%BE&action=edit&redlink=1
https://bn.wikipedia.org/wiki/%E0%A6%85%E0%A6%AD%E0%A7%8D%E0%A6%AF%E0%A6%A8%E0%A7%8D%E0%A6%A4%E0%A6%B0%E0%A7%80%E0%A6%A3_%E0%A6%B6%E0%A6%95%E0%A7%8D%E0%A6%A4%E0%A6%BF
https://bn.wikipedia.org/wiki/%E0%A6%85%E0%A6%AD%E0%A7%8D%E0%A6%AF%E0%A6%A8%E0%A7%8D%E0%A6%A4%E0%A6%B0%E0%A7%80%E0%A6%A3_%E0%A6%B6%E0%A6%95%E0%A7%8D%E0%A6%A4%E0%A6%BF
https://bn.wikipedia.org/wiki/%E0%A6%85%E0%A6%AD%E0%A7%8D%E0%A6%AF%E0%A6%A8%E0%A7%8D%E0%A6%A4%E0%A6%B0%E0%A7%80%E0%A6%A3_%E0%A6%B6%E0%A6%95%E0%A7%8D%E0%A6%A4%E0%A6%BF
https://bn.wikipedia.org/wiki/%E0%A6%A4%E0%A6%BE%E0%A6%AA%E0%A6%97%E0%A6%A4%E0%A6%BF%E0%A6%AC%E0%A6%BF%E0%A6%A6%E0%A7%8D%E0%A6%AF%E0%A6%BE%E0%A6%B0_%E0%A6%AA%E0%A7%8D%E0%A6%B0%E0%A6%A5%E0%A6%AE_%E0%A6%B8%E0%A7%82%E0%A6%A4%E0%A7%8D%E0%A6%B0
https://bn.wikipedia.org/wiki/%E0%A6%A4%E0%A6%BE%E0%A6%AA%E0%A6%97%E0%A6%A4%E0%A6%BF%E0%A6%AC%E0%A6%BF%E0%A6%A6%E0%A7%8D%E0%A6%AF%E0%A6%BE%E0%A6%B0_%E0%A6%AA%E0%A7%8D%E0%A6%B0%E0%A6%A5%E0%A6%AE_%E0%A6%B8%E0%A7%82%E0%A6%A4%E0%A7%8D%E0%A6%B0
https://bn.wikipedia.org/wiki/%E0%A6%A4%E0%A6%BE%E0%A6%AA%E0%A6%97%E0%A6%A4%E0%A6%BF%E0%A6%AC%E0%A6%BF%E0%A6%A6%E0%A7%8D%E0%A6%AF%E0%A6%BE%E0%A6%B0_%E0%A6%AA%E0%A7%8D%E0%A6%B0%E0%A6%A5%E0%A6%AE_%E0%A6%B8%E0%A7%82%E0%A6%A4%E0%A7%8D%E0%A6%B0


Zvc MwZweÁv‡bi m~Îmg~n 
Zvc MwZweÁv‡bi 2q m~Ît  K¬wmqvm wØZxq ঳ূ‡Îi †h 

msÁv cÖ`vb K‡ib Zv wbgœiæct evB‡ii †Kv‡bv 

Kvi‡Ki mvnvh¨ e¨wZ‡i‡K GKwU m¦swµq h‡š¿I 

c‡ÿ wb¤œ DòZvi e¯‘ n‡Z D”P DòZvi e¯‘‡Z 

Zvc ¯’vbvšÍi Kiv m¤¢e bq| 



Zvc MwZweÁv‡bi m~Îmg~n 

 

cøv¼ wØZxq m~Î‡K wb¤œwjwLZ fvlvq wee„Z K‡ib t †Kv‡bv Zvc Drm n‡Z 

AweiZ Zvc †kvlY Ki‡e Ges Zv m¤ú„b© iæ‡c Kv‡R cwiYZ Ki‡e wKš‘ 

h‡š¿I Kvh©cÖYvwji †Kv‡bviæc cwieZ©b NU‡e bv, Giæc GKwU Zvc BwÁb 

ˆZwi Am¤¢e|    

 



Zvc MwZweÁv‡bi m~Îmg~n 

Zvc MwZweÁv‡bi 3q m~Ît weï× e¯Íyi G›Uwc k~b¨ n‡e hLb Gi cig ZvcgvÎv k~b¨ n‡e| 

               



Explain the 2nd law of  thermodynamics and it's limitation.  

তা঩ গরতরফদোয রদ্বতীয় ঳ূত্রটট করখ এফং ফোখো  চ্ছযা। 

উত্তয : রফরবন্ন রফজ্ঞানী তা঩ গরতরফদোয রদ্বতীয় ঳ূত্রচ্ছ  রফরবন্নবাচ্ছফ ঳ংজ্ঞারয়ত 

 চ্ছযচ্ছছন, ক঳গুচ্ছরা রনচ্ছে রফফরৃত  যা ঴চ্ছরা : 

 

ব্লর঳য়াচ্ছ঳য রফফরৃত : ফাইচ্ছযয ঳া঴ামে ছা঵া ক াচ্ছনা স্বয়ংক্তিয় মচ্ছেয ঩চ্ছে রনে 

তা঩ভাত্রায ক াচ্ছনা ফস্তু কথচ্ছ  উচ্চ তা঩ভাত্রায ফস্তুচ্ছত তাচ্ছ঩য স্থানান্তয ঳ম্ভফ নয়। 

 াচ্ছন ঄ায রফফরৃত : ক াচ্ছনা রনরদ঄ষ্ট ঩রযভাণ তা঩঱ক্তিচ্ছ  ঳ম্পূণ ঄বাচ্ছফ মারে  ঱ক্তিচ্ছত 

রূ঩ান্তয ঳েভ এভন মে রনভ ঄াণ ঳ম্ভফ নয়। 

প্াংচ্ছ য রফফরৃত : এভন ক াচ্ছনা ইক্তিন ততরয ঳ম্ভফ নয়, কমটা ক াচ্ছনা ফস্তু কথচ্ছ  তা঩ 

ি঴ণ  চ্ছয অরফযত  াচ্ছজ ঩রযণত  যচ্ছফ অথচ ঩রযচ্ছফচ্ছ঱য ক াচ্ছনা ঩রযফত঄ন ঴চ্ছফ 

না। 

ক ররবচ্ছনয রফফরৃত : ক াচ্ছনা ফস্তুচ্ছ  এয ঩ারয঩াচ্ছ঱ ঄য ঱ীতরতভ অং঱ কথচ্ছ  

অরধ তয ঱ীতর  চ্ছয ঱ক্তিয অরফযাভ ঳যফযা঴ ঳ম্ভফ নয়। 



ফোখো : তা঩ গরতরফদোয প্রথভ ঳ূত্র 

কথচ্ছ  আভযা কজচ্ছনরছ কম তা঩ ও 

মারে  ঱ক্তি উবয়ই ঱ক্তিয রফরবন্ন 

রূ঩ এফং এ  রূ঩ কথচ্ছ  অনে রূচ্ছ঩ 

঩রযফত঄ন ঳ম্ভফ। এটট ছা঵াও 

রূ঩ান্তচ্ছযয ঳ভয় এচ্ছ  অচ্ছনেয 

঳ভতুরে এটট এফং প্রথভ ঳ূচ্ছত্রয 

঳া঴াচ্ছমে জানা মায়। ফাস্তফ কেচ্ছত্র 

মরদও আভযা এ টট রনরদ঄ষ্ট ঩রযভাণ 

 াম ঄চ্ছ  ঳ম্পূণ ঄বাচ্ছফ তাচ্ছ঩ রূ঩ান্তরযত 

 যচ্ছত ঩ারয র ন্তু এ টট রনরদ঄ষ্ট 

঩রযভাণ তা঩চ্ছ  ঳মূ্পণ ঄বাচ্ছফ  াচ্ছম ঄ 

রূ঩ান্তরযত  যায ঩রয ল্পনা  খচ্ছনা 

ফাস্তফারয়ত  যা ঳ম্ভফ নয়। র ংফা 

তাচ্ছ঩য উৎ঩রত্ত ক াথায়- ক াচ্ছনা 

উত্তপ্ত ফস্তু, না ঱ীতর ফস্তু। এ঳ফ 

প্রচ্ছেয উত্তয প্রথভ ঳ূত্র কথচ্ছ  ঩াই 

না। এ঳ফ প্রচ্ছেয উত্তয তা঩ 

গরতরফদোয রদ্বতীয় ঳ূত্র কথচ্ছ  ঩াই। 

তা঩ গরতরফদোয রদ্বতীয় ঳ূত্রানু঳াচ্ছয 

মখন তা঩  াচ্ছজ রূ঩ান্তরযত ঴য়, 

তখন তায র ছু অং঱  াচ্ছজ 

রূ঩ান্তরযত ঴য়, ঳ফ তা঩ই  াচ্ছজ 

রূ঩ান্তরযত ঴য় না। ঳চ্ছফ ঄া঩রয ওই 

রূ঩ান্তচ্ছযয জনে ঳ফ ঄দা এ টট উত্তপ্ত 

ও এ টট ঱ীতর ফস্তুয মুগ঩ৎ 

উ঩রস্থরত প্রচ্ছয়াজন। উত্তপ্ত ফস্তু ঴চ্ছত 

঱ীতর ফস্তুচ্ছত তা঩ গভন াচ্ছর র ছু 

 াজ ঳ম্পন্ন ঴চ্ছফ। 



Mention the corollaries of  2nd law of  thermodynamics.  



4.5  Mention the corollaries of  2nd law of  thermodynamics.  



Mention the corollaries of  2nd law of  thermodynamics.  
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5. Understand the 
internal energy and 
enthalpy of gases.  



AšÍwb©wnZkw³i msÁvt hw` †Kv‡bv e¯Íy ev M¨vm 

Zvi AvqZb w¯’I †i‡L wKQz cwigvY Zvc MÖnY K‡I 

A_©vr hw` M¨vmwU †Kv‡bv evwn¨K KvR m¤úv`b 

e¨ZxZ meUzKz Zvc †kvlb K‡I, Zv n‡j M„wnZ 

Zv‡ci meUzKzB Gi †fZi mwÂZ kw³ e„w× Ki‡Z 

e¨wqZ n‡e| G‡KB e‡j AšÍwb©wnZ kw³| 

Define internal energy. 



 

Gb_vjwct †Kv‡bv 

cÖevnxi cÖevnRwbZ 

KvR I AšÍwb©wnZ 

kw³i †hvMdj‡K 

Gb_vjwc e‡j| 

U 



Define internal energy.  

Explain the internal energy of  a gas heated at constant 

volume and constant pressure.  



Explain the internal energy of  a gas heated at constant 

volume and constant pressure.  



Relate between internal energy and enthalpy 

could anyone explain me the fundamental different between internal 

energy and enthalpy? I searched and found the below definitions for both 

terms. INTERNAL ENERGY: In thermodynamics, the internal energy is 

the energy contained by a thermodynamic system. ENTHALPY: Enthalpy 

is a measure of  the total energy of  a thermodynamic system. I really 

couldn't find the differences. Is enthalpy a subset of  internal energy or 

internal energy a subset of  enthalpy? 

 



Explain Joule's law.  

the principle that at constant temperature the internal 

energy of  an ideal gas is independent of  volume. 

Real gases change their internal energy with volume 

as a result of  intermolecular forces  

https://www.collinsdictionary.com/dictionary/english/constant
https://www.collinsdictionary.com/dictionary/english/temperature
https://www.collinsdictionary.com/dictionary/english/internal
https://www.collinsdictionary.com/dictionary/english/energy
https://www.collinsdictionary.com/dictionary/english/ideal
https://www.collinsdictionary.com/dictionary/english/independent
https://www.collinsdictionary.com/dictionary/english/volume
https://www.collinsdictionary.com/dictionary/english/real
https://www.collinsdictionary.com/dictionary/english/intermolecular


Solve problems on change of  internal energy and enthalpy of  gases.  
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6. Understand the 
thermodynamic 

processes of perfect 
gases.  



Zvc MwZwe`¨vq e¨e¯’vi  Ae ’̄v Pvc, AvqZb, I cig 

ZvcgvÎvi mvnvh¨ cÖKvk Kiv nq| GB ivwk¸‡jv‡K 

ZvcMZxq ¯’vbv¼ ev ZvcMZxq Pjivwk e‡j| †h 

cwieZ©‡bi Kvi‡Y ZvcMZxq ¯’vbv‡¼i gvb cwieZ©b 

nq, †m cwieZ©b‡K ZvcMZxq cÖwµqv e‡j| 

Zvc MZxq cÖwµqv 



Zvc MZxq cÖwµqv 

Zvc MZxq cÖwµqvi †kÖbxwefvM 

mg¯Í ZvcMZxq cÖwµqv¸‡jv‡K `y,wU cÖavb †Mv‡Î fvM Kiv nq| 

1.A-cÖevng„jK cÖwµqv 

2. cÖevng„jK cÖwµqv 

cÖevng„jK cÖwµqv Avevi `y fv‡M fvM Kiv hvq 

1.AwePj cÖevn cÖwµqv 

2.AbwePj cÖevn cÖwµqv 

 

 



cÖZ¨vMgb Abymv‡i cÖevn‡K ỳ,fv‡M fvM Kiv hvq 

1.cÖZ¨veZ©K cÖwµqv 

2.AcÖZ¨veZ©K c¨wµqv 

GQvovI AviI `y ai‡bi Av‡Q 

1.Pwµq cÖwµqv 

2. AvcvZ w¯’i cÖwµqv 

Zvc MZxq cÖwµqv 



• AcÖevng~jK cÖwµqv (Non-flow process):e× wm‡÷‡g †h ZvcMZxq 

cÖwµqv msNwVZ nq, hv fi‡K mxgvbv AwZµ‡gi AbygwZ †`q bv, Zv‡K 

AcÖevng~jK cÖwµqv e‡j| Zvc, KvR mxgvbv AwZµg Ki‡Z cv‡i 

 

• cÖevng~jK cÖwµqv (flow process):‡Lvjv wm‡÷‡g †h ZvcMZxq cÖwµqv 

msNwVZ nq, hv fi‡K mxgvbv AwZµ‡gi AbygwZ †`q , Zv‡K cÖevng~jK 

cÖwµqv e‡j| 

 

Zvc MZxq cÖwµqv 



Zvc MZxq AcÖevng~jK cÖwµqvmg ~‡ni ZvwjKv: 

1| cÖZ¨veZ©K A-cÖevng~jK cÖwµqvmg~n 

    K.w¯’i AvqZb cÖwµqv 

    L. w¯’i Pvc cÖwµqv 

    M. cive„wËK ev cive„wËq cÖwµqv 

    N. w¯’i ZvcgvÎv cÖwµqv 

    O. w¯’i G›Uªwc ev cÖZ¨veZ©K iæ×Zvc cÖwµqv 

    P. cwjUªwcK cÖwµqv 

2| AcÖZ¨veZ©K A-cÖevng~jK cÖwµqv 

       K. gy³ cÖmviY ev w¯’i AšÍwbwn©Z kw³ cÖwµqv 

3| AcÖZ¨veZ©K AwePj cÖevn cÖwµqv 

      K. wbiæ× cÖwµqv ev w¯’i Gb_vjwc cÖwµqv 



w¯’i AvqZb ev mgvqZb cÖwµqv wc-wf I wU-Gm WvqvMÖvg Ges Kv‡Ri cwigvb wbY©q| 



 w¯’i AvqZ‡b KvR k~b¨ nq 

• Zvc MwZ weÁv‡bi 1g myÎ n‡Z 

• H=W+E 

• H=0+E 

• Avgiv Rvwb, E=mcv (T2-T1) Zvcx GK‡K 

• A_©vr M¨vm KZ…©K M„nxZ Zv‡ci meUzKzB AšÍ©wbwnZ kw³i cwieZ©b 

Ki‡Z e¨vwqZ nq| 

w¯’i AvqZb ev mgvqZb cÖwµqv wc-wf I wU-Gm WvqvMÖvg Ges Kv‡Ri cwigvb wbY©q| 



 

 

 

 

 

 

 

 

 

 

 

w¯’i Pvc ev mgPvc cÖwµqv wc-wf I wU-Gm WvqvMÖvg Ges Kv‡Ri 

 cwigvb wbY©q| 

w¯’i চা঩ cÖwµqv wc-wf I wU-Gm WvqvMÖvg Ges Kv‡Ri cwigvb wbY©q| 



 

 

 

 

 

 

 

 

 

 

 

w¯’i Pvc ev mgPvc cÖwµqv wc-wf I wU-Gm WvqvMÖvg Ges Kv‡Ri cwigvb wbY©q| 



 

 

 

 

 

 

 

 

 

 

 

w¯’i Pvc ev mgPvc cÖwµqv wc-wf I wU-Gm WvqvMÖvg Ges Kv‡Ri cwigvb wbY©q| 



w¯’i AvqZb এফং  রিয চা঩ cÖwµqv wc-wf I wU-Gm WvqvMÖvg Ges Kv‡Ri cwigvb wbY©q| 

w¯’i AvqZb এফং  রিয চা঩ cÖwµqv wc-wf I 

wU-Gm WvqvMÖvg Ges Kv‡Ri cwigvb wbY©q| 

(র঩রিএপ)  

C:/Users/Hp/Desktop/Ther Ch-6 PDF Prob.pdf


SUBJECT: ENGINEERING THERMODYNAMICS 
CAPTER -07 

SUBJECT CODE: 27131 



7. Understand the 
entropy of 
perfect gases. 



Define entropy. 7.2  Mention the importance of  entropy 

Describe the principle of  increase of  entropy. 7.4  Establish 

the relation between heat & entropy  

এই করখাটায ভরূ উচ্ছে঱ে ঴চ্ছরা,  ীবাচ্ছফ ক াচ্ছনা ফস্তুয ভাচ্ছঝয রফ঱ঙৃ্খরায ঩রযভা঩ 

(এন্ট্রর঩) ফস্তুটটয ক঳ই অফস্থায় ক঩ ৌঁছাচ্ছনায ঳ম্ভাফনায/঳ম্ভাফেতায উ঩য রনব঄য  চ্ছয ক঳টা 

ফুঝা এফং তাচ্ছদয ভধে ায রফখোত গারণরত  ঳ম্প ঄, কমটা ―কফাল্টজভোন-এন্ট্রর঩ ঳ূত্র‖ 

নাচ্ছভ ঩রযরচত, ক঳টা ঳঴জ বাচ্ছফ ফুঝা এফং প্রভাণ  যা। 

ভূর অংচ্ছ঱ মাওয়ায আচ্ছগ র ছু কছাট কছাট রফলয় আচ্ছগই ফচ্ছর যারখ। তা঩গরতরফদোয 

প্রথভ ঳ূত্র ফচ্ছর কম, তা঩঱ক্তি ফেফ঴ায  চ্ছয  াজ  যা মাচ্ছফ এফং উল্টাবাচ্ছফ  াজচ্ছ ও 

তাচ্ছ঩ ঩রযণত  যা মাচ্ছফ। এটা ঱ক্তিয রনতেতা ঳ূচ্ছত্রযই অনে রূ঩। র ন্তু এটা ফচ্ছর না কম, 

তা঩চ্ছ   তটু ু  াচ্ছজ রাগাচ্ছনা মাচ্ছফ। এখাচ্ছনই তা঩গরতরফদোয রদ্বতীয় ঳ূচ্ছত্রয 

আরফব঄াফ। 

            



রদ্বতীয় ঳ূত্র ফচ্ছর, তা঩঱ক্তিচ্ছ   খচ্ছনাই ঩ুচ্ছযা঩ুরয  াচ্ছজ রাগাচ্ছনা মাচ্ছফ না, মরদও 

 াজচ্ছ  ঩ুচ্ছযা঩ুরয তাচ্ছ঩ ঩রযণত  যা মাচ্ছফ। রদ্বতীয় ঳ূত্র কথচ্ছ ই আভাচ্ছদয এই 

আচ্ছরাচনায ঳ূচনা। 

ভচ্ছন প্রে আ঳চ্ছত ঩াচ্ছয এই কম, তা঩চ্ছ  কমচ্ছ঴তু ঩ুচ্ছযা঩ুরয  াচ্ছজ রাগাচ্ছনা কগর না, 

তা঴চ্ছর অচ্ছ চ্ছজা অং঱গুচ্ছরা কগর ক াথায়? 

উত্তয ঴চ্ছরা, এই অচ্ছ চ্ছজা অং঱গুচ্ছরা ঱ক্তিয এভন র ছু রূচ্ছ঩ ঩রযফরত঄ত ঴য়, 

কমগুচ্ছরাচ্ছ  আয প্রচ্ছয়াজনীয়  াচ্ছজ রূ঩ান্তয  যা মায় না। ঱ক্তিয এই অং঱টু ু ঴চ্ছরা 

রফ঱ঙৃ্খর অং঱,  াযণ এই অং঱টু ু রনয়েণ  যা মায়না। রনয়েণ  যা মায় না ফরা ঴য় 

এ  াযচ্ছণ, মরদ রনয়েণ  যা কমত তা঴চ্ছর তাচ্ছ   াচ্ছজও ঩রযণত  যা কমত! কমচ্ছ঴তু 

তাচ্ছ  আয  াচ্ছজ রাগাচ্ছত ঩াযরছ না, তাই ক঳টা আয রনয়েচ্ছণয ভাচ্ছঝও কনই। 

এবাচ্ছফই রফ঱ঙৃ্খরা ফো঩াযটা তাচ্ছ঩য অচ্ছ চ্ছজা অংচ্ছ঱য ঳াচ্ছথ আভযা মুি  রয। 

এই রফ঱ঙৃ্খরা কফাঝায জনে কম যার঱টা আভযা ফেফ঴ায  রয, ক঳টা ঴চ্ছরা এন্ট্রর঩। এই 

যার঱ ক ন রফ঱ঙৃ্খরায ঳াচ্ছথ মুি, ক঳টাও ঳঴চ্ছজ ফুঝা উরচত। তাই এই যার঱য ফো঩াচ্ছয 

আচ্ছগ কছাট এ টা আচ্ছরাচনা  রয। 



এন্ট্রর঩য ঳ফচ্ছচচ্ছয় ঳঴জ ঳ংজ্ঞা ধাচ্ছ঩ ধাচ্ছ঩ এখান কথচ্ছ  ঩াওয়া মায় – 

―ফস্তুচ্ছত তা঩ রদচ্ছর মরদ তায তা঩ভাত্রা ফাচ্ছ঵, তা঴চ্ছর প্ররত এ   

তা঩ভাত্রায় মতটু ু তা঩ কফচ্ছ঵চ্ছছ, ক঳টাই ঴চ্ছরা এন্ট্রর঩য ঩রযফ ঄তন‖। 

কদখা মাচ্ছে, এন্ট্রর঩চ্ছ  এ টা নতুন য ভ যার঱ রচন্তা  চ্ছয তায 

঩রযফত঄ন  ীবাচ্ছফ ভা঩া মায়, তায ফো঩াচ্ছয ফরা ঴চ্ছয়চ্ছছ। ভাথায় যাখচ্ছত 

঴চ্ছফ, এখাচ্ছন ক ফর এন্ট্রর঩য  তটু ু ঩রযফত঄ন ঴চ্ছয়চ্ছছ ক঳টা ফরা 

঴চ্ছয়চ্ছছ। এন্ট্রর঩ আ঳চ্ছর রনচ্ছজই ফো঩াযটা  ী, ক঳টা এখচ্ছনা আচ্ছ঳রন। 

এই ঳ংজ্ঞায ঩চ্ছযয অংচ্ছ঱ই ফো঩াযটা এচ্ছ঳ ঩঵চ্ছফ। 

ধযরাভ, ΔQ  ঩রযভাণ তা঩ কদওয়ায পচ্ছর ফস্তুয তা঩ভাত্রা T কত রগচ্ছয় 

ক঩ ৌঁছায়। তা঴চ্ছর এন্ট্রর঩ ফা঵চ্ছরা S ঩রযভাণ। ঳াধাযণত এন্ট্রর঩চ্ছ  

‗S‘  রদচ্ছয় প্র া঱  যা ঴য়। তাই এয ঩রযফত঄নচ্ছ  করখা ঴য় ΔS । 

঳ুতযাং, 
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এখন মরদ ক ান প্রক্তিয়ায় তাচ্ছ঩য ঩রযফত঄ন না ঴য়, তা঴চ্ছর ΔQ= 0 , 

পচ্ছর এন্ট্রর঩য ঩রযফত঄ন ΔS=0 । এখন, কম প্রক্তিয়ায় তাচ্ছ঩য ঩রযফত঄ন 

঴য় না, অথ ঄াৎ ফাইচ্ছয কথচ্ছ ও তা঩ আচ্ছ঳ না, আফায কবতয কথচ্ছ ও 

তা঩ কফয ঴চ্ছত ঩াচ্ছয না, এভন প্রক্তিয়াচ্ছ  ফরা ঴য় রুিতা঩ীয় প্রক্তিয়া 

(রুি ভাচ্ছন রনচ্ছলধাজ্ঞা, অথ ঄াৎ আট  অফস্থা। রুিতা঩ীয় ভাচ্ছন তাচ্ছ঩য 

কবতচ্ছয ফা ফাইচ্ছয মাওয়া রনচ্ছলধ)। 

তা঴চ্ছর কদখা মাচ্ছে, রুিতা঩ীয় প্রক্তিয়ায় এন্ট্রর঩য ক াচ্ছনা ঩রযফত঄ন 

঴য় না। অথ ঄াৎ আচ্ছগ মা রছচ্ছরা, তাই থাচ্ছ । টঠ  এই জায়গা কথচ্ছ ই 

এন্ট্রর঩য ভূর ঳ংজ্ঞাটা কদয়া মায়। মরদ এন্ট্রর঩ এ টা যার঱ ঴য় (বয, 

তদঘ ঄ে, ঳ভয় – এগুচ্ছরায ভত), তা঴চ্ছর ক঳টায ভান রুিতা঩ীয় প্রক্তিয়ায় 

঩রযফরত঄ত ঴য় না, ফযং রস্থয থাচ্ছ । তাই এন্ট্রর঩য ঳ংজ্ঞায় উল্টাবাচ্ছফ 

ফরা ঴য়, ―রুিতা঩ীয় প্রক্তিয়ায় ক াচ্ছনা ফস্তুয ভাচ্ছঝ তাচ্ছ঩য ঳াচ্ছথ 

঳ম্পর ঄ত কম যার঱টটয ভান রস্থয থাচ্ছ , তাচ্ছ ই এন্ট্রর঩ ফচ্ছর‖। 



এখন আর঳, ক াচ্ছনা তা঩ প্রফাচ্ছ঴য ঳াচ্ছথ এন্ট্রর঩ ফাচ্ছ঵ নার   চ্ছভ – ক঳ প্র঳চ্ছঙ্গ।  াচ্ছযা ভচ্ছন রচন্তা 

আ঳চ্ছত ঩াচ্ছয, ―মরদ তা঩ কদয়ায পচ্ছর ক াচ্ছনা ফস্তুয এন্ট্রর঩ ফাচ্ছ঵, তা঴চ্ছর ক াচ্ছনা ফস্তু কথচ্ছ  তা঩ 

রনচ্ছর কতা তায এন্ট্রর঩  ভায  থা!‖ ঴ো াঁ, অফ঱েই  চ্ছভ। 

তা঩ রদচ্ছর মরদ ΔQ ক  ধণাত্ম  ধযা ঴য়, তা঴চ্ছর তা঩ কফয ঴চ্ছয় কগচ্ছর ΔQ ক  ঋণাত্ম  ধযচ্ছত ঴চ্ছফ। 

তখন তায এন্ট্রর঩য ঩রযফত঄ন ΔS-ও ঋণাত্ম  ঴চ্ছফ, অথ ঄াৎ এন্ট্রর঩  ভচ্ছফ। এখন আর঳ আচ্ছযা এ টা 

ফো঩াচ্ছয। কম তা঩টু ু কফয ঴চ্ছয় কগচ্ছরা, ক঳টা রনশ্চয়ই অনে ক াচ্ছনা ফস্তু ফা স্থাচ্ছন কগচ্ছছ! তা঴চ্ছর ক঳ই 

স্থাচ্ছনয এন্ট্রর঩ র ন্তু আফায কফচ্ছ঵ কগচ্ছরা। তাই আরাদাবাচ্ছফ মরদও  এন্ট্রর঩ ফা঵চ্ছত ফা  ভচ্ছত ঩াচ্ছয, 

র ন্তু মরদ দচু্ছটা ফস্তুয কভাট এন্ট্রর঩য ঩রযফত঄ন  কমাগ  চ্ছয কদখা ঴য়, তা঴চ্ছর কদখা মাচ্ছফ কভাট 

঩রযফত঄চ্ছনয ভান ধনাত্ম  ঴চ্ছফ। 

খুফ ঳঴জ এ টা উদা঴যণ রদচ্ছয় এটা ফুঝা মায়। তা঩ ঳াধাযণবাচ্ছফ কফর঱ তা঩ভাত্রায জায়গা কথচ্ছ  

 ভ তা঩ভাত্রায জায়গায় প্রফার঴ত ঴য়। ধযা মা , T1 তা঩ভাত্রায গযভ জায়গা কথচ্ছ  ΔQ  ঩রযভাণ 

তা঩ T2  তা঩ভাত্রায অচ্ছ঩ো ৃত ঠাণ্ডা জায়গায় কগচ্ছছ। কমচ্ছ঴তু প্রথভ গযভ জায়গাটট র ছু তা঩ 

঴ারযচ্ছয়চ্ছছ, তাই তায এন্ট্রর঩  চ্ছভচ্ছছ। এচ্ছ  ΔS1 ধযা ঴চ্ছর, 

                
ঋণাত্ম  রচহ্ন কদয়া ঴চ্ছয়চ্ছছ তা঩  ভায ফো঩াযটা ফুঝাচ্ছনায জনে। এখন এই তা঩ কমচ্ছ঴তু রদ্বতীয় ফস্তু 

ক঩চ্ছয়চ্ছছ, তাই তায এন্ট্রর঩ কফচ্ছ঵চ্ছছ। এচ্ছ  ΔS2 ধযা ঴চ্ছর, 



঳ুতযাং ঩ুচ্ছযা প্রক্তিয়ায় কভাট এন্ট্রর঩য ঩রযফত঄= ΔS1+ΔS2                                 
 

অথ ঄াৎ ঩ুচ্ছযা প্রক্তিয়ায় কভাট এন্ট্রর঩য ঩রযফত঄নও ধনাত্ম । এখান কথচ্ছ ই ঳াধাযণ র঳িাচ্ছন্ত আ঳া মায় কম, 

তাচ্ছ঩য প্রফা঴ ঳ম্পর ঄ত কমচ্ছ াচ্ছনা ঘটনা ঘটচ্ছর ক঳ই প্রফাচ্ছ঴য ঳াচ্ছথ ঳ম্পর ঄ত ঳ফগুচ্ছরা ফস্তুয এন্ট্রর঩য 

঩রযফত঄ন কমাগ  যচ্ছর তায ভান ধনাত্ম  ঴চ্ছফ। আয মরদ তাচ্ছ঩য প্রফা঴ না থাচ্ছ  (কমভন রূিতা঩ীয় প্রক্তিয়ায়) 

তা঴চ্ছর তায ঩রযফত঄ন ঴চ্ছফ ঱ূনে। গারণরত বাচ্ছফ ফরচ্ছর, 

কমচ্ছ াচ্ছনা প্রক্তিয়ায়  ΔS ≥ 0 

কমচ্ছ঴তু কদখা মাচ্ছে, র ছু এ টা ঘটচ্ছরই তায ঳াচ্ছথ মুি থা া কভাট এন্ট্রর঩য ঩রযফত঄চ্ছনয ভান ক াচ্ছনাভচ্ছতই 

 ভাচ্ছনা মাচ্ছফ না, তাই ফো঩াযটা রনয়েচ্ছণয ক ান ঳ুচ্ছমাগ কনই। অথ ঄াৎ ফো঩াযটা আভাচ্ছদয ঴াচ্ছতয ফাইচ্ছয, ফা 

঱ঙৃ্খররত না। ক঳জনেই এচ্ছ  রফ঱ঙৃ্খরায ঩রযভা঩  র঴চ্ছ঳চ্ছফ ধযা ঴য়।      
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এখন এন্ট্রর঩য ফো঩াযটা আচ্ছরাচনা  যচ্ছত রগচ্ছয় কমচ্ছ঴তু রনয়েণ র ংফা 

রনয়েণ঴ীনতায  থা উচ্ছঠ এচ্ছ঳চ্ছছ, তাই এই  থায ঳ূত্র ধচ্ছযই আভযা এয ঳াচ্ছথ 

঳ম্ভাফনা ফা ঳ম্ভাফেতায ফো঩াযটা আনচ্ছত ঩ারয। উদা঴যণ র঴চ্ছ঳চ্ছফ ঳ম্ভাফেতায এ টা 

কছাট উদা঴যণ কদয়া মায়। 

মরদ ৫টা ঳ফুজ  রভ কথচ্ছ   াউচ্ছ  কমচ্ছ াচ্ছনা এ টা কফচ্ছছ রনচ্ছত ফরা ঴য়, তা঴চ্ছর 

তায এ টা ঳ফুজ  রভ ঩াফায ঳ম্ভাফনাই এ দভ ঩ুচ্ছযা঩ুরয থাচ্ছ । র ন্তু মরদ ৩টা 

঳ফুজ ও ২টা কফগুনী  রভ কথচ্ছ  কমচ্ছ াচ্ছনা এ টা কফচ্ছছ রনচ্ছত ফরা ঴য়, তা঴চ্ছর 

কফচ্ছছ কনয়া  রভটট ঳ফুজ ঴ফায ঳ম্ভাফনা  চ্ছভ মায়। প্রথভ কেচ্ছত্র ঳ফুজ  রভ 

঩াফায ঩ুচ্ছযা ফো঩াযটায উ঩য ঩ূণ ঄ রনয়েণ রছর, র ন্তু রদ্বতীয় কেচ্ছত্র ঳ফুজ  রভ 

঩াফায উ঩য রনয়েণটু ু  চ্ছভ কগচ্ছছ। তা঴চ্ছর কদখা মাচ্ছে, ঳ম্ভাফনায ঳াচ্ছথ 

গারণরত বাচ্ছফ রনয়েচ্ছণয ফো঩াযটা মুি। আফায এ টু আচ্ছগই আভযা এন্ট্রর঩য 

঳াচ্ছথও কম রনয়েচ্ছণয ফো঩াযটা (঱ঙৃ্খরা ফা রফ঱ঙৃ্খরা) জর঵ত, ক঳টা ফচ্ছররছ। তা঴চ্ছর 

এ টু বাফচ্ছরই এই ধাযণাটা ফুঝা মায় কম, এন্ট্রর঩য ঳াচ্ছথও ক াচ্ছনাবাচ্ছফ ঴য়ত 

঳ম্ভাফেতায রফলয়টা জর঵ত থা চ্ছত ঩াচ্ছয। 



আচ্ছযা ঳঴জবাচ্ছফ ফরচ্ছর ফরা মায়, এ ই তা঩ভাত্রায় যাখা ঩া঱া঩ার঱ দুচ্ছটা ফস্তুয 

ভাচ্ছঝ কমটাচ্ছত এন্ট্রর঩য ফকৃ্তি কফর঱ ঴চ্ছয়চ্ছছ, ক঳খাচ্ছন রফ঱ঙৃ্খরা কফর঱ ফচ্ছর ক঳খান কথচ্ছ  

তাচ্ছ঩য রূ঩ান্তচ্ছযয ভাধেচ্ছভ দয ারয  াজ ঩াওয়ায ঳ম্ভাফনা অনে ফস্তুটটয তুরনায় 

 চ্ছভ মাচ্ছফ। মরদ ধচ্ছয রনই এন্ট্রর঩য ভান ফস্তুটটয ক঳ই অফস্থায় ক঩ ৌঁছাচ্ছনায ঳ম্ভাফেতায 

উ঩য রনব঄য঱ীর, তা঴চ্ছর গারণরত বাচ্ছফ এন্ট্রর঩চ্ছ  ঳ম্ভাফেতায কমচ্ছ াচ্ছনা এ টট 

পাং঱ন ধযা মায়। ‗কমচ্ছ াচ্ছনা‘ ফরায  াযণ ঴চ্ছরা, আভযা এখচ্ছনা রনরদ঄ষ্টবাচ্ছফ ক঳ই 

পাং঱নটট ক ভন, তা জারন না। তাই ঳ম্ভাফেতাচ্ছ  ‗ω‘ রদচ্ছয় প্র া঱  চ্ছয এন্ট্রর঩চ্ছ  

(S) মরদ ঳ম্ভাফেতায কমচ্ছ াচ্ছনা পাং঱ন f  ধযা ঴য় তা঴চ্ছর, 

S = f(ω) 

এখন ধরয, এ টট ফস্তুয এন্ট্রর঩য ভান S1  এফং তায ঳ম্ভাফনায ভান ω1  এফং অনে 

এ টট ফস্তুয এন্ট্রর঩য ভান S2  এফং তায ঳ম্ভাফনায ভান ω2  ; তা঴চ্ছর তাচ্ছদয ভাচ্ছঝ 

পাং঱ন f  রদচ্ছয় ঳ম্প ঄ স্থা঩ন  যচ্ছর, 

S1 = f(ω1)      এফং    S2 = f(ω2) 



এই অংচ্ছ঱ এচ্ছ঳ আভযা ঳ম্ভাফেতায এ টট ঳াধাযণ তফর঱ষ্টে ঝারাই  চ্ছয কনচ্ছফা। 

দুটট ঘটনা এ ঳াচ্ছথ ঘটায ঳ম্ভাফনা তাচ্ছদয আরাদা আরাদাবাচ্ছফ ঘটায ঳ম্ভাফনায 

গুণপচ্ছরয ঳ভান। ফো঩াযটা ঳঴জ  চ্ছয ফুঝায জনে উদা঴যণ র঴চ্ছ঳চ্ছফ এ টা 

রবন্ন রফলয় রদচ্ছয় শুরু  যা মা । 

ধযা মা  A, B এফং C রতনটা রবন্ন রবন্ন স্থান। A কথচ্ছ  B কত মাওয়ায ৩টট ঩থ 

আচ্ছছ। তাচ্ছদয নাভ p, q, এফং r । B কথচ্ছ  C কত মাওয়ায ২টট ঩থ আচ্ছছ। তাচ্ছদয 

নাভ m এফং n । ক ান ফেক্তি মরদ A কথচ্ছ  B কত রগচ্ছয় তায঩য C কত ক঩ ৌঁছাচ্ছত 

চায়, তা঴চ্ছর ক঳ কভাট ৩x২=৬ উ঩াচ্ছয় ক঳টা  যচ্ছত ঩াচ্ছয (pm, pn, qm, qn, rm, 

rn)। কদখা মাচ্ছে, এ স্থান কথচ্ছ  অনেস্থাচ্ছন মাওয়ায ঩চ্ছথয ঳ংখোগুচ্ছরাচ্ছ  গুণ 

 চ্ছয রদচ্ছরই কভাট  তবাচ্ছফ মাওয়া মায়, ক঳টা কফয ঴চ্ছয় মায়। 



এ ই  থা ঩য঩য দ‘ুটা ঘটনা ঘটায ঳ম্ভাফনায কফরাচ্ছতও প্রচ্ছমাজে। কমভন, এ টা ঳ফজু ও 

দ‘ুটট খচ্ছয়যী যচ্ছঙয কভাট রতনটা ফর কথচ্ছ  খচ্ছয়যী যচ্ছঙয ফর আ঳ায ঳ম্ভাফনা 2/3  (2=খচ্ছয়যী 

ফচ্ছরয ঳ংখো, 3=কভাট ফচ্ছরয ঳ংখো)। এ ই বাচ্ছফ এ টা নীর ফর ও এ টা কফগুনী ফর কথচ্ছ  

কফগুনী ফর আ঳ায ঳ম্ভাফনা ½ । এখন, প্রথভফায টঠ  খচ্ছয়যী এফং এয ঩চ্ছযয ফায টঠ  

কফগুনী আ঳ায ঳ম্ভাফনা ঴চ্ছফ  2/3 x 1/2  = 2/6  = 1/3 । এটাচ্ছ  ঳঴চ্ছজ এবাচ্ছফও ফোখো  যা 

মায়, প্রথভ রতনটা ফর ও ঩চ্ছযয দ‘ুটা ফরচ্ছ  কভাট ৩x২=৬ উ঩াচ্ছয় কনয়া মায় [(঳ফজু ,নীর), 

(঳ফজু ,কফগুনী), (খচ্ছয়যী ১ভ, নীর), (খচ্ছয়যী ১ভ, কফগুনী), (খচ্ছয়যী ২য়, নীর), (খচ্ছয়যী ২য়, 

কফগুনী)]। এই ৬টা উ঩াচ্ছয়য ভাচ্ছঝ আভাচ্ছদয দয ায প্রথচ্ছভ খচ্ছয়যী ও ঩চ্ছয রার। এচ্ছদয 

঩াওয়া কমচ্ছত ঩াচ্ছয ২x১=২ বাচ্ছফ [(খচ্ছয়যী ১ভ, কফগুনী), (খচ্ছয়যী ২য়, কফগুনী)]। তাই প্রথভফায 

টঠ  খচ্ছয়যী এফং এয ঩চ্ছযয ফায টঠ  কফগুনী আ঳ায ঳ম্ভাফনা ঴চ্ছফ  2/6  =  1/3, মা আ঳চ্ছর 

দু‘টা ঳ম্ভাফনায গুণপর। 

এখন  মরদ S1 এন্ট্রর঩য ফস্তুয ঳াচ্ছথ S2 এন্ট্রর঩য ফস্তুচ্ছ  যাখা ঴য়, তচ্ছফ তাচ্ছদয কভাট এন্ট্রর঩ ঴চ্ছফ 

S = S1+S2। ক঱ল অফস্থায় ক঩ ৌঁছাচ্ছনায ঳ম্ভাফেতা মরদ ‗ω‘ ঴য়, তা঴চ্ছর ঳ম্ভাফেতায রনয়চ্ছভ তা 

঴চ্ছফ দুটট ফস্তুয আরাদাবাচ্ছফ ঳ম্ভাফেতায গুণপচ্ছরয ঳ভান। অথ ঄াৎ ω= ω1 x ω2 । f এয পাং঱ন 

আ াচ্ছয S = S1+S2  ক  ররখচ্ছর দা াঁ঵াচ্ছফ 

                                                                 f(ω)= f(ω1) + f(ω2) 

                                                         ফা,  f(ω1 x ω2)= f(ω1) + f(ω2) 



উ঩চ্ছযয ঳ভী যচ্ছণ কদখা মাচ্ছে, এটট দুটট ঩াযস্পরয  ঳ম্প ঄রফ঴ীন চর  

ω1  ও  ω2 -এয ঳ভন্বচ্ছয় ততরয। এখাচ্ছন আভযা  োর ুরাচ্ছ঳য দুটট ঳঴জ রফলয় 

প্রচ্ছয়াগ  যচ্ছফা। প্রথভটা ঴চ্ছরা, ‗অফেি পাং঱চ্ছনয অন্তযী যণ (Implicit function)‘ 

এফং ঩চ্ছযযটা ঴র ‗পাং঱চ্ছনয পাং঱ান এয অন্তযী যণ (function of a function)‘ 

[এগুচ্ছরায ধাযণা ক঩াি ঴চ্ছর ঳াভচ্ছনয অংচ্ছ঱ আগাচ্ছনা মাচ্ছফ। এগুচ্ছরায ফোখো ঳঴জ 

 যায জনে করখায ক঱চ্ছল র ছু ওচ্ছয়ফ ররং  রদচ্ছয় কদয়া আচ্ছছ]। 

কমচ্ছ঴তু ঳ভী যণ কথচ্ছ  ক উ চট  চ্ছয ω1  এফং ω2 এয ভাচ্ছঝ এ টাচ্ছ  রদচ্ছয় 

অনেটাচ্ছ  ঳যা঳রয প্র া঱  যচ্ছত ঩াযচ্ছফনা [কমভন ω1 = g(ω2) ফা ω2 = h(ω1) 

আ াচ্ছয, কমখাচ্ছন g এফং h অনে দুটট পাং঱ন] তাই f(ω1 x ω2)= f(ω1) + f(ω2)  এয 

উবয় ঩া঱চ্ছ  প্রথচ্ছভ ω1 এয ঳াচ্ছ঩চ্ছে অন্তযী যণ  যচ্ছর ঩াওয়া মাচ্ছফ 



ω2  x f’(ω1 x ω2)= f’(ω1) + 0        [ f’ রদচ্ছয় প্রথভ অন্তয  ঳঴গ ফুঝাচ্ছনা ঴চ্ছে ] 

ফা,   ω2  x f’(ω1 x ω2)= f’(ω1)  ———-(1) 

এ ই বাচ্ছফ f(ω1 x ω2)= f(ω1) + f(ω2)  এয উবয়঩া঱চ্ছ  ω2 এয ঳াচ্ছ঩চ্ছে অন্তযী যণ  যচ্ছর ঩াওয়া মাচ্ছফ 

ω1  x f’(ω1 x ω2)= f’(ω2) ———– (2) 

(1)  ক  (2) রদচ্ছয় বাগ  যচ্ছর 

            
ফা, ω1  x f’(ω1) = ω2  x  f’(ω2) 

উ঩চ্ছযয ঳ম্প ঄ এ টু বারবাচ্ছফ ঩ম ঄চ্ছফেণ  যচ্ছর ফুঝা মাচ্ছফ প্রথভ ফস্তুয ঳ম্ভাফেতা ও এন্ট্রর঩ পাং঱চ্ছনয প্রথভ 

অন্তযচ্ছ য গুণপর এফং রদ্বতীয় ফস্তুয ঳ম্ভাফেতা ও এন্ট্রর঩ পাং঱চ্ছনয প্রথভ অন্তযচ্ছ য গুণপর এ ই। 

঳াধাযণবাচ্ছফ ফরচ্ছর কমচ্ছ ান ফস্তুয ঳ম্ভাফেতা ও এন্ট্রর঩ পাং঱চ্ছনয প্রথভ অন্তযচ্ছ য গুণপর ঳ফ঳ভয় এ ই 

থা চ্ছছ। অতএফ, এই গুণপরচ্ছ  কম ক াচ্ছনা ধ্রুফ  C  ধচ্ছয রনচ্ছর এফং ক঱ল অফস্থায উ঩য ক঳টা প্রচ্ছয়াগ 

 যচ্ছর, 

             
এফায উবয়঩চ্ছে ω এয ঳াচ্ছ঩চ্ছে কমাগজী যণ  যচ্ছর ঩াওয়া মাচ্ছফ, 



                                                 
঳ুতযাং, 

                       
এখন ভান কফয  যায জনে আভযা এন্ট্রর঩ এফং ঳ম্ভাফেতায ভূর ধাযণাটা প্রচ্ছয়াগ  যচ্ছফা। 

মরদ ক ান ফস্তুয কবতয ায ঱ক্তিয অফস্থায ফো঩াচ্ছয আভযা ঳ম্পণূ ঄ রনক্তশ্চতবাচ্ছফ জারন, তা঴চ্ছর তায 

঳ম্ভাফেতা ঴চ্ছফ 1 । কমচ্ছ঴তু ফস্তুটটয ফো঩াচ্ছয আভযা ঩ুচ্ছযা঩ুরয রনক্তশ্চত, তাই ফস্তুটট ঩ুচ্ছযা঩ুরয এ টট ঳ু঱ঙৃ্খর 

ফস্তু। তায ভাচ্ছঝ ক ান রফ঱ঙৃ্খরা কনই। আয রফ঱ঙৃ্খরা না থা ায় তায ভাচ্ছঝ ক ান এন্ট্রর঩ও থা চ্ছফ না, অথ ঄াৎ 

এন্ট্রর঩য ভান ঴চ্ছফ ঱নূে (0)। 

঳ুতযাং ω =1 ঴চ্ছর S = 0 । এইদুটট ভান (3) নং ঳ভী যচ্ছণ ফ঳াচ্ছর, 

0= C ln(1)+CM ফা, 0= 0 + CM   ফা, CM=0 

CM এয ভান (3) নং ঳ভী যচ্ছণ ফ঳াচ্ছর অফচ্ছ঱চ্ছল আভাচ্ছদয  াঙ্ক্ষিত এন্ট্রর঩ এফং ঳ম্ভাফেতায ভধে ায 

঳ম্প ঄ ঩াওয়া মাচ্ছফ। ক঳টট ঴চ্ছরা, 



এটটই ঴র কফাল্টজভোচ্ছনয রফখোত এন্ট্রর঩-঳ূত্র। 

এই ঳ূত্র প্রচ্ছয়াচ্ছগয আচ্ছগ র ছু ঩ম ঄াচ্ছরাচনা  যা দয ায, না ঴চ্ছর বুরবাচ্ছফ ফেফ঴াচ্ছযয ঳ম্ভাফনা কথচ্ছ  মায়। 

কমভনঃ 

১) কম ক াচ্ছনা ক্তজরন঳ ঘটায ঳ম্ভাফনায ভান (ω) 1  এয কচচ্ছয়  ভ ফা 1 এয ঳ভান। তাই ω এয ভান 1 এয কচচ্ছয় 

 ভ ঴চ্ছর ln (ω) এয ভান ঋণাত্ম । র ন্তু এন্ট্রর঩য ভান ক াচ্ছনাবাচ্ছফই ঋণাত্ম  ঴চ্ছত ঩াযচ্ছফ না। এই ঳ভ঳ো 

দযূ  যা ঴য় ধ্রুফ  C এয ভাধেচ্ছভ। C এয ভান কমচ্ছ঴তু আভযা জারন না, তাই ক঳টায ভান ধনাত্ম  ফা ঋণাত্ম  

কম ক াচ্ছনার ছুই ঴চ্ছত ঩াচ্ছয। তাই মুক্তি কথচ্ছ  ফরা ঴য়, ln (ω) এয ঳঴চ্ছগয ভান ঋণাত্ম  ঴চ্ছফ। তাই ভূর ঳ূত্রটট 

করখায ঳ভয় এ টা ঋণাত্ম  রচহ্ন এচ্ছন কদখাচ্ছনা ঴য়। ক ফর তখনই C এয ভান ধনাত্ম  ঴চ্ছফ। 

঳ুতযাং, S  = C ln ( ω ) ;  C  ঋণাত্ম  

অথফা, S  = – C ln (ω );   C  ধণাত্ম  

২) ক ফরভাত্র আদ঱ ঄ গোচ্ছ঳য কেচ্ছত্র C এয ভান অণুপ্ররত গো঳ ধ্রুফ  ফা কফাল্টজভোন-ধ্রুফ  k এয ঳ভান 

঴য়। (k= R/NA ; R = আদ঱ ঄ গো঳ ধ্রুফ , NA = এচ্ছবাগোচ্ছরা ঳ংখো)। এয ফোখো ঩চ্ছযয কনাচ্ছট ফরায আ঱া 

যারখ। 

————————————————— 

আচ্ছযা ঳঴চ্ছজ ফণ ঄না  যায ক াচ্ছনা উ঩ায় জানা থা চ্ছর রনঃ঳চ্ছঙ্কাচ্ছচ জানাচ্ছনায অনুচ্ছযাধ যইচ্ছরা —-  দী঩ায়ন 

তূম ঄ 
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Entropy Changes in an Ideal Gas  
[VW, S & B: 6.5- 6.6, 7.1]  

Many aerospace applications involve flow of gases (e.g., air) and we thus examine the entropy 

relations for ideal gas behavior. The starting point is form (a) of the combined first and second 

law,  

                      

For an ideal gas,               . Thus  

                                 

Using the equation of state for an ideal gas (                        ), we can write the entropy change as an 

expression with only exact differentials:  

               
 

 

We can think of Equation (5.2) as relating the fractional change in temperature to the fractional 

change of volume, with scale factors       and         ; if the volume increases without a proportionate 

decrease in temperature (as in the case of an adiabatic free expansion), then        increases. 

Integrating Equation (5.2) between two states ``1'' and ``2'':  

 

https://web.mit.edu/16.unified/www/FALL/thermodynamics/notes/node40.html
https://web.mit.edu/16.unified/www/FALL/thermodynamics/notes/node40.html


For a perfect gas with constant specific heats  

                             

In non-dimensional form (using                   )  

                                            
 

 

relations                  ;              , we find  

                     

or  

  This expression gives entropy change in terms of  temperature and volume. We can develop an 

alternative form in terms of  pressure and volume, which allows us to examine an assumption we 

have used. The ideal gas equation of  state can be written as  

             

Taking differentials of  both sides yields 

 

 

Equation 5.3 is in terms of specific quantities. For          moles of gas,  

 

 

https://web.mit.edu/16.unified/www/FALL/thermodynamics/notes/node40.html


 

 

 

Using both sides of (5.4) as exponents we obtain  

https://web.mit.edu/16.unified/www/FALL/thermodynamics/notes/node40.html


Using both sides of (5.4) as exponents we obtain  

                 
 

 

Equation (5.5) describes a general process. For the specific situation in which                     , i.e., the entropy is 

constant, we recover the expression                                      . It was stated that this expression applied to a 

reversible, adiabatic process. We now see, through use of the second law, a deeper meaning to the 

expression, and to the concept of a reversible adiabatic process, in that both are characteristics of a 

constant entropy, or isentropic, process.  

https://web.mit.edu/16.unified/www/FALL/thermodynamics/notes/node40.html
https://web.mit.edu/16.unified/www/FALL/thermodynamics/notes/node40.html


7.6  Solve problems on entropy of  different thermodynamic processes 



SUBJECT: ENGINEERING THERMODYNAMICS 
CAPTER -08 

SUBJECT CODE: 27131 



8. Understand the 
properties of vapor 

and steam. 



Name the three-state of  a substance.  

Discuss the triple point of  a substance.  

Solids 

A solid’s particles are packed closely together. The forces between the particles are strong enough that the particles 

cannot move freely; they can only vibrate. As a result, a solid has a stable, definite shape and a definite volume. Solids 

can only change shape under force, as when broken or cut. 

In crystalline solids, particles are packed in a regularly ordered, repeating pattern. There are many different crystal 

structures, and the same substance can have more than one structure. For example, iron has a body-centered cubic 

structure at temperatures below 912 °C and a face-centered cubic structure between 912 and 1394 °C. Ice has fifteen 

known crystal structures, each of  which exists at a different temperature and pressure. 

A solid can transform into a liquid through melting, and a liquid can transform into a solid through freezing. A solid 

can also change directly into a gas through a process called sublimation. 

neighboring molecules is much greater than the size of  the molecules themselves. 

A gas at a temperature below its critical temperature can also be called a vapor. A vapor can be liquefied through 

compression without cooling. It can also exist in equilibrium with a liquid (or solid), in which case the gas pressure 

equals the vapor pressure of  the liquid (or solid). 

A supercritical fluid (SCF) is a gas whose temperature and pressure are greater than the critical temperature and 

critical pressure. In this state, the distinction between liquid and gas disappears. A supercritical fluid has the physical 

properties of  a gas, but its high density lends it the properties of  a solvent in some cases. This can be useful in several 

applications. For example, supercritical carbon dioxide is used to extract caffeine in the manufacturing of  

decaffeinated coffee. 



 8.2  Distinguish between the steam and vapors.   

Liquids 

A liquid is a fluid that conforms to the shape of  its container but that retains a nearly constant volume independent 

of  pressure. The volume is definite (does not change) if  the temperature and pressure are constant. When a solid is 

heated above its melting point, it becomes liquid because the pressure is higher than the triple point of  the 

substance. Intermolecular (or interatomic or interionic) forces are still important, but the molecules have enough 

energy to move around, which makes the structure mobile. This means that a liquid is not definite in shape but 

rather conforms to the shape of  its container. Its volume is usually greater than that of  its corresponding solid 

(water is a well-known exception to this rule). The highest temperature at which a particular liquid can exist is called 

its critical temperature. 

A liquid can be converted to a gas through heating at constant pressure to the substance’s boiling point or through 

reduction of  pressure at constant temperature. This process of  a liquid changing to a gas is called evaporation. 



Gases 

Gas molecules have either very weak bonds or no bonds at all, so 

they can move freely and quickly. Because of  this, not only will a 

gas conform to the shape of  its container, it will also expand to 

completely fill the container. Gas molecules have enough kinetic 

energy that the effect of  intermolecular forces is small (or zero, for 

an ideal gas), and they are spaced very far apart from each other; 

the typical distance between 



List the properties of  vapors.   



t is necessary to understand the properties of steam so that we can make proper use of it. Equipment 

size can be decided, pipe systems can be perfectly designed. It also allows us to make informed 

decisions affecting the energy usage of the system. 

 

The properties are: 

 

(1) Quality of steam (Dryness fraction) 

 

Dryness fraction in simple words denotes the mass of dry steam in given steam. Or how much steam is 

dry or in other words how much water vapour is present in steam. It is denoted by ‗x‘. 

 

            
 

Where M=mass of the dry steam 

 

               m=mass of water vapour 



The use of dryness fraction allow us to know both the mass of dry steam and mass of water vapour. 

 

Now, see 

 

If               that means dry steam is 0.9 kg and water vapour is 0.1 kg in 1 kg of given steam. 

 

Obviously for dry steam,            

 

Quality is represented in percentage but meaning is same as ‗x‘. 

 

If quality of steam is 80%, then it has 80% of dry steam and 20 % water vapour by mass. 

 

  



 Specific volume : 

 

Gases (steam is a gas) occupy less space under higher 

pressure than under lower pressure. This means 1 

kilogram of steam occupies different volumes, 

depending upon its pressure. The term specific volume 

refers to the volume that one kg of steam occupies at a 

given pressure and temperature. 

 

Unit is                                  



Enthalpy 

 

The total heat content of a substance is called enthalpy. Actually it has much broad definition in 

thermodynamics but for 1st year BME students this definition works just fine. So, total heat content 

by steam is termed as its enthalpy. It is denoted by ‗H‘. SI unit is KJ 

 

 ‗h‗ is generally used term which represents specific enthalpy, unit for which is KJ/Kg. 

 

 In steam tables you will see enthalpy written as                   

 

      is the enthalpy of liquid that is water at boiling point that‘s why subscript ‗l‘ is used, point ‗D‘ in h-

T diagram. Similarly         is enthalpy of dry saturated steam, point ‗E‘ in h-T diagram and         is the 

latent heat, Process D to E in h-T diagram. 



Explain the Formation of steam at constant pressure 

Formation of steam at constant pressure: 

 

Before going into formation of steam let we understand why steam is 

being formed/produced at constant pressure. 

 

The boiling temperature is 100       at one particular pressure that is 1 atm. 

Now if we change the pressure then the boiling temperature also 

changes. Since both are directly proportional then if we decrease 

pressure, boiling  temperature decreases and vice versa. 

 

  



T-h diagram of formation of steam at constant pressure : 

 

After having understood the temperature and pressure 

fundamentals, let we discuss how we are going to 

produce steam from 1 kg piece of ice. 

 

Suppose the initial temperature of ice is a solid phase of 

water is -10      .Now, keeping pressure constant which is 

again assumed as 1 atm, we provide continuous heat to 
the ice 





Let us understand what is happening in the above graph. 

 

The graph is plotted between T and h. Let‘s start with point A at which ice is at temperature 

-10      . Now, as we provide heat to the piece of ice, its temperature as well as enthalpy 

increases simultaneously upto point ‗B‘. 

 

Point B is at 0       at which the phase transformation of solid ice into liquid takes place. This 

point is called melting point and temperature will remain constant until the whole 

transformation process is completed i.e all ice will convert in liquid at 0      . This is so 

because of latent heat of fusion. All the heat we are providing is actually increasing the 

energy of the molecules of the water not its temperature, that‘s why enthalpy increases but 

the temperature remains constant upto point C. Heat provided from point ‗B‘ to point ‗C‘ is 

hidden and cannot be measured using thermometer. 



Since we are providing continuous heat the temperature and the 

enthalpy both increases (sensible heating). At ‘D’ which is 

boiling point of  water. The next phase transformation i.e. liquid 

to vapour (steam) takes place. Since, the temperature again 

remains constant and enthalpy  keep increasing, the heat 

absorbed during this is latent heat of  vaporization. This process 

goes upto ‘E’. At ‘E’ we have converted all liquid into steam. If  

we keep providing heat then ultimately at ‘F’ superheated steam 

is obtained. 



Describe the important terms for steam (wet steam, dry saturated steam, superheated steam, dryness fraction, specific 

volume of  steam, etc) 

 

Definition - What does Wet Steam mean?  

Wet steam is a mixture of  steam and liquid water. It exists at a saturation temperature containing more than 5% 

water. It is said to be a two-phase mix: steam contains droplets of  water that have not changed phase 

 

Wet steam may cause corrosion in vulnerable equipment such as turbine blades, low-pressure steam piping and heat 

exchangers. Wet steam lowers the heat transfer efficiency of  steam, which results in an inefficient sterilization 

procedure. 

Wet steam is also known as supersaturated steam. 



 

Corrosionpedia explains Wet Steam 

Wet steam is generated by heating water, which then turns to steam at the first stage. If  additional heat is added to wet 

steam at a set pressure, the temperature remains the same until all the liquid is evaporated. Only then does the 

temperature rise above saturation, allowing the formation of  wet steam. 

The quantity of  water in wet steam is designated by the quality. The superiority of  steam refers to the percent of  steam 

flow that is steam and water by weight. Steam that is 90% steam and 10% water is known as 90% quality steam. Wet 

steam is the most difficult type of  steam to measure. 



 

Definition - What does Dry Steam mean?  

Dry steam is steam that is at the temperature of  saturation, but 

does not contain water particles in suspension. It has a very high 

dryness fraction, with almost no moisture. 

 

 Commercially, dry steam contains not more than one 

half of one percent moisture. The presence of moisture 

in steam causes deposition, corrosion and reduction of 

life expectancy of boilers or other heat exchangers. 

Therefore, in heating applications, dry steam is 

preferable, because it has a better energy exchange 

capacity and does not cause corrosion. 



Definition - What does Superheated Steam mean?  

Superheated steam is steam at a temperature that is higher than its vaporization 

(boiling) point at the absolute pressure. It is steam which is formed at the temperature 

which exceeds that of  saturated steam at the same pressure. 



Superheated steam is used in turbines to improve thermal efficiency. Other uses include: 

•Surface technologies 

•Cleaning technologies 

•Catalysis/chemical reaction processing 

•Surface drying technologies 

•Curing technologies 

•Soil steaming 

•Energy systems 

•Nanotechnologies 

Pitting, corrosion fatigue and stress corrosion cracking all may be caused by superheated 

steam. 

 



The properties of  superheated steam are close to a perfect gas rather than a vapor. Since 

superheated steam has no direct relationship between temperature and pressure, at a 

particular pressure it may be possible for superheated steam to exist at a wide range of  

temperatures. 

As superheated steam is an insulator, superheated steam farther away from the surface 

cannot easily cool down and yield its energy. 

Superheated steam’s greatest value lies in its tremendous internal energy that can be used 

for kinetic reaction through mechanical expansion against turbine blades and reciprocating 

pistons, producing rotary motion of  a shaft. 



Dryness fraction(x) is the ratio of  mass of  steam to total mass (mass of  steam 

+mass of  water). 

X= Ms/Ms+Mw 

For example if  value of  X is 0.85 that means mixture of  water and vapour 

contains 85 % vapour of  total mixture in other words mixture of  water and 

vapour contains 15 % of  moisture conten 



(3) Enthalpy 

 

The total heat content of a substance is called enthalpy. Actually it has much broad 

definition in thermodynamics but for 1st year BME students this definition works just 

fine. So, total heat content by steam is termed as its enthalpy. It is denoted by ‗H‘. 

SI unit is KJ 

 

 ‗h‗ is generally used term which represents specific enthalpy, unit for which is 

KJ/Kg. 

 

 In steam tables you will see enthalpy written as                   

 

      is the enthalpy of liquid that is water at boiling point that‘s why subscript ‗l‘ is 

used, point ‗D‘ in h-T diagram. Similarly         is enthalpy of dry saturated steam, 

point ‗E‘ in h-T diagram and         is the latent heat, Process D to E in h-T diagram. 



The volume per mass of  steam varies with temperature and pressure. 

At the temperature of  boiling water at atmospheric pressure, it is 1.67m^3/kg 

specific volume of  steam: 



8.7  Explain the method of  using steam table.   

Till now we had studied that it is very important to study and understand the properties of steam 

for proper utilization.  Steam tables enable us to know these properties directly i.e. without doing 

any calculation or other thing. These properties can be found out at a given pressure or 

temperature. 

 

Before obtaining these values let us understand few more things 

 

Saturated steam : 

 

Saturated steam is pure steam at the temperature that corresponds to the boiling temperature of 

water at the existing pressure. 

 

For example : Saturated steam is obtained at point ‗E‘. where all the liquid water has converted 

into steam. 

 

                                                                                                                                  

 

                                                                                                                        

 



Coming back to steam table use, we can use either temperature tables or pressure tables. 

 

If we have to find properties of steam at given temperature, use temperature scale and vice-

versa. 

 

For super-heated steam, different table is given. Keep units in mind while using steam tables 

and use scale for current measurement 

 

Example on steam table usage 

 

Suppose you have to find all properties of steam at 150      . Then first of all use 

temperature scale. 

 

Find out in the temperature where 150       is. Then mark it and put a scale across it 

covering the entire row. This entire row will give you all the properties corresponding 

to this temperature. 

 

Fig. in this way, we can get all the properties,                              . 

 

So from above table at 150       values of properties of steam are 





Explain the mollier diagram.   

Mollier Diagram  

The Mollier diagram is a graphic representation of  the relationship 

between air temperature, moisture content and enthalpy - and is a 

basic design tool for building engineers and designers  

https://www.engineeringtoolbox.com/psychrometric-chart-mollier-d_27.html
https://www.engineeringtoolbox.com/psychrometric-chart-mollier-d_27.html
https://www.engineeringtoolbox.com/psychrometric-chart-mollier-d_27.html


Air is a mixture of  mostly oxygen, nitrogen and water vapor. The Mollier diagram is a graphic representation of  the 

relationship between air temperature, moisture content and enthalpy, and is a basic design tool for building engineers 

and designers. 

https://www.engineeringtoolbox.com/air-composition-d_212.html


Find out the different properties of  steam from a steam table at a certain pressure  and  temperature.  

Example - How to use the Mollier Chart 

The state of  air with dry bulb temperature 21 oC and relative humidity 50% is indicated in the Moliier chart below 

https://www.engineeringtoolbox.com/dry-wet-bulb-dew-point-air-d_682.html


9.Understand the 
aspects of 

thermodynamic cycles. 



 9.1  Define thermodynamic cycle.  

A thermodynamic cycle is a series of  
thermodynamic processes which returns a 
system to its initial state. Properties depend 
only on the thermodynamic state and thus do 
not change over a cycle. Variables such as heat 
and work are not zero over a cycle, but rather 
depend on the process. The first law of  
thermodynamics dictates that the net heat 
input is equal to the net work output over any 
cycle. The repeating nature of  the process 
path allows for continuous operation, making 
the cycle an important concept in 
thermodynamics.  

https://simple.wikipedia.org/w/index.php?title=Thermodynamic_process&action=edit&redlink=1
https://simple.wikipedia.org/wiki/Properties
https://simple.wikipedia.org/wiki/Thermodynamic_state
https://simple.wikipedia.org/wiki/Heat
https://simple.wikipedia.org/wiki/Work_(thermodynamics)
https://simple.wikipedia.org/wiki/First_law_of_thermodynamics
https://simple.wikipedia.org/wiki/First_law_of_thermodynamics
https://simple.wikipedia.org/wiki/Thermodynamics


Classify the thermodynamic cycle 

Two primary classes of  thermodynamic cycles are power cycles and heat 

pump cycles. Power cycles are cycles which convert some heat input into a 

mechanical work output, while heat pump cycles transfer heat from low to 

high temperatures by using mechanical work as the input. Cycles composed 

entirely of  quasistatic processes can operate as power or heat pump cycles 

by controlling the process direction. On a pressure–volume (PV) diagram or 

temperature–entropy diagram, the clockwise and counterclockwise 

directions indicate power and heat pump cycles, respectively.  

https://en.wikipedia.org/wiki/Mechanical_work
https://en.wikipedia.org/wiki/Pressure_volume_diagram
https://en.wikipedia.org/wiki/Pressure_volume_diagram
https://en.wikipedia.org/wiki/Pressure_volume_diagram
https://en.wikipedia.org/wiki/Temperature%E2%80%93entropy_diagram
https://en.wikipedia.org/wiki/Temperature%E2%80%93entropy_diagram
https://en.wikipedia.org/wiki/Temperature%E2%80%93entropy_diagram
https://en.wikipedia.org/wiki/Clockwise_and_counterclockwise


Relationship to work 

        
Relationship to work  

The net work equals the area inside because it is (a) the Riemann 

sum of work done on the substance due to expansion, minus (b) the 

work done to re-compress. 

Because the net variation in state properties during a thermodynamic 

cycle is zero, it forms a closed loop on a PV diagram. A PV diagram's 

Y axis shows pressure (P) and X axis shows volume (V). The area 

enclosed by the loop is the work (W) done by the process:  

        
This work is equal to the balance of heat (Q) transferred into the 

system:  

        
Equation (2) makes a cyclic process similar to an isothermal process: 

even though the internal energy changes during the course of the 

cyclic process, when the cyclic process finishes the system's energy 

is the same as the energy it had when the process began.  

If the cyclic process moves clockwise around the loop, then W will be 

positive, and it represents a heat engine. If it moves 

counterclockwise, then W will be negative, and it represents a heat 

pump.  

he net work equals the area 

inside because it is (a) the 

Riemann sum of  work done on 

the substance due to expansion, 

minus (b) the work done to re-

compress. 

https://en.wikipedia.org/wiki/File:PdV_work_cycle.gif
https://en.wikipedia.org/wiki/Pressure_volume_diagram
https://en.wikipedia.org/wiki/Isothermal_process
https://en.wikipedia.org/wiki/Heat_engine
https://en.wikipedia.org/wiki/Heat_pump
https://en.wikipedia.org/wiki/Heat_pump
https://en.wikipedia.org/wiki/File:PdV_work_cycle.gif


Each point in the cycle     

Description of each point in the thermodynamic cycles. 

Otto Cycle  

•1→2: Isentropic expansion: Constant entropy (s), Decrease in pressure (P), 

Increase in volume (v), Decrease in temperature (T)  

•2→3: Isochoric Cooling: Constant volume(v), Decrease in pressure (P), 

Decrease in entropy (S), Decrease in temperature (T)  

•3→4: Isentropic compression: Constant entropy (s), Increase in pressure 

(P), Decrease in volume (v), Increase in temperature (T)  

•4→1: Isochoric heating: Constant volume (v), Increase in pressure (P), 

Increase in entropy (S), Increase in temperature (T) 

 

https://en.wikipedia.org/wiki/Isentropic
https://en.wikipedia.org/wiki/Entropy
https://en.wikipedia.org/wiki/Pressure
https://en.wikipedia.org/wiki/Volume
https://en.wikipedia.org/wiki/Temperature
https://en.wikipedia.org/wiki/Isochoric_process
https://en.wikipedia.org/wiki/File:Stirling_Cycle.png


A list of thermodynamic processes 

•Adiabatic : No energy transfer as heat (Q) during that part of the cycle would amount to δQ=0. This does 

not exclude energy transfer as work.  

•Isothermal : The process is at a constant temperature during that part of the cycle (T=constant, 

δT=0). This does not exclude energy transfer as heat or work.  

•Isobaric : Pressure in that part of the cycle will remain constant. (P=constant, δP=0). This does not 

exclude energy transfer as heat or work.  

•Isochoric : The process is constant volume (V=constant, δV=0). This does not exclude energy 

transfer as heat or work.  

•Isentropic : The process is one of constant entropy (S=constant, δS=0). This excludes the transfer of 

heat but not work.  

•Isenthalpic: process that proceeds without any change in enthalpy or specific enthalpy  

•Polytropic: process that obeys the relation:          

•Reversible:process where entropy production is zero         
 

https://en.wikipedia.org/wiki/Adiabatic
https://en.wikipedia.org/wiki/Isothermal
https://en.wikipedia.org/wiki/Isobaric_process
https://en.wikipedia.org/wiki/Isochoric_process
https://en.wikipedia.org/wiki/Isentropic
https://en.wikipedia.org/wiki/Isenthalpic_process
https://en.wikipedia.org/wiki/Polytropic_process
https://en.wikipedia.org/wiki/Reversible_process_(thermodynamics)


Power cycles 

               

Heat engine diagram. 

Main article: Heat engine 

Thermodynamic power cycles are the basis for the operation of heat 

engines, which supply most of the world's electric power and run the 

vast majority of motor vehicles. Power cycles can be organized into 

two categories: real cycles and ideal cycles. Cycles encountered in 

real world devices (real cycles) are difficult to analyze because of the 

presence of complicating effects (friction), and the absence of 

sufficient time for the establishment of equilibrium conditions. For the 

purpose of analysis and design, idealized models (ideal cycles) are 

created; these ideal models allow engineers to study the effects of 

major parameters that dominate the cycle without having to spend 

significant time working out intricate details present in the real cycle 

model.  

https://en.wikipedia.org/wiki/Heat_engine
https://en.wikipedia.org/wiki/Electric_power
https://en.wikipedia.org/wiki/Motor_vehicle
https://en.wikipedia.org/wiki/File:Carnot_heat_engine_2.svg


Power cycles can also be divided according 

to the type of heat engine they seek to 

model. The most common cycles used to 

model internal combustion engines are the 

Otto cycle, which models gasoline engines, 

and the Diesel cycle, which models diesel 

engines. Cycles that model external 

combustion engines include the Brayton 

cycle, which models gas turbines, the 

Rankine cycle, which models steam turbines, 

the Stirling cycle, which models hot air 

engines, and the Ericsson cycle,  

which also models hot air engines    

The clockwise thermodynamic cycle indicated by the 

arrows shows that the cycle represents a heat engine. 

The cycle consists of four states (the point shown by 

crosses) and four thermodynamic processes (lines). 

https://en.wikipedia.org/wiki/Internal_combustion_engine
https://en.wikipedia.org/wiki/Otto_cycle
https://en.wikipedia.org/wiki/Gasoline_engine
https://en.wikipedia.org/wiki/Diesel_cycle
https://en.wikipedia.org/wiki/Diesel_engine
https://en.wikipedia.org/wiki/Diesel_engine
https://en.wikipedia.org/wiki/External_combustion_engine
https://en.wikipedia.org/wiki/External_combustion_engine
https://en.wikipedia.org/wiki/Brayton_cycle
https://en.wikipedia.org/wiki/Brayton_cycle
https://en.wikipedia.org/wiki/Gas_turbine
https://en.wikipedia.org/wiki/Rankine_cycle
https://en.wikipedia.org/wiki/Steam_turbine
https://en.wikipedia.org/wiki/Stirling_cycle
https://en.wikipedia.org/wiki/Hot_air_engine
https://en.wikipedia.org/wiki/Hot_air_engine
https://en.wikipedia.org/wiki/Ericsson_cycle
https://en.wikipedia.org/wiki/File:Stirling_Cycle.png


For example, the pressure-volume mechanical work output from the ideal Stirling cycle (net work out), 

consisting of 4 thermodynamic processes, is[citation needed][dubious – discuss]:  

Heat pump cycles 

Main article: Heat pump and refrigeration cycle 

Thermodynamic heat pump cycles are the models for household heat pumps and refrigerators. There is no difference 

between the two except the purpose of  the refrigerator is to cool a very small space while the household heat pump is 

intended to warm a house. Both work by moving heat from a cold space to a warm space. The most common 

refrigeration cycle is the vapor compression cycle, which models systems using refrigerants that change phase. The 

absorption refrigeration cycle is an alternative that absorbs the refrigerant in a liquid solution rather than evaporating it. 

Gas refrigeration cycles include the reversed Brayton cycle and the Hampson–Linde cycle. Multiple compression and 

expansion cycles allow gas refrigeration systems to liquify gases.  

https://en.wikipedia.org/wiki/Mechanical_work
https://en.wikipedia.org/wiki/Wikipedia:Citation_needed
https://en.wikipedia.org/wiki/Wikipedia:Accuracy_dispute
https://en.wikipedia.org/wiki/Talk:Thermodynamic_cycle
https://en.wikipedia.org/wiki/Heat_pump_and_refrigeration_cycle
https://en.wikipedia.org/wiki/Mathematical_model
https://en.wikipedia.org/wiki/Heat_pump
https://en.wikipedia.org/wiki/Refrigerator
https://en.wikipedia.org/wiki/Vapor_compression_cycle
https://en.wikipedia.org/wiki/Refrigerant
https://en.wikipedia.org/wiki/Absorption_refrigeration_cycle
https://en.wikipedia.org/wiki/Hampson%E2%80%93Linde_cycle
https://en.wikipedia.org/wiki/Hampson%E2%80%93Linde_cycle
https://en.wikipedia.org/wiki/Hampson%E2%80%93Linde_cycle
https://en.wikipedia.org/wiki/Liquefaction_of_gases


Modeling real systems 

Example of  a real system modelled by an idealized process: PV and TS diagrams of  a Brayton cycle mapped to actual 

processes of  a gas turbine engine 



Thermodynamic cycles may be used to model real devices and systems, typically by making a series of  assumptions.[2] 

simplifying assumptions are often necessary to reduce the problem to a more manageable form.[2] For example, as shown 

in the figure, devices such a gas turbine or jet engine can be modeled as a Brayton cycle. The actual device is made up of  

a series of  stages, each of  which is itself  modeled as an idealized thermodynamic process. Although each stage which 

acts on the working fluid is a complex real device, they may be modelled as idealized processes which approximate their 

real behavior. If  energy is added by means other than combustion, then a further assumption is that the exhaust gases 

would be passed from the exhaust to a heat exchanger that would sink the waste heat to the environment and the working 

gas would be reused at the inlet stage.  

The difference between an idealized cycle and actual performance may be significant.[2] For example, the following 

images illustrate the differences in work output predicted by an ideal Stirling cycle and the actual performance of  a 

Stirling engine:  

https://en.wikipedia.org/wiki/Thermodynamic_cycle
https://en.wikipedia.org/wiki/Thermodynamic_cycle
https://en.wikipedia.org/wiki/Thermodynamic_cycle
https://en.wikipedia.org/wiki/Thermodynamic_cycle
https://en.wikipedia.org/wiki/Thermodynamic_cycle
https://en.wikipedia.org/wiki/Thermodynamic_cycle
https://en.wikipedia.org/wiki/Gas_turbine
https://en.wikipedia.org/wiki/Jet_engine
https://en.wikipedia.org/wiki/Brayton_cycle
https://en.wikipedia.org/wiki/Thermodynamic_cycle
https://en.wikipedia.org/wiki/Thermodynamic_cycle
https://en.wikipedia.org/wiki/Thermodynamic_cycle
https://en.wikipedia.org/wiki/Stirling_cycle


As the net work output for a cycle is represented by the interior of  the cycle, there is a 

significant difference between the predicted work output of  the ideal cycle and the 

actual work output shown by a real engine. It may also be observed that the real 

individual processes diverge from their idealized counterparts; e.g., isochoric expansion 

(process 1-2) occurs with some actual volume change.  



ell-known thermodynamic cycles 

In practice, simple idealized thermodynamic cycles are usually made out of  four thermodynamic processes. Any 

thermodynamic processes may be used. However, when idealized cycles are modeled, often processes where one 

state variable is kept constant are used, such as an isothermal process (constant temperature), isobaric process 

(constant pressure), isochoric process (constant volume), isentropic process (constant entropy), or an isenthalpic 

process (constant enthalpy). Often adiabatic processes are also used, where no heat is exchanged.  

Some example thermodynamic cycles and their constituent processes are as follows:  

https://en.wikipedia.org/wiki/Thermodynamic_process
https://en.wikipedia.org/wiki/Isothermal_process
https://en.wikipedia.org/wiki/Isobaric_process
https://en.wikipedia.org/wiki/Isochoric_process
https://en.wikipedia.org/wiki/Isentropic_process
https://en.wikipedia.org/wiki/Isenthalpic_process
https://en.wikipedia.org/wiki/Isenthalpic_process
https://en.wikipedia.org/wiki/Adiabatic_process




An illustration of  an ideal cycle heat engine 

(arrows clockwise). 





Stirling cycle 

Main article: Stirling cycle 

A Stirling cycle is like an Otto cycle, except that the adiabats are replaced by isotherms. It is also 

the same as an Ericsson cycle with the isobaric processes substituted for constant volume 

processes.  

1.TOP and BOTTOM of the loop: a pair of quasi-parallel isothermal processes  

2.LEFT and RIGHT sides of the loop: a pair of parallel isochoric processes 

Heat flows into the loop through the top isotherm and the left isochore, and some of this heat 

flows back out through the bottom isotherm and the right isochore, but most of the heat flow is 

through the pair of isotherms. This makes sense since all the work done by the cycle is done by 

the pair of isothermal processes, which are described by Q=W. This suggests that all the net heat 

comes in through the top isotherm. In fact, all of the heat which comes in through the left isochore 

comes out through the right isochore: since the top isotherm is all at the same warmer 

temperature         and the bottom isotherm is all at the same cooler temperature        , and since 

change in energy for an isochore is proportional to change in temperature, then all of the heat 

coming in through the left isochore is cancelled out exactly by the heat going out the right 

isochore.  

https://en.wikipedia.org/wiki/Stirling_cycle


 

 

1. Reversible cycle.  

 

A process, in which some change in the reverse direction, reverses the process completely, is known as 

a reversible process. In a reversible. process there should not be any loss of heat due to friction, 

radiation or conduction, etc. A cycle will be reversible if all the processes constituting the cycle are 

reversible. Thus in a reversible cycle, the initial conditions are restored at the end of the cycle. 

 

A little consideration will show, that when the operations are performed in the reversed order, the cycle 

draws heat from the cold body and rejects it to the hot body. This operation requires an external power to 

drive the mechanism according to second law of thermodynamics. A machine which operates on a 

reversed cycle is regarded as a "heat pump", such as a refrigerator, because it pumps heat from the cold 

body to the hot body. Following are the conditions for reversibility of a cycle: 



1. The pressure and temperature of  the working substance must not differ, appreciably, 

from those of  the surroundings at any stage in the process. 

 

2. All the processes, taking place in the cycle ,of  operation, must be extremely slow. 

 

3. The working parts of  the engine must be friction free. 

 

4. There should be no loss of  energy during the cycle of  operation. 

 

Note: A reversible cycle should not be confused with a mechanically reversible engine. 

Steam engine cranks may be made to revolve in a reversed direction by mechanically 

altering the valve settings. But this does not reverse the cycle, on which it works. A 

two-stroke petrol engine may be made to revolve in reverse direction by altering the 

timing of  ignition. But this also does not reverse the actual cycle. 



Irreversible cycle.  

 

A process, in which change in the reverse direction, does not reverse the process, is 

called irreversible process. In an irreversible process, there is a loss of  heat due to 

friction, radiation or conduction, 

 

In an actual practice, most of  the processes are irreversible to some degree. The main 

causes for the irreversibility are 

 

(i) mechanical and fluid friction, 

(ii) unrestricted expansion 

(iii) heat transfer with a finite temperature difference. 



 

Moreover, friction converts the mechanical work into heat. This heat cannot supply back the same amount of  

mechanical work, which was consumed for its production. Thus, if  there is some friction involved in the process, it 

becomes irreversible. A cycle will be irreversible if  any of  the processes, constituting the cycle, is irreversible. Thus in 

an irreversible cycle, the initial conditions are not restored at the end of  the cycle. 

 

Notes:  

 

1. We have discussed the various thermodynamic processes. The processes such as constant volume, constant pressure, 

isothermal or constant temperature (i.e. p.v = C), adiabatic and polytropic are all reversible processes. 

 

2. The throttling is an irreversible process.  



List the assumption in thermodynamic cycles.  



Explain the reversible and irreversible cycles. 

1. Reversible cycle.  

 

A process, in which some change in the reverse direction, reverses the process completely, is known as a 

reversible process. In a reversible. process there should not be any loss of heat due to friction, radiation or 

conduction, etc. A cycle will be reversible if all the processes constituting the cycle are reversible. Thus in a 

reversible cycle, the initial conditions are restored at the end of the cycle. 

 

A little consideration will show, that when the operations are performed in the reversed order, the cycle 

draws heat from the cold body and rejects it to the hot body. This operation requires an external power to 

drive the mechanism according to second law of thermodynamics. A machine which operates on a 

reversed cycle is regarded as a "heat pump", such as a refrigerator, because it pumps heat from the cold 
body to the hot body. Following are the conditions for reversibility of a cycle: 



1. The pressure and temperature of  the working substance must not differ, 

appreciably, from those of  the surroundings at any stage in the process. 

 

2. All the processes, taking place in the cycle ,of  operation, must be extremely slow. 

 

3. The working parts of  the engine must be friction free. 

 

4. There should be no loss of  energy during the cycle of  operation. 

 

Note: A reversible cycle should not be confused with a mechanically reversible 

engine. Steam engine cranks may be made to revolve in a reversed direction by 

mechanically altering the valve settings. But this does not reverse the cycle, on which 

it works. A two-stroke petrol engine may be made to revolve in reverse direction by 

altering the timing of  ignition. But this also does not reverse the actual cycle. 



Irreversible cycle.  

 

A process, in which change in the reverse direction, does not 

reverse the process, is called irreversible process. In an 

irreversible process, there is a loss of  heat due to friction, 

radiation or conduction, 

 

In an actual practice, most of  the processes are irreversible to 

some degree. The main causes for the irreversibility are 

 

(i) mechanical and fluid friction, 

(ii) unrestricted expansion 

(iii) heat transfer with a finite temperature difference. 



State the meaning of  air standard cycle. Gas power cycle and vapor power cycle 

The air standard cycles 

In what are known as air standard cycles, or ideal cycles, the constant volume, constant pressure and adiabatic 

processes are put together to form theoretical engine cycles which we can show on the p/V diagram. The actual p/V 

diagram is different from what is possible in practice, because, for instance, we assume that the gas is air throughout 

the cycle when in fact it may be combustion gas. We also assume that valves can open and close simultaneously and 

that expansion and compressions are adiabatic 

https://www.sciencedirect.com/topics/engineering/constant-volume
https://www.sciencedirect.com/topics/engineering/adiabatic-process
https://www.sciencedirect.com/topics/engineering/adiabatic-process
https://www.sciencedirect.com/topics/engineering/engine-cycle
https://www.sciencedirect.com/topics/engineering/combustion-gas


Air standard cycles are reference cycles which give an approximation to the performance of  internal combustion 

engines 

Constant volume (Otto) cycle 

This is the basis of  the petrol engine cycle 

Figure 2.4.2 shows the cycle, made up of  an adiabatic compression, 1–2 (piston rises to compress the air in the 

cylinder), heat energy added at constant volume, 2–3 (the fuel burns), adiabatic expansion, 3–4 (the hot gases 

drive the piston down the cylinder), and heat energy rejected at constant volume, 4–1 (exhaust) 

Figure 2.4.2. Constant volume (Otto) cycle 

https://www.sciencedirect.com/topics/engineering/internal-combustion-engines
https://www.sciencedirect.com/topics/engineering/internal-combustion-engines
https://www.sciencedirect.com/topics/engineering/engine-cycle
https://www.sciencedirect.com/topics/engineering/pistons


What can we do with this? We can calculate from our knowledge so far: 

• 

the pressures, volumes and temperatures around the cycle; 

• 

the work done during each of the processes and therefore the net work done; 

• 

the heat energy transferred during each process; 

• 

the ideal – or air standard – efficiency of the cycle using the expression we derived earlier in 

this chapter. 

 





















Spark Ignition (gasoline) engines, Compression ignition (diesel) engines and conventional gas turbine engines (generally refer to 

as Internal Combustion engines or IC Engines) are some examples of  engines that operate on gas cycles.  



Air standard cycles 

Internal combustion engines: Combustion of  fuel is non-cyclic process. 

Working fluid, air-fuel mixture undergoes permanent chemical change 

due to combustion Products are thrown out of  the engine & Fresh 

charge is taken in. 

Hence, the working fluid doesn't undergo a thermodynamic cycle.In 

order to analyze this complex gas power cycles, air standard cycles are 

conceived. 

In air standard cycle a certain mass of  air operates in a complete 

thermodynamic cycle where the heat is added and rejected using external 

reservoirs, and all the processes in the cycle are reversible. 



Summary of  assumptions made during such analysis:The working 

fluid, air behaves like an ideal gas (and specific heats are assumed 

to be constant) 

Combustion process is replaced by heat addition and exhaust 

process by heat rejection 

All the processes are reversible. 

Internal combustion engines 

There are two types of  reciprocating engines: 

Spark Ignition- Otto cycle 

Compression Ignition-Diesel cycle 



IC Engines overview 

Air and fuel mixture flows through inlet valve and exhaust leaves through exhaust valve 

Converts reciprocating motion to rotary motion using piston and crank shaft 

TDC; Top Dead Center: Position of  the piston where it forms the smallest volume 

BDC; Bottom Dead Center: Position of  the piston where it forms the largest volume 

Stroke: Distance between TDC and BDC 

Bore: Diameter of  the piston (internal diameter of  the cylinder) 

Clearance volume: minimum volume formed 

Compression ratio: ratio of  maximum volume to minimum volume VBDC/VTDC 

Engine displacement = (# of  cylinders) x (stroke length) x (bore area) (usually given in cc or liters) 

MEP: mean effective pressure: A const. theoretical pressure that if  acts on piston produces work same 

as that during an actual cycle 

Wnet = MEP x Piston area x Stroke 

= MEP x displacement volume  

4 Stoke engine  



Cycle consists of  four distinct strokes (processes): 

Intake 

Compression stroke 

Power stroke 

Exhaust  






