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Unit IV - Heat and Temperature

Heat
e Heat is a form of energy. Supplying heat to a body generally makes it hot, while
removing heat makes it cold.
e Heat energy can be transformed into.other forms of energy.
e It flows spontaneously from a hotter body to a cooler body.

Temperature
e Temperature is a measure of the average kinetic energy of the particles in a substance.
e It determines the direction of heat flow and is measured using scales such as Celsius
(°C), Fahrenheit (°F), and Kelvin (K).
e Absolute zero (0 Kelvin) is the lowest possible temperature, where all molecular motion
ceases
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' Unit IV - Heat and Temperature

Effects of Heat

-Change in Temperature: Heating or cooling leads to temperature changes.

-Change in Dimension: Expansion or,contraction.

-Change in State: Solid to liquid;liquid to.gas, etc.

-Change in Composition: Chemical transformations.

-Change in Physical and Mechanical Properties: Includes strength, malleability, etc.
Change in Electrical Conductivity: Conductivity increases or decreases based on
material and temperature
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Unit IV - Heat and Temperature

Difference Between Heat and Temperature

Heat is a form of energywhich causes ‘ Temperatureis the level of heatin a
hotness or coldnes I\ body

Heat is cause Temperatureis the effect

Temperatureis measured by
therometers, pyrometer,
thermoelectric pyrometer radiation
pyrometer thermocouples etc.

Heat is measured by acc

Its units are calorie B.T.U C.H.U etc Its unit is degree

Heat gained or lost by a body depends Rise or fall of temperature of a body
on its mass, specific heat and raise or  depends upon the quantity of heat
fall of temperature of the body. gained or lost by it
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Unit IV - Heat and Temperature

Boiling and Melting Points

-Boiling point: Temperature at which a liquid changes to gas at atmospheric pressure.
-Melting point: Temperature at which a solid.changes to a liquid.

m Boiling Point (°C) Melting Point (°C)
lron ‘ t%Z 1538

Aluminium 5519 660
Mercury 357 -39
Gold 2970 1064
Water 100 0
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Measuring Instruments

1.Thermometer

Definition:
A device used to measure temperature:

Types:

-Mercury-in-glass: Common for general use, precise and durable.
-Alcohol-based: Useful for low-temperature measurements.
-Digital: Modern, versatile, and easy to read.

Advantages of Mercury in Thermometers:

Mercury does not wet the glass, ensuring consistent readings.
-Excellent conductor of heat, quickly attaining surrounding temperature.
-Uniform expansion makes readings accurate.

‘Remains liquid over a wide temperature range but freezes at -39°C
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Measuring Instruments

2.Pyrometer

Definition:
-An instrument for measuring high temperatures, typically in
industrial applications.

Types:

-Optical Pyrometer: Measures the brightness of hot objects.
-Radiation Pyrometer: Measures heat radiation emitted by an object.
Thermoelectric Pyrometer: Uses a thermocouple to measure

temperature differences.

Applications:
-Used in metal forging, ceramics, and other processes involving
extremely high temperatures
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' Transmission of heat

Heat is a form of energy and is capable of doing work.

Conduction Convection

Heat flows from a hot body to a colder body or form a \ T
point of high temperature to a pointiof low D et Radiation
temperature. PSR W -

The greater is the temperaturedifference the more
rapidly will be the heat flow.

Heat is transmitted in three ways

By Conduction
By Convection
By Radiation

Sparks )Academy 81908 79379



Transmission of heat
1.Conduction

Definition:
‘The transfer of heat through direct contact in solids without actual movement of the material.

Mechanism:
-Heat flows from high-temperature regions to low-temperature regions within a material.

‘This occurs due to the vibration of particles or free electron movement (in metals).

Examples:
-Heating one end of a metal rod, where heat travels to the other end.

CONDUCTION
«Good Conductors:

-Metals like copper, aluminum.
-Poor Conductors/Insulators:
-Materials like wood, rubber, and plastic.
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Transmission of heat
2. Convection

Definition:
-Heat transfer by the actual movement of particles in fluids (liquids and gases).

Mechanism:
-Heated particles rise because they become less dense, while cooler, denser particles sink.
‘This creates a circulation of heat within the fluid.

Examples:
-Boiling water where heated water rises and cooler water descends.
-Sea and land breezes.

Applications:
-Central heating systems and refrigerators.
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Transmission of heat
3. Radiation

Definition
-Heat transfer through electromagnetic waves without

needing a medium. _—-—

Mechanism: Gyl bbg

-Objects emit and absorb infrared radiation based on their Radiation

temperature. R isee
-Does not require physical contact ora,medium. Convection

Examples:
Sun’s heat reaching the Earth.
‘Feeling warmth from a campfire.

Key Properties:
-Shiny and light-colored surfaces reflect radiation effectively.
-Dark and matte surfaces absorb radiation better.
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1.Coefficient of Linear Expansion

The coefficient of linear expansion describes how much a material expands per unit length
for a one-degree increase in temperature. It is critical in thermal design to account for the

dimensional changes in materials wWhen exposed to temperature variations.

Formula

‘The linear expansion of a material can be expressed as:
AL = alLAT

where,

AL :Change in length (m)

a : Coefficient of linear expansion (°CA(-1))
L : Original length (m)

AT: Temperature change (°C)
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1.Coefficient of Linear Expansion

The coefficient of linear expansion describes how much a material expands per
unit length for a one-degree increase in temperature. It is critical in thermal
design to account for the dimensional changes in materials when exposed to

temperature variations.

Formula

‘The linear expansion of a mateérial can be expressed as:
AL = alLAT

where,

AL :Change in length (m)

a : Coefficient of linear expansion (°CA(-1))
L : Original length (m)

AT: Temperature change (°C)
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Applications

-Design of Bridges and Railways: Expansion joints account for
changes in length due to temperature:
-Thermometers: Utilize the'expansion properties of materials.

-Pipelines: Expansion loops prevent buckling.
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2.Heat Loss and Heat Gain

‘The principle of heat loss and heat gain is governed by the law of conservation

of energy:

Energy cannot be created or destroyed, only transferred or transformed.
This principle is critical in understanding heat exchange between systems,

whether in insulation design, calorimetry, or thermal engineering.

Heat Transfer Equation
-The amount of heat exchanged (lost or gained) by a substance is given by:
Q = mcAT
Where,
Q : Heat transferred (in joules or calories)
m: Mass of the substance (kg)
c: Specific heat capacity (J/kg - °C)
AT : Temperature change (°C)
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Applications
-Heat Loss: Occurs when a hotter body transfers energy to its surroundings or a

cooler body.

-Heat Gain: Occurs when a cooler body absorbs energy from its surroundings or

a hotter body.
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3.Thermal Conductivity (k)
Definition:
‘-The property of a material that quantifies the rate at which heat flows through it due to a
temperature difference.
Formula: Q=kAAT/d
Where,
-Q: Heat transfer rate (W or J/s)
‘k: Thermal conductivity (W/m - K)
+A: Cross-sectional area (ma2)
-AT: Temperature difference (K)

-d: Thickness of the material (m)

Good Conductors: Materials with high k, like metals (e.g., copper, aluminium).

Poor Conductors (Insulators): Materials with low Kk, like wood, rubber, and glass wool
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4.Insulators
Definition:
-Materials that slow down or prevent the transfer of heat due to their low thermal

conductivity.

Examples:

-Foam, fiberglass, cork, plastic:

Applications:
-Building insulation: Reducing heat loss in homes.
-Thermal clothing: Preventing heat loss in cold climates.

-Appliances: Maintaining temperature in refrigerators or ovens.
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1.Concept of Pressure
Definition:

‘Pressure is the force applied perpendicular to the surface of an object per unit

area. It is a scalar quantity.

Formula:

-P=F/A

Where,

P: Pressure (N/ma2or Pascal, Pa)
F: Force (N)

A: Area (mn2)

Sparks YN 81908 79379



2.Units of Pressure

“ Equivalent value Common applications

Pascal (Pa) 1 N/m?2 SI unit, general use.
Bar 1 bar=105 Pa Meteorology, engineering.
Atmosphere (atm) =101325 Pa Atmospheric pressure
reference.
Torr 1 Torr=1760 atm Vacuum systems.
psi (pounds/in?) 1 psi=6894.76 Pa Pressure in tires, hydraulic
systems.
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3.Types of Pressure

1.Atmospheric Pressure:

The pressure exerted by the Earth's atmosphere at sea level.

Standard value: 101325 Pa or Tatm

2.Absolute Pressure:

‘Total pressure measured from a perfect vacuum.

«Includes atmospheric pressure and any additional pressure.
-Formula:

P absolute = P gauge + P atmospheric

3.Gauge Pressure:

Pressure relative to atmospheric pressure.
-Often measured with mechanical gauges.
-Formula:

P gauge = P absolute - P atmospheric
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4.Gauges Used to Measure Pressure

1.Manometer:

-Measures pressure using a column of liquid (e.g., mercury or water). A

‘Types: U-tube, inclined tube, differential manometers.
2.Bourdon Gauge:

-Common mechanical device to measure gauge pressure.

-Consists of a curved, flexible tube that straightens under pressure.

3.Barometer:

-Measures atmospheric pressure.

-Often uses mercury for high precision.

4.Digital Pressure Gauge:

-Provides electronic readings, often with high accuracy.

-Used in industrial and research applications.
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Important MCQs

1. Heat is a form of which type of energy?

(QleuiLID 6TIHhS 6U6mS ,MM6EV6DT §(IF 6LIg6ILD?)

a) Kinetic Energy (5mT&&L0 &1,MM6V)

b) Potential Energy (@\L&&l65M Si,MM6V)
c) Thermal Energy (GleuLiu g,mMmev)

d) Electrical Energy (W8lesT&my 4,mMmev)

Answer: C
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Important MCQs

2. Which of the following is used to measure temperature?

(GeuLiLblemevemwi jemallL LlesT6u(meu6esTeLMM)6V 618 LiwiesTL(H&HIM&1?)

a) Barometer (MMM (P &8 {6l wisv)
b) Thermometer (GleuLiLiblemev Sj6emailuiib)
c) Pyrometer (emiGmibLLIy)

d) Manometer (LoGeosTMLOLLI})

Answer: b
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Important MCQs

3. What is the Sl unit of heat?
GCleuLILIg &6t Sl 36V(8) 6T5]?

a) Joule / 2396v

b) Kelvin / Gl&evaileot
c) Calorie / &Geumifl

d) Celsius / Gl&sv&HFlwieny

Answer: a) Joule
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Important MCQs

4.What is the average kinetic energy of particles in a substance called?

e(m Clum@merflest ewev&samseflest Fmefl @uIss MMeVIs(E L GlLwif?

a) Heat / GleuLiLiLD

b) Temperature / GleuLiLiblémev
c) Pressure / 9|(p5 51D

d) Conductivity / 15L& 818 & me6dT

Answer: b) Temperature
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Important MCQs

5. The change in length per unit length per degree temperature change is
known as:

6R(IH emeuemailev (M 198 ifl GlauLiLihlemev LTMMESHM(F FML HLE(GLD [H6IT
LTMMLD 6TenSHE ClFmeLeY|HIMEG|?

a) Thermal conductivity /‘GléuLiLl bL 5818 &) m 6T
b) Coefficient of linear expansion / Giflwev aflifleuenLLiL] Fa L (h&H6l1&Ten &
c) Specific heat / g6sfl&HImevt GleuLiLILD

d) Latent heat / wbemm GleuLiLILD

Answer: b) Coefficient of linear expansion
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Important MCQs

6.Which mode of heat transfer does not require a medium?

6TIH& GleuLiLl Lflmmm (PerME (S, H(hblevd GaHemeuLILILTE|?

a) Conduction / &L 886V
b) Convection / &mijb&6v
c) Radiation / &s&\jefigar
d) Diffusion / Lyeuev

Answer: c) Radiation
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Important MCQs

7. Which of the following materials is a good insulator?

H1p & 5 600TL 6T[H& GCILIM(MH6IT HeLeV 2 GeumaIFL6VEVTS SHlFelWLDm(GLD?

a) Copper / G\&1bL

b) Wood / oiyLb

c) Aluminum / 9jey|1Slesfluiid
d) Steel / 6Too(85)

Answer: b) Wood

Sparks YN 81908 79379



Important MCQs

8. What is the standard atmospheric pressure at sea level?

&L M&60 U6V [Hl6316VWIITETT 6L6TFILDETITL 6V (LS SLD 6TEH?

a) 1Pa

b) 101.3 kPa

c) 1psi

d) 760 mmHg

Answer: b) 101.3kPa
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Important MCQs

9. A pyrometer is used to measure:

e LIGMDLLI} 6T&H6m60T O 6mE: 8 LIw6esTL (h &S SLILIHSIME|?

a) Low temperatures / (860mMH& GlauLiLiblemev

b) High temperatures / 91518 GleuLiLiblenev

c) Atmospheric pressure / a6iflLD650TL-60 3|(Lp & 51D
d) Fluid velocity / $liyeu GeussLd

Answer: b) High temperature
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Important MCQs

10.The coefficient of linear expansion is expressed in:

Criflwev adlifley LmrM1ed eTihs i6v&hlev GleusfluiL(h&sLULI(H&HMEI?

a) m

b) m/°C
c) °CA(-1)
d) 3/°C

Answer: c) °CA(-1)
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Important MCQs

11.Gauge pressure is the difference between:

lemeliL(h) (LS SHLD 6T[hS @) IF6vaTIgM(FHLD @lémLuilevmsst GeumLIMLIT(&LD?

a) Absolute and atmospheric pressure / (1p(Lp LOMM|LD 6U6TFILDEBITL 6V B{(LPSHSLD
b) Atmospheric and vacuum pressure / 6uerfloessrL6v LOMHM|LD GleumM M| & 8L 66T
AWSHW

c) Static and dynamic pressure / (Ibl6v& 519 LDMOHMILD QWIS B|(LPSSLD)

d) None of the above / (GLoGev (5;MILINLLILILL 6THI6LD @l6v6me6v)

Answer: a) Absolute and atmospheric pressure
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Important MCQs

12.Heat transfer in liquids occurs through:

&76y&6rflev GlauLiu LfllomrmmLd eTLiLIgE GlagwwiiLbSmeg|?

a) Conduction (&L8&6V)
b) Convection (¢(L0856V)
c) Radiation (&&)jei& &)
d) None of the above (GLGsv (HMHILILNLLLILL 6TSIOLD @)6V6m6v)

Answer: b) Convection
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Important MCQs

13. A 3 kg substance is heated, raising its temperature by 30°C. The specific heat
capacity is 5001/kg°C. How much heat energy is supplied?

e(hH 3 HlGevr Glum(merflesr GlauLILIbl6m6V.30°C-1L 8 2 WIF& 5 LILI(H 6L M & IT6sT
GleuLIL Q,MM6V eT6dT60T? EFlMLIL GleuiLighmest 5001/kg°C 918 @) (HEHH M.

a) 15,0003
b) 45,0003
c) 60,0003
d) 30,0003

Answer: b) 45,0007
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Important MCQs

14. A steel rod 3m long expands by 0.0021m when heated from 20°C to 120°C.
What is the coefficient of linear expansion (a\alphaa)?

6R(H 3 LD IH6IT(LPEITEIT 6Too(8),8 DL 20°C-@)6v @)\(HIHG| 120°C-58 (8,
G OB S5ILGLITE] 0.0021M HermwrsImE). a\alphaa eresrest?

a)7x10-6°CA-1

b)3.5x10-5°CA-1
c)2.1x10-5°CA-1
d)1.2x10-5°CA-1

Answer: a) 7x10-6°CA-1
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Important MCQs

15. A wall with an area of 8 mA2 and thickness 0.1 m has a thermal conductivity of 0.6
W/mK. If the temperature difference across the wall is 25°C, what is the heat transfer
rate?

6R (M &6UIf 8 MA2 LIFLILIET6L68T 0. 1M &IgLD6sTITE: 2 61T6mg| LoMMILD GleuLiLl @uis &) 0.6
W/mK. GleuLiLiblémev Geumiuim(b) 25°C ere6sflév, GCleuLiL LM M H) 65T Di61T6Y 6T6BTEBT?

a) 120 W

b) 1,200 W

c) 1,800 W

d) 2,000 W

Answer: b) 1,200 W
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Important MCQs

16. A tank has a gauge pressure of 150 kPa, and atmospheric pressure is 101.3 kPa. What is
the absolute pressure in the tank?

6(hH C&mLIguIlest oy6meiL(h) (PSS 150 kPa, euerfloessTL6v (LS55 101.3 kPa.
C\SITL19UIN6DT (LP(LD (LD ELD 6TEBTE0T2

a) 51.3kPa
b) 150 kPa
c) 251.3kPa
d) 101.3kPa

Answer: c) 251.3kPa
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Important MCQs

17. A rod with a cross-sectional area of 0.03mA2, length 1.5 m, and thermal conductivity
150 W/mK has a temperature difference of 80°C between its ends. Calculate the heat
transfer rate.

6R(Mh &1L 0.03 mA2 UFLILI6meYL6T1.5m hempLo 150 W/ mKGleuiu @uigs sl
G\smevot(heimemg). GlauLiLiblensy, GeumiLim(h) 80°C srevflev GleuLiu Lflmrmm &) eot

D|61T6L| 6T6BT6DT?

a) 2,400 W
b) 3,600 W
c) 4,800 W
d) 5,000 W
Answer: b) 3,600 W

Sparks YN 81908 79379



Important MCQs

18. A sealed tank contains gas at a pressure of 300 kPa. If the atmospheric pressure is
101.3 kPa, what is the gauge pressure?

(M C\&MLIguilev 300 kPa (0555 H6V 6UTU 2 6IT6mg). 6u6ifloesorL 6V (PS5 S5LD 101.3
kPa er6sflev, oj6meTL(h) (P& ELDI6T65T60T?

a) 198.7 kPa
b) 300 kPa

c) 401.3kPa
d) 101.3kPa

Answer: a) 198.7 kPa
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Important MCQs

19. A steel plate of thickness 0.05 m, thermal conductivity 50 W/mk and area 2m~a2, has a
temperature difference of 100°C. Calculate the heat transfer rate.

¢(hH 2 MA2 LIFLILIET&Y6ITelT oMMILD 0.05 M SIgL068) |60 6Too(8 H8(H), 50 W/MmK GleuLiL
@ wis&luLest 100°C GlauLibleney, Coum|LINL6DL 636U &|6TT6ITS|. CleauLiL
LMD M & &)68T | 61T6L| 6T6BT6D1.2

a) 2,000 W

b) 20,000 W
c) 200,000 W
d) 10,000 W

Answer: b) 20,000 W
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Important MCQs

20. A brass rod has a length of 5m at 25°C. When heated to 125°C, its length becomes
5.005m. Find the coefficient of linear expansion (a\alphaa).

e(m 5 LB hememem My &1L 25°C-@l6v @) (HHGI 125°C-&(5) (& (HLHSSLILI(H S MSI.
315607 [H61TLD 5.005 M- & WIrMIHm G| a\alphaa-6meu 865018 &) (H IS 6IT.

a)1x10-5°C-1
b)2x10-6°C-1
c)2x10-5°C-1
d)1x10-6°C-1

Answer: c) 2x10-5°C-1
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