Physics Year 11 Week 9

SHC and Latent Heat



Background

Heat capacity, C, of a body is defined as the amount of heat
(Q) required to raise its temperature () by one degree
Kelvin (or 1 °C), without going through a change in state.

Sl unit of heat capacity is joule per kelvin or joule per degree Celsius [J K*or
1ec.
C =heatcapacity JK,J°C)
l‘-:.,II Q =heat or thermal energy absorbed or released (J)
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AT =change in temperature (°C or K)

j‘ T | AT = (Tfinal - Tinilial)



Specific heat capacity

Specific heat capacity, ¢, of a body is defined as the amount of

heat (Q) required to raise the temperature (/) of a unit mass
of it by one degree, without going through a change in state.
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Differences

Specific heat capacity of gases is higher than that of liquids and much higher
than that of solids. The substances with higher specific heat capacity cool or

warm very slowly compared to the substances with lower specific heat
capacity.

The specific heat capacity of water (liquid) is 4200 J kg“1 °c'and for copper

(solid) it is 400 J kg " °C .
copper, water,
1kg 1kg
flame

copper takes less time than water to
increase its temperature by say, 5 °C



Differences continued

Solids and liquids are generally associated with only one specific heat
capacity.

Gases. however. are associated with 2 specific heat capacities

constant volume, ¢, and another at constant pressure, c,



Water

W ater is suitable for use as coolant on cars.

The s.h.c. of the seas is higher than the s.h.c. of the land masses, it leads

to milder climate in the coastal areas, i.e., a favourite settlement choice
for man, plants and animals alike.

Warm-blooded animals are possible as the large percentage of water in
the body keeps the animal’s temperature stable with little fluctuations.

Water is used as fire extinguisher due to its high heat capacity.



SHC of Common Substances

Water 4.18 x 10’
Alcohol 2.50 x 10°

lce 2.10x 10’

Steam 2.00 x 10’

Air 1.01 x 10°
Aluminium 8.80 x 10°

L Glass 8.40 x 10°
Iron 4.35x 10°

Copper 3.90 ;‘1-02

| Mercury 1.50 x 10°
Human body 3.5x10’
Brass 3.70 x 10
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0 = mcAT

quantity of heat energy (J)

mass of substance (kg)

specific heat of substance (J kg-' K-')
temperature change (K)



Worked Example 1

A kettle is filled with tap water which is at a temperature of 22.0°C. If the mass of the water is
1.85 kg calculate the heat required to raise its temperature to 100.0°C.

Q
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e

1.85 kg
4180 ] k' K-
(100 - 22.0) °C

mcAL

A
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(1.85)(4180)(100 - 22.0)

= 6.03x10°]
= 6.03 x10°Kk]



Worked Example 2

A home heater supplies 1.80 MJ of heat in 15.0 minutes to a roon : contains 95.5 kg
of air. Assuming that all of the heat was absorbed by the air only, fir d the rise in
temperature in the room.

What is the power rating of the heater?

0 = m_f:ﬂl”
Q =1.80x10°] _'M 9
m = 95.5kg e T me
L = 1.01 M, 1{}3] kg_l K"j 1.80 x 10°
AT =7 AT" = (95.5)(1010)
! = 15.0 min = 900 s

F'o=z = 18.7°C



Worked Example 2 continued

Power = mfﬁgj"
Lime

1.80 = 10°
900

= 2000 Js™

= 2.00 kW



Thermal Equilibrium

The principle of conservation of energy states that energy
can be neither created nor destroyed, but can only be
converted from one form to another.

If there is no heat loss to the external surroundings, the
heat lost by the hotter objects equals the heat gained by
the cooler objects when placed in thermal contact.

Heat lost (by metal) = Heat gained (by water)

The final average kinetic energy of the particles of both
substances is the same.



Worked Example 3

A 650 g block of copper metal is initially heated to 100°C (in
boiling water), and then placed into 500 g of cold water at 15:0°C.

For copper:
m = 650¢g
100°C [ copper . _ 390 ke K-
AT = (100-T)
AT = 100-T
For water:
,__4¢, - oy = 5{}0 g
T Lb\,’:‘“’j c = 4180 ] kg‘l K-l
\E- AT = T-150°C
_ LM: (T-15)
15 ‘|c:;pl water




Worked Example 3 continued

Heat lost by copper = mcAT (0.650)(390)(100 - 7)

Heat gained by water = mcAT (0.500)(4180)(7 - 15)
Heat lost by copper = 25350 - 253.5T
Heat gained by water — 20907 - 31350

Since  Heat lost = Heat gained

25350 - 253.57 = 20907 - 31350
2343.5T 56700
T 24.2°C



Change of State

L.

PSS /~1F ———

"F4—_j_ thermometer
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constant flame



Kinetic Energy & Changes of State
Liquid/Gas

“When liquid reaches BP (D), all energy goes
Into separating particles from each other.

Temp stays flat.

A ~ v(..b F
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o Q (Phase change) E N\
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E o FromEtoF

5 \} (and on), all

~FromCto D, | gas Adding

2 & all liquid. As KE will raise
KE is added, gas temp.
liquid temp.
rises. e —

Time (minutes)



Specific Latent Heat

Latent heat of a substance is the amount of energy absorbed
or released by the substance during a change in its physical

state that occurs without changing its temperature.

[L=Q = Q=L

Q = amount of thermal energy (heat) absorbed or released
(joule)

L = latent heat of the body (joule)



LHF and LHV

The latent heat associated with melting a solid or freezing a liquid is called
the latent heat of fusion (L¢); that associated with vapourizing a liquid or a
solid or condensing a vapour is called the latent heat of vapourization (L,).



Specific latent heat of fusion

Specific latent heat of fusion, I;, of a substance is defined as the
amount of heat required to change unit mass of the substance
from solid to liquid state, without changing its temperature.

rf:E = Q=mxl, =L,
m

Q = amount of thermal energy (heat) absorbed or released
m = mass of the substance

Iy = specific latent heat of fusion
Li = latent heat of fusion






Latent Heat of Fusion

The specific latent heat of fusion is the amount
of heat required to change 1.00 kg of a substance
from a solid to a liquid (or vice versa) without any

change in temperature. For water the latent heat
of fusion is 3.34 x 10° | kg .

puPoany

|
/.’ - !

{ _::} latent heat of fusion - =1
D ﬁ. o S
5 ) 3.34x105) e

1.00 kg of ice (0°C) 1.00 kg of water {0°C)



Latent Heat of Vaporisation

The specific latent heat of vaporisation is the
amount of heat required to change 1.00 kg of a
substance from a liquid to a gas (or vice versa)
without any change in temperature. For water the
latent heat of vaporisation is 2.26x 10° ] kg .

S ——

2,26 x 104 )

N o 1.00 kg of steam {100°C)
1.00 kg of water (1007C)

&,}St};‘ latent heat of vaporisation



LH of S

* The latent heat of sublimation is the heat
needed to change each kilogram of solid to
gas, or gas to solid.



Specific Latent Heat

O =mlL
Q = quantity of heat required or given off (])
m = mass of substance (kg)
L = specific latent heat (J kg-')



Latent Heats of Selected Materials

Latent Heats of Selected Materials

Material L, (kl/kg) | Melting L (kl/kg) | Boiling
Point (*C) Point (°C)

Aluminum 399 659 10,500 2327

Helium A M A 21 -269

Hydrogen o8 =259 455 -253

Lead 25 327 871 1750

Water 334 [ 2260 100




Worked Example 4

Determine the amount of heat required to change 250 g of ice at -10.0°C to water at 25.0°C.

30°C
A
S Q= me AT
10°C
0°C ‘O Q=mlL
-10°C a , | Q=mc AT




Worked Example 4 continued

* Heat required to change the temperature of the ice from

-10.0°C to 0°C.
Q, ~ m ¢, AT
= (0.250) (2100) (10)
= 5.25x10°] 30°C
« IHeat required to change the ice at 0°C to water at 0°C. !
Q , _ - L 20°C Q=mc AT
= (0.250) (3.34 x 10°)
- 8.35x 10"] e
* Heat required to change the temperature of the water from
0°C to 25.0°C.
0 - mec AT 0°C ‘O Q=ml
= (0.250) (4180) (25.0)
= 2.61x10"]
e Vil Qemear
Hence total heat energy required: o

Q, = R
= 1.15 x 10° ]



Worked Example 5

The power of the immersion heater in the diagram is 60 W.

In 5 minutes, the top pan balance reading falls from 282 g to 274 g.
What is the specific latent heat of vaporisation of water?

Energy, AQ = power X time = 60 W x (5 % 60) s = 18 000 J

Mass of water evaporated = 282 g~ 274g = 8g =8 x 103 kg

AQ = mL
1000 = 8% 103kg x L

18 000 J

== = b .
L 8 X 10 kg 2.3 % 100 J kg




Worked Example 6

In the experiment shown in the diagram,
a 60 watt immersion heater was used.
The beaker contained a kilogram of water at 21 °C.
After 5 minutes, the heater was switched off.
The temperature of the water went up to 25°C.
What is the specific heat capacity of water?

to power
g supplies

immersion
heater
0.5kg

of water




Worked Example 6 continued

Change in internal energy, = power X time

=60W X (5 X 60)s = 18000 J
The rise in temperature = 25°C -21°C =4°C =4K

=mc AT
18000J =1kgXcX4K

180009 S
G e SIS




