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1.1 Temperature

Definition & Symbol

1.2 Temperature Conversion Formula

Fahrenheit B8 Celsius ) Kelvin

ey +273.15

| T, —273.15




Celsius, °C Fahrenheit,° F

Example 1:
Convert 100 ©C to Fahrenheit.

T, :%(TC)+32

T, = %(100) +32

T, = 212°F

Example 2:
Convert 302 ©F to Celsius.

T, = -g(TF -32)

T, = 3(302 ~32)

T. =150°C
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celsius, °C Kelvin, K

Example 3:

Convert 27 °C to Kelvin.

T, =T.+273.15
T, =27+273.15

T, =300.15K Te= Tc+273.15

Example 4:

Convert 270.15 K to Celsius.

N
o
M
cAslae|

T, =Ty — 273.15
T, = 270.15 — 273.15

T, =270.15 — 273.15 T.= T..273.15
T.=—3.15°C ‘ '

3|Page



1.3 Heat

Definition & Symbol

1.Heat can be defined as the amount of thermal energy that flows naturally from hot
body to cold body.

2.Symbol of heat is Q.

Heat and temperature
are not the SAME thing.

Heat

/
v S Temperature
/

Table 1: Difference between Heat and Temperature

Definition

Unit of Measurement

The amount of thermal
energy that flows
naturally from hot body
to cold body.

Joule, J

Flows from hot area to
colder area

The degree of hotness
of an object.

Kelvin (K)

¢ Increases when
heated.

e Decreases when
cooled.

Measuring equipment

No specific equipment

Thermometer
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1.4 Process of Heat Transfer

Process of heat HOW HEAT IS
transfer TRANSFERRED?

onvectio Radiation

Table 2: Three ways of heat transfer

Type Characteristic

Transfer of heat between substances that are in
direct contact with each other.

. Example: Heating the steel plate
Conduction —

[

Up and down movement of gases and liquids
caused by heat transfer.
Example : Boiling a water

Convection

Transfer of heat when electromagnetic waves

travel through space.
Radiation Example : Microwave oven
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~ The formula of heat quantity,Q,

due the temperature change is;

O 6 & &~ ~ (

O =mcl

where:
m = mass, kg

¢ = Specific Heat Capacity, J/kg °C
B = Temperature Change, °C

"Success is the sum of small
efforts, repeated.”

-R Collier



1.5 Specific Heat Capacity, ¢

Definition & Symbol

1.Specific heat capacity is the quantity of heat energy is required to increase the
temperature of kilogram of substance by 1 degree Celsius or 1 Kelvin.
2.Symbol of specific heat capacity is c.

J/kg°C @ Jkg? °c?

R
- UM
QL "
& - —

¢ Metals have a low specific heat
capacity

e Water has a high specific heat
capacity

Heat up

Iron frying pan Earthen pot

Specific heat is smaller Specific heat is greater
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-~ The specific heat capacity, c,
can be expressed by formula;

=
mao

where:

c = Specific Heat Capacity, J/kg °C
Q = Heat, J

m = mass, kg

6 = Temperature Change, °C

"Success is the sum of small
efforts, repeated.”

-R Collier



1.6 Solving problems involving Specific Heat Capacity

I

Calculate the heat quantity to raise the temperature of 7 kg of water as much as 30°C .
Specific heat of water is 400 J/kg°C.

a

m =7 kg
8 =30°C
c= 400 J/kg°C

Q0= mcl
Q= Tkg x4200 (30°C)
Q= 882000/
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0)
? l EXERCISE 1

Calculate the heat quantity needed to raise a temperature of 6 kg metal from
24°C to 36°C . Given that that specific heat of metal is 380 J/kg°C.

|

SUBMIT ANSWER
PDF =
=y
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:
TEXERCISE P

How much heat energy is required to raise the temperature of 4 kg iron bar
from 32°C to 52°C . Specific heat of ironis 452J / kg°C .

|
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T EXERCISE 3

8200 J of energy is required to raise the temperature of aluminium from 15°C to 52°C'.
Calculate the mass of aluminium. (Specific heat of aluminium is 900.J / kg°C ).

|



https://forms.gle/1TmL6NDF5xs1kxPA7
https://forms.gle/1TmL6NDF5xs1kxPA7
https://forms.gle/idg5kGAAqYoEAvBk8

:
T EXERCISE 4

Heat energy of 50000 J is needed to raise temperature of 2.5 kg metal block from
20°C to 70°C . What is the specific heat capacity of the metal blocks?
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T EXERCISE 5

A 3600 J of heat is needed to raise the temperature of 440 g of silver
from 10°C to 45°C . What is specific heat capacity of silver?
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2.1 Thermal Equilibrium

Thermal equilibrium is a condition where two objects in thermal contact have no net
transfer of heat energy between each other until the objects have the same temperature.

Block in contact

e When two objects with

| different degrees of
hotness come into thermal
| contact, heat energy is

Block at same transferred between two
temperature object.

e Process of heat transferred continues until the
temperature of two bodies are equal.
e The equal temperature is called TFinal @ Tmixed

2.2 Formula of Thermal Equilibrium

Qﬂass - Qabsorb

Qho! = Qco Id

X Cho.f X (Y}rof - I ﬁnaf) = mco:’a' X cco.-’d X (T final — T;ofd )




2.3 Solving problems involving Thermal Equilibrium

200 g of hot water at temperature 80° C is mixed up with
300 g of cold water at 20°C . Determine the final temperature

of the mixture. (Specific heat capacity of water 4200 J/kg OC)

Quantit Material
vantity Hot water Cold water
200 300
Mass, m ——=02 kg —— =03 kg
1000 1000
Specific Heat Capacity, ¢
(J/kg °C) 4200 4200
Initial Temperature 80°C 20°C
(hot) (cold)
Final Temperature, Tfinal ?
Qfass - -absorb
Q}m}‘ = Qcoid
My, % € * (T, — Tﬁmf) = Mz X Cppg X (T_ﬁjm! -T.,.)
0.2 x 4200 x (80°C — Tﬁm,) = 0.30 x 4200 x (]"ﬁ”,aEr —-20°C)

840 (80°C— T,,,) = 1260 (T}, —20°C)
67200 — 840 T, = 1260 T, — 25200

nal

67200 + 25200 = 1260 T, + 840 T,
92400 = 2100 T,
92400 N

Tﬁnaf = m .ﬁ

Thm= 44 C




:
T EXERCISE 6

Determine the final temperature of mixture.

Given that 450 g of water at 26°C is added to 250 g of water at 100°C.

(Specific heat capacity of water is 4200 J/kg°C)

Quantity

Material

Hot water

Cold water

Mass, m

Specific Heat Capacity, ¢
(J/kg °C)

Initial Temperature

Final Temperature, Tinal



https://forms.gle/1TmL6NDF5xs1kxPA7
https://forms.gle/1TmL6NDF5xs1kxPA7
https://forms.gle/idg5kGAAqYoEAvBk8

:
TEXERCISE 1

A 0.25 kg of copper with an initial temperature of 99°Cis placed in an

insulated container with 1 kg of water. The water has an initial temperature of 21°C .
When the container is sealed, the copper and the water will eventually
reach thermal equilibrium. What is the final temperature of the copper and water

when they reach thermal equilibrium? (Specific heat capacity of Copper is 387 J/kg°C
and specific heat capacity of water is 4200 J/kg°C)

Quantity

Material
Copper Water

Mass, m

Specific Heat Capacity, ¢
(J/kg °C)

Initial Temperature

Final Temperature, Tinal
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: l EXERCISE 8

If 2.15 kg of Zinc at 25°C is mixed with 0.7 kg of water at 90°C.
Find the final temperature of the mixture?

(Specific heat capacity of Zincis 390 J/kg°C and
specific heat capacity of water is 4200 J/kg°C).

SUBMIT ANSWER
PDF =
=y
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? l EXERCISE 9

A 25 g of aluminum is 85°C . Then, it is placed in the beaker that
contains 55 g of water at 45°C . What is the final temperature of the water?
(Specific heat capacity of aluminium is 900 J/kg°C and

specific heat capacity of water is 4200 J/kg°C).
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e | EXERCISE 10

A 112 g of gold at 78° Cis immersed in 140 g of water at 27°C.
Find the final temperature of the mixture?

(Specific heat capacity of gold is 129 J/kg°C and

specific heat capacity of wateris 4200 J/kg°C).
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: l EXERCISE 11

A 350 g block of iron at 82° Cis immersed in 225 g of water at 28°C .
Find the final temperature assuming the system is isolated and
the heat capacity of the cup can be neglected.

(Specific heat capacity of Ironis 452 J/kg°C and
specific heat capacity of water is 4200 J/kg°C).



https://forms.gle/1TmL6NDF5xs1kxPA7
https://forms.gle/1TmL6NDF5xs1kxPA7
https://forms.gle/idg5kGAAqYoEAvBk8

0)
: l EXERCISE 12

A lecturer drinks her orange juice using an aluminium cup with a mass

of 150 g at 25°C . If she pours 170 g of orange juice at 75°C into
the aluminium cup, calculate the final temperature after the orange juice
and the aluminium cup attain thermal equilibrium?

(Specific heat capacity of Aluminium is 910 J/kg°C and specific heat capacity

of orange juiceis 1730 J/kg°C).
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: l EXERCISE 13

A lecturer drinks her orange juice using an aluminium cup with a mass
of 150 g at 25°C . If she pours 170 g of orange juice at 75°C into

the aluminium cup, calculate the final temperature after the orange juice
and the aluminium cup attain thermal equilibrium?

(Specific heat capacity of Aluminium is 910 J/kg°C and specific heat capacity
of orange juice is 1730 J/kg°C).
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|| EXERCISE 14

A metal block 120 g is being heated to 115°C. Then, it being put into a 300 g
of water with temperature of 28°C . Calculate the final temperature of the

metal block and water. (Specific heat capacity of water is 4200 J/kg°C

and specific heat capacity of metal is 450 J/kg°C).
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e | EXERCISE 15

A 7 kg of metal cube at 60°C is immersed in 3 kg water at 30°C.

If the final temperature of the water and the metal cube is 40°C.
What is the specific heat capacity of the metal?

(Specific heat capacity of water is 4200 J/kg°C)
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? l EXERCISE 16

4000 g of a silver spoon at temperature of 30°Cis being used to stir a glass of coffee at
80°C. It then reaches temperature of 60°C . If the specific heat capacity of silver is

470 J/kg°C)and mass of coffee is 705 g, calculate specific heat capacity of coffee.
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e | EXERCISE 17

A piece of stone of mass 600 g at 26°C is placed in a beaker containing

1.2 kg of water at 48°( . If the temperature of the water drops to 46°C,
calculate the specific heat capacity of the stone.

(Specific heat capacity of water 4200 J/kg°C)
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: T EXERCISE 18

A 50 g piece of metal at 95°C is dropped into 250 g of water at 17°C
and warms it to 19.4° C What is the specific heat of metal.

(Specific heat capacity of water 4200 J/kg°C)
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3.1 Latent Heat O.M' Kﬁ'()W.T

Definition & Symbol TJﬁere a?é 3 phases of matter:

: * Solid
Latent heat is the heat absorbed or released at a e Gas

constant temperature during a change of phase of a ¢ Liquid
matter. Symbol of latent heat is Q.

Sl unit
Joule (J)

Latent heat absorbed vs Latent heat released

1. Latent heat absorbed is when a solid changes to a liquid or a solid changes to a gas.
2. Latent heat released is when gas changes to a liquid or liquid changes to a solid

3.2 Diagram of phase change of liquid

To comprehend the idea of latent heat absorbed and latent heat released,

look at Figure 6.1.

Fusion Vaporisation
(at me/t/ng point) (takes place at boiling
point)

Latent heat of 2 ¢,
vaporisation A

- Latent heat of
v fusion __ :

Solid So//d/f/cat/on Liquid Condensation Gas
(at freezing point) (at boiling point)

Latent heat

Figure 6.1: Diagram of phase change of liquid
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3.3 Type of Latent Heat

There are TWO (2) types of latent heat which are
latent heat of fusion and latent heat of vaporization.

Type of Latent Heat

Latent heat of fusion

Is the latent heat that is
D required to change of phase

@ from solid to liquid (or liquid to
D solid) without any change in
temperature.

3.4 Specific Latent Heat

Definition & Symbol

Latent heat of vaporization

Is the latent heat that is
required to change of phase
> from liquid to gas (or gas to
J liquid) without any change in
temperature.

1.Specific latent heat is defined as the amount of heat energy required to change the

phase of 1 kg of the substances at a constant temperature.

2.Symbol of specific latent heat is L.

Joule per kilogram (J/kg @ Jkg

Specific latent heat fusion vs Specific latent heat
vaporization

1.Specific latent heat of fusion = the change from
solid to liquid.
2.Specific latent heat of vaporization = the change

from liquid to gas.

J ON
[FKNOWZ

There is one key difference
between Specific Heat Capacity and
Specific Latent Heat

heat capacity latent heat

Amount of heat Amount of heat
energy needed to  energy needed to
change one change the phase
kilogram of a (gas, liquid, solid)
material by 1°C. of one kilogram of
(change of material.

temperature) (change of phase
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- Specific latent heat of fusion or
vaporization, L can be expressed as:

where:

Q = Latent heat absorbed or released (J)
m = mass (kg)

L = specific latent heat of fusion or
vaporization (J/kg)

"Success is the sum of small
efforts, repeated.”

-R Collier




3.5 Solving problems involving specific latent heat

I

5.4 kg of water at 38 °C is heated until half of it is changes to steam at
100°C. Determine the heat energy needs to be supplied to the water. Given
specific heat capacity of water = 4200 Jkg*°C? and specific latent heat of
vaporization = 2.26 x 10° J/kg °C.

Q, Q <X

0, =38°C 6, =100°C 3 =100°C
m, = 5.4kg m, =27 kg m; = 2.7 kg
water boiling water boiling water + steam

mi1=54kg

01=38°C
mz=ms=54kg/2=2.7kg
B2 =08:=100°C

Cwater = 4200 J/kg °C
Cvaparization = 2.26 X 108 J/kg °C

Qtutal =7

To find Qrotal , you must find the amount of Q1and Q2.

@, = mcl
= 5.4(4200)(100 — 38)
= 1406160]
@, =mL
= 2.7(2.26 x 10%)
= 6102000/
“ Qrotar = Q1 + Q2
= 1406160 + 6102000
= 7508160




:
TEXERCISE 19

500 g of water at 25 °C is heated until all of it is converted to steam.
Calculate the amount of heat energy supplied to it if specific heat capacity
of water is 4200 Jkg* °C? and specific latent heat of vaporization is

e o b e
I

water boiling water boiling water + steam

Qq
—>

Q,
—
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TEXERCISE 20

Calculate the heat energy is needed to change 2.8 kg of ice at 0 °C to water
at 0 °C. Given specific latent heat of fusion = 3.3 x 10° J/kg °C.

Q=?
—>

: No change of water
8. = 0°C temperature but 6. = 0 °C
1 change of phase =
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l EXERCISE 21

How much heat energy is needed to change 250 g of water at 100 °C to
steam at 100 °C. Given specific latent heat of fusion = 3.3 x 10° J/kg °C.

ad > kg
JA\

boiling water boiling water + steam

SUBMIT ANSWER
Y, 35|Page

PDF
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: T EXERCISE 22

Determine the heat required for a refrigerator to change 1.5 kg of water at
20°C to ice at 0 °C? Given specific latent heat of fusion = 3.3 x 10° J/kg °C.

SUBMIT ANSWER
PP
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T EXERCISE 23

A group of students was provided with 75 kg of ice to convert to steam.
If the initial temperature of ice is -10 °C, calculate the heat required to
change the ice to steam.
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: VJEXERCISE pY

A student conducted an experiment to observe the change of phase of ice
by heating 2.3 kg of ice at -5 °C. If the temperature of ice was reduced from
-5 °C to water at 30 °C, determine the total heat supplied to it. Given
specific heat capacity of ice = 2100 J/kg °C, specific heat capacity of water
= 4200 J/kg °C and specific latent heat of fusion of ice = 336 000 J/kg °C.
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? l EXERCISE 25

Ali keeps 2000 g of water of 70 °C in a refrigerator. After 8 hours later, he
found that the water was freeze at -11 °C. Calculate the heat required by
the refrigerator to freeze the water.
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