Chapter 7: Heat Transfer in Nature

1. Introduction to Heat Transfer

Context: The chapter begins with Pema and Palden in Gangtok discussing the
difference between the cold winter in Sikkim and the warm, humid winter in
Kerala. Their grandfather explains that Kerala is warmer because it is closer to
the equator (where the Sun’s heat is stronger) and has a long coastline.

The Source of Heat: The Sun is the primary source of heat and light for the Earth.

The Mechanism of Heat: Heat energy is transferred from one place to another
through three distinct processes: Conduction, Convection, and Radiation.

2. Conduction (Heat Transfer in Solids)

Conduction is the primary method of heat transfer within solid objects.

Activity 7.1 (The Falling Pins Experiment):

o Setup: A metal strip (aluminium oriron) is attached to a stand. Four pins
(labeled I, Il, lll, 1V) are stuck to the bottom of the strip at equal distances
using wax.

o Action: The free end of the strip (near pin |) is heated using a burning
candle.

o Observation: The pin closest to the flame (Pin 1) falls first, followed
sequentially by pins Il, lll, and IV.

o Reasoning: Heat travels along the metal strip from the hot end to the cold
end. As the heat reaches each pin, it melts the wax, causing the pin to
drop.

Scientific Definition: Conduction is the process of heat transfer from the hotter
part of an object to its colder part.

How it Works: In conduction, the particle that gets heated passes the heat onto
its immediate neighbor, and so on. Crucially, the particles themselves do not
move from their original positions.

Good Conductors vs. Poor Conductors (Insulators):

o Good Conductors: Materials that allow heat to pass through them easily
(e.g., metals like iron, steel, and aluminium). This is why cooking utensils
are made of metal.

o Poor Conductors (Insulators): Materials that do not allow heat to pass
through them easily (e.g., wood, glass, clay, porcelain). This is why tea



stays hot longer in a porcelain cup. If the metal strip in Activity 7.1 were
replaced with a wooden strip, the pins would not fall.

A. Real-World Applications of Insulators
¢ Air as an Insulator: Air is a very poor conductor of heat.

o Woollen Clothes: Woollen fabric traps air in its pores. Since trapped air is
a poor conductor, it reduces the heat flow escaping from our warm bodies
into the cold surroundings, keeping us warm in winter.

o Blankets: Using two thin blankets is warmer than using one thick blanket
because the layer of air trapped between the two thin blankets acts as an
insulator.

¢ Building Construction:

o Inthe freezing Himalayan regions (like Uttarkashi), traditional houses are
built with double wooden walls filled with cow dung and mud. Since wood
and mud are poor conductors, they prevent heat loss.

o Modern houses in hot/cold regions use hollow bricks. The air trapped
inside the hollow bricks acts as an insulator, keeping the house warm in
winter and cool in summer.

3. Convection (Heat Transfer in Liquids and Gases)

Convection is the process of heat transfer where the particles of the medium actually
move from one place to another.

A. Convection in Gases (Air)
e Activity 7.2 (The Paper Cup Experiment):

o Setup: Two identical paper cups are hung upside down at opposite ends
of a balanced, horizontal wooden stick.

o Action: A burning candle is placed under one of the cups.

o Observation: The cup with the candle underneath rises upwards, tilting
the stick.

o Scientific Reason: The candle flame heats the air around it. When air
warms up, it expands (occupies more space), becomes lighter, and rises.
This rising hot air pushes the cup upward.

e Expansion of Air: Placing a partially inflated balloon in the hot Sun causes it to
expand and become larger because the air inside heats up and expands.



o Smoke: Smoke from an incense stick or a fire rises because it is a mixture of hot
gases and tiny solid particles, which is warmer and lighter than the surrounding
air.

B. Convection in Liquids (Water)
e Activity 7.3 (Heating Water):

o Setup: Abeaker is half-filled with water. A grain of potassium
permanganate (which acts as a purple dye) is placed precisely at the
center of the base using a straw. A candle is placed under the center of
the beaker.

o Observation: As heat is supplied, a streak of purple colour moves straight
up from the center to the surface, and then comes back down along the
cooler sides of the beaker.

o Scientific Reason: The water directly at the bottom center gets heated
first, expands, becomes lighter, and rises. The cooler, heavier water on
the sides moves down to take the place of the rising hot water. This newly
arrived water then gets heated and rises. This continuous cycle of moving
particles is called convection.

C. Land Breeze and Sea Breeze (Coastal Phenomena)

The principles of convection govern the wind patterns in coastal areas due to the
different heating and cooling rates of land and water.

o Activity 7.4 (Heating Soil vs. Water): Placing identical bowls of soil and water in
the Sun with thermometers shows that soil heats up faster than water, and
when brought indoors, soil also cools faster than water.

e Sea Breeze (Daytime): During the day, the land heats up much faster than the
sea water. The warm air above the land rises. To fill this gap, cooler air from
above the sea moves rapidly towards the land. This cooling daytime wind is
called a Sea Breeze. To capture this cool air, coastal houses have windows
facing the sea.

o Land Breeze (Nighttime): At night, the process reverses. The land cools down
much faster than the sea water. Therefore, the air above the sea is now warmer
and rises. Cooler air from the land rushes towards the sea, creating a Land
Breeze.

4. Radiation (Heat Transfer Without a Medium)



« Definition: Radiation is the process of heat transfer that does not require any
material medium (solid, liquid, or gas). Heat travels directly from a hot object to
its surroundings.

e The Sun: The massive heat from the Sun travels through the vacuum of space to
reach the Earth entirely via radiation.

e Everyday Examples:
o When sitting near afireplace, the warmth felt is transferred by radiation.

o Allobjects radiate heat; a hot cooking utensil removed from a stove cools
down because it radiates its heat into the surrounding air.

¢ Absorption and Reflection (Clothing):

o Summers: We wear light-coloured or white clothes because they reflect
most of the heat radiation that falls on them, keeping us cool.

o Winters: We wear dark-coloured clothes because dark surfaces absorb
more heat radiation, keeping us warm.

5. Combined Heat Transfer in Daily Life
Conduction, convection, and radiation often happen simultaneously.
« Boiling Water in a Pan: When a metal pan of water is placed on a stove:
1. The flame transfers heat directly to the metal pan via conduction.
2. The waterinside the pan heats up and circulates via convection.

3. Aperson standing near the stove feels the warmth of the flame and the
hot pan via radiation.

« The Traditional 'Bukhari': In the high Himalayas, locals use an iron stove called
a bukhari to burn wood or charcoal. It warms the room via radiation, heats
cooking utensils placed on its flat top via conduction, and the hot smoke
escapes up the chimney via convection.

6. The Water Cycle and Groundwater
The Sun's heat radiation drives the global movement of water.
A. The Water Cycle

¢ The continuous movement of water from the Earth's surface into the atmosphere
and back down again is called the water cycle. It ensures the total amount of
water on Earth is conserved.



« Evaporation: The Sun's heat causes water in oceans, lakes, and wet clothes to
evaporate into water vapour. Plants also release water vapour through
transpiration.

e Condensation & Precipitation: The rising water vapour cools down and
condenses to form clouds. When heavy enough, it falls back to Earth as rain,
snow, or hail (precipitation).

B. Infiltration and Groundwater

¢ Infiltration: When rainwater falls, some of it flows into rivers, but much of it
seeps down through the soil and rocks. This process of surface water seeping
into the ground is called infiltration.

o Activity 7.5 (Seepage Test): By pouring water through cut bottles containing
clay, sand, and gravel, it is observed that water seeps fastest through gravel,
slower through sand, and slowest through clay. This is because the spaces
between gravel particles are wider, open, and interconnected.

o Aquifers: The infiltrated water is stored underground in the pore spaces of
sediments and rocks. These underground storage layers are called aquifers.
Humans extract this groundwater by digging wells or drilling borewells.

e Conservation: Groundwater is not unlimited. Overpopulation, excessive
extraction, and concrete urban surfaces (which block infiltration) cause
groundwater depletion. Rainwater harvesting and recharge pits are critical to
replenishing it.

e Science and Society (The Ice Stupa): In Ladakh, severe spring water shortages
occur because the Sun's radiation isn't strong enough to melt mountain snow. To
conserve water, locals pipe winter stream water down the mountain and spray it
into the freezing air. It freezes layer by layer into a giant cone called an Ice Stupa,
which then melts very slowly during spring, providing a steady water supply for
farming.



