
HEAT TRANSFER 
“And when you see the south wind blow, you say, ‘There will be hot weather';  

and there is.”  Luke 12:55 
 

● Kinetic theory of matter: molecules are in constant motion → molecules of an 
object move faster as the object is heated; increased motion causes objects to 
gain energy 

● Gain in energy must come from outside source 
● Thermal energy:  internal energy due to random motions of individual molecules 
● Factors affecting thermal energy: 

○ Temperature: molecules in rapid motion have more kinetic energy than 
slower molecules; hotter objects are made of faster moving molecules and 
contain more thermal energy 

○ State: gas has more thermal energy > liquid has less thermal energy > solid 
has least kinetic energy 

○ Mass: difference in mass causes need for more thermal energy to heat the 
object than for an object of less mass to reach the same temperature 

 
● Transferring energy: heat is the transfer of thermal energy from an object of 

higher temperature to an object of lower temperature ; heat flows only from 
warmer objects to cooler objects 
Unit of heat - Joule (same as unit of energy) 
v. temperature which is the measurement of amount of heat energy in a system 

● Thermal equilibrium: no thermal energy is transferred between objects because 
objects have reached the same temperature 

 
● Heat capacity: amount of heat needed to change an object’s temperature by a 

certain amount; indicates object’s ability to store and absorb thermal energy 
Heat capacity = heat / temperature change 

C = Q / ΔT 
 
Ex: Suppose an object that gains 10. J of heat warms from 20.℃ (initial 

temperature) to 30℃ (final temperature).  What is the heat capacity? 
C = 10.J / (30.℃ - 20.℃) = 10.J/10℃ 
C = 1.0J/℃ 

 



● Specific heat: heat capacity of an object; reflects substance’s capacity to store 
thermal energy; higher specific heat → greater ability of object to store heat 
energy (ex: water v. metals or glass) 
Specific heat equals heat of the object divided by the object’s mass: 

Specific heat = heat capacity/mass OR specific heat = heat/mass x temperature change 
c = C/m OR c = Q/m x ΔT 

[specific heat - Table p. 82] 
copper=0.38 / brass=0.38 / steel=0.12 

● non-SI unit of heat 
○ Calorie: heat required to raise temp of 1g of water by 1℃ 
○ BTU: British thermal unit; amount of heat needed to raise the temp of 1 lb. 

mass by 1℉ 
● Calorimeter: device designed to measure heat involved in physical and chemical 

changes 
 
 

HEAT EXPANSION 
● Charles’ Law: gases expand dramatically when heated; as the molecules gain 

kinetic energy, they push each other further apart 
● Some materials expand more than others, even in the same state of matter  

Ex: metals and plastics expand more than glass → hot water can free a stuck 
metal lid from a glass jar 

● Water: contracts as temperature drops, but stops contracting at 4℃ → water 
expands as it cools below this temperature → once water reaches 0℃ the 
density of ice is less than the density of liquid water 

● Thermostat: device that automatically regulates temperature; bending of metal 
strip activates an electrical switch to turn on or off 

 
● Conduction: process by which heat flows through solid materials and between 

objects in direct contact; no matter is transferred, only energy 
○ the mechanism in which heat is transferred from one object to another 

object through 
particle collisions; heat transfer through solids 

● for conduction to occur: 
1) objects must be touching 
2) objects must be of different temperatures 
3) REMEMBER: heat energy moves from areas of high temperature --> low 

temperature 



 
● Convection : transfer of heat by moving fluids (air, liquid) 

○ Fluids expand when heated and become less dense. Fluids contract when 
cooled and become more dense 

○ Ex: pot of water 
water at the bottom of the pot becomes hot → its density decreases → hot 
water begins to rise to the top of the pot 
→ cold water that was at the top of the pot moves towards the bottom of 
the pot where it is heated and begins to rise 

 
● Circulation currents:  Differences in water density between the bottom of the pot 

and the top of the pot results in the gradual formation of circulation currents. 
These circulation currents slowly develop over time, providing the pathway for 
heated water to transfer energy from the bottom of the pot to the surface. 

 
 

● Most winds are atmospheric convection currents caused by unequal heating of 
the earth by the sun 
[winds, breezes p.91] 

 



● Radiation : radiation is the transfer of heat by electromagnetic waves 
● to “radiate” means to send out or spread from a central location 
● radiation involves carrying energy from an origin to the space surrounding it 

 
● energy of radiation is carried by 

electromagnetic waves and does 
not involve the movement or 
interaction of matter 

● --> thermal radiation can occur 
through matter or through a 
region void of matter (like space 
or a vacuum)   

 
● heat received on Earth from the sun is the result of electromagnetic waves 

traveling through the void of space between the Earth and the sun 
● Radiation can pass through an object without heating it (magnifying glass) 
● All objects release some energy through radiation (infrared); amount and 

frequency (color on the electromagnetic spectrum) of radiation depends on 
temperature of object 

 
 

 
 

 
 

 
 


