
Date: ________________________ 

Heat vs Thermal Energy vs Temperature 

Thermal energy (𝑬𝑻𝒉):  Sum of the kinetic and elastic potential 

energies of an object’s atoms.  

 

Temperature (𝑻): The measure of the average energy of the atoms that make up an object.  

Three factors that affect thermal energy:  

1. Temperature: Higher temperature leads to higher thermal energy  

2. Sample size: A cup of hot coffee has more energy than a teaspoon of coffee, all 

other things being equal.  

3. Composition: 𝐸(𝑠𝑜𝑙𝑖𝑑) < 𝐸(𝑙𝑖𝑞𝑢𝑖𝑑) < 𝐸(𝑔𝑎𝑠), all other things being equal  

Note: Anything that changes temperature, sample size and/or composition of an object can change its 

thermal energy  

Heat (𝑸): The transfer of thermal energy due to a temperature difference. The transfer of energy is always 

from the hotter object to the cooler object.  We define heat to be positive if energy is transferred into the 

system, and it is negative if energy is transferred out of the system. Note: thermal energy is not measurable, 

but heat is.  

Three factors affect how much heat an object absorbs or loses  

1. Mass: More mass the more heat an object can absorb.   

2. Temperature change: 𝐹𝑖𝑛𝑎𝑙 𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 − 𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒. Note: if there is no change in 

temperature, there is no heat flow.  

3. Composition of object: What makes up the object. 

 

Specific Heat: Heat required to raise the temperature of 1 kg of material by 1°𝐶. Note: Different 

materials have different specific heats as shown in the table below.  

Table 1: Specific Heats of common materials 

Material Specific heat (
𝑱

𝒌𝒈∙°𝑪
)  Material Specific heat  (

𝑱

𝒌𝒈∙°𝑪
) 

Ice 2.09 x 103  Sodium 1.23 x 103 

Water 4.19 x 103  Aluminum 9.2 x 102 

Steam 1.86 x 103  Iron 4.5 x 102 

Glass 8.4 x 102  Silver 2.4 x 102 

Lead 1.3 x 102  Brass 3.8 x 102 



Calculating Heat:  

 

Since heat is always transferred from a hotter object to a cooler object, we can use the law of conservation 

of energy 

𝑄𝑙𝑜𝑠𝑡 = −𝑄𝑔𝑎𝑖𝑛𝑒𝑑 

𝑄𝑙𝑜𝑠𝑡 + 𝑄𝑔𝑎𝑖𝑛𝑒𝑑 = 0 

Sample Problems 

1. 100 𝑔 of water cools from 30.10°𝐶 to 25.05°𝐶. How much heat is released? 

 

 

 

 

 

 

 

2. 4.75 𝑘𝐽 of heat is added to 112 𝑔 of iron at 22°𝐶. What is the final temperature of the iron? 

 

 

 

 

 

 

 

 

3. 2.00 × 102𝑔 of aluminum at 0°𝐶 is dropped into 5.00 × 102𝑔 of water at 20°𝐶. What is the 

final temperature of the mixture? 

  

 

 

𝐻𝑒𝑎𝑡 = 𝑀𝑎𝑠𝑠 ∙ 𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝐻𝑒𝑎𝑡 ∙ 𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 𝐶ℎ𝑎𝑛𝑔𝑒 
𝑄 = 𝑚𝑐Δ𝑇 




