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Physics AP – 2: Summary Notes – Chapters 12 to 14 
 

Chapter 12: Temperature and Heat 

 

12.1: Celsius Scale  
� Temperature scale based on ice point of water (0 °C) and the steam point of water (100 °C). 

� temperature is referred to as “degrees Celsius” (e.g. 20 degrees Celsius) 

� change in temperature is referred to as “Celsius degrees” (e.g. the temperature dropped by 5 

Celsius degrees) 

 

12.2: Kelvin Temperature Scale (scientific applications) 
� In magnitude, 1 K = 1 °C 

� Scientific relevance of Kelvin scale: for all gases, if a gas held in a container at constant volume is 

cooled from high temperature to the physical limit (lowest possible temperature before the gas 

condenses into a liquid), the pressure within the container decreases linearly.  

� On the graph shown below, the solid part of each line represents the actual behavior of ideal 

(theoretically perfect) gases, until they reach the physical limit for which they are still in the gas 

state (the temperature at which the gas condenses and changes to the liquid state) 

� The dashed portion of each line represents the theoretical pressure of the gas if it were possible to 

continue to cool the gas without it condensing to become a liquid.  

� Experimental evidence indicates that for every gas, at the theoretic limit of pressure (zero Pa), the 

temperature is -273.15 °C. Thus, -273.15 °C is deemed to be the lowest possible temperature in the 

Universe (Absolute Zero). The Kelvin temperature scale is based on this. 
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Attempts to achieve extremely low temperatures in laboratory settings have come extremely close to 

absolute zero, but have never perfectly reached that point or gone lower (e.g. 100pK was reached at: 

http://ltl.tkk.fi/wiki/LTL/World_record_in_low_temperatures) 
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12.3: Thermometers (conceptual understanding is required) 
Liquid in Glass thermometer 

� Liquid in glass thermometers rely on thermal expansion of liquids 

� The thermometers used in the school science labs are typically glass tubes filled with an organic 

liquid, with red or blue colouring for visibility. They can measure temperatures ranging between 

about -20 °C to about 120 °C.  

� Some other forms of liquid in glass thermometer can range from -200 °C to about 600 °C. 

� Mercury was previously a very commonly used liquid for this type of thermometer, but is much less 

commonly used now because of the danger of mercury poisoning (when glass thermometers break 

the liquid spills out). 

 

Thermocouple 

� Thermocouples rely on a property of metals such that if two different metal wires are connected to 

each other and are at different temperatures, a potential difference (Voltage) is produced (the 

“Seebeck effect”).  

� They can be used over a much wider range of temperatures than glass thermometers (-270 °C to 

about 2000 °C, depending on the combination of metals used), and can be highly precise.  

� Many practical and industrial applications (e.g. used in gas ovens, water heaters, and gas fireplaces) 

 

Thermography 

� Thermography is also known as thermal imaging – it utilizes radiation emitted by matter 

(frequency of radiation varies with temperature … recall Black Body Radiation).  

� This method is utilized in many applications including some medical screening processes (e.g. 

cancerous tumors may be at a different temperature than healthy tissue). 

� Example from Vancouver news, January 2017: http://www.cbc.ca/news/canada/british-

columbia/thermal-imaging-workshops-to-aid-energy-concious-vancouver-homeowners-

1.3928831  

 

12.4: Linear Thermal Expansion (solids) 
ΔL = αLoΔT 

ΔL = change in length of the solid 

α = coefficient of thermal expansion - linear (°C-1) – this is a property of the material 

Lo = original length 

ΔT = temperature change (°C …. Although the magnitude is the same if in Kelvin) 

 

� conceptual understanding required for: 

o Bimetallic strip 

o Expansion of holes 

 

12.5: Volume Thermal Expansion (solids and liquids) 
ΔV = βVoΔT 

ΔV = change in volume 

β = coefficient of thermal expansion - volume (°C-1) 

Vo = original volume 

ΔT = temperature change (°C …. Although the magnitude is the same if in Kelvin) 
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12.6: Heat and Internal Energy 

 
Heat = flow of energy from a region of high temperature to a region of low temperature. 

 

In other words, heat isn’t a “thing” in the way that objects composed of matter are “things” – rather, heat 

refers to the transfer of energy from one object to another, or from one region to another. 

 

For example: Do the following activity to demonstrate and feel the experience of “heat” – 

1. You need 3 containers of water, each large enough to submerge your hands 

� one container must contain ice water 

� one container must contain room temperature water 

� one container must contain hot water (hot – but not scalding – you will need to hold your hand 

in this water for about a minute, so it needs to be significantly hotter than room temperature, 

but cool enough for your hand) 

2. Simultaneously hold one hand in the ice water and one hand in the hot for a few minutes 

3. Quickly and simultaneously move both hands into the room temperature water 

� Which hand feels hot? Why? (i.e. the feeling of “hotness” is really the feeling of heat energy flow 

– in what direction is energy flowing?) 

� Which hand feels cold? Why? (in what direction is energy flowing?) 

 

Internal Energy = net molecular kinetic energy + molecular potential energy + other molecular energy. 

[Kinetic energy is explored in Chapter 14] 

 

12.7: Quantifying Heat 
Q = cmΔT 

Q = heat energy (J) 

c = specific heat capacity of the material (J/kg°C) (refer to table 12.2) 

ΔT = temperature change 

 

Calorimetry: In a closed system (no heat can enter or escape), heat exchange by elements of the system 

results in net heat flow = 0 J (ΔQ = 0J) 

 Q lost by materials = Q gained by other materials 

 

For example, in an isolated system, if a hot lump of iron is dropped into cool water, the following 

relationship occurs:    Q lost by iron + Q gained by water = 0J 

Q lost by iron = - Q gained by water 

cironmironΔTiron = - cwatermwaterΔTwater 

 

12.8: Phase Changes 
Specific heat capacity is applicable only when the matter is changing temperature, but not changing state 

(i.e. it describes solid iron becoming hotter solid iron, but not heating past the point at which bonds 

between the molecules break changing the state from solid to molten/liquid iron). Specific heat capacity (c) 

describes the amount of energy required to change the temperature of matter by 1°C (Q = cmΔT). (Adding 

heat results in temperature increase, removing heat results in temperature decrease) 

 

Lf = Latent heat of fusion (J/kg): refers to the amount of heat that must be added to a solid at the 

temperature of its freezing point to break the bonds between molecules such that 1 kg of a solid changes 

state to liquid (Q = mLf). The temperature of the substance does not change during the melting process 

because the added heat energy is used to break the bonds between the molecules rather than increasing 
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the temperature of the material. After the last bond is broken and all the material is in liquid state, further 

addition of heat increases the temperature of the liquid. When a material is at the temperature of its 

freezing point, adding heat results in melting of the solid, and removing heat results in solidification of the 

liquid. 

 

Lv = Latent heat of vaporization (J/kg): refers to the amount of heat that must be added to a liquid at the 

temperature of its boiling point to break the bonds between molecules such that 1 kg of a liquid changes 

state to gas (Q = mLv). The temperature of the substance does not change during the vaporization process 

because the added heat is used to break the bonds between the molecules rather than increasing the 

temperature of the material. After the last bond is broken and all the material is in gas state, further 

addition of heat increases the temperature of the gas. When a material is at the temperature of its boiling 

point, adding heat results in vaporization of the liquid, and removing heat results in condensation of the gas. 

 

Heating Curve for Water, from solid ice at -20°C to steam above 100°C 

(graph of temperature vs time, while heat is being added) 
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Total heat added to change the state of the solid to a gas, and then heat the gas:        

QT = QA + QB + QC + QD + QE 

QT = cicemΔTice + mLf (ice) + cwatermΔTwater + mLv (water) + csteammΔTsteam 
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Cooling Curve for Water, from steam above 100°C to solid ice at -20°C  

(graph of temperature vs time, while heat is being removed) 
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Total heat removed to change the state of the gas to a solid. and then cool the solid:        

QT = QA + QB + QC + QD + QE 

QT = csteammΔTsteam + mLv (water) + cwatermΔTwater  + mLf (ice) +  cicemΔTice  

 

Chapter 13: Transfer of Heat 
13.1 – Convection – heat transfer via movement of fluids (gases/liquids). i.e. a heat transfer process in 

which particles of matter move to a different location (e.g. boiling a kettle of water; heating the air in a 

room) [for this course, conceptual understanding only is required – no calculations] 

 

13.2 – Conduction – heat transfer through collision of particles within a solid. This is heat transfer by 

contact – vibrating particles hit neighbouring particles, transferring kinetic energy. Thermal conductors 

allow the flow of heat relatively easily, whereas thermal insulators do not conduct heat easily (e.g. air is an 

excellent insulator, if it is still and trapped so that it cannot flow via convection – double paned windows 

provide excellent insulation due to the trapped air between the two layers of glass; fleece and down jackets 

keep people warm because the air trapped in the bulk of the material works as an insulator keeping heat 

trapped close to the body). Equation for rate of flow of heat:   Q = (kAΔT Δt)/L 

 

Q/Δt = (kAΔT)/L  [form shown on AP equation sheet] 

Q = heat conducted through matter (J) 

Δt = time over which heat flow occurred (s) 

k = thermal conductivity of the material (J/(s m C°)) – refer to table 13.1 

A = cross sectional area of the material 

ΔT = temperature difference between the ends of the object (C°) 

L = length of the object (m) 

 
13.4 – Radiation – transfer of energy by means of electromagnetic waves. This form of energy transfer 

does not require a medium (i.e. energy transfer through space) 
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Chapter 14: Ideal Gas Law and Kinetic Theory 

 

14.1: Moles   n = N/NA 

u = 1.6605 × 10-27 kg    Avogadro’s Number:  NA = 6.022×1023 mol-1 

n = # of moles      N = # of particles/molecules 

 

14.2: Ideal Gas Law 

PV = nRT     PV = NkBT 

P = pressure (Pa)  

V = Volume (m3) 

n = # of moles       N = # of particles/molecules 

R = Universal Gas Constant= 8.31 J/mol K  kB = Boltzmann’s constant = R/NA = 1.38×10-23 J/K 

T = temperature (K) 

 

14.3: Kinetic Theory 

 

Refer to 14.8 for vrms   

 

rms = “root mean square”  = average of squares of speeds, rather than square of average speed 

 

Conservation of momentum is utilized to develop equations for the average kinetic energy of 

molecules in a gas. Refer to 14.3 for details of the derivation. 

 

KE = ½ m(vrms)2 = (3/2) kBT 

 

Internal energy of a monoatomic ideal gas:   

 

U = N(3/2) kBT = (3/2) nRT 

 

 


