














8. What are the 3 types of thermodynamic systems? What type of system is Earth? 
 

Open System 
Mass can be transferred (things can move in and out of a system) 
Energy can be transferred (Heat, light/radiation, work)  
 
Closed System 
Mass cannot be transferred (lid or something preventing things from moving out) 
Energy can be transferred (heat, light/radiation, work) 
 
Isolated System 
Nothing can be transferred,  
No Mass transfer 
No Energy transfer 
 
 
Earth is an open system. However, because the mass exchanged is so small compared to 
the energy exchanged, we often approximate the Earth as a closed system.  

 
9. What is temperature and why does the zeroth law exist? 
 

Temperature is how hot or cold something is. Temperature is the average kinetic energy of 
the molecules/atoms inside a material. (translational kinetic energy) 
 
Zeroth law allows us to measure temperature.  
 

 
If object A is the same temperature as object B. And object is the same temperature as 
object C. Then A and C are the same temperature.  

 
10. What is thermal energy? How is it different from temperature? 
 

Thermal Energy is the total amount of Kinetic Energy in a system. The bathtub and the cup 
have the same temperature (average kinetic energy) but the bathtub has more thermal 
energy (total kinetic energy)

 



11. What is heat? How is it transferred? Use words and pictures to describe both 
 

Heat is thermal energy that is transferred from a region of higher temperature (greater 
thermal energy) to a region of lower temperature (less thermal energy). 
 
Heat can move through bond vibrations or can move through molecular/atomic collisions. 
 
Heat transfer will continue until the two regions (or objects) are at the same temperature. 
That temperature will be lower that the original hot objects temperature but higher than the 
original cold objects temperature.  

  
 
 
  



12. Using words and pictures explain the feedback cycle that is causing arctic amplification and 
how this impacts the rest of the earth. 

 
Sunlight enters our atmosphere, some of it is scattered by clouds, some radiation (most of 
the UV) is absorbed by the atmosphere, but a large portion reaches the earth. A lot of this 
is visible light. This light is absorbed by the earth. Depending on the material some is 
reflected is also back or scattered. Ice, solid water, reflects or scatters a lot of the visible 
light back to space, and that light passes easily through our atmosphere back out to space.  
 

Light that is absorbed becomes heat in materials on the earth’s surface. Those materials 
then radiate infrared energy back out into the atmosphere. Greenhouse gases in our 
atmosphere really like to absorb infrared energy. So the more greenhouse gases, the more 
energy that is absorbed. The greenhouse gases heat up and radiate infrared energy back 
to the earth which absorbs it and re-radiates it back into the atmosphere.  
 

The heat energy is then trapped in this cycle, which warms the earth. A warming earth 
means that the ice melts in the arctic which causes less of visible light to be reflected or 
scattered back. This leads to more of the sun’s energy entering this thermal feedback loop. 
Less solid water (ice) and more liquid water also leads to more storage of the sun’s energy 
due to the high heat capacity of water. The ocean’s then increases in temperature due to 
the increase in exposure to the sun’s radiation and the warming atmosphere. 
 

This effect is amplified in the arctic due to the melting land and sea ice. This is causing the 
arctic to warm at 4 times the rate of the rest of the planet. This effect is causing sea level 
rise, wreaking havoc on our ocean ecosystems, and causing the extreme weather patterns 
seen all over the world. There also is the problem of the melting permafrost and the tons of 
methane that is stored in it. If that is release the amount of greenhouse gases in the 
atmosphere will rise dramatically and cause even more warming.  



Equations: 
Translational  

Displacement: x(t) = x 0 + v0t + ½ at2 

Velocity: v(t) = v 0 + at 
Velocity (ang velocity): v = 𝛚r 
Final Velocity (time): vf = v0 + atf 
Final Velocity (displacement): vf2 = v02 + 2axf 
Force: F = ma 
Acceleration due to gravity: 9.8 m/s 2 
Momentum: p = mv 
Impulse: F(t 2- t 1) = m(v 2- v 1) 
Kinetic Energy: KE = ½mv 2  
Gravitational Potential Energy: PE = mgh 
Use a right triangle and sine and cosine to Calculate V x and Vy 

 
Rotatational  

Angular Displacement: 𝞱(t) = 𝞱 0 + 𝛚0t + ½ 𝞪t2 

Angular Velocity: 𝛚(t) = 𝛚 0 + 𝞪t 
Angular Velocity (time): 𝛚f = 𝛚0 + 𝞪tf 
Angular Velocity (displacement): 𝛚f2 = 𝛚02 + 2𝞪𝞱 f 
Angular Velocity (trans. velocity): 𝛚 = v/r 
Centripetal Acceleration: ac = v2/r 
Centripetal Force: F = ma c=mv 2/r 
Torque: 𝝉 = I𝞪 
Kinetic Energy: KE = ½I𝛚2  
Moment of Inertia (hollow cylinder)  m(r )I = 2

1 2
1 + r2

2  
Moment of Inertia (solid cylinder) mrI = 2

1
 
2  

 
Waves and Electromagnetic Radiation 
Simplified Wave Equation , sin(ωt)x = A cos(ωt)x = A  
Angular Velocity to Frequency πfω = 2  
Energy of an EM Wave fE = h  
Speed of Light fc = λ  
Speed of Light (value) m/sc = 3 × 108  



 
Thermodynamics 
First Law UΔ = Q −W  
Heat  mC ΔTq =  p    
Temperature Change TΔ = T f inal − T initial  
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