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THE SCIENCE OF WEATHER AND CLIMATE: DAY 1

Introductions & Zoom Details
Course & Content Overview
• Details
• Overview of course structure / assignment / credit / instructional approach / 

mixing / questions and suggestions
Engage / Explore / Explain: Energy & Radiation
• Day 1 slides: Energy, light & matter
• Energy concepts: What is energy?
• The basic energy model
• Numbers & efficiency: How much energy does it take to perform a task?
• Electrical appliances: Measuring energy and power

Engage / Explore
• Energy and light: Writing with light

Explain: EM Spectrum
• Question: How big is light?
• Scales of energy and wavelength
• Interaction of electromagnetic waves with matter

Engage / Explore / Explain: EM Radiation 
• The visible spectrum: Using the rainbow glasses
• Photon energy: What is the difference between red light and blue light?
• Beyond the rainbow, part I (Infrared filter): What's beyond the rainbow?
• Beyond the rainbow, part II (UV laser pointer + stuff that fluoresces)
• Astronomy connection: Would you get a sunburn on Mars?
• Thermal sensor: What does it measure?

Extend
• Things to try for next week

Evaluate: Today's Writing Assignment
• Write and upload answers to the following questions:
▪What are the main lessons from this session’s activities and discussions?
▪What questions or uncertainties about this material do you still have?
▪What did this session make you wonder about—what questions did it 

raise?

DETAILS
The course will meet on 5 Thursday evenings, for 3 hours per session:
• Thursday, February 4, 5:00 – 8:00 PM
• Thursday, February 18, 5:00 – 8:00 PM
• Thursday, March 4, 5:00 – 8:00 PM
• Thursday, March 25, 5:00 – 8:00 PM
• Thursday, April 1, 5:00 – 8:00 PM

Each class will be a mix of experimentation, discussion, and explanation.

SIGNING UP
You will need to sign up for CSU credit to take part in this course. Here is a 
link to the CSU registration page:
• CSU / PSD Science of Weather and Climate Course

PSD is covering the cost of your credit, so you won’t be charged.

SCHEDULE
Links will be live shortly before the course begins
Day 1: Energy & the EM spectrum
• Zoom link: https://zoom.us/j/92574585808
• Outline of day’s activities with links to documents
• Link to upload daily writing assignment

Day 2: Energy in the Earth System
• Zoom link: https://zoom.us/j/92574585808
• Outline of day’s activities with links to documents (link available soon)
• Link to upload daily writing assignment

Day 3: Air, Water & Clouds
• Zoom link: https://zoom.us/j/92574585808
• Outline of day’s activities with links to documents (link available soon)
• Link to upload daily writing assignment

Day 4: Weather: Local and Global
• Zoom link: https://zoom.us/j/92574585808
• Outline of day’s activities with links to documents (link available soon)
• Link to upload daily writing assignment

Day 5: Climate and Climate Change
• Zoom link: https://zoom.us/j/92574585808
• Outline of day’s activities with links to documents (link available soon)
• Final project
• Final course survey

https://www.lsop.colostate.edu/the-science-of-weather-and-climate/

https://www.lsop.colostate.edu/day1slides/
https://www.lsop.colostate.edu/wp-content/uploads/sites/6/2014/10/EnergyToys.pdf
https://www.lsop.colostate.edu/wp-content/uploads/sites/6/2021/01/howefficientisyourbody.pdf
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https://www.lsop.colostate.edu/wp-content/uploads/sites/6/2014/10/Difference-between-red-and-blue-light1.pdf
https://www.lsop.colostate.edu/wp-content/uploads/sites/6/2017/03/Whats-beyond-the-rainbow.pdf
https://www.lsop.colostate.edu/warmplanet/infraredthermometertheory/
https://www.dropbox.com/request/3q1PjCKrFo1SSglmcuXG
https://www.lsop.colostate.edu/day1slides/
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The Basic Energy Model

312 C H A P T E R  10 Energy and Work

FIGURE 10.2 reinforces the idea that energy transformations are changes of 
energy within the system from one form to another. (The U in this figure is a 
generic potential energy; it could be gravitational potential energy Ug, spring poten-
tial energy Us, or some other form of potential energy.) There are two types of 
arrows in the figure. The arrow between K and U is a two-way arrow; it’s easy to 
transform energy back and forth between these forms. When the springboard diver 
goes up in the air, his kinetic energy is transformed into gravitational potential 
energy; when he comes back down, this process is reversed. But the arrow between 
K and Eth is a one-way arrow pointing toward Eth. When the runner slides into the 
base, his kinetic energy is transformed into thermal energy. This process doesn’t 
spontaneously reverse, although this would certainly make baseball a more exciting 
game. In Chapter 11, we’ll see that it is possible to transform thermal energy into 
other forms, but it’s not easy, and there are real limitations.

Energy Transfers and Work
We’ve just seen that energy transformations occur between forms of energy within a 
system. But every physical system also interacts with the world around it—that is, 
with its environment. In the course of these interactions, the system can exchange 
energy with the environment. An exchange of energy between system and envi-
ronment is called an energy transfer. There are two primary energy-transfer pro-
cesses: work, the mechanical transfer of energy to or from a system by pushing or 
pulling on it, and heat, the nonmechanical transfer of energy from the environment 
to the system (or vice versa) because of a temperature difference between the two.

FIGURE 10.3, which we call the basic energy model, shows how our energy model 
is modified to include energy transfers into and out of the system as well as energy 
transformations within the system. In this chapter we’ll consider energy transfers by 
means of work; the concept of heat will be developed in Chapters 11 and 12.

“Work” is a common word in the English language, with many meanings. When 
you first think of work, you probably think of physical effort or the job you do to 
make a living. In physics, “work” is the process of transferring energy from the 
environment to a system, or from a system to the environment, by the application of 
mechanical forces—pushes and pulls—to the system. Once the energy has been 
transferred to the system, it can appear in many forms. Exactly what form it takes 
depends on the details of the system and how the forces are applied. The table below 
gives three examples of energy transfers due to work. We use W as the symbol 
for work.

Echem

Eth

E  =  K  +  U  +  Eth  +  Echem  +  c

K U

System

FIGURE 10.2 Energy transformations 
within the system.

Echem

Eth

K U

Work,
heat

System
Energy is transferred 
from the environment 
to the system.

Energy is transferred 
from the system to 
the environment.

Environment

The environment is everything
that is not part of the system.

FIGURE 10.3 Work and heat are energy 
transfers into and out of the system.

Energy transfers: work

Putting a shot

The system: The shot

The environment: The athlete
As the athlete pushes on the shot to get it 
moving, he is doing work on the system;  
that is, he is transferring energy from  
himself to the shot. The energy transferred  
to the system appears as kinetic energy.
The transfer: W S K

Striking a match

The system: The match and matchbox

The environment: The hand
As the hand quickly pulls the match across 
the box, the hand does work on the  system, 
increasing its thermal energy. The match  
head becomes hot enough to ignite.
The transfer: W S Eth

Firing a slingshot

The system: The slingshot

The environment: The boy
As the boy pulls back on the elastic 
bands, he does work on the system, 
increasing its elastic potential energy.
The transfer: W S Us

A video to support a section’s topic  
is embedded in the eText.

Video The Basic Energy Model
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Modes of Heat Transfer
Conduction Convection

Radiation Evaporation



Thermal Energy



Thermal Energy
is

Kinetic Energy of Atoms and Molecules
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The fact that macroscopic systems evolve irreversibly toward equilibrium is a 
new law of physics, the second law of thermodynamics:

Second law of thermodynamics The entropy of an isolated system never 
decreases. The entropy either increases, until the system reaches equilibrium, 
or, if the system began in equilibrium, stays the same.

FIGURE 11.27 Kinetic energy and thermal 
energy compared.

The molecules in the baseball all 
move in the same direction at the 
same speed. This ordered motion 
is the ball’s kinetic energy.

The molecules in the gas move in 
different directions at different 
speeds. This random motion is 
the thermal energy of the gas.

Cold
baseball

Helium
balloon

▶ Typing Shakespeare Make a new document in your word processor. Close your 
eyes and type randomly for a while. Now open your eyes. Did you type any recogniz-
able words? There is a chance that you did, but you probably didn’t. One thousand 
chimps in a room, typing away randomly, could type the works of Shakespeare. 
Molecular collisions could transfer energy from a cold object to a hot object. But, 
the probability is so tiny that the outcome is never seen in the real world.

Entropy and Thermal Energy
Suppose we have a very cold, moving baseball, with essentially no thermal energy, 
and a stationary helium balloon at room temperature, as shown in FIGURE 11.27. The 
atoms in the baseball and the atoms in the balloon are all moving, but there is a  
big difference in their motions. The atoms in the baseball are all moving in the same 
direction at the same speed, but the atoms in the balloon are moving in random  
directions. The ordered, organized motion of the baseball has low entropy, while 
the disorganized, random motion of the gas atoms—what we have called thermal  
energy—has high entropy. You can see that a conversion of macroscopic kinetic  
energy into thermal energy means an increase in entropy. We saw, in Section 11.4, 
that the conversion of other forms of energy into thermal energy was irrevers-
ible. Now, we can explain why: When another form of energy is converted into  
thermal energy, there is an increase in entropy.

This is why converting thermal energy into other forms can’t be done with 100% 
efficiency. In the heat engine of FIGURE 11.28 on the next page, as heat QH enters the 
system it increases the system’s entropy. The work out doesn’t change the entropy 
because no heat flows along this path. Thus, if only heat QH entered the system, the 
system’s entropy—and its thermal energy and temperature—would increase indefi-
nitely. So, heat QC must flow to the cold reservoir to decrease the entropy, keeping 
the total entropy of the system constant.

NOTE ▶ The qualifier “isolated” is crucial. We can order the system by reaching 
in from the outside, perhaps using little tweezers to place atoms in a lattice. Simi-
larly, we can transfer heat from cold to hot by using a refrigerator. The second law 
is about what a system can or cannot do spontaneously, on its own, without out-
side intervention. ◀

The second law of thermodynamics tells us that an isolated system evolves such that:

■ Order turns into disorder and randomness.
■ Information is lost rather than gained.
■ The system “runs down” as other forms of energy are transformed into thermal energy.

An isolated system never spontaneously generates order out of randomness. It is not 
that the system “knows” about order or randomness, but rather that there are vast-
ly more states corresponding to randomness than there are corresponding to order. 
As collisions occur at the microscopic level, the laws of probability dictate that the  
system will, on average, move inexorably toward the most probable and thus most 
random macroscopic state.

KNIG9721_03_chap_11.indd   339 23/08/13   9:52 AM



Thermal Energy is the Total Kinetic Energy

Temperature is the Average Kinetic Energy



The Ideal Gas Model
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kB = 1.38 ×10−23  J/K
Boltzmann’s constant:
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T = 0⇒ Kavg = 0
Absolute Zero.

On Mars,
when it gets cold 

enough,
the molecules of 
the atmosphere

slow down 
enough to 

freeze.
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Temperature Scales
Temperature, in an ideal gas, is related to the average kinetic energy of atoms. We 
can make a similar statement about other materials, be they solid, liquid, or gas: The 
higher the temperature, the faster the atoms move. But how do you measure tem-
perature? The common glass-tube thermometer works by allowing a small volume 
of mercury or alcohol to expand or contract when placed in contact with a “hot” or 
“cold” object. Other thermometers work in different ways, but all—at a microscopic 
level—depend on the speed of the object’s atoms as they collide with the atoms in 
the thermometer. That is, all thermometers are sampling the average kinetic energy 
of the atoms in the object.

A thermometer needs a temperature scale to be a useful measuring device. The 
scale used in scientific work (and in almost every country in the world) is the Celsius 
scale. As you likely know, the Celsius scale is defined so that the freezing point of 
water is 0°C and the boiling point is 100°C. The units of the Celsius temperature 
scale are “degrees Celsius,” which we abbreviate as °C. The Fahrenheit scale, still 
widely used in the United States, is related to the Celsius scale by

 T(°C) =
5
9

(T(°F) - 32°)      T(°F) =
9
5

T(°C) + 32° (11.5)

Both the Celsius and the Fahrenheit scales have a zero point that is arbitrary—
simply an agreed-upon convention—and both allow negative temperatures. If,  
instead, we use the average kinetic energy of ideal-gas atoms as our basis for  
the definition of temperature, our temperature scale will have a natural zero—the 
point at which kinetic energy is zero. Kinetic energy is always positive, so the 
zero on our temperature scale will be an absolute zero; no temperature below 
this is possible.

This is how zero is defined on the temperature scale called the Kelvin scale: 
Zero degrees is the point at which the kinetic energy of atoms is zero. All  
temperatures on the Kelvin scale are positive, so it is often called an absolute tem-
perature scale. The units of the Kelvin temperature scale are “kelvin” (not degrees 
kelvin!), abbreviated K.

The spacing between divisions on the Kelvin scale is the same as that of the  
Celsius scale; the only difference is the position of the zero point. Absolute zero—
the temperature at which atoms would cease moving—is -273°C. The conversion 
between Celsius and Kelvin temperatures is therefore quite straightforward:

 T(K) = T(°C) + 273     T(°C) = T(K) - 273 (11.6)

One Celsius degree and one kelvin are the same. This means that a temperature dif-
ference is the same on both scales:

∆T(K) = ∆T(°C)

On the Kelvin scale, the freezing point of water at 0°C is T = 0 + 273 = 273 K. 
A 30°C warm summer day is T = 303 K on the Kelvin scale. FIGURE 11.10 gives a 
side-by-side comparison of these scales.

NOTE ▶ From now on, we will use the symbol T for temperature in kelvin. We will 
denote other scales by showing the units in parentheses. In the equations in this chap-
ter and the rest of the text, T must be interpreted as a temperature in kelvin. ◀

◀  Optical molasses It isn’t possible to reach absolute zero, where the atoms 
would be still, but it is possible to get quite close by slowing the atoms down 
directly. These crossed laser beams produce what is known as “optical  
molasses.” As we will see in Chapter 28, light is made of photons, which 
carry energy and momentum. Interactions of the atoms of a diffuse gas with 
the photons cause the atoms to slow down. In this manner atoms can be 
slowed to speeds that correspond to a temperature as cold as 5 * 10-10 K!

Thermal expansion of the liquid in the 
thermometer pushes it higher when  
immersed in hot water than in ice water.

FIGURE 11.10 Celsius and Kelvin  
temperature scales.

Boiling point
of water

°C K

Freezing point
of water

Absolute
zero

100

0

-273

373

273

0

Temperature differences are the same on the 
Celsius and Kelvin scales. The temperature 
difference between the freezing point and 
boiling point of water is 100°C or 100 K.
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Temperature Scales

In physics, “T” 
means a 

temperature in 
kelvin.



At the altitude at which the International Space Station orbits, the temperature 
is about 1000°C.
At this altitude, there are about 2x1016 molecules in one cubic meter.
What is the total thermal energy in one cubic meter of atmosphere?

  

T =
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kB = 1.38 ×10−23  J/K
Boltzmann’s constant:
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0.53 mJ



Collisions transfer energy, until the 
temperatures are the same.
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STOP TO THINK 11.3  Two samples of ideal gas, sample 1 and sample 2, have the 
same thermal energy. Sample 1 has twice as many atoms as sample 2. What can we 
say about the temperatures of the two samples?

 A. T1 7 T2     B. T1 = T2     C. T1 6 T2

What Is Heat?
In Chapter 10, we saw that a system could exchange energy with the environment 
through two different means: work and heat. Work was treated in detail in Chapter 10; 
now it is time to look at the transfer of energy by heat. This will begin our study of a 
topic called thermodynamics, the study of thermal energy and heat and their relation-
ships to other forms of energy and energy transfer.

Heat is a more elusive concept than work. We use the word “heat” very loosely in 
the English language, often as synonymous with “hot.” We might say, on a very hot 
day, “This heat is oppressive.” If your apartment is cold, you may say, “Turn up the 
heat.” It’s time to develop more precise language to discuss these concepts.

Suppose you put a pan of cold water on the stove. If you light the burner so that 
there is a hot flame under the pan, as in FIGURE 11.11, the temperature of the water 
increases. We know that this increased temperature means that the water has more 
thermal energy, so this process must have transferred energy to the system. This 
energy transferred from the hotter flame to the cooler water is what we call heat. In 
general, heat is energy transferred between two objects because of a temperature 
difference between them. Heat always flows from the hotter object to the cooler 
one, never in the opposite direction. If there is no temperature difference, no energy 
is transferred as heat. We use Q as the symbol for heat.

An Atomic Model of Heat
Let’s consider an atomic model to explain why thermal energy is transferred from 
higher temperatures to lower. FIGURE 11.12 shows a rigid, insulated container that is 
divided into two sections by a very thin membrane. Each side is filled with a gas 
of the same kind of atoms. The left side, which we’ll call system 1, is at an initial 
temperature T1i . System 2 on the right is at an initial temperature T2i . We imagine the 
membrane to be so thin that atoms can collide at the boundary as if the membrane 
were not there, yet it is a barrier that prevents atoms from moving from one side to 
the other.

Suppose that system 1 is initially at a higher temperature: T1i 7 T2i . This means 
that the atoms in system 1 have a higher average kinetic energy. Figure 11.12 shows 
a fast atom and a slow atom approaching the barrier from opposite sides. They  
undergo a perfectly elastic collision at the barrier. Although no net energy is lost in 

The coldest temperature ever measured on earth was -129 °F, in Antarctica. What is 
this in °C and K?

SOLVE  We first use Equation 11.5 to convert the temperature to the Celsius scale:

T(°C) =
5
9

 (-129 ° - 32°) = -89 °C

We can then use Equation 11.6 to convert this to kelvin:

T = -89 + 273 = 184 K

ASSE SS This is cold, but still far warmer than the coldest temperatures achieved in the 
laboratory, which are very close to 0 K.

EXAMPLE 11.7 Temperature scales

FIGURE 11.11 Raising the temperature of 
a pan of water by heating it.

The thermal energy and
the temperature of the
water increase.

Heat Q

Energy is transferred from the
flame to the water as heat.

FIGURE 11.12 Collisions at a barrier 
transfer energy from faster molecules to 
slower molecules.

Insulation prevents
heat from entering
or leaving the
container.

A thin barrier prevents
atoms from moving from
system 1 to 2 but still
allows them to collide.

System 1 is initially at a
higher temperature, and
so has atoms with a
higher average speed.

Collisions transfer
energy to the atoms in
system 2.

System 1
T1i

System 2
T2i

Fast Slow

Elastic collision

Gains energyLoses energy
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a perfectly elastic collision, the faster atom loses energy while the slower one gains 
energy. In other words, there is an energy transfer from the faster atom’s side to the 
slower atom’s side.

Because the atoms in system 1 are, on average, more energetic than the atoms in 
system 2, on average the collisions transfer energy from system 1 to system 2. This 
is not true for every collision. Sometimes a fast atom in system 2 collides with a slow 
atom in system 1, transferring energy from 2 to 1. But the net energy transfer, from 
all collisions, is from the warmer system 1 to the cooler system 2. This transfer of 
energy is heat; thermal energy is transferred from the faster moving atoms on the 
warmer side to the slower moving atoms on the cooler side.

This transfer will continue until a stable situation is reached. This is a situation 
we call thermal equilibrium. How do the systems “know” when they’ve reached 
thermal equilibrium? Energy transfer continues until the atoms on both sides of the 
barrier have the same average kinetic energy. Once the average kinetic energies are 
the same, individual collisions will still transfer energy from one side to the other. 
But since both sides have atoms with the same average kinetic energies, the amount 
of energy transferred from 1 to 2 will equal the amount transferred from 2 to 1. Once 
the average kinetic energies are the same, there will be no more net energy transfer.

As we’ve seen, the average kinetic energy of the atoms in a system is a measure 
of the system’s temperature. If two systems exchange energy until their atoms have 
the same average kinetic energy, we can say that

T1f = T2f = Tf

That is, heat is transferred until the two systems reach a common final tempera-
ture; this is the state of thermal equilibrium. We considered a rather artificial system 
in this case, but the result is quite general: Two systems placed in thermal contact 
will transfer thermal energy from hot to cold until their final temperatures are 
the same. This process is illustrated in FIGURE 11.13.

Heat is a transfer of energy. The sign that we use for transfers is defined in 
FIGURE 11.14. In the process of Figure 11.13, Q1 is negative because system 1 loses 
energy; Q2 is positive because system 2 gains energy. No energy escapes from the 
container, so all of the energy that was lost by system 1 was gained by system 2. 
We can write that as

Q2 = -Q1

The heat energy lost by one system is gained by the other.

11.4  The First Law of Thermodynamics
We need to broaden our work-energy equation, Equation 11.1, to include energy  
transfers in the form of heat. The sign conventions for heat, as shown in  
Figure 11.14, have the same form as those for work—a positive value means a  
transfer into the system, a negative value means a transfer out of the system. Thus, 
when we include heat Q in the work-energy equation, it appears on the right side of 
the equation along with work W:

 ∆K + ∆U + ∆Eth + ∆Echem + g = W + Q (11.7)

This equation is our most general statement to date about energy and the conserva-
tion of energy; it includes all of the energy transfers and transformations we have 
discussed.

In Chapter 10, we focused on systems where the potential and kinetic energies 
could change, such as a sled moving down a hill. Earlier in this chapter, we looked at 
the body, where the chemical energy changes. Now let’s consider systems in which 
only the thermal energy changes. That is, we will consider systems that aren’t moving, 
that aren’t changing chemically, but whose temperatures can change. Such systems 

FIGURE 11.13 Two systems in thermal 
contact exchange thermal energy.

T1i

(K1)avg

T2i

(K2)avg

Tf Tf

Collisions transfer energy from the warmer system 
to the cooler system. This energy transfer is heat.

Thermal equilibrium occurs when the systems 
have the same average kinetic energy and thus 
the same temperature.

Q

FIGURE 11.14 The sign of Q.

Q  7  0

System

Positive heat

Q  6  0

System

Negative heat

Q is positive when 
energy is transferred 
into a system.

Q is negative when 
energy is transferred 
out of a system.
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are the province of what is called thermodynamics. The question of how to keep 
your house cool in the summer is a question of thermodynamics. If energy is trans-
ferred into your house, the thermal energy increases and the temperature rises. To  
reduce the temperature, you must transfer energy out of the house. This is the pur-
pose of an air conditioner, as we’ll see in a later section.

If we consider cases in which only thermal energy changes, Equation 11.7 can be 
simplified. This simpler version is a statement of conservation of energy for systems in 
which only the thermal energy changes; we call it the first law of thermodynamics: Class Video

First law of thermodynamics For systems in which only the thermal energy 
changes, the change in thermal energy is equal to the energy transferred into or 
out of the system as work W, heat Q, or both:

 ∆Eth = W + Q (11.8)

Work and heat are the two ways by which energy can be transferred between a  
system and its environment, thereby changing the system’s energy. And, in thermo-
dynamic systems, the only energy that changes is the thermal energy. Whether this 
energy increases or decreases depends on the signs of W and Q, as we’ve seen. The 
possible energy transfers between a system and the environment are illustrated in 
FIGURE 11.15.

FIGURE 11.15 Energy transfers in a  
thermodynamic system.
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Suppose a gas is in an insulated container, so that no heat energy 
can escape. If a piston is used to compress the gas, what happens 
to the temperature of the gas?

REASON The piston applies a force to the gas, and there is a dis-
placement. This means that work is done on the gas by the piston 
(W 7 0). No thermal energy can be exchanged with the environ-
ment, meaning Q = 0. Since energy is transferred into the system,  

CONCEPTUAL EXAMPLE 11.8 Compressing a gas

the thermal energy of the gas must increase. This means that the 
temperature must increase as well.

ASSESS This result makes sense in terms of everyday obser-
vations you may have made. When you use a bike pump to 
inflate a tire, the pump and the tire get warm. This temperature 
increase is largely due to the warming of the air by the com-
pression.

If you mix food in a blender, 
the electric motor does work 
on the system, which consists 
of the food inside the contain-
er. This work can noticeably 
warm up the food. Suppose the 
blender motor runs at a power 
of 250 W for 40 s. During this 
time, 2000 J of heat flow from 
the now-warmer food to its 
cooler surroundings. By how 
much does the thermal energy 
of the food increase?

PREPARE Only the thermal energy of the system changes, so we 
can use the first law of thermodynamics, Equation 11.8. We can 
find the work done by the motor from the power it generates and 
the time it runs.

EXAMPLE 11.9 Energy transfers in a blender

SOLVE From Equation 10.22, the work done is W = P ∆t =
(250 W)(40 s) = 10,000 J. Because heat leaves the system, its 
sign is negative, so Q = -2000 J. Then the first law of thermo-
dynamics gives

∆Eth = W + Q = 10,000 J - 2000 J = 8000 J

ASSESS It seems reasonable that the work done by the power-
ful motor rapidly increases the thermal energy, while thermal 
energy only slowly leaks out as heat. The increased thermal  
energy of the food implies an increased temperature. If you run 
a blender long enough, the food can actually start to steam, as 
the photo shows.
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Not a 
new law of 

physics.



If you leave a ceiling 
fan running during 

the day, it will warm 
up the room it’s in.

Explain why.



The blender is 
faster than the 

microwave.


