6.1

Period 6a Activity Solutions: Entropy

Conservation of Energy and the First Law of Thermodynamics
Your instructor will discuss how molecular motion and the changes in internal energy
∆U relate to energy conservation and the first law of thermodynamics.

1) Internal Energy
Your instructor will demonstrate two rolling carts colliding with a barrier. Both carts
have the same mass and the same frictional force with the table top.
a) Which cart has more kinetic energy after it hits the barrier – the cart that rolls a
shorter distance or a longer distance? _longer distance_ How do you know?
The cart that rolls a longer distance also bounced off of the barrier with
a faster velocity. This cart has more kinetic energy because kinetic
energy is proportional to the velocity squared.
Ekin = ½ M v 2
b) Now watch the carts, without their outer covers, collide with the barrier. How can
you explain the difference in the kinetic energy of the carts after they hit the barrier?
More of the kinetic energy of motion of the elastic band cart is used to
vibrate the washers. This kinetic energy goes into increasing the
internal energy of the cart. Since the elastic band cart has less kinetic
energy after the collision, it does not move as far away from the wall.
The cart with rigid rods rolls farther away from the wall because less of
its initial kinetic energy went into vibrating its washers.
c) Explain how energy was conserved when each cart collided with the barrier.
If each cart is pushed with the same force, both carts start with the
same amount of kinetic energy. Their kinetic energy goes into moving
against the force of friction with the table top and into vibrating the
washers. Since after the collision the elastic band cart uses more
energy vibrating the washers, it does not roll as far after the collision.
d) How does this demonstration illustrate an increase in the internal energy of an
object?
The carts demonstrate what happens inside of a solid when kinetic
energy is converted into the thermal energy of vibrating atoms and
molecules. The greater the internal energy of an object, the faster its
atoms and molecules vibrate.
2) Work Obtained from a Thermodynamic System
Your instructor will explain the electric drill activity. Be sure to hold the cardboard tube
over the end of the drill while you perform this activity.
a)

How was heat Q added to the system of the drill and the stopper?
Friction between the moving drill tube and the wooden clamp produced
thermal energy.
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b)

What evidence do you have that the internal energy of this system increased?
The water in the tube became steam.

c)

How was work done by this system?
As the stopper flew up, work was done against the force of gravity and
the force of friction holding the stopper into the tube.

d)

How much work was done on the stopper by the drill if 505 joules of heat
transferred to the water resulted in a 500 joule increase in the internal energy of
the system?
W = Q – ∆ U = 505 J – 500 J = 5 J

3) Conservation of Energy
When we say that energy is wasted as friction, what has happened to that
energy?
Energy wasted by friction is not lost, but has increased the internal
energy of objects. An increase in internal energy means that the
object’s molecules move more rapidly.

6.2

Order, Disorder, and Entropy

4) Ordered and Disordered Checkers
a) Turn the checkerboard on your table so that a red square is at the bottom right
hand corner. Select one red or black checker at random from the beaker.
(Before you remove the checker, the number of red and black checkers is the
same.) Place the selected checker on the bottom right checkerboard square.
Since there are two colors of checkers, what is the probability that the color of
the checker you drew at random matches the color of the checkerboard square?
Since there are two colors of checkers, the probability that you
selected the correct color at random is 1 in 2 or ½.
b) Draw a second checker at random from the beaker and place it directly on the
square above the first checker. (In this activity, we assume that each time a
checker is drawn, another checker of that color is added to the beaker. This
means that the number of red and black checkers in the beaker is always the
same.) What is the probability that the color of the second checker you drew
matches the color of the second square?
Again, the probability that you selected the correct color at random is 1
in 2 or ½.
c) What is the probability that the color of each of the checkers you have drawn at
random matches the color of the checkerboard square?
The total probability is the product of the individual probabilities:
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d) Draw two more checkers at random and place them on the two checkerboard
squares to the left of the two checkers already on the board. (You now have the
four lower right checkerboard squares filled.)
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=

What is the probability that the color of all four checkers matches the color of
their checkerboard squares?
The total probability is the product of the individual probabilities:

1
1
1
1
x
x
x
2
2
2
2

1
24

=

=

1
16

e) You can verify your results using the 16 four x four boxes shown below. Fill in
all possible arrangements of checkers by writing an R for a red checker and B for
a black. The first five boxes have been filled in for you. You fill in the rest.
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f) You can see that there are 16 different arrangements of four checkers drawn at
random. Circle the box or boxes that match your first four checkerboard
squares. How many boxes have you circled? _1_ What is the probability that
the color of all four checkers pulled at random matches the color of their
checkerboard squares? Does this probability agree with the probability
calculated in part d)?
The arrangement of the randomly selected checkers must match one of
the 16 arrangements above. Therefore, the probability of getting the
ordered arrangement must be 1/16. Yes, comparing with part d) we see
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g) Of the 16 possible arrangements of four checkers on four checkerboard squares,
how many arrangements are disordered by color? _15_ What is the probability
that the color of four randomly selected checkers is a disorderly pattern?
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Since 15 of the 16 arrangements are disorderly, the probability of
getting a disordered arrangement is 15/16.
h) The total probability of all the arrangements must be equal to one. Make your
own equation for the probability that the arrangement will be disorderly by color.
1
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What is the probability of filling an ordered arrangement of the whole
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i)

1

checkerboard by this procedure?
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j) Group Discussion Question: Are orderly or disorderly patterns more common in
nature? Why?
Disorderly patterns are more common because there are many more
disorderly patterns in nature than orderly patterns.
5) Entropy Examples
a) Does entropy naturally increase or decrease over time? Why?
Entropy is a measure of the disorder of a system. Entropy naturally
increases because systems, when left to themselves, become less
ordered over time.
b) Try to arrange the sets of photographs in chronological order. In which sets of
photos is there a noticeable change in entropy?
The sets of photographs that show a noticeable change, such as the
burning toast or the melting ice cream man, can be arranged in
chronological order. But the photos that do not show a noticeable
change are difficult to order. The ice cream man illustrates increase in
entropy because the ice cream would not likely go from a puddle of ice
cream back to the ice cream man, regardless of the conditions in the
room.
c) What happens to the entropy of an ice cube when it melts into water?
The entropy of the ice increases when it melts because the orderly
crystal structure of the ice molecules has become a disordered
arrangement of liquid water molecules.
o

d) How many calories of heat are required to melt 250 grams of ice at 0 C into 250
o
grams of water at 0 C? The latent heat of melting of ice is 80 cal/gram.
Q = Lheat x M = 80 cal/g x 250 g = 20,000 cal

o

e) What is the change in entropy when the 250 grams of ice at 0 C melt into 250
grams of water at 0 oC?
∆S

=

∆Q
T

=

20,000 cal
273 K
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=

73.3 cal / K

