Answer Key

Name UGA myID
Instructions:
e Type or write your name and UGA myID in the appropriate boxes. For example, my UGA mylID is

sb62953.

e Type or write the answer for each question in the box beside or below the question:
o For multiple-choice, write the letter corresponding to your answer.
o For numeric response, write the answer with the designated formatting.
= Answers should always be reported to the correct number of significant figures.
» The formatting for scientific notation is x10”.
= Include units with your answers.
= Show all of your work in the large boxes.
o For fill-in-the-blank, write the word.
o For free response, type what you need to answer the question.
o For true/false, type either true or false.
e If you print to write, take a picture of the worksheet, convert it to a .pdf file, and upload it to Gradescope
before 5:00 p.m. on 2/2. If you fill it out digitally, you can submit it as the .pdf directly:
o Instructions for converting pictures to a .pdf are on eLC in the Welcome Module.
o Instructions for uploading the assignment to Gradescope are also in the Welcome Module.
e Remember to write legibly! If Gradescope and I can’t read it, then it can’t be graded.

The Model: Work and Heat

Energy is the capacity to do work (w), where work is uniform motion that applies a force to move something
over a distance. Work is easy to see because an object has moved. In the figure, you can see that the piston
(black) was moved by the expansion of the gas (blue):

Example 1




However, this neglects another part of energy, and that is the transfer of energy due to a temperature difference:

Example 2

75°F

If a drink at refrigerator temperature is left at room temperature long enough, it will reach the same temperature
as the room. The thermal energy in the room is transferred to the liquid, increasing its temperature. This transfer
is known as heat (q). Thermal energy is the type of energy, and heat is the process of thermal energy moving
from higher temperature to lower temperature regions.

When a system gains thermal energy, this is an endothermic process. The system’s energy at the end is higher
than in the beginning. When the system releases thermal energy, this is an exothermic process, and the system’s

energy is lower at the end than in the beginning.

For questions 1-4, determine what energy transfers are present (heat, work, or both).

1. Water freezes into ice. |heat

. . |work
2. Asled is pulled up a hill.

) ) heat
3. @Gasoline burns in a car.

4. TIce melts and pushes dirt off a table. |heat and work

T . . endothermic
5. Is the warming liquid in example 2 an endothermic or exothermic process?

6. Can the liquid in example 2 reach 80°F? Explain.

No. The surroundings are 75 Fahrenheit, so the liquid can only reach the temperature of
the surroundings based on the Law of Conservation of Energy.




The Model: Specific Heat Capacity

Two objects can absorb the same amount of thermal energy but reach different final temperatures due to their
different specific heat capacities. Specific heat capacity is the amount of energy needed to raise the temperature
of 1 gram of a substance by 1°C. This definition is not dependent on the amount of substance, so substances can
be identified by their specific heat capacities.

An equation can be developed to calculate temperature changes due to energy transfers by thinking about what
happens to the temperature of a substance when a specific amount of energy has been absorbed.
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Compare the top and bottom pictures to answer questions 7 through 11.

7. By how much does the energy transferred change between the top and bottom pictures?

a. 2x
b. 3x
c. 4x

8. By how much does the mass change?

a. 2x
b. 3x
c. 4x

9. What do you notice about AT?

It stays the same.




10. Are the specific heat capacities the same or different? same

11. Are mass and heat transferred proportional or inversely proportional?

proportional
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Compare the top figure to the bottom figure to answer questions 12 through 14.

b,c

12. Which two variables change in this example?
a. Mass (m)

b. Change in temperature (AT)
c. Heat transferred (q)
d. Specific heat capacity (C)

13. By how much do they change?

a. 2x
b. 3x
c. 4x

14. Are they proportional or inversely proportional? proportional




15. Specific heat capacity (C) is a constant. Finish the expression q = C by including the variables m and AT
using your answers to questions 7 through 14. Type the entire equation into the answer box.

g=mc(delta T)

Exercises:
16. How much energy is needed to raise the temperature of a 25 gram sample of water from 11°C to 19°C?

The specific heat of water is 4.184 J/g°C.

8x1072 J

g =259(4.184 J/gC)(19C - 11C) = 836.8 J = 8x10”2 (one sig fig due to temp change in the
parentheses)

17. Two lunch boxes were packed with the same amount of soft drink and the same amount of ice. The
temperatures inside of the lunch boxes were measured five hours later. One lunchbox still had ice, while
the other had no ice left. Provide a reasonable explanation for what happened in two sentences or less.

Since the drinks and ice were the same, one variable that could have changed was the
starting temperature of the drinks. The drinks in the cooler with the melted ice started at a
warmer temperature than the drinks in the cooler with ice remaining after five hours.

18. A 55.3 cm?® sample of aluminum absorbed 42.7 J of heat. What is its final temperature if its initial
temperature was 25.0°C? The density of aluminum is 2.70 g/cm?, and its specific heat capacity is 0.903

J/g°C.

253C

mass of aluminum = 2.70 g/cm"3(55.3 cm”3) = 149.31 g
42.7 J = 149.31 g(0.903 J/gC)(Tf - 25.0C)

0.3167 = Tf - 25.0C
Tf = 25.3 C (one decimal place from the subtraction step)

19. Two cups of room temperature coffee were heated in the microwave in identical mugs for the same
amount of time. After heating, the coffee in mug A had a temperature of 75°C, and the coffee in mug B

had a temperature of 50°C. Which mug contained more coffee?

mug B




a,b

Copper
59 54

\ / Heat capacity:

Heat capacity: 0.385J/g°C
2.03J/g°C

Bonus: The ice and copper samples start at -30°C. What is true about the samples if the temperature
of the surroundings is -5°C? Select any that apply.

a

b.
C.
d.

It takes more energy to raise the temperature of ice to -5°C than it does for copper

Both samples would eventually reach -5°C

The ice would never reach -5°C because its specific heat capacity is higher than the copper
It takes the same amount of energy to increase both samples to the same temperature
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