Lab 2

Specific and Latent Heats

Sept 10, 2008

David Dammon

Physics 1065-001

Partners:

Matt Zeringne

Dustin Tucker

Purpose:  This lab’s objective was to account for heat transfer through two systematic methods of testing.  Heat was to be measured and accounted for when an unknown metal object was being transferred from a boiling pot of hot water to individual workstation mockups.  Latent heat was then measured and accounted for when hot water from the boiling pot was placed in the mockup and ice was introduced. Insulators were necessary to keep heat from being lost into the atmosphere.  

Equipment:  

1. Electric burner and 2-quart pan, 1 for the class

2. Cool tap water, crushed ice, paper towels or cloth rags

3. Tongs, ladle or Pyrex measuring cup and pot holder

4. Dropper bottle of glycerin (glycerine, glycerol), 1 for the class

5. Calorimeter and thermometer (-10°C to 120°C)

Procedure:  

1. An unknown metal was selected to test for its specific heat capacity.  This cylindrical metal mass was measured to be 49.35grams.  The workstation mockup was assembled using a calorimeter comprised of an outer jacket with an isolating ring, an inner cup, and insulating lid with a stirrer and thermometer sticking up through the lid.  A large rubber stopper was inserted around the thermometer and a smaller rubber stopper was inserted into the vacant hole to ensure heat from the experiment did not escape into the atmosphere.  

2. The dry inner cup was measured for its mass and annotated on the LAB sheet, then approximately 1 cm of tap water was added to the inner cup.  The inner cup and water were measured for its collective mass and annotated on the LAB sheet.  The mass of the water was recorded on the LAB sheet by subtracting the mass of the dry inner cup.  The mass of the stirrer was measured and annotated on the LAB sheet.  

3. The unknown metal was placed in the boiling water for approximately two minutes and its temperature was measured by placing a thermometer on the metal while submerged in the hot water then the temperature was annotated on the LAB sheet and placed in the 1 cm of water of the workstation calorimeter.  

4. The water was stirred using the stirrer until the temperature in the calorimeter was stabilized and the temperature was annotated on the LAB sheet.  (Heat was transferred to the 1 cm of water, the inner cup, the stirrer, yet the outer cup was isolated from the inner cup by a barrier of air and the outside atmosphere was isolated from the inner cup by a isolated lid with stoppers; thereby minimizing the heat loss to the atmosphere).   

5. The second experiment was to measure the latent heat when ice cubes were introduced into the hot water.  The same calorimeter was used and approximately 1/3 to ½ of the inner cup was filled with hot water. The inner cup and water were measured for its collective mass and annotated on the LAB sheet.  The mass of the water was recorded on the LAB sheet by subtracting the mass of the dry inner cup, which was performed at the beginning of the first experiment. The inner cup was replaced in the calorimeter and the temperature was recorded on the LAB sheet.  

6.  A tub of ice was provided and the temperature was recorded on the LAB sheet.  Approximately 80 grams of crushed ice was gathered from the tub of ice and deposited in the calorimeter. The meter was sealed with its lid and the temperature was measured once the water was at equilibrium and recorded on the LAB sheet.  The change in temperature was calculated by placing the crushed ice into the hot water.  Calculations were also made to determine the change in temperature before the ice melted and after the ice melted.  The mass of the inner cup that held the hot water and ice was measured and recorded on the LAB sheet.  The mass of the ice was calculated.  

Data:  See packet.
Calculations:  

Calculations for the specific heat capacity of the unknown material were performed using specific heat capacity values for water, aluminum can and stainless steel stirrer from Table 2.4.1 in the LAB sheet.  Other values from the data collected and using equations 2.1 and 2.3 were used to solve for the specific heat capacity of the unknown metal.  The calculated cx for the unknown metal was 0.1356, yet the closest metal in Table 2.4.1 was Steel at 0.113.  This produced a 20.0% error in the experiment however, since the basis of the experiment was made on a visual inspection of the unknown metal the actual data could have a higher or lower percent error.

Calculations for the latent heat of fusion of ices were performed using specific heat capacity values for water, ice, aluminum can and stainless steel stirrer from Table 2.4.1 in the LAB sheet.  Other values from the data collected and using equations 2.1, 2.4 and 2.8 were used to solve for the experiments calculation of latent heat of fusion for water.  The calculated Lf was 103.84 g*°C which produced a 30.62% error from given Lf on the LAB sheet.

Conclusion:

The experiment of the unknown material had a 20.0% error, although I think I correctly chose the correct type of metal that was selected.  The specific heat capacity of the tested material produced a value of 0.1356 yet a value of 0.094 was expected.  The errors during this experiment were significantly due to human error.  The unknown metal was to visually inspected and a guess was to be performed as to its composition.  This guess was to be based on each individual’s background, none of which would have a metallurgical background.  Another error introduced in the experiment was the amount of time between submerging the unknown material into the 1 cm of cool water and completely getting the isolated cover to seal properly.  This error could have been reduced by understanding that the thermometer could not be placed to the bottom of the inner cup because the unknown metal would displace the height of the thermometer.  The unknown metal could have also been laid on its side to have better contact with water instead of standing it up in the inner cup.

The experiment of the latent heat of fusion had a 30.62 % error.  The latent heat of fusion of water was calculated to be 103.84 g*°C yet this was compared to a value of 79.5 cal/g.  This experiment also had significant human error during the experiment.  The largest error occurred when the ice was measured in a container that was at room temperature.  This container was used to gather the ice and carried to the workstation then the dropped in the warm water.  If the container would have been placed in the ice been before gathering the ice it would have reduced the error, more ice to cool the container vs. smaller amount inside the cup.  An error was also introduced by having the isolator lid open too long before introducing the ice.  This could be corrected by more attention to details during the experiment.   

Questions:  
Analysis:  

2. 1.  Which specific heat capacity value from Table 2.4.1 is closest to your experimental result?  0.113    What metal is that?  Steel  

3. Is this identification consistent with your visual inspection of your unknown metal cylinder?  No

4. If not, choose the metal that corresponds with your visual inspection, and record its name and specific heat capacity from the table.  Brass   0.094 

5. Calculate the percent error in your determination of the specific heat capacity by comparing your experimental value Xexp to the theoretical value Xth from the table.  Report the error estimate to no more than one or two significant digits.   % error in specific heat capacity measurement = -47.45%

6. Calculate the percent error in your determination of the latent heat of fusion by comparing your experimental value Xexp to the theoretical value Xth, Lf = 79.5 cal/g  Report the error estimate to no more than one or two significant digits.  % error in latent heat measurement = 33.64%

7. There are a few readily identifiable sources of error in this experimental procedure.  Identify at least two sources and suggest a method to reduce each.  Indicate whether you are discussing the specific heat capacity procedure or the latent heat of fusion procedure, or both.

a. The specific heat capacity had a significant amount of human errors designed into the experiment.  When measuring the mass of each object a manual method of reading the scale is always room for human error.

b. The specific heat capacity had another human error that was unavoidable in this experiment, the unknown metal was to visually inspected and a guess was to be performed as to its composition.  This guess was to be based on each individual’s background, none of which would have a metallurgical background.

c. Both experiments use a stainless steel stirrer yet the specific heat capacity for stainless steel was not available, the closest metal was steel which has a different specific heat capacity was used in its place.

8. Explain why the precision of the latent heat experiment is improved by using hot water instead of room-temperature water.  

The calculation of Lf is mainly based on the amount of change in the temperature, with a smaller amount of change any errors introduced in the experiment would significantly impact the calculation.

Questions:

1. Consider a hot pizza fresh from the oven.  Why do you tend to burn your tongue on a bite of hot cheese, but not the crust?

Hot cheese has a greater ability to maintain heat over a dough crust.  The crust is made up of expanded dough with an air gaps, isolator, between the layers. Cheese also has a higher specific heat capacity at higher temperatures than a dough crust for the same temperature.

2. Consider a pan of boiling water.  The temperature of the water is 100°C.  Which will give you the more severe burn, putting your finger in the boiling water, or into the escaping steam? Why?

The logical choice given the circumstance is steam, however with prolonged contact this will also cause a severe burn.  The specific heat capacity of steam is considerably less of water, therefore steam dissipates heat quicker; plus steam is mixing with the temperature of the atmosphere.
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