Properties of Water

Ocean 101 Lab – Winter 2000
Name ________________________

Homework #4
Section _______________________

Due next Wednesday in lecture.
TA's Name ____________________

General guidelines: Always show your work, including units!

Part A: Phase changes in water: fusion, vaporization, and sublimation





points

1. On the grid below, plot the temperature and time data that you collected during the latent heat experiment in lab.  The graphing process should involve each of the following steps:


a) Label the vertical axis temperature, note the units, and use a range of values that encompasses your measurements.  Make values increase towards the top of the page.
(2)


b) Label the horizontal axis time, note the units, and use a range of values that encompasses your measurements.  Make values increase to the right.
(2)


c) Plot every data point for both the fresh and salt water results.  
(4)


d) Connect the points with a smooth curve, using different colors for the fresh and salt water data.



(4)


e) Indicate which color represents fresh and salt in the key beneath the graph.  
(4)

KEY:
Fresh water:  -----------
Salt water:  -----------

2. On each curve label (with the bold letter/s indicated)...


a) ...the point at which the last bit of ice was melted (M)
(2)


b) ...the point at which vigorous boiling began (B)
(2)


c) ...the portion of the curve representing the latent heat of fusion (LF)
(2)


d) ...the portion of the curve representing the latent heat of vaporization (LV)
(2)

3. During any experiment, there are sources of error that can make your measurements inaccurate.  For example, your measurement of the melting temperature of fresh water may differ from the true temperature, exactly 0oC.  Note how much your measurement of the melting temperature of fresh water differs from 0oC and specify 2 possible sources of error in your measurements.




_______________ oC difference
(2)


Error source #1:

(4)


Error source #2:

(4)

4. The diagram below represents two water molecules.  Label the hydrogen and oxygen atoms in the molecules by writing an "O" or "H" inside each circle.  Specify (with a "+" or "-") the electrical charge on each type of atom in the space provided.  Finally, label the two types of bonds that are indicated.
(8)




type of bond: __________________


electrical charge of H: _______





electrical charge of O: _______




type of bond: __________________

5. During the experiment, heat was flowing at a constant rate from the hot plate into the beakers.  That heat affected the water molecules by either breaking hydrogen bonds or increasing their kinetic energy (a measure of the speed, vibrations, and spins of the molecules).  While examining the data that you graphed in problem 1, circle (below) the one process that is dominant during each part of the experiment.


How were the water molecules affected...


a) ...before all the ice melted?

(3)



hydrogen bonds were breaking
kinetic energy increased


b) ...between the melting and boiling points?

(3)



hydrogen bonds were breaking
kinetic energy increased


c) ...after vigorous boiling began?

(3)



hydrogen bonds were breaking
kinetic energy increased

6. Energy must be ( added / removed ) to change a liquid to a solid. (circle one)
(2)

7a. During a particularly sunny day in the equatorial Pacific ocean, the surface water is primarily changing between the _____________  phase and the ___________ phase. (fill in the blanks)



(2)


7b. When evaporation occurs at the ocean's surface, the atmosphere loses heat as the ocean gains heat.  True or False ?  (circle one)


(2)

8a. What does adding salt do to the melting/freezing temperature of water?




Increase
Stay the same
Decrease
(circle one)
(2)


8b. In one sentence, explain why spreading rock salt on icy roads prevents traffic accidents?



(2)

9a. What does adding salt do to the boiling temperature of water?



Increase
Stay the same
Decrease
(circle one)
(2)


9b. Spaghetti will cook ( faster / slower ) in salty water than in fresh water. (circle one) 



(2)

Part B: Heat Capacity
10. During the second lab experiment, the same amount of heat was added to equal weights of sand and water.  What temperature change did you observe for each?  Show your work and give your answer in oC.



Sand __________________ 
Water ____________________
(4)

11a. Sailors know that the direction in which the wind blows near the coast is related to whether the air above the land is being warmed up or cooled down.  On a cloudless day, the ( land / water ) near Seattle warms up more quickly.  (circle one).  



(4)


11b. On such a day, the wind will be blowing ( towards / away from ) the coast. (circle one)



(4)


11c. During a clear night, the ( land / water ) near Seattle cools off more quickly. (circle one)



(4)


11d. On such a night, the wind will be blowing ( towards / away from ) the coast. (circle one)



(4)

Part C: The Big Chill
12. In the video The Big Chill, the "Atlantic Conveyor Belt" is presented as the mechanism that transports solar energy absorbed at the equator towards the poles, and particularly into the North Atlantic. The warm equatorial water is moved mainly by the Gulf Stream, a major current that flows north along the East Coast of the U.S.  The large size and speed of this part of the conveyor belt enables a HUGE amount of heat to reach the high latitudes and keep Europe's climate warm.  


The heat is delivered to the North Atlantic (mostly through the process of evaporation) at a rate of about 1.55x1015W, where W=Watts.  A Watt is a unit of power with which you may be familiar; you're probably reading this with the light coming from a 75W incandescent bulb!  Power measures the rate at which energy is supplied.  Let's explore how POWERFUL the Conveyor is.


12a. Your toaster uses about 103W.  How many toasters would you have to run simultaneously in order keep Europe warm by delivering to the North Atlantic the amount of heat transported via the conveyor belt?






________________ toasters
(3)


12b. Most power plants in the United States generate about 108W.  So, how many power plants would it take to supply the energy for that many toasters?  For comparison, about 500 power plants meet the energy needs of the U.S.




​​​​​​​​​​​​_________________ power plants
(2)

13. Another idea presented in The Big Chill is that the melting of a large quantity of icebergs in the North Atlantic may have stopped the conveyor belt by inhibiting part of the oceanic circulation. 


13a. In one sentence, explain how melting icebergs stop the Atlantic Conveyer.

(4)


13b. Imagine an iceberg about the size of the one that sank the Titanic.  Assume it has a mass of about 1000 metric tons (1 metric ton = 1000 kg).  Calculate the total energy needed to turn the ice into liquid water that has a temperature of 0oC.  


(Note: latent heat of fusion =80 cal/g).  For comparison, the food you eat every day contains about 6x106cal.





_______________ cal
(5)

