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Memorandum — Activity M08: Relative Humidity
To: Space Research Team
From: Joe Venus, Space Agency Administrator
Date: 04 Dec. 2017 AD

Greetings,

Your reports on the temperatures at various different locations were excellent. The data you collected helps us to know what we can expect when we use an instrument like the Temperature Sensor on the Mission to Other Worlds. 
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[image: image7.wmf]Your next task requires the kind of ingenuity and skill that your team has consistently demonstrated.

We are planning to include a new instrument on board the spacecraft that will (hopefully) measure relative humidity of the air (if any) on the planets we visit. Since measurement of relative humidity is so important to the understanding of the weather on another planet, we’ve decided to include a backup system for measuring relative humidity. 

Unfortunately, adding a backup system always increases the weight of the payload that the spacecraft must carry.
Therefore, we want to be certain that we can get good results with the backup system, and that the system we use is as simple and lightweight as possible. 

Your team is selected to test our backup measurement system for Relative Humidity. The system uses two Temperature Sensors, and your experience in measuring temperature at different locations will be very important for this task. 

Carefully measure the relative humidity in as many different locations and under as many different weather conditions as possible. If necessary, use the “data logging” feature of your computer interface. We especially want you to measure the relative humidity on both a clear day and a on a day when the weather is threatening to be stormy. Be sure to record accurate observations of the overall weather conditions on the days when you make your measurements.

The next section of this Workbook is the Procedure Outline for this activity. It will give you some ideas, but, as always, if you can improve on the methods or materials, please do so. Remember, read and heed the Safety Reminders in the outline.

Refer to the Technical Manual in Appendix B of this Workbook for more detailed information on this task.

We’re counting on you to do a good job. Please submit your reports to the project manager so the manager can forward them to me.

Yours,

Joe Venus
Space Agency Administrator
Procedure Outline – Activity M08: Relative Humidity 
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Equipment Needed
Qty
Other
Qty

Temperature Sensor (CI-6505A)
2
Cardboard fan, about 15 by 15 cm
1

Container, 100 mL
1
Cheesecloth*, about 5 by 5 cm
1



Rubber band
2



Water, room temperature
100 mL

(*light cotton material can be used in place of cheesecloth)


VOCABULARY
humidity
psychrometer
relative humidity
specific humidity

What Do You Think?

What is the relationship of humidity to relative humidity? How can relative humidity be determined by measuring temperature?

[image: image9..pict]Take time to answer the ‘What Do You Think?’ question(s) in the Lab Report section.

Background

The amount of water vapor in the air is called humidity. As water molecules evaporate, the humidity of the air increases. Certain climate regions on earth (such as deserts and the Arctic and Antarctic regions) have very low humidity, while other climate regions (such as tropical rain forests) have moderate to high humidity. 
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In general, the amount of water vapor that a given volume of air can hold increases as the temperature increases. A higher temperature allows more water to evaporate into water vapor. As the temperature goes down, the amount of water vapor in the air goes down because the water vapor molecules can condense into liquid form again. Therefore, the humidity drops. When the air holds all the water vapor it can at a given temperature, the air is saturated.

Relative humidity is a common way to describe the amount of water vapor in the air. Relative humidity is a ratio that compares the mass of water vapor in the air to the mass of water vapor that the air can hold at its saturation point. Relative humidity is always written as a percentage.

Specific humidity is the actual amount of water vapor in the air measured in grams of water vapor to one kilogram of air. 

One instrument used to measure relative humidity is the sling psychrometer. 

The psychrometer has two identical thermometers. The bulb of one thermometer is covered with damp cloth while the bulb of the other thermometer is kept dry. The psychrometer is twirled around in the air so the air circulates freely around the bulbs of both thermometers.
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If the relative humidity is high, the water in the damp cloth on the wet-bulb thermometer doesn’t evaporate very fast, and the temperature of the wet-bulb thermometer stays close to the temperature of the dry-bulb thermometer. However, if the relative humidity is low, there is less water vapor in the air. The water in the damp cloth evaporates more easily and the wet-bulb thermometer’s temperature drops more rapidly. 

Relative humidity is determined by comparing the dry-bulb temperature to the difference between the dry-bulb temperature and the wet-bulb temperature.

SAFETY REMINDERS
· Follow directions carefully when using the equipment for this activity. 
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Procedure Outline
Use two Temperature Sensors to measure the relative humidity during different weather conditions. Use DataStudio or ScienceWorkshop to record the temperature data. Use the Table display to find the values of the temperature for a dry-bulb Temperature Sensor and a wet-bulb Temperature Sensor.
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A. Set Up the Equipment
1.
Wrap the piece of cheesecloth or light cotton material around the end of one of the Temperature Sensors, and fasten the cloth in place with a rubber band. This will be the wet-bulb Temperature Sensor.

2.
Put room temperature water into a container.

[   ]
B. Set Up the Equipment

Computer Setup

1.
Connect the dry-bulb Temperature Sensor’s DIN plug into Analog Channel A on the interface. Connect the wet-bulb Temperature Sensor’s DIN plug into Analog Channel B. 

2.
Start DataStudio or ScienceWorkshop and open the file titled as shown: 

DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

M08 Humidity.ds
M08 Humidity
M08_HUMI.SWS

•
The file has a Table Display, a Graph display, and a Digits display. Data recording is set at 5 measurements per second (5 Hz.) 

[   ]
C. DO THE EXPERIMENT
1.
Write a description of the weather conditions (e.g., sunny, cloudy, foggy, etc.) and location (e.g., indoors, outdoors) in your report.

2.
Place both Temperature Sensors near the edge of a table so the ends of both sensors extend beyond the edge of the table. 

3.
Moisten the cheesecloth with room temperature water. 

4.
Begin data recording. 

5.
Rapidly fan the ends of the sensors with the piece of cardboard.

6.
Stop data recording after 60 seconds. 
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Optional

Set up the ScienceWorkshop 500 Interface for “data logging”. Carry the interface sensors, fan, and container of water outdoors. Repeat the data recording procedure. Remember, press the LOG button to begin recording data, wait 10 seconds, and then fan vigorously for 60 seconds. Press the LOG button again to end data recording. 

Reconnect the interface to the power supply and computer. Download the data from the interface to the computer.

[   ]
D. ANALYZE THE DATA
1.
Examine each run of data to determine the dry-bulb temperature and the wet-bulb temperature for each run of data. Use the temperatures and the chart in the report to calculate the relative humidity.

2.
Record your results and answer the questions in the Lab Report.

Report – Activity M08: Relative Humidity
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NAME 
_________________________________ 

CLASS ____________________

DATE 
____________

[   ] What Do You Think?
What is the relationship of humidity to relative humidity? How can relative humidity be determined by measuring temperature?

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

 [   ] Analyze the Data

1.
For each run of data, write a description of the weather conditions and location for that run of data. Examine the run of data in the Graph and Table displays to determine the dry-bulb temperature and the wet-bulb temperature.

Data Table

Run #
Weather Conditions & Location
Dry-bulb temp (˚C)
Wet-bulb temp (˚C)

1














2.
Use the Table of Relative Humidity (attached) to calculate the relative humidity for each run of data.

Run #
Dry-bulb temp (˚C)
Difference between wet-bulb and dry-bulb temp
Relative Humidity (%)

1














[   ] Conclusion

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

[   ] Questions

1.
How do your answers to the ‘What Do You Think? questions compare to the results?

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

2.
What is the difference between relative humidity and specific humidity?

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

3.
What causes the difference between the readings of the dry-bulb sensor and the wet-bulb sensor?

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

4.
What does it mean to say, “The relative humidity is 60%”?

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

5.
What might cause you to feel hot and uncomfortable on a warm, humid (muggy) day?

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

Complete the following:

VOCABULARY

Humidity:



Psychrometer:



Relative humidity: 



Specific humidity:



Submit this report to your project manager as soon as possible so it can be forwarded to the Space Agency administrator.

Table of Relative Humidity (in percentage)


  Difference between dry-bulb and wet-bulb temperatures (˚C)












Dry temp
1
2
3
4
5
6
7
8
9
10
11
12

0 ˚C
81
64
46
29
13








1
83
66
49
33
17








2
84
68
52
37
22
7







3
84
70
55
40
26
12







4
85
71
57
43
29
16







5
86
72
58
45
33
20
7






6
86
73
60
48
35
24
11






7
87
74
62
50
38
26
15






8
87
75
63
51
40
29
19
8





9
88
76
64
53
42
32
22
12





10
88
77
66
55
44
34
24
15
6




11
89
78
67
56
46
36
27
18
9




12
89
78
68
58
48
39
29
21
12




13
89
79
69
59
50
41
32
23
15
7



14
90
79
70
60
51
42
34
26
18
10



15
90
80
71
61
53
44
36
27
20
13
6


16
90
81
71
63
54
46
38
30
23
15
8


17
90
81
72
64
55
47
40
32
25
18
11


18
91
82
73
65
57
49
41
34
27
20
14
7

19
91
82
74
65
58
50
43
36
29
22
16
10

20
91
83
74
66
59
51
44
37
31
24
18
12

21
91
83
75
67
60
53
46
39
32
26
20
14

22
92
83
76
68
61
54
47
40
34
28
22
17

23
92
84
76
69
62
55
48
42
36
30
24
19

24
92
84
77
69
62
56
49
43
37
31
26
20

25
92
84
77
70
63
57
50
44
39
33
28
22

26
92
85
78
71
64
58
51
46
40
34
29
24

27
92
85
78
71
65
58
52
47
41
36
31
26

28
93
85
78
72
65
59
53
48
42
37
32
27

29
93
86
79
72
66
60
54
49
43
38
33
28

30
93
86
79
73
67
61
55
50
44
39
36
30

31
93
86
80
73
67
61
56
51
45
40
37
31

32
93
86
80
74
68
62
57
51
46
41
38
32

33
93
87
80
74
68
63
57
52
47
42
39
33

34
93
87
81
75
69
63
58
53
48
43
40
35

35
94
87
81
75
69
64
59
54
49
44
41
36
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