SID Monitor Sunrise, Sunset Activity
Teacher Instructions
DRAFT of 30 Novembert 2006

Activity:  Students track the sunrise and sunset “signatures” in their SID data to determine when, in relation to their site, their monitor is sensing sunrises and sunsets.
Objective:  For students to better understand the SID data and how the ionosphere affects it.

Materials:   

· At least 7 days worth of data from a SID monitor.  Example data are provided if real data are not available.  
· “What do you think?” student pre-assessment survey

· Data Analysis Form, with examples
· Access to the internet or ability to determine local sunrise and sunset times as well as those at the transmitter being tracked.

Time:  1-2 class periods for activity; 1 week beforehand to collect data
Prerequisite Skills:  math averaging; graphing; measuring; a conceptual understanding of time zones, UT time, and longitude; ability to convert local to UT time
Procedure:

1. Ask students to complete the “What do you think? pre-assesment survey (attached).  Discuss and accept all conjectures, since this is an inquiry lesson.
2. Set up and run your SID monitor for at least 7 days.  Check each day to see that you are getting the sunrise and sunset patterns. If not, (re)calibrate your monitor as per the instructions in the manual.  It’s ok to miss a day or two of data. If you don’t have a SID monitor, students can use the sample data provided.

3. After data collection, graph and print or display your data either via the SID website, Excel (instructions in the SID manual), the real time program provided with the distribution, or whatever else you might prefer.  The students might also wish to access the actual data files, which can easily be done with Notepad.  Or, use the sample graphs and data provided.
4. With your students, look at your graphs and discuss.  Do you see times when the signal strength is high, then periods when it is low? The gradual fall of the signal strength indicates ionization caused by the Sun, and thus the beginning of daytime. The gradual rise of signal strength occurs after the Sun goes down, and indicates nightfall.   There are normally standard “signatures,” or shapes of the data graph, at sunrise and at sunset.  Are these clear?
5. Pass out copies of the Data Analysis form to teams or to each of your students.  Turn to the examples page and discuss the following procedures they’ll use:

· Find the shapes, or signatures, on the graphs that indicate sunrise and sunset.  Because they span a period of time, it is useful to pick one single point as your “anchor” for measuring. The minima, or lowest points, that occur right around sunrise and sunset are known as the terminators.  These are convenient measures to use.  

· Ask students to read from their data graphs or files to determine the (UT) time of occurrence for each of the sunrise and sunset terminator values in your data.  Write these down in the table given.
· Find the "actual" time of sunrise and sunset at your site for each day you took data.   Do the same thing for the city in which the transmitter is located.  You can use http://aa.usno.navy.mil/data/docs/RS_OneDay.html  to get the sunrise and sunset times. Remember you will need to convert the local times given by the program into UT times.  This site might help you: http://www.worldtimezone.com/

· Graph the sunrise times for your local site, the transmitter site, and the times from your data (see example).   On a separate graph, do the same with the sunset times.  

· Ask students to complete their data observations sheet and, as a group, discuss the results.
Name: ___________________

What Do You Think?
Pre-activity Survey Sheet

1. You will be using either your own monitor data or the samples provided.  In what city and state is your (or the sample) monitor set up?  

2. Your monitor picks up very low frequency radio waves from a transmitter.  In which city and state is the transmitter you are monitoring located?

3. Find both your monitor site and the transmitter site on a map or globe, or use Google Earth (http://earth.google.com/ ).  Estimate how far apart these are in kilometers/miles, in longitude, in latitude.  (There is also a freeware computer program which will help you draw “great circle routes” between your sites:  http://tonnesoftware.com/pizza.html).
Example:
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Map courtesy of www.theodora.com/maps, used with permission.

Receiver:  Palo Alto, California 38(N  -122(W

Transmitter:  Cutler, Maine   44(N  -67(W

About 4900 kilometers, 55( longitude, 6(latitude apart

Your receiver: _________________________

Your transmitter:  ______________________

Distance:  ____________________________

4. Radio waves travel only in straight lines.  If your monitor is far from the transmitter, how do you think the radio waves get "around" the curved Earth to your site?

???[image: image2.jpg]



5. Your monitor measures the strength of a radio signal sent from the transmitter.  Would you expect the radio signal strength to be different during the day and the night?  If so, what do you think could cause this?

6. After you look at your data, you'll see that the monitor picks up indications of sunrise and sunset. If your monitor and the transmitter are at different longitudes, do you think your monitor will pick up the sunrise and sunset at your site, or at the transmitter site, or elsewhere?
            Nighttime                                                                            Daylight
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SID Monitor Data Analysis Sheet
1. With your teacher, look through the instructions on the Example Sheet and make sure you understand them.
2. My monitor is located in __________________, timezone ________.

The transmitter is located in __________________, timezone ______.

3. By reading the graphs or data files, figure out the sunrise and sunset times of your data and write that information into your data table.

4. Figure out your local sunrise and sunset times for the days for which you have data:  http://aa.usno.navy.mil/data/docs/RS_OneDay.html.  Then, convert your local time to UT time (you can find out how at http://www.timezoneconverter.com/cgi-bin/tzc.tzc), and write that information into your data table.

5. Figure out the sunrise and sunset times for the location of the transmitter, convert to UT, and write that information into your data table as well.

6. Plot your data for both sunrises and sunsets on the graphs provided.

7. By reading your data table and your graphs, answer the following questions:
a) Are your data sunrise times 

((( Same as your local sunrise times?

((( Same as the transmitter sunrise times?

((( Neither?

b) Are your data sunset times 

((( Same as your local sunset times?

((( Same as the transmitter sunset times?

((( Neither?

c) Compute the average difference in time between local sunrises/sets and your data sunrises/sets.

· The average difference between local sunrise and data sunrise is __________________ (hours and minutes)

· The average difference between local sunset and data sunset is __________________ (hours and minutes)

d) Does the relationship between sunrise and set times remain roughly the same each day, or does it change?  If it changes, what do you think might be the causes(s)?

_______________________________________________________

_______________________________________________________

_______________________________________________________

e) Is the signal strength 
((( Higher at night?

((( Higher during the day?

((( Same at night as in the daytime?

f) Are your data noisier (with more squiggles) during the nighttime or the daytime?  
((( Noisier at night

((( Noisier during the day

((( Same at night as in the daytime

Why do you think?  _______________________________________
g) Is there a time in your data where it looks like you have no signal at all?
((( No

((( Yes, between the following UT times:  _______ and _________           

Can you explain this?  (If not, note that the transmitters often are taken    down for maintenance and you may have found one of those times.)
h) If your monitor picked up a solar flare, it would appear as a sudden spike (or occasionally a sudden drop) in signal strength.  And only during the daytime (why?).  
(((((Do you think you found a flare? 
          If so, at what (UT) time?  _____________________

If you’d like to check, the SID manual tells you how to track down a flare.

i) Read the sheet on how the ionosphere changes during the daytime, nighttime, during a solar flare, and during a lightning storm.  Can you identify any lightning storms in your data?

((( Yes, I found lightning storms at ______________, ___________

_____________________, ________________

Example Sheet
My monitor is located in:      Palo Alto, California, USA          Timezone: PDT
The transmitter is located in:   Cutler, Maine, USA                    Timezone:  EDT

1. Find the sunrise and sunset times shown by your data.

Example Data Graph
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Sunrise for Day 1 shows up at 11:30 AM UT on 17 May 2006
	
	Data Sunrise (UT)
	Local Sunrise (UT)
	Transmitter Sunrise (UT)

	  Day 1
	11:30 AM 

17 May 06
	
	

	  Day 2
	11:30 AM
	
	

	  Day 3
	11:25 AM
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Sunset for Day 1 shows up at 1:45 AM UT on 18 May 2006                                                           

	
	Data Sunset (UT)
	Local Sunset (UT)
	Transmitter Sunset (UT)

	Day 1
	1:45 AM

18 May 06
	
	

	Day 2
	1:20 AM
	
	

	Day 3
	1:40 AM
	
	


2. Find the sunrise and sunset times for where your monitor is located (e.g. Palo Alto, California, USA), and convert those times to UT:
	
	Data Sunrise (UT)
	Local Sunrise

(UT)
	Transmitter Sunrise (UT)

	Day 1
	11:30 AM 

17 May 06
	12:58 AM UT

5:58 AM PDT
	

	Day 2
	11:30 AM
	12:57 AM UT
	

	Day 3
	11:25 AM
	12:56 AM UT
	


                               ((((((
                   Use http://aa.usno.navy.mil/data/docs/RS_OneDay.html
 http://www.timezoneconverter.com/cgi-bin/tzc.tzc
                                             ((((((((
	
	Data Sunset (UT)
	Local Sunset 
(UT)
	Transmitter Sunset (UT)

	Day 1
	1:45 AM

18 May 06
	3:12 AM UT

8:12 PM PDT
	

	Day 2
	1:20 AM
	3:13 PM UT
	

	Day 3
	1:40 AM
	3:14 PM UT
	


3. Find the sunrise and sunset times for the city where the transmitter is located (e.g. Cutler, Maine, USA) and convert those times to UT:

	
	Data Sunrise (UT)
	Local Sunrise

(UT)
	Transmitter Sunrise (UT)

	Day 1
	11:30 AM 

17 May 06
	12:58 UT

5:58 AM PDT
	8:59 UT

4:59 AM EDT

	Day 2
	11:30 AM
	12:57 UT
	8:58 UT

	Day 3
	11:25 AM
	12:56 UT
	8:57 UT


                                                                                ((((                                              
                                                          http://aa.usno.navy.mil/data/docs/RS_OneDay.html
     http://www.timezoneconverter.com/cgi-bin/tzc.tzc
                                ((((
	
	Data Sunset (UT)
	Local Sunset (UT)
	Transmitter Sunset (UT)

	Day 1
	1:45 AM

18 May 06
	3:12 UT (5/18)
8:12 PM PDT
	11:52 UT

7:52 PM EDT

	Day 2
	1:20 AM
	3:13 UT
	11:53 UT

	Day 3
	1:40 AM
	3:14 UT
	11:54 UT


4. Graph the data in your table onto the sunrise and sunset graphs provided. Here’s the start of a sunrise graph:
[image: image8.jpg]UT Time

13:00 -- @ ® ® e cal

12:00 --

11:00 -- Now plot the SID data too

10:00 --

9:00 -- ._._. Transmitter

8:00 --
I I

1 2 3
Day

Example Sunrise Graph (incomplete)




Name ___________________________

SID Monitor Sunrise/Sunset Worksheet

My monitor is located in:  _______________________           Timezone: _________
The transmitter is located in: _______________________       Timezone: _________
	
	Data Sunrise (UT)
	Local Sunrise

(UT)
	Transmitter Sunrise (UT)

	Day 1
	
	
	

	Day 2
	
	
	

	Day 3
	
	
	

	Day 4
	
	
	

	Day 5
	
	
	

	Day 6
	
	
	

	Day 7
	
	
	


To find sunrise and sunset times, see http://aa.usno.navy.mil/data/docs/RS_OneDay.html
To convert from local to UT time, see http://www.timezoneconverter.com/cgi-bin/tzc.tzc
	
	Data Sunset (UT)
	Local Sunset (UT)
	Transmitter Sunset (UT)

	Day 1
	
	
	

	Day 2
	
	
	

	Day 3
	
	
	

	Day 4
	
	
	

	Day 5
	
	
	

	Day 6
	
	
	

	Day 7
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       Sunrise Graph                                          Sunset Graph
The Earth’s Ionosphere
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Nighttime:  During the night, the ionosphere has only one layer, the F layer (right side of picture).   A VLF wave from a transmitter reflects off the ions in the F layer and bounces back.  By repeating these bounces, radio waves can “travel” around the curved surface of the Earth.

Daytime:  During the daytime, the Sun’s X-ray and UV light increases the ionization of the ionosphere, creating the D and E layers as well (left side of picture).  The D layer is normally not dense enough to reflect the radio waves.  However, the E layer is, so the VLF signals go through the D layer, bounce of the E layer, and go back down through the D layer to the ground.  The signals lose energy as they penetrate through the D layer and hence your instrument picks up weaker signals from the transmitter during the day.
Solar Flare:  When a solar flare occurs, the flare’s energy increases the ionization of all the layers, including D.  Thus D becomes strong enough to reflect the radio waves.  So during a solar flare, the waves travel less distance (bouncing off D instead of E or F) and they don’t lose energy penetrating the D layer.  So the signal strength goes up during a solar flare.

Lightning:  The Sun’s ionization generally wipes out any effects of lightning during the daytime.  However, during the nighttime, lightning storms can ionize the ionosphere and thus change where the radio waves bounce.  If you see a lot of “wiggles” in your data in the nighttime, the radio waves are probably responding to a lightning storm somewhere between your site and the transmitter.  By checking the weather reports, you can sometimes track down where these storms were!
                                                        Stormy night                    stormy night
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Sample Data from WSO in Palo Alto, California, USA

Monitoring the transmitter NAA at Cutler, Maine, USA
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Day 3:
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Day 8:
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Name: __________________________
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