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Weather R.A.T.S. 
 

WE LIVE IN AIR: 
COMPARATIVE TECHNOLOGY  

 
             
  
 
 
 
 
 
 
Unit Summary: This unit examines weather patterns in four different parts of the Weather 
RATS network: Puerto Rico, Oklahoma, Arizona, and Massachusetts.  Students will learn how to 
measure and track daily weather readings and discover the global connections between weather 
events in the four places.  They will investigate global weather connections via the Jet Stream 
and other factors.  As part of this unit, students will also study global contrasts in the water cycle, 
as it exists in each area.  They will uncover the issues and social problems surrounding severe 
weather events in each area.  Students will investigate how weather impacts people living in 
these areas by communicating with peers via the discussion forum.  They will notice that even 
though peopleÕs daily lives are impacted in different ways by local weather, there are 
fundamental connections between weather events in different geographic locations: that we all 
Òlive in air,Ó and are joined together by the atmosphere that sustains us all.   
 
 
Lesson Summary:  This lesson give students a chance to use hand-made weather measurement 
instruments and compare their functioning to the Davis weather station.  A comparative 
technology lesson is taught in grade 2.   The current lesson re-visits the ideas introduced in grade 
2, but here raises the bar substantially in terms of the caliber of data collection, range of 
instruments available for study, insights, and expectations for summary assessments and written 
reflections that follow from the lesson.  The lesson points directly to the Weather RATS learning 
goal: how and why do we measure?  With each type of weather instrument, what kinds of data 
are being collected?  Why would someone want that particular kind of information?  What would 
they be doing that would require that specific type of information?  Which instrument provides 
the most ÒusefulÓ data?  What is ÒusefulÓ, and is its meaning always the same?  Students will 
evaluate the instruments and the data they generate in terms of ÒusefulnessÓ that they will have to 
define.   
 
 
Lesson Standards: 
 MA Science/Technology/Engineer ing: 
 E6  Explain how air temperature, moisture, wind speed and direction, and   
  precipitation make up the weather in a particular place and time. 
 

Grade Level:  4            Lesson # 6 in unit 
 
Time Required for Lesson: 3-4 hours  Time Required for Unit: 15 wks. 
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 T/E 6 Identify relevant design features (e.g., size, shape, weight) for building a   
  prototype of a solution to a given problem. 
 
 MA Math: 

4.D.1. Collect and organize data using observations, measurements, surveys, or 
experiments, and identify appropriate ways to display the data. (See also 3.D.1 
for same standard) 

 
4.D.2. Match representations of a data set such as lists, tables, or graphs (including 

circle graphs) with the actual set of data.  (See also 3.D.2 for similar standard) 
 

4.D.3. Construct, draw conclusions, and make predictions from various representations 
of data sets, including tables, bar graphs, pictographs, line graphs, line plots, and 
tallies.  (See also 3.D.3. for similar standard) 

 
 MA Instructional Technology: 
 
 Standard 1.  Demonstrate proficiency in the use of computers and applications as 
well as an understanding of concepts under lying hardware, software, and connectivity. 
 
 PreK-4 Exploratory Concepts and Skills 
 1.1 Develop basic skills for using hardware and applications (e.g., open/close a file,  
  navigate using scroll bars, arrow keys, special keys, and mouse. 

 
 1.2 Use correct terminology for basic components of a computer system (e.g.,   
  monitor, keyboard, disk, printer, mouse), and develop understanding of their  
  basic functions. 
 
 1.7 Collaborate with classmates to use teacher-selected web sites. 
 
Standard 3.  Demonstrate ability to use technology for research, problem solving, and 
communication.  Students locate, evaluate, collect, and process information from a variety 
of electronic sources.  Students use telecommunications and other  media to interact or 
collaborate with peers, exper ts, and other  audiences. 
 
 PreK-4 Exploratory Concepts and Skills 
 

3.3 Explore the use of content-specific tools to enhance understanding of curriculum 
content (e.g., environmental probes, sensors, robotics, simulation software, and 
measuring devices). 
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Lesson Learning Objectives: 
 K-12 General: 

¥ Use emerging weather measurement and instructional technologies as tools to 
examine and address real-world problem situations, such as data collection, 
tracking and analyzing patterns in weather events.  

¥ Collect, analyze, and graph daily weather data for an extended period of time. 
¥ Use mathematics as a tool for making sense of weather data. 

 
 Level-specific: 

¥ How do instruments work?  Instrument performance and characteristics.  Build 
and use hand-made weather instruments, compare characteristics and performance 
to Davis weather station.  Research other types of weather instrument technology, 
compare to Davis and hand-made tools. 

¥ Technology as a tool, instrumentation design, quality assurance and control.  How 
does the Davis station work?  What are its component pieces?  How do we know 
it is accurate? 

¥ How and why do we measure?   
 
 
CASA Connection: 
 How and why do we measure?  This question is central to the meteorologists and 
engineers with CASA who are designing a new radar system to measure the bottom of the 
troposphere.   Within the past 25 years, the range of weather measurement technologies that are 
routinely used has increased dramatically, especially in terms of satellite instrumentation.  
However, there are still substantial gaps in our ability to ÒseeÓ the bottom of the troposphere, 
where most weather actually happens.  To date, nobody has actually used radar to ÒseeÓ inside a 
tornado Ð due to the earth curvature effect, NEXRAD radar only ÒseesÓ the tops of the tornado-
producing storm clouds.  When students evaluate the ÒusefulnessÓ of different measurement 
technologies and compare the kinds of data each technology produces, they are engaging in the 
same thought process used by professional meteorologists and engineers.  Different stakeholders 
in a community may have different needs and agendas, which could be addressed by different 
uses of weather instrumentation.  One size does not fit all, in a classroom or in the Òreal world.Ó 
 
 
Lesson Background and Concept for Teachers: 
 This lesson asks students to use a wide assortment of hand-made weather instruments and 
compare their ease of use and accuracy to the Davis weather station.  The instruments are the 
Beaufort Scale, a wind vane, a ping-pong anemometer, a cup anemometer, a rain gauge, a 
psychrometer, and a jar barometer.  Students will each choose ONE of these, such that each 
group of 4 has 4 different instruments, each of which will be compared to data from the Davis 
weather station.  The class as a whole will be collecting data on wind speed, direction, 
temperature, relative humidity, and air pressure.  Each student will initially focus on one 
measurement of the weather. 
 
 This lesson assumes that the teacher will assemble all the weather instruments prior to the 
lesson.  There is nothing wrong with letting students build the instruments themselves, except 
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that it takes more time.  If students are asked to build the instruments, allow approx. 2 extra 
hours of class time prior to the introduction of data collection strategies. 
 
 The British Navy originally developed the Beaufort Scale as it engaged in a phase of 
worldwide exploration and navigation.  Sir Francis Beaufort developed and refined his scale and 
put it into its first official use on the famed voyage of the HMS Beagle (1831Ð1836).  The young 
naturalist aboard the ship, Charles Darwin, was charged with using the scale and recording his 
observations during the voyage in a series of journals.  The rest, as they say, is history. 
 
 The version of the Beaufort Scale used here relies primarily on movements of trees and 
parts of trees.  These observations are easy for students to make, as most schools have at least 
one tree near a classroom window which students can observe.  The vocabulary for wind 
movement is unfamiliar to us, and was not originally correlated to wind speed in miles per hour.  
Everyone knows what a gale and breeze are, but we are not accustomed to ranking them in terms 
of relative speed.  Students learn to do this by observing tree movement.  They can become quite 
adept at distinguishing subtle differences in movement described by the different levels of the 
scale.  An approximation of wind speeds in miles per hour is included in this version of the 
Beaufort Scale.  This is a recent addition to the original scale.  The Beaufort Scale is still in wide 
use today, both on land and sea. 
 
 Like the Beaufort Scale, the wind vane is a technology that farmers and scientists have 
used for hundreds of years, up to and including the present day.  Wind vanes are still fairly 
common on houses and garages (I have one on my garage).   The wind vane is not elaborate, but 
it is very graphic and clear.  Like the Beaufort Scale, it measures local winds, which may be 
different from winds reported on the Internet.  Local and prevailing winds are not always the 
same.  This will become apparent to students as they proceed with the project.  It is an interesting 
contrast to the Beaufort Scale, which measures wind speed only and not direction.  Thus, these 
two technologies measure different aspects of the wind. 
 
 The jar barometer in this lesson works thusly: high pressure makes the balloon top 
collapse, thus raising the angle of the straw.  When this happens, the air pressure outside the jar 
is greater than the pressure inside, hence the outside air presses on the balloon and caves it in.  
Low pressure makes the balloon puff up, hence the straw points down.  When this happens, the 
air pressure outside the jar is lower than that inside the jar, so the air in the jar expands and 
pushes against the balloon top.  The strawÕs level goes up or down, and can be marked daily on a 
card, which is taped to the jar.  See the lesson from the Miami Museum of Science for detailed 
plans: http://www.miamisci.org/hurricane/barometer.html . 
 
  The psychrometer measures the degree of relative humidity in the air.  It uses two 
thermometers, one wet and one dry.  The wet thermometer has wet gauze wrapped around it.  To 
calculate the relative humidity, you subtract the temperature of the wet thermometer from the 
temperature of the dry thermometer.  See the lesson from the Miami Museum of Science for 
detailed plans: http://www.miamisci.org/hurricane/psychrometer.html .  Note that the relative 
humidity table included with this lesson uses Centigrade.  The Weather RATS stations are set to 
Fahrenheit.  A relative humidity table using Fahrenheit can be found at: 
http://retirees.uwaterloo.ca/~jerry/orchids/wet&dry.html .   
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 Most rain gauges work the same way: a container of a container, typically cylindrical, is 
set outside to collect rain.  You measure the depth of the accumulated water.  This method of rain 
collection is very easy.  However, the Davis weather station uses a different method, involving a 
tiny seesaw.  Water collects in the black funnel and is directed through the small hole in the 
center of the funnel.  It falls into one side of a seesaw, the ends of which are bowl-shaped.  When 
one side collects 0.01Ó of rain, it tips downward and pours out the rain.  Then the other side 
collects rain.  The seesaw rocks back and forth whenever one side collects 0.01Ó of rain. 
 
 The ping-pong anemometer works differently from the cup anemometer (the kind that is 
used in the weather station).  The stronger the wind, the more it blows the ping-pong ball, which 
is attached by a string to a piece of cardboard.  You read a protractor taped to the cardboard.  
Where the string crosses the protractor, note the angle.   That angle is converted to miles per hour 
on a chart, which is taped to the cardboard.  Cup anemometers work by spinning.  The faster they 
spin, the higher the wind speed.  Students have to count the revolutions per minute (RPMÕs), 
which can be very difficult if the wind is blowing hard.  They will then multiply the RPMÕs by 
the circumference of the circular path made by the cups (number will be provided by teacher) to 
get the speed in feet per minute.  The formula for circumference is: C = 2! r or C = ! d. 
 
 
Key Vocabulary/Definitions: 

¥ Anemometer: An instrument that measures the speed, or force, of the wind.  It 
usually has 4 cups mounted sideways on a pole, and spins at a rate determined by 
the wind speed. 

¥ Wind Vane: An instrument that indicates wind direction.  The end of the vane 
offers the greatest resistance to the motion of the air as it moves to the downwind 
position. 

¥ Wind speed: The rate of the motion of air on a unit of time.  It can be measured in 
a number of ways.  The unit used most often in the United States is miles per 
hour, but other ways are used, as well: knots per hour, or kilometers per hour are 
also used. 

¥ Air: The mixture of gases that make up the EarthÕs atmosphere. These gases are 
held to Earth by gravity.   

¥ Wind: Air that flows in relation to the EarthÕs surface, usually horizontally.  There 
are four aspects of wind that are measured: direction, speed, character (gusts and 
squalls) and shifts.  Surface winds are measured by anemometers and wind vanes, 
which upper level winds are detected through air balloons or aircraft reports. 

¥ Wind direction: The direction FROM WHICH the wind is blowing.  For example, 
an easterly wind is blowing from the east, not toward the east.  It is reported with 
reference to true north, or 360 degrees on the compass, and expressed to the 
nearest 10 degrees, or to one of the 16 points on the compass (N, NE, WNW, 
etc.). 

¥ Absolute humidity: Ratio of the mass of water vapor contained in a certain volume 
of air. 

¥ Relative humidity: The amount of water vapor in the air, given a certain 
temperature.  What is usually meant when people say Òhumidity.Ó  Its value varies 
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with temperature.  Useful for determining conditions of human comfort.  100% 
relative humidity is complete saturation of the air at a given temperature: all the 
water it can hold at that temperature.   

¥ Air pressure:  Caused by the weight of air molecules above the Earth.  The 
blanket of air piled on top of the Earth is pulled down by gravity.  It pushes in all 
directions. Pressure is force exerted over a unit of area. 

¥ Air Temperature: Measure of the average kinetic energy of air particles, 
expressed in terms of units or degrees.  The degree of hotness or coldness of the 
air.  

 
 
Mater ials Needed: 

¥ Medium sized jars Ð both narrow-mouth jars for barometers (mayonnaise jars 
work well) and wide-mouth jars for rain gauges (pickle or salsa jars work well).  
Safety warning: students should exercise extreme care when handling and 
carrying glass jars.  Adult supervision is strongly recommended.  Use plastic jars 
whenever possible. 

¥ Balloons 
¥ String 
¥ Masking tape 
¥ Straws 
¥ Scissors 
¥ Index cards 
¥ Rubber bands 
¥ Thermometers 
¥ Electric fan (any size will work) 
¥ Gauze 
¥ Cardboard 
¥ Rain gauge rulers, laminated 
¥ Ping-pong balls 
¥ Bubble levels 
¥ Protractor or photocopy of protractor (this works better than the real thing) 
¥ Small cups 
¥ 3Ó Ð 4Ó nails 
¥ Wooden board approx. 6 x 8Ó 
¥ Oak tag, laminated 
¥ Copies of Beaufort Scale, laminated 
¥ Data charts for weather instrument data collection, 1 per student 
¥ Fact-packs on handmade weather instruments, 1 per student, photocopied single-

sided so students can write on the back of each page. 
 

 
Lesson Sequence: 
 Introduction/Motivation: 
 Introduce the lesson by talking about NASA.  Whenever NASA launches the space 
shuttle, they have to be very confident that the weather conditions will be favorable, otherwise 
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they delay the launch.  What kind of weather conditions would NASA need for a successful 
launch?  Where do they get the information they need to make a decision whether or not to 
launch?  Do they listen to a weather forecast on the radio or TV?  Do they just go outside and 
look, and hope for the best?  How do people measure the weather today?  How did they measure 
it 200 years ago?  Have things changed much in 200 years?  Are we better prepared now for 
snowstorms and hurricanes than we used to be?   
 
 Do a Think/Pair/Share pre-assessment activity on types of weather measurement 
technologies that exist today.  Ask students to develop a list of ways people measure the weather.  
They should develop that list first individually, then in pairs, then by tables in whole-class 
discussion.  As table groups volunteer examples, create a whole-class list of technologies that 
range from the simple (holding up your finger to feel the wind) to the complex (geo-stationary 
weather satellites). 
 
 Show students the range of hand-made weather instruments that they have to work with.  
Pass some around as samples and discuss with the class how each type works and what it does.  
Explain that students will each choose ONE type of weather measurement instrument to use for 1 
week, along with the Davis weather station.  Every student at a table must choose a different type 
of instrument.  Pass out the fact packs on the weather instruments and preview the packs with the 
class.  Give them time to discuss the range of choices and leaf through the packs on their own.   
 
 As students are examining and discussing they instrument types, ask each group to come 
up with a list of who is going to use which instrument.  It is best to let students make their own 
decisions, provided that they observe the limitation that each student must use a different 
instrument.  When students have made their final decisions, give each student an instrument and 
the corresponding data collection chart.  Explain to the class that everyone has to collect 1 
weekÕs worth of data using their instrument and collecting comparable data from the weather 
station.  NOTE: if students are absent, or if it is raining on any particular day, they must make up 
for the missed days. All students must have 5 daysÕ worth of data, no excuses!   
 
 Before students leave, have each student fill out an Exit Card.  Ask them to list 2 things 
they learned today about weather measurement technology, and 2 questions they still have.  This 
preliminary data will give the teacher a sense of what is missing in studentsÕ early concept 
formation and what to add in next week to address confusions or questions. 
 
 Body of Lesson: 
 Students will collect data in the classroom.  Early morning is not a good time to collect 
wind data, because the wind is calmest at that time.  Students will get poor results using wind 
measurement instruments if they collect data then.  Mid-morning snack break or mid-day lunch 
recess are good times to collect data.  If it is raining on any particular day, the additional time 
must be made up.  If students are absent, they must make up the missed day(s) so their chart 
reflects 5 days of data collection.  Hence, the data collection period can extend beyond 1 week.  
Some instruments, such as the jar barometer and psychrometer, do not depend on wind, and 
should be done inside the classroom.  Data collection on those instruments can be done at any 
time of day.  Rain gauges can be problematic.  Students should expect to measure one rain event.  
If there is no rain during the week chosen,  students may need to extend into the following week.  
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While the data collection is going on, it is assumed that other topics are being covered in 
classroom and lab science.  When all data are collected, the lesson resumes. 
 
 After data sets are completed, the follow-up lesson assesses studentsÕ insights into the 
technologies they used.  Emphasis is on understanding of the particular instrument used by each 
student, and not yet on awareness of instruments used by others.  Re-visit the idea of usefulness.  
What is a useful instrument?  Is usefulness the same in all situations, or does it depend on what 
you want to do?  How do students define useful?  When, why, or where would each type of 
instrument be useful? 
 
 Students will complete a Venn diagram comparing and contrasting their handmade 
instrument and the Davis weather station.  Features to include in Venn are: how easy is each to 
use;  how accurate the data are;  problems that student had with each;  and how each one works.  
This can be done using Smart Board technology.  Students will then write a one-page reflection 
in which they evaluate each instrument and decide which one provided the most useful data. 
Students must define useful and support their position by referring to data they collected.  
Students can also accomplish this task using the Visual Ranking Tool from Intel Teaching 
Thinking With Technology, at http://www.intel.com/education/visualranking/.  Teacher training 
or preparation is advisable before attempting Visual Ranking.  Students will pass in their data 
charts, Venn diagrams, and open response questions.   
  
 Closure: 
 Summary assessments focus on sharing and pooling student knowledge of individual 
instruments, then applying that knowledge in a real-life situation.  Students will conduct a 
Òroving museum exhibitÓ in which they visit and learn about each of the other types of 
instruments.  For the first half-hour of class, half the class stays with their instruments (be sure a 
representative is chosen for each instrument) and half the class moves around to visit each of the 
other 6 instruments.  On the back of each page in the Fact Pack, students should take notes on the 
other instruments.  They should record: what the instrument measures; how it works; how its 
data compared to the Davis station; how useful it is according to the ÒownerÕsÓ definition of 
usefulness.  Students should spend 5 minutes with each of 6 instruments.  After 30 minutes, the 
class switches roles.  The half that was roving returns to their instruments, and the half that was 
presenting their instruments can now rove around and visit the other 6 instruments, completing 
their Fact Packs while doing so.   
 
 At the end of class, give the assignment for the summary assessment, which will take 
place next week.  The summary assessment re-visits the NASA space shuttle program, which 
was discussed in the lesson introduction.  Students take on the role of NASA engineers.  They 
will be given a Memo written by NASA Mission Control, along with a printed interview with 
Kathy Winters, the NASA Shuttle Weather Officer.  The memo asks them to make a 
recommendation on two weather measurement instruments for use at Cape Canaveral, where 
space shuttle launches take place.  Mission control wants to be sure conditions are safe for 
launch.   The interview with Officer Winters outlines those aspects of the weather that impact 
shuttle launches.  Students need to decide which instruments would successfully measure the 
weather factors that NASA needs to consider.  Students can use any notes and resources to 
prepare for next week, and collaborate freely with classmates.   
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 The following week, students will write their recommendations in class.  While writing, 
they can use their annotated Fact Packs, data sheets, and any notes, outlines, or graphic 
organizers they have made.  They cannot talk to classmates at this point, however.  All thinking 
and writing is individually assessed. 
  
 
Assessments: 
 Pre-lesson: 
 Think/Pair/Share activity on types of weather measurement technologies in use today. 
 Exit Card: 2 things students learned today about weather measurement technology, and 2 
 questions they still have. 
 
 In Process: 
 Successful completion of data chart comparing handmade weather instrument and Davis 
 station. 
 Venn diagram comparing and contrasting handmade instrument and Davis station. 
 Open response question evaluating both in terms of usefulness. 
 Successful completion of Òroving museum exhibitÓ notes on all other weather 
 instruments; Fact Packs completely annotated. 
  
 Summary: 
 Recommendation to NASA Mission Control recommending 2 weather measurement 
 instruments for measuring weather conditions prior to shuttle launch. 
 
 
Lesson Extension Activities: 
Select the most reliable class-built instruments to include in a class weather station. Check and 
record data several times a day. Students can record and graph their data to keep track of the 
local weather.   
 
 Create math problems that might be obtained from the various homemade weather instruments. 
 
 Make a weather map for the school grounds. Take temperature, wind direction and wind speed 
measurements at several locations. Why are there variations?  
 
 How useful are weather reports stating specific temperatures or wind speeds? 
 
 Make class weather forecasts for each day and compare them to forecasts from other sources 
(radio, TV, print, local weather station).  Students could broadcast the class weather forecast over 
the PA system for morning announcements, or set up a school bulletin board in a central 
location. 
 
 Find other classes to share weather information with, especially a lower grade that also studies 
weather.  
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Find ways to improve the design of the weather instrument that each student used.  None of them 
are perfect.  Can students think of a better shape, better placement, better materials, that might 
improve the instrumentÕs performance?  Design, build, and test a prototype for an improved 
instrument and compare its performance against the original and against the Davis weather 
station.  Students can share their findings with classmates or create a school-wide display. 
 
Design a new technology or artistic creation that operates on wind power: a wind-powered 
vehicle, a wind-powered musical instrument, a wind-resistant building, an outdoor artistic 
display that uses wind as part of its theme and design, or the perfect kite that flies easily and is 
beautiful to look at. 
 
Do the web quest entitled Offshore Wind Farms in the United States?  This is found at: 
http://www.web-and-flow.com/members/polson/webquest/webquest.htm.  The idea behind the 
web quest is this: ÒWhile offshore wind farms have already been operating in Europe for some 
time, the first offshore wind farms are just now being proposed for development in the United 
States. Despite the many ideal characteristics of wind power, other aspects of wind power can 
create environmental and community concerns. Should the United States develop offshore wind 
farms as part of the national energy policy?Ó 
 
 
References: 
Miami Museum of Science (make a weather station): 
http://www.miamisci.org/hurricane/weatherstation.html 
This web site gives directions for making the psychrometer,  jar barometer, and rain gauge used 
in this lesson.   
 
The Orchid House, University of Waterloo.  Relative humidity scale in Fahrenheit: 
http://retirees.uwaterloo.ca/~jerry/orchids/wet&dry.html 
 
Franklin Institute Science Museum, Philadelphia, PA.  Instructions for making a cup 
anemometer:  
http://sln.fi.edu/tfi/units/energy/dixie.html 
 
KCTS TV, Seattle, WA.  KCTS Learns; Resources for Educators.  Instructions for making 
barometer and wind vane: 
http://www.kcts.org/learns/resources/lessons/96sciMiddleWatchers.asp 
 
Weather RATS web site: http://weatherrats.cs.umass.edu/wxrats/index.php 
 
NOAA Weather page (alternative data source): http://www.noaa.gov/wx.html 
 
Wisconsin K-12 Energy Education Program (KEEP).  Instructions for ping-pong anemometer, 
modified Beaufort Scale, and cup anemometer: 
http://www.uwsp.edu/cnr/wcee/keep/nr735/Unit_1/WhereTheWindBlows_Activity.htm 
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Weather Wiz Kids.  Weather instrument overview: 
http://www.weatherwizkids.com/wxinstruments.htm 
 
NASA ÒAsk the Mission Team Question and Answer SessionÓ.  Interview with Kathy Winters, 
Shuttle Weather Officer: http://www.nasa.gov/mission_pages/shuttle/launch/sts-121/qa-
winters.html 
 
 
Additional Resources and Information: 
Weather Wiz Kids.  Broad-based educational site aimed at elementary students covering many 
aspects of weather: 
http://www.weatherwizkids.com/index.htm 
 
Pamela Olson, Web quest on Offshore Wind Farms in the United States? 
http://www.web-and-flow.com/members/polson/webquest/webquest.htm 
 
Huler, Scott. Defining the Wind; The Beaufort Scale, and How a 19th Century Admiral Turned 
Science Into Poetry. New York: Three Rivers Press, 2004.  
 
Junger, Sebastian.  The Perfect Storm.  New York: W.W. Norton & Co., 1997. 
 
NASA Space Shuttle Program: http://www.nasa.gov/mission_pages/shuttle/main/index.html 
 
Intel Teaching Thinking With Technology, Visual Ranking Tool 
http://www.intel.com/education/visualranking/ 
 
 
Contr ibutors: 
Mary M. Taft, Science Specialist, Soule Road School, Hampden-Wilbraham Regional School 
District, Wilbraham, MA 
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Name _____________________________________ Table no. _________________ 
 
Homeroom _________________________________ Instrument ________________ 
 
 
 

COMPARING HANDMADE WEATHER INSTRUMENTS 
TO THE WEATHER STATION: 

BEAUFORT SCALE 
 
 

Date Beaufort Scale 
Clues  

Beaufort Scale 
Wind Speed 

Weather  Station 
Wind Speed 
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Name _____________________________________ Table no. _________________ 
 
Homeroom _________________________________ Instrument ________________ 
 
 
 

COMPARING HANDMADE WEATHER INSTRUMENTS 
TO THE WEATHER STATION: 

ANEMOMETERS 
 
 

Date Cup Anemometer  
Wind Speed 

Ping-Pong 
Anemometer   
Wind Speed 

Weather  Station 
Anemometer   
Wind Speed 
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Name _____________________________________ Table no. _________________ 
 
Homeroom _________________________________ Instrument ________________ 
 
 
 

COMPARING HANDMADE WEATHER INSTRUMENTS 
TO THE WEATHER STATION: 

WIND VANE 
 
 

Date Wind Vane  
Wind Direction 

Weather  Station  
Wind Direction 
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Name _____________________________________ Table no. _________________ 
 
Homeroom _________________________________ Instrument ________________ 
 
 
 

COMPARING HANDMADE WEATHER INSTRUMENTS 
TO THE WEATHER STATION: 

BAROMETER 
 

 
Date Jar Barometer  

Air  Pressure 
Weather  Station Barometer  

Air  Pressure 
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Name _____________________________________ Table no. _________________ 
 
Homeroom _________________________________ Instrument ________________ 
 
 
 

COMPARING HANDMADE WEATHER INSTRUMENTS 
TO THE WEATHER STATION: 

PSYCHROMETER 
 

 
Date Psychrometer   

Relative Humidity 
Weather  Station 

Relative Humidity 
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Name _____________________________________ Table no. _________________ 
 
Homeroom _________________________________ Instrument ________________ 
 
 
 

COMPARING HANDMADE WEATHER INSTRUMENTS 
TO THE WEATHER STATION: 

RAIN GAUGE 
 

 
Date Jar 

Rain Gauge 
Weather  Station  

Rain Gauge 
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FACT PACK  ON HANDMADE WEATHER INSTRUMENTS: 
WHAT THEY DO AND HOW THEY DO IT 

HOW TO MAKE THEM 
HOW TO USE THEM 

 
 

Jar Barometer 
 

 
 

A barometer measures air pressure.  It tells you whether the air pressure is rising or falling.  
Rising air pressure means sunny and dry conditions, falling air pressure means wet and stormy 
conditions.  The amount of air trapped inside the can (or in our case, the jar) will not change, but 
it can expand (take up more room) and contract (take up less room). The air outside the can (or 
jar) is free to move about. If air pressure outside the can increases (the barometer "rises")--what 
will happen to the air inside the can? How will the straw move when the air pressure decreases 
(the barometer "falls"). How will the straw move under these conditions? 
 
 Air volume also changes with changes in temperature. If the temperature increases, the air 
volume in the can will also increase. If the temperature decreases, the volume of air in the can 
will decrease.  How does this knowledge affect the reliability of your can (jar) barometer ? Think 
of some ways to minimize errors introduced because of change in volume due to changes in 
temperature. (Think about where you might best locate your barometer, or what time of day you 
might take readings, based on where the heat is on in the room.) 
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Psychrometer 
 
A psychrometer measures the amount of relative humidity in the air.  Relative humidity is the 
amount of water vapor in the air at a certain temperature.  The psychrometer is made of two 
thermometers, one of which has wet gauze wrapped around the bulb.  You have to blow a fan on 
the wet bulb, then calculate the difference in temperature between the wet and dry bulbs.   
 
The psychrometer uses thermometers to find the relative humidity.  As you know, thermometers 
measure air temperature.  They are closed glass tubes that contain a special liquid.  Once upon a 
time they contained mercury, but that proved to be dangerous to people, so now most 
thermometers use colored alcohol.  When the air around the tube heats the liquid, it expands and 
moves up the tube because it has nowhere else to go.  A scale shows that the temperature is. 
 
 
 Here is how you use the psychrometer:  
 
 1. TAPE the two thermometers to the surface of a table with the numbers facing up  
 and the liquid filled ends sticking over the edge of the table about 2.5 cm (1 inch).  
 2. Using the rubber band, TIE the wet gauze  around the liquid filled end of one 
 thermometer.  
 3. BLOW the fan on the thermometers until the  temperature stops falling.  
 4. WRITE DOWN the temperature on both thermometers.  
 5. SUBTRACT the temperature on the wet thermometer  from that of the dry one.  
 6. LOOK at the table below. FIND the dry thermometer  temperature on the left and 
 FOLLOW it to the right. FIND the  difference between the two temperatures on the top, 
 and FOLLOW  it down. The number where the row and column intersect is the  relative 
 humidity.  
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Use this chart to find the relative humidity from the wet and dry bulb readings. 
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Rain Gauge 
 
 This is the most common kind of rain gauge, which is just a ruler attached to a container 
that collects rainwater.  You measure however much water is in the container, and thatÕs how 
many inches of rain you got.  This is NOT how the rain gauge in the weather station works.  That 
gauge is a tiny seesaw with bowl-shaped ends that tip back and forth whenever they fill up with 
1/100th inch of water.   
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 Here is how to make a typical rain gauge: 
 
 1. CUT out the Rain Gauge Ruler.  
 2. COVER the ruler with clear cellophane, front  and back. This will protect it from the 
 rain, and make it sturdy  so that the ruler can stand straight.  
 3. STAND the ruler inside the glass container  so that the ruler rests on the bottom of the 
 container.  
 4. TAPE it at the top, to the inside of the  jar, so that the ruler does not fall.  
 5. PLACE your rain gauge outside.  
 6. MEASURE the amount of rainfall each day. 
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Ping Pong Anemometer 
 
 The ping-pong anemometer measures the wind speed.  Hold the anemometer so the 
bubble is level.  The wind catches the ping-pong ball and blows it.  Notice where the string 
crosses the angle markings on the protractor.  Find that angle on the chart and next to it, which is 
the wind speed in miles per hour. 

 
 
 

Angle 
(degrees) 

Wind Speed 
(mi/hr) 

Angle 
(degrees) 

Wind Speed 
(mi/hr) 

0 0 35 17 
5 6 40 18 
10 8 45 19 
15 10 50 21 
20 12 55 23 
25 13 60 26 
30 15 65 28 
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Cup Anemometer 
 

 
 
 
 

The cup anemometer is useful because it rotates with the wind.  All you have to do is set it on the 
ground.  To calculate the velocity at which the anemometer spins, determine the number of 
revolutions per minute (RPM).  Next, your teacher will give you the circumference (in feet) of 
the circle made by the rotating paper cups.  You will use this number to find the wind speed.  
Multiply your RPM value by the circumference of the circle, and you will have an approximation 
of the velocity of at which your anemometer spins (in feet per minute).  This is the same type of 
anemometer used in the weather station. 
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Wind Vane 
 
 

 
 
 
 

A wind vane tells the direction the wind is coming from. How might this help you predict 
weather? Think about the sources of moisture and the air temperature where we live. 
 
 Determine where the wind vane should be placed to be the most effective. Think about how 
buildings, trees, hills and other obstacles may affect the wind direction.  On rainy days, you will 
need to keep out of the rain.  Does it make a difference how far above the ground the wind vane 
is placed?  Test some of your theories. 
 
 Does the shape of the arrow effect the effectiveness of the wind vane? Experiment with different 
arrows, using a portable fan as a wind source. Determine if materials other than an index card 
would make an arrow that would last through various types of weather. 
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Beaufort Scale 
 
 About 175 years ago, a British admiral named Sir Francis Beaufort invented a system so 
sailors could describe the windÕs strength in a way that meant the same thing to everyone.  
Before the Beaufort Scale, nobody had a common way to describe wind speed.  This was before 
electricity, before cars (so nobody thought about miles per hour because they had no way to 
measure that), and long before weather satellites.  People using the Beaufort Scale simply relied 
on their senses to observe what was happening. Sailors looked at things happening on the ocean 
to tell how strong the wind was.  We are using a separate set of clues to tell how strong the wind 
is on land.   This version is modified to give equivalents in miles per hour.   The Beaufort Scale 
is still widely used today. 
 
 

Level When you seeÉ  Wind speed isÉ  

0    Calm Smoke rises straight up; leaves are 

still.  No wind. 

0-1mph 

1    Light air Smoke drifts sideways; leaves 

rustle. 

1-3 mph 

2    Light breeze Leaves and weather vanes move. 4-7 mph 

3    Gentle breeze Twigs move. 8-12 mph 

4    Moderate    breeze Branches move; flags flap; dust and 

paper are blown around. 

13-18 mph 

5    Fresh breeze Small trees sway. 19-24 mph 

6    Strong breeze Large branches sway. 25-31 mph 

7    Strong wind Larger trees sway; flags stand 

straight out. 

32-38 mph 

8    Fresh gale Twigs break; hard to walk. 39-46 mph 

9    Strong gale Signs blow down. 47-54 mph 

10   Storm Trees fall uprooted or snapped. 55-63 mph 

11   Violent storm Widespread damage. 64-72 mph 

12   Hurricane Widespread destruction. 73+ mph 
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Memo  
 To: Shut t le  Met eorologis t s  
 From:  Miss ion Cont ro l  
 Re: Rec omm endat ions  for  We at her    
 Ins t rume nt s  on Shut t l e  Launc h Pad 
 
 
 Due to the large number of recent severe storms affecting the Kennedy Space 
Center, we are adding more weather measurement instruments to the launch area.  
Please read the attached report from Shuttle Weather Officer Kathy Winters.  In this 
report, Officer Winters gives 5 key weather factors that affect the Shuttle launch: 
 
 1. Temperatures at launch: temps must be below 99¼ F and above 48¼F. 
 2. Surface winds: winds must be less than 19 knots (22 m.p.h.) if coming  
  from the Northeast.  If coming from other directions, winds must be less  
  than 34 knots (39 m.p.h.). 
 3. Precipitation in the area: must be no precipitation within 20 miles of launch 
  pad. 
 4. Clouds in area: officers look at cloud thickness, base, and height; 
  clouds must be higher than 6000 ft.  
 5. Lightning: must be no observed lightning. 
 
 Based on what Officer Winters says are the most important weather factors that 
affect the shuttle, please recommend TWO new weather measurement instruments that 
we might add.  In your report, tell us:  
 
 1. How each instrument works and what aspect of the weather it measures. 
 2. How accurate this instrument is compared to the Davis weather station. 
 3. How this instrument will help measure one or more of the 5 key weather  
  variables that affect Shuttle launch. 
 
 You may use all your notes, data, and input from other meteorologists to prepare 
your recommendations.  You will write your report next week, using your all your notes.  
Your report is due at the end of next weekÕs class. 
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ASSESSMENT ON NASA WEATHER INSTRUMENTS 

SCORING GUIDE 
 
 
 
 

Score Descr iption of Typical Response 
4 Response shows a thorough understanding of both instruments and how they 

measure weather.  Response gives detailed information on accuracy of both 
instruments and backs up opinion on accuracy with discussion and data chart 
comparing instruments to Davis station.  Response relates both instruments to the 
weather conditions necessary for successful launch. 

3 Response shows a general understanding of both instruments and how they 
measure weather.  Response gives reasonable information on the accuracy of 
both instruments and backs up opinion by referr ing to and summarizing data.  
Response relates both instruments to the weather conditions necessary for 
successful launch. 

2 Response shows a basic or limited understanding of instruments and how they 
measure weather.  Response gives limited information on both instruments or 
reasonable information on one instrument.  Response does not refer  to data 
comparing instruments to Davis station.  Response states but does not explain  
how both instruments will measure weather conditions necessary for successful 
launch, or explains how one instrument will measure conditions. 

1 Response shows a minimal understanding of either  of the instruments or how 
they measure weather.   Response gives little information on the accuracy of 
either  instrument.  Response does not refer  to data comparing instruments to 
Davis station.   Response does not explain how instruments will measure any of 
the weather conditions necessary for successful launch. 

0 Response is incorrect, or contains correct work that is ir relevant to the 
question, or is left blank. 
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http://www.nasa.gov/mission_pages/shuttle/launch/sts-121/qa-winters.html 


