Weather R.A.T.S.

WE LIVE IN AIR:
COMPARATIVE TECHNOLOGY

GradelLevel: 4 Lesson # 6 in unit
Time Required for Lesson: 3-4 hours Time Required for Unit: 15wks.

Unit Summary: Thisunit examines weather paternsin four different parts of the Weather
RATS nework: Puerto Rico, Oklahomea, Arizong and Massachusetts. Students will learn howto
measure and track daly weather readingsand discover the globd connectionsbeween weather
eventsin thefour places. They will investigae globd weather connectionsviathe Jet Stream
and other factors. As part of thisunit, ssudents will also study globd contrasts in the water cycle,
asit existsin each area. They will uncmver theissues and soda problems surrounding severe
weather eventsin each area. Students will investigate how weather impacts people livingin
these areas by communicating with peers viathediscussion forum. They will notice tha even
thoughpeople@ daily lives are impacted in different ways by local weather, there are
fundamental connectionsbeween weather events in different geographic locations tha we all
Qivein air,0and are joined together by the atmosphere tha sugainsusall.

Lesson Summary: Thislesson give students a chance to use hand-made weather measurement
ingruments and compare thar fundioning to the Davis weather station. A comparative
technology lessonistaughtin grade2. Thecurrent lesson re-visits theideasintroduced in grade
2, buthere raises the bar subdantially in terms of the caliber of daa collection, rangeof
ingruments available for study, ingghts, and expectationsfor summary assessments and written
reflectionstha follow from thelesson. Thelesson points directly to the Weather RATS learning
god: howandwhy dowe measure? With each type of weather ingrument, what kindsof daa
are beng collected? Why would someonewant that particular kind of information? Wha would
they bedoing tha would require tha specific type of information? Which ingrument provides
themog QusefulOdaa? What is QusefulQ and isits meaning always the same? Students will
evaluae theingruments and the data they generate in terms of QusefulnessOthat they will have to
define

L esson Standards:
MA Science/Technology/Engineering:
E6 Explain howair temperature, moisture, wind speed anddirection, and
precipitation make up theweather in a particular place andtime.



T/IE 6

Identify relevant design features (e.g., size, shape weight) for buildinga
prototype of a solution to a given problem.

MA Math:

4D.1.

4D.2.

4.D.3.

Collect and organize data usng observations measurements, surveys, or
experiments, andidentify appropriate ways to display thedata. (Seealso 3.D.1
for same standard)

Match representationsof a data set such aslists, tables, or graphs(induding
circle graphg with theactual set of data. (See also 3.D.2 for similar standard)

Congrud, draw condusons, and make predictions fromvariousrepresentations
of data sets, induding tables, bar graphs pictographs linegraphs lineplots, and
tallies. (Seealso 3.D.3.for similar standard)

MA Instructional Technology:

Standard 1. Demonstrate proficiency in the use of computersand applications as
well asan under standing of concepts underlying hardware, software, and connectivity.

PreK -4 Exploratory Concepts and Skills
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Develop basc skills for usng hardware and applications(e.g., open/close afile,
navgate usng scroll bars, arrow keys, special keys, and mou.

Use correct terminologyfor basc components of a computer system (e.g.,
monitor, keyboard, disk, printer, mouse), and develop undestanding of thar
basc fundions

Collaborate with classmates to use teacher-sel ected web sites.

Standard 3. Demonstrate ability to use technology for research, problem solving, and
communication. Studentslocate, evaluate, collect, and processinformation from a variety
of electronic sources. Students use telecommunications and other media to interact or
collaborate with peers, experts, and other audiences.

PreK -4 Exploratory Concepts and Skills

3.3

Explore the use of content-specific tools to enhane undestanding of curriculum
content (e.g., environmrental probes, sensors, roboics, simulation software, and
measuring devices).



L esson L earning Obj ectives:
K-12 General:
¥ Use emerging weather measurement and ingructiond technologies as tools to
examine and address real-world problem situaions such as daa collection,
tracking and andyzing paternsin weather events.
¥ Collect, andyze, and graph dally weather daafor an extended period of time.
¥ Use mathematics as atool for making sense of weather data.

L evel-specific:

¥ How doingrumentswork? Ingrument peformance and characteristics. Build
and use hand-made weather ingruments, compare characteristics and peformance
to Davis weathe station. Research other types of weather ingrument technology,
compare to Davis and hand-madetools.

¥ Technology as atool, indrumentation design, qudity assurance and control. How
does the Davis station work? What are its comporent pieces? How do we know
it is accurate?

¥ How and why dowe measure?

CASA Connection:

How andwhy do we measure? This questionis centra to the meteorologists and
engineers with CASA who are designing a new radar system to measure the bottom of the
tropophee. Within the past 25 years, therangeof weather measurement technologies tha are
routindy used has increased dramatically, especially in terms of satellite ingrumentation.
However, there are still subgantial ggpsin our ability to GeeOthe bottom of thetropohee,
where mog weather actudly happens To date, nobody has actudly used radar to GeeQinddea
torado Ddueto theearth curvature effect, NEXRAD radar only GeesOthe topsof thetornado-
produdng storm clouds When students evaluate the QusefulnessOof different measurement
technologies and compare the kindsof daa each technology produces, they are engagingin the
same thoughtprocess used by professiond meteorologists and engineers. Different stakeholders
in acommunity may have different needs and agendas, which could be addressed by different
uses of weather indrumentation. Onesize does nat fit al, in aclassroomor in the @eal world.O

L esson Background and Concept for Teachers:

Thislesson asks students to use a wide assortment of hand-made weather instruments and
compare thar ease of use and accuracy to the Davis weathe station. Theindruments are the
Beaufort Scale, awind vane a ping-ponganemometer, a cup anemometer, arain gauge a
psychrometer, and ajar barometer. Students will each choo® ONE of these, such tha each
group of 4 has 4 different ingruments, each of which will be compared to datafromthe Davis
weather station. The class as awhole will be collecting data on wind speed, direction,
temperature, relative humidity, and air pressure. Each student will initially focusonone
measurement of the wesather.

This lesson assumes that theteacher will assemble al the weather indruments prior to the
lesson. Thereis nothing wrongwith letting students build the ingruments themselves, except



tha it takesmoretime. If students are asked to build the ingruments, allow approx. 2 extra
hours of class time prior to theintrodudion of daa collection strategies.

TheBritish Navy origindly developeal the Beaufort Scale asit engaged in a phese of
worldwide exploration and navigaion. Sir Frands Beaufort developed and refined his scale and
putit into itsfirst official use onthefamed voyage of the HM S Beagle (18311836) Theyoung
nauralist aboad the ship, Charles Darwin, was charged with usng the scale and recording his
observationsduring thevoyagein a series of joumals. Therest, asthey say, is history.

Theversion of the Beaufort Scale used here relies primarily on movements of trees and
pats of trees. These observationsare easy for students to make, as mog schools have at |east
onetree near a classroomwindowwhich students can observe. Thevocabulary for wind
movement is unfamiliar to us and was notorigindly correlated to wind speed in miles pe hour.
Everyoneknows wha agde and breeze are, butwe are not accusomed to ranking them in terms
of relative speed. Studentslearn 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 speedsin miles pe hourisinduded in thisversion of the
Beaufort Scale. Thisisarecent additionto theorigind scale. The Beaufort Scaleis still inwide
use today, both onland and sea.

Like the Beaufort Scale, thewind vaneis atechnology tha farmers and scientists have
used for hundedsof years, upto and induding the present day. Wind vanes are still fairly
common on houss and garages (I have oneonmy garage). Thewind vaneis notelaborate, but
it isvery graphic and clear. LiketheBeaufort Scale, it measureslocal winds which may be
different fromwindsreported onthelnterng. Loca and prevailingwindsare notalways the
same. Thiswill become appaent to students as they proceed with theproject. It isan interesting
contrast to the Beaufort Scale, which measures wind speed only and notdirection. Thus these
two technologies measure different aspects of thewind.

Thejar barometer in thislesson works thudy: high pressure makes the bdloontop
collapse, thusraising theangle of thestraw. When this happens theair pressure outsidethejar
is greater than the pressure indde, hence theoutsideair presses onthebdloonand cavesit in.

L ow pressure makes the baloonpuff up, hence thestraw points down. When this hgppens the
air pressure outsidethejar islower than tha insgdethejar, so theair in thejar expandsand
pushes agang thebdloontop. Thestrav@level goes up or down, and can be marked daily ona
card, which istaped to thejar. See thelesson from the Miami Museum of Science for detailed
plans http://www.miamisci.org/hurricanebarometer.html .

The psychrometer measures the degree of relative humidity intheair. It usestwo
themometers, onewet and onedry. Thewet theemometer has wet gauze wrapped aroundit. To
calculate thereative humdity, you subtract thetemperature of the wet thermometer fromthe
temperature of thedry theemometer. See thelesson from the Miami Museum of Science for
detailed plans http://www.miamisci.org/hurricane/psychrometer.html . Note that therelative
humidity table induded with this lesson uses Centigrade. The Weather RATS stationsare set to
Fahrenhdt. A relative humidity table usng Fahrenhat can befoundat:
http://retirees.uwaterloo.ca/~jerry/orchidswet& dry.html .




Mog rain gauges work the same way: a container of a container, typically cylindrical, is
set outsideto collect rain. 'Y ou measure the depth of the accumulated water. This methodof rain
collectionisvery easy. However, the Davis weather station uses a different method,involvinga
tiny seesaw. Water collectsin theblack funnd and is directed throughthesmall hole in the
center of thefunnd. It fallsinto oneside of a seesaw, the endsof which are bowi-shagped. When
oneside collects 0.01Cof rain, it tipsdownward and pours outtherain. Then theother side
collects rain. Theseesaw rocks back and forth whenever oneside collects 0.01Qof rain.

The ping-ponganemometer works differently fromthe cup anemometer (thekindthat is
used in theweathe station). Thestronge thewind, themore it blows the ping-pongbadl, which
is attached by a stringto a piece of cardboad. You read a protractor taped to the cardboad.
Where the string crosses the protractor, note theangle. Tha angle is conveated to miles pe hour
onachart, which istaped to the cardboad. Cup anemometers work by spinning. Thefaster they
spin, the highe thewind speed. Students have to counttherevolutionspea minute (RPM®),
which can bevery difficult if thewindis blowinghard. They will then multiply the RPM@ by
the circumference of the circular pah made by thecups(number will be provided by teacher) to
get thespeed in feet per minute. Theformulafor circumferenceis. C=2!'ror C=1!d.

Key Vocabulary/Definitions:

¥ Anemoneter: Aningrument that measures the speed, or force, of thewind. It
usudly has 4 cupsmounted sideways on apole, and spinsat arate determined by
thewind speed.

¥ WindVane Aningrument tha indicates wind direction. The end of thevane
offers the greatest resistance to the motion of theair as it moves to the downwind
postion.

¥ Wind speed: Therate of themotion of air onaunit of time. It can bemeasured in
anunber of ways. Theunit used mog often in the United States is miles per
hour, but other ways are used, as well: knots per hour, or kilometers per hou are
aso usd.

¥ Air: Themixture of gases that make up the Earth@ atmosphee. These gases are
hdd to Earth by gravity.

¥ Wind: Air that flows in relation to the Earth@ surface, usudly horizontaly. There
are four aspects of wind tha are measured: direction, speed, character (gugs and
squdls) and shifts. Surface windsare measured by anemometers and wind vanes,
which uppe level winds are detected throughair balloonsor aircraft reports.

¥ Winddirection: Thedirection FROM WHICH thewindis blowing. For example,
an easterly wind is blowing fromthe east, nat toward theeast. It isreported with
reference to true north, or 360 degrees on the compass, and expressed to the
nearest 10 degrees, or to oneof the 16 points on the compass (N, NE, WNW,
etc.).

¥ Abslute hunidity: Ratio of the mass of water vapor contained in a certain volume
of air.

¥ Relative humdity: Theamountof water vaporintheair, given acertain
temperature. What is usudly meant when people say Ghumidity.O Its valuevaries



with temperature. Useful for deermining conditions of human comfort. 100%
relative humidity is complete saturation of theair at a given tempeature: al the
water it can hold at that temperature.

Air pressure: Caused by theweight of air molecules abovethe Earth. The
blanket of air piled ontop of the Earth is pulled down by gravity. It pushesin al
directions Pressureisforce exerted over aunit of area.

Air Temperature: Measure of the average kindtic energy of air paticles,
expressed in terms of units or degrees. The degree of hotness or coldness of the
ar.

M aterials Needed:

¥
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Medium sized jars Bboth narow-mouth jars for barometers (mayonnase jars
work well) and wide-mouth jars for rain gauges (pickle or salsajars work well).
Sakty warning: students should exercise extreme care when handing and
carryingglassjars. Adult supavisionisstrongly recommended. Use pladic jars
whenever possible.

Balloons

String

Masking tape

Straws

Scissors

Index cards

Rubbe bands

Thermometers

Electric fan (any size will work)

Gauze

Cardboad

Rain gaugerulers, laminaed

Ping-pongbdls

Bubble levels

Protractor or phaocopy of protractor (this works better than thereal thing)
Small cups

30b40nails

Woode boad approx. 6 x 80

Oak tag, laminaed

Copies of Beaufort Scale, laminaed

Data charts for weather indrument data collection, 1 per student

Fact-packs on handmede weather ingruments, 1 pe student, phaocopied single-
sided so students can write on theback of each page.

L esson Sequence:

Introduction/M otivation:

Introduce thelesson by talking aboutNASA. Whenever NASA laundhes the space
shuttle, they have to bevery confident that theweather conditionswill befavorable, othewise



they dday thelaunch. What kind of weather conditionswould NASA need for a successful
launch? Where do they get theinformation they need to make a decison whether or notto
launch? Do they listen to aweathe forecast on the radio or TV? Do they jus go outsideand
look, and hopefor the best? How do people measure the weather today? How did they measure
it 200years ago? Have thingschanged muchin 200 years? Are we better prepared now for
snowstorms and hurricanes than we used to be?

Do a Think/Pair/Share pre-assessment activity ontypes of weather measurement
technologies that exist today. Ask studentsto develop alist of ways people measure theweather.
They should develop tha list first individudly, then in pars, then by tables in whole-class
discussion. Astable groupsvolunteer examples, create awhole-class list of technologies tha
rangefromthe simple (holding up your finge to feel thewind) to the complex (geo-stationay
weather satellites).

Show students the range of hand-made weather ingruments that they have to work with.
Pass some aroundas samples and discuss with the class how each type works and wha it does.
Explain tha students will each choos ONE type of weather measurement ingrument to usefor 1
week, alongwith the Davis weather station. Every student at atable mug choos a different type
of ingrument. Pass outthefact packs onthe weather ingruments and preview the packs with the
class. Give them time to discuss therangeof choices and leaf throughthe packs onthar own.

As students are examining and discussing they ingrument types, ask each groupto come
up with alist of whois going to use which ingrument. It isbest to let ssudents make ther own
decisions provided tha they observe thelimitationthat each student mug use adifferent
ingrument. When students have madether find decisions give each student an ingrument and
the corresponding daa collection chart. Explain to theclasstha everyonehasto collect 1
week@ worth of data usng thar insrument and collecting comparable data from the weather
station. NOTE: if students are absent, or if it israining on any paticular day, they mus make up
for themissed days. All students mugt have 5 daysOworth of data, no excuses!

Before students leave, have each student fill outan Exit Card. Ask themto list 2 things
they learned today aboutweather measurement technology, and 2 questionsthey still have. This
preliminary datawill give theteacher asense of what ismissing in studentsQearly concept
formation and wha to add in next week to address confusonsor questions

Body of L esson:

Students will collect datain theclasssroom Early morning is nota goodtime to collect
wind data, because thewindis calmest at that time. Students will get poorresults usngwind
measurement ingruments if they collect datathen. Mid-morning snack break or mid-day lunch
recess are goodtimesto collect daa. If it israining on any particular day, theadditiond time
mug be made up. If students are absent, they mug make up the missed day(s) so ther chat
reflects 5 days of daa collection. Hence, the data collection period can extend beyond 1 week.
Some ingruments, such asthejar barometer and psychrometer, do nat depend onwind, and
should bedoneinsdetheclasssroom Data collection on those ingruments can bedoneat any
time of day. Rain gauges can be problematic. Students should expect to measure onerain event.
If thereis norain during theweek chosen, students may need to extend into thefollowing week.



While thedata collectionis going on, it is assumed tha other topics are being covered in
classroomand lab science. When al daa are collected, thelesson resumes.

After data sets are completed, thefollow-up lesson assesses studentsOingghts into the
technologies they used. Emphasisis on undestanding of the particular ingrument used by each
student, and notyet on awareness of indruments used by others. Re-visit theidea of ussfulness.
Wha isauseful ingrument? Isussfulnessthesamein all situaions or does it depend onwha
you want to do? How do students define useful? When, why, or where would each type of
ingrument be useful?

Students will complete aVenn diagram comparing and contrasting ther handmade
ingrument and the Davis weather station. Featuresto indudein Venn are: how easy is each to
use; how accurate thedaaare; problemstha student had with each; and how each oneworks.
This can bedoneusng Smart Board technology. Students will then write aonepagereflection
in which they evaluae each ingrument and decide which oneprovided the mog useful data.
Students mug define useful and suppott ther postion by referring to daathey collected.
Students can a so accomplish this task usngtheVisuad Ranking Tool fromIntel Teaching
Thinking With Technology, at http://www.intel.com/educationisudranking/. Teacher training
or preparation is advisable before attempting Visual Ranking. Studentswill passin thar daa
charts, Venn diagrams, and open respon® questions

Clowre:

Summary assessments focuson sharing and pooling student knowledgeof individud
ingruments, then applying tha knowledgein areal-life situaion. Studentswill condud a
Qoving museum exhibitOin which they visit and learn abouteach of the other types of
ingruments. For thefirst hdf-hour of class, hdf the class stays with ther ingruments (besure a
representative is chosen for each ingrument) and half the class moves aroundto visit each of the
othe 6 indruments. On the back of each pagein the Fact Pack, students should take notes on the
othe ingruments. They should record: wha theinstrument measures; how it works; how its
data compared to the Davis station; how useful it is according to the @wner@Oddfinition of
ussfulness. Students should spend 5 minutes with each of 6 indruments. After 30 minutes, the
class switchesroles. Thehdf tha was roving returnsto thar ingruments, and the hadf tha was
presenting ther ingruments can now rovearoundand visit the other 6 ingruments, completing
thar Fact Packs while doing so.

At theend of class, give theassignment for the summary assessment, which will take
place next week. The summary assessment re-visits the NASA space shuttle program, which
was discussed in thelesson introdudion. Studentstake ontherole of NASA engineers. They
will begiven aMemo written by NASA Mission Control, alongwith a printed interview with
Kathy Winters, the NASA Shuttle Weather Officer. The memo asks them to make a
recommendation on two weather measurement ingruments for use at Cape Canaveral, where
gpace shuttle laundhes take place. Mission control wants to be sure conditionsare safe for
launch. Theinterview with Officer Winters outlines those aspects of the weather tha impact
shuttle launches. Students need to decide which instruments would successfully measure the
weather factors tha NASA needsto consder. Students can use any notes and resources to
prepare for next week, and collaborate freely with classmates.



Thefollowing week, students will write their recommendaionsin class. While writing,
they can use thar annotated Fact Packs, daa sheets, and any notes, outlines, or graphic
organizers they have made They cannottalk to classmates at this point, however. All thinking
andwritingisindividudly assessed.

Assessments:
Pre-lesson:
Think/Pair/Share activity on types of weather measurement technologies in use today.
Exit Card: 2 thingsstudents learned today aboutweather measurement technology, and 2
questionsthey till have.

In Process:

Successful completion of data chart comparing handmade weather indrument and Davis
station.

Venn diagram comparing and contrasting handmede ingrument and Davis station.

Open respong question evaluaing both in terms of usefulness.

Successful completion of @oving museum exhibitOnotes on all othe weather
ingruments; Fact Packs completely annotated.

Summary:
Recommendaionto NASA Mission Control recommending 2 weather measurement
ingruments for measuring weather conditionsprior to shuttle launch.

L esson Extension Activities:

Select the mog reliable class-built ingruments to indudein a class weathe station. Check and
record daa several times aday. Students can record and graph their datato keep track of the
local weather.

Create math problems that might be obtained from the varioushomemade weather ingruments.

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 announements, or set up a school bulletin boad in a central
location.

Find other classes to share weather information with, especially alower gradetha also studies
weather.



Find ways to improve thedesign of theweather ingrument tha each student used. Noneof them
are pefect. Can studentsthink of abetter shape, better placement, better materials, tha might
improve theingrument@® performance? Design, build, and test a prototype for an improved
ingrument and compare its performance againg the origind and agang the Davis weather
station. Students can share thar findingswith classmates or create a schookwidedisplay.

Design a new technology or artistic creationtha operates on wind power: a wind-powered
vehicle, awind-powered musica ingrument, a wind-resistant building, an outdoorartistic
display tha uses wind as part of itstheme and design, or the pafect kitetha flies easily andis
beautiful to look at.

Do theweb quest entitled Offshore Wind Farms in the United States? Thisisfoundat:
http://www.web-and-flow.conVmembers/polsonivebquest/webquest.htm. Theidea behind the
web quest is this: QVhile offshore wind farms have already been opeating in Europefor some
time, thefirst offshore wind farms are jus now being proposd 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 thenaiond energy policy?0

References:

Miami Museum of Science (make aweather station):
http://www.miamisci.org/hurricangweatherstation html

This web site gives directionsfor making the psychrometer, jar barometer, and rain gaugeused
in thislesson.

The Orchid House, University of Waterloo. Relative humidity scale in Fahrenhat:
http://retirees.uwaterloo.ca/~jerry/orchidgwet& dry.html

Franklin Inditute Science Museum, Philaddphia, PA. Ingrudionsfor making a cup
anemometer:
http://dn fi.edufi/units/energy/dixie.html

KCTSTV, Seattle, WA. KCTS Learns Resources for Educators. Ingructionsfor making
baometer and wind vane
http://www.kcts.org/learngresources/lessongd96ciMiddleWatchers.asp

Weather RATS web site: hitp://weatherrats.cs.umass.eduivxrats/index.php

NOAA Weathe page (aternative daasource): http://www.noaa.govivx.html

Wisconsn K-12 Energy Education Program (KEEP). Indructionsfor ping-ponganemometer,
modified Beaufort Scale, and cup anemometer:
http://www.uwsp.edu/cnr/wcee/keep/nr735Unit_1/WhereThéWindBlows Activity.htm
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Weather Wiz Kids Weathe ingrument overview:
http://www.weatherwizkids.com/wxingruments.htm

NASA QAsk the Mission Team Question and Answer SessionO Interview with Kathy Winters,

Shuttle Weather Officer: hitp://www.nasa.govimission pajes/shuttle/laundh/sts-1210a
winters.html

Additional Resour ces and Information:

Weathe Wiz Kids Broad-based educationd site aimed at el ementary students covering many
aspects of weather:

http://www.weatherwizkidscom/index.htm

Pamela Olson, Web quest on Offshore Wind Farms in the United States?
http://www.web-and-flow.com/members/polsonvebquest/webguest.htm

Huler, Scott. Defining theWind; The Beaufort Sale, andHow a 19" Century Admiral Turned
Sdence Into Podry. New York: Three Rivers Press, 2004.

Junge, Sebastian. ThePerfect Sbrm. New York: W.W. Norton & Co., 1997

NASA Space Shuttle Program: http://www.nasa.govimission_payes/shuttle/main/index.html

Intel Teaching Thinking With Technology, Visud Ranking Tool
http://www.intel.com/educationAisudranking/

Contributors:

Mary M. Taft, Science Speciadist, Soule Road School, Hampden-Wilbraham Regiond School
District, Wilbraham, MA
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Name Table no.

Homeroom Ingrument

COMPARING HANDMADE WEATHER INSTRUMENTS
TO THE WEATHER STATION:
BEAUFORT SCALE

Date Beaufort Scale Beaufort Scale Weather Station
Clues Wind Speed Wind Speed
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Name Table no.

Homeroom Ingrument

COMPARING HANDMADE WEATHER INSTRUMENTS
TO THE WEATHER STATION:

ANEMOMETERS
Date Cup Anemometer Ping-Pong Weather Station
Wind Speed Anemometer Anemometer

Wind Speed Wind Speed
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Name Table no.

Homeroom Ingrument

COMPARING HANDMADE WEATHER INSTRUMENTS
TO THE WEATHER STATION:
WIND VANE

Date Wind Vane Weather Station
Wind Direction Wind Direction
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Name

Homeroom

Table no.

Ingrument

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 Ingrument

COMPARING HANDMADE WEATHER INSTRUMENTS
TO THE WEATHER STATION:
PSY CHROMETER

Date Psychrometer Weather Station
Relative Humidity Relative Humidity
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Name Table no.

Homeroom Ingrument

COMPARING HANDMADE WEATHER INSTRUMENTS
TO THE WEATHER STATION:
RAIN GAUGE

Date Jar Weather Station
Rain Gauge 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 USETHEM

Jar Barometer

BUILDING A BAROMETER

Secure Straw
In Middle Straw

Y
Rubber
Band

Balloon

Can

A barometer measures air pressure. It tells you whether theair pressureisrisingor faling.
Rising air pressure meanssunny and dry condtions, falling air pressure meanswet and stormy
conditions Theamountof air trapped ingdethecan (orin our case, thejar) will notchange but
it can expand (take up more room) and contract (take up lessroom). Theair outsidethe can (or
jar) isfreeto moveabout If air pressure outside the can increases (the barometer "rises’)--what
will hgppen to theair ingdethe can? How will thestraw movewhen theair pressure decreases
(thebarometer "falls"). How will the straw move unde these conditions?

Air volume a so changes with changes in temperature. If thetemperature increases, theair
volume in thecan will also increase. If thetemperature decreases, thevolume of air in thecan
will decrease. How does this knowledgeaffect thereliability of your can (jar) barometer ? Think
of some waysto minimize errors introduced because of changein volume dueto changesin
temperature. (Think aboutwhere you might best locate your barometer, or what time of day you
might take readings based on where theheat isonin theroom.)
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Psychrometer

A psychrometer measures the amountof relative humidity intheair. Relative humdity isthe
amountof water vaporin theair at a certain temperature. Thepsychrometer is made of two
themometers, oneof which has wet gauze wrapped aroundthebulb. Y ouhave to blow afan on
thewet bulb, then calculate thedifference in temperature between the wet and dry bulbs

The psychrometer uses theemometers to find therelative humidity. Asyouknow, thermometers
measure air temperature. They are closed glass tubes tha contain a specia liquid. Once upona
time they contained mercury, buttha proved to bedangeousto people, so now mos
themometers use colored alcohol. When theair aroundthetubehesats theliquid, it expandsand
moves up thetubebecause it has nowhaeelseto go. A scale shows tha thetemperatureis.

Here is how you use the psychrometer:

1. TAPE thetwo thermometers to the surface of atable with the nunbers facing up
andtheliquid filled endssticking over theedgeof thetable about2.5 cm (1 inch).

2. Usingtherubbe band, TIE thewet gauze around the liquid filled end of one
thermometer.

3. BLOW thefan onthethemometers until the temperature stopsfalling.

4. WRITE DOWN thetemperature on both thermometers.

5. SUBTRACT thetemperature onthewet thermometer fromthat of thedry one

6. LOOK at thetable bdow. FIND thedry theemometer temperature ontheleft and
FOLLOW it to theright. FIND the difference between thetwo temperatures onthetop,
and FOLLOW it down. The number where therow and column intersect isthe relative
humidity.
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Use this chat to find therelative humidity from the wet and dry bulb readings

Relative Humidity from Wet-and-Dry Bulb Readings
(Values below are in per cent.)
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Rain Gauge

Thisisthemos common kind of rain gauge which isjug aruler attached to a container
that collectsrainwater. Y ou measure however much water isin the container, and tha@ how
many inches of rain yougot ThisisNOT howtherain gaugein the weather station works. That

gaugeis atiny seesaw with bowl-shgped endsthat tip back and forth whenever they fill upwith
1/100™ inch of water.

Rain Gauge Ruler

Rain gauge
4.00
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RAIN GUAGE
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Here is howto make atypical rain gauge

1. CUT outtheRain GaugeRuler.

2. COVER theruler with clear cellophane front and back. Thiswill protect it from the
rain, and make it sturdy so that theruler can stand straight.

3. STAND theruler inddetheglass containe so tha theruler rests onthebottom of the
container.

4. TAPE it a thetop, to theinddeof the jar, so that theruler does notfall.

5. PLACE your rain gaugeoutsde

6. MEASURE the amount of rainfall each day.
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Ping Pong Anemometer

The ping-ponganemometer measures thewind speed. Hold the anemometer so the
bubbkislevel. Thewind catchestheping-pongball and blowsit. Notice where thestring

crosses the angle markingson the protractor. Findtha angle onthe chat and next to it, which is

thewind speed in miles pe hour.

bubblg level
i
‘ 'w—]
\— : j
< NS

protractor

= fishing line

/} ping-pong ball

Angle Wind Speed Angle Wind Speed
(degr ees) (mi/hr) (degr ees) (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 thewind. All youhaveto doisset it onthe
ground. To calculate thevelodty at which theanemometer spins determinethe nunber of
revolutionsper minute (RPM). Next, your teacher will give you the circumference (in feet) of
thecircle made by therotating pgoe cups Youwill use this number to find thewind speed.
Multiply your RPM vaueby the circumference of thecircle, and youwill have an approximation
of thevelodty of at which your anemometer spins (in feet per minute). Thisisthe same type of
anemometer used in the weather station.
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Wind Vane

BUILDING A WIND VANE
Index Card

Block

A wind vanetdlsthedirectionthewindis coming from. How mightthis hdp you predict
weather? Think aboutthe sources of moisture and the air temperature where welive.

Determinewhere the wind vane should be placed to bethe mog effective. Think abouthow
buildings trees, hills and othe obgacles may affect thewind direction. On rainy days, you will
need to keep out of therain. Does it make adifference how far abovethe groundthewind vane
isplaced? Test some of yourtheories.

Does the shape of thearrow effect the effectiveness of thewind vane? Experiment with different

arrows, usng a portable fan as awind source. Determineif materials other than an index card
would make an arrow tha would last throughvarioustypes of weather.
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Beaufort Scale

About175years ago, aBritish admiral named Sir Frands Beaufort invented a system so
sailors could describe thewind@ strength in away tha meant the same thing to everyone
Before the Beaufort Scale, nobodyhad a commonway to describewind speed. Thiswas before
electricity, before cars (so nobodythoughtaboutmiles per hourbecause they had noway to
measure tha), and long before weather satellites. People usng the Beaufort Scale simply relied
onthear sensesto observe wha was hgppening. Sailors looked at thingshappening onthe ocean
to tell howstrongthewind was. We are usng a separate set of cluesto tell how strongthewind
isonland. Thisversionis modified to give equivalentsin miles per hou. TheBeaufort Scale
isstill widdy used today.

L evel When you seeE Wind speed isE

0 Cam Smokerises straightup; leaves are 0-1mph
till. No wind.

1 Lightair Smoke drifts sideways; leaves 1-3 mph
rugle.

2 Lightbreeze L eaves and weather vanes move. 4-7 mph

Gentle breeze Twigs move 8-12 mph

4 Modeaate breeze | Branches move flagsflap; dug and 13-18 mph
paoer are blown around.

5 Fresh breeze Small trees sway. 19-24 mph

6 Strongbreeze Large branches sway. 2531 mph

7 Strongwind Larger trees sway; flags stand 32-38 mph
straight out

8 Freshgde Twigsbreak; hard to walk. 39-46 mph

9 Stronggde Signsblow down. 47-54 mph

10 Storm Trees fall uprooted or sngpped. 5563 mph

11 Violent storm Widespread damage. 64-72 mph

12 Hurricane Widespread destruction. 73+mph
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National Aeronautics
and Space Administration

Memo

To: Shuttle Meteorologists

From: Mission Control

Re: Recomm endations for Weather
Instrume nts on Shuttle Launch 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 99%F and above 48%.

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 week@ class.
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RichQ from Elk Grove, IL: What are the major factors in the weather like rain,
storms, high winds an the ground and in the atmesphere that can serub a launch?

Well, we're mainly looking at the natural and triggered lightning threats. We're leoking at clouds within 10
nautical miles of the launch pad. We're looking at the thickness of the clouds and the base of the clouds,
and also what height they get to -- particularly if theyre cumulous clouds, because we're concerned that
we may trigger a lightning strike cn launch. We alsc watch for natural lightning, as well, but that's a little
more straightforward. So we're watching for those clouds and the thickness of the clouds within 10
nautical miles of the launch pad. Alsc, we loock for landing weather at the Shuttle Landing Facility. We're
leoking particularty at showers and storms within 20 nautical miles of the Shuttle Landing Facility.

Ancther thing that's a concern is wind. We're concerned about surface winds at the launch pad exceeding
18 knots if the winds are from the northeast. It's directicnally dependent, so that can alsc be as high as 34
knots, depending on the directicn the wind is from. And for the Shuttle Landing Facility, a crosswind of 15
knots is a concern for landing, and also a headwind of 25 knots, or a taibwind of 10 knots of sustained wind
peaking up to 15 knots. So wind can be a concern, as well.

We can't fly through any precipitation. So we don't want to launch through any precipitation, or come within
20 nautical miles of precipitation for the Shuttle Landing Facility.

And also, there’s a concern for ceiling at the launch pad. If the ceiling is less than & 000 feet, we'll be
having the forward observers for the range evaluating to determine if the vehicle can be viewed with the
optical sights from the 45th Space Wing.

Temperatures are alse a concern for launch. We den't want the temperatures to be too hot. Greater than
99 degrees Fahrenheit is a problem that we usually don't have. But in the wintertime, scmetimes we can
run into cold temperature issues because if temperatures get below 48 degrees, we have to start
evaluating relative humidity and wind, and see the combination of those and determine if we are going to be
red for launch.

So we're looking for natural and triggered lightning -- we're looking at clouds for that -- and we're leoking
for the wind at the surface, precipitation in the area, and also ceiling in the area, and finally at temperatures
for launch.
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ASSESSMENT ON NASA WEATHER INSTRUMENTS
SCORING GUIDE

Score

Description of Typical Response

Responge shows a thorough undestanding of both ingruments and how they
measure weather. Respong gives detailed information on accuracy of both
ingruments and backs up opinion on accuracy with discussion and data chart
compaing ingruments to Davis station. Respong relates both ingruments to the
weather conditionsnecessary for successful laund.

Responge shows a gener al undestanding of both ingruments and how they
measure weather. Respong gives reasonable information on the accuracy of
both ingruments and backs up opinion by referring to and summarizing data.
Responge relates both ingruments to the weather conditionsnecessary for
successful launch.

Responge shows abasgc or limited undestanding of ingruments and how they
measure weather. Respong gives limited information on both ingruments or
reasonable information onone ingrument. Respons does not refer to data
compaing ingruments to Davis station. Respon® states but does not explain
how both ingruments will measure weather conditionsnecessary for successful
laundh, or explains how one ingrument will measure conditions

Responge shows a minimal undestanding of either of theingruments or how
they measure weather. Respong gives littleinformation on the accuracy of
either ingrument. Respon® does not refer to data comparing ingrumentsto
Davis gtation. Respong does not explain how instruments will measure any of
theweather conditionsnecessary for successful laund.

Respong isincorrect, or contains correct work that isirrelevant to the
question, or isleft blank.
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+ BEHIND THE SCENES RichO from Elk Grove, IL: What are the major factors in the weather like rain,

storms, high winds on the ground and in the atmosphere that can scrub a launch?

- LAUNCH AND LANDING Well, we're mainly looking at the natural and triggered lightning threats. We're looking at clouds within 10
nautical miles of the launch pad. We're looking at the thickness of the clouds and the base of the clouds,

+ MULTIMEDIA and also what height they get to -- particularly if they're cumulous clouds, because we're concerned that
we may trigger a lightning strike on launch. We also watch for natural lightning, as well, but that's a little
more straightforward. So we're watching for those clouds and the thickness of the clouds within 10

+ NEWS AND MEDIA RESOURCES nautical miles of the launch pad. Also, we look for landing weather at the Shuttle Landing Facility. We're
looking particularly at showers and storms within 20 nautical miles of the Shuttle Landing Facility.

+ VEHICLE STRUCTURE

Another thing that's a concern is wind. We're concerned about surface winds at the launch pad exceeding
19 knots if the winds are from the northeast. It's directionally dependent, so that can also be as high as 34
knots, depending on the direction the wind is from. And for the Shuttle Landing Facilty, a crosswind of 15
knots is a concern for landing, and also a headwind of 25 knots, or a tailwind of 10 knots of sustained wind
peaking up to 15 knots. So wind can be a concern, as well.

We can't fly through any precipitation. So we don't want to launch through any precipitation, or come within
20 nautical miles of precipitation for the Shuttle Landing Facility.

And also, there's a concern for ceiling at the launch pad. If the ceiling is less than 6,000 feet, we'll be
having the forward observers for the range evaluating to determine if the vehicle can be viewed with the
optical sights from the 45th Space Wing.

Temperatures are also a concern for launch. We don't want the temperatures to be too hot. Greater than
99 degrees Fahrenheit is a problem that we usually don't have. But in the wintertime, sometimes we can
run into cold temperature issues because if temperatures get below 48 degrees, we have to start
evaluating relative humidity and wind, and see the combination of those and determine if we are going to be
red for launch.

So we're looking for natural and triggered lightning -- we're looking at clouds for that -- and we're looking

for the wind at the surface, precipitation in the area, and also ceiling in the area, and finally at temperatures
for launch.

http://www.nasa.gov/mission pages/shuttle/launch/sts-121/ga-winters.htmi




