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TE—MNMING WtH SEriEFITsS

by JeFrrey P, Suttan, M0, Ph.D.. Director, Nateeal Space Biomedical Besearch Irstioute [(NSERET)

SPIDE is a
challenging
environment for
the human body.
With lnng-du ratiomn

missions, the

P]'l':.l'!:i.cal and
psycholopical
siresses and risks to
astronauts are significant. Finding
answers to thess health concerns is
at the heart of the National Space
Biomedical Research [nstitute's
program. In turn, the Institute's
research is helping to enhance
medical care on Earth.

The N3BRI, a unique partner-
ship between NASA and the aca-
demic and industrial communities,
is advancing biomedical research
with the goal of ensuring a safe
and productive long-term human
presence in space. By developing
new approaches and countermea-
sures to prevent, minimize and
reverse critical risks to health,
the [nstitute P]-"}'-" an ssyential,
enabling role for NASA. The
MSBEI bridges the research, tech-
nolopical and clinical expertise of
the biomedical community with
the scientific, engineering and
operational expertise of NASA,

With nearly 60 science, tech-
nolopy and education projects,
the N5BR] engages investigators
at leading institutions across the
nation to conduct gﬂll-di.rer_l.:d..
prec-reviewed research in a team
approach. Key working relation-
ships have been established with
e WEETE, :i.r.|.-rJ.l.|.|:1i.ng asironauis
and flight surgeons at Johnson
Space Center, NASA scientists
and engineers, other federal
apencies, industry and interna-
tional partners. The value of these

or. Jefirey . Setton

collaborations and revolutionary
research advances that result from
them is enormous and unprec-
edented, with substantial benefits
for both the space program and the
American people.

Thmugh our :Lrul.-:g'.i.n: P]In. the
MNEBERI takes a leadership role
In countermeasure dem‘e]apment
and space life sciences education.
The resulis-oriented research and
development program is integrated
and implemented using focused
teams, with scientific and manage-
ment directives that are innova-
tive and dynamic. An active Board
of Directors, External Advisory
Council, Board of Scientific
Counselors, User Panel, Industry

Forum and academic Consortium

help guide the Institute in achieving
its goals and objectives.

It will become nEcessaTy bo
perform more investigations in the
unigue environment of space. The
vision of using extended exposure
1o microgravity as a ]Ib-nrutnr}' for
discovery and exploration builds
upon the ]ega.c:.r of MASA and our
quest to push the frontier of human
understanding about nature and
ourselves.

The X3BRI is maturing in an
era of unparalleled scientific and
technological advancement and
opportunity. We are excited by the
challenges confronting us, and by

our collective ability to enhance
human health and well-being

in space, and on Earth.

CARDIOYASCULAR PRODLEMS

razts are in micrograaity. The heart grows smaller and
wegeat, which makes gstronsuty tael dirsy and waak
when® [hery releam B0 B8, Ha Tailong g deidenas.
mperierced by many peope ot Exrds, lead o similar
proskems.

HUMAN FACTORS AND PEEFORMANCE

Mohary Pahong. £a0 iMpacT & BSITOsuTs Blaility 1
winh wedl in space oF 0° The lunar seifacs. NSER &
FIUEhyng Walws 10 P Qaily Tiing and Bosp rew-
morhers bealy, poducive and sade during explor-
tion missies. Efforts fooss ca nedering perfomance
oS, improving auribion, manining ways 1o inpre
skep 870 schaduling of work shit, and Staing

Pera spacita; Dypsss ol Bgivting i 18 vl and Rabsa
tan improee aleriness and perfornance

MUSCLE AND BONE LOSS

When muscles and bones do not b to work

BAIRE] ens Ty, TRy wesdean el Deagi® 10 wiedd ey,
Seedipl papdiges pnd Cihat SIER0agiEE 10 halp ag-
reals’ Bonas and mascle sOay SON0ag in S80S Ak
may help older and bedricdes peaple, WD mpenencz
similar problems on Earth, & well as peosle whose
Wik reged e ilEnSR phvecal eaprtion, [iea tnalighnass
B EOTeAET I Wik

NEURNEEHAVIDRAL AND STRESS FACTORS

To easune astronawt readiness for ssece flight,
preflight prevestion pograns are beng developed

to zrazid as many nisks as pessisde to indwvicual and

NSBRI RESEARCH AREAS

The amount of bined inthe body is reduced when asiro-

group betavioral heatth during Flight and post fight.
Praple on Earth - benefit from elevant eseesmett

1B, M| 0ring A% innarwentane

RADIATION EFFECTS AND CANCER

Expinration rissons wil acsise anonaus D Fean
lzeels and move waned types of redetion. Radiation
expassie can Iead in many sl problems, incleding
arufie effocts such as nausea, woniting, tatigue, skis
inpury asd changas 10owhite blood el coems and tha
iTETaE SyEIET. Longer-tarm &Mt includs damage
1o the eyes, gestromiestingl system, lungs and cenfral
norvaes syster, and increased casoer sk Leaming
hovw to kzep astomacts safe fron radiaton may
FIEAE COnEET ITaa1ments kaf peadla on Eaith

SENSDRIMOTOR AND BEALANCE ISSLIES

[uring 7o Tisw (8aE i 25800, BEITOREUTE (35
bocome Sinry and rawsnows. Everisally ey adust,
tr? oroe they retum o Eacts, f-oy have & havd time
walang and standing eprig=t. Fnding ways 1o cosler
BEL Thersd BTty coukd benalil milleyeg of Amescesy
with lBalenes @sonacs

SMART MEDICAL SYSTEMS AND TECHNOLDGY
Since astronauts o Insg-deratios misions will not be
ab'e to retum quickly o Earth, new methods of emoie
medcnl Sagnosin and DasmaTl M nesesseny. Thase
Fynars masl be sl (Do notitvecieg Bnd
wiiaTle. Fomable medcal Gang syemams Tl momgos,
diagnose and et majer ilness ad traera duing
fight will kave immediie besefits to modical cae

o Eafth
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Teaming With Benefits
The Science of Sleep and Daily Rhugthms
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Students will make a "mini-globe” to investigate the causes
of day and night on our planet. Earth rotates completely on
its axis about every 24 hours. This rotation, in combinaticn

with Earth’s position relative to the sun, produces the cycles

of doy and night.

RACTI% | T 4

MooeEuiIinNn= O~
MHMhoOo NicGH-HT

0 ur lives, and those of other organ-
isms on Earth, are shaped in count-
less ways by the cycle of day and night.
This repeating sequence of light and
darkness is caused by the spinning of our
planet and its position relative to the sun.
Earth, like other planets in our solar
sysiem, revolves around the sun in a
:lighll:.r elli]_:li.l:a] orhit. It takes abouwt 365
days—one year—for Earth to go arcund
the sun. Other planets require more or
less time to complete their orbits, and
their years are correspondingly longer or
shorter than Earth's. In any case, a year
is defined as the amount of time it takes
a planet to make one complete revelution

around the sun.

SCIEMCE EDUCATION CONTEMT STANDARDS®
GRADES 53-8

PHYSICAL SCIENCE
* The motion of an abject can be descrbed by its
position, drecton of motion and speed

EARTH AND SFACE SCIENCE

& hcal DgRCEE in The SOar Syalanm &ra in faguiar
and preciciable motdn, Thass mations eaplam
such pRancmens Bs e day. the yaar, phases of
8 Mo 80 echpses.

SCIENCE. HEALTH & MATH SKILLS
* Opserdng

* Measuring

*= fodaling

* hdapping

= Crawing conclusons

* haorl Ressench Councl 1896 Metonal Soonoe Biucacn
Sopreppice. Wiashingion. DG Mabonl Acacomiss P

£ 2007 Baylaer Callegae af Madiziai
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Ag Earth orbits the sun, it also rotates,
or spins, on its axis. It takes about 24
hours—one day—for Earth to complete a
single rotation. As students will discover
through the activities in this unit, the
functions of living organisms on Earth
are linked to this 24-hour cycle.

Druring each 24-hour period, most
locations on Earth will SXQETLELCE
several hours of sunlight [da}':l fallomared
]:|].' a Peri.r.rﬂ of darkness [ni._ghr.:l. Solar
noon 15 the moment at which the sun
reaches its hi.ghut point in the 51'.].' 171 &
given location. It rarely coincides with
the "necen hour” on a clock. Many fae-
torm—location ﬂungi.r.ude:l on Earth, time
of year, time zone, and wheather daylight
savings time is in effect—influence what
“clock time” it will be when solar noon
occurs. Midnight cceurs 12 hours before
and after noon.

Ag viewed from the North Pole, Earth
spins counterclockwise. This 15 why the
sun appears to rise in the east and set in
the west. In reality, of course, the sun
remains relatively stationary, while Earth
rotates in its orbit. The following activ-
ity uses a simple meodel to help students
visualize Earth's rotation about its axis,
the slight tilt in Earth's axis, and the cycle
that produces day and night.

TIME

20 minutes for setup; 30 minutes to
conduct activity
Continued

AM. and P.M.

Tha commisn abbrenvis-
tign for moming, “am.”
comeas trgm the Latm
ante mandiem, which
Tians ~bafore noan. |

The abbreviation, ~pam,,
comegs fromn the Latn post
mendvem, maaning ~afbar
noan,

Teacher Resources

Dawenlgadable actvitias
in POF format, annctated
sl sats for classroom
USE, 8nd Sther rasouncas
ara gwailable frae at
ey BisEdCOnlinearg or
vy kESCIance. org

Image Citations

Source UALs aro available
=t the front of this guide.

Madeling Day and Night

Tha Science of Sleep ond Daily Rhytsms
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Cooperative learming
IS 8 SyS18manie way
for students o wark

1ogather in groups

of tee to four. 11 prosades
organzed groug interaction
and enghles siudents 10 shana
deas and 10 leam from ona
another. Students in such an
efVIranment are mone kel
io take responsdility far their
o leaming. Cooparative
groups enabls the leacher 1o
conduct hands-an frestigs-
tians with fewer matarals.

Organzation is essantal
for cosperatve learmng 1o
QCCW i @ hands-on scence
clasaroom. Materials must be
managed, nvesligations can-
ducted, results recardad, and
claan-up drected and carmed
oul. Each student rrust have

1l Bupsini] GE|

AP | sesd | Sl

w7 AW O

USING COOPERATIVE GROUPS IN THE CLASSROOM

& specific rale, er chaos may
resulL.

The Teaming Up! rmodel®
provices en efficlent system
for cooperatise learning.

Four “pobs” entail specific
dutses. Students wear ob
badges that deschbe ther
dutses. Tesks are rotatad
within each groug for different
&ctwviles, so that each student
has & chance 1o exparnience all
roles. Far groups with lewer
than four stusents, job 8ssign-
fents can be combined.

Once & cooperalive modsal
for learming = esteblished in
the classroon, siudents ans
gble 10 conduct science
actwiles in an ofgenized and
effectse manner. The
job titles and responsisilities
ara as follow.

Principal lnvestigatar

* Raads the directians

* Azks guestions of
the instructorfteachar

* Chacks the work

Maintenance Direstor

* Engures that safaty rukas
are follwned

* Directs the cleanup

* Azka others 1o belp

Regorter

* Racords obsarvalions
and results

* Shares rasults with
greup ar class

# Tels the teacher when
the investigation is
canmplate

Materials Manager

* Picks up the matenals

* Directs usa of

esulprrant

Ratwrns the matenats

MATERIALS
Each group will need:
® Lazge paper clip

® Tahle terinis {Pingh]_:-nng} ball or round
foam ball {dilmzr.er aof 1/2 in.}

# Calored markers or pencils

bottom of each ball befors diur.ril:uring
to students. For younger students, you

ﬂ].ﬂﬂ may want to .l.tr.ﬂig]:.tzn I‘J'JE paper I:].IIF.

as directed.

Place the materials in a central location

for materials managers to pick up.

# Sheet of cardstock (8.5 in. = 11 in.)

a2.9 strips of masking or clear tape

L] ':l:lP’:f’ of student sheets {P‘P

SAFETY

Hilwrays follow district and school labora-

tory .:.u:Er_t}' procedures. It is a pood idea for
students to wash their hands with soap and

water before and after any science activity,

SETUP & MANAGEMENT

Unless noted, each activity in this
guide is designed for students working

L Froups af four {see "Using

Gmu]_:l in the Classroom,” above),
Before the activity, follow the instrue-
tions on the “Earth Model” sheet {P' 4},
to build a demonstration "nﬁni-g].nhe."
If using table tennis balls for the activity,
use a pushpin to make a small hole in the

Modeling Doy and Might
The Science of Sleep and Daily Rhugthms

4-5) L.

PROCEDURE
ﬂhn]lenge students to think about

what causes night and day on Earth.
Conduct a discussion and list

students’ ideas on the board. Ask,

I!dgyﬂl'ml:nﬁ:l'l!nn‘d by r:igﬁ!?'ﬂn::ﬂi:mr:
shine of night ¥ Why does the sun appear in
the east in the morning and disappear in the wesd

in the u.l'r:rirg'? I'a the combined hours
off light and darkness in a dey always equal 24 7

Gun]_:-u'ntivz 2.

List any other questions posed by
students.

Tell students they will be conducting
an investigation that will help to
answer many questions about day

and night on Earth, Explain that each
group will construct a model Earth
and investigate what happens when
light shines on the model.

Blological Clocks
and Human Health

Research on biglogica
Coss insida calks is
nelpng o improve ireat-
mans Tar many Qis-
aa5e3, including cancar
Prisicans now are able 1o
time the adminsiraton of
CeMOatherapy drugs with
poinds in tha day whan
cancer oalis ana least Hkely
1o ba ablka 1o reversa tha
e cations action

Ancient Beliefs
Owar the cowrse of his

iory, differant civiizatians
axplained the oycle of nignt
ard day in different wiays.
For eommpls, soma anc ant
pricsts of Inda believed
that Earth is supportoa by
12 huge pilars. At night-
timie, tha sun was balewed
1o pass boncath cur planet.

Aristate, a Greck philosce
pher, was cartam that the
antie sky rovoheed anourd
tha Earth. This Earth-
oantorod view of the uni-
warse prevaiked in Evropa
anti the 18t0 Contury.

Copamicus, 8 Polish
clergyman and sciandist, 5
cradited with providing tha
Wikl with 8 mone Beourate
ihesry of the solar sysiem.
n which plarats linglusing
Earthl revoive around the
N

@ 2009 Boylor College of Medicing

Neotional Spoce Biomedical Reseorch lrstibate



Time to Travel

The moon & about
226,000 mies from Earih
a1 its closest pont. The
distance from Eath to
kdars is about 35 million
miles, It takes astronauts
about thras days 1o reach
iha mogn, and it is
astmated that it woud
1ake at laast 5 months
o tavel 10 Mas

Speed of Rotation

Earth rotaies at o speod
af abaut 1,600 kilometers
per hour at the oguaios. As
t rodates, cur plarat also
rewahees arcund the sun.
Gioth of thase movaments

determring day length.

Each day on Earth lasis
ghout 34 hows, when
moaswed accarding ko
iha position of tha sun i
the siy. Day lengths are
different on ather planats,
depending an the waloc

by with which the planpt
=0ins an its axe. On Mars,
ana rodation |day) takes
24 8 Earth hours; ano rota
tion of Jupier = 8.9 Earth
nowrs; ard ana rotatian

af Venus takas 242 Earth

days

A Matter of
Degrees

Rotatian thuming around

& cenlor point ar axis] is
moaswed in degrees. One
compeha rotation is 3807,
A span from the Narth
Pala, the Earth rotates in
a counterclockwisa drec

tior—bom wast ta cast

@ 200 Bayler Callega af Madiziae
Matieeal Space Biomadical Besaarch lestmuns

Show students the globe model

you made in advance {nasen Q
Ezlu.p:l. The modeal can he as
Commander, 5T5-112, and
crewmembers sleep in
special sleeping bogs while
in orbit. Since the doy/
night cycle is only 90 min-
utes long, ostronouts sleep
paorly, overaging chout two
hours less of sleep each day
in orbit than when they are
an the ground.

simple or as elaborate as you
choose, depending on grade
level. Tell students they will
create similar models for their
investigations. Distribute the
"Earth Model” sheets and ask
materials managers to pick up
their supplies.

Have groups follow the instruc-
tions and buld their models.

Astronaut Jeffrey
5. Ashby, Mission

Priw oma iy gl HARA

Next, have students identify
which &nd of the model Earth
represents the North Pole. Then,
have them determine the direction in
which their model Earth must spin if
it is to rotate counterclockwise when
wviewed from above the North Pole.
(To review clockwise and counter-
clockwise, have the class stand and face
the same direction, and then turn in
place, first clockwise, then counter-
:]u&w.i.u.}

Dhstribute copies of the "Rotation
Dbservations” page and have each
group work through the guestions.
Paint out how the Earth models appear
alightly tilted. This tilt in Earth’s axis
affects day lengih throughout the

year and causes the seasons, which

are explored in Activity Twa.

Frompt students to reconsider the
gquestions asked at the beginning of
the activity, and to use their Earth
models to obtain the answers. Ask,

is dey elways followed by night ¥ Yes, in

most locations, However, during

the summer at the Morth and South
FPoles, the sun is visible all day long.
Does the sun shine of night ¥ Yes, the sun
qu:.u is .1]'.|:i.|.1.:i:|:|.g. even when your part
of the planet is in darkness. Similarly,
one part of Earth always is facing away
from the sun and in darkness. Why
does the sun apfear in he eest in bhe morning
and disaphear in the end in the evening ¥ The
direction of Earth’s rotation creates

the illusion that the sun rises in the

wast and sets in the west. In fact,

the sun remains relatively still,
while Earth rotates. Do the combined
howrs of light and darkness in e doy equal 24 7
Yes, bacauss the Earth rotates com-
pletely relative to the sun once every
24 hours.

EXTENSIONS

® Have students track the times of sun-
rise and sunset in their town for several
weeks. This information is available from
newspapers, weather broadeasts or the
Internet. Have students compare these
iimes to those for a city in the southern
hemisphere at the same south latitude.

® Have students find the latituda,
longitude and time zone of the location
in which they live. Then, lead a class
discussion about the importance of stan-
dardized time zones. Students can find
the times of solar noon and apparent
sunrise and sunset in their location—and
other places arcund the world—with the
Sunrise/Bunset Calculator created by
the National Ceeanic and Atmospheric
Administration {NOMA)Y (ewwosrrb. noaa.
g'r.n'."'.high]i.ght:-":unri.::-":unri.:z-hlmﬂ.
This would be a good time to explain
the difference between solar noon and
chronological noon.

® Astronauts on the space station orbit
Earth every 90 minutes. Have students
caleulate the number of day/night cycles
that a crew in orbit experiences during

a 24-hour period.

Meadiling Day and Might
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ACTIVITY
E—RTH MoOoOoOoeEL

Make a model of Earth by following the steps below. You will nesd a table E00 ..
tennis (ping-pongl ball or foam ball, colored markers, a sheet of haavy ]

paper or cardstock, a large paper clip and several pieces of tape. :

Instructions

1. Fold the heawy paper in half twice. This will make four egual sections. Then, | 1z.00 12:00
smocth the sheet back out and label the folds, as shown to the right. [(foon = "7 7777 S iidnight

2. Draw a line around the widest part of the ball using a pencil or marker. This ]
represents the equator on your Earth modal.

3. Dwaw thea continents on your "Earth,™ using the dizgrams below as guides. .
Write an "N~ at the North Pole and an “S” at the South Pole. &:00.p.m.

M

+ - - EQUATOR - -

4. Straighten |unfold] one locop of the paper clip. Tape the other half onto the center point of the folds of wour paper.

§.  Push your Earth globe owver the straightened part of the paper clip, with the North Pole facing almost upward.
Yiour model should look like the drawing below.

Mpodeling Doy and Might @ 2009 Boylor College of Medicing
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FCTIVITWY

ROTATION OBSERVATIONS

You will use your group’s Earth model and a flashlight to demonstrate how the sun shines toward Earth.
Follows the directions and answer the quastions below.

1. Place a small dot on the Earth modsl to shower
wihare you live. You will observe what happens
to this dot as the Earth model rotates.

2. Hold the flashiight so that it points toward your
Earth modal slong the marking for 1.2:00 noon.

3. FRotwate the Earth model couwnterclockwise unitil
the dot is at 6:00 a.m. This represants early
marming im your location. Notice where the sun
[flashlight} is at this tima.

a. |Isthe dotin the light or in the dark?

b. Does the light shine directly toward the dot, or to one side?

4. Rotate the Earth model 20 degrees (14 of a circls) in a counterclockwise diraction. Motice whare the sun
[flashlight} is.

a. 'What is the time in your location when the model is at this position?

b. Isthe dotin the light or in the dark?

<. Doss the light shine directly toward the dot, or to one side?

5. FRotate the Earth model ancther 30 degrees (14 of a circle) in & counterclockswise direction. Notice where the sun
[flashlight} is.

a. 'What is the time in your location when the model is at this position?

b. Is the dotin the light ar in the dark?

<. Doss the light shine directly toward the dot, or to one side?

§. FRotwate the Earth model ancther 30 degrees (104 of a circle) in & counterclockwise diraction. Motice whare the sun
[flashlight} is.

a. Whatis the time in your lecation when the model is at this position?

0. Is the dotin the light or in the dark?

c. Doas the light shine directly toward the dot, or to one side?

7. Bsased on your observations, write a paragraph describing why the sun appears overhasd at noon, is visible in tha
westarn part of the sky in the evaning, and cannot be sean at midnight. Use the back of this sheet or a separats
smeat of paper 10 record your answer,

@ 2009 Bayler College of Madiciae Madiling Doy and Night o
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OvERVIELW

Students will plot the path of the sun’s apparent movement

across the sky on two days, with the second day occurring

two or three months after the first.

The inclination of Earth's axis to its orbit creates the four
seasons. Days are longer and sunlight more direct in summer

than in winter. At any given time of year, the northern

hemisphere experiences seasons opposite to those being

experienced in the southern hemisphere.

REASOrn FOR
T4+HHE SEASOris

any students {and adualis) mistakenly

believe the seasons are due to the
changing distance between Earth and the
sun as cur planet progresses in its orbit.
According to this (incorrect) scenaria,
Earth SXPETLECES SUTmmer when it 1s
closer to the sun and winter when it 15
farther away. Earth’s distance from the

sun does vary over the course of 2 year.

SCIEMCE EDUCATION CONTENT STANDARDS®
CRADES 5-&

FHYSICAL SCIEMCE

* Thae raction o an abject can be described by it
peaition, deaction of metion and speed. Thal
ML can be represented and measured o 8
grapn

* Thie g 16 8 majer source of enangy lor changes
o The Eanihva surlace

EAATH AND SFACE SCIENCE

» Thiz mun, an ayerags star, i the contral ard brg-

pst body in the solar systern.

Mlost abjects in the solar systern are in rogular

ang prediciable mokcn.

* Snamors result from vamations in the amount af
the sun's enangy hRting thie Earth's surface, dus
ta the tilt af the Earth's rotation on ris axis and
the length of day.

SCIEMCE. HEALTH & MATH SKILLS
& Dars oolacion

& Measunng

= Chsaning

* DrErevinng CONChIBICTS

* [rlemionsd Resserch Council TEEE, Matignal Soonos Educsnon
[Srandands. ‘Wasningion. [ T Fapongl Academiss Press
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At its near point (Pzrihe]inn._]. Earth iz
1479 million kilometers from the sun;
at its far point (uPhe]inn._], it 15 152.049
million kilometers away. However, the
difference between the perihelion and
a.]:heli-:ln is sriall—less than 3%.

In fact, the varying distance between
Earth and the sun has little impacti on our
seasons. Perihelion (when Earth is closest
tor the sun) accurs in early January, when
it is winter in the northern hemisphere.
AP helion ':whzn Earth 13 furthest a.wa.}'}
occurs in early July, during summer in
the northern hemisphers. But remem-
ber, summer in the northern hemisphers
occurs when it is winter in the southern
hemisphere, and vice versa. Since Earth
experiences winter and summer simul-
tanecusly, the seasons must not be deter-
mined by Earths distance to the sun.

The seasons are caused by Earth's
rotation arcund an axis, an i.ma.gi.nar:.'
line through the center of Earth that
connects the Narth Pole to the S3outh
Pole. This axis is tilted about 23.3% fram
a vertical position, relative to its arbit
arpund the sun. During summer in the
northern hem:i:l]:herz. Earth's MNaorth
Pale leans toward the sun, while the
South Pole leans away, When it is winter
inn the northern hemisphere, the Scuth
Pole leans toward the sun and the Narth

FPole leans away. In between winter and

RACTI% | T 4

Effects of 23.5°

HOATH
CELESTIAL
FOLE

CELESTIAL
EDQUATOR

FLIPTIC e

SOUTH
CELEETIAL
FOLE

Thaz tilt af Earth's axis
alters 1ha hours of daylight

and the apparant angle of
tha =un i thea shy.

FOH 0 AS 00 000 SR T O b AN L AT CEOdR R AR ] 50 A D DB
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Seasonal Tilt

When Earth's Manh Pole
pans ioward the sur, 1T is
summmer in tha northeen

emisphors ard winior in

ther moutharn hemisphona

Earth's seasons, as seen fram
ke niorth.

Thres meanths latar [one
quarter of the way through
Earth's orbit], nesthar Pole
pans toward the sun.
5 spring in the northam
nemisphere ard fall in the

zauthar homisghona.

Thres manths aftar that,
torsz-quartar turn i arbith,
the Morth Pola loare sy
from the sun. B s winbar
n the rarthern ham
=phare and surmmar in the

zautharn hemisphena.

Thresw manths latar, (ona
guarter turn in arbit],
neither Pole lsans toward
the sun 1t is tho autumn in
tha nocthen bemisphere
and spring in the southom
nemisphors.

Finally, ancthar tarec
manths brings Earth back
1o its starting paint. & full
waar has passea, and tha
Horth Pole onoe again

oans lowward the sun.

summer, when Earth experiences spring
and fall, neither Pole leans toward the
sun.

The tilt of Earth's axis alters the hours
of daylight and the apparent angle of the
sun in the sky. During summer, there
are more of hours of daylight and the
sun is higher in the sky than during win-
ter. Thus, summer brings more heat-
ing, ]ung\er ﬂa}'}. and more intense ]:i.ghl.
Conversely, winter is characterized by
fewer hours of daylight and a lower angle
of the sun, which combine to produce
cooler, shorter days.

The hours of nighttime also affect the
seasons. In winter, days are shorter than
nights, so there is more time for Earth's
surface to radiate heat back into space.
This causes a net decrease in heat in
locations experiencing winter. But in
summer, days are longer than nights, so
there is a net increase in heat in Earth's
surface.

In the northern hemisphere, the
longest day of summer. known as the
summer solstice, occurs around June
21; the shortest da}', or winter solstice,
oecurs on or around December Z1.
Batwean summer and winter, duri.ng
the seasons of spring and fall, neither
of Earth's poles leans toward the sun.
Days and nights are exactly 12 hours long
on both the first day of spring (:F:r.i.ng
eq_u:inml;:l and the first day of fall {autumn

i:qu.i.nﬂI:'.

TIME
Part 1: 10 minutes for setup; 30 minutes
to conduct activity
Part 2: 10 minutes for setup; 30 minutes
to conduct activity
Part 3a: One hour to create and learn
how to use a sun tracking board
Part 3b: Two days scheduled two to three
months apart. Far mach d.a.}', four ar more
10 -minute sessions will be conducted at
13-minute intervals.

The second sun tracking day must be
held at least two to three months after the
first. It is important that both observation

Maotioeal Space Biomadical Resaarch Iestitute

days take place either before or after the
first day of winter {December 210,

MATERIALS

Teacher {see ﬂetuP::l

# Earth globe {with axial tilt) on a
portable stand

= Yellow ball, about B in. diameter, to
serve as a sun model

# 2 small, blue glass "pony” beads
(available from craft stores)

# 2 toothpicks or wooden skewers

# Twine or string, approximately 75 fi

® (Glue

Each student or group of two students

will need:

# B-in. square of cardboard

# B-in. length of string

& Clear plastic dome-shaped Lid {25 used
to cover whipped toppings on coffee or
frozen drinks)

L F:in-n-]:-:!:int marker, black

® Penecil

#* Protractor

= Ruler

# Several pieces of masking tape

L] Cu]:i-u of student sheets '[]:]:- 10-11%

SAFETY

Always follow district and school labora-
tory safety procedures. It 15 a pood idea
for students to wash their hands with soap
and water before and after any science
activity.

SETUP & MANAGEMENT

Part 1: Prepare two small Earth models
ahead of time, sach comprised of a single
blue “pony” bead glued to the end of a
toothpick or wooden skewer, To conduct
the activity, you will need an open space
abowut 75 feat lnng (E.g., a l-:!ng' ha.llwa.}'.
foothall field, ete.).

Part 4q: Select two dates on which to
conduct ohservations. Students will need
tor be outside, in an area that Fr-:!l.ri.d.u.m i
wide, unobstructed view of the sky. Be
aware that the activity will not work on a

Continued

Reosan for the Seosans
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dark or doudy day because shadows will
not be clearly visible,

Students will need to align their sun
tracking boards on the same point of the
same east-west line for all measurements.
Seek out @ permanent east-west fzature
(:.g.. painted line on a playpround,
edge of sidewalk, south-facing window
ledge, et ). If no such line is available,
use 3 magnetlic compass to .'ui.ghl: an =ast-
west line on a permanent concrete or
asphalt surface. Mark the line with chalk.

Un each appointed day, students will
take two or three measurements in the
morning and two or three more in the
afternoon. Make sure students under-
stand how to mark the position of the

sun on the plastic dome.

PROCEDURE

Part 1: Earth and Sun Models

1. Take your students into an open area
ﬂ-::n.g hallway, open outdoor area,
ete.), and ask one student to hold the
B-inch ':f'E]JﬂW ball. This represenis
the sun. Then, ask a second student to
hold an Earth model.

2. Tell your students the two models
are bo scale {,l.ht sun's diameter 15 110
tirmes that of Earth). Ask, To show frrofer
seole, how for apart should the sun end Eorth
meodels be from eoch other ¥ Encourage stu-
dents to discuss their ideas.

3. Wrap the string around the sun model
33,5 times {see "Modeling Distances,”
sidebar, r:ighr.:l. Then hold one end
of the string next to the sun and have
the “Earth” student take the other end
of the string and walk away from the
“sun” student until the string is fully
extended. At that point, you have cre-
ated an accurate scale model—size and
distance—of Earth and the sun.

4. Give another student the second Earth
model. Have him or her walk to the
first "Earth” student, and then step
about GO centimeters (2 feet) further
away from the sun.

5. Have students observe the positioning
of the three models, Explain that the

Bezics for the Seaisns
Tha 5cience of Sleep and Doily Rhagtsms

two blue beads represent Earth, the
yellow ball represents the sun, and the
positioning of the models represents
the nearest and furthest distances
between Earth and the sun. Explain
perihelion and aphelion to your stu-
dents. Mention that the bead eloser
to the sun represents Earth at the
near point [Peri.hzl:iun:l in its orbit,
which oceurs during the northern
hemisphere winter/southern hemi-
sphere summer. The more distant
bead represents Earth at its far point
{,aphzl:i-:n:l, which occurs during the
northern hemisphere summer/south-
ern hemisphere winter.

G. Ask, Does the distance between Earth and
ghe sun cawss the seasons ¥ You may help
your students to visualize the question
by giving the "perihelion Earth”
student a small sign that reads
“Northern Hemisphere Winter™ and
the “aphd:inn Earth" student a A1pm
that reads "Northern Hemisphere

Summer."

Part 2: Tilted Earth

1. Eeturn to the classroom with your stu-
dents. Place the ':f'E]Jﬂ"A' ball represent-
ing the sun on a stool in the center of
the classroom. Ask for a volunteer to
hold the Earth globe that shows the
tilt of the axis. Point out that the dis-
tances and sizes of the sun model and
Earth globe will not be to scale in this
parto fthe activity.

2. Have the student holding the globe
wilk in a circular counterclockwise
pattern around the sun. This pattern
represents Earth's orbit. At all times
during the “orbit,” the student should
ensure that the globe’s North Pole
&xis is pointing in the same direction
{i.e., toward the same side of the
room). Also, have the student gen-
tly spin the globe while he or she
“orbits,” to remind the class that
Earth rotates while it eircles the sun.

3. Ower the course of several complete
orhits, have all students ochserve how

Modeling
Distances

Wrzpping the siring
araund the sun model 336
timaas illustrades the ratio
of the sun's circumfeorence
ta tha distance botwoan
Earth ard thea sun, when
Earh is at ther perihelion
of its arbit. In other words,
tne distance at peringlicn
is approaimately 335
timans tha circumderence
of the sun. [Penbalon dis
tence [147.09 milfon wmilf
sun circurnierence (439
milicn km) = 33.5.] Tha
ratio at aphelicn darthess
fram tha sun} iz 24.6.

Perihelion and
Aphelion

Perihelion: The pont at
which Ezrth = at its moar
g5t arbital point ta tha
sun. Earth's panbalian is
raached during the north
erri hamisphare wirdo:
and southam hemisphere

ST

Aphalion: The pont at
which Ezrth = at its Far
thest arbital paint to the
sun. Earth's aphelion is
raached during the north
erri hamisphare summar
and southam homispheors

warThar.
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Seasonal
Daylight Effects

= Summer: Largor days
wath meare direct rays
from the sun maan

Tare neating.

= Winter: Shorier days
with lass drect roys
from the sun mean lass
ncating.

= Spring/Fall: Medium
angth days with medi
umm diract rays fram

ther mun mican medium

Earth’s axis always leans in the same
direction. At one point during Earth's
arbit, the northern end of the axis will
lean toward the sun, and the southern
end will lean away. Stop the student
whe is carrying the plobe and make
sure everyone notes the position of
the northern axis at this time. Then,
have the “orbiting” student continue.
Stop him or her again when he or she
reaches the opposite side of the sun.
Btudenis now will ohserve that the
north axis leans away from—whaile the
southern axis leans toward—the sun.
In between these two positions, the

northern and southern axes lean nei-

on the student sheet. They should
record the location of the sun's shad-
ow on the dome of the sun tracking
board and record the time of their
measurement. Have students use a
protractor to estimate the angle of the
sun above the horizon, and record

the value.

. Take students outside three or

maore times that same du.}' (at least
twice before noon and twice after
noon), and have them maks new
measurements.

After all measurements have been
recorded on the dome, have students

draw a curved line connecting the

noating.
’ ther toward nor away from the sun. diots on the dome and extend the line
4. HKeview the seasons with your class as 1o the east and west horizons., (It is
Direct and the student and Earth “globe™ orbit best to demonstrate this step before
Indirect Ra ys the sun (see “Seasonal Tilt,” sidebar, the students try it.} Put the boards
Usa a flashignt te derran- p. 7). away in a place where they will not be
5. Dscuss as a class how Earth's talt disturbed.

sirate how ang why direci
Bys &ra mona effician
ihan ingiract rays in haat-
ng Earth. Darken the room
&ng aim tha light giractly
&t wal. Oosarve 1he
brghinass of te flashight
orcle on the wal, Aediract
ik flashlight at an angla
ang shire 1ha beam on the
s=ma [ooation, Tha beam

affects the seasons. Cive students a

list of cities around the world (t.g..
Hinntapnl:is, Eydne:.r. Ez:ij:i.ng.. Busnaos
Adres, and Moscow). Have students
p:n:d:ii:r. whether residents of each

city EXpErience winter or Swmmer
:in__luJJl,-. Thz:n. have students wie the
globe to locate each city and vecify
their predictions.

= R‘EPEII‘. d:l‘E !l‘EP.'l- II:H:I\'E [R5 L] |‘J'.|1'E'E

maonths later. This time, students will
record a new path on the domes of

their tracking boards.

. After the second set of observations,

have students analyze the two paths
on their domes b"." answering the
guestions at the bottom of the “Sun
Tracking Data™ sheet.

EXTENSION

Part 3a: Build a Sun Tracking Board

Provide each student or team of two

walll spresd ol ang the
ndiract baams of light will L.
forrm an eliptcal shapa

# Challenge students to provide pos-
students with materials and copies of
the “Sun Tracking Board” student
sheet.

sible reasons why portions of the Arctic
are known as the “Land of the Midoight
Bun.” Help them understand that, during
summer in the northern hemisphere, the
North Pole and Arctic regions face the

sun. At this time of year, areas above the

2. Have students follow the instructions

", to build their sun tracking boards.

i
‘:‘ Part 3b: Tracking the Sun
1. Provide each student or team of

Arctic Circle experience continuous light
throughout the day and night Cinelud-

Sgain, ohsene the brght-
nes5 of tha spot. twll be
dimmigr, Imog sirmilar way,
diragt rays concentaie the
Tun's haat, while indrecs
Bys spread the haar

@ 2009 Baylar College af Medizing
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two students with a copy of the "Sun
Tracking Data” sheet. Before noon,
take students outside to the preselect-
ed location (see ﬂer.up:l. Have students
Fl.ﬂ.ll:i: thair boards on the grnu.m:l. with
the “scuth” edge squarely on the east-

west line identified previously.

2. Have students follow the instructions

ing midn:ighﬂ. Have students h},']:n-the::ir:
what happens when the South Pole and
Antarctic regions are tilted toward the

sun, and what happens in these regions
during winter months. Ask students what

it would be like to live in continuous

light or dark for several months.

Rieaion far thi Seassns
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FCTIVITWY
SN TRACKHEINGE B8BOARD

Make a S5un Tracking Board

You will need ane 8-inch square of cardboard, ane 8-inch length of string, a clear
plastic dome-shaped lid (as used to cover whipped toppings on coffes or frozen
drinksl, ocne bleck, fine-point marker and & pencil, & profractor end a ruler, and
saveral pieces of masking tape. i

1. Usa the ruler to draw two pencil lines in the shepe of an “X" across the
cardboard [see illustration, right]. %

2. Usa the pancil to meke 8 small, dark dot at the centar point where the teio
ines intersact. This is the center of your sun tracking boerd.

3. Whte the compass direction lattars, “M," "5," “E," and “W." as shown in
the illustration to the right.

4. Place the clear plestic dome over the board end center it directhy above the dot

wiou drenss. Llse small pieces of masking tape to secure the dome to the board.

5. Write your namals} cn one comer af the board.

5un Tracking Day 1

Take your sun tracking boerd and a marker outside and plece the south edge
of the boerd asacthy on the line, as directed by youwr teacher.

‘Bunlight

2. Hold your marker tip just above the plastic dome (without touching it) and
book for the shadow of the tip. Mowa the marker so that the shadow of the
tip falls directhy over the dark dot in the center of the board. Carefully meke
a small diot on the plastic dome at this point. If you heve done this comacthy,
the shadow of the merk will f2ll exactly on the center dot of the sun tracking
board.

3. Whte a smell number “1° near the dot on the dome, and recard the time of

Farker tip shodow

this measuremnent on your Sun Tracking Cate sheet. If daylight sawings time is
n affect, add ona hour to your recorded time.

4. Haold the protractor behind the dome and estimate the degrae of hhﬂﬂh":: e
the dot on the dome. This angle is about the same as the angle of iy
the sun abowe the horizon. Aecord this angle on your data sheet.

O your date sheet, recard the genergl direction of the sun.

|4}

&, Repsat steps 1-5, as instructed by your teacher. After sach cbservetion,
add a dot to the plastic dome 1o show the position of the sun at that time.
Alsg, ba swre to recond all observation times on your Sun Tracking Deta Fall track
sheeat.

1. Aftar you have completed all the day's measuremeants, drew a8 smooth line
cannacting all the dots on the plestic dome. This line shows the apperent
movarmeant of the sun across the sky during the day.

8. Extend the ends of the line to the esst and west edges (horzons) of the

damme. Store your sun tracking board &5 instructed by your tescher.

Sun Tracking Day 2
1. HRepsat staps 1-8.

2. Lay the piece of string cver the dome and measure the lengths of the two lines you drew for the sun's path. Then,

anzwear the guestions at the bottom of the Sun Tracking Cate sheet.

Buagmyy @ aba ey g o oy T pue Bun ) Aqiuorgegmy
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FCTIVITWY

SN TRACHING= OFARTHA

Sun Tracking Day 1:

Date Season

—— TIME DIRECTION OF THE SUN ANGLE OF THE SUN

NUMBER {ndd 1 hour it deylight {nnst, southeast, south, ABOVE THE HORIZOM
savings tme ks in efinct) southwast, wesi| {mppreacimadal

Sun Tracking Day 2:

Date Season

OBSERVATION TIME DIRECTION OF THE SUN ANGLE OF THE SUM

NUMBER [add 1 haur i daylight {enst. southeasi, south, ABOVE THE HORIZON
savings fime is in effoct) southwest, west| inppreccimate|

Summarize your observations about the sun’s apparent movements and the seasons by answering the
following guestions in your science notabook, or on the back of this sheet.

1. Howw bong was the sun's path on each of the two days you toock messurameantis?
2. What does the length of each line reprasant?

3. Which ling is lomgar? During what sesson was this line drawn?

4.  How high did the swn rise above the southern horizon on each day?

h.  Which line rises higher in the sky? During what season was this line drawn?

4. Using your data abowe, explain why Earth has seasons.

@ 2000 Baylar College of Medicine Rieaien far the Seaians o
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OVvERVIEL

It is possible to measure time via the relative positions of
Earth and the sun. Students will make a sundial (shadow
cleck) appropriate for their gecgraphic location in the

northern hemisphere and use it to tell time.

LUISIN=
— S pu e L o

Fur centuries, people relied on the
position of the sun in the sky to esti-
mate the time of day. Noon or midday
was desipnated as the time when the sun
was at its highest point in the sky. We now
know, of course, that the sun doess oot
rmove across the sky, Rather, Earth rotates
a5 it revalves around the sun.

Une of the earliest tools wsed to mea-
sure time was the movement of shadows
on the ground over the course of a day.
Since shadows move the same way each
day, they can be used to estimate time.
E:i.mPlE Junﬂlah—]:erhups un]}' a stick
placed vertically in the ground—used

SCIENCE EDUCATION CONTENT STANDARDS®
GRADES 5-8

PHYEICAL SCIENCE

& Thg mgton af & cbiact an e dascribed by its
PO nCe, dinscice of mabon &d apaad. That
GEc 42 e reprasanted and megaured o
@raph

& ThE SUn g @ megs’ 30,08 of arargy for Chenges
o Eartivs sarface. Tha Suss enangy Bmves as
light

EARTH AND SPACE SCIENCE

= Tha sun, 2n awerage star, is the centml ang lag
251 body in tha solar sysiem

= Micst ohipcts in the solar system ae inoregular
and predictable miotian.

SCIENCE, HEALTH & MATH SEILLS
& Pagaurieg

& Losatrg caedingl direcions

& Mk 8 mods

& (Jbaaring

& Drgwing comdd usiong

* Mgtigegl Ressasnch Cogncd. 1996 Manonal Scanos Educaion
Sancigids Washingron, DG, Metiongl Acsdemass Prass

Using a Sundial
The Science of Sleep and Daily Fhyihms

shadows to tell time in Egypt more than
3,000 years apo.

When humans first began keeping
track of time, an hour was caleulated as
IF12 of the period of daylight on any given
day. Thus, the lenpth of an hour varied
with the seasons. Mow, we divide each
day into 24 equal hours, which remain
unchanged repardless of the time of year.
In modern .u:u:i.zr.].'. time also 15 standard-
ized from place to place. Before 1884,
every bown set is clocks to the h:ig]':e:r.
position of the sun {noon), As a result,
each town ran on a different time, and
there was preat confusion. Today, the
world 15 sectioned into 24 standard, uni-
form time rones. Each time zone accounts
for 15 degrees longitude and B0 minutes

of Universal Time.

TIME

10 minutes for setup; two 30-45 minute
periods to conduct activity

MATERIALS

Teacher (see 5|=‘I'.1.|1:|:|

®= 24 sheets of white cardstock

# Flashlight

# Globe or map with latitude markings
® Bundial te mP]a.u [P. 18]

Each group of students will need:
# Flashlight

# Haole punch

# Magnetic compass

Each student will need:

# Fine-tip ballpoint pen

® paque drinking straw

RACTI% | T 4

Apparent Time

Tha sun's appanant posiion
in tha sky dapends on wour
kcation on Sarh's suface,
e day of the year, and tha

e of day

Teacher Resources

Dawenloadable actvitios
1 POF farmat, arnoctated

shde soks for classroom

usa, ard othar rascurcas
ara available frop at
weww. BioEdOndinang ar

wevw kEscionoo.org.

@ 2009 Baylar College of Medicing
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i
Any localion on Eanmh can be pinpointed uEing he Fmaginary ines o labiude and ang Tude. '\J'
Universal Time Both measurements are descrbed in degrees. Each degree is dwdead into B0 minutes, and each 5
n 1972, Universal Tima rranute (8 gasded into 60 seconos, .
Bplacad Greenvwich Mesn Latitude i@ measurad wih peralial maginary ines
Time a5 the standard that circla Earth, both nonh and sowth of the eguator
efarance for teling time iwhich hes & latitude of 071 In addition 1o the
Uriversal Time, also knawn equetor, there are four key lines of lztiuse related
& Intarnanonal Atormic to the reletve postions of Earth and the sun.
Tire, is measurad oy an
snnric clock, wiich uses o freta Cincle: 86 337 397 M |read &s
et (TS B8 degrees, 33 minutes, 39 seconds)
siors thet ocour within s Trepic of Cancer. 23° 26' 217 N
T i * Trople of Capricorn: 23° 268° 217 5
* Anmuarcic Circle: 667 33 38° 5
Mi rlﬂlﬂ.l‘l: Al latitudes batweesn the Tnopes, the sun may be
gagn direclly overhead at noocn on the Juna salsboe n tha nartharn heamigpghenal or Dacamisear
The imaginary great circles golstice (in the southern hemispharal. Marth of the Arcte Circle and south of the Antarcte Circle,
passng through the the sun is visible for 24 contnuous hows 81 least one day per year.
Morth and South Poles ana
sderrad 1o as lines of LCI"IQILJ':IE' describes aasl-wesl posihdn, 85 madsunad from the phme mendan in I:I"g'al"ll'.i
cngitute, or mandans lwhich has & longituge of 0. Lines of langitude extend between Earth's North and South Poles.
LCI"IQILJ':IE'E are rregsunad from 07 1o 1807 east and 1807 weaal (or -180°). Both 1 m'ﬂEQ'IEE ong-
tudes share the same ine, m the midele of the Pacific Ocean. It 1akes Earth one howr to rotate
Parallels 157, which = why the 24 me 2anes afe separated by 157 of ngitude.
Circles or bras of latihade
sometimas are refemed to ® Peneil that an object in front of a Light source
% poreials, Decause Whay ® Pair of scissors blocks the light, causing an area of
& paralel 1o ore anatier ® Bualer (12-in.) darkness—a shadow. Encourage stu-
® Several pieces of clear tape (each about dents to create different shadows using
-3 in. in lm.gth} their ﬂu]:l'lghtu.
L anr of student sheet {P' 16} 2. Ghll.lengt students to envition what
® Prepared copy af sundial en cardsteck happens to shadows cutdoors as the
{P' 15} position of the sun changes, relative
1o the Earth's surface. Ask, Are shadows
SETUP & MANAGEMENT always the same sige P Why or why ot ¥ When are
Make 24 copies aof the sundial template the shodoms we fee sutede smelled ¥ When are
on cardstock. Place materials in a central ﬂl.g'l'u'rgr_#'? Can uxe olfways see shadows owliide
area for materials managers to collect. Ask students if there is a predictable
Students should woark in Eroups af four tao pattern to the differant sizes of shad-
share materials, but sach student showuld ows made by the sun (shadews are
construct his'her own sundial, lnngur. in the mum'lng and evening,
and shortest at middt}'}. Using flash-
PROCEDURE ]ighl.l and P-u:.-l:ﬂ.l., have students make
l. Have students observe while you shadows of different lengths. Ask them
darken the room and use a ﬂul’dighl to :i.dmtifr variables that affect shadow
to make a shadow of your hand. Then length (for example, height af pencil
turn ﬂ.u.uhlight off, and ask, Where i the and angle af ]ig]:.t}.
shodow ¥ Students should undemstand Continued
5 2009 Baylar College of Medicing Using & Suadial °
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his all-sky composibe imoge taken in

Bursm, Turkey, shaws the daily trail of
the sun in three strings, sunrise-to-sunset,
during the summer solstice [June, top
string), the vernol equingx (March, middbe
string], and the winter solstice {ecember,
battom string). The sun's path is about the
same for both the vernol equinox and autum-
nal equinex [September).

Waorth is ot the top of the imoge. The point
where the “X" shoped lines intersect is
Bursn's longitude prajected in the sky. (Hold
the picture over your heoad to see why.)

Downlood a borger version of the image
from MASA's Astronomy Picture of the Cay

website (http:/fantwrp.gsfc.noso.gov/opod/apd80%X2_html) for wse with this activitys first

Extension [below).

. Explain to students that they will be

investipating and using patterns in
shadow movement to solve a practical

problem: how to tell time.

. Distribute LOples of the student sheet.

Students will nesd 1o know the lati-
tude of their location to build their
sundials properly. Use a globe

or map, or have students find this
information on the Internet.

. Hawve students test their sundials I:r:r

placing the dials cutside on the
ground, with the pnomon {pa.rl. of the
sundial that casts the shadow) pointed
directly north. To obtain a more
accurate reading, students should use
a magnetic compass to orient their
sundials toward the north. They also
can check and correct for the mag-
netic declination where they live, to
ensure that their sundials are pointed
toward “true north,” (see “M agrietic
Declination, sidebar, ri.ght:l.

. Unece the sundials pnomon is pointiog in

the correct direction, students should
locate where the sun's shadow crosses
the dial and sstimate the time, basad

on their reading. Then, have students
compare the time indicated by their

sundials to actual “clock time.” If day-
light savings time is in effect, subtract

one hour from the “sundial time.”

Using o Sundial
The Science of Sleep and Daoily Rhugthms

7. Conduct a class discussion or have
students write about the accuracy of
their sundials. Ask, How el did your
sundial measure time, compared o a waich or
efock ¥ Why do you think your sundhal did (o did
ned) megsure Hme ar arcurabely ar other clocks
do? Also, ask students to consider if
there are times a sundial might not
be useful. E:l:a.m]_:lu: n:i.ghtr.i.m: [tr.rn
dark); or when skies are cloudy (ree
shadaws).

EXTENSIONS
# Using a copy of the image abowve,

have students draw the lines as shown.
The mid-point s Bursa’s longitude line
projected in the sky. Have students start
from the “mast,” and count the numhber
of hours of daylight for each string. Ask,
Which season does each string represent ¥ During
which season 15 the sun higher in the sky¥ Lower?
What do these ohservations tell wr about Earth's
seasons ¥

# Have students try using shadow length
to tell the time.

# Have students think about why time
rones, each of which accounts for a ane-
hour time difference, are separated by
157 of longitude.

# Have students fipure out what time
it is in other parts of the world when 1t

is B:00 am in their own location.

Finding Latitude
and Longitude

The Interned is a good
resounos bo find ltitude
and longitude calculadors.
One such websie, iTowsh
Map.com, wall proevida
coardinatas of amy streat
addross in degroas, min
ubzs and seconds. To fird
th Iatitude and lorgiude
of @7y gven addross, o o
access other foatures, go

io httpditouchmap.com),

Magnetic
Declination

Magratc dedination is tha
angle betwasn the logs
Tagnetis faid—ihe dimc-
tign pooried by the norn
and of B compass—and
geographic ronh. You
can fing your magnatic
declingtion at the National
Geophwscal Dats Coanier's
MGDC] webisie, wenw
WGz noaa. g gacmag-
migesTeclinat on, jsp

T corect the naading
givan by the magratc
comipass, add or subitract
the aporoprate numaer of
dBgreas from your raad-
rig. The NGO websie
displays & map with the
appropriate comastion

@ 2009 Boylor College of Medicing
Motional Spoce Biomedical Research lrstibute



Cut along the thick line to remove this edge of the paper.

Cut only on the thick line.

DO NOT CUT THE DASHED LINES. Cut only on the thick line.

After cutting along the thick, solid lines,
fold the paper along the dashed lines.

Base

2 ynpegprsiol o oy | e B UOREDT WEVH SgRL ey ey e wny oy, 945 pasey

Matioral Spoce Biomedical Research [rstitute
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FHCTIVITW

MA<ING ANDO LIsSsINncG
R SuUAanoiARL

Your teacher will give you & piece of cardstock with a sundial pattern printed on it. You also will nesd a
12-inch ruler, a pair of scissors, a fine-tip ballpoint pen, a hole punch, one opaque drinking straw, clear tape
and a magnetic compass.

Instructions Rays of the sun
r &
1. Cut the pattern on the =olid lines, as indicated. . J*‘ . o
Extend the cuts to the edges of the paper. Do not cut Lastibutie £

s
the dashad lines. proteactor flap |, + e

2. Using a ruler and a fire-tip ballpoint pen, score the
dashad “fold lines.” {Press the pan point into the
papar whila tracing along the edge of the ruler. This

forms a groowa that enables a straight fold.) Score and

fald an the

3. Determine the latitude of your location by searching '“'-"-1”':'“ line
of your

far your city namsa and latitude om the Intarnet, or by
checking & map or ghobe.

lacatian

4. Scora the lines on each latitude protractor that ara
nearest tha latitude of your kocation.

5. Fold the paper along all the sconad lines. Fold the
sundial rectangle and the latitude protractor flaps
backward. Fold the lower corner of the lstitude pro-
tractors upward alomg the angle lime for youwr latitude
[the latitude shown in the example is 30°).

§. Tape the corners of the latitude flaps 1o the basa.

7. Use a hole punch to make a hole in the circle on
the face of the sundial.

8. S5lip a straw through the hole and bend the straw
about thiree inchas from the inside end, as shown to
the right. The end of the straw sticking out frorm tha
face of the sumdial is called a gnomon (nch-man). Tilt
the gmomon s that it is perpendicular (at a 80° angle)
to the face of the sundial. Use tape to anchor the
falded end of the straw to the base. Also, tape the
straw 1o the back of the sundial so that tha gnomon
can't slip.

Using the Sundial

1. Place tha dial on the ground and point the gnomon directhy north. If you use a magnetic compass 1o determineg
north, be swre to check and coract for the magnetic declination whera you live. Magnetic declination is the
differance between magnetic north and true north for youwr location. You can find your magnetic declination at
the following site: httptanenw ngdc.noaa.govgecmagmodels/Declination.[sp.

2. Once your sundial’s gnomaon is pointing in the correct direction, locate where the sun's shadow crosses the dial
and estimate the time. If daylight savings time is in effect, subtract one hour from your sundisl's time.

Using o Sundial @ 2009 Bayler College of Medicing
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OvERVIEL

Students will observe that some behaviors and functicens of
living organisms vary predictably every 24 hours. Many
regular functions are governed by internal "clocks,” which

run independently but are cued or reset by the envirenment.

LLIvVING

CLLOCH<5S

M ost living things behave predictably
in cycles of about 24 hours, the peri-

od required for Earth to complete one
full rotation. These cycles are called cic-
cadian, from the Latin words for “about”
{circa) and “d ay” {die). In this activity,
students will explore circadian patterns in
humans, animals and plants.

There are many familiar circadian
rhythms in nature. Well-known examples
include the Howering of morning glo-
ries at dawn and the n:ig']'ﬂ.t:i:me hu.nl.:ing
routines of owls. These behaviors are
gm'e:rned ]:|].' internal mechanisms, often
called “biclogical clocks,” within the cells
r.r:l"]:i.\':i.ng OrEAnIsms. Ei.ulﬂg'.i.-l:a.l clocks that
run on a 24-hour cycle alio are known as
“circadian elocks.”

SCIENCE EDUCATION CONTENT STANDARDS®
GAADES 5§

LIFE SCIEMCE

* Reguiation of an ongensm’'s imernal envecnment
imvalves sersing the imtennal eméranment and
changing prrysialogical activites 1o keop condi-
tiors wathin She range roguined $a surea.

» Bphaviar is ora kind of response an oeganisT can
mizke 1o an Friernal ar emeronmendal stmulus.

EAATH AND SFACE SCIENCE

* Moat objess in the S0lar Syabeem ang in regular
Bl pradiclable Mmoo, ThoEe MmoTiong axplaen
Buch phrandimans BE [ha Jiy, e vaar, phasas of
e oo @ aclipass

SCIENCE. HEALTH & MATH SRILLS

+ Measuring

= Ohserving

* Drawing conclusors

* Maored Research Council 1566, Mational Soence Bducation
Staraands. Wassingion. [T Mysonal Academies Pross.

& 2009 Baylor College of Medicine
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The circadian timing system is
complex and operates throughout the
body. In fact, circadian clocks are part of
our genetic code, and they povern virtu-
ally all functions of the human beody.
Examples include alertness, waking and
slesping, body temperature {lower in the
morning just after waking, and higher
in the afterncon), physical performance
and hu.'n.-ﬂ.-":].'z coordination, secretion of
some hormones, and urine production.
These cycles occur regularly over intervals
of approximately 24 hours. Without cues
from the environment, the human cir-
cadian clock eventually drifis inte a oycle
that 15 =|.:i.g']'.|ll:.r ]ung\e:r than 24 hours.

TIME

Several 30-minute sessions, depending

on the options selected

MATERIALS

Materials required for each student

group will vary, depending on the

i.n'l.'!.!-t:igll‘.‘i.ﬂnl:.'l-:l being conducted.

Each group will need:

Body Temperature Investigation

# Dhgital thermometer with several sterile
covers land access to a fever thermom-
eters at home)

#* Copy of student sheet |:1:|. 20

Bean Leaf Investigation

# Source of natural sunlight, or
fluorescent “grow light” with timer

# & hean plants per group {pun:hu: ar
grow in small pots from sl

Cantinued

RACTI% | T 4

Discovery:
Blological Clocks

1 1728 French sciontist,
JaarrJaocques de Mairan,
was 1ha first to notion that
daiy movamerts of corlain
plents’ lezreos continued
aven whian the plands
wern kegt in constant dim
light. Othear plant acteitos
that accur 21 specfic times
of day include the opaning
of flowars, tha releess of
fragrancas, and the open-
ireg 27d chasing of pores in

then loens.

The Tiniest Clocks

A group of nerva cells,
witich acts as a biologcal
ook, was first Wentfied
n the brains of house
spanoes. Biciogical clocks
now nave Dean imentified
n vertebrates, such a5
Tammaks. reptles and
s0ma amphibians—and
aven invarebratas, such
a5 fruit flies, cockroaches,
wrickats and mollusks.
“Clocks” also hava boan
found in singe-called
angamsms, inclisding moid
ang bacteria

Living Clocks

The Science of Sleep and Doily Reythms
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Animal Behavior Investigation

® Study animals that can be observed
in the classroom throughout the day
{gz:rl::ilu. birds, crickets, stc.)

® Science journal or graph paper

BODY CLOCK INVESTIGATIONS

BODY TEMPERATURE INVESTIGATION
Hava studanis maasune ther body 1empera-
tura a1 thres diffenant times par gay and repaat
tne procass owvar three days Tirmes shaud ba
solecied in adwance and termperaturas foken ot
the same tma aach day. Suggesied times: imme
diately aftar waking in the moming, eght hours
after waking [abawt 2:00 p.mu], and just before
gang ta bed in The evening. Measuraments
should e recordad as degraes F. and shiould be
mada ng less than 15 mingtes sftar studants aat.
annk gr bnesn Thair teeth, Have aagn student
calculate and graph the average tormperature of
his ar har group far cach tme of day |sea p 204

Mote: For class, usa a digital thermameder and
prowite a stenle cower for sach student

What students will ohseres: Body 18-
pargiure can De 85 much &5 one 1o el degracs
owar in the wary aary marning than n tha
miid ta lata afterncon This pattarn is ralketheeby
conseient across individuals. Depending on
avels of actwity during the day, and the particular
actvities undertzkan, studant results may wary.
Aesults atza will ba affecied by the spacific times
at which temperature |5 measunad

ANIMAL BEHAVIOR INVESTHZATION
If you hawe & hamstes ar gorbil with an comcise
wheal in yowr dassroam, waur students can
ohserve and record tha times of doy when the
rofant is active. O, have studants obsarsa and
racord the daily behaviors of other Classroom
animals, sugh a5 fsh, crickets twil ch o at
approximaiely the same Tmsa aash day] or Birgs
Students shauld record eating, resting and actres
brmas ower several diovs to determing f tha an
mals” actrtios folocw 2 predictzble patien. The
past rasults wil be obtained if studant obsare-
bong do not gistury the animal subjecis, and if
the animals are exposed 10 .8 Consistant Syoha of
ghi angd Jargnass esch day,

What siudents will obseree: Srima s may
showy @ vanaty of predictable behoviors. For
puampla, most anma's arg active 21 cartain times
of tha day arsd mare nelned e rast at olhars;
mirds and onckets wal sing o chirp @t similar
bimas aadh day: and mast anmas tand o feag
at particular tmas of the aay.

Alertness, Heart BRate {or other student

selected i:wl:ll:i.gu.tiun]

# Stopwatch or timer {if necmur_:,':]
# Science journal or graph paper

# Other materials as needed

BEAMN LEAF INVESTIGATION

Gnoree woung bean planis from seed, or purchasa
them from a greenbause. Befoe usng plants
Ao from seed. be sure 1hey nave at least Two
agves in addtien i ihe catylasons ifi ashy 5820
aaves). Place the plants i a sunny wirdows ar

a growih chamiper wath & hght trrer. Haee 51u-
dents nobe the orieration of the [argar leaves as
rarly a5 possble in the moming and again later

n tha aftarmcon, in particuiar, stugents shauid
notice whether tha leaves are oxtendod oubeard
o foidad downward foward the stem, Have
shudents repeal thair coearvations gver saveral
days. Thern, place the plants in o darkenad cornar
of tha room ar cupbaard, and hawa students
ohserve and record tha pasition af the leawas at
the samie tmas as befara.

What students will ohserve: Lasves will ba
dropped toward the stam wary carby in thia day
and fu"‘g.' extandad (horoontal latar in the oay,
wnethar tho plamts are exgosed bo the sun or
artificial light. Thesa patiens wil carinue when
tne planis ana kept in the gark (soe “Bean Load
Movement” sidebar, rightl.

Mote, Students may notice that thair plangs’
stams cunva toward the sounce of Ight, This
mowament is gaverned by chamicals insida tha
plant that cause cels on TNe 518 Bway fram tha

ght to lengthen mare than calls on tha side fac
ng the light. This phenamenon is differant from
daily leal movemenis, becausa it producas @ pear-
manant change in the shape of the stems.

ALEATMNESS, HEART RATE |0 OTHER
STUDENT SELECTED INVESTHZATION]

Mi-l'l'g.' pTysCE artvitas and sl ias—armang
humans and rar-MUTEN argansms—yary
predictably by trmo of ey, For exampla, students
mgy Choose 1 gbsarve and cnart whathsar they
fenl alert fwiide-mweks; fully awaro ang atterdee)
of dngesy [Sleapyyl on an haurly Dass over the
coursa of saveral das, measure and recomd thier
rasting hoart rate 2t differert imas of day |see
“Radial Pulse Point sdebar, upper rightl; or
shsorve their “brain powar” by timing how lang
1 takes o mentaly add columns of B) single
digit rumiers ai differant times of day

Radial Pulse Paint

The safest and most
COMman Site to check
pulze i on the thumb-
side of the whst [radizl
pulze]® Use the middle
fingar and ring finger
tagether to apply alight
pressure 81 the catson
Shiwn aboes.

Living Clacks
The Science of Sleep and Daily Rhytkms

* Pulss aite recsrTrnendd Yo

e vl pubbs by L Salu-a
Haait, Lung, ind Biaed 1-atrul
Plitornal batitusas of Hsal+

Bean Leaf
Movement

DD B "1|‘“

Circadian
Advantage

Because many variabas
related fo athletc perfor-
mance—espiration, heart
rate, strength, flexibility
and noaction time—paak
late i tha day, some
caachas have cancliuded
et weal-frained athiatos
mey darva a “cincadian
advantage” from compet-
ing &1 cortain tmes of dey.

2 2009 Bayler Callege of Madicing
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Resetting
the Clock

Brignt Ight. partcularky blue
arvicnad light, can halp oo
58t Tne numan booy's inier-
nal clock, This spactrum of
ignt = used o nelp regu-
ate iha sleap schasules of
asirorauts in space, and oo
ad paople on Eanh who
have (nsamna

External
Triggers

atural changes in gay
angih e srimes”
readian docks 10 Trepi-
gram themsahsas cear the
course of the Waarn, o sLay
m YN Wit [hie sxtannal
ArvArnmeEnt

Cycle Length

Some cyclas in living
argansms ana longar or
SNoeter than 24 nours
Longar cyclas inchige
ety hormane fluc-
1ustions in humars, once-
woary fiowanng periods
of many plants, and tha
mlt-yaar darmancy of
MEAGLS KN a5 Cicagas
Shorar cycles include the
cardac ovele hesmbaat
ang e internal siagas of
sleap (sleap oyclal

& 2009 Baylor College of Medicine
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SAFETY

Follow proper care gpuidelines for any
animals in the classroom.' Always fol-
low district and school laboratory safety
procedures. It is a pood idea for students
to wash their hands with soap and water
before and after any science activity.

SETUP & MAMAGEMENT
BEead "Hud}' Clock Inv:.mt:iga.r_i.um.“ ':F. 18).
Students should work in groups of 2-4.

Conduct discussions as a class.

PROCEDURE

l. To prompt students’ thinking about
daily rhythms in themselves and other
organisms, ask, What are some amimal
behaziors thet foliow the fame pottern every doy ¥
[(Rooster croowing, birds singing in the
rmorning, bats coming ocut at night,
ete, ) Are you more alert or sleepy of cerbain
fimes pack dey ¥ Hoze pou observed floers that
are ghen nnt; in the mn:!rnz'ng?

2. DMscuss as a class how behaviors of Liv-
LN Organisms are tied to the 24-hour
eycle of night and day on Earth.

3. Tell students that lht}' will be investi-
gating different daily cycles in plants,
animals or themselves. You may assign
each gproup an investigation from the
list of activities given in Body Clock
Lovestigations,” (p. 18), or allow
groups to devise their own topics for
investigation.

4. Have the members of each group
decide upon a central question that
will guide their “research.” For exam-
ple, students conducting the body
temperature investigation might ask, [s
body temperature conshant throughout the day ¥

3. Students should plan the times of day
at which they will conduct their mea-
surements, the instroment{s) needead
(thermometer, stoprwatch, “prow light,”
ete), and the recorded units of mea-

surement {,d.egrzu F, seconds, ete. ).
1 Gow Metonal Scmnce Teschans Ssscasson. Posticn Stale

tha Srence Qasmoom, wew nesaoplbotipositonoenimasls
b

A sample data sheet for the body tem-
perature investigation s included at
the end of this activity. Students will
nead to create their own data- record -
ing tables for other investigations.

B. Have students work in collaborative
groups to conduct their investigations
over several days,

7. After students have concluded their
investigations, have each Eroup pres-
ent its guestion and observations to
the class. Students should be able to
describe the behaviors or body fune-
tions ochisrved, methods used to
measure the behaviors or functions
{,rnl:urﬂing leaf movement, checking
temperature, 1:|'|:|==n".i:|:|.g active tirmes,
ete. ), and the patiern or patterns they
discerned.,

8. Discuss the resulis of the different
investigations with the class. Ask ques-
tions to prompt students’ thinking:
What ded el uf‘l‘n'u Ercfﬂ:_}n:lu observed hove in
commen ¥ Lid any of the patterns occur without
the frresence ufm:!rmurmn.!ligﬂ?ﬂu_}nu think
something other than sunlight controls the fot-
termns you obeerzed ¥ Help students to reach
the conclusion that something inside
each urgani.:m contrals pla.nr. and
animal behaviors. Point out that most
organisms have internal “timers” that
regulate many aspects of their lives,
and that these "timers™ have a penetic

basis.

EXTENSION

# Indiana University's “Plants-In-
Motion Theater™ website offers time-
lapse video of circadian movements of
plant leaves I:]'.|l.tF-:.l".l"]_:]a:|:|.1'_'l:i:|:|.r|:|.1:|l.i.l:rrl..'l:|:i.1:|.
indisna.edu ). Have students compare the
behaviors shown on the website with

those observed in their own plants.

Living Clocks
The Science of Sleep and Doily Reythms



FCTIVITWY

BO0Ow TEM+fFERATLRE
INMVESTIG-ATION

1. You will need to take your tamparature [im *F| three times per day, over the course of sewvaral days. For best
results, take the first reading just atter waking in the morning, the second resding arcund 2:00 p.m., and the third
reading just before going to sleep &t night Wait at least 15 minutes after eating or drinking anything to take a

mBaasuramant.

2. Record the body termperature (Temp.) and the time the temperature was tsken for each member of your group in
the chart below. Repest the procass over the next thres days.

3. 0On a separate shest of paper, calculate the average temperature for each persen in your group at each time of
day. Graph your resulis. Write a paragraph describing your findimgs.

Morming: Just after waking Timee during the day Evening: Just before bed

Marma
Ciata
Diate
Diata
Dlata
Morning: Just after waking Time during the day Evening: Just before bed
Marmia
Cate
Date
Cate
Date
Morning: Just after waking Time during the day Evening: Just before bed
Mamig
Cate
Cate
Cate
Date
Moming: Just sfter waking Time during the dey Evening: Just before bed
Marma
Diate
Diate
Ciata
Diata
Living Clacks @ 2009 Bayler College of Medicing
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OvERvVIELW

All mammuals, including humans and many ether kinds of
animals, need sleep. Most people have regular patterns of
sleeping and waking times. S5tudents will collect data about

their own sleep cycles and use a fraction wheel to examine

their data.

SLEEF

AT TERMMNS

Il mammals—including humans and

maost vertebrates—sleep. In fact, we
spend zbout one-third of our lives sleep-
ing, but many aspects of sleep still are
not understood. nce viewed as 2 pas-
sive shutting-down of most body systems,
sleep now 1z believed to have important
functions related to the processing of
information by the brain, and the repair
and maintenance of body systems. In
humans, :|.==1:| is known to consist of sev-
eral stages, each characterized by different
levels of brain and muscle activity.

Many people vary their sleep patterns
using external alarm clocks to meet
schoal or woark schedules. Without an
alarm, most indraduals :|]i==p about the
same number of hours and wake at about
the same time each day. This occurs

because humans’ natural daily wake-up

SCIENCE EDUCATION CONTENT STANDARDS®
GRADES 5-8

LIFE SCIENCE

& Hangior 5oong king of reapenas an ongarsanm oan
mMaka 10 BN inbamal of axternal stimubss

& Bansvional responge g @ ser of aowng dater-
minad in paet by haradity and i pan fom
EapRfiance

SCIENCE, HEALTH & MATH SKILLS

»= Ob=serving

» Collecting dada

= Graphing

» Drawing comcusians

» Lazrning o identify and practicn heslty
beshaviors

* Mgtigngl Ressasnch Codncd. 1996 Manonal Soasnos Educaion
Sanciards Washingron, DG, Metiongl Acsdemass Pross

@ 2009 Baylar College of Medicing
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tirmes are poverned by an internal “clock,”
consisting of about 13,000 nerve cells
deep inside the brain.

Even without any light or sound cues,
most people sleep and wake in roughly
24-hour cycles. And while sleep pat-
terms are stable |:L'|'.|i=:.r change little, or very
:luwl}'}. scientists have found that the
amount of sleep required to be alent dif-
fers considerably from one individual to
another. These differences are believed to
be inherited as genetic traits.

Bleep patterns also vary by age. For
instance, newborns sleep 16-18 hours
each d'“".‘" i.:r.|i:|.l.|.|:|.:ing several nLap. Ay age
one, children average 12-14 hours of
:|.==1:| 1:'|a:i.'|1l.', i.ndudi.ng two naps. Traelya-
year-olds penerally sleep nine or ten
hours each day, without naps. Adules
sleep six to eight hours per day. The
urge to nap in the afternoon is normal
for all teenapers and adults, but most
people override this urge by remaining
active.

Bleep deprived individuals perform
less effectively, remember less informa-
tion, and think less clearly than those
wheo are well rested. In some professions
{truck driver, police oilicer, ete. ), ale ep
deprivation can contribute to accidents.
Rzga.n:llzn of the jub. a gr.rnd ni.ght': :|.==1:|

is key to performing at one’s best.

TIME

30 minutes to conduct initial class diseus-
sion; d—7 days for students to collect sleep
data: 30 minutes to discuss results

Continued

RACTI% | T 4

A Variety of
Sleep Patterns

Sleop pattarns vany among
differeat aremals, but al
animals rost batween
pericds of activity. Fabbits,

io” anampla, sonp just

a fow minubas at a tima.
Dolphirs have a unigua
foern of sleap: while ora
half of the dolphin bran
sloapes, the other hal
remains alert and awaka.
Crher armes, such as
cais, ana crepuscoulss,
meoanirg they 2re actve
at dawn, but skeegy dur-
irgg then day. Cats typicalky
sleap beteveon 12 ama 16
howrs par dosy.

Carwy o) DA, Hioa gl Undsra R h Progeas, M

Shibkp Pamtarns
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MATERIALS

Each student will need:

® Sheet of heavy white paper

® Sheet of lightly-colored, heavy paper
® Dirawing compass

#= Protracior

® Markers (differant colars)

® Pair of scissors

® Pen or pencil

® Log or journal

® Copy of student sheet [P. T4}

SETUP & MANAGEMENT

Begin the activity with a class discussion.
Working individually, students will cal-
Lect sleep data on themselves and possibly
their Fa.mil}' members. Next, working in
groups of four, they will examine their
data and share results.

PROCEDURE

Part 1: Elup Observations

1. Eha]lzngz the class to think about all
the different things they do during
u t:l'P:i.-l:al 24-hour Pm.-i-:d. Let each
student suggest one or more activities
and create a list on the board.

B, Mow ask, What ackvities could you lezve :lﬂ"
this lisf anthout u_ﬁ:n!l'rg_}uur heatth or hew you
feel? What activities mus stay on the [it ¥ Why
do you Hhink s F

. Explain to students that they will be
examining an essential activity on the
list: sleep. Then, encourage them to
share what they know about sleep.
Ask, When do you weuelly sleep # How long
di o .n!r:lp'? What makes you ami:tup'? Tell
students that they will be investigpat-
ing their own sleep patterns to answer
the guestion, “Does my sleep follow a
regular P-ur.tzr.n.'?"

4. Have each student create a journal,
or “EIEEP Lvug,“ to record the times
that he or she goes to sleep and wakes
up mach d.a.}', for a Fzr.i.-ml of seven
days. The SluP Log should include:
bediime; how the student felt at bed-
time; waking time; how the student
felt when waking; whether the student
used an alarm to wake up; and how

Sleep Patteras
The Science of Sleep end Daoily Bhthens

the student felt during the day {tired,
well rested, et ). If possible, time

the activity so that students are able

to compare wesknight and weekend
sleap patterns. Students may want to
ask other members of their families to
participate, and to record those family

members’ sleep data as well.

Part 2: Looking at Data

1. Adier students have completed seven
I:lﬂ.}"l of obhservations, have them Plnl
their data on the “SluPin_g Patterns
Ernph," {F- 243, and caleulate their
average number of hours of sleep
per night.

Z. Have students share and compare
their praphs and journals with other
members of their groups. Help them
to identify similarities, differences,
and patterns in their graphs. Ask
questions like, Do most people po to bed and
wake wh ot about the same trme eack n'g'? Ied

_}wuﬁdpzrﬁrufmi} sleepy on oy doy ? ffm. why
n'n_}uu:l'kirnﬁ: that EF?DEI_JEIHH'E m]y:lhr:gd'lf—
fﬂrrd about the fart of the graph correspending
fo thet d'g;r e ﬂl'd_}'au nodece o d'[ﬁr:r:rn:z helweem
days you weed an alarm to moke uh end deys you
slept until you woke noturally #

4. Ask students, What gre some other wapt
fo refresent your fleeh data ¥ Mention that
fractions can help us to represent and
study data. In this case, fractions can
be used to illustrate how much of each
student’s day is spent sleeping.

4. Have the materials managers pick up
their supplies. Show students how to
make a circle with the compass. Have
students make a circle with 2 16-cm
diameter on each piece af paper,
mark the center
of each circle
with a dot, and
then cut out
the cireles.

5. Tell students they will divide one
circle into 24 equal sections. Ask, “"b
do you think the cirtle needs fo be divéded into
24 secdions ¥ (to represent a 24-hour
d.a.}'}. A oa class, discuss how to divide

Sleep Phases

Scientsis e just begin-
ning [ urderstand why
namans sleap, and wiha
nappans whan wa sleap
Thery know that sieep
consists of tao difaren
phasas, One pnase, callad
non-Aapid Eyva Movement
IREN] sleap, is characier-
zad by skow bran actiity,
D BYE MOvamant, ang
vary kpw muscle tone, The
sacond phase of sleap,
REM, is chamacierized by
&N aciiva brain, Bursts

of eye mavermanis, and
parayzed muscias which
miakas i1 sade 1w draarm !}

Drearns are pravalant aur-
ng REM slaep. Scantsis
nave diffarant ideas abour
iha purpose of dreams
Some beleve the brain
consoldatas important
land erases unnesdad)
rifarmiaticn during dresms

Individual Needs

Some pecple need more
sleap than oibars—avan
ather members of 1he
saime famiby—and thane

5 quita a bit of vanabilty
among ingividual responses
1o inadequate sleap

@ 2009 Bayler College of Medicing
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A Fraction Wheel

Astronauts
and Sleep

Astronayts in spaca fra-
quently have diffculty
slgaping, partly becsuse
thair inbarnal clocks are not
synzhronzed 1o e ligh
condtigns they epeiance
during a mission, and also
bacausa tha strasses of
space flight and thair neg-
tig work schadules affec
the quality of sleap, NSER
and other rasearchars ana
seaking wiays 10 agdrass
thase probkams. Results
of thgir weork wall ban-

afit astnonauts and mamy
pacgle on Earh with sleap
disordes

@ 200 Bayler Callega af Madiziae

10,

11.

the circle {see “A Fraction
Wheel” illustrations, left
sidebar). Have students pro-
gressively divide the circle
into halves, fourths, and
eighths; then use the pro-
tractor to create three equal
sections of 15 degrees within
each eighth. Instruct students
to number the sections 1-24.
Have students draw and cut

a radius line (line from the

Q Astronaut Jerry
Linenger, M.D., Ph.D.,
STS-81, NASA 4 (Mir),
measures his temperature
while participating in skeep
axperiments. He is weor-

ing the Might Headband
Momitoring System designed
to record head and eyelid
movement during sleep.
Experiment data is down-
lpaded to a loptop computer.

center point to the Edg\e:l on
both circles.

To complete the fraction

wheel, have students slip the cut
line of one circle into the cut line
of the other, so that the circles are

joined and one circle slides around

the other.

. Ausk students to set their fraction

wheels to show the average number of
hours of |:|.u.1l.-|.:ighr. within Earth's li.gh.r.—
dark cycle {12 hours), and then write
the number as a fraction (12/24), Have
students identify fractions equivalent
to 12724, Lui.ng the sepments on their
fraction wheels as a guide.

Hawve students mowve their fraction
wheaels to the average number of hours
they slept per day during the previous
waak,

Eemind students that fractions are
only one way to represent the paris of
a whole, and that fractions also can
be written as a decimal or percentage.
For example, the entire circle on the
fraction wheel represents one day,

or 24 hours, and can be written as
24524 ar 1.0 {since 24 divided by 24
is 1.0). Because 24 hours represent
the entire circle, they also represent
100% of the hours in a day.

Conclude the activity with a class
discussion of the gui.l:li.ng question,
“Does each person’s sleep follow a
rzgulu.r E:-a.tr.ern'r"" L, have students
answer this question with a short essay
in their journals. Have them include

evidence to support their answers.

Watenal Space Biomadical Besearch Irstiune

EXTENSIONS

# If students need additional practice
converting fractions to decimals and
percentages, have them complete an
equivalency chart by writing each hour
of the 24-hour cycle. For example: Hour
{213}, fraction {2%/24), decimal (0.95E8],
percent (96 8%,

® Have students track other essential
activities 1n thz:irjr.ru.rna]!. such as :u.l.i.ng
Or EXETCISINE.

® Have students investigate the .1]=i=]:|-
ing habits of different kinds of animals:
Where do they sleep, and for how long?
Do they sleep at night or during the day?

# Discuss how students” sleep patterns
change when they do oot have to po to
school {for example, during SUIMTET ).
Do students stay up later? Do they wake
at the same time every day? Do they sleep
according to a regular schedule?

# Hawve students discuss the following
guestions in their groups. I an astronaut
is grbiting Earth, how many times must
he or she circle our planet to pet the same
amount of sleep that you get each night?
I the astronaut slept the same percent-
age of time per da:.r as you deo, how much
sleep, in minutes, would he or she get
per 30 minutes? IF the night/day cycle
oo Mars lasts about 25 hours, how many
hours per day would you sleep if you ':I

lived on a space station there?

Slewp Pattarns
The Science of Sleep and Daily Rhythers
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2 Dates
2 12:00 a.m.
::' Plictnigint
=00 a.m.
2:00 a.m.
300 a.m.
4:00 a.m.
.) The Earth at Twilight. As shown in this imoge §:00 a,m.
taken from the International Spoce Stotion, na
sedden, shorp boundory morks the passoge of doy E08 a.m,
inta night an Earth. Instend, the shodow line shows the
gradual tronsition to darkness we experience as twi- 700 a.m.
h.g ht. Flurkness is just u.ne. nf.l:he cues that signal gur 8:00 am.
biolegical clocks when it is time for us to sbeep.
9:00 a.m,
1. Color in the sguare represanting your bedtima
and the sguare corresponding to your wake ime 10:00 a.m.
far each day recordad in youwr journal. Use a
different color to fill in the sguares betwean 11:00 a.m,
bedtimes and wake times. Fill in additional
sguares to represent any naps. Record dates of 12:00 p.m.
the week and hours slept. Notice that any given e
“night™ will cwerlap betwean two dates. 1:00 p.m.
2. Record the total number of hours slept for each 2:00 p.m.
2d-howur pericd in the table balow.
3:00 .
Hours .
4:00 pom,
5:00 p.m,
&:00 p.m,
T.00 p.m,
£:00 p.m.
4:00 p.m.
10:00 pam.
11:00 p.m.
Slezp Potterns @ 2009 Boylor College of Medicine
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OvERWVIEL

Sleeping and waking are governed by the body's
"internal clock,” which, in turn, is influenced by external
cues. Changes in daily routines and schedules sometimes
conflict with cur internal clocks. Students will investigate

how changing the time they go to bed impacts their own

sleep patterns.

RACTI% | T 4

INMVESTIGATINGDS
SLEE

A: students learned earlier, most peo-
ple go to sleep and wake up at about
the same times each day. This sleep/wake
cycle is repulated by a group of nerve
cells inside the brain, called the supra-
chiasmatic nucled, which act as a timer,
or "biolopical cloeck.” These cells receive
time cues from the sutside environment.
Far :.'r.a.m]:]e. :le::ial cells inn the retina
{the part of the eye that has receptors for
]:i.;g'].'l.t:l| detect :unl:i.ghl. and send messages
to the brain in humans and other mam-
mmals, Ja].'lng.. "Wake up. It's ﬂa.].'t:i.me."

In fact, daily exposure to sunlight isan
important cue to ::.r.n.l:]':rnn:il:e the |:|r.r|:|.1l.":

aleep cycle.

SCIENCE EDUCATION CONTENT STANDARDS®
GRADES &-8

LIFE SCIENCE

& Barawniar @ one kind of resDanas an onganisny can
a0 &0 inbenal oF axternal STy

* Baravionl nasponse is & 8ol ol sCrons daber-
mied in paet by henadity and @ DB Tom axper-
arga

SCIEMCE IN PERSINAL AND SOCIAL

PERSPECTIVES

& Trad podaniml Tof aooadants and tha axEience ol
hazanrds mpces the nead 107 injuny pravengce

& |mporiant persansl ard soceal decisors are mada
baged on perpapiors ol banadas and rsks

SCIEMCE, HEALTH & MATH SKILLS

Abrupt changes in one’s sleep cycle,
such those caused by a new work sched-
ule ar travel across time zones, can make
it difficult to fall asleep or stay awake,
because external cues conflict with
messapes being sent by the body's inter-
nal clock. The brain says, "Slesp.” but
outside conditions signal, "Be active, it's
morning!” Other factors that can affect,
or interfere with, the sleep cycle include
Ph}-::ii:al pxercise, medicines, meal times
and stimulants (such as caffeine in coffes,
tea and soft dri.nhl:l.

This activity allows students to inves-
tigate their own internal elocks. For one
night, students will o to bed one hour
earlier than usual. They will cbaerve and
record any impacts that this change has
on their abilities to fall asleep, and on

their usual wake times the next morming.

TIME

30-60 minutes to conduct initial class
discussion; 30-60 minutes to summarize

findings the following day

MATERIALS
Each student will need:
- Un]::i.u of student shest [P. 27

SAFETY

A Sleep Chemical

Malztonin = a chomical
miessangor secnatad in
humans and othar mam
mals durng perinds of
darknass. { s an imiposs
tant aid in synchronzing
the cicadan bialogical
zlack. [t also ploys @ rala in
triggering socimea animialks’
soasonal bebawiors, such
an coal aewalopment and

hibarnation.

Effects of Daylight
Savings Time

Im most of the US, people
miowa thair docks ahoad
ond our-—switching to
Dylignt Savings Time
|DETh=in the spring and
back ane howr in 1o fall.
Thase changes can causa
tamparaty problams for
soma poople because
their sleaping times ane
charged by aone hour.
Aecandly, 1 has boen

fourd that there is an

- o in th Thor
& Prioting Always follow district and school labora- - . "
* Obserdng . § of work-related accidenis
» Criveing conclusians tory safety procedures. It is a good idea for ar te ey folowing e

students to wash their hands with soap and b 9
* Piteril Risssirch Counal. 1096 Matosil Scasce Edusifbon . switch o OST.
Sigrviwesn Wasbigion, 00, Matoral doashe—am Sroe water before and after any science activity.
Contimued
& 3008 Boylor College of Medicine Investigaoting Sleep
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SETUP & MANAGEMENT

Lead a class discussion about the steps
and purpose of the activity. Students will
carry out their own investigations at home

and report back the following day.

PROCEDURE

Day One

1. Eemind students of previous activities.
Aglke [id the bean _I':J-unf leaves moze the same way
eack day ¥ How chout the onimels you oheerved P
Did their bekaviars show o daily pettern ¥ Do you
do certain things af about the seme time eoch day?
Have students refer to their sleep jour-
nals. Ask, Do ypou think o bislogical dack regu-
lates some of year behaviors ¥

2. Explain to students that they will be
investipating their own biological clocks.
One night, they will go to bed one hour
parlier than usual, then observe and
record what happens.

3. Mention the ohservations that students
will make: whether it was BASY OF hard to
fall asleep at the sarlier time and if they
woke at the usual time the next morn-
ing. Students also should record how
th-::,r felt the next dn}': morefless tired
than normal, etc. Explain that resules
will vary from person to person.

4. Diistribute copies of the "Sleep
Observations” shest, on which students
will record their data. If possible, have
each student enlist the help of a house-
hold member to observe and record the
actual time the student falls asleep.

Day Two

1. Have students summarize their experi-
ences in short paragraphs. Ask, Did going
ta bed earlier make i easier or more difficult thar
usual fo fall adech ¥ When you ment fo bed, did you
natice nodres and eifier feofle more or less than pou
usually would ¥ How did you feel the next moming?
Did you mwake ot your usual dime P

2. Have students share their paragraphs by
reading them aloud, or by posting them
in the classroom. [nitiate a class discus-
sion of the results. Point out that some
students may have had difficulty falling

aslesp because their bodies were used to

Investigoting Sleep
The Science of Sleep and Daily Rhuthms
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a later bedtime. However, students may
have woken at their usual times in the
MOTT i.n._g. even after r:-:-l::ivi.n_g an extra
hour of sleep, due to the programming
of their internal clocks. Some students
may feel better after receiving the extra
slesp.

3. Discuss possible outcomes of going to
hed one hour later than usual, instead

of earlier. Ask, How do pou think you would

_you feel after setting less sleep thar usual ¥ How
might a reduction in sleep affect your daily life 7
Initiate a class discussion about the nor-
mal amount of sleep required by people
of different ages (see page 213, and the
ways insufficient sleep can impair per-
formance on both mental and physical
tasks. For example, lack of sleep, liks
aleohol intoxication, can make physical

reactions Ilml’ 2

EXTENSIONS

® Have students continue with their
earlier bedtimes for several days. Do they
eventually become programmed to the
earlier times?

#® [nvite another teacher or a parent
whao has traveled across several time zones
(E-E’., across the continental US, to Asia,
oar ko Eu.rnp::l to talk with the class abowt
how he or she felt physically during the
first day or two in the new location. Was
it easy to sleep? Was he or she more tired
or alert than usual? Did he or she have
to readjust to the “normal” schedule after
returning home?

# [nvite a policeman, fireman or some-
one else who routinely works a night shaft
to talk to the class about how he or she
has adapted to the stresses of a nocturnal
work schedule. m

Teens and Sleep

Teoanagers' s'oop cycles
aften get snifted, caus
rig their internalty pro
grammed sleap tima to
begin @ound midnight.
Such shifts may maka it
difficult for tham 1o ot

anougn =onp.

Light Sensitivity

fiods and cones in tha
eting of tha aye contain
IgNt-58Ns NG pigmanis,
which are vary sensitia 1o
TerETiEnt (noos) and color
lcorasl. Aecanily, soan-
1lists giscovarad a new pig-
mant, caled malanapsin

n parphans! calls of the
eting. Linlike rog and cone
calis, recepiars cals with
malancgsin datest intan-
sty of changing lewvals of
igit. For example, whan
it bacormaas Dnghiar in
iha maming, malanopsin
rigpars the brain’s master
biclogics! ghack isuprachi-
Esmatic nucled te snift it
&1 active patbarn, Whila
od &g eone calls respand
best o full spactum white
ignt. cals conainrg
malanopsin raspand most
strongly 1o blua lignt 1496-
77 nanomaters|

Common Sleep
Disorders

Seap gisordars affact up
i 0 rellan peopk in the
US, Insamnia = 8 common
seap dsorder that causes
paaple 10 have Jifficuity
falling or staying asleap
Apnea 15 a dsonder that
miakas it difficult for peo-
ple to breath while askeep

@ 2009 Boylor College of Medicing
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SLEEFF OBSERVARTIONS

Ask a family member or friend to help with this experiment. For one night, vou will go to bed one hour earlier
than uswal. Write your answers in the spaces balow.

1. What tima did you go to bed?

2. What time did you fall asleep? (If possible, have someone cbsarve and record the time for youl)

3. Hower did you feal when you weant to bed aarhy?

4. What tima did you wake up the naxt morning?

§.  Howw did you feal when you woke up?

6. How did you fesl during the next day?

7. In the space below, write 3 paragraph sbout your experiment and the results.

i@ 2009 Baylor College of Medicine ] Irwastigating Sleep
Mational Spoce Biomedical Research Institute The Science of Sleep and Daily Rhuthms
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Language arts activity in which students learn from times
they have had difficulty sleeping, read about how astronauts
sleep in space, and write about unusual places in which they
have slept. Many different focters affect the quality of sleep.

Astronauts traveling in space experience many disruptions

to their normal sleep patterns.

SLEEFIN= I
SPACE

any factors can impact the quality

of sleep, and everyone has difficulty
sleeping from time to time. Excitement,
an.':i.zt].' or stress, :un!um]:l.i.un of stimu-
lants or certain foods close to beadtime,
unusual surroundings, noises, travel
across time zones, or changes io daily
schedules can make ﬂ:ep:ing difficult.
Insomnia—an ongoing inability to get
enough sleep to feel rested during the
day—ocours when sleep problems extend
beyond a night or two. More than 50% of
Americans suffer from occasional bouts
of insomnia or other :|.==P disorders.

Astronauts may experience more dis-

ruptions of normal sleep patterns than
anyone else. The intense work schedule,
unusual surroundings, occasional space
motion sickness, cramped work quarters,

stress, and excitemnent of being in space

SCIENCE EDUCATION CONTENT STANDARDS®
GRADES &-8

LIFE SCIEMCE

& Hangyion 5 ang kind of reeponss an Ofgac s Lan
Maka 1o BN nbernal of axternal stk

SCIEMCE IN PER®INAL AND SOCLAL

PERSPECTIVES

& Tha potandssl For accidents and the axistance ol
FaaZands inEees Pl neessd ToF injury [presaseTion

SCIEMCE, HEALTH & MATH SKILLE

» |dantifying common alements

= Making extensons 1o new situations

* Matoril Rigaadss Councl. 1008 Hatesral Scmcdn Educiien
Crariardh Winstesgins, 00T, Matvsel Scede s Pricc

Slaeping in Space
The Science of Sleep ond Daily Bhythms

all can make 1t difficult to sleep. In addi-
tion, many visual cues on Eanth, includ-
ing the normal 24-hour cycle of light
and darkness that provides time cues to
the body's internal clock, are different in
space, or absent altogether.

&ince lack of sleep can seriously affect
performance on physical and mental
tasks, it 1s important to help astronauts
overcome sleeping problems. Several days
before launching into space, for example,
Lhi::.r are I!IPI'_'l!EI:l Lo hr:ighl. li.ghr_-l at =E.'-=|::i.|:_-
ic times, a controlled snvironment, and
pru_grammzd rrieal ]:i:ri.uﬂ: to th resel
their bodies’ internal elocks to match the
schedules followed in space. Research
has shown that it is possible to program
humans to a day'night cycle similar to
the one on Mars (2465 Earth hours).
Eesearch to help astronauts sleep better
also can help people on Earth with simai-

lar sleep problems.

TIME

10 minutes for setup; 30 minutes to con-

duct activity

MATERIALS
* Copy of student sheet ':E.'-- a3

SETUP & MANAGEMENT

Conduct this activity with the entire class.
Students may read the story, " Sleeping in
Gpace,” individually, or they may work in

Leamns.

RACTI% | T 4

Why Do We Sleep?

Sciantists stil are trying

1o anEwar This question
Some paspla baleve that
by showireg rretabaolsm,
sleeg halps the body Feco-
& from aoieias camied
ot guring waking hours,
and that sleap also helps
us form memaories. Some
anrrals may sleeg 1o sava
energy during hours whan
it = too dark or too dangar-
05 03 hunt for foog

Effects of
Sleeplessness

Sleeplassness dimnshes
mental and phwsical perfior-
rmanca, Just one seepiass
rght can impar parfor-
manca 85 miuch as baeing
inbicaied from alpohol

In agdition, wa are maorna
suscapible 1o the effects
of dnugs and alcohol

wihen wa're sheapy than
when wa & walrasted
Slpepiness can buld up day
after day, creating & skeep
“detd” that may ba heed o
“pay back. " Many regnis of
good sleep may be needed
03 rECovar

@ 2009 Boylor College of Medicing
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Tips for Students

Shuderts can 0 soeara

things to make sura they

@ rested and resdy 1o

perform well i schao

® Mpoid soft drinds or
{oads with caffeine
le.q., chocaolate, some
carbanaied bovarages,
cafeen, toal, especialby
cose 1o bodtime.
Hicoding (from smoking]
and aloahal also inter

ferw with sleap.

= Sfick to a regular
schedule far gaing to
bed and waking up,
and get bright Eght im
the mamning fo halp
program your biclogica
ook,

= Do some light exarciso
n the late afternoon
jbut not in tha evening
before gaing to bedl.

= Recogrize that most
sludonts nood at loest
nine to 1en hours of
cantinuous sloap por
night, and plan sched
dles acoarding by

= [f wou heve trouble T2l
ng as'oep, drink a glass
af warm milk, which
cantains tryplopghan, an
mmine acd that can aid

=enp.

& 2009 Boylor College of Medicine
Matioral Spoce Biomedical Research Irstitute

PROCEDURE

1. Ask students to remember an oecasion
when they had difficulty sleeping. Have
them share their experiences with the
reat of the class, and list the experi-
ences on the board or on an overhead.
Scenarios sugpested by students might
include: the night before an exciting
event, such as a birthday party; trying
to sle Ep in the car |:|.l.|.r:i.r|.g a |.|:|:r|.g Erip;
or being awakened by strange or fright-
ening noises at night.

2. Encourage students to think carefully

about the list and to identify commen
elements among the events. Such ele-
ments could incude: sleeping in places
other than home; sleeping before or
afier unusual events; sleeping when
one's physical state is not normal {sick
with an itchy rash, etc. ).

3. Mention to students that they will be
reading about a situation in which it is
VETY difficult to lluP—'he:ing an astro-
naut in space. Ask, Do you think asrenouly
cam rfupmu:”hspuu m&gd’nﬂ!hm?
What might be chfferent about sleehing in spoce ¥
Hox :I'n:l_;puu think the shace shehion envirenmend
affects adronouty’ phynicel and rendal perfor—
mance ¥ How :rnligfu! rru:rngnmgp—ﬂrd I!l'u_ﬁdl'r:g
of weghtiesnes: experienced while orbifing Earih—
affect sleah ¥

4, Aber students have offered their com-

ments, distribute the student sheots,

5. Students may read the essay and com-
plete the writing extensions on their
own or in small proups.

B. Allow students to share their work by
having them read their paragraphs or
by displaying their paragraphs some-
where in class.

7. Conduct a class discussion about the
importance of getting enough sleep.
Begin by telling students that when you
don't pet enough sleep, it can be hard
to stay alert, EIP-ECLHJJ}' i.F‘lp:!u. wark at
night. Ask, Whet could hapben if someone
drives or aperates dongerows equsprent when be or
she 5 drousy ¥ Help students understand
the connection between sleep and per-
formance on mental or physical tasks.

oy

Sl be’ i ot

PricdD [y i

0 Certain wovelengths in the blue
portion of the visible spectrum alter
melotonin production, thereby affecting
the human circodion rhythm. *Blue light®
lomps may help to promote o more normal,
healthy sleep cycle for ostronauts living
and warking in space. On Earth, blue light-
ing can be modified for peaple with sleep
dizorders and to help shift workers odjust
their biclegical clacks.

EXTENSIONS

# Have students create drawings to
accompany and illustrate their Para.gra.]:h:
on sleeping.

# Encourage students to learn more
about living and working in space by
visiting webdites of the National SFa.-:e
Biomedical Research Institute Dwwow.
m'hri..urg} and NASA {m.nun.gm':l:
and/or have them investigate ressarch on
the relationship between sleep and per-
formance at Harvard University's Healthy
S]ccp wehsite |:hLI.P o/healthysleep. med.
harvard. edul.

® Scientists are using mathemati-
cal models to predict alertness levels for
astronauts and airplane pilots under a
variety of conditions. Thess predictions
can increase safety by enabling astronauts
and pilots to know when they are maost
prone to mistakes caused by sleepiness.
Have students think of other ways we use
mathematical models to make predictions
{weather predictions, stock market
predictions, ete. ). ‘:I

Sleeping in Spoce
The Scierce of Skep crd Daily Rhythms
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SLEEFINi= In S+~ARACE

Read the article, then complete the iterms beneath it on a separate sheet of paper.

H ave you ever slept in a
sleeping bag? Maybe when
you went camping or slept aver

at a friend’s house? When astro-
nauts sleep on the space shuttle ar

the [nternational Epaﬂn Station

(155), tl'h.-.].' fasten themselves inta

spbr_i.a.l sleeping l':-ags. In space,

Astronaut Daniel Tanl, NASA IS5
Expedition 16 flight engineer, skeeps while
flooting in his sleeping bag on the space
stotion. [t con be difficult to sleep in
cramped, unfamilior quarters.

there is no "up” or “dawn,” and
the effects of Eravity aTe mini-
mized. As a result, astronawts
foel weightless, and can slnn]: in
any orientation. But they have to
attach themselves to a seat ar wall
inside the crew cabin or slnnping
compartment, sa they don't flaat
around and bump into something
while they sleep.

Generally, astronauts are sched-

uled far eight hours nl?sl.znp each

missinn ':I'“"."" But like an Earth,
they may wake up in the middle
af their sleep periad, ar stay up
late to lock aut the window. The
excitement of l':-n:ing in space,
motion sickness, and other fac-
tors can disrupt an astronaut’s
sleep pattern. Crewmembers
easily can hear each ather, so they

1'I'II1':||' ﬂEEl!'] 1o wear n:.:'_l:'rlugs d.LI.:I'I.TI.E'

their 5|.|:|.-.r.| ]:li.-.'r:inl:L'..

Astronaut Michael E. Lopez-Alegria,
HASA 5T5-113 mission specialist, is about
to toke his first of three spocewalks
during this mission. Could you sleep the
night before yowr awn spacewalk?

Sleeping in the shuttle's cack-
pit is especially difficult because
the sun “rises” every 90 minutes
while the shuttle orbits Earth.
The sunl.i.ght and warmth enter-
ing the rockpit window are
enough to disturh a slesper who
is not wearing a hlindfald. When

'i.l‘. 'i.! Eurme to "A"JkE 1.I.r.| amn I‘J'JE !FI.I.'.E

shuttle, the Mission Contral

Center in Houston, Texas, ]:||.u.1l,rs
music to the crew. The [58 crew

Tusk use an I.I.I.:I'E'I'I. (=] "n'lkl.'. 1.111-

Astronaut Tracy Caldwell, NASA S5TS-118
mission specialist, referring to chacklists
as she operotes the shuttle’s remate
robatic arm. Astranauts’ complex tosks
require that they get encugh sleep to
function at their best

Getting enough sleep is a
priority for astronauts in space.
Without sufficient slr.r.]:. l.|'|.r.:|-'
are more likely to make mis-
takes and may not perform well
during their complex tasks.
Hesearchers with the Mational
Space Biomedical Research
[nstitute are working to itmprave
astronauts’ sleep and schedul-
ing of work shifts. Far instanece,
thess scientists are Inarni.ng b
specific types of light can inerease
alertness and performance in
space. Their findings also will
help peaple on Earth who have
sleep problems.

1. List at leest three weys in which slesping in spaca is just like sleaping on Earth.

2. List 8t leest three weys in which slesping in spaca is ditferent from sleeping on Earth.

3. Winte a paregraph about the most unuswal place in which you ever hawve slept. Include answers to the following guestions
a.  Where did you sleep?
b.  How well did you sleep?
c.  How did you feal when you woke up?
d. Would you like to sleep there evary day?
Adupaed dorm “Hpecs Seop. T MARR hepaissace Mg sy poefangispecn seantnaes Biml PRooos coumsry of MAGA s rasaimagess o]

Slaeping in Space
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Summative assessment activity in which students will review

concepts about sleep and daily cycles, and will create their

own illustrated poems.

SLLEEFF CYCLLE

R4+HYMEsS

yeles and chythms can be found in

all orpanisms on Earth. Many are
synchronized to the 24-hour cycle of
Earth's rotation about its axis. In general,
24-hour cycles are called circadian, from
the Latin words for "about”™ {circal and
“elay” {elims),

People's schedule of sleeping and
waking is determined, to a large extent,
|.1].' an “internal clock” in our brains.
Envirenmental cues, particularly light,
k:ep this clock .1}'nd1run:i.z=|:] to external
conditions. However, the clock will
continue bo run on Approximate 24-hour
cycles, even without changes in the
snvironment.

The human cycle of sleeping and
waking can be disrupted by changes in
external conditions. Such changes occur
when travelers move across time zones,
or when astronauts travel in space. Not
getting enough sleep can contribute to
poor performance on mental or physi-
cal tasks, and may even lead to dangerous
accidents.

Space life scientists are seeking ways
to help astronauts achieve the sleep they
need to function well under the stresses
of long-term space Hight. Their ressarch
also will help to solve sleep-related prob-
lerms for people on Earth.

TIME

10 minutes for setup; 45 minutes to

conduct activity

& 2009 Baylor College of Medicine
Matioral Spoce Biomedical Research [rstitute

MATERIALS

Each student will need:
® Writing paper

# Markers, pencils

SETUP & MANAGEMENT

Conduct discussion with the entire class.
Btudents should work independently or

in small groups to write their poems.

PROCEDURE

1. Review the major concepis to which
students were exposed in this unit.

2. Bead or have students read the poerm,
“Tick-Tack, Tick-Tock,”™ []:. 327, Lead
& class discussion about the poem's key
concepts.

3. Have students create their own illus-
trated poems about sleep and/or cir-
cadian rhythms. Each poem should
include at least one new concept that
students learned about this topic from
the activities in this unit. Possible

approaches are given below,

® After the poem is read, have students

write their own poems about sleep
andfor circadian clocks.

# Read a few verses of the poem to get

students started, and then have them

write their own verses to complete
the poem.

® Share the first line of each verse and
have students complete the versas

with their own words.

RACTI% | T 4

Eeliable Sources

Roliable informatian about
='mop and refated fopics is
zwalab'e online at the fol-
owing Wb sios.
Healthy Sleap
atip:dhealthysleapomed.

narsad.odu
MedLline Plus®
atip: fmedlineplus.goy

MASA COMMECT™
atp:iconnect. larc.nasa.
goatopisodes himl

Mational Heart, Lung,
and Blood Instituts

wawresnhibi.nikugow

Al s ki o vl bl i
e thin 40 Enousges

Sleep Cycle Rhymes
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TICH-TOCH, TICH-TOCH

Tick-tock, tick-tock, tick-tock, tick-tock.
Did you know you have a “brain clock?”

Like the sundial's shadow-line
your inside clock can measure time.

It tells you when it's time to eat,
and even when to go to sleep!

But people aren't the only ones
who know it's time for rest or fun.

Plants know when it's time to bloom.
They know that springtime’s coming soon!

At dawn, most birds begin to sing
without alarms that ring-a-ling.

Frogs know when to leap and croak,
or chase some flies... or take a soak!

Barn owls hunt when your day's done.
They rarely ever see the sun.

How do they always know the time
without a clock or watch like mine?

How can we solve this mystery?
The answer's in our cells, you see.

People, plants and animals
hawve “inside clocks™ that send a call.

The clocks tune in to mMany cues
like, “When it's dark, it"s time to snooze!”

Mow you know that you're a clock,
s0 shout it out: Tick-fock, Tick-tock!

Sleap Cycle Phymas @ 2009 Baylar College of Medicing
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