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La voie lactee
La galaxie à  laquelle appartient la planète Terre, 
s’appelle la Voie Lactée. Comme astronaute tu 
devras l’étudier  pour bien la connaître. Tu dois 
appuyer sur les planetes pour connaitre les pages 
a lire.
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L‛espace (pp 430-433)
Le système solaire “système du soleil”
• tous les objets qui orbitent le soleil font partie du 
système solaire
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Dans notre système solaire 99% de l'espace est VIDE.
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les lunes (a.k.a. les satellites)
• la plupart des planètes ont une ou plusieurs lunes
• les lunes orbitent les planètes
• en 1610 Galileo a été le premier à voir les lunes d‛une autre 
planete (Jupiter)
• # de lune connues:  Mercure = 0; Venus = 0;Terre = 1; Mars = 
2; Jupiter = 16;  Saturne = 18; Uranus = 17; Neptune = 8; Pluton 
= 1

Io (La lune de Jupiter)
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Un asteroïde 
• se trouve souvent en anneau qui forment “la ceinture 
d‛asteroides”
• petits corps rocheux fait de mineraux
• le plus gros mesure environ 1000 km
la majorité des asteroides connus se trouve dans la ceinture 
entre Mars et Jupiter
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La comètes
• fait de roche, poussière et la glace
• voyage au tour du soleil en orbit de forme de cigare
• la Comète Haley prend 76 ans pour voyager au tour du soleil
• une comète a un queue qui s‛étale des millions de kilomètres
• quelques cométes sont si brillantes qu‛on peut les voirs même le 
jour
• Elle devrait retourner en 2061
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Un météores et un météorides
• morceaux de roche ou de métal emprisonné par l‛attraction à la 
terre
• en traversant l‛atmosphère, ils se frottent contre les molécules 
d‛air et se consumment
• cette friction produit une trainée lumineuse qu‛on voit la nuit
• c‛est ce qu‛on appelle les “étoiles filantes” (shooting star)
• les pluies météores sont probablement des debris de comètes
• si un météoride s‛écrase au sol avant sa désintegration totale on 
l‛appelle un météorite
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Source: ASC

http://www.space.gc.ca/asc/fr/educateurs/ressources/combinaison/atmosphere.asp
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Planètes internes et telluriques
1.  
2.
3.
4.

Mercury Venus Earth Mars
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Planètes externes, géantes et gazeuese
5. 
6.
7.
8.
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La 26e assemblée générale de l'Union astronomique internationale a 
attribué à Éris , Pluton , et Cérès le statut de planète naine en août 
2006. En juillet 2008 est venu s'ajouter Makémaké  septembre 2008 
Haumea.
Le tableau cidessous récapitule certaines caractéristiques de ces corps 
:
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As large as the tail of a comet is, it is very, very thin. It is not much more a vacuum, so a typical comet doesn't lose a large 
percentage of its mass as it passes perhelion.

For example, Comet Halley at its closest approach to the Sun loses about 30,000,000 grams of water a sec. This seems like a lot, 
but it only adds up to a loss of a 1 meter depth of its surface per orbit. Since Comet Halley is over 5 km in radius, a loss at this rate 
would have Halley totally evaporated in about 1700 orbits or in something over 13,000 yrs. 

Comets do eventually melt away and this happens faster for the short term comets. The dust trails they leave behind in their orbit are 
called comet remnants. From time to time, the Earth passes through these remnants and we get meteor showers. Two of the more 
familiar ones are the Perseids and Leonids, which occur annually.

Meteors are much closer to the sun  the asteroid belt is between Mars and Jupiter only 34 times as far from the sun as we are  
right next door in solar system terms.
The comets are in the Oort cloud about 50,000 times as far from the sun as us. At this distance the temperature is low enough that 
water and pretty much all 'gases' are solids.
Also there isn't much out there except comets so while all the space ice/dust/rock etc in the inner solar system has been swept up by 
hitting passing planets, out there it is undisturbed unless picked up by a comet.

We only see comets when one of them is disturbed somehow and begins to fall toward the sun. Most pass by the sun and head back 
out to the cloud on a very long period orbit. Only a very few are caught in an orbit that brings them back quickly like halley.
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Quelle planète est la plus grande?
Quelle planète est la plus petite?
Quelle planète bouge la plus vite au tour du soleil?
Quelle planète tourne la plus vite?
Quelle planète est la moins droit sur son axe?
Quelle planète serait le plus habitable?
Pourquoi pensestu que les planètes externes ont plus de 
lunes?
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Tides  spring and neap
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Comparons les planètes!

http://www.sciencenetlinks.com/interactives/messenger/psc/planetsize.html
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Mercure
• 170oC la nuit et 400+ 
• orbit de l3 jour
• visité par 'Messenger Space 
Probe'
• une grande force gravitationelle 
pour sa granderur
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Venus

Venus
 planète la plus brilliante
 visité par 'Venus Express' et 
les russes
 pleine de gazes toxiques
 500oC
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La Terre vue de la lune
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Notre lune:
• est a 400,000 km qui prend 3 jours de voyage
• 12 astronauts ont marché sur la lune  le premier étant 
Neil Armstrong, un américain sur Apollo 11
• On croit que le lune était un morceau de la terre qui 
s'est brisé.
• Il n'y a pas de vent alors les empreints des astronauts 
des années 1969 sont encore là.
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 beaucoup de poussière et de vent
 Il y a de l'air mais c'est plein de CO2 et il 
n'y a pas de protection du soleil.
 Température de 80oC
 Mais il y a des organismes qui survivent 
dans ces conditions sur la Terre (les 
tranchées de l'océan et le Grand Nord) 
alors c'est possible qu'il y a des êtres 
vivants
 Les volcans sont peutêtre pas éteint qui 
pourraient fondre la glace à l'eau...
 Les nouveaux ravins indiquent le 
mouvement de l'eau

Mars
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Mar explorée 
par Spirit et 
Opportunity
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Cérès  récemment nommé une planète 
naine et non un astéroïde.
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Jupiter 
1000 x la grandeur de la Terre  
toute les planètes pourraient 
aller dans une Jupiter
 Presque tout le gaz  yatil 
une masse solide au centre?
 Sa rotation est rapide et cela 
cré les tempêtes
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IO

Jupiter et un de ses 63 lunes

Faite de roche et soufre, 
et volcans
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Europa  une des lunes de Jupiter 
qui est couverte de glace!
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Saturne
Balle de gaz tellement 
légère qu'elle flotterait sur 
l'eau.  Exploré par Casini.  
Les anneaux sont des 
morceaux d'une lune 
écrasée et de la glace.  Elle 
a plus que 60 lunes.  
Beaucoup de gaz naturel.  
À un milliard de kilomètres 
de nous.
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Titan une des lunes de Saturne

http://saturn.jpl.nasa.gov/multimedia/poll/index.cfm?pollcontentid=14&getdetails=yes&indexpage=no
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Uranus
rotation horizantale, elle a des anneaux aussi
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Neptune
Il y a des grandes tempêtes de gaz.  Qu'estce qui crée les 
vents?
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Triton  une lune de Neptune  elle tourne dans la sens invers de 
sa planète.



SMART space.notebook

66

January 18, 2011

Dec 188:48 AM

Pluton et ses trois lunes
p

planète naine, composé de roches de de ______ de 
méthane et de l’_______. Plus petite que notre lune.  
Elle a trois lunes  Charon, ________ et Hydra.  Elle n’a 
pas encore été survolée par une sonde spatiale mais 
_____________ qui est parti en 200___ devrait arriver en 
2015 après _______ milliards de kilomètres.
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http://www.nasa.gov/mission_pages/newhorizons/main/
http://en.wikipedia.org/wiki/pluto
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Eris et sa lune, Dysomia
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Sedna 
• découverte en _________. 
•  Son orbit prend ‐_________
• Sedna est en théorie suffisamment __________ et 
_____________ pour être une planète naine . Cependant, il est 
difficile de déterminer sa forme en raison de sa distance.
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Il y a probablement au moins 42 autres planètes naines dans la 
régions trans‐neptunienne en plus de Pluton et Eris.
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Que sont les étoiles?
• l'univers contient d'énormes groupes d'étoiles (les galaxies) 
séparées les un des autres par des distances immenses.  Les 
galexies sont perpétuellement en mouvement.
• Vues de l'oeil nu les étoiles sont que des points lumineux, mais 
vues avec une téloscope les étoiles ont des différentes 
couleurs
• elles sont caractérisées par leurs couleurs et brillance 
(magnitude)
• la magnitude indique leur grandeur et chaleur
• les étoiles sont faites des gases chaudes
• les plus chaudes sont bleues-blanches (étoiles géantes et 
supergéantes)
• les moyennes sont jaunes
• les plus froides sont rouges-oranges (étoiles naines)
• Deux types de magnitude: 
• le magnitude absolue désigne la quantité réelle 
de la lumière émise par une étoile à une 

distance standard.
• la magnitude apparente veut dire la brillance 
d'une étoiles telle qu'elle nous apparaît
•
• le soleil est une étoile de grandeur et brillance moyenne
• le soleil a une grande magnitude apparante parce qu'il est si 
rapprocher de nous
• notre soleil fait parti d'une galaxie spirale nommée la Voie 
lactée (Milky Way)

http://imgsrc.hubblesite.org/hu/db/2002/10/images/c/formats/web.jpg
http://www.noaanews.noaa.gov/stories2005/images/sun-soho011905-1919z.jpg
http://www.vt-2004.org/background/infol2/vt2004-if-g5-fig2.jpg


SMART space.notebook

73

January 18, 2011

Jan 1210:34 AM

La vie des étoiles :
• Newton dit : Tous les objets sont attirés les 
uns vers l’autre.  Plus grande la masse d’un objet 
plus d’attraction qu’il exerce.
• Les étoiles sont formées dans les nébuleuses.  
Elles sont des énormes nuages de poussières et de 
gaz surtout de l’hydrogène et hélium.  Ces 
particules contractent ensemble sous l’effet de la 
gravitation.  Plus grande que cette masse devient 
plus elle attire d’autre poussière et gaz.

Regardons ces évenements de près.

http://cougar.jpl.nasa.gov/hr4796/anim.html
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• Une étoile évolue  1.  naissance  2.  jeunesse  3.  maturité  4. déclin  5.  
mort  6. résidu.
• Les petites étoiles refroidies et perdent leurs éclats.
• Les grandes étoiles vont redevenir des nébuleuses.
• Les étoiles super géantes mortes créent des trous noirs.  Un trou noir 
peut être la même grandeur que ta main avec la masse de 10 milliards 
d’automobiles!!  Il a la force gravitationnelle énorme.
• Une supernova est l’explosion rare très lumineuse qui marque la fin 
d’une énorme étoile.  
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Une nébuleuse

Image pris par le 
téloscope Hubble  
http://hubblesite.or
g
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Une nébuleuse  

Image pris par le 
téloscope Hubble  
http://hubblesite.or
g
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Une nébuleuse

Image pris par le 
téloscope Hubble  
http://hubblesite.or
g
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Une nébuleuse

Image pris par le 
téloscope Hubble  
http://hubblesite.or
g
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Une nébuleuse en forme de cone
Image pris par le 
téloscope Hubble  
http://hubblesite.or
g
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Une nébuleuse

Image pris par le 
téloscope Hubble  
http://hubblesite.or
g
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Une nébuleuse

Image pris par le téloscope Hubble  http://hubblesite.org
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La jeunesse

Image prise par le téloscope Hubble  http://hubblesite.org
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Image prise par le téloscope Hubble  http://hubblesite.org
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Étoile mourante

Image prise par le téloscope Hubble  http://hubblesite.org
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Image prise par le téloscope Hubble  http://hubblesite.org

http://hubblesite.org/newscenter/archive/releases/star/supernova/2004/29/image/a/format/web_print
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Supernova  1987

Image pris par le téloscope Hubble  http://hubblesite.org
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La résidu
Image pris par le téloscope Hubble  http://hubblesite.org
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Image prise par le téloscope Hubble  http://hubblesite.org
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Le télescope de Hubble 
appartient à plusieurs 
différents pays.  C’est 
dans l’espace depuis 
1990 et on l’utilise 
encore aujourd’hui.  Il a 
couté 1.5 milliard de 
dollars.  Est‐ce qu’il 
vaut cet argent?  
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Étoile à neutron

Image pris par le téloscope Hubble  http://hubblesite.org

http://apod.gsfc.nasa.gov/apod/ap981128.html
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Un trou noir (le résidu d'une étoile supergéante)

http://hubblesite.org/explore_astronomy/black_holes/home.html
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Les galaxies et amas d’étoiles
• L’univers a des régions habitées et inhabitée
• La majorité des étoiles se regroupent en forme de galaxies.
• Notre galaxie (la Voie Lactée) est estimée d’avoir 400 milliards d’étoiles. Nous nous 
trouvons sur un des bras spiraux loin du centre.
• La Voie Lactée est approximativement 100 000 annéeslumière d’une côté à l’autre.
• Certaines galaxies bougent, entrent en collision les unes  avec l’autre, recombinent et 
échangent des étoiles.  Parfois les grandes galaxies absorbent les plus petites.
• Il y en a des galaxies sont plus violentes que les autres.
• Quasars  ressemble une étoile pâle mais émette 100 fois plus d’énergie.
• Amas d’étoiles sont un group d’étoiles plus petites qu’une galaxie.

Voyageons dans l'espace

http://www.ipac.caltech.edu/outreach/gallery/iras/iras_allsky_big.jpg
http://planetquest.jpl.nasa.gov/3datlas_launch.html
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Regardons de près des étoiles à 
4 milliards d'annéeslumières 
d'ici!!

http://www.astrographics.com/HDFVideo/Movies/HDF_320_240.mov

http://www.astrographics.com/hdfvideo/index.html
http://www.astrographics.com/hdfvideo/movies/hdf_320_240.mov
http://www.astrographics.com/hdfvideo/movies/hdf_320_240.mov


SMART space.notebook

94

January 18, 2011

Dec 188:38 AM



SMART space.notebook

95

January 18, 2011

Shuttle launch
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Shuttle launch pad

Lançons 
cette fusée 
dans 
l'espace.
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Orbit  falling out

Pourquoi estce qu'il tombe vers 
la Terre?  Comment pourraitil 
éviter ce chute?
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Orbit  staying in

Il doit voyager à 
28,000 km par 
heure pour tomber 
au tour de la 
courbe de la Terre.
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Labo# 8

Procédé:
Explique le processu que tu as fait pour inventer ta fusée.  
Quelle est l'inspiration?  Comment l'astu testé?  
Combien de fois?  Quelles modifications astu fait?

Conclusion:
Astu résussit ton but?  Quelles modifications feraistu 
pour un autre expérience?  Comment estce que tes 
résultats pourrons s'appliquer à une plus grande échelle?
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Comment lanceton une fusée?
• La loi de Newton: « Pour toute action, il y a une réaction équivalente 
dans l’autre direction.» 
• Dans une fusée une action pousse vers le sol alors la fusée est 
propulsé vers le ciel.  La force vient de la combustion du carburant.
• Un satellite est transporté sur une fusée.  Ça prend juste 12 minutes 
pour voyager de la Terre en orbite. 
• Pour faire l’orbite de la Terre le satellite voyager à 28,000 km par 
heure s'il va plus lentement il tomberait vers la Terre.    Vraiment, le 
satellite tombe.  Si la Terre était plat le satellite s’écraserait.  Puisque la 
Terre est rond et avec cette vitesse le satellite tombe au tour de la 
courbe de la Terre.  Alors ses moteurs ne doivent pas fonctionner 
continuellement.  La gravité garde le satellite proche de la Terre alors 
qu’il ne flotte pas dans l’espace. 
• Le plus loin qu’on est de la Terre le moins la gravité nous affecte.  
Pour se rendre à la lune on doit s’échapper de la gravité de la Terre.  
Pour le faire on doit voyager à 40,233 km/h.  Pour se rendre à la lune 
l’aéronef doit ralentir et avec des fusées rétroactives arriver à la vitesse 
juste pour atterrir.
• Les engins spatiaux peuvent être habités ou non habités (robotisés)
• Le premier engin habité, Sputnik, a été envoyé dans l’espace en 1961 
par l’URSS avec le cosmonaute Vouri Gagarine.
• La première personne sur la lune est un américain, Neil Armstrong en 
1969.
• On construit la station spatiale internationale (p 498) pour une 
demeure dans l’espace qui permettra à l’équipage humain d’y vivre et 
d’y travailler.
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One small step for 
man, one giant leap for 
humanity.
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Voici on voit l'aréoneuf attaché.
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La Sciences des combinasons spatiales
(CDROM disponible gratuitement de l'agence spatiale 

canadienne  www.espace.gc.ca/educateurs)




Guide de l’éducateur


Introduction


La trousse pédagogique « La science des combinaisons spatiales » est destinée aux
éducateurs et aux élèves du premier cycle du secondaire.


La trousse est composée d’outils d’enseignement et de ressources qui faciliteront
l’apprentissage des éléments reliés à la conception des combinaisons spatiales ainsi qu’au
travail à l’aide de celles-ci.


La trousse contient :


- Un cédérom comportant cinq courts films dans lesquels le Dr Dave Williams,
astronaute de l’agence spatiale canadienne, nous explique différents concepts
scientifiques qui ont un impact sur la conception et la capacité de travailler dans
un vaisseau spatial individuel, communément appelé une combinaison spatiale.


Le contenu du cédérom est divisé comme suit :


1. Introduction
2. Terre et espace : un monde de différence!
3. Les éléments d’une combinaison spatiale!
4. La pression
5. Régulation de la température


- D’autres informations, activités, vidéos et outils d’enseignement complémentent
chaque thème introduit sur ce cédérom, et ils sont tous disponibles sur le site Web
de l’ASC au www.space.gc.ca, dans la section dédiée aux éducateurs.


Les sections du site sont les suivantes :


1. Notes à l’intention des professeurs
2. Les conditions de l’espace
3. L’atmosphère terrestre
4. Une combinaison pour survivre
5. Comprendre les gaz
6. Comprendre la pression
7. Comprendre la température
8. Vivre avec une combinaison spatiale
9. Travailler avec une combinaison spatiale







Les activités associées proposées dans le site incluent :


1. Exercice sur le cycle de l’eau en microgravité
2. La magie de l’œuf et la bouteille – Comment ne pas craquer sous la


pression!
3. Les pèse-personnes de Pascal – Comprendre le fondement des principes de


la pression
4. Fabriquer son baromètre
5. Fabriquer son thermomètre
6. Les gants gonflés – Expérimenter les défis de travailler avec des gants


pressurisés dans un environnement où la pression externe est zéro
7. Les ballons grimaçants – Comprendre les effets de la décompression sur le


corps humain


Préparation recommandée


Dans un premier temps, vous devriez vous familiariser avec le contenu global de la
trousse. Vous pourriez débuter par le visionnement des cinq clips se trouvant sur le
cédérom et un survol du site Web.


La section « Notes à l’intention des professeurs » contient de l’information
complémentaire quant aux objectifs de cette trousse et leur relation avec le Protocole
pancanadien en sciences et technologies.


Téléchargez ou imprimez les transparents que vous comptez utiliser dans votre
présentation. (La plupart des images sont disponibles en deux formats : un petit format
pour le visionnement à l’écran et l’impression, et un grand format pour la projection en
classe.)


Il est aussi possible d’imprimer une partie du matériel afin de le distribuer aux élèves, par
exemple, les descriptions des activités pratiques ou les textes sélectionnés.


Note : Les schémas et transparents ont été conçus pour une impression ou une projection
couleur.


Dans les sections suivantes, vous trouverez nos suggestions quant à la manière la plus
efficace d’utiliser le matériel.







Module 1


1. Débutez par la présentation de la séquence vidéo d’introduction du Dr Dave
Williams. Cette séquence d’une durée d’environ deux minutes présente les
notions qui seront abordées dans les sections subséquentes.


2. Après le visionnement, faites un tour de classe en lançant quelques questions afin
de vérifier le niveau de connaissances des élèves.
Suggestions de questions :


 Quelles sont les principales différences entre un environnement
terrestre et un environnement spatial?


 Quels sont les dangers courus par un être humain dans l’espace?
 Quelles sont les objectifs d’une combinaison spatiale ?


Module 2


Le module 2 aborde les différences entre l’environnement terrestre et spatial. À cette fin,
nous suggérons de combiner l’utilisation des trois éléments pédagogiques suivants :


1. Vidéo 1 : Terre et espace : un monde de différence!
Cette séquence d’une durée d’environ quatre minutes décrit la vulnérabilité
relative de l’être humain qui, pour évoluer, a besoin d’un environnement stable et
sécuritaire que l’atmosphère terrestre permet de créer sur Terre. Afin d’explorer
les processus qui contribuent à créer et à maintenir cet environnement sécuritaire,
les concepts de rayonnement solaire, de température et de pression sont introduits
dans cette séquence.


2. Site Web : Les conditions de l’espace et l’atmosphère terrestre
Cette section du site comporte une quinzaine de transparents et traite de la
composition de l’atmosphère, des bienfaits qu’elle prodigue et de son histoire. On
y explore aussi les concepts reliés aux cycles atmosphériques (cycle de l’eau, du
carbone et de l’azote) et à la répartition de l’énergie.


3. Activité 1 : Exercice sur le cycle de l’eau en microgravité
On propose à l’élève d’évaluer quels impacts l’absence de gravité sur Terre
pourrait avoir sur le cycle de l’eau. On demande ensuite à l’élève de comparer ses
résultats avec les phénomènes exposés dans le texte, relativement à l’apesanteur
dans le contexte de la combinaison spatiale (convection, condensation, etc.).


Module 3


Ce module porte sur les premières notions de la science des combinaisons spatiales. À ce
stade, présentez la séquence vidéo 2 et les transparents de la section « Une combinaison
pour survivre ».
Note : Les dernières sections du site, « Vivre avec une combinaison spatiale » et
« Travailler avec une combinaison spatiale », traiteront de façon plus détaillée de ces







notions. Il est donc suggéré à l’éducateur d’en prendre connaissance avant de présenter ce
module à ses élèves, mais ces derniers bénéficieront plus amplement de cette présentation
s’ils ont préalablement complété les modules 4 et 5 avant d’étudier plus en profondeur
ces notions au module 6.


1. Vidéo 2 : Les éléments d’une combinaison spatiale!
Dans cette séquence d’une durée de cinq à six minutes, Dave Williams nous
présente les principales parties de la combinaison spatiale ainsi que leurs
fonctionnalités.


2. Site Web : Une combinaison pour survivre
Cette section comprend six transparents et présente les fonctionnalités majeures
de la combinaison, à savoir, la régulation de la pression et de la température,
l’apport d’oxygène, l’élimination du dioxyde de carbone et la protection contre les
micrométéorites.


Module 4


Ce module aborde le concept de la pression. On présente d’abord les notions de base des
principes physiques qui sont reliés aux gaz et ensuite, le concept de la pression.


1. Vidéo 3 : La pression
Cette séquence d’une durée d’environ quatre minutes présente, en utilisant des
analogies, la définition de la pression, la loi de Boyle et Mariotte, les couches
internes de la combinaison et la difficulté de mouvements dans un environnement
sous pression.


2. Site Web : Comprendre les gaz
Cette section relativement courte illustre la loi de Boyle et Mariotte avec plus de
détails.


3. Activité 2 : La magie de l’œuf et la bouteille – Comment ne pas craquer sous la
pression!
L’élève est appelé à comprendre les variations de pression occasionnées par les
variations de la température de l’air en réalisant une activité pratique où un œuf
dur est aspiré par le goulot d’une bouteille lorsque l’air dans celle-ci refroidit.


4. Site Web : Comprendre la pression
La définition de la pression est reprise, et on cite plusieurs exemples où l’on
retrouve le concept de la pression dans la vie de tous les jours. Ces exemples
peuvent servir en classe à mieux démontrer le concept et à susciter des
discussions.


5. Activité 3 : Les pèse-personnes de Pascal
L’élève est appelé à comprendre le fondement des principes de la pression.


6. Activité 4 : Fabriquer son baromètre
Cette activité permettra aux élèves de vérifier par eux-mêmes que l’atmosphère a
réellement un poids et qu’elle exerce sur nous une pression constante.







Module 5


Dans ce module, on explique plus en détail le concept de température ainsi que les
différents mécanismes qui en permettent la régulation sur Terre ou dans l’espace.


1. Vidéo 4 : Régulation de la température
Cette séquence d’une durée de quatre à cinq minutes présente d’abord les
différents mécanismes de régulation de la température sur Terre (rayonnement,
conduction et convection). Une pause doit aussi être prévue afin que les élèves
puissent échanger et proposer des solutions qui pourraient être appliquées dans
l’espace. Par la suite, le Dr Dave Williams présente les éléments de la
combinaison et les solutions qui ont été implantées afin de réguler la température.
Finalement, Le Dr conclut en faisant une récapitulation des principaux éléments
vus dans les cinq parties du cédérom.


2. Site Web : Comprendre la température
Dans cette section, vous trouverez des explications sur ce qu’est la température,
ainsi que les différentes unités de mesure (Celsius, Fahrenheit et Kelvin), la façon
dont réagirait un thermomètre dans l’espace, le zéro absolu et le rayonnement
fossile.


3. Activité 5 : Fabriquer son thermomètre
L’élève est appelé à fabriquer un appareil servant à observer les changements
d’état d’un liquide à différentes températures, en utilisant des pièces simples et
couramment disponibles.


Module 6


Le module 6 effectue un retour sur les éléments de la combinaison spatiale. On y reprend
de manière plus détaillée les notions vues dans les modules 3, 4 et 5.  Les élèves qui
auront préalablement réalisé ces modules auront plus de facilité à comprendre certaines
notions.


1. Site Web : Vivre avec une combinaison spatiale
Cette section comprend huit transparents et présente les éléments de la
combinaison spatiale, la pression dans la combinaison, le mal des caissons, les
étapes de la dépressurisation des astronautes, la flexibilité des combinaisons, les
éléments protecteurs des couches internes, la température et la répartition de la
chaleur, le traitement de l’humidité et plus encore.


2. Site Web : Travailler avec une combinaison spatiale
Cette section comprend cinq transparents et présente les difficultés du travail dans
l’espace, la manière dont les astronautes procèdent pour sortir du sas, les
problèmes reliés à la résistance aux mouvements de la combinaison pressurisée et
ceux qui sont reliés à la microgravité, les première et troisième lois du
mouvement de Newton, l’utilisation du Canadarm pour pallier certains problèmes
et finalement, les ressemblances entre le travail dans l’espace et la plongée sous-
marine.


3. Activité 6 : Les gants gonflés







L’élève est appelé à prendre conscience des obstacles auxquels font face les
astronautes qui doivent travailler dans une combinaison pressurisée, en tentant
d’effectuer des manipulations alors qu’ils portent des gants (à vaisselle) dans
lesquels la pression de l’air est supérieure à celle de l’environnement.


4. Activité 7 : Les ballons grimaçants
L’élève est appelé à comprendre la loi de Boyle et Mariotte et, par association, les
symptômes de la maladie des caissons à l’aide de guimauves soumises à une
décompression graduelle.


Nous espérons que l’utilisation de cette trousse pédagogique vous permettra, à vous et à
vos élèves, d’approfondir vos connaissances, d’éveiller votre intérêt et de vous découvrir
de nouvelles passions.


Nous vous invitons également à remplir et à nous retourner le formulaire de
commentaires qui est disponible sur le site Internet de l’ASC.
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Module 1: CRRom  Les Combinations 
spatiales

• Quelles sont les principales différences entre 
un environnement terrestre et un environnement 
spatial?
• Quels sont les dangers courus par un être 
humain dans l’espace?
• Quelles technologies ont été devéloppées pour 
proteger les astraunauts?
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Mission Specialist Bruce McCandless II 

Regardons les astronautes à la télé de NASA!

Page créé par : Anne O'NellMacDonnell

http://www.nasa.gov/55644main_nasatv_windows.asx
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Combien de temps estce que 
cela nous prendrions pour 
voyager....?

http://planetquest.jpl.nasa.gov/tripplanner/planetzone_tripplanner2.swf
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Module 2:
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Pourquoi certaines planètes ontelles une atmosphère et d'autres pas?
Sans atmosphère, il n'y aurait pas de vie sur Terre. Qu'estce qui explique 
que notre planète possède cette enveloppe composée de gaz nous 
permettant de respirer et nous protégeant des éléments de l'espace? 
Pourquoi d'autres planètes n'en ontelles pas?
La gravité
C'est la gravité qui est essentiellement responsable de la présence de notre 
atmosphère. Sans celleci, les gaz enveloppant la Terre se dissiperaient dans 
l'espace avec le temps.
La loi de la gravité universelle, imaginée par Sir Isaac Newton, énonce que 
tout corps exerce sur les autres une force d'attraction proportionnelle, entre 
autres, à sa masse. Ainsi, plus un objet est massif, plus la force d'attraction 
qu'il exerce sur ses voisins est importante. 
Dans le cas présent, la Terre est si massive qu'elle exerce sur l'enveloppe 
gazeuse qui l'entoure (et sur tout autre corps qui n'est pas ancré au sol, tel 
que l'être humain) une attraction à laquelle il est difficile d'échapper.

Certaines planètes géantes, comme Saturne ou Jupiter, sont nettement plus 
massives que la Terre et, à juste raison, sont nanties d'atmosphères 
atteignant plusieurs milliers de kilomètres d'épaisseur. À titre de 
comparaison, la nôtre fait environ 500 kilomètres.
En revanche, Mars, par exemple, est environ dix fois moins massive que la 
Terre et a, au fil du temps, perdu une partie de son atmosphère que sa force 
gravitationnelle n'a pu retenir. Quant à notre satellite, la Lune, sa faible 
masse et sa proximité de la Terre font en sorte qu'elle est incapable de 
maintenir une atmosphère.
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La magie de l’oeuf et de la bouteille
Objectif de cette activité
Au cours de cette activité, l’élève est appelé à comprendre les 
variations de pression occasionnées par les changements de 
température des gaz, en observant qu’un oeuf dur peut être aspiré à 
travers le goulot d’une bouteille lorsque l’air contenu dans celleci 
refroidit.
Contexte
La loi de GayLussac énonce que, lorsque la pression est constante, le 
volume occupé par un gaz est directement proportionnel à sa 
température. Le corollaire de cela est qu’à volume fixe, la pression 
d’un gaz est directement proportionnelle à sa température. Quand, 
dans un environnement clos, la température d’un gaz augmente, sa 
pression augmente aussi lorsque le gaz tente de prendre de 
l’expansion. Inversement, si la température diminue, la pression chute 
à mesure que le gaz se contracte.
Ce phénomène a de l’importance pour les astronautes. En effet, on 
peut considérer la combinaison spatiale comme étant un 
environnement clos de volume relativement constant (la flexibilité du 
vêtement de la combinaison est contrôlée pour en limiter l’expansion 
sous la pression interne). De façon à maintenir une pression constante 
pour le confort de l’astronaute, la température dans la combinaison 
doit absolument être stable. Pour assurer cette stabilité, l’isolation de la 
combinaison doit être optimisée et son atmosphère contrôlée à l’aide 
de systèmes sophistiqués de climatisation.
Matériel requis
• Un oeuf dur sans sa coquille 
• Une bouteille dont le diamètre du goulot est légèrement inférieur à 
celui de la partie large de l’oeuf 
• Des allumettes en bois 

 </asc/img/spacesuit_DSC00042.jpg> 
</asc/img/spacesuit_DSC00042.jpg>

Temps nécessaire à la réalisation de l’expérience 
Dix minutes
Marche à suivre
• Enlevez la coquille de l’oeuf; 
• Placez la bouteille sur une table; 
• Allumez trois ou quatre allumettes et laissezles tomber dans la 
bouteille; 
• Placez rapidement l’oeuf sur le goulot de la bouteille; 
• Attendez que les allumettes s’éteignent et que l’air commence à 
refroidir dans la bouteille, puis observez ce qui se produit. 

Module 4:

http://www.space.gc.ca/asc/fr/educateurs/ressources/combinaison/activites.asp

		Individual or Group Activity:


Water Smart Activity


Since water is a rare commodity in space, astronauts on the International Space Station will be recycling their water. This includes respiration, perspiration, shower and shaving water, and even urine. This wastewater will be purified and then recycled for drinking and other uses.




Biological treatments are used to purify water on Earth. The micro-organisms used in this process destroy contaminants in the water. The International Space Station will use physical and chemical processes to remove contaminants, along with filtration and temperature sterilisation to ensure the water is safe to drink.


Try this water filtration activity with your classmates. Note: This experiment only demonstrates a type of water filtration. The experiment will not purify water for drinking purposes.


Materials

You will need:


[image: image1.png]

Clear plastic soda bottle (2-litre)
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Gravel (aquarium)
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Sand
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Aquarium charcoal (activated)
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Cheesecloth (a nylon stocking can be used instead)
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Muddy water
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Rubber bands


Procedure

1. Cut the bottom off the soda bottle. Cover the mouth with several layers of cheesecloth and secure the cloth with a rubber band. Suspend the bottle upside down with its mouth over a glass to catch the filtered water. 


2. Fill the bottle with charcoal to a depth of 5–8 cm. 


3. Place 8–10 cm of sand on top of the charcoal. Place 5–8 cm of gravel on top of the sand. 


4. Stir the muddy water and pour it into the filter. Watch closely as the water seeps down through the three filtering layers of gravel, sand, and charcoal.
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Discussion
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What happened to the water while it passed through the different layers of the filter?
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Compare the muddy water to the filtered water. Is there a difference?
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Would it make a difference if one of the layers had been left out?
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Group Activity:


Magic Planets
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		Tell your students you’re going to conduct a scientific experiment together. They’ll need some clear soda, a glass and a few grapes. Ask them to fill the glass with soda, drop in the grapes and watch to see what happens next. The air bubbles will carry the grapes to the surface, but once the bubbles pop, the grapes will sink back to the bottom of the glass. Explain that if the grapes were planets, they would move in space the same way but would be propelled around the Sun by the power of gravity. Explain the difference between gravity and hydraulic energy (operated, moved, or effected by means of water).
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Water cycling in a microgravity environment
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Objective


Using water cycling, this activity teaches students about phenomena considered normal on Earth, but which do not work or work differently in space.


Context

In a spacesuit, humidity caused by an astronaut’s perspiration can become a problem. The activity is designed to help students think about, in greater detail, the aspects that must be taken into account when designing a spacesuit. 


Method

· The subject matter may be presented by the educator or printed for students to review themselves; 


· Students, either alone or in teams, try to answer the questions asked; 


· An answer sheet is available. 


The importance of water cycling


Where there is water on Earth, it is usually in motion. This movement ensures the conditions favourable to the development of life.


From the oceans, through the atmosphere and to the land, large quantities of water are exchanged.


The oceans-atmosphere-land water cycle contains five steps


In brief:


The Sun causes water to be evaporated from lakes and oceans. The water vapour rises in the atmosphere. This is called evaporation.


In the upper atmosphere, where the air is cool, the water is condensed into small droplets?clouds. This is condensation.


The winds (caused by the unbalanced warming of the ground) push the clouds further away. This is transport.


When the clouds encounter cooler masses of air, the small droplets come together, forming large drops and resulting in rain (or snow). These are precipitations.


Depending on the geography, when precipitations fall to the ground, catchment areas that slowly return the water to lakes and oceans are formed. This is overland flow.






In detail:


Evaporation


The Sun warms the water, especially in shallow areas. Since a warm liquid cannot dissolve as much gas as a cool liquid, the gas forms micro-bubbles. These micro-bubbles are lighter than equivalent volumes of water, causing them to change places with the water and rise to the surface (due to gravity). The water vapour is combined with the air. Since it has been warmed through its contact with the water, and since warm air is not as dense as cool air, it gives way to the cool air and rises. The water vapour rises with the warm air. Evaporation can also occur when the ground is humid and the air is warm.


Condensation


The air cools down as it rises and, unlike liquids, cannot contain as much water vapour as warm air. The water vapour forms very small droplets that reflect light in all directions: these are clouds. These droplets are so small that their insignificant weight does not pull them far enough downward to resist the air, causing the droplets to remain in suspension. The altitude of clouds varies according to atmospheric conditions, explaining the different types of clouds. Condensation can also occur when the warm air filled with humidity cools down (e.g. fog) or meets a cool object (e.g. dew).


Transport


Winds are caused by the fact that atmospheric pressure varies at different points of the Earth. Above a city, a forest, a desert or a shallow body of water, the air is warmer than it is above a field, a deep body of water or an area covered with snow. The warm air rises, is replaced by cool air, and winds start blowing. The Earth revolves and trends associated with motion appear. The clouds previously formed are pushed by the winds, causing them to move.


Precipitation


When the clouds meet cooler masses of air (because of other winds or because mountains force the air to rise abruptly), the droplets come together to form bigger drops. Cool air contains less water vapour than warm air. Since the larger drops can no longer remain in suspension, they overcome the air resistance and fall to the ground. Atmospheric conditions vary widely according to area and altitude, making it possible for water to reach the ground in the form of snow, ice pellets, sleet, rain or hail. For precipitations that fall into the oceans, this is where the cycle ends (and starts over).


Overland flow


Precipitations that fall at high altitudes stay in place if the weather is cold, are absorbed by the ground if it is porous, or cause an overland flow if the ground is impermeable or already saturated with water. This is how seasonal or permanent blankets of snow, water tables and brooks are created. Springtime causes the snow to melt, high water tables create downstream water sources, and brooks combine to form rivers and then streams, returning the water to the oceans. In cool regions, the water is returned to the oceans over very long periods of time through glaciers (rivers of ice). Since it takes time for water to descend the catchment areas, given that some land areas have small slopes and that precipitations occur regularly, some areas remain humid and favour all forms of life.


What if we were in a very low-gravity environment...


You read about water cycling in the previous section. The role played by gravity was clearly mentioned in certain cases, but it was not emphasized everywhere. Now, imagine what would happen if gravity were greatly reduced?not an easy task. Try to answer the following questions. Our answers are provided below.


Would there be evaporation caused by the Sun?
Would there be condensation in the upper atmosphere?
Would there be winds causing the clouds to move?
Would there be precipitations?
Would overland flow and infiltration still occur?
Would there be life?
What would happen?


Answers


Would there be evaporation caused by the Sun?


Yes and no. The gas would still escape from the warmed liquid, probably causing larger bubbles. For the escaped gas to place itself above the liquid, gravity is required. Without gravity, the gas bubble would not know in which direction to go. Instead of forming a lake, the liquid would form a ball. With very little gravity, the gas bubble would eventually “rise”.
Let’s think about the water vapour that would be formed close to the surface. The problem remains: the water vapour will not rise in the atmosphere. The water vapour rises because a volume of warm air filled with water vapour is not as heavy as an equal volume of cool air. But heaviness means weight, and therefore gravity. If there is no gravity, nothing moves. If there is very little gravity, the ascension is very, very slowly.


Would there be condensation in the upper atmosphere?


Yes, if the temperature is low. Assuming that the humid air can reach a high altitude where it is cooler, condensation will occur, resulting in the appearance of clouds. However, the atmosphere may not be as thick if there is very little gravity. The atmosphere’s molecules would rise due to the low gravity and could escape because of the reduced release speed or because collisions with solar wind particles would slowly cause a breakdown. This is probably what happened with the gases that escaped from the surface of the Moon: they eventually escaped its gravity.


Would there be winds causing the clouds to move?


There would probably not be much wind in altitude. The air would be warmed at ground level, and the differences in local pressure would be the greatest sources of wind. If there were little gravity, the wind would not travel far, since the air would rise very slowly. Atmospheric imbalances would quickly be corrected.


Would there be precipitations?


Yes, but they would probably be very rare and of low intensity.


Would overland flow and infiltration still occur?


Yes, but very slowly. Wetlands would multiply, brooks would probably not come together as much, and there would be less large rivers and streams, flowing at a very low rate.


The egg and the bottle – How not to "crack" under pressure


Objective

During this activity, students are taught about variations in pressure caused by changes in the temperature of gases by observing that a hard-boiled egg can be sucked in through the neck of a bottle when the air in the bottle cools down.


Context

Gay-Lussac’s Law states that the volume occupied by a gas is directly proportional to its temperature when the pressure is constant. The corollary of this is that at a given volume, the pressure of a gas is directly proportional to its temperature. When, in a closed environment, the temperature of a gas increases, its pressure also increases while it tries to expand. Inversely, if the temperature decreases, the pressure drops as the gas contracts. 


This phenomenon is important for astronauts. Spacesuits can be considered a closed environment with a relatively constant volume (the flexibility of the suit is controlled to limit its expansion under internal pressure). To maintain a constant pressure for the astronauts’ comfort, the temperature in the suit must absolutely be stable. To ensure this stability, the insulation of the suit must be optimized and its atmosphere controlled using sophisticated air-conditioning systems.


Equipment required

· A hard-boiled egg in its shell 


· A bottle whose neck is slightly smaller than the largest part of the egg 


· Wooden matches 






Time required for the experiment
10 minutes


Method

· Remove the egg from its shell; 


· Place the bottle on a table; 


· Light three or four matches and let them fall in the bottle; 


· Quickly place the egg on the neck of the bottle; 


· Wait for the matches to burn out and for the air to start cooling in the bottle, then see what happens. 














Observations

The matches warm the air in the bottle, causing it to expand. The egg acts somewhat like a one-way valve. Part of the warm air under pressure exits the bottle, making its way between the neck of the bottle and the egg. When the matches burn out, the air inside the bottle starts to cool and contract. This contraction corresponds to a drop in pressure in the bottle which, after a moment, becomes lower than the atmospheric pressure. This causes the egg, which is relatively flexible, to be sucked into the bottle.


Subjects for discussion

How would you go about removing the egg from the bottle?


Pascal scales – Understanding pressure measurements


Objective

During this activity, students are taught the basic principles of pressure, learning that the weight of an object, as indicated by a scale, decreases when this weight is distributed over more than one scale.


Context

One of the very important concepts of the science of spacesuits is the pressure that must be maintained artificially inside the spacesuits. But what exactly is pressure? This activity makes it possible to show the basis of this concept, helping students better understand the notions that will follow.


Equipment required

Two scales, identical if possible
Two pieces of wood of 10x10 cm and 2 cm thick
A wooden board approximately 1 m long


Time required

5 minutes for the experiment


Method

· Weigh yourself on each of the scales and record the results; 


· Place the scales side by side, leaving a gap of approximately 70 cm; 


· Place a piece of wood on each scale; 


· Place the board on the pieces of wood, forming a bridge between both scales; 


· Step onto the middle of the board and ask a friend to record the weight indicated on each scale. 


Observations

Pressure is the relationship between a force and the surface on which this force is applied. The weight?or mass?is a force caused by applying weight to an object. In this experiment, we see that the force caused by the weight results in a pressure that it reduced by half when the force is distributed over two scales.


Subjects for discussion

Why is it possible to walk on snow with snowshoes without sinking?


Make your own barometer


Objective

During this activity, students will make a Torricelli barometer that uses water (rather than mercury), observing, over many days, fluctuations in atmospheric pressure. Students should learn that air under pressure exerts a very real force on surfaces with which it comes in contact, especially when it is confined in a closed environment.


Context

There is (practically) no atmosphere in space outside a spacesuit. However, pressure used to reproduce the atmospheric pressure felt on Earth is artificially maintained inside spacesuits. Although this pressure is approximately three times less than what it is at ground level, it is enough to ensure an appropriate comfort level for astronauts and keep them from suffering from certain illnesses. In contrast, this pressure is also responsible for “inflating” the suit. This phenomenon makes the suit stiffer, restricting the astronauts’ movements.


Equipment required

· A beaker or a glass with straight sides 


· A 30-cm transparent plastic ruler 


· 30 cm of transparent plastic aquarium tubing of small diameter 


· Transparent tape 


· Playdoh or chewing gum 


· Water 


· Food colouring 






Time required

Building: 15 minutes
Observation: 10 days


Method

· Stick the ruler vertically against the inside of the beaker or glass, making sure the scale is visible; 


· Tape the tubing to the side of the ruler inside the glass, making sure to leave 1 cm between the bottom of the glass and the end of the tubing; 


· Fill half the glass with water and add one or two drops of food colouring; 


· Suck a bit of water in the tube. When the water level reaches approximately 20 cm on the ruler’s scale, block the end of the tubing with your tongue. Block the opening of the tubing permanently with a piece of playdoh or gum; 


· Record the exact water level in the tube as well as the weather (warm or cold, sunny or cloudy, calm or windy); 


· At the same time every day, record the water level in the tubing as well as the weather. 










Observations

Fluctuations in atmospheric pressure do not occur fast enough to be observed over short periods. However, significant changes should occur every twenty-four hours. Usually, when the sky is covered, the “weight” of the air decreases above the barometer. The pressure exerted at the water surface decreases accordingly, lowering the water column. Inversely, when the nice weather returns, the atmospheric pressure increases, causing the water column to rises in the tubing. 


Subjects for discussion

What would happen to the barometer’s water column if we took it atop Mount Everest? And what if we took it into space, at the altitude of the International Space Station?


Design a functional thermometer


Objective

During this activity, students will make a bulb thermometer that uses water (rather than mercury), learning how exchanges of heat between two bodies affect the state of liquids, such as their volume. Students should also learn that variations caused by adding heat to or removing heat from a body also apply to gas.


Context

The temperature of a body represents its heat at a given time. Heat is a physical phenomenon related to, among others, the activity of the body’s molecules. The more active the molecules are, the warmer the body, and the more its temperature?which we measure using a thermometer?increases. But how does a thermometer measure temperature? A body’s heat energy is seen mostly by comparing the body to another body with a different temperature. In this case, part of the heat from the warmest body is transferred to the other. In theory, this transfer continues until both bodies have the same temperature. Without this phenomenon, thermometers would not work.


A bulb thermometer usually contains a small amount of mercury at a certain temperature. When the thermometer is placed in a sink filled with hot water, the balance between both bodies starts taking place. The water transfers part of its energy to the mercury (it warms it up), whereas the mercury transfers part of its “absence” of energy to the water (it cools it down). The quantity of mercury in a thermometer is so minute that the cooling it causes on the water is insignificant. In contrast, the heat brought by the water to the mercury is very noticeable. Through the heat energy received from the water, the mercury molecules become active and the temperature increases. This increase in temperature causes the mercury to dilate (increase in volume), making it rise in the glass tube. The same phenomenon occurs when the thermometer is placed outside, in free air. In this case, it is the ambient air rather than the water that interacts with the mercury.


Heat energy is not the only thing that causes a body’s molecules to become active. The direct radiation, such as the Sun’s, also has this effect. A thermometer exposed directly to the Sun will indicate a higher temperature than that of the ambient air.


In space, there is no atmosphere, and therefore no ambient air. Away from all direct radiations, temperatures, in theory, are close to absolute zero. Absolute zero can be described as the complete absence of heat or the temperature at which all molecular activity ceases in matter. However, a body can reach temperatures near 150 °C when it is exposed to solar radiation. These differences in temperature pose very real problems to engineers responsible for developing materials used to make spacesuits. The suits must be protected against the effects of extreme temperature variations existing outside. It is also important to make sure that these variations do not affect the temperature of the atmosphere inside the suit.


Equipment required

· A glass container of small diameter with a watertight lid 


· A drill or a hammer and a large nail 


· A transparent or translucent straw of the smallest diameter possible 


· Playdoh or chewing gum 


· Water (very cold and very hot) 


· Food colouring 






Time required

Building: 15 minutes
Observation: 15 minutes


Method

· Make a hole in the lid of the container using the drill or the hammer and nail. The diameter of the hole should be just big enough for the straw; 


· Insert the straw until half of its length is in the hole. Seal around the straw, using the playdoh or gum, above and below the lid; 


· Fill the container to the edge with the very cold water (almost ice cold), add a few drops of colouring and stir; 


· Tighten the lid on the container; some water may enter the straw; 


· Place the container in a plugged sink and run the hot water. 










Observations

The difference in temperature between the water in the container and the water in the sink is quite noticeable. As soon as the container is immersed in the hot water, the transfer of heat begins to take place. The water in the container heats up gradually, whereas the water in the sink gets slightly colder. The new source of heat to the water in the container causes it to increase in volume and rise in the straw.


Inflated gloves – Exploring the challenges of working with pressurized gloves in an environment where the external pressure is zero


Objective

Students learn about the obstacles faced by astronauts who must work in pressurized suits by trying to perform tasks while wearing dish gloves containing air under pressure.


Context

The human body is made to function normally at the pressure that exists at sea level, i.e. approximately 101 kPa. The absence of all atmospheric pressure at the altitude at which astronauts work during extravehicular activities must be compensated for. Spacesuits are therefore pressurized in order to maintain a viable environment. Although the pressure applied mechanically inside the suit is approximately three times less than the pressure at ground level, it is enough to have quite an undesirable effect. Since spacesuits are made of relatively flexible material, they have a tendency to expand, or inflate, when positive pressure is applied inside. This causes astronauts to move, to a certain extent, as if in an inflated balloon, which makes everyday tasks that much harder to perform.


Equipment required

· Two dish gloves 


· Two large elastics 


· Two small straws 


Time required for the experiment

Approximately 15 minutes


Method

· Put one of the gloves on; 


· Place an elastic around your wrist so that the glove is very tight; 


· Insert a straw in the glove, under your wrist, with one end at the palm of your hand and the other outside the glove; 


· Blow in the straw to inflate the glove, and quickly remove the straw; 


· Repeat the same steps on the other hand; 


· With both of your hands in the gloves, perform everyday tasks: take a pencil and write, handle tools, tighten a bolt, etc. 














Observations

We know it is not easy to perform simple tasks when wearing winter gloves, for example. This experiment shows that things are even more difficult if positive pressure is applied inside the gloves. At present, it remains a necessary evil in the case of spacesuits.


Subjects for discussion

What methods do you think could be used to reduce the negative effects of applying positive pressure inside a spacesuit?


Note

It is best to perform this activity in teams in order to get help inflating the gloves and removing the straws.


If the gloves are available in many sizes, take the “large” size. Although students are usually more comfortable with small-size gloves, the large ones will make it possible to inflate the fingers, whereas the small ones may be too tight.


The tighter the elastics are, the less loss of pressure there is. However, there are risks of blocking the blood circulation. It is therefore important to make sure that students do not wear the gloves for extended periods.


Balloons suffer "the bends"


Objective

During this activity, students will learn about the effects of decompression on the human body, as well as the symptoms associated to caisson disease.


Context

A body is subject to decompression when the pressure to which it is submitted drops. This phenomenon is potentially dangerous for the human body when it occurs suddenly. Scuba divers, for example, are subject to decompression every time they come back up to the surface after being deep underwater. If they come back up too quickly, they are likely to suffer from a serious illness: caisson disease, also called decompression sickness (commonly known as “the bends”).


Caisson disease is characterized by the forming of nitrogen bubbles in the organic tissues and liquids. These bubbles result from the expansion of nitrogen that saturates the body when it is submitted to sudden decompression. Gases have this characteristic of increasing in volume when the pressure applied to them decreases.


Caisson disease can also affect astronauts: astronauts are subjected to significant decompression when they leave the environment of the orbiter or space station to perform extravehicular activities in space. The pressure inside the suit is approximately three times less than the pressure maintained in the spacecraft or space station. Measures must therefore be taken for the astronaut to undergo gradual decompression that can take place over a few hours.


Equipment required

· An inflatable balloon 


· A bottle with a large opening, making it possible to inflate the balloon 


· A straw 


· Playdoh 


Time required for the experiment

10 minutes


Method


· If you wish, draw eyes and a mouth on the sides of the balloon using a felt pen; 


· Inflate the balloon inside the bottle, blowing through the neck. Make a knot and let the balloon fall in the bottle; 


· Create a large and thick ring around the straw using the playdoh, and place the ring on the bottle opening; 


· Work the playdoh so as to seal the bottle tightly?air should not be able to enter or escape the bottle by any other means than the straw; 


· Place yourself in front of a mirror to observe the balloon. Making sure there are no air leaks, vigorously suck the air out of the bottle using the straw. 






Observations

By vigorously sucking the air out of the bottle, the balloon undergoes rapid decompression. The air in the balloon expands when the pressure to which it is subjected decreases. Due to this expansion, the balloon seems to inflate.


Note

This activity may also be done in teams because it is difficult for the student sucking the air out through the straw to see the results at the same time if no mirror is available.


Here is an alternative that increases the effect:
Before sucking the air out through the straw, students can blow into it (increasing the pressure and reducing the volume of the balloon) and then inhale at once, increasing the depressurization and volume.
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Les gants gonflés
Objectif de cette activité
L’élève est appelé à comprendre les obstacles auxquels font face les 
astronautes qui doivent travailler dans une combinaison pressurisée en 
tentant d’effectuer des manipulations alors qu’ils portent des gants à 
vaisselle contenant de l’air sous pression.
Contexte
Le corps humain est conçu pour fonctionner normalement à la pression 
présente au niveau de la mer, soit environ 101 kPa. L’absence de toute 
pression atmosphérique à l’altitude à laquelle les astronautes évoluent au 
cours des activités extravéhiculaires doit être palliée. Les combinaisons 
spatiales sont donc pressurisées de façon à maintenir un environnement où 
l’on peut vivre. Même si la pression appliquée mécaniquement à l’intérieur 
de la combinaison est environ trois fois inférieure à celle qui est présente au 
sol, elle est suffisante pour avoir un effet assez indésirable. Puisque la 
combinaison est faite de matériaux relativement flexibles, elle a tendance à 
prendre de l’expansion, ou à gonfler, lorsqu’une pression positive est 
appliquée à l’intérieur. Ceci fait en sorte que l’astronaute évolue d’une 
certaine manière comme dans un ballon gonflé, ce qui rend les gestes 
courants d’autant plus complexes à réaliser.
Matériel requis
• Deux gants à vaisselle 
• Deux gros élastiques 
• Deux petites pailles 
Temps nécessaire à la réalisation de l’expérience
Environ 15 minutes
Marche à suivre
• Enfilez un des gants; 
• Placez un élastique autour de votre poignet de façon à ce que le gant soit 
bien serré; 
• Insérez une paille dans le gant, sous votre poignet, de façon à ce qu’une 
extrémité parvienne jusqu’à la paume et que l’autre reste hors du gant; 
• Soufflez dans la paille de façon à gonfler le gant et retirez rapidement la 
paille; 
• Avec l’aide d’un ami, répétez maintenant l’expérience sur l’autre main; 
• Avec vos deux mains gantées, posez des gestes courants : prenez un 
crayon et écrivez, manipulez des outils, serrez un boulon, etc. 

Module 6: 

http://www.space.gc.ca/asc/fr/educateurs/ressources/combinaison/activites.asp

		Individual or Group Activity:


Water Smart Activity


Since water is a rare commodity in space, astronauts on the International Space Station will be recycling their water. This includes respiration, perspiration, shower and shaving water, and even urine. This wastewater will be purified and then recycled for drinking and other uses.




Biological treatments are used to purify water on Earth. The micro-organisms used in this process destroy contaminants in the water. The International Space Station will use physical and chemical processes to remove contaminants, along with filtration and temperature sterilisation to ensure the water is safe to drink.


Try this water filtration activity with your classmates. Note: This experiment only demonstrates a type of water filtration. The experiment will not purify water for drinking purposes.


Materials

You will need:
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Clear plastic soda bottle (2-litre)
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Gravel (aquarium)
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Sand
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Aquarium charcoal (activated)
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Cheesecloth (a nylon stocking can be used instead)
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Muddy water
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Rubber bands


Procedure

1. Cut the bottom off the soda bottle. Cover the mouth with several layers of cheesecloth and secure the cloth with a rubber band. Suspend the bottle upside down with its mouth over a glass to catch the filtered water. 


2. Fill the bottle with charcoal to a depth of 5–8 cm. 


3. Place 8–10 cm of sand on top of the charcoal. Place 5–8 cm of gravel on top of the sand. 


4. Stir the muddy water and pour it into the filter. Watch closely as the water seeps down through the three filtering layers of gravel, sand, and charcoal.
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Discussion
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What happened to the water while it passed through the different layers of the filter?
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Compare the muddy water to the filtered water. Is there a difference?
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Would it make a difference if one of the layers had been left out?
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Group Activity:


Magic Planets
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		Tell your students you’re going to conduct a scientific experiment together. They’ll need some clear soda, a glass and a few grapes. Ask them to fill the glass with soda, drop in the grapes and watch to see what happens next. The air bubbles will carry the grapes to the surface, but once the bubbles pop, the grapes will sink back to the bottom of the glass. Explain that if the grapes were planets, they would move in space the same way but would be propelled around the Sun by the power of gravity. Explain the difference between gravity and hydraulic energy (operated, moved, or effected by means of water).
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Objective


Using water cycling, this activity teaches students about phenomena considered normal on Earth, but which do not work or work differently in space.


Context

In a spacesuit, humidity caused by an astronaut’s perspiration can become a problem. The activity is designed to help students think about, in greater detail, the aspects that must be taken into account when designing a spacesuit. 


Method

· The subject matter may be presented by the educator or printed for students to review themselves; 


· Students, either alone or in teams, try to answer the questions asked; 


· An answer sheet is available. 


The importance of water cycling


Where there is water on Earth, it is usually in motion. This movement ensures the conditions favourable to the development of life.


From the oceans, through the atmosphere and to the land, large quantities of water are exchanged.


The oceans-atmosphere-land water cycle contains five steps


In brief:


The Sun causes water to be evaporated from lakes and oceans. The water vapour rises in the atmosphere. This is called evaporation.


In the upper atmosphere, where the air is cool, the water is condensed into small droplets?clouds. This is condensation.


The winds (caused by the unbalanced warming of the ground) push the clouds further away. This is transport.


When the clouds encounter cooler masses of air, the small droplets come together, forming large drops and resulting in rain (or snow). These are precipitations.


Depending on the geography, when precipitations fall to the ground, catchment areas that slowly return the water to lakes and oceans are formed. This is overland flow.






In detail:


Evaporation


The Sun warms the water, especially in shallow areas. Since a warm liquid cannot dissolve as much gas as a cool liquid, the gas forms micro-bubbles. These micro-bubbles are lighter than equivalent volumes of water, causing them to change places with the water and rise to the surface (due to gravity). The water vapour is combined with the air. Since it has been warmed through its contact with the water, and since warm air is not as dense as cool air, it gives way to the cool air and rises. The water vapour rises with the warm air. Evaporation can also occur when the ground is humid and the air is warm.


Condensation


The air cools down as it rises and, unlike liquids, cannot contain as much water vapour as warm air. The water vapour forms very small droplets that reflect light in all directions: these are clouds. These droplets are so small that their insignificant weight does not pull them far enough downward to resist the air, causing the droplets to remain in suspension. The altitude of clouds varies according to atmospheric conditions, explaining the different types of clouds. Condensation can also occur when the warm air filled with humidity cools down (e.g. fog) or meets a cool object (e.g. dew).


Transport


Winds are caused by the fact that atmospheric pressure varies at different points of the Earth. Above a city, a forest, a desert or a shallow body of water, the air is warmer than it is above a field, a deep body of water or an area covered with snow. The warm air rises, is replaced by cool air, and winds start blowing. The Earth revolves and trends associated with motion appear. The clouds previously formed are pushed by the winds, causing them to move.


Precipitation


When the clouds meet cooler masses of air (because of other winds or because mountains force the air to rise abruptly), the droplets come together to form bigger drops. Cool air contains less water vapour than warm air. Since the larger drops can no longer remain in suspension, they overcome the air resistance and fall to the ground. Atmospheric conditions vary widely according to area and altitude, making it possible for water to reach the ground in the form of snow, ice pellets, sleet, rain or hail. For precipitations that fall into the oceans, this is where the cycle ends (and starts over).


Overland flow


Precipitations that fall at high altitudes stay in place if the weather is cold, are absorbed by the ground if it is porous, or cause an overland flow if the ground is impermeable or already saturated with water. This is how seasonal or permanent blankets of snow, water tables and brooks are created. Springtime causes the snow to melt, high water tables create downstream water sources, and brooks combine to form rivers and then streams, returning the water to the oceans. In cool regions, the water is returned to the oceans over very long periods of time through glaciers (rivers of ice). Since it takes time for water to descend the catchment areas, given that some land areas have small slopes and that precipitations occur regularly, some areas remain humid and favour all forms of life.


What if we were in a very low-gravity environment...


You read about water cycling in the previous section. The role played by gravity was clearly mentioned in certain cases, but it was not emphasized everywhere. Now, imagine what would happen if gravity were greatly reduced?not an easy task. Try to answer the following questions. Our answers are provided below.


Would there be evaporation caused by the Sun?
Would there be condensation in the upper atmosphere?
Would there be winds causing the clouds to move?
Would there be precipitations?
Would overland flow and infiltration still occur?
Would there be life?
What would happen?


Answers


Would there be evaporation caused by the Sun?


Yes and no. The gas would still escape from the warmed liquid, probably causing larger bubbles. For the escaped gas to place itself above the liquid, gravity is required. Without gravity, the gas bubble would not know in which direction to go. Instead of forming a lake, the liquid would form a ball. With very little gravity, the gas bubble would eventually “rise”.
Let’s think about the water vapour that would be formed close to the surface. The problem remains: the water vapour will not rise in the atmosphere. The water vapour rises because a volume of warm air filled with water vapour is not as heavy as an equal volume of cool air. But heaviness means weight, and therefore gravity. If there is no gravity, nothing moves. If there is very little gravity, the ascension is very, very slowly.


Would there be condensation in the upper atmosphere?


Yes, if the temperature is low. Assuming that the humid air can reach a high altitude where it is cooler, condensation will occur, resulting in the appearance of clouds. However, the atmosphere may not be as thick if there is very little gravity. The atmosphere’s molecules would rise due to the low gravity and could escape because of the reduced release speed or because collisions with solar wind particles would slowly cause a breakdown. This is probably what happened with the gases that escaped from the surface of the Moon: they eventually escaped its gravity.


Would there be winds causing the clouds to move?


There would probably not be much wind in altitude. The air would be warmed at ground level, and the differences in local pressure would be the greatest sources of wind. If there were little gravity, the wind would not travel far, since the air would rise very slowly. Atmospheric imbalances would quickly be corrected.


Would there be precipitations?


Yes, but they would probably be very rare and of low intensity.


Would overland flow and infiltration still occur?


Yes, but very slowly. Wetlands would multiply, brooks would probably not come together as much, and there would be less large rivers and streams, flowing at a very low rate.


The egg and the bottle – How not to "crack" under pressure


Objective

During this activity, students are taught about variations in pressure caused by changes in the temperature of gases by observing that a hard-boiled egg can be sucked in through the neck of a bottle when the air in the bottle cools down.


Context

Gay-Lussac’s Law states that the volume occupied by a gas is directly proportional to its temperature when the pressure is constant. The corollary of this is that at a given volume, the pressure of a gas is directly proportional to its temperature. When, in a closed environment, the temperature of a gas increases, its pressure also increases while it tries to expand. Inversely, if the temperature decreases, the pressure drops as the gas contracts. 


This phenomenon is important for astronauts. Spacesuits can be considered a closed environment with a relatively constant volume (the flexibility of the suit is controlled to limit its expansion under internal pressure). To maintain a constant pressure for the astronauts’ comfort, the temperature in the suit must absolutely be stable. To ensure this stability, the insulation of the suit must be optimized and its atmosphere controlled using sophisticated air-conditioning systems.


Equipment required

· A hard-boiled egg in its shell 


· A bottle whose neck is slightly smaller than the largest part of the egg 


· Wooden matches 






Time required for the experiment
10 minutes


Method

· Remove the egg from its shell; 


· Place the bottle on a table; 


· Light three or four matches and let them fall in the bottle; 


· Quickly place the egg on the neck of the bottle; 


· Wait for the matches to burn out and for the air to start cooling in the bottle, then see what happens. 














Observations

The matches warm the air in the bottle, causing it to expand. The egg acts somewhat like a one-way valve. Part of the warm air under pressure exits the bottle, making its way between the neck of the bottle and the egg. When the matches burn out, the air inside the bottle starts to cool and contract. This contraction corresponds to a drop in pressure in the bottle which, after a moment, becomes lower than the atmospheric pressure. This causes the egg, which is relatively flexible, to be sucked into the bottle.


Subjects for discussion

How would you go about removing the egg from the bottle?


Pascal scales – Understanding pressure measurements


Objective

During this activity, students are taught the basic principles of pressure, learning that the weight of an object, as indicated by a scale, decreases when this weight is distributed over more than one scale.


Context

One of the very important concepts of the science of spacesuits is the pressure that must be maintained artificially inside the spacesuits. But what exactly is pressure? This activity makes it possible to show the basis of this concept, helping students better understand the notions that will follow.


Equipment required

Two scales, identical if possible
Two pieces of wood of 10x10 cm and 2 cm thick
A wooden board approximately 1 m long


Time required

5 minutes for the experiment


Method

· Weigh yourself on each of the scales and record the results; 


· Place the scales side by side, leaving a gap of approximately 70 cm; 


· Place a piece of wood on each scale; 


· Place the board on the pieces of wood, forming a bridge between both scales; 


· Step onto the middle of the board and ask a friend to record the weight indicated on each scale. 


Observations

Pressure is the relationship between a force and the surface on which this force is applied. The weight?or mass?is a force caused by applying weight to an object. In this experiment, we see that the force caused by the weight results in a pressure that it reduced by half when the force is distributed over two scales.


Subjects for discussion

Why is it possible to walk on snow with snowshoes without sinking?


Make your own barometer


Objective

During this activity, students will make a Torricelli barometer that uses water (rather than mercury), observing, over many days, fluctuations in atmospheric pressure. Students should learn that air under pressure exerts a very real force on surfaces with which it comes in contact, especially when it is confined in a closed environment.


Context

There is (practically) no atmosphere in space outside a spacesuit. However, pressure used to reproduce the atmospheric pressure felt on Earth is artificially maintained inside spacesuits. Although this pressure is approximately three times less than what it is at ground level, it is enough to ensure an appropriate comfort level for astronauts and keep them from suffering from certain illnesses. In contrast, this pressure is also responsible for “inflating” the suit. This phenomenon makes the suit stiffer, restricting the astronauts’ movements.


Equipment required

· A beaker or a glass with straight sides 


· A 30-cm transparent plastic ruler 


· 30 cm of transparent plastic aquarium tubing of small diameter 


· Transparent tape 


· Playdoh or chewing gum 


· Water 


· Food colouring 






Time required

Building: 15 minutes
Observation: 10 days


Method

· Stick the ruler vertically against the inside of the beaker or glass, making sure the scale is visible; 


· Tape the tubing to the side of the ruler inside the glass, making sure to leave 1 cm between the bottom of the glass and the end of the tubing; 


· Fill half the glass with water and add one or two drops of food colouring; 


· Suck a bit of water in the tube. When the water level reaches approximately 20 cm on the ruler’s scale, block the end of the tubing with your tongue. Block the opening of the tubing permanently with a piece of playdoh or gum; 


· Record the exact water level in the tube as well as the weather (warm or cold, sunny or cloudy, calm or windy); 


· At the same time every day, record the water level in the tubing as well as the weather. 










Observations

Fluctuations in atmospheric pressure do not occur fast enough to be observed over short periods. However, significant changes should occur every twenty-four hours. Usually, when the sky is covered, the “weight” of the air decreases above the barometer. The pressure exerted at the water surface decreases accordingly, lowering the water column. Inversely, when the nice weather returns, the atmospheric pressure increases, causing the water column to rises in the tubing. 


Subjects for discussion

What would happen to the barometer’s water column if we took it atop Mount Everest? And what if we took it into space, at the altitude of the International Space Station?


Design a functional thermometer


Objective

During this activity, students will make a bulb thermometer that uses water (rather than mercury), learning how exchanges of heat between two bodies affect the state of liquids, such as their volume. Students should also learn that variations caused by adding heat to or removing heat from a body also apply to gas.


Context

The temperature of a body represents its heat at a given time. Heat is a physical phenomenon related to, among others, the activity of the body’s molecules. The more active the molecules are, the warmer the body, and the more its temperature?which we measure using a thermometer?increases. But how does a thermometer measure temperature? A body’s heat energy is seen mostly by comparing the body to another body with a different temperature. In this case, part of the heat from the warmest body is transferred to the other. In theory, this transfer continues until both bodies have the same temperature. Without this phenomenon, thermometers would not work.


A bulb thermometer usually contains a small amount of mercury at a certain temperature. When the thermometer is placed in a sink filled with hot water, the balance between both bodies starts taking place. The water transfers part of its energy to the mercury (it warms it up), whereas the mercury transfers part of its “absence” of energy to the water (it cools it down). The quantity of mercury in a thermometer is so minute that the cooling it causes on the water is insignificant. In contrast, the heat brought by the water to the mercury is very noticeable. Through the heat energy received from the water, the mercury molecules become active and the temperature increases. This increase in temperature causes the mercury to dilate (increase in volume), making it rise in the glass tube. The same phenomenon occurs when the thermometer is placed outside, in free air. In this case, it is the ambient air rather than the water that interacts with the mercury.


Heat energy is not the only thing that causes a body’s molecules to become active. The direct radiation, such as the Sun’s, also has this effect. A thermometer exposed directly to the Sun will indicate a higher temperature than that of the ambient air.


In space, there is no atmosphere, and therefore no ambient air. Away from all direct radiations, temperatures, in theory, are close to absolute zero. Absolute zero can be described as the complete absence of heat or the temperature at which all molecular activity ceases in matter. However, a body can reach temperatures near 150 °C when it is exposed to solar radiation. These differences in temperature pose very real problems to engineers responsible for developing materials used to make spacesuits. The suits must be protected against the effects of extreme temperature variations existing outside. It is also important to make sure that these variations do not affect the temperature of the atmosphere inside the suit.


Equipment required

· A glass container of small diameter with a watertight lid 


· A drill or a hammer and a large nail 


· A transparent or translucent straw of the smallest diameter possible 


· Playdoh or chewing gum 


· Water (very cold and very hot) 


· Food colouring 






Time required

Building: 15 minutes
Observation: 15 minutes


Method

· Make a hole in the lid of the container using the drill or the hammer and nail. The diameter of the hole should be just big enough for the straw; 


· Insert the straw until half of its length is in the hole. Seal around the straw, using the playdoh or gum, above and below the lid; 


· Fill the container to the edge with the very cold water (almost ice cold), add a few drops of colouring and stir; 


· Tighten the lid on the container; some water may enter the straw; 


· Place the container in a plugged sink and run the hot water. 










Observations

The difference in temperature between the water in the container and the water in the sink is quite noticeable. As soon as the container is immersed in the hot water, the transfer of heat begins to take place. The water in the container heats up gradually, whereas the water in the sink gets slightly colder. The new source of heat to the water in the container causes it to increase in volume and rise in the straw.


Inflated gloves – Exploring the challenges of working with pressurized gloves in an environment where the external pressure is zero


Objective

Students learn about the obstacles faced by astronauts who must work in pressurized suits by trying to perform tasks while wearing dish gloves containing air under pressure.


Context

The human body is made to function normally at the pressure that exists at sea level, i.e. approximately 101 kPa. The absence of all atmospheric pressure at the altitude at which astronauts work during extravehicular activities must be compensated for. Spacesuits are therefore pressurized in order to maintain a viable environment. Although the pressure applied mechanically inside the suit is approximately three times less than the pressure at ground level, it is enough to have quite an undesirable effect. Since spacesuits are made of relatively flexible material, they have a tendency to expand, or inflate, when positive pressure is applied inside. This causes astronauts to move, to a certain extent, as if in an inflated balloon, which makes everyday tasks that much harder to perform.


Equipment required

· Two dish gloves 


· Two large elastics 


· Two small straws 


Time required for the experiment

Approximately 15 minutes


Method

· Put one of the gloves on; 


· Place an elastic around your wrist so that the glove is very tight; 


· Insert a straw in the glove, under your wrist, with one end at the palm of your hand and the other outside the glove; 


· Blow in the straw to inflate the glove, and quickly remove the straw; 


· Repeat the same steps on the other hand; 


· With both of your hands in the gloves, perform everyday tasks: take a pencil and write, handle tools, tighten a bolt, etc. 














Observations

We know it is not easy to perform simple tasks when wearing winter gloves, for example. This experiment shows that things are even more difficult if positive pressure is applied inside the gloves. At present, it remains a necessary evil in the case of spacesuits.


Subjects for discussion

What methods do you think could be used to reduce the negative effects of applying positive pressure inside a spacesuit?


Note

It is best to perform this activity in teams in order to get help inflating the gloves and removing the straws.


If the gloves are available in many sizes, take the “large” size. Although students are usually more comfortable with small-size gloves, the large ones will make it possible to inflate the fingers, whereas the small ones may be too tight.


The tighter the elastics are, the less loss of pressure there is. However, there are risks of blocking the blood circulation. It is therefore important to make sure that students do not wear the gloves for extended periods.


Balloons suffer "the bends"


Objective

During this activity, students will learn about the effects of decompression on the human body, as well as the symptoms associated to caisson disease.


Context

A body is subject to decompression when the pressure to which it is submitted drops. This phenomenon is potentially dangerous for the human body when it occurs suddenly. Scuba divers, for example, are subject to decompression every time they come back up to the surface after being deep underwater. If they come back up too quickly, they are likely to suffer from a serious illness: caisson disease, also called decompression sickness (commonly known as “the bends”).


Caisson disease is characterized by the forming of nitrogen bubbles in the organic tissues and liquids. These bubbles result from the expansion of nitrogen that saturates the body when it is submitted to sudden decompression. Gases have this characteristic of increasing in volume when the pressure applied to them decreases.


Caisson disease can also affect astronauts: astronauts are subjected to significant decompression when they leave the environment of the orbiter or space station to perform extravehicular activities in space. The pressure inside the suit is approximately three times less than the pressure maintained in the spacecraft or space station. Measures must therefore be taken for the astronaut to undergo gradual decompression that can take place over a few hours.


Equipment required

· An inflatable balloon 


· A bottle with a large opening, making it possible to inflate the balloon 


· A straw 


· Playdoh 


Time required for the experiment

10 minutes


Method


· If you wish, draw eyes and a mouth on the sides of the balloon using a felt pen; 


· Inflate the balloon inside the bottle, blowing through the neck. Make a knot and let the balloon fall in the bottle; 


· Create a large and thick ring around the straw using the playdoh, and place the ring on the bottle opening; 


· Work the playdoh so as to seal the bottle tightly?air should not be able to enter or escape the bottle by any other means than the straw; 


· Place yourself in front of a mirror to observe the balloon. Making sure there are no air leaks, vigorously suck the air out of the bottle using the straw. 






Observations

By vigorously sucking the air out of the bottle, the balloon undergoes rapid decompression. The air in the balloon expands when the pressure to which it is subjected decreases. Due to this expansion, the balloon seems to inflate.


Note

This activity may also be done in teams because it is difficult for the student sucking the air out through the straw to see the results at the same time if no mirror is available.


Here is an alternative that increases the effect:
Before sucking the air out through the straw, students can blow into it (increasing the pressure and reducing the volume of the balloon) and then inhale at once, increasing the depressurization and volume.
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Comets Asteroids


Made up of ice and dust Made up of rocks and metals


Form tails when they pass through 
the inner solar system


Do not form tails


Typically have orbits that are very 
much more elliptical and tilted than 
those of the planets


Typically have orbits that are much 
more elliptical and tilted than those 
of the planets


Usually orbit the Sun in two regions: 
the Kuiper Belt (about 30 to 50 AU 
from the Sun) and the Oort Cloud 
(extending outward to about 50,000 
AU from the Sun)


Usually orbit the Sun in the asteroid 
belt, a region between Mars and 
Jupiter


Typically remain in the outermost 
regions of the solar system (beyond 
the orbit of Neptune), but can pass 
through the inner solar system if their 
orbits are elliptical enough


Typically remain in the asteroid belt, 
a region between Mars and Jupiter


May or may not orbit the Sun in the 
same direction as the planets


Orbit the Sun in the same direction 
as the planets


Comet Hyakutake Asteroid: Artist’s concept
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Comets Asteroids


Usually undetectable to the 
naked eye; may become visible 
while passing through the inner 
solar system


Virtually undetectable to the 
naked eye


Meteor showers usually occur when 
Earth passes through a stream of 
particles left behind by a comet in 
its orbit.


Produce meteors (streaks of light) 
upon entering Earth’s atmosphere; 
produce meteorites if they survive 
the trip through Earth’s atmosphere 
(either whole or in part) and hit 
the ground
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Name: ________________

Date: _________________
Label the planets and dwarf planet according to their position relative to the sun.
Describe two facts (other than the planets’ positions relative to the sun) about each planet below in point form.
Match the statements on the left with the statements on the right by placing the correct letter in the chart below.
What causes the seasons?  Use a diagram to help explain your answer.
What causes day and night?  Use a diagram to help explain your answer.
9
Mercury 


Jupiter


Earth


Uranus


Neptune


Mars


Saturn


Pluto




Venus 
18
A
Venus
Has an elliptical orbit
 
B
Mars
Loose collection of ice, dust, and small dust particles
 
C
Pluto
Stone-like or metal-like debris, no larger than a pebble
 
D
Jupiter
The main force that determines the moon’s orbit
 
E
Comet
If placed in water, this planet would float
 
F
Metoeroid
The hottest planet in the solar system
 
G
Earth’s gravity
Famous for its Great Red spot
 
H
Saturn
Looks like it is tilted on its side
 
I
Uranus
Usually orbit the Sun in the asteroid belt, a region between Mars and Jupiter
 
J
Asteroid
Named for the Roman god of war
 
10
3
2
# 
42
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Guide de l’éducateur


Introduction


La trousse pédagogique « La science des combinaisons spatiales » est destinée aux
éducateurs et aux élèves du premier cycle du secondaire.


La trousse est composée d’outils d’enseignement et de ressources qui faciliteront
l’apprentissage des éléments reliés à la conception des combinaisons spatiales ainsi qu’au
travail à l’aide de celles-ci.


La trousse contient :


- Un cédérom comportant cinq courts films dans lesquels le Dr Dave Williams,
astronaute de l’agence spatiale canadienne, nous explique différents concepts
scientifiques qui ont un impact sur la conception et la capacité de travailler dans
un vaisseau spatial individuel, communément appelé une combinaison spatiale.


Le contenu du cédérom est divisé comme suit :


1. Introduction
2. Terre et espace : un monde de différence!
3. Les éléments d’une combinaison spatiale!
4. La pression
5. Régulation de la température


- D’autres informations, activités, vidéos et outils d’enseignement complémentent
chaque thème introduit sur ce cédérom, et ils sont tous disponibles sur le site Web
de l’ASC au www.space.gc.ca, dans la section dédiée aux éducateurs.


Les sections du site sont les suivantes :


1. Notes à l’intention des professeurs
2. Les conditions de l’espace
3. L’atmosphère terrestre
4. Une combinaison pour survivre
5. Comprendre les gaz
6. Comprendre la pression
7. Comprendre la température
8. Vivre avec une combinaison spatiale
9. Travailler avec une combinaison spatiale







Les activités associées proposées dans le site incluent :


1. Exercice sur le cycle de l’eau en microgravité
2. La magie de l’œuf et la bouteille – Comment ne pas craquer sous la


pression!
3. Les pèse-personnes de Pascal – Comprendre le fondement des principes de


la pression
4. Fabriquer son baromètre
5. Fabriquer son thermomètre
6. Les gants gonflés – Expérimenter les défis de travailler avec des gants


pressurisés dans un environnement où la pression externe est zéro
7. Les ballons grimaçants – Comprendre les effets de la décompression sur le


corps humain


Préparation recommandée


Dans un premier temps, vous devriez vous familiariser avec le contenu global de la
trousse. Vous pourriez débuter par le visionnement des cinq clips se trouvant sur le
cédérom et un survol du site Web.


La section « Notes à l’intention des professeurs » contient de l’information
complémentaire quant aux objectifs de cette trousse et leur relation avec le Protocole
pancanadien en sciences et technologies.


Téléchargez ou imprimez les transparents que vous comptez utiliser dans votre
présentation. (La plupart des images sont disponibles en deux formats : un petit format
pour le visionnement à l’écran et l’impression, et un grand format pour la projection en
classe.)


Il est aussi possible d’imprimer une partie du matériel afin de le distribuer aux élèves, par
exemple, les descriptions des activités pratiques ou les textes sélectionnés.


Note : Les schémas et transparents ont été conçus pour une impression ou une projection
couleur.


Dans les sections suivantes, vous trouverez nos suggestions quant à la manière la plus
efficace d’utiliser le matériel.







Module 1


1. Débutez par la présentation de la séquence vidéo d’introduction du Dr Dave
Williams. Cette séquence d’une durée d’environ deux minutes présente les
notions qui seront abordées dans les sections subséquentes.


2. Après le visionnement, faites un tour de classe en lançant quelques questions afin
de vérifier le niveau de connaissances des élèves.
Suggestions de questions :


 Quelles sont les principales différences entre un environnement
terrestre et un environnement spatial?


 Quels sont les dangers courus par un être humain dans l’espace?
 Quelles sont les objectifs d’une combinaison spatiale ?


Module 2


Le module 2 aborde les différences entre l’environnement terrestre et spatial. À cette fin,
nous suggérons de combiner l’utilisation des trois éléments pédagogiques suivants :


1. Vidéo 1 : Terre et espace : un monde de différence!
Cette séquence d’une durée d’environ quatre minutes décrit la vulnérabilité
relative de l’être humain qui, pour évoluer, a besoin d’un environnement stable et
sécuritaire que l’atmosphère terrestre permet de créer sur Terre. Afin d’explorer
les processus qui contribuent à créer et à maintenir cet environnement sécuritaire,
les concepts de rayonnement solaire, de température et de pression sont introduits
dans cette séquence.


2. Site Web : Les conditions de l’espace et l’atmosphère terrestre
Cette section du site comporte une quinzaine de transparents et traite de la
composition de l’atmosphère, des bienfaits qu’elle prodigue et de son histoire. On
y explore aussi les concepts reliés aux cycles atmosphériques (cycle de l’eau, du
carbone et de l’azote) et à la répartition de l’énergie.


3. Activité 1 : Exercice sur le cycle de l’eau en microgravité
On propose à l’élève d’évaluer quels impacts l’absence de gravité sur Terre
pourrait avoir sur le cycle de l’eau. On demande ensuite à l’élève de comparer ses
résultats avec les phénomènes exposés dans le texte, relativement à l’apesanteur
dans le contexte de la combinaison spatiale (convection, condensation, etc.).


Module 3


Ce module porte sur les premières notions de la science des combinaisons spatiales. À ce
stade, présentez la séquence vidéo 2 et les transparents de la section « Une combinaison
pour survivre ».
Note : Les dernières sections du site, « Vivre avec une combinaison spatiale » et
« Travailler avec une combinaison spatiale », traiteront de façon plus détaillée de ces







notions. Il est donc suggéré à l’éducateur d’en prendre connaissance avant de présenter ce
module à ses élèves, mais ces derniers bénéficieront plus amplement de cette présentation
s’ils ont préalablement complété les modules 4 et 5 avant d’étudier plus en profondeur
ces notions au module 6.


1. Vidéo 2 : Les éléments d’une combinaison spatiale!
Dans cette séquence d’une durée de cinq à six minutes, Dave Williams nous
présente les principales parties de la combinaison spatiale ainsi que leurs
fonctionnalités.


2. Site Web : Une combinaison pour survivre
Cette section comprend six transparents et présente les fonctionnalités majeures
de la combinaison, à savoir, la régulation de la pression et de la température,
l’apport d’oxygène, l’élimination du dioxyde de carbone et la protection contre les
micrométéorites.


Module 4


Ce module aborde le concept de la pression. On présente d’abord les notions de base des
principes physiques qui sont reliés aux gaz et ensuite, le concept de la pression.


1. Vidéo 3 : La pression
Cette séquence d’une durée d’environ quatre minutes présente, en utilisant des
analogies, la définition de la pression, la loi de Boyle et Mariotte, les couches
internes de la combinaison et la difficulté de mouvements dans un environnement
sous pression.


2. Site Web : Comprendre les gaz
Cette section relativement courte illustre la loi de Boyle et Mariotte avec plus de
détails.


3. Activité 2 : La magie de l’œuf et la bouteille – Comment ne pas craquer sous la
pression!
L’élève est appelé à comprendre les variations de pression occasionnées par les
variations de la température de l’air en réalisant une activité pratique où un œuf
dur est aspiré par le goulot d’une bouteille lorsque l’air dans celle-ci refroidit.


4. Site Web : Comprendre la pression
La définition de la pression est reprise, et on cite plusieurs exemples où l’on
retrouve le concept de la pression dans la vie de tous les jours. Ces exemples
peuvent servir en classe à mieux démontrer le concept et à susciter des
discussions.


5. Activité 3 : Les pèse-personnes de Pascal
L’élève est appelé à comprendre le fondement des principes de la pression.


6. Activité 4 : Fabriquer son baromètre
Cette activité permettra aux élèves de vérifier par eux-mêmes que l’atmosphère a
réellement un poids et qu’elle exerce sur nous une pression constante.







Module 5


Dans ce module, on explique plus en détail le concept de température ainsi que les
différents mécanismes qui en permettent la régulation sur Terre ou dans l’espace.


1. Vidéo 4 : Régulation de la température
Cette séquence d’une durée de quatre à cinq minutes présente d’abord les
différents mécanismes de régulation de la température sur Terre (rayonnement,
conduction et convection). Une pause doit aussi être prévue afin que les élèves
puissent échanger et proposer des solutions qui pourraient être appliquées dans
l’espace. Par la suite, le Dr Dave Williams présente les éléments de la
combinaison et les solutions qui ont été implantées afin de réguler la température.
Finalement, Le Dr conclut en faisant une récapitulation des principaux éléments
vus dans les cinq parties du cédérom.


2. Site Web : Comprendre la température
Dans cette section, vous trouverez des explications sur ce qu’est la température,
ainsi que les différentes unités de mesure (Celsius, Fahrenheit et Kelvin), la façon
dont réagirait un thermomètre dans l’espace, le zéro absolu et le rayonnement
fossile.


3. Activité 5 : Fabriquer son thermomètre
L’élève est appelé à fabriquer un appareil servant à observer les changements
d’état d’un liquide à différentes températures, en utilisant des pièces simples et
couramment disponibles.


Module 6


Le module 6 effectue un retour sur les éléments de la combinaison spatiale. On y reprend
de manière plus détaillée les notions vues dans les modules 3, 4 et 5.  Les élèves qui
auront préalablement réalisé ces modules auront plus de facilité à comprendre certaines
notions.


1. Site Web : Vivre avec une combinaison spatiale
Cette section comprend huit transparents et présente les éléments de la
combinaison spatiale, la pression dans la combinaison, le mal des caissons, les
étapes de la dépressurisation des astronautes, la flexibilité des combinaisons, les
éléments protecteurs des couches internes, la température et la répartition de la
chaleur, le traitement de l’humidité et plus encore.


2. Site Web : Travailler avec une combinaison spatiale
Cette section comprend cinq transparents et présente les difficultés du travail dans
l’espace, la manière dont les astronautes procèdent pour sortir du sas, les
problèmes reliés à la résistance aux mouvements de la combinaison pressurisée et
ceux qui sont reliés à la microgravité, les première et troisième lois du
mouvement de Newton, l’utilisation du Canadarm pour pallier certains problèmes
et finalement, les ressemblances entre le travail dans l’espace et la plongée sous-
marine.


3. Activité 6 : Les gants gonflés







L’élève est appelé à prendre conscience des obstacles auxquels font face les
astronautes qui doivent travailler dans une combinaison pressurisée, en tentant
d’effectuer des manipulations alors qu’ils portent des gants (à vaisselle) dans
lesquels la pression de l’air est supérieure à celle de l’environnement.


4. Activité 7 : Les ballons grimaçants
L’élève est appelé à comprendre la loi de Boyle et Mariotte et, par association, les
symptômes de la maladie des caissons à l’aide de guimauves soumises à une
décompression graduelle.


Nous espérons que l’utilisation de cette trousse pédagogique vous permettra, à vous et à
vos élèves, d’approfondir vos connaissances, d’éveiller votre intérêt et de vous découvrir
de nouvelles passions.


Nous vous invitons également à remplir et à nous retourner le formulaire de
commentaires qui est disponible sur le site Internet de l’ASC.





SMART Notebook


		Individual or Group Activity:


Water Smart Activity


Since water is a rare commodity in space, astronauts on the International Space Station will be recycling their water. This includes respiration, perspiration, shower and shaving water, and even urine. This wastewater will be purified and then recycled for drinking and other uses.




Biological treatments are used to purify water on Earth. The micro-organisms used in this process destroy contaminants in the water. The International Space Station will use physical and chemical processes to remove contaminants, along with filtration and temperature sterilisation to ensure the water is safe to drink.


Try this water filtration activity with your classmates. Note: This experiment only demonstrates a type of water filtration. The experiment will not purify water for drinking purposes.


Materials

You will need:
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Clear plastic soda bottle (2-litre)
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Gravel (aquarium)
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Sand
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Aquarium charcoal (activated)
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Cheesecloth (a nylon stocking can be used instead)


[image: image6.png]

Muddy water
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Rubber bands


Procedure

1. Cut the bottom off the soda bottle. Cover the mouth with several layers of cheesecloth and secure the cloth with a rubber band. Suspend the bottle upside down with its mouth over a glass to catch the filtered water. 


2. Fill the bottle with charcoal to a depth of 5–8 cm. 


3. Place 8–10 cm of sand on top of the charcoal. Place 5–8 cm of gravel on top of the sand. 


4. Stir the muddy water and pour it into the filter. Watch closely as the water seeps down through the three filtering layers of gravel, sand, and charcoal.
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Discussion
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What happened to the water while it passed through the different layers of the filter?
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Compare the muddy water to the filtered water. Is there a difference?
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Would it make a difference if one of the layers had been left out?






		


 HYPERLINK "http://www.space.gc.ca/asc/eng/missions/sts-097/kid_way_cool10.asp" \l "#" 
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Group Activity:


Magic Planets
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		Tell your students you’re going to conduct a scientific experiment together. They’ll need some clear soda, a glass and a few grapes. Ask them to fill the glass with soda, drop in the grapes and watch to see what happens next. The air bubbles will carry the grapes to the surface, but once the bubbles pop, the grapes will sink back to the bottom of the glass. Explain that if the grapes were planets, they would move in space the same way but would be propelled around the Sun by the power of gravity. Explain the difference between gravity and hydraulic energy (operated, moved, or effected by means of water).
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Water cycling in a microgravity environment
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Objective


Using water cycling, this activity teaches students about phenomena considered normal on Earth, but which do not work or work differently in space.


Context

In a spacesuit, humidity caused by an astronaut’s perspiration can become a problem. The activity is designed to help students think about, in greater detail, the aspects that must be taken into account when designing a spacesuit. 


Method

· The subject matter may be presented by the educator or printed for students to review themselves; 


· Students, either alone or in teams, try to answer the questions asked; 


· An answer sheet is available. 


The importance of water cycling


Where there is water on Earth, it is usually in motion. This movement ensures the conditions favourable to the development of life.


From the oceans, through the atmosphere and to the land, large quantities of water are exchanged.


The oceans-atmosphere-land water cycle contains five steps


In brief:


The Sun causes water to be evaporated from lakes and oceans. The water vapour rises in the atmosphere. This is called evaporation.


In the upper atmosphere, where the air is cool, the water is condensed into small droplets?clouds. This is condensation.


The winds (caused by the unbalanced warming of the ground) push the clouds further away. This is transport.


When the clouds encounter cooler masses of air, the small droplets come together, forming large drops and resulting in rain (or snow). These are precipitations.


Depending on the geography, when precipitations fall to the ground, catchment areas that slowly return the water to lakes and oceans are formed. This is overland flow.






In detail:


Evaporation


The Sun warms the water, especially in shallow areas. Since a warm liquid cannot dissolve as much gas as a cool liquid, the gas forms micro-bubbles. These micro-bubbles are lighter than equivalent volumes of water, causing them to change places with the water and rise to the surface (due to gravity). The water vapour is combined with the air. Since it has been warmed through its contact with the water, and since warm air is not as dense as cool air, it gives way to the cool air and rises. The water vapour rises with the warm air. Evaporation can also occur when the ground is humid and the air is warm.


Condensation


The air cools down as it rises and, unlike liquids, cannot contain as much water vapour as warm air. The water vapour forms very small droplets that reflect light in all directions: these are clouds. These droplets are so small that their insignificant weight does not pull them far enough downward to resist the air, causing the droplets to remain in suspension. The altitude of clouds varies according to atmospheric conditions, explaining the different types of clouds. Condensation can also occur when the warm air filled with humidity cools down (e.g. fog) or meets a cool object (e.g. dew).


Transport


Winds are caused by the fact that atmospheric pressure varies at different points of the Earth. Above a city, a forest, a desert or a shallow body of water, the air is warmer than it is above a field, a deep body of water or an area covered with snow. The warm air rises, is replaced by cool air, and winds start blowing. The Earth revolves and trends associated with motion appear. The clouds previously formed are pushed by the winds, causing them to move.


Precipitation


When the clouds meet cooler masses of air (because of other winds or because mountains force the air to rise abruptly), the droplets come together to form bigger drops. Cool air contains less water vapour than warm air. Since the larger drops can no longer remain in suspension, they overcome the air resistance and fall to the ground. Atmospheric conditions vary widely according to area and altitude, making it possible for water to reach the ground in the form of snow, ice pellets, sleet, rain or hail. For precipitations that fall into the oceans, this is where the cycle ends (and starts over).


Overland flow


Precipitations that fall at high altitudes stay in place if the weather is cold, are absorbed by the ground if it is porous, or cause an overland flow if the ground is impermeable or already saturated with water. This is how seasonal or permanent blankets of snow, water tables and brooks are created. Springtime causes the snow to melt, high water tables create downstream water sources, and brooks combine to form rivers and then streams, returning the water to the oceans. In cool regions, the water is returned to the oceans over very long periods of time through glaciers (rivers of ice). Since it takes time for water to descend the catchment areas, given that some land areas have small slopes and that precipitations occur regularly, some areas remain humid and favour all forms of life.


What if we were in a very low-gravity environment...


You read about water cycling in the previous section. The role played by gravity was clearly mentioned in certain cases, but it was not emphasized everywhere. Now, imagine what would happen if gravity were greatly reduced?not an easy task. Try to answer the following questions. Our answers are provided below.


Would there be evaporation caused by the Sun?
Would there be condensation in the upper atmosphere?
Would there be winds causing the clouds to move?
Would there be precipitations?
Would overland flow and infiltration still occur?
Would there be life?
What would happen?


Answers


Would there be evaporation caused by the Sun?


Yes and no. The gas would still escape from the warmed liquid, probably causing larger bubbles. For the escaped gas to place itself above the liquid, gravity is required. Without gravity, the gas bubble would not know in which direction to go. Instead of forming a lake, the liquid would form a ball. With very little gravity, the gas bubble would eventually “rise”.
Let’s think about the water vapour that would be formed close to the surface. The problem remains: the water vapour will not rise in the atmosphere. The water vapour rises because a volume of warm air filled with water vapour is not as heavy as an equal volume of cool air. But heaviness means weight, and therefore gravity. If there is no gravity, nothing moves. If there is very little gravity, the ascension is very, very slowly.


Would there be condensation in the upper atmosphere?


Yes, if the temperature is low. Assuming that the humid air can reach a high altitude where it is cooler, condensation will occur, resulting in the appearance of clouds. However, the atmosphere may not be as thick if there is very little gravity. The atmosphere’s molecules would rise due to the low gravity and could escape because of the reduced release speed or because collisions with solar wind particles would slowly cause a breakdown. This is probably what happened with the gases that escaped from the surface of the Moon: they eventually escaped its gravity.


Would there be winds causing the clouds to move?


There would probably not be much wind in altitude. The air would be warmed at ground level, and the differences in local pressure would be the greatest sources of wind. If there were little gravity, the wind would not travel far, since the air would rise very slowly. Atmospheric imbalances would quickly be corrected.


Would there be precipitations?


Yes, but they would probably be very rare and of low intensity.


Would overland flow and infiltration still occur?


Yes, but very slowly. Wetlands would multiply, brooks would probably not come together as much, and there would be less large rivers and streams, flowing at a very low rate.


The egg and the bottle – How not to "crack" under pressure


Objective

During this activity, students are taught about variations in pressure caused by changes in the temperature of gases by observing that a hard-boiled egg can be sucked in through the neck of a bottle when the air in the bottle cools down.


Context

Gay-Lussac’s Law states that the volume occupied by a gas is directly proportional to its temperature when the pressure is constant. The corollary of this is that at a given volume, the pressure of a gas is directly proportional to its temperature. When, in a closed environment, the temperature of a gas increases, its pressure also increases while it tries to expand. Inversely, if the temperature decreases, the pressure drops as the gas contracts. 


This phenomenon is important for astronauts. Spacesuits can be considered a closed environment with a relatively constant volume (the flexibility of the suit is controlled to limit its expansion under internal pressure). To maintain a constant pressure for the astronauts’ comfort, the temperature in the suit must absolutely be stable. To ensure this stability, the insulation of the suit must be optimized and its atmosphere controlled using sophisticated air-conditioning systems.


Equipment required

· A hard-boiled egg in its shell 


· A bottle whose neck is slightly smaller than the largest part of the egg 


· Wooden matches 






Time required for the experiment
10 minutes


Method

· Remove the egg from its shell; 


· Place the bottle on a table; 


· Light three or four matches and let them fall in the bottle; 


· Quickly place the egg on the neck of the bottle; 


· Wait for the matches to burn out and for the air to start cooling in the bottle, then see what happens. 














Observations

The matches warm the air in the bottle, causing it to expand. The egg acts somewhat like a one-way valve. Part of the warm air under pressure exits the bottle, making its way between the neck of the bottle and the egg. When the matches burn out, the air inside the bottle starts to cool and contract. This contraction corresponds to a drop in pressure in the bottle which, after a moment, becomes lower than the atmospheric pressure. This causes the egg, which is relatively flexible, to be sucked into the bottle.


Subjects for discussion

How would you go about removing the egg from the bottle?


Pascal scales – Understanding pressure measurements


Objective

During this activity, students are taught the basic principles of pressure, learning that the weight of an object, as indicated by a scale, decreases when this weight is distributed over more than one scale.


Context

One of the very important concepts of the science of spacesuits is the pressure that must be maintained artificially inside the spacesuits. But what exactly is pressure? This activity makes it possible to show the basis of this concept, helping students better understand the notions that will follow.


Equipment required

Two scales, identical if possible
Two pieces of wood of 10x10 cm and 2 cm thick
A wooden board approximately 1 m long


Time required

5 minutes for the experiment


Method

· Weigh yourself on each of the scales and record the results; 


· Place the scales side by side, leaving a gap of approximately 70 cm; 


· Place a piece of wood on each scale; 


· Place the board on the pieces of wood, forming a bridge between both scales; 


· Step onto the middle of the board and ask a friend to record the weight indicated on each scale. 


Observations

Pressure is the relationship between a force and the surface on which this force is applied. The weight?or mass?is a force caused by applying weight to an object. In this experiment, we see that the force caused by the weight results in a pressure that it reduced by half when the force is distributed over two scales.


Subjects for discussion

Why is it possible to walk on snow with snowshoes without sinking?


Make your own barometer


Objective

During this activity, students will make a Torricelli barometer that uses water (rather than mercury), observing, over many days, fluctuations in atmospheric pressure. Students should learn that air under pressure exerts a very real force on surfaces with which it comes in contact, especially when it is confined in a closed environment.


Context

There is (practically) no atmosphere in space outside a spacesuit. However, pressure used to reproduce the atmospheric pressure felt on Earth is artificially maintained inside spacesuits. Although this pressure is approximately three times less than what it is at ground level, it is enough to ensure an appropriate comfort level for astronauts and keep them from suffering from certain illnesses. In contrast, this pressure is also responsible for “inflating” the suit. This phenomenon makes the suit stiffer, restricting the astronauts’ movements.


Equipment required

· A beaker or a glass with straight sides 


· A 30-cm transparent plastic ruler 


· 30 cm of transparent plastic aquarium tubing of small diameter 


· Transparent tape 


· Playdoh or chewing gum 


· Water 


· Food colouring 






Time required

Building: 15 minutes
Observation: 10 days


Method

· Stick the ruler vertically against the inside of the beaker or glass, making sure the scale is visible; 


· Tape the tubing to the side of the ruler inside the glass, making sure to leave 1 cm between the bottom of the glass and the end of the tubing; 


· Fill half the glass with water and add one or two drops of food colouring; 


· Suck a bit of water in the tube. When the water level reaches approximately 20 cm on the ruler’s scale, block the end of the tubing with your tongue. Block the opening of the tubing permanently with a piece of playdoh or gum; 


· Record the exact water level in the tube as well as the weather (warm or cold, sunny or cloudy, calm or windy); 


· At the same time every day, record the water level in the tubing as well as the weather. 










Observations

Fluctuations in atmospheric pressure do not occur fast enough to be observed over short periods. However, significant changes should occur every twenty-four hours. Usually, when the sky is covered, the “weight” of the air decreases above the barometer. The pressure exerted at the water surface decreases accordingly, lowering the water column. Inversely, when the nice weather returns, the atmospheric pressure increases, causing the water column to rises in the tubing. 


Subjects for discussion

What would happen to the barometer’s water column if we took it atop Mount Everest? And what if we took it into space, at the altitude of the International Space Station?


Design a functional thermometer


Objective

During this activity, students will make a bulb thermometer that uses water (rather than mercury), learning how exchanges of heat between two bodies affect the state of liquids, such as their volume. Students should also learn that variations caused by adding heat to or removing heat from a body also apply to gas.


Context

The temperature of a body represents its heat at a given time. Heat is a physical phenomenon related to, among others, the activity of the body’s molecules. The more active the molecules are, the warmer the body, and the more its temperature?which we measure using a thermometer?increases. But how does a thermometer measure temperature? A body’s heat energy is seen mostly by comparing the body to another body with a different temperature. In this case, part of the heat from the warmest body is transferred to the other. In theory, this transfer continues until both bodies have the same temperature. Without this phenomenon, thermometers would not work.


A bulb thermometer usually contains a small amount of mercury at a certain temperature. When the thermometer is placed in a sink filled with hot water, the balance between both bodies starts taking place. The water transfers part of its energy to the mercury (it warms it up), whereas the mercury transfers part of its “absence” of energy to the water (it cools it down). The quantity of mercury in a thermometer is so minute that the cooling it causes on the water is insignificant. In contrast, the heat brought by the water to the mercury is very noticeable. Through the heat energy received from the water, the mercury molecules become active and the temperature increases. This increase in temperature causes the mercury to dilate (increase in volume), making it rise in the glass tube. The same phenomenon occurs when the thermometer is placed outside, in free air. In this case, it is the ambient air rather than the water that interacts with the mercury.


Heat energy is not the only thing that causes a body’s molecules to become active. The direct radiation, such as the Sun’s, also has this effect. A thermometer exposed directly to the Sun will indicate a higher temperature than that of the ambient air.


In space, there is no atmosphere, and therefore no ambient air. Away from all direct radiations, temperatures, in theory, are close to absolute zero. Absolute zero can be described as the complete absence of heat or the temperature at which all molecular activity ceases in matter. However, a body can reach temperatures near 150 °C when it is exposed to solar radiation. These differences in temperature pose very real problems to engineers responsible for developing materials used to make spacesuits. The suits must be protected against the effects of extreme temperature variations existing outside. It is also important to make sure that these variations do not affect the temperature of the atmosphere inside the suit.


Equipment required

· A glass container of small diameter with a watertight lid 


· A drill or a hammer and a large nail 


· A transparent or translucent straw of the smallest diameter possible 


· Playdoh or chewing gum 


· Water (very cold and very hot) 


· Food colouring 






Time required

Building: 15 minutes
Observation: 15 minutes


Method

· Make a hole in the lid of the container using the drill or the hammer and nail. The diameter of the hole should be just big enough for the straw; 


· Insert the straw until half of its length is in the hole. Seal around the straw, using the playdoh or gum, above and below the lid; 


· Fill the container to the edge with the very cold water (almost ice cold), add a few drops of colouring and stir; 


· Tighten the lid on the container; some water may enter the straw; 


· Place the container in a plugged sink and run the hot water. 










Observations

The difference in temperature between the water in the container and the water in the sink is quite noticeable. As soon as the container is immersed in the hot water, the transfer of heat begins to take place. The water in the container heats up gradually, whereas the water in the sink gets slightly colder. The new source of heat to the water in the container causes it to increase in volume and rise in the straw.


Inflated gloves – Exploring the challenges of working with pressurized gloves in an environment where the external pressure is zero


Objective

Students learn about the obstacles faced by astronauts who must work in pressurized suits by trying to perform tasks while wearing dish gloves containing air under pressure.


Context

The human body is made to function normally at the pressure that exists at sea level, i.e. approximately 101 kPa. The absence of all atmospheric pressure at the altitude at which astronauts work during extravehicular activities must be compensated for. Spacesuits are therefore pressurized in order to maintain a viable environment. Although the pressure applied mechanically inside the suit is approximately three times less than the pressure at ground level, it is enough to have quite an undesirable effect. Since spacesuits are made of relatively flexible material, they have a tendency to expand, or inflate, when positive pressure is applied inside. This causes astronauts to move, to a certain extent, as if in an inflated balloon, which makes everyday tasks that much harder to perform.


Equipment required

· Two dish gloves 


· Two large elastics 


· Two small straws 


Time required for the experiment

Approximately 15 minutes


Method

· Put one of the gloves on; 


· Place an elastic around your wrist so that the glove is very tight; 


· Insert a straw in the glove, under your wrist, with one end at the palm of your hand and the other outside the glove; 


· Blow in the straw to inflate the glove, and quickly remove the straw; 


· Repeat the same steps on the other hand; 


· With both of your hands in the gloves, perform everyday tasks: take a pencil and write, handle tools, tighten a bolt, etc. 














Observations

We know it is not easy to perform simple tasks when wearing winter gloves, for example. This experiment shows that things are even more difficult if positive pressure is applied inside the gloves. At present, it remains a necessary evil in the case of spacesuits.


Subjects for discussion

What methods do you think could be used to reduce the negative effects of applying positive pressure inside a spacesuit?


Note

It is best to perform this activity in teams in order to get help inflating the gloves and removing the straws.


If the gloves are available in many sizes, take the “large” size. Although students are usually more comfortable with small-size gloves, the large ones will make it possible to inflate the fingers, whereas the small ones may be too tight.


The tighter the elastics are, the less loss of pressure there is. However, there are risks of blocking the blood circulation. It is therefore important to make sure that students do not wear the gloves for extended periods.


Balloons suffer "the bends"


Objective

During this activity, students will learn about the effects of decompression on the human body, as well as the symptoms associated to caisson disease.


Context

A body is subject to decompression when the pressure to which it is submitted drops. This phenomenon is potentially dangerous for the human body when it occurs suddenly. Scuba divers, for example, are subject to decompression every time they come back up to the surface after being deep underwater. If they come back up too quickly, they are likely to suffer from a serious illness: caisson disease, also called decompression sickness (commonly known as “the bends”).


Caisson disease is characterized by the forming of nitrogen bubbles in the organic tissues and liquids. These bubbles result from the expansion of nitrogen that saturates the body when it is submitted to sudden decompression. Gases have this characteristic of increasing in volume when the pressure applied to them decreases.


Caisson disease can also affect astronauts: astronauts are subjected to significant decompression when they leave the environment of the orbiter or space station to perform extravehicular activities in space. The pressure inside the suit is approximately three times less than the pressure maintained in the spacecraft or space station. Measures must therefore be taken for the astronaut to undergo gradual decompression that can take place over a few hours.


Equipment required

· An inflatable balloon 


· A bottle with a large opening, making it possible to inflate the balloon 


· A straw 


· Playdoh 


Time required for the experiment

10 minutes


Method


· If you wish, draw eyes and a mouth on the sides of the balloon using a felt pen; 


· Inflate the balloon inside the bottle, blowing through the neck. Make a knot and let the balloon fall in the bottle; 


· Create a large and thick ring around the straw using the playdoh, and place the ring on the bottle opening; 


· Work the playdoh so as to seal the bottle tightly?air should not be able to enter or escape the bottle by any other means than the straw; 


· Place yourself in front of a mirror to observe the balloon. Making sure there are no air leaks, vigorously suck the air out of the bottle using the straw. 






Observations

By vigorously sucking the air out of the bottle, the balloon undergoes rapid decompression. The air in the balloon expands when the pressure to which it is subjected decreases. Due to this expansion, the balloon seems to inflate.


Note

This activity may also be done in teams because it is difficult for the student sucking the air out through the straw to see the results at the same time if no mirror is available.


Here is an alternative that increases the effect:
Before sucking the air out through the straw, students can blow into it (increasing the pressure and reducing the volume of the balloon) and then inhale at once, increasing the depressurization and volume.
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