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What do you already know about waves and the electromagnetic spectrum?
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. ﬂ@ﬂQmTQLi‘@\‘l ‘NASA - Tour of the EIectromagneUc Spectrum’
gnunsavinan 1 ietaslsiin Bewdnlatienanniy

damsisau; IR RIY)
ABIUNLFEU - dnnd
- TinBeaunARLARATaEed ‘NASA - Tour of the Electromagnetic Spectrum’

%ﬂﬂ’l‘a‘ﬁﬂ‘l«!é - AZBBUNERDBNIIMUHLEIN WAL (mind map)
UDIAUAG . ﬂa‘iﬁmﬂﬁim ‘NASA - Tour of the Electromagnetic Spectrum’
hitps://youtu.be/HPCAWNIVI-8 (LnsseneRaviay uvihf 75-94)
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» Introduction: ‘mﬁ‘ﬁ 0 to 5:00
» Radio waves: W17 5:00 to 8:40
> Microwaves: Wi 8:40 to 11:43
» Infrared waves: mﬂ% 1:43to 17:05
» Visible light waves: mﬁ‘ﬁ 17:05 to 21:56
» Ultraviolet waves: w17l 21:56 to 25:35
b X rays: Wn7if 25:35 to 28:26
» Gamma rays: mﬁ‘ﬁl 28:26 AUl
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How are different parts of the electromagnetic spectrum used for communication?
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How can we present a timeline of how communication devices have developed over time?
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What other ‘communication inventions’ can we find to fit in our timeline?
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A [~3 &
2. naraaniiulas
aa a I dl A 4
3. AannstssiiumnnN e N Tedl naIlaya

30 U7

WNeeAUN1IARaENeElaansucy 0l (Critical Thinking)
o v | = .
NNEEAIAIINTINNS (Collaboration)
WNELA1UN1782417 (Communication)

o 2 =) 7

WNBTANUNTALAUTEYA (Research)

\ o gal o PP NP
NUILNTLTEIUIN 4. UIANTINANUAANE



ARensaaudmiLAg

NANgSNN 5

Fananssy daplardalds1a9n19aaa1uLLdaNany wazuuulFans
Wired vs. wireless communications — what are they and what are their advantages

and disadvantages?

ANSIN
nangsy

damsiFaug
ARIUNITEU

damsiaug

UABDNAUAT
Q u

o = ) = = o o \ A A
tniseuszynisldnuresnuedlunisaeasuuuiasiusuylians (g widana
a o & o s a % =l ¥ 1 1
aumasiiin nednwit uiluiunliana slunaeuinea) waznisldauuuungulug)
we391nsnilFany (du malulatinnamssnadedryoynsnginsvimivaz dnyyo
nsdnyinana)

%

& p Y Ay o = ] o o o Y
qqﬂuuLﬂ?ﬂUW]ﬂU“ﬂfﬂW’ﬂfﬂLﬂﬂm@ﬂ??Uﬂﬂq?@ﬂ@q?LLmﬂzLL‘Ll‘Ll uﬂL?ﬂlﬂTﬂﬂH@Wﬂuﬂ 1

4
wnaualaswaasunumanyfiludansginaninisdeaansinenealiintinngnd

Tasuiumalulaginnsdeaisuuuiansvsalians

1

1 =

39 miuseydendaids (Pros and Cons) Tuntind 14 TuayatinGeu
AUNBSLIR

39 uiuseydendaids (Pros and Cons) wing 42
AZARLNEAENMINANI A MTuszydeRadaids ‘Pros and Cons’ AgANNTNAAIBELNE

N13%11M1919 “Pros and Cons’ lfanniauuan 1 1w gilang (Teacher Toolkit)

msilsziaiu - inGeusnananszysetnreanalulafinsdessuunfiaraiuuuy|3ane
fanavils
(GRITRER . ‘fIﬂG‘ﬂummmﬁqLmu@"ﬁﬂiﬁl,l,é’uﬁlmﬁugﬂLL1_|‘1_|mﬂiuiaﬁL%@Wi@ﬁ@ﬂﬁiﬁ@&ﬂi
B19D904 wrazdszinnlatnednauiiesls

ANang)

=KX v A 17 a ] val A
?QNG\?%@@LL@%?I@L@EI?J@QLLE]@?JLL‘]JUVL@@LW?;NIW

CrUROR ) 30 117

neelunisuiiloymn (Problem Solving)

o v a 1 aa Py . .
NNBEAIUNITARBLNNIANTTUEY10 (Critical Thinking)
o % 1 A .
NNHEA1UAINNIINND (Collaboration)
WNEEA1UN1382417 (Communication)
ANBEAUNNIAALTNE519499A (Creative Thinking)

o 2 A 7

MinweAUNIALAUTeYA (Research)

NNHEUAN
19 STEM

mdransFaud 4: udnnssufnuildnd
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FaNANTTH

NINGIN
Nanssu

damsiaug
ABIUNITEY

dl a dl 1 =® o ¥ dl dl 1 o
LW?’WZLME}I@ﬂ@uQV]EIﬁ'J’]NﬂﬂW\‘I”l s liulunisaednsnuLANsNeiu

Why are different parts of the radio-spectrum used for different communication purposes?

unEauineumng InaldiATasanaas pHet (ganAaLARTe hitps:/phet.colorado.edu/
en/simulation/legacy/radio-waves)lunnsainsarinidnladinisnszana@esnsing
LATLATENTLANE N WAt e

13

- 1dlueu “ATasanasnauIngLaTANLEAN WA deemiinnisizand

> uﬂL@ﬂu@umum'}LWﬂmmmm“lmmmmwmmumaj Aegnibmnldeie
anilszasmanisdessiiunnsinaiu farsnnderuasdeidaresaueniniu
usiazsiL Ti3aunssagLidnpmseapRwNzanTUNededayaszeazing
usiAnINIWN9AsazZan Beaziin 1 Baul fansounsnonuiian “anazldadusine
defayaathilanaiiriessuuaziAtedlinse iy’

> iindeudnmanisiaeniuzasnalagldannnam (ipple tanks) viseuannaindu
napAUATUSI eI LI 1A RTANL AR AT IAeEnsls AaansAuedn
emandumesidmvitemiidetu thideuAnsnisasteusesnauinglu
Fuussennrleleluafefuazinnsnindcidigaseslsluandszasddnunsieans

Tailedes witnsiraespauinguazaunusindnlulio

‘Radio waves and electromagnetic fields’ @ﬁﬂaqrﬂrﬁ

https: //phet colorado. edu/en/3|mulat|on/legacy/rad|o waves

T9uGes Lmﬂamm\mammLL@vammmmaﬂMWﬁ Tuniii 15-18 TuaymrinEew
fumefilimisemlideSaudnendAans

aNAARL (ripple tanks) 18170 1EFRa8N9939 ViFaaNFaeeN9LLBWmNaFin

\ o gal o Y as o
NUILNTLTEIUIN 4. WIRNITNANUAANS
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Pl . (dedaleifes iesinaasnduinguazawaudnliiie
UBRIAUAG ‘Radio waves and electromagnetic fields’ @ﬁﬂaﬂﬁﬁ
https://phet.colorado. edu/en/S|mulat|on/legacy/rad|o waves
- luenuazludinenies memammmmmemmmmaﬂ%lﬁﬁ WiNT 43-46
- ynnAnendelifinnnmam (ripple tanks) @uanldFaag9ULAWNATLTIA
AFATATNITDAUUIATN ‘ripple tank simulation” LWAWMFILIA
ﬂgLLLi\m@fm']Mfauﬁqrfi@"Lﬂﬁ
- pARLRATaLAzYIN LN - Useanny 60 W
. ﬂumﬁLW@mmmm“lmmw-mmmmmumﬂ Agnin U - dszanng 60 U
- fnBeudrmanisiaeaaesraulneldnnnay uay ﬂﬂmmmvmummmmm
Tufuussennalelalugiles - ssunn 60 wni

a o o o Iy o o =R o U oya A
msilsziiiu - fInBauaNnsdeansanudnlasasnulse L LA aswasL ULEnin LA AL le
a o v o = a Ay o v v v o = &
na1aiila - dnFEuAIITILAAIAINART IEAINNIsAuAd LA tin T LWe U T szifiusinge
(@1:15D NeqfuANENIAAUNFNTIIasRANINY wazANmaNleaiuNsaILaynN193LY
24 a v I o =
B192909 dunaulfagredaiaunala
ANang) . uﬂLiﬂummmhmmﬂ@uluma‘ﬂﬂmLa?mma?mmmummmu asunesngnisnl
fiAatu waznstiwnldiunisasuaznsiudtyyndinguuuliana (Non Line of Sight)
IAasnelszuusndauiienlna

LraRCR O 180 117 (3 Falus)

NNHEUAN neelunisuiiloyi (Problem Solving)

149 STEM WNezAUN1IARat1eEl3ansucy e (Critical Thinking)
PNELAIUAINIINNe (Collaboration)
ANELAIUN9A42417 (Communication)
ANBEAUNIAALTNE519499A (Creative Thinking)

o 2 A 7
NNHEAIUNITALAUIDYA (Research)

mdransFaud 4: udnnssufnuildnd



ARensaaudmiLAg

NANTTNN 7

FRNANTTH

AN
nanssy

damsiFaug
ARIUNITEU

damsiFaug
UDIATUAG

ANt g lunsdadnslsasingls

How are satellites used for communication?

v A a w 4 o o= a 4 o = °
UNFEUGENANAINNIINTANAIN KWHL INaTiufinANAAneaiua1aigianaey
warnsldenn dnFauassiudayaliiuaiauaznunauaaudnlana lunnseiiv
= =

wnuzEaullises”
aniuliinGauLaniagunuAnLar AR luna Uiy
dnFauinuaalag AN AT LTI HLA NI ULAT AN N TBIAITEN
Uszinneinee] i GPS anainianlaasdneiin anaiiandisawusdalan Tuudzesszazion
AINGY 21AAT waznigldany
UNIFAUAIIZYANIUN ULEUD LasiAIziiayaNaaiuszazIaInNIslAaTLazAINgS
219999189 Aniudantasiuns i uaafien dnEauarsldiulasRnaNaeN
11 ‘Heavens above’ Nasyjuazdunanisiaaauluaaasaanaunatluganis

Y G A tzll % a a oA Y o A = I~
(ealfiduAanssuninmeaded iR lunslminGeudunanamenuuiineunansan)

FUNBILERA

719719 KWHL lumiiil 19 Tuasainien

AulaRnninmanaiien 1y ‘Heavens above’ www.heavens-above.com
(mmﬁmqmﬁﬁ&u)

AZBBLNERBNIINANIIN KWHL AFAINITDAAIETLNEINIINIA919 KWHL
Iaarnn1anwan 1 lu fiang (Teacher Toolkit)

P1319 KWHL wiiii 47
SulsiRamunaiiaaiingansnsaunldainaumesidn

\ o gal o Y as o
NUILNTLTEIUIN 4. WIRNITNANUAANS
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v 1
msilsziaiv - INFEUAINIINAIAININTRAINN Tua199 KWHL luneusiuldniiasle
nanadile - dnFauaInInAaNafnANaziaunNdnlaresruuzLanaauw Ll
a =3 o Qldl L% va A
(#3150 pNAnTiuiLgaulunawinalinesle
CRNHARR - INFEUANNNILTELTIEUANNIMEE LA ANNANNT B9 ENL TGS
1a4 ¥ dl ¥ ¥ ¥ dl o = 1 v A
ANang) andeyanfundunldineaiuaiamendssnnsne laameasln
- dnFauansaarIviteyaneiuaaiaNdssinnsne evndasgiinesdiu
¥ v A
nsldeulsmnesla

60 19 (1 FaTua)

%3 %3 o % a ] aa Ve . .
NNHEUAN ANHEAUNNTAARENINARNTIUEY0 (Critical Thinking)
19 STEM PNELAIUAINIINNe (Collaboration)
RNELAIUN1389413 (Communication)
ANBEANUNNIAALTNE519499A (Creative Thinking)
o % A Y v
MinweAUNIALAUTeYA (Research)

wiaensFeud 4: winnssuAURANg
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Fananssy GPS Aaazlsuazldenuatingls
What is GPS? How is it used?

MNTIN . arnnnauAdluAanssuiauTn g [N GeuRiansn A ATe ARt AT

fanssu (trilateration) 74 laeIAN TN GPS ﬂgﬂmﬂaﬂﬁﬁimmﬁ"@\uﬁﬂiﬁ%’@g@ﬁugm
fusinFen

- TiniFauaglanuAnanadlanlassluunuta (diagram) mﬂﬁuﬁudumﬁqaﬁu
LR umALNSATzes

damsizaus GG

YRIUNLTEIY . AlRATaEesH 1 How GPS works’ https://youtu.be/loRQINFZTOK

. pAlAATaGEaT 2 ‘How satellites track your exact location’
91N https://m.YouTube.com/watch?v=04VK5XscxB4.

+ uenu AanssuanawiabaTnszas Trilateration Wuntihf 20-24 lugseiinGe
(ﬁmﬂmmmﬁﬂsﬁﬁ: www.gps.gov/multimedia/tutorials/trilateration/
(mmﬁ\mqmﬁﬁ&u))

CRIOEIE M - adlaAlaEesi 1 ‘How GPS works’ a1n https://youtu.be/loRQINFZTOK
A o s £ dl
UBIAUAF (UnugFeINEIANAL 11N 95-97)

a a A | e o a aa = o = ] vy
AgtlamdLARTaANLNWTR warlTiugardaaTawan NN EawI IdEauiaslsan
ARLARTRIINY AgaINTauenAAlARTaluLATIT 0:38, 1:22, 1:53, 2:19, 2:59

a dae A A ) el
- AaUAAlBLTRIN 2 ‘How satellites track your exact location’ a1
https://m.YouTube.com/watch?v=04VK5XscxB4 (LNUTaNeRnsiFil vy 98-102)

a a A | e o a aa = o = ] vy
AgtlamdLARTaANLNWTR warliugardlaaTlaan 1IN EawI IdEauaslsan
ARLARTRIINY AgaNsnvenARlARTalUNTIT 0:46, 1:21, 1:48, 2:30, 2:52, 3:26, 4:14

o 11971 AanssNaNNWAENI Rl Trilateration MHNA 48-52 (Fawilasanniiyles:
www.gps.gov/multimedia/tutorials/trilateration/ (N E184NE H¥INTIW))
AP IN TR EV VAT LY ST
- Auadndaya Aante wazagilranumn — Usznnns 45 Wi
. NANTINANMALNTATZEI (trilateration) — Uszanns 45 WA

\ o gal o Y as o
NUILNTLTEIUIN 4. WIRNITNANUAANS
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masilsziaiu - dnFauaunIndeatsaudnlanaiunisinauzes GPS lugluuuneaunu
= ° [ vl =

nanarle I ENe

(@1:15D - tnGauasaiuuLEnirasasdnscaclAgnsesitesia

B19D904

ANansg)

90 1 (1 FaTua 30 wI)

NNHEUAN inszlunnguiiiloymi (Problem Solving)

14 STEM MNEeAUN1TARaE19NRanuy 0 (Critical Thinking)
ANEeAUANTINEe (Collaboration)
Vinwrdunnsieans (Communication)

wiaensFeud 4: winnssuAURANg
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HAaNANTTH

NINGIN
Nanssu

damsiaug
ARIUNLTEY

damsiaug
UDIATUAG

msusziau
a o [
Na1avila
(#3150
A19DID4

14
ANang)

LR (W)

NNBESUAN
19 STEM

paululAsntun I lun1sdea17asls

How are microwaves used for communication?

o a 1 ) = % v dl a 1 % o gl’ o =K o
- UNEUULARLAUNINIIANHIALAGT INaNaNTULARTdaAIt LaztiuNnARaLadly
A1919 QUADS
1. dnapanugnpautadiulasniiuacingle?
2. 13A15M9uatingle?
3. walaasldaaululasnlunisdeansiiunanan?
4. 1371 19aglslun3a59pauluTAgaN?
o $% v Yo :’/ o QI a a £ =
. AUTRINNTANEAUAT 1IN BUUAIAININIAIAUBUNNFNDNADITA LALIFTEN
o :’/ dl £ Yo A = o a =3
ARaL antiukanilasudayalunise QuADS TtinBauanaasauiursauAnLiu
wazilFurlpAmanliint s

a T @ = o A =) a '8
- Bumefidln uavnive MR FHUINANART
» 11971 ‘QUADS grid’ Tuntinm 25 Tuayainizey

- lU971 ‘QUADS grid’ windi 53

- AZANNNID IINGBEUIINNGN uazANAReL nqNas 1 4 uasliusazngu
dauaAnevLlugliuuaednanssy Market place AFANNIIOAAIRELNUNNININANTTH
Market place l#ainnianwan 1 Tu@'ﬁﬂﬂg (Teacher Toolkit)

- dnFausREndayaadlunie QUADS wazasiAineulfatnednian navdu
Pl ST

60 W1 (1 Falwa)

neelunisuiiloymi (Problem Solving)

o % a 1 aa o . .

NNEEAIUNITAABLNNIANTEUEYNT (Critical Thinking)

o v | = .

NNBFAIUAINNTINNER (Collaboration)

ANELAIUN1349417 (Communication)

VINHEAUNNIAAITIAE19893F (Creative Thinking) vinesunIsauAudaya (Research)

\ o gal o PP NP
NUILNTLTEIUIN 4. UIANTINANUAANE
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y a o o A | o ' 1
Aanangsy IV]?FTWV]N@D@L‘]JH@HB‘]?’]EIW@Lﬁ"]‘ﬂﬁl’]ﬂbl,?

How dangerous are mobile phones for our health?

NIN5IN - finBEUAIAAININAINTENFUANNTaYATas N NBUaFTR anLaeLNAIN

fanssu iyuNasdandaiy IinEauduafuNe B U AN uLaz AN
semaNLNANINE THinFaudnsidayaainusasunauLazintasgl

- dnBeuiatsananuidenevemangu anudidaunisedysaliudluiuieu
iWeNasnqaudvresmangunaiuayuizeAnAuinisldnsdnsitinasiogunin

2 o dl o/ el A g dl a % dl o a o a '8

wdinlusuGes Tnsdwidede’ Welsuidiuaonudnlafeaiunuidaninenaas
WAZIIERUAIN ARG

damsisans IEEEGIRIGET
ARIUNITEU

Tuenuizas Tnsdnwdiiane’ Tuninm 26-32 Tuaymiinizey

GO - lusuwazluAiseuies Insdwiilens’ wiini 54-61
LEACLICE S Auiisinannsaanadsially
k% 7 =
- Aunmndiaya — tszunn 40 wid
- dnFauenlmaliud - dezunn 20 wi
o A [ =
- WnBewinlueu - Usyano 30 wi

a | % ¥ a [ % dl 9 dld% o
m%‘ﬂizmu UﬂL?ﬂu@qu?ﬂﬂ?SﬂqﬂﬁﬂmﬂqqmLﬂlqiqsLuﬂ’]?W@q?mfﬁﬂ@ﬂg’]ULW‘ﬂV’]T‘ﬂﬂiﬂV]Nuquuﬂ
a o v v , a o P . o el A Yoy =
Vl'l’]qun‘lﬂ Nqumqﬂﬂq?mﬁﬂﬂﬂﬂﬂ?’]ﬂLL@::‘V]’]I‘]JQ’]‘HL?@Q IV]?ﬂWWN@ﬂ@ 1@@LWE\11@

(dH190

219D
1y

@Nﬂﬂg)

CLaRORV OB 90 1% (1 Gqlad 30 1)

NNHEUAN neelunisuiiloymi (Problem Solving)

149 STEM WNezAUN1IARaE1eElaansucy e (Critical Thinking)
3 v 1 = .
NNBFEAIUAINNTINNER (Collaboration)
PNELAIUN1942417 (Communication)
o 2 A 7
NNHEAIUNITALAUIDYA (Research)

mdransFaud 4: udnnssufnuildnd
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FananssN  nanwnsn Muasdedeyaldaticls

How is light used to transmit information?

NWSIN wneunaAuuanaLuANAAiuI A I ldlunsaeansidetngls andugadll
a oo A L . . , 2 1 & = o
nangsd PEIETE:EN ‘Transmitting audio through laser light' (N112INHBNIUL) WaANE eI
astiiaumn wdaliinFawinnimsaduaduazaanuuulasanisanlaseadiadnuand
fAnsnANNARLINENTIBIANe TR ALasda IR LLT ANiuAUANed199S
d' d” d' = 1 v o A 7 &
Fasilnanimeasaiafiansaundnazarnsaldinniaesiive LED dvdayasvezdu
TleaFnfunulonga (LDR) loatingls IneninBauaaniuubasasi1999as 9818190 1491
Ialneldsvaguaesdres) idWudissiudmindnyninuueusdenuariana a1ageanig

1 Yo o dl a A 2
naaavralalaelfinFauanssduiiunnnadeanuianuaanaanasauvzalalon Taeld
Aryayrondenausavizelulasin wdaFudtynyindaeldaeas LDR nsaaaeussaziling
nsadifinaukazginaviliudgetngladaanisldnszanuaziand

damsizaus GG
ABAIUNLTLU . ﬂﬁﬂamﬂﬁlm ‘How To: Transmitting Audio Through Laser Light’
1N https://m.YouTube.com/watch?v=LCPPLC7wfQ8
.« AUFUNIMARDY
B lafums (metre rulers)
» 13fU99%m (303.) (30cm rulers)
> FaeaLaY iPod/mp3
> aailuga/ eteslalanszdu (Laser modules/laser diodes)
> Aauilasdnynyans 8laviu — 1nlalasia (8ohm — 1kilo ohm transformer)
B> 19aUasA (breadboards)
> Wiy AUX (auxiliary jack)
P uﬁwﬁq@j
> gUnsnlafdes 1 aTng
B AIFNUNILAY/LDR aud (photo resistor/LDR)
B NSTANALIUMIR

\ o gal o Y A
NUILNTLTEIUIN 4. UIANTINANUAANE
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Aanssud 11 (Aa)

CRIOEE - adlamAlalEes ‘How To: Transmitting Audio Through Laser Light' a1n
UBIADUAG https://m.YouTube.com/watch?v=LCPPLC7wfQ8 (Unussanednvieyl w1 103-104)
pydlnadtRAleaNLEWTR wazlivgardLRTaWenmiInGaWIN IdiFauiarlsain
palAATetY AgaNsougaRALARAlelu NN 0:55, 1:02, 1:07, 1:27
e A = 2 a
- AnlanagarNian i lunnIFauNIaauANFENAIN
https://www.youtube.com/watch?v=jvrXXQGXYg4

a | % ?/ o o tﬂl ¢ﬂl o % 1
meﬂ‘a‘:mu UNLTEURTNNITORRNLLLLILLASRATINANART LL@xm@l@ﬂUﬂ'}?ﬂﬁJLﬂ@ﬁluLW’ﬂVl’ﬂﬂﬂ’]?'ZQ\i LASNNT
al o (% o o aX P
naavila Sudnyoyrunauldninesla
(GRITRER
2198909
1
ANang)

120 W (2 Falua)

NNHEUAN inelunnguiiloym (Problem Solving)

149 STEM NNEeAUN1TARaE19NRan0uy 0 (Critical Thinking)
ANBLA1UAINNTINND (Collaboration)
ANBLA1UN180417 (Communication)

o v A 7
MinwesnunsauAudaya (Research)

wiaen1sFeui 4: winnssuAURANG
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Fananssy azasannlaaldiaqlsasingls

How can you form an image using light?

NNTIN - TnFruaNLazAuIINdeegdninauetngls ArsiatsunFaIANANTATRIN
fanssu AUZFLLAIIUIAGNRT $INDITANUATANATN Aumdaudatssniinn a1

3 v
nwaaulfaginals ANt FE LN LAINIHB LA AR INANNTE IR AT DIN ]
[ v til oI/ v o a I's
Aundesvuguial wdariaueasnmnlugluuusesilanes

= P [ a - @ = o A a I's
fdamsiseug o AUNBTLLA LAZ/MTAUINADLTEUINYNANER S
URIUNLTEU - NABALATNABNNIZANEUILULIFN

o dld o 1 o
© LAUANANEAUNNANENIN ARG
o fumse

1 ¥
damsisaug JEEINCRELRELLIT TR
UBIATIAS - dnFauaFuardudandesgdninnuetnls - Uszunn 50 wn

a59aTdamas — Uszunns 40 w1d

a | o a o v [~ v 1 = =
msilsziiiu - UNFAUAINITNNLHRLATATEUNIE9andesgdn | Hateiisruuiesle
d o = Ql Iﬂ/ =3 1 o/
Na1avile anuN0edUNs AR dunaiLlAasineiaiauLne e
(#3150 - dnFausuiaueanuAnlugtasdlawesldedeFauisuasdaauineals
£ a = G | o £ [ a e o v A
B19R909 - dnFausNiinanianudilandnenaansun ldlunisvinllameslamaneala
ANAAS)
u u

CRaRCOROI 90 117 (1 $9l34 30 W17)

NNHEUAN neelunisuiiloymi (Problem Solving)

91149 STEM WNEEA1UANNTINHNE (Collaboration)
WNELA1UN1749417 (Communication)
ANBEAUNIAALTIAF19E99A (Creative Thinking)
o % A %

MinseAun1saLAudeya (Research)

\ o gal o PP NP
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FRNANTTH WuleauAnunuaeinauasingls

How does an optical fibre work?

NG - dnFaulfifnisdimansmaasuiveimuiaddi laneaiunsasieundunue
nanssa AENITALNINIMLBILAITIAINITANNIENLENT LAz IMUANINaAdIMEL
nsasfiaundunnaanuiiallésannia L‘].I?‘ﬂuLﬁﬂuﬁﬁﬂqmﬁuﬁqnmqﬁuj
v
‘lmm@ww%mwm@uwmum umnqm sin = 1/t aaniuliiinBay
dgansiuafianans - uawwdiadu pHet fida ‘Bending light iea¥auuus1aesan
Hadunmiilé uaziinanldesneinfsedliluiunsdesihuuasunnsesse
TUWd289AND ANINENIARY LazNEIARLIUATHRN MNFNaTW
o A o ¥ dl o e’dal Y o o 2 ¥ o
- dnFawhanudnlangaiudsngnisaiiunldiunisinaueeadulouiodiugs
lun el guim
o = Y a @ o 4 = A o o . . Y
- HniFauAuAAINEUmesidaviTaniiide FawneiuA191 “multimode step index fibres
“monomode step index fibres”iaz“smearing”wazagiingldununinilsznauinaniu

Wulandntinas iNaadunadnunieuaingls

ﬁﬂms@ﬂug’: - pluangansilafaiaas ‘Bending light an
WAIUNLTEU https://phet.colorado.edu/en/simulation/bending-light.
- guUnsalduiun1Imaaea
> U@“ﬂﬂLLﬁQﬂ?ﬁ’Nﬂ@u (semi-circular glass blocks)
> Unnniartasvisanaeaniiiiawngs (laser pens/ray boxes)
> 1ldsunsnimes (protractors)
> AUnasiiie
> milsde FauinanAnans

COMEEEE - Aganailuanmansiuafanaed ‘Bending light
URIAUAG https://phet.colorado.edu/en/simulation/bending-light
¥
AIRLNAINTARUANsa 1Y
- UnBeuduAWTNUR - tUszunn 60 wii
- naaesldtensuisanans ‘Bending light' — 1szanns 60 W7
v 1% a c @ o =
- Auadrangumedidauazinununindsznay - Uszannd 60 Wi

mdransFaud 4: udnnssufnuildnd
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msusziau .
ﬂ' o v
Naravile .
(#3150

A19AI04 .
ANanAg)

o A 3 o KR v ¥ ¥ I~
inFeuaNisinnmeasuaziuindayalignsieaiiesls

TN EEUATNITDATUIIUNEATIAABLIATNYNERITBIHHING AANAINAFN]
Taatinsdaannazgnsaaiesle

v A a 4 o =2 Yo o = e’d‘ v
UNFUUAINIINETLIUNNTATBUNALNNA F9NDINT A AN Aaningnses
wazuaiugele
inizauannsnagnisinanusesanglvivefeenmnluwnuninilsznavlfatnadnia

¥ =
LL@ZQHW@QL‘WE\?I@

180 W (3 Falua)

o > o % a ] aa e . .
NABEUAN WNeeAUN1IARRENeElaansucy 0 (Critical Thinking)
91749 STEM RNELAUAINIINNe (Collaboration)

RNELAIUNI1389417 (Communication)

wihansFeuii 4: udnnssuduidng
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FRNANTTH

ANSIN
nangsy

damsiFaug

YRIUNLT LI

damsiaug
UDIATUAG

msusziau
P~ ° [
Naravila
(@1:15D
A19DID4

18
ANang)

LR (W)

NNHEUAN
19 STEM

damuazdeidavasdnyrupananiudyynnueusaan Anazls

What are digital and analogue signals and what are their advantages and disadvantages?

wnizauldluaniniizes Analogue and digital signals Tunisduadndasya

& oo ' o o R o ~ a o
aniuiineuLAazauinTuindeya (fact sheet) IvaifaLnaLANIMHNEY
LATANNNFNNTENINATY I UL aUT RN LAY DY TURATYIA

Yo 1 1

TNEFLNLNIRNINAaenaWuEn BRI TNANARLLAY LARA1TNd N ad e
Audtyunpanavzalausianvizala udaazaiunsoilasuainagnamils
lifludnatnawilelfasnals
P AN ve vae a \ ° P
waagdnisGeud linGauusazaunauaininlulunuizes

‘Transmitting and receiving’

a o & A o A = = s
AUMafTALAY/MIaNINAREIUINEANARST

’L‘umwmwm ‘Analogue and digital signals’ Tunting 33-34 Tuayainzey
Tauides “Transmitting and receiving?’ Tuntini 35-36 Tuayainizey

Iummmm ‘Analogue and digital signals’ ‘Mu’Wl 62-63
TueunazluAneu e “Transmitting and receiving?’ W7 64-67

[

iniFauannsnagluazasunanisnfsaunaudtynyinueuzaan

XK v A % =l v ] % [ =
souldenuazdedulfetnagniesdaiauiesln
TNEUUAINITNDTUNAMNAATRIALIUNNINN T LN1EaS
‘Transmitting and receiving?’ Tannaala

60 19 (1 FaTua)

neelunisuiiloym (Problem Solving)

o v a 1 aa N . .
NNBEAIUNITAABLNNIANTTUEY0 (Critical Thinking)
o % 1 A .
NNBEATUAITNTINUD (Collaboration)

o % A . )
NNFeA1UNITa8417 (Communication)
ANBEANUNNIAALTNE519499A (Creative Thinking)
o 2 A 7

WNweATUNNIALAUTRYA (Research)
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y a o o = 2 o |
FANANTTN il lasdtyunndl@a (sound transducer) Anazlsuazyineiuasngls

What is a sound transducer and how does it work?

o o a mae A . , A a 9y

NINTIN uﬂL?ﬂumﬂ@ﬂQﬂT@L?’ﬂ\‘i ‘Microphones and speakers LW@Lﬂumﬁ‘Lm’]QUﬁmmﬂ

fanssu GNE MG KTt M

. @ﬂﬂuuum‘a‘ﬂuﬂﬂﬂ’lLﬁ‘@\‘m’]ﬁ‘mumu’lLLQJLM@HTV\I‘W’] (electromagnetic induction)
TrannsUfimnamaaes wisengilugansn vieldgensfuafanaes 1w pHet ‘Faraday's
Electromagnetic lab’ dnFawinnisd1mansiagauninaaeulmdninsae
LHWANNRT (VEauswan i) Aeanalanuiiaatinnszua (Wdamsaadudy oy
TaepzaainnszLalninzanaanbu)

- dniFeuaeeraluganunirainauiu Aenszua i luadnldlvanadana lEinne
avNuNmANI U JARusTUENTguilAosauNLlnann19g uaziianIsAaewud

2 1 | ¥ 6 o/ o = o

Ietinsls thFauasazdszgnaldngaemhsndivlalasinunasaning soudaunud
sznaululuenuizas ‘Faraday’s law in action’ iaudasaNidinlaaasni
| ¥ v ¥ % o ‘ﬂl ¥ Y a

- dnFauldauironudilalunsairadumaaninenldeuldas

. ﬂﬁ‘Lﬂmﬂ@ﬂQﬂT@L?’ﬂ\‘i ‘How to make a DIY loudspeaker’ ?”MQ’quﬂLﬁ‘ﬂum’NMLm@
feaBune Baai

damsizau; G0N
ARIUNLTEY + lusuies ‘Faraday's law in action’ Tuwtnii 37 TuayniinEeu
. AdARlaikeq ‘Microphones and speakers’ A70 https://youtu.be/h_t_5zfUelE
- gansiLsanans ‘Faraday's Electromagnetic Lab':
https://phet.colorado.edu/en/simulation/legacy/faraday
- qinsninsd])dmnnsdnsaa
> 1saasanszualuiin (Galvanometer)
> TALNIMANNIIATLINA (major magnet powerpack)
> L&UA%A (wire) > ARLALEU (air-cooled coils)
> wawaniilamlas (neodymium magnets)
> LL:H'mz"iﬂLLmLLmumgjuuﬁéTuﬁmﬁq (bar magnet suspended on a spring)
> mmé’fq waziAanilay (clamp stand)
- gunsalduiunisaiauuudiaesaning - tinGauusazausias
B NITANETANTZA LT (paper/card) > A9ANBILLAN (copper wire)
> vianszanEudaunaanlfainansalilun

(small cardboard tube on which to wind wire)

\ o gal o Y A
NUILNTLTEIUIN 4. UIANTINANUAANE
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> wHunswanilefidlen (neodymium disc magnets)
> Finai1ednytynns (signal generator) > Lﬂdﬁ‘:ﬂ\?ﬂjﬁlﬁﬁl (amplifier)
- pALAATAGESS ‘How to make a DIY loudspeaker’ A1 https://youtu.be/xaaMOZMvTd0
ﬁﬂ@ﬂu@ﬂaﬂfim@ﬁ‘lm ‘How to make a DIY loudspeaker’ sxminaiaialuiag

lumnudmiuaguazluanuiEes ‘Faraday's law in action’ #1# 68-69

a a 2
ﬂ’ﬂmﬁl‘iﬂug

URIAUAS . ﬂaﬂﬁmﬂﬁ‘;m ‘Microphones and speakers’ a1 https://youtu.be/h_t_5zfUelE
(UNL38N AR wiihi 105-108)
« daWeALLITANa8s ‘Faraday's Electromagnetic Lab’:
https://phet.colorado.edu/en/simulation/legacy/faraday
- pALAATAGES ‘How to make a DIY loudspeaker’ A1 https://youtu.be/xaaMOZMvTd0
(UNLT38N A AT wohf 109-112)
tin3uudesgeiLiinlaidas ‘How to make a DIY loudspeaker’ szudnefiadluina
pgutinannsdeudaselilil
- InGeugralialeuasinemdesmawiaatiualmEntni - dezanns 90 und
- SnBauinlueniaes Faraday's law in action’ — 1ls2anns 60 117
inGeuaireluima — dszund 150 Wil

a o a o =3 o dll a U 173
msusziau - dnBauauisaiuuLinindseneuivestunsanudnla waznisldmenaasny
fa1a9le TaAmneala
(#N15D - dUnBuuaunsnairlumasinaazaiuigianimnauzesiumatiulaamneals
AN9DIDY
ANAAS)

u u

LA ) 300 U1# (5 dalu)

NNHZUAN nmeluniauiiloyyn (Problem Solving)

N4 STEM WneedunnsAnat1eilidansaiynnd (Critical Thinking)
WNELAUANNIINHS (Collaboration)
WNHLA1UN1332413 (Communication)
ANBTATUN1IAALTNAT19AI9A (Creative Thinking)

o v A v v
NNEEAIUNITALAULDYA (Research)

mdransFaud 4: udnnssufnuildnd
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FanangsN 419990907 — iR lasldndasinmasaiingivednsaainia

Exploring space — why are radio telescopes used?

o a a aa o 1 dl . . y
NINTIN . uﬂLi‘ﬂu@ﬂ@ﬂqmiﬂﬂjmmﬂma‘msﬁﬁ L3784 ‘Electromagnetic spectrum: Radio waves
a :’/ o [ 2 1 o dl o % ¥ ¥ o 1 .:1’ @)
nanssu - anuinizaudugiuineaiinsAnenAuadnlaaldanusaliiiduiwamis
1. ndasinanssAinguaaiiuasle?
(A28 NANWARIENINANAY WATIF ARTT A9BNTIRET
£ = o 1 o =X
WAABNUNNIAN AR lUIEALAN)
2. mmimamimmﬁﬂmmmmmmmmlumLu@wmunuﬂamimvmﬂmmuLL@N?
(uﬂL?ﬂuwmzrm’mwmmﬁfuwuﬁnumwmqmu muummmm@m@mmmlum
me:’mmummymﬂm@ﬂj QYFaINFNRLN9B9IUNA LT ﬂamzdmm\ﬂﬂ@mmm
dl |dl |dl | 1
nungngalulanadnlauacdaunmile)
3. wirhndesinamssmiingunldisznavlunisgaeazidanidny atals?
(UnEFauRafsandnsiindasinmesaiaingun Idsnfuilunfasdaimhaagainns
ganeaziRanLanT 14)
4. foywuazgiassandns inulunisldndesinmesmiing lunisdunmdnemng
Aaayls?
o = dl al dl a £ o a
(UNBEUIANANTUNITBINANIEANIALNARYIN LAZAUNLTEA)
o s o a g o 2 & p
. dnFauAmLLazinguednAunL e R lutuEau et eI
dnFaugnnnlmalulatiansdumAnaznisaednslunisuigue

damsizaus G0N

ARIUNTEY - WmldeBuuineAans

. ?‘Jmmmmﬁﬂ’]‘iuﬂsﬁﬁgm ‘Electromagnetic spectrum: Radio waves’ a1n
https://youtu.be/al7sFP4C2TY

- alulafiansaumAnaznsiaanslunisingue

\ o gal o Y as o
NUILNTLTEIUIN 4. WIRNITNANUAANS
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CRIOCIEE - AdlaAlevesasdnIIunEn3ed ‘Electromagnetic spectrum: Radio waves’ A1
UBIATUAS https://youtu.be/al7sFP4C2TY (UMusseNeaRAYl utinf 113-115)
A a s A D3 a mae A o = | vy
- pgdlapdtAaleanuiwdn wazlivgardlialamweniutinGawin Iagauiazlsann
ARARTRTINY AgaNTanenAAlARTa WL 0:54, 1:16, 1:55, 2:34, 3:19
AZLLNAINNTERUANsI R 1IN
- gadalaLazAuadTaaldAI01N3eE — Usennns 45 Wi
« WBFENNNIULANS — UITHI0L 75 W1

msisziiu . fnFauanisaneuAInINnTANAdT IAALAe LA

#anavila - tBauaNmitananauiLazaddnlandnenmansaanunlaaiiesla
(@1:15D - tnGauausinlidanaulafsnsdnawaliunniiesle

B19DID9

ANang)

120 W17 (2 Falna)

NNHEUAN ineelunisuiiloymi (Problem Solving)

14 STEM WNezAUN17ARaENeEaansucy 0l (Critical Thinking)
PNELAuAINIINNe (Collaboration)
Finwedunnsaedns (Communication)
ANBEAUNIAALTNE519499A (Creative Thinking)
VinseAunIsauAudeya (Research)

wiaen1sFeui 4: winnssuAURANG
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dananssu avlsrasuniinues CMBR (598 lulasnnfiundaaredadnang)

What is the origin of cosmic microwave background radiation (CMBR)?

NINSIN - sinBausuLmALEes ‘Cosmic anniversary:
N_Angsu ‘Big bang echo’ dlscovered 50 years ago today
. mnuuum?ﬂummuﬂauLW@ﬂﬂmﬂﬂumqmemummnumummmm CMBR
udaaisdulnineiinitessune i Gausdusudentu sselyd.
1. CMBR findusnasinals
2. Sugnasanuliatigls
3, Anunuzidndnflaslarinag
4. Lualmﬂq?ﬁuwuﬁqﬂaqﬁﬂmmﬁqﬁmmnﬁfmﬁ*uﬁﬂ%mmmm‘?

damsisans IEEEGIRIGET)
URIUNLFEIU * UMAYINEDY ‘Cosmic anniversary: Big bang echo’ lunting 38-41 luayatinGau

ﬁﬂm‘a‘ﬁﬂug’: . UNANNITAY ‘Cosmic anniversary: Big bang echo’ Ui 70-73
¥ o =l Y a | ¥ o A
UBIATUAG - dntnEeudsrauiynlunisaieaulnngmin againisnliinGau
afaulnnaminanadumesidn Tnaldndulasnldde s ldanesinge e
» https://www.smartdraw.com/infographic/infographic-software.htm

» http://download.cnet.com/s/infographic-software/

a o = o o oA Y vl
mailszidiu - dnFausRisnineuiuniesmumndeyalsnneals
a o o o = ¥ a A Ao Y P
na1avila - tnFauannnaiaulinainndaaulargnsaiesln
(@190 . {nEaugNNNARUINNI AN T UNIRRANT L UIRANISINEANERS
k%4 a a K v A
B19R909 Tudsanladinsale
ANAAS)
u u

LAl 90 117 (169184 30 w17)

NNHEUAN neelunisuiiloymi (Problem Solving)

N4 STEM WNeeAUN1IARaE1eElaansucy 0l (Critical Thinking)
WNEEAUAINNTINHE (Collaboration)
WNELA1UN1749417 (Communication)

o 2 =) %
MinweAuNTaLAUTaYa (Research)

\ o gal o PP NP
NUILNTLTEIUIN 4. UIANTINANUAANE
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dahanssu Usngnsnd aetliwaad (Doppler Effect) Aaazls
What is the Doppler Effect?

. = o e Ao o A4 A . de 4 o
NINGIN . ummué’\immwLmﬂwmqmammmmmuwLﬂ@ﬂuu,ﬂammq»l,a*mmuul,ﬂmumm
fanss VaLARELaaNANNANA anarnlalasnnsa1E s (w3 mwmummmﬁumﬂﬂ viga b
AaLUARlavTaAALIASN ‘uﬂL?EIH@’]N’]?OV]@”‘]J??&I’]EIQ’]WQTWLﬂWLMuL&ﬂQLﬂ@ﬂuLLﬂ@Q
1ﬂﬂﬂﬁﬂ1?1H?$ﬂULZﬁilx‘le‘1[ﬁl’] ANNE LATANLENIARL
- dnFeulduenn@iadu ‘Doppler NMARDLNY I IRIAULATAUNATIAINEY
dl al dl dl 1 o 1 dl dl dl dl
p9pauAtLazaNdnlasulasatinglsluinguaziuasnunniaaaun
« UNBUUANEIAUAIILAZTINALALNANNAINGUNTEN TR N A e UN7 1E
“Usngnisainetlmaas” luginsndsine sallil
1. 3ansaeinneliiasasiiuasaanasinglaansis
2. AN NIUTBINFBIATIARLAIH IS

damsisans IEREGIRIGERIT)
WRIUNLTEU - AALAReEeY Fire Engine Siren Demonstrates The Doppler Effect a1n
https://youtu.be/imoxDcn2Sgo

damsiFaus [ R C e T A ety

UBRIAUAG . LLﬂWWELﬂ%u ‘aadiwaas’ Online ‘Doppler’ application a1n
http://highered.mheducation.com/olcweb/cgi/pluginpop.cgi?it=swf::800::600::/sites/
dl/free/0072482621/78778/Doppler_Nav.swf::Doppler%20Shift%20Interactive

. ﬂgLﬂmﬂﬁﬂﬁmﬂmmmuﬁﬁém Fire Engine Siren Demonstrates The Doppler Effect
1N https://youtu.be/imoxDcn2Sgo

mdransFaud 4: udnnssufnuildnd
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a o a o ~ = = e oA o
msilsziRiu - dnFauaNeutansdunaFasninlasunilasendesluudssAuidnegesi
a o v a A o o o A A oap v A
na1anla AND LazANENNARLAMTLIRg IR U iRl
(@13190 - dnFeuamIniLwIAGed “Uingnisainetinaes” I ldiunicluaesaniunind
(%3 a dll o £% a [ % yva A
A198909 e unanlEnsansradaneaa laaiineala

ANBAS)
u u

120 W (2 Falua)

NNBEUAN neelunisuiiloymi (Problem Solving)

149 STEM WNeeAUN1IARaENeElaansucy 0 (Critical Thinking)
WNEEA1UANNTINHE (Collaboration)
WNELA1UN1742417 (Communication)
ANBEAUNIAALTIAF19E99A (Creative Thinking)

o 2 =) 7
MinweAuNIaLAUTeYa (Research)

Wiaen1sFeuin 4: winnssuinuiang
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FRNANTTH

ANSIN
nangsy

damsiFaug
ARIUNITEU

damsiaug
UDIATUAG

msusziau
P~ ° [
Naravila
(@1:15D
A19DID4

18
ANang)

LR (W)

NNHEUAN
19 STEM

ARensaaudmiLAg

v dl % 1
L‘JV]"ﬂ‘éﬁﬂu'ﬂ’]ﬂ’]?@@ﬁ’]?’ﬂ’mu‘ﬂﬂtﬂﬂiﬂ‘ﬂﬂ’]\ﬂ?

How could you go about finding extra- terrestrial communications?

a Y o A Yo 5 . 2 Y o A o
- pzesuneliinFuudan ‘aun19189m3A’ (Drake equation) kaalinFausyyilads
warpIninFauiutasinlaudAtyinels
| ¥ dl 3 o dl o dl 2 o
- dnFauldiesesAuuannismsneaulal emaineuiduldlfuazinnimeases
1 v 1
AunisasundasAnresioutlssine antiuinFeud1maansaaey Gas SETI
> 2 Ada Aa oa . .
(NMeAuRINTIANNaR oYy 1uanian Search for Extra-Terrestrial Intelligence)
annsAuAd luaumesiin

1 ¥

o A 1 = (<3 dl v o Y dal =
o UNLTEULAACAULIEUUAAN (Blog) NEINUNIUBU Tnafnquimutimung

a a

iluinFeda a3

. AUATLR
. ArRAInaNnTimsAaaulall Drake equation calculator
http://www.activemind.com/Mysterious/topics/seti/drake_equation.html
Ly & n‘d‘ -dl dl ¥ = [~3
° @ﬂm‘mu@x%@ﬂmuqmuj WLﬂﬂQﬂﬂﬂluﬂq?LﬂﬂuU@ﬂﬂ

5 4
. Heu3894NN9ATA
. ArRaAIaNnTimsAaaulall Drake equation calculator

http://www.activemind.com/Mysterious/topics/seti/drake_equation.html

. v 4 o oz . 1 . d
- dnBauanunsnldiarasanunneaulaliiasiieAinauardnsanisilasunilag
1 o 1 va A
ANUBIAIL TFI4) Taaneale
o = o o o o = vl = o
- dnBuuanunndnansuLazanalazgiusuaasnulsnneslamaliuila
NNz aNAUTnEeusAULaT.3
o = o Ao o , Ao v 4 oA
« AniFEUdINITIUIARBINUNTALRY YnFed taula wariaunuinistaacneniineals

60 19 (1 FaTua)

neelunisuiiloyi (Problem Solving)

o v a 1 aa Ao . .

NNEEAIUNITAABLNNIANTEUEYN0 (Critical Thinking)

3 v 1 A .

NNHEA1UAINNIINND (Collaboration)

WNELA1UN1382417 (Communication)

VINHLAIUNIIAATIA5194994 (Creative Thinking) Minwedun1sduAudeya (Research)

mdransFaud 4: udnnssufnuildnd
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Aangsud 4 gnnsniinAslssinginunisieanstululndladléan

fuvau: m1s19 QUADS Grid

A10N (Question) AL (Answer) s1eaaziagm (Details) WURLAYA (Sources)
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n1swdinsus:uvonna:vonoy
(Pros and Cons)

€

ho))]

am (Pros) aanas (Cons)
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a ~ A \ 2 o o A a |
Nan3sui 6 nsnziwglarNakuLF1e) Ashanldaulunisdesnsiuansnaiu

TusruiSeu: InSaudraounaudngnazauawninaniwwa
Radio Waves & Electromagnetic Fields Simulation

= o a a 1 [
LﬂiﬂaﬂﬁafaaﬂaquqLLazﬂuﬁuLLNLMﬂn"lV\Iﬂ’I
Radio Waves & Electromagnetic Fields Simulation

° a o & Y o o « a a 1 [ y o L4 1
1. dwsuAanl 1alildiATaeeaes ‘AauINguasAUINLNIRANINNTY daalumsvinanunlag
msdedyaInguLasAZaUInginnuadils WapedlialatazuuudnaasnanauAIn
TulueuannasAil https://phet.colorado.edu/en/simulation/legacy/radio-waves

= aa o a = = a o = . .
1.1 WeanHingaliunisnseanaidessnaniamil azuandtyninaunlmaniiinasnals
asuNadnAeladusaadedynninaznasuaunisa¥edyynominasnels
AIRAL: « BlAnATANATLNIINEluEI8INIA
o ‘@ = = . = o = D

« Walnsfimuneynianidszagniseazgo@endsnulugluuunaunsimaniaiy
1.2 i@eniAfuAdudy o nawan iifinadngls (nszanaaunulain
1alussenadataInAIngineuetelslunisdusay wazasunalisndnnimeiandnineades
Amal: aunlWinlazauuusmanlupduingrinlididnasauluaiainiAgnindauazaialui

NICLAARNL

o

2. lumsldinzasaraadlilsu “mandauluirasnageduna’ (Transmitter movement) 11l#

' = a & =1 al a [~ = aa aa
“WNIY (Oscillate) 1iNalialanasauwmetiuaslupnuflnfvazdanisanasiuaauladl HAaams
msnszanedygaangaanly wazviniAsamanagnngdas “@aulAs” (curve) WA “AUINWHSIR

(radiated field)

2.1 doulpadludounuaesasls
o dl 1 1 dl %
NILATAIUNNE (X) mlwﬁmfmwgﬂmm

o o

. LWUBLANAIAULKNIZANLRRNANLANNA LL&QﬁWiﬁELﬁﬂﬁ?@uﬁﬁl’) ULﬂgﬂuiﬁﬂ

'
== o

9. unnaianasendsll Tauesiuaaunlman iy

A. BLANATEUNHT099199E19 92N AUARDUIUAITENI AR INATIIASY

3. awndlszqauninaauluglunuingng

[ %

a ° a v a = o L
Q. ﬂ"J’mLLNLL@ZZV]ﬂﬂﬁﬂﬂlﬂﬁﬂﬁ@ﬂ%@ﬂ@@ﬂ1ﬂﬂ\‘l@L@ﬂﬁ]ﬁ"ﬂuﬂﬁ‘?&’ﬂﬂuxﬂﬂﬂﬁ@uLLNLM@ﬂiW“W’]
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2 I A . =< o o o a e
NANTINN 6 LW?’]&LW@iﬁﬂ'ﬂNﬂLLUUﬁINﬂ asthun aulunisdaansnuansneiu

o

o dl a 2 1 4‘ o o = dl tﬂl
2.2 ﬂi‘Uﬂ”J’]ﬁJﬂLL@ZLL@NW@@mlﬁﬂ%m@ﬂ’ﬂﬂﬂﬂﬂ@qﬁﬂlﬂﬂﬁ]’l'ﬂi‘ll LATINNNLUUAN TN TN UN AU

~ = 44
NUILBNDAIINENIURIAAU?
ANRAL: 5 T3

(l1]u pause vi3a step WagipIN19naLNIALLBLA ﬁmﬂ‘hmum‘%muwuumﬂqﬁﬁﬂmﬁtﬂuﬁqLm
AMUIBANNINALALINGA MINLANNRIANNTU ARINLNIARUAL. .. (PRI (X mlummmwmmm)

A. AN

¥
al

¥ dll o a ¥ ¥ J o dll ] 1 dll ' a A 1A
2.3 élmLﬂﬁ‘@\‘i@qﬂ’ﬂﬂﬂﬁ“zLNHﬂ”J’]NQﬂﬂ@Q‘H@\?‘H@ﬂQ’]NL‘Vi@’]u NILATAINNE (X) Iuﬂ’ﬂ\‘i"l’]\‘lLW’ﬂﬁ‘ﬁ‘i.qI’)’WNMﬁ‘@iﬁJ@i‘\i

A | luasd
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even a doctor's x-ray all depend on waves within

What is it? Electromagnetic radiation, these waves the electromagnetic spectrum.
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Electromagnetic waves or EM waves are similar to
ocean waves in that both are energy waves, they
transmit energy.
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EM waves are produced by the vibration of
charged particles and have electrical and magnetic
properties but unlike ocean waves that require
water. EM waves travel through the vacuum of
space at the Constant speed of I|ght
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EM waves have a Crest and Trough like ocean
waves. The distance between Crest is the
wavelength. While some wavelengths are very long
and are measured in meters, many are tiny and are
measured in billions of a meter, nanometers.
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The number of these Crest that pass a given point
within one second is described as the frequency of
the wave. One wave or cycle per second is called
a Hertz. Long EM waves such as radio wave have
the lowest frequency and carry less energy. Adding
energy increases the frequency of the wave and

make the wavelength shorter.
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Gamma rays are the shortest, highest energy waves
in the Spectrum
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So as you sit watching TV, not only are there visible
light waves from the TV striking your eyes but also
radio waves transmitting from a nearby station, and
microwaves, carrying cell phone, calls and text
messages and waves from your neighbor's Wi-Fi
and GPS units in the cars driving by.
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There is a chaos of waves from all across the
Spectrum passing through your room right now.
With all these waves around you how can you
possibly watch your TV show similar to tuning
aradio to a speciﬁc radio station.
mmmummmmumqq mmaumﬂﬂmu
Nﬂuﬁ]'ﬁ]ﬂt‘lﬂuWﬂ\ﬂImVu mm@ummmﬂum&tm
‘Wﬂ,u@mmmmm@mﬂmﬁmwm M?@Wﬂ@’]ﬁlﬂ@\‘t
AaNM9LFUMNTRIENNIINENFBINg



ﬁ mmaummum

Our eyes are tuned to a specific region of the EM
spectrum and can detect energy with wavelengths
from 400 to 700 nanometers. The visible light

region of the spectrum objects appear to have color
because EM waves interact with their molecules.
Some wavelength in the visible spectrum are
reflected and other wavelengths are absorbed.
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This leaf looks green because EM waves interact
with the chlorophyll molecule. Wave between

492 and 577 nanometers in length are reflected
and our eye interpret this as the leaf being green.
Our eyes see the leaf is green but cannot tell us
anything about how the leaf reflects ultraviolet,
microwave, or infrared waves.
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To learn more about the world around us, scientists
and Engineers have devised way to enable us to
think beyond that sliver of the EM spectrum called
visible light. Data from multiple wavelengths help
scientists study all kinds of amazing phenomenon on

Earth from seasonal change to a specific habitat.
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Everything around us emit, reflect and absorb EM
radiation differently based on its composition. A
graph showing these interactions across the region
of the EM spectrum is called spectral S|gnature
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Characteristic patterns like fingerprints within the
Spectra allow astronomers to identify an object
chemical composition and to determine its physical
properties as temperature and density. NASA’s
Spitzer Space Telescope observe the presence of
water and organic molecules in a galaxy 3.2 billion
light years away.
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Viewing our sun in multiple wavelengths with

the Soho satellite allows scientists to study and
understand some spots that are associated with
solar flares and eruptions harmful to satellites,
astronauts ,and Communications here on Earth.
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We are constantly learning more about our world
and universe by taking advantage of the unique
information contained in the different waves across
the EM Spectrum.
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[Radio Waves]
AAWANE

Guglielmo Marconi's first radio transmissions in 1894
have spread into space for over 100 years at the
speed of light. They pass Sirius in 1903, Vega in
1919, and Regulus in 1971. That signal has already
passed over 1000 Stars. Anyone orbiting one of
those stars with a really good receiver could detect
Marconi sighal and know that we are here.
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Radio waves are the longest and contain the least
energy of any electromagnetic wave. While visible
light is measured in minute fractions of an inch, radio
waves vary from about 19 centimeters, about the
length of a water bottle to waive the length of cars,
ships, mountains all the way up to monstrous waves
Ionger than the dlameter of our planet.
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Heinrich Hertz discovered radio waves in 1888.
The first commercial radio station went on the air in
Pittsburgh Pennsylvania on November 2nd, 1920.
Then in 1932, a major Discovery by Karl Janskyat
Bell Labs revealed the stars and other objects in
space radiated radio waves.
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Radio astronomy was born, however, scientists need
giant antennas to detect weak long wavelength radio
waves from space. The enormous Arecibo radio dish
antenna measures 305 meters in diameter over three
football fields.
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Scientists can link the signals from an array of
separate radio antennas to focus on tiny slices of
distance space. Such array acts as a single
immense collector. This giant New Mexico array
uses 27 parabolic dish antennas shaped into a giant
wire, which each arm capable of stretching for

13 miles.
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Scientists have even spread these linked antennas
across the globe. One of the largest stretches from
Hawaii to the Virgin Islands and acts like such a
powerful telephoto lens that a baseball sitting on the
moon would fill its entire field of view.
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Many of the greatest astronomical discoveries have
been made using radio waves. Pulsars, the existence
of giant cloud of superheated plasma, which are
among the largest object in the universe and even
quasars such as this one over ten billion light years
away, were all discovered using radio waves.
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Radio waves also provide more local information.
Astronomical objects that have a magnetic field
usually produce radio waves such as our sun.
NASA'’s stereo satellite is able to monitor bursts

of radio waves from the sun's Corona.
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Wave sensors on the spacecraft record the radio
waves emitted by a planet's ionosphere such as
the bursts from Jupiter whose wavelength measures
about 15 meters. Radio waves fill the space around
us to bring entertainment, communications, and key
scientific information.
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We can't hear these radio waves. When you tune
your radio to your favorite station, the radio receives
these electromagnetic radio waves and then vibrates
a speaker to create the sound waves we hear. We
may not be able to tap our toes to the cosmic radio
transmissions but we certainly discovered much

of that our universe is Grand Cosmic Dance by
listening to them.
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[Microwaves]
AALlNTATIN

Microwaves can pop your popcorn. They can catch
you speeding. They carry thousands of phone
channel to speed your call but can microwaves
help us learn about our world and our universe

let's find out.
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With wavelengths ranging from 30 centimeters
down to one millimeter, microwaves fall between
radio waves and infrared. Microwaves are used in
Doppler radar which is widely used for short-term
localized weather forecasting and what you see on

TV weather news.
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Satellites have revolutionized weather forecast by
providing a global view of weather patterns and
surface temperatures. This unique perspective has
greatly increase the accuracy of tropical storm and
climate forecast.
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Different wavelength of microwaves grouped into
bands provide different information to scientists.
Medium length, C band, penetrate through clouds
of dust, smoke, snow, and rain to reveal the Earth's
surface.
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Satellite microwave measurements reveal the full
Arctic sea ice cover every day even when clouds
exist. These measurements show great variability
from year to year but also an overall decrease in
Arctic sea ice since the late 1970s. lllustrated here
with maps and a Time series of Arctic sea ice in

September at the end of the summer melt.
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The Japanese Earth Resources satellite uses
longer-wavelength L-band microwaves for Forest
mapping by measuring surface soil moisture such
as this image of the Amazon basin to identify areas
of recent deforestation.
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L-band and microwaves are also used by Global
Positioning Systems such as the one in your car.
Scientists routinely combined microwave information
with information from other parts of the EM spectrum
to study the composition of cosmic dust or of a
supernova, such as this Supernova image that
combines x-ray, radio and microwave data.
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This recently known Supernova in the Milky Way
exploded just over 140 years ago at the time of the
American Civil War.
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One important phenomenon is unique to microwaves,
in 1965, using long L-band microwave Arno Penzias
and Robert Wilson made an incredible accidental
Discovery. They detected which they thought was
no noise from their instrument but was actually

a constant background signal coming from
everywhere in space.
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This radiation is called Cosmic microwave
background and if our eyes could see microwaves
the entire sky would go with a nearly uniform
brightness in every direction. The existence of this
background radiation has served as important
evidence supporting The Big Bang Theory for how
our universe began.
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Microwaves have become both staples and wonders
of Modern Life. They are also the backbone of
communications and of Earth sensing systems and
they are an excellent Guide to the ancient history
and origins of our universe.
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[Infrared Waves]
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When you use a remote control to change channels
on your TV your remote is using light waves but this
light is beyond the visible spectrum of light you

can see. }
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Back in 1800, William Herschel conducted an
experiment measuring the temperature changes
between the colors of the spectrum, plus one
measurement beyond visible light when that
thermometer registered the temperature warmer
than all the other colors.
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Herschel had discovered another region of the
electromagnetic spectrum, infrared light. This
region consists of short wavelengths around

760 nanometers to longer wavelengths about

1 million nanometers or about 1000 micrometers
in length.
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We can sense some of this infrared energy as heat.
Some objects are so hot they also emit visible light
such as a fire. Other objects such as humans are not
as hot and only emit infrared waves. We cannot see
these infrared waves with our eyes alone.
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However instruments that can sense infrared energy
such as night-vision goggles or infrared cameras
allow us to see these infrared waves from warmer
objects like humans and animals.
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Infrared energy can also reveal objects in the universe
that cannot be seen with optical telescopes. Infrared
waves have longer wavelengths than visible light

and can pass through dense regions of gas and
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dust with lower scattering and absorption.
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When you look up at the constellation Orion, you see
only the visible light but NASA's Spitzer telescope
was able to detect nearly 2,300 planet-forming discs
in the Orion's nebula by sensing the infrared glow of
their warm dust. Each disc has the potential to form
planets and its own solar system.
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Incoming ultraviolet, visible, and a limited portion
of infrared energy together sometimes called
shortwave radiation from the Sun drives our Earth
system. Some of this radiation is reflected off of
clouds and some is absorbed in the atmosphere.
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Larger aerosol particles in the atmosphere interact
with and absorb some of the radiation causing the
atmosphere to warm. The heat generated by this
absorption is emitted as long-wave infrared
radiationsome of which radiates out to space.
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The solar radiation that does pass through Earth's
atmosphere is either reflected off snow, ice, or other
surfaces, or is absorbed by the Earth's surface. This
absorption of radiation warms the Earth's surface
and this heat is admitted as long-wave radiation into
the atmosphere which allows only a small amount to
radiate out to space.
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Greenhouse gases in the atmosphere such as
water vapor and carbon dioxide absorb most of
this emitted long-wave infrared radiation and this
absorption heats the lower atmosphere. In turn the
warmed atmosphere emits long-wave radiation
some of which radiates towards the Earth's surface

keeping our planet warm and generally comfortable.
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The energy entering, energy reflected, energy
absorbed ,and energy emitted by the Earth system
constitutes the components of the earth radiation
budget. A budget that's out of balance can cause
the temperature of the atmosphere to increase and
eventually affect our climate.
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For scientists to understand climate they must also
determine what drives the changes within the Earth's
radiation budget. This series instrument aboard
NASA's aqua and Terra satellites can measure the
reflected shortwave and emitted long-wave radiation
into space accurately enough for scientists to
determine the Earth's total radiation budget.
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Other NASA instruments monitor the changes and
other aspects of the earth's climate system such as
clouds, aerosol, particles or surface reflectivity and
scientists are examining their many interactions with
the energy budget.
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A portion of solar radiation from the Sun that is

just beyond the visible spectrum is referred to as
near-infrared. Scientists can study how this radiation
reflects off the Earth's surface to understand changes
and land cover such as growth of cities or changes
in vegetation.

[ ] o dd‘ 1 a rdl A
dndauansfaanudeanunainaleingnmiialdain
aulnasuLasnaivazandnauilas aunsen
UnNIneAgansaunTANINNaiaueeiIaliain
X A 4 o o o A
wuralaniednlanisasundaswaz@andnagu

dgj a 1 a A dl dill dl
WAL TELTRIaEes n1gdasuulasasiun
wnztlgn

Our eyes perceive a leaf as green because
wavelengths in the green region of the visible

light spectrum are reflected while other visible
wavelengths are absorbed. Yet the chlorophyll

and the cell structure of the leaf are also reflecting
near-infrared light like we cannot see.
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This reflected near-infrared radiation can be sense
by satellites allowing scientists to study vegetation
from space. Using these data scientist can identify
some types of trees, can examine the health of
forests and can even monitor the health of vegetation
such as forests infested with pine beetles or crops
affected by drought.
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Studying the emission and reflection of infrared
waves helps us to understand the Earth system
and its energy budget. Near-infrared data can also
help scientists study land cover such as changes
in snow, ice, forest, urbanization and agriculture.
Scientists are beginning to unlock the mysteries of
cooler objects across the Universe such as planets,
cool stars, nebulae and much more using infrared
waves.
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[Visible Light Waves]
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All electromagnetic radiation is light. Visible light is
the only part of the spectrum you can see. For all
your life, your eyes have relied on this one narrow
band of EM radiation to gather information about
your world.
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Though our Sun's visible light appears white, it is
really the combined light of the individual rainbow
colors with wavelengths ranging from violet at
380 nanometers to red at 700 nanometers.
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Before Isaac Newton's famed experiment in 1665,
people thought that a prism somehow color the
Sun white light as even and spreada sunbeam.
Newton disprove this idea by using two prisms to
show that white light is made up of the bands of
colored light. Newton use the second prism to show
that the bands of colored light combine to make
white light again.
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Visible light contains important scientific clues that
reveal hidden properties of objects throughout the
Universe. Minute gaps in energy at specific visible
wavelengths can identify the physical condition and
composition of stellar and interstellar matter.
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Human eyes aren't nearly sensitive enough to detect
these faint peaks but scientific instruments can.
Scientists can learn the composition of an
atmosphere by considering how atmospheric
particles scatter visible light.
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Earth's atmosphere for example, generally look blue
because it contains particles of nitrogen and oxygen
which are just the right size to scatter energy with
the wavelength of blue light. When the sun is low in
the sky, however, light travels through more the
atmosphere and more blue light is scattered out of
the beam of sunlight before it reaches your Eyes.
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Only the longer red and yellow wavelengths are able
to pass through, often creating breathtaking sunsets.
When scientists look at the sky they don't just see
blue, they see clues about the chemical composition
of our atmosphere.
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However visible light reveals more than just
composition, as objects grow hotter they radiate
energy with a shorter wavelength, changing color
before our eyes.Watch a flame shift from yellow to
blue as it is adjusted to burn hotter. In the same
way, the colors of stellar objects tell scientists
much about their temperature.
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Our sun produces more yellow light than any
other color because of its surface temperature.

If the sun surface were cooler, say 3000 degrees
Celsius, it would look reddish like the starAntares,
and Beetlejuice. If the sun were hotter, say

12000 degrees Celsius, it would look blue like
the star Rigel.
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Like all parts of the electromagnetic spectrum,
visible light can also help scientists study changes
on Earth such as assessing damage from a volcanic
eruption. This NASA 01 image combines both visible
and infrared data to distinguish between snow and
volcanic ash and to see vegetation more clearly.
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Since 1972 images from NASA's Landsat satellites
have combined visible and infrared data to allow
scientists to study changes in cities neighborhoods
forests and Farms overtime.
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Visible light images taken by NASA's Mars Landers
have shown us what it would look like to stand on
another planet. They have expanded our minds
our imagination and our understanding. NASA
instruments can do more than passively sense
radiation, they can also actively send out
electromagnetic waves to map topography.
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The Mars orbital laser altimeter sends a laser pulse
to the surface of the planet and sensors measure the
amount of time it takes for this laser signal to return.
The elapsed time allows the calculation of the
distance from the satellite to the surface. Has the
spacecraft flies above Hills, valleys, craters,and
other surface features, the return time varies and
provides a topographic map of the planet's surface.
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Back in Earth orbit at Nasa ICESat mission uses the
same technique to collect data about the elevation
of the polar ice sheet to help monitor changes in the
amount of water stored as ice on our planet. Laser
altimeters can also make unique measurements of
the height of clouds, the top of the vegetation,
canopy of forests and can see the distribution of
aerosols from sources such as dust storms and
forest fires.
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Finally, visible light helps us to explore the far
reaches of the universe that humans could not hope
to reach physically. Using visible light, the Hubble
Space Telescope has created countless images
that spark our imagination inflamed our curiosity and
increase our understanding of the universe.
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[Ultraviolet Waves]
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Swirling spiral arms of Galaxy m33 can be seen in
visible light but the true extent of the Spiral arms are
revealed in ultraviolet light. Just as a dog can hear a
whistle just outside the range of human hearing,bug
can see light just outsidethe range our eyes can see.
A bug zapper emits this ultraviolet light to attract
insects.
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Johann Ritter conducted an experiment in 1801

to find out what, if any, electromagnetic waves are
beyond violet. Ritter knew that photographic paper
would turn black more rapidly in blue light than red
light, so we tried exposing the paper beyond The
Violet end of the visible spectrum. Sure enough, the
paper turn black proving the existence of life beyond
violet ultraviolet rays.
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These ultraviolet rays or UV radiation varying
wavelengths from 400 nanometers to 10 nanometers
and can be subdivided into three regions UVA, UVB,
and UVC. Visible light from the sun passes through
the atmosphere and reaches the Earth's surface.
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UVA, long wave ultraviolet is the closest to visible
light. Most UVA also reaches the surface but shorter
wavelengths called UVB are the harmful rays that
cause sunburn. Fortunately about 95% of these
harmful UVB rays are absorbed by ozone in the
Earth's atmosphere. UVC rays are the shortest and
most harmful and are almost completely absorbed
by our atmosphere.
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The ozone monitoring instrument aboard NASA's
Aura satellite detects ultraviolet radiation to help
scientists study and monitors the chemistry of our
atmosphere including UV absorbing ozone. While
atmospheric protection from harmful UV radiation is
good for human, it complicates the study of naturally
produced UV rays in the Universe by scientists here

on the Earth's surface.
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Young hot stars shine most of their light beyond
the visible light spectrum at ultraviolet wavelengths.
Scientists need telescopes in orbit above the Earth
UV absorbing atmosphere to find and study these
UV bright regions of star formations in distant
galaxies. New Young stars in the spiral arms of
Galaxy m81 can be seen in this Galaxy Evolution
Explorer GALEX image from NASA.
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Chemical substances, both atoms and molecules,
interact with UV light, making this region particularly
interesting to scientists and Ultra Violet instruments
aboard Cassini has detected hydrogen, oxygen,
water, ice and methane in the Saturn system. UV

data have also revealed details of Saturn Aurora.
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Scientists also use UV waves coming from distant
stars to view permanently shadowed regions of lunar
crater. The Lyman Alpha Mapping Project or LAMP
instrument aboard NASA's lunar reconnaissance
orbiter can use the faint starshine to look for
possible water ice on the moon.
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Ultraviolet rays may be harmful to humans but they
are essential to studying the health of our planet's
protective atmosphere and give us valuable clues
to the formation and composition of distant celestial
object.
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[X-Rays]
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A start explodes in a blinding Supernova spraying
x-rays across the Galaxy to tell its tale. X-rays also
tell the dentist which tooth to drill and a surgeon
which bone to mend. In 1895, Wilhelm Roentgen
discovered that firing streams of x-rays through arms
and hands created eerie but detailed images of the
bones inside.
ﬂ’m:l,ﬁmmqm\‘imqﬁﬁm%’ﬂmﬂ@uumimﬁuﬁ@
f3andnqilefluan vlfAsnianszareessdiend
iﬂﬁqmﬁiﬁﬁﬂﬁaLﬂuﬂ’ﬁu'aﬂf‘émiwﬁummi’]
Sedienddtne lsumunmdmna U iudmasaziany
wazlidauunnemILdnszgnassluuAg i sinwile
103 1985 Fawdn Businu lEdunuindleans
SdendlufuanazeasilfiAndefiiiaugn
uifuansnnlnsaziBantasnazaniiagnielu

X-rays are high energy light waves with wavelengths
between 3 and 0.03 nanometers, so small that some
x-rays are no bigger than many individual atoms.
In Laboratories, scientists fire beams of x-rays at
unknown substances to learn what elements they
contain and to decode their atomic structure. This
is how scientist unraveled complex molecules like
penicillin and DNA
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Scientists can also detect the x-rays emitted from
extremely hot and energetic object in the universe.
NASA's robotic Rovers recorded x-rays to identify
the spectral signature of elements such as zinc and
nickel in Martian rocks
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X-rays can also reveal an object's temperature.
Since temperature determines the wavelength of
its radiation, the hotter the object, the shorter that
wavelength is.
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X-rays come from objects that see that millions of
degrees such as pulsars, black holes, supernovas,
or the plasma in our Sun's Corona. Our sun has a
surface temperature of around 6000 degrees
Celsius and radiates most of its energy in visible
wavelengths but it is easier to study the massive
energy flow within the Corona's energetic plasma

by observing x-rays like this image from the HINODE

satellite a joint Japanese NASA mission.
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NASA/ ESASoho satellite produce this x-ray image
of the Sun that allows scientists to see and record
these energy flows within the corona.
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NASA's orbiting Chandra x-ray Observatory detects
x-rays created by objects spread far across the
space such as this Supernova explosion that
occurred 10,000 light-years from Earth. The colors
in the gas and dust cloud correspond to different
energy levels of the x-rays created by the blast.
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X-rays at different wavelengths provide information

about an object's composition, temperature, density,

or its magnetic field.
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Human eyes may not be able to see x-rays but Coronal mass ejections from our sun emit
from seeing Cosmic bodies to individual Atomic gamma-rays followed by masses of charged
elements, x-rays provide a wealth of information to particles. Monitoring these cameras provide
exploring scientists. scientists with an early warning of incoming charged
AONANTRINYEETaAariealliuiadiand waain particles that may cause disruptions in power and
N19uingL919109598ARANNUDIUAATRZABNTEIEIR | communication networks. The most energetic of
FNaend i lidayastinaunnuiasanisfunuaeg EM waves, gamma rays carry enough energy to
UNANeANans kil living cells. Doctors are able to selectively use
gamma radiation to destroy cancer growth.
[Gamma Rays] nstlantaneunaresnieening azuufa@Lnumn
Faaunuun AL mwmmﬂmm@umﬂwmﬂiﬂ NIIAILANNADY
NI AN AR UREafuANTAAeLT
Created by the hottest most violent and most mm@ummﬂmm‘iaﬂmw@vn@muwmmmmw
energetic objects and events in the universe, svuumm@mi Nf&Lmumammwmqmmnmm
gamma rays travel across vast stretches of space. TupALUdMEN NN Lasdndenunnneiaz
Only to be absorbed by Earth's atmosphere, ANTARNTIRN WNNEFAIdNNTReN TR L NNN
scientists had no way to detect and study gamma iesinanamsiuinTemaduzIS
rays from the cosmos until high altitude balloons
and rockets carry camera sensors above the Gamma-ray wavelengths are the shortest of all
atmosphere. electromagnetic waves about the size of an atom's
'EﬁvxﬁmemLﬁm@’mngmiﬂLL@:ﬁmqﬁﬁwﬁN’m%’@u nucleus. In fact it is so short that the rays sail
LL@zﬁummﬁ@lmiuﬁﬂmm SAunusneaeuily through atoms as easily as comets sail through our
Tudnanadundnelunglnena AT AL solar system. This makes detecting gamma-rays
gﬂ@méﬁu‘im%um@mm ARalan TNAIneA1ans difficult for scientists.
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Deadly to humans, gamma rays are created on Earth
by natural radioactive decay, by nuclear explosions

and even by the lightning and thunderstorm.
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Gamma ray detectors typically contain densely
packed crystal blocks. As gamma rays pass through,
they collide with electrons in the crystal. The sensor
doesn't directly detect gamma rays, rather it detects
the charged particles created by those collisions.
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Scientists have used gamma ray to determine the
elements that make up Martian surface soils. When
struck by cosmic rays, chemical elements in soils
and rocks emit uniquely identifiable signatures of
energy in the form of gamma rays.
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The gamma-ray spectrometer on NASA’s Mars
Odyssey Orbiter detects and maps these signatures
such as this map of hydrogen concentration.
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Gamma ray stream from Stars, supernovas, black
holes, and pulsars, to wash our sky with gamma ray
light.

image the location of these sources, mapping out

, NASA's Fermi gamma-ray Space Telescope

the Milky Way galaxy by creating a full 360-degree
view of the Galaxy from our perspective here on
Earth. While the visible light sky is predictable

and follows regular patterns, the gamma rays sky
does not.
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Burst of high-energy gamma radiation arrived from
deep space every day. These explosions of gamma
rays last fractions of a second to minutes, popping
like Cosmic flashbulbs, momentarily dominating the
gamma-ray sky and then fading. This video of the
Vela Pulsar beams gamma rays every 89 seconds
as it rotates.
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Gamma-ray bursts are the most energetic and
luminous electromagnetic events since the Big Bang
and can release more energy in 10 seconds than
our sun will emit in its entire 10 billion-year expected
lifetime.

ﬁuw%qLwimﬁ:l,ﬁmﬁuﬁﬂmaiﬁm,t,m N335 0AURY
Soduwnumndedndumansnfindauuazuaadng
mﬂﬁ@mmm?{mmLﬁﬁﬂiﬁ/\lﬁﬁqwﬁwmﬁﬂmﬂﬁi@ﬂ
el 10 ARANINNGINNIL WA ULRY
prsenfindlusia 10 udndlnaendiengds

NASA's Swift satellite recorded this gamma ray
burst of an exploding star 13 billion light years away.
It is among the most distant object ever detected
when the universe was just 630 million years old.
A recent observation of a gamma ray burst produce
the greatest total energy to date equivalent to
9000 typical Supernova.
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By continuing to study gamma rays, we will unlock
important new understanding in astronomy, its use in
medical treatments and allow us to further enhance
our protection for our satellites and other electronics
here on Earth.
naAnENfAuNuLNatihasa iasazin s A
AN T AEUANATUN AT ANARST AN L
szlemlunsinEnynianisunme waziadnenn
Tunisnflesmnaian uazginsaldidnnsatindunlan

wiransFaui 4: udnnssuduildngd




Nanssu

fanssufl 8: GPS Aaarls
wazldanuasiels
What is GPS? How is it used?

‘How GPS works’
https://youtu.be/loRQINFzTOk
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How GPS Works
GPS ¥inauatigls

This episode is brought to you by the Air Force
collaboratory
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GPS is important to everything in our lives. That is
why we are totally replacing it. Wait, what?
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In a couple days the Air Force is launching another
new GPS satellite into space.
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GPS 1IF5 is the fifth upgraded satellite in a long-term
plan to make GPS faster, more accurate and more
efficient, which is awesome not just because | can't
find anything more than a mile from my home without
it but also because it's using everything from ATMs

to dog collar to farming equipment.
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The first generation of the global positioning system
was created by the Air Force in 1973 for doing
complex things like finding lost soldiers and instantly
figuring out the math required to launch a missile
from a mobile platform.
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GPS, as you and | know it, started in 1989 with the
launch of the first GPS to satellite.
AfafnnuaznaFnENRwsT 1989 Tuilas
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The new network was open completely to the
public in the year 2000. The GPS network is made
up of 24 operational satellites and some extras

for backup.
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Four satellites always have a line of visibility to your
receiver at any time of day. Your receiver gets
information on the location of at least three of the
satellites around you and the distance between you
and those satellites and using those measurements
let your receiver pinpoint where you are. It's called
trilateration.
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Now, to do this, the GPS satellites and receivers
don't just have to know where they are, they have to
know exactly what time it is when they're sending
their positions. Say it's exactly noon and you check
your GPS. If one of those satellites think that it's
12:01 it's going to mess up your position. It might
think you're moving.
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That's why every satellite got an atomic clock in it,
that is accurate to a billionth of a second and every
receiver uses a quartz clock that constantly resets
itself to match it's time to the last one we got from
the satellites.
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That's also why GPS isn't just used in positioning
anymore. It's also used in time keeping situations
where everything needs to be synchronized
perfectly. Stock market trades use the atomic
clocks in the GPS network because just a fraction

of a second could change the ownership of billions
of dollars.
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It's also used in ATM. With more and more of our
lives becoming depended on GPS, it's not surprising
that a massive upgrade this on the way. Type two of
satellites like the one being launched in a few days
are considered interim upgrades that have a 12-year
lifespan, improved clocks, and a new type of signal
for everyday use.
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And by 2020 will be using type 3 satellites. They're
going to have newer clocks that are accurate to a
fraction of a billionth of a second super important for
military and financial uses.
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They will also have increased signal strength and
accuracy. While GPS is accurate to about 20 feet,
the new type 3 networks will be accurate to an arm's
length. | don't know if that's like tall guys arm or my
arm or like a baby arm or what. But | feel like my
eyes might be able to take it from there regardless
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if you're interested in the GPS Network, our sponsors
over at the Air Force collaboratory want you to help
them decide where to launch a type 2F satellite that
is going live in Spring of next year.
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So head over, join the collaboratory and you can
way in on where the members of the Air Force Base
command will position a 150 million dollar satellites,
that will provide positioning and timekeeping for
billions of people. So go to launch a satellite and

subscribe here for more D news.
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Visit the Air Force collaboratory at airforce.com/
collaborator, work with real Airmen to solve some

of the Air Force topic of Science and Technology
challenges. Your idea could change everything.
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anssufl 8: GPS Aaarls
wazldanuasels
What is GPS? How is it used?

‘How satellites track your
exact location’
https://m.YouTube.com/
watch?v=04VK5XscxB4
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How Satellites Track Your Exact Location
pfiENssyFulIngnaasasnulaagials

GPS satellites are constantly bathing the world in
their electromagnetic signal, but how exactly do
these satellites find you?
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Hey everybody, Trace from D news, thanks for
tuning in. Saying a satellite finds you is the very
enemy of the state, very NBC TV government drama.
The GPS satellites they don't actually track you, they
are simply broadcasting a signal that you pick up
and more accurate way to describe it would be that
GPS doesn't find you but you find it.
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The global positioning system is a network of around
30 satellites, a receiver and a super-accurate clock,

all pulled together with math.
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The system was created in the 1980s for the

military but they open it up for civilian use and it has
changed how we find directions, connect with each
other and of course find pizz.

ssun/lFaretuliugl 1980 dwdunnamns ualdidlali
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But how it works requires a ton of incredible science.
Firstly, we have to know what time it is. | know that
seems kind of strange but if you don't have a super
accurate measure of time you just can't do GPS.
nsaznuIuineuetinglsfiasldaauinig
AnenFnanfatiannung Auwsnimasfesdinna
winlus magdnstuguian wadianldfnafiuuey
azldanunnldaneals

The most accurate measure of time humans have

is the constant and predictable vibration of an atom.
The US Naval Observatory in Washington DC is

the official United States time. They mark time by
measuring billionths of a second using 9,192,631,770
electron vibrations of the cesium-133 atom.
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Atomic clock is accurate to nanoseconds which is
super important.
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Secondly, we have to have satellite network which
also knows the time. As of October 19" 2015 there
were 31 GPS satellites with three atomic clocks on
board as well as transmitters to send microwave
signals out to the planet below.
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The system is flying at 11000 kilometers an hour,
about 20000 kilometers above our heads and is
maintained by the US Air Force. Those signals that
the microwave sends out those are what are telling
you where you are on the planet.
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Okay so GPS signals are sent at exact intervals say
every few seconds, embedded in the microwave
signal is the ID of the satellite that sending it, the
health of that satellite, the location of all the
satellites in the system, and a very precise date
and time, very precise.
ﬁryq;mmﬁﬁL@m:gﬂm@@ﬂmiummmﬁwhﬁ"u 4
9N ADIFAINTUNT Fafunfudygadalanon Ae
iﬁmmmmﬁﬂmﬁm&mmqmm ATNINVBIANTEIN
maﬁuj f;nLLmiwmmqLﬁﬂunﬂmqalui:uu LAY
Foyafusludasiufinazinafifesusludunn

Because tens of thousands of kilometers away on
the ground, those signals need to be picked up by
your smartphone once you click and let the pizza
man know on your Iocatlon
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Of course, smart phones and GPS units have to
have very precise time because microwave signals
travel at the speed of light roughly 300,000 km/s,
so in a fraction of a second, the signal travels from
each satellite to you, this is why we needed the
clocks because 2,230 nanoseconds can make a big
difference. We'll come back to that in a second.
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The receiver can tell where each satellite is, by

the difference in time lag from the signal, using

a mathematical process called trilateration the
GPS unit can determine your exact location.
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Basically a sphere is drawn around each satellite
indicating the time lag from each and the overlapping
point where they all intersect is your current location.
After all that you can finally get pizza.
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Before you get confused, there is not an atomic
clock on your smartphone. As long as the smart
phone clock is pretty good, it's going to observe
regular updates from the Naval Observatory keeping
it on track.
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The more satellites your phone can see the more
accurate your location. If you pick up three satellites
your GPS can determine your latitude and longitude.

With four, it can tell your altitude as well.
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If you move, the time lag from the satellites reach
your antenna differently and constantly update with
the math of trilateration. Basically antenna moves on
your map. Even after all this work just to get a pizza
delivered there's a ton more complications because
satellites need replacement they only have an
operational life of about 7 to 15 years. So they keep
launching new ones were on our fifth generation
now and they're getting a lot better, but they're still
not perfect.
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The satellite signals will bounce off an ionized layer
in the atmosphere called the ionosphere. The same
thing AM radio bounces off. It's not very friendly,
the signals going through it but on top of that GPS
satellites are traveling really fast and they're really

far away.
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Meaning Einstein's theories of general and special
relativity come into play even if the atomic clocks
on board the satellites and on the ground are super
accurate the ones up in the satellites are ticking
faster than the ones on the ground because gravity
is stronger down here.
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So GPS have to mathematically calculate into just
probably for 45,000 nanoseconds per day of time
difference this is a big deal. Being off by

20-30 nanoseconds can make a huge deal and
pretty much then the system would be worthless.
It's freakmg crazy.
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Thanks to the space program, Einstein's relativistic
physics, atomic clocks and smart phones, you my
friend can get food delivered to more or less your

exact location.
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What do you want we're not perfect yet, the next
generation could get us within a few inches and
thank you also to the United States Air Force for
sponsoring this episode and making sure that the
pizza guy knows exactly where to come.
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Everyday American airman go above and beyond
to break barriers both professionally and personally.
The United States Air Force is powered by Airmen
fuelled by Innovation.
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Crazily enough your brain has GPS inside of it too,
sort of, after fashion. Instead of cells create a map
of stuff around you, I'll just let super handsome guy
with gray t-shirt collection explain it.
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According to the write-ups in Scientific American in
Nature, they like a map or a navigational chart of the
rat's environment help us place ourselves and know
where we are in the space.
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Thanks for watching D news everyone please
subscribe to get all of our videos I'm Trace. I'll

see you tomorrow
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How To - Transmitting audio through laser light
azdad L ReaiuLgLaLrias lnasngls

Transmitting audio through laser light
Aty oynodasEnulasiaimes

By Ryan Veltschi
el T9e AYiaLT

5mW 650nM
5 1NZIR6 650 W IULNAT

Laser Module
LLUURNADILALTDS

These are inexpensive and can be purchased
from eBay.

X | Xy P
waniaAldung wazndaldainaiuel

Photoresistor purchased from Radioshack
lf3T4mas Taann Radioshack

8 ohm : 1k ohm
8 Taiu : 1 Nlalaviuy

Transformer purchased from Radioshack
noudnasiuas (AFaulasdtyoyiny) Taann
Radioshack

Auxiliary jack
WNFUATY YAy

You can get these from motherboards, sound cards,
speakers, ect.
@mmmmmié’@mmewmﬁﬂmmmuﬁmm%
uehuden viadalng uazun

| desoldered my auxiliary jack from these broken
computer speakers
muiéﬂﬁﬁi"uz@nymm?mﬁmmﬂ@"ﬂwm@uﬁqLm%
fidendn

In addition to these, you will need a pair of
headphones, an audio source like an MP3 player,
and 3v and 2v power supplies

uanwileani aruasdesldyilaaecy wisiiiaides
1 1ASBA MP 3 LaziAsasansln 3v uaz 2v

The receiver made up of the photoresistor,
the auxiliary jack, and a 3V + power supply
di o % o e & Y o
LArasiudnynynuinannInissaamas Lendu

Ayoynoadin waziAzasana lw 3v+
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The transmitter end. The transformer’s white and
red wires are connected to the MP3 player, the
green wire is connected to the negative of the
power supply, and the blue is connected to the
negative of the laser.

UangaaInIualsnLnes @QﬂaﬂﬂQLL@:ﬁLLﬁﬂJ’N
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The laser’s positive is connected to the power
source’s positive.
°]J"J‘1J’m°IJ'E1\‘1L@Leﬁ’ﬂ?lﬁl’aLilﬁﬂU?JQUQﬂﬂJ'ﬂﬂLm‘@\W’]ﬂw

Plug headphones into the jack
ReuyiadnAudesdoyoins

Play some music and point the laser at the
photoresistor
AL azaaEasldsainlsigamas

Now we will try it at a longer distance
@fmum%@m‘wmmuummwiﬂmu

After precise alignment thanks to my helping hands,

it is able to transmit the audio across the room
WAIAINNIIARFALMUTLUEN T0UAMNATITY
Nl anunsndedyynondaenuials

My power supply is powering the reciever across
the room
wuasnAsunlddn1dlssuanniamnsatnusiag
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If something gets in the way of the laser,
the transmission is interrupted

frunsdsldeananniaites nstnemanasl g
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Enjoy!
ABNAYNALINY

The End
qULFYs0d

All information was sourced from:
%’@H@#”T\mmmmn

Treehouse Projects (2012, August 4).
Transmitting Audio Wirelessly Through Light.
Retrived September 3, 2012 from

http://www.treehouseprojects.ca/audiolight/

Music from
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Get Off Your HiHats — Daedelus

https://www.facebook.com/Daedelusmusic
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What is a sound transducer

and how does it work?

‘Microphones and speakers’
https://youtu.be/h_t_5zfUelE
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Microphones & Speakers
laTasTrunazaning

Do you remember
Ansan LA i

All the things B.Brown taught us since September?
Nnaeinad O usnail Liaeus A sinauiue ey

How ‘bout magnetism, Don't you remember?
Asdundmaniduadngls alausela

It applies in so many ways.
fuanunsatililszynafldldnainuany

Those Right-Hand Rules
UungRe9

They tell us how the magnetic fields move
duuanfudngunudianiadaunasnels

When they’re workin’ inside mics and speakers
dl o o % o A o
WauidaniawlululasTnuzasanng

They convert sound and electrici-tay
Tuazudas@asuaz iy

Hey, hey, hey
varel werel Lerel

Ba de ya
U7 LA &N

Microphones

Tulasinly

And
b

Speakers
Al

Ba de ya
U7 LA &N

‘Lectromagnetism
N e wawanlnin

Ba de ya
U7 LA &N

Right-Hand Rules will save the day
NPHBUINATTIELAUATULIBIN
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[Physics]
[W&nd]

When sound waves hit them, the coils in the mics
will be springin

I A A
Hamaudeedudaiu anaonlululasinufasinaaun

round a permanent magnet
FAULNMANDNAT

Electric current flows ‘cause magnetic fields change
nezalnil1in 1A AN T AU U AR UL HIUAN

Now in speakers,
LA AN

The electrici-tay turns to sound waves
A aeudunauides

The current gets magnets vibrat-ang
nazudlfnvin 1 usmandu

It just goes the opposite way
FUNUR TR N

Hey, hey, hey
verel berel Lerel

Ba de ya
U1 LA 8N

Microphones

Tulasinly

And
LN
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Speakers
anlng

Ba de ya
U1 LA 8N

‘Lectromagnetism’
noEusiman i

Ba de ya
U1 LA 8N

Mr.Brown taped to the wall
Namasusu Ansulinuds

And we say Ba de ya
LAZLIINIFR99Y U LA &N

Microphones

Tulasinly

And
LS

Speakers
anlng

Ba de ya
U1 LA 8N

‘Lectromagnetism’
noEusiman i

Ba de ya
U1 LA 8N



Physic(s) gets more fun each day
Wandinliaynunauluwsaziu

‘Those magnets movin’
LHIANUA LA AR

‘Attractin’, ‘repellin’
AR HAN

They move the cone back and forth
A 1EN P UETUNAI L AT

for the sounds to play
ISR

Yow
T¢in

And we say Ba de ya
LATIWANLINFAG9T LN 1A 80

Microphones

Tulasin

And
LS

Speakers
anlng

Ba de ya
U1 LA 8N

Next year we'll be seniors
= 9 [~3 =
tnthwaniefazidugun

AlansaaudMiLAg

[Class of 2015]
[FuFeauil 2015]

Ba de ya
U1 bA 8N

Physic(s) gets more fun each day
Wandvinlaynunaulunsaziu

And we say Ba de ya
LATWINLIIFRII LN 1A 0

Microphones

Tulasinly

And
LS

Speakers
a1l

Ba de ya
17 LA 8N

‘Lectromagnetism
noEwsman i

Ba de ya
U1 bA 8N

Physic(s) gets more fun each day
Wandvinlaynunaulunsaziu

[Physics]
[Wand]
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[Music by: Earth, Wind & Fire]
[usFtae: @5 191 warlns]

[Lyrics by: Scott Brown & Ben Overzat]
[UnTpe: N8R U191 LAY LU 1anashan]

[Vocals by: Scott Brown & Ben Overzat]
[Realag: aRam U511 waz Wi lane ]
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[Audio Production: Ben Overzat]
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[Video Production: Scott Brown]
[ARIALE : AR UITU]

[Microphones & Speakers]
[alasTrunazaning
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What is a sound transducer

and how does it work?

AlansaaudMiLAg

TANUEYANIN

a
WanNAAE
U Q

How to make a DIY loudspeaker -
https://youtu.be/xaaMOZMvTdO

How to make a DIY Loudspeaker, and how does it
work - EC - Projects
1sazianineldiaslaasdngls
uazduinauatnels - Tasams ad

Hello and welcome to EC projects
adanuazFeuiuglasinis @ @

So today we will make a loudspeaker. The one that
we're going to make it looks like this one little work
exactly the same. | will explain how it works and will
try to play some music on it once we have to bqu it.
Q%HL?’W“’N’]Z@?N@WIWQﬂu @ummmmmmwmuuu
@::memﬂi:mmuu@m:mmmmu%mm@uﬂu
NuAzafUNedtWiNuetnglsLazaznaney
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So let’s get started.
TN

So the way our loudspeaker works is very simple.
Aanin lFanTnarinaududnannn

We have a coil here. And we put an AC signal across
the cail, it will produce an alternating magnetic field,

in the coil.

d X c o
ianatansell wazienaslddynndwilnnazig

o

t%
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Aundudwan i auunluanaon

So if you put a magnet either inside or outside of this
coil. The North Pole the top and the South Pole in the
bottom, it could be the other way around that doesn’t
matter.
grulduslimandnllddndreluvzeadrsuananann
dawitedununazinldduane viseasadui fld
LANGINY

Then we have effectively created a loudspeaker,
we just need to add the cone. So the bottom part

of the cone will join the coil and the cone will be

on the top.

faznaneflugninatiues asdeadiunsaeadly
Tnglidauatsaasngaesanuanann Lazdiuaa9ngas
NazaEAuLIY

And since the magnet is hold in place by the frame
here only the cone can move and that is what
produces sound.

dl 1 < =R o dgl o Zj/ < = 1
waztilandmanlftiaiunsauil Aeduiazlusngme
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So when the input signal is alternating between
plus and minus then the coil will move up and down
because of the permanent magnetic field of the
magnet and this will produce sound waves.
muum@L@ﬂimmmmmﬁm”LWWﬁm@uLm”Lﬂiva
mmﬂLL@w@‘u ﬂ%mﬂmmmmﬂ@@umum Lum@’m
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So let’'s get on the build, we will need a regular
piece of paper, some very thin paper. This is used
for wrapping around food, super glue, a piece of
cardboard.

mﬁm%’wﬁu LTIFARINITNTZA L Lmzmzmﬂﬁmqmﬂ
fddwrunisveans maguledng sideniandn)
WATNIZANLLEY

We will need some copper wire, finer is the better
and this has to be in a dynamo copper wire. And
you may not have that but inside old electronic
equipment you can find coils or chokes like this and
that will be a dynamo copper wire, you just have to
use as fine wire as p033|ble
L‘Jf]mmm?mmwmLLmﬂ\m’Nmm wazazFadili
1aaANaILA AUl Lmui’m’]%ﬂmmmu
widnAudaeaznuluglnsallniaii wasnunada
M?@?Jmmmmuﬁ LLmzﬂﬁLﬂuimuﬁTumm@qmm@aLLm
L ARRINTAIATELATILNTg ATzl LE

And it’s all going on and | almost forgot you will of
course need a magnet and the important thing is
that it has a North Pole in one end a South Pole in
the other. Some magnets will be split down in the

middle and that cannot be used
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Start by cutting a strip of regular paper as wide as
your magnet. We will use this paper as a space so
it will be remove later on. Wrap the paper around
the magnet and make about three or four turns. Put
super glue to the end, and make another half turn
just hold that for about 15 seconds. When the glue
is dry, away the remaining paper.
Buannfinnsyaelitanundrawinunsiman w4
ﬂimﬁmﬂuﬁ’]u?mmew’m%umu@@ﬂ Ungza
usaULNWANLIZNNL 3 - 4 981 mﬂuuﬂmmq
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Uszanny 15 Aundneldinnnutis aaniufsnnszans
fdetia

And now cut of a piece of the thin paper that is a
little long longer than your magnet about this size.
While the magnet still covered in the regular paper,
start wrapping the thin paper around. Make a stop
when you reach one full turn. Now | just add a few
drops of super glue. And continue wrapping; wrap
half turn and add another drop of super glue.
Continue until you have made for you four turns, wait
the glue dry. Now cut away the remaining paper.
LAZAANTZANELNG 1NN UL ATBIUNLIAN
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And now it's time to add the copper wire. For this

| use a very powerful handy, but it's possible to do
without it. If you're using a drill, pull the magnet
about half a centimeter out of the tube and wrap

a piece of tape around it.
uazsieliiasifhinsiFuaannednas dviuassl
naldiAsestliodunfius=Avannunn usisAvala
gnldfidu dhldadulinudndnaanuianuaas
UszannueiamuRinsuazviadudaning

You can use this to hold the tube, while you wrap
around the wire. Make a cut in the end of the tube
about two or three millimeters. Now slide your wire
and have an excess of about 20 centimeters. Make
sure that leave the loose end on the inside, and now
make a few turns
@mmmmﬁlﬁﬁﬁlmﬁﬁum@mi%fmmzﬁlﬁmmmm
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Now take the loose end and fold up a couple times.
Now we can put this into the end of the tube. So we
won't have problems with that when you wrap the
wire around
antududauaneiulsyinngesausey uax
ldadliludautlansvevia Geazinlfandlaifdym
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[l add too much wire, | will explain later.]
[nldanannniiuly wdasefunanuas]

And then cover an area about the length of your
magnet and once you're done add a bit of glue
to the end, then you can just cover the end with

a piece of paper.
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Cut the wire about 20 centimeters from the tube.
Now remove the tape and the magnet and you
should be able to pull the inside piece of paper
out as well, and now a coil should fit loosely over
a magnet about a millimeter.
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Now draw a circle on a piece of thin paper, or you
could use a compass and cut out the circle. And
when you have a circle make one cut from the
outside to the center
mﬂﬁummqﬂ@u@\muﬂim’mmﬂﬁﬁmmm
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Add super glue to one side of the cut. And fold it
over to make a cone.
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And now make four cut into the end of the tube

and fold out the pieces and add super glue

and attach it to the center of the back side of the
cone. Wait a few seconds for it to dry.
LazanntusnUaevaeniuddou uasuLazdy
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And now to make the frame, draw a circle the
same size as you use for the cone on a piece of
cardboard. Increase the radius about 1 centimeter
to 1 and a half centimeters and drawing circle and
give it four legs.
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Now add 4 pieces of tape to a frame evenly spaced,
and attached the cone about in the middle.
aniduRamlA 4 yulilszavinawing fiu
wazAnngelinsnans

Now attached each wire to a node component
or anything else to a conductor, and we'll need
to solder.

1 |
a
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So here it is. All finish up only thing need to do is to
test it so | have hooked up a signal generator. And
it is indeed working.
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So let’s test the music quality.
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So | just have to do one modification. | have
removed about 3 millimeters of the turning of the
wire because the speaker wasn't very loud and | am
using very very fine wire so the resistance was too
high and that's why the speaker was so low
nazfedlfulsadmi uul flananaaniivueg)
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B unuRaudnegs Seduinlrsinedides
Aevdng

-2

But anyway | hope you like the video and if you

did please give it a thumb up and subscribe to

my channel and then see ya.
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Exploring space —

why are radio telescopes used?

Electromagnetic spectrum:
Radio waves
https://youtu.be/al7sFP4C2TY
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Electromagnetic Spectrum: Radio Waves
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Guglielmo Marconi's first radio transmissions in 1894
have spread into space for over 100 years at the
speed of light. They pass Sirius in 1903, Vega in
1919, and Regulus in 1971. That signal has already
passed over 1000 Stars. Anyone orbiting one of
those stars with a really good receiver could detect
Marconi signal and know that we are here.
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Radio waves are the longest and contain the least
energy of any electromagnetic wave. While visible
light is measured in minute fractions of an inch, radio
waves vary from about 19 centimeters, about the
length of a water bottle to waive the length of cars,
ships, mountains all the way up to monstrous waves

longer than the diameter of our planet.
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Heinrich Hertz discovered radio waves in 1888.
The first commercial radio station went on the air

in Pittsburgh Pennsylvania on November 2nd, 1920.
Then in 1932, a major Discovery by Karl Janskyat.
Bell Labs revealed the stars and other objects in
space radiated radio waves.
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Radio astronomy was born, however, scientists need
giant antennas to detect weak long wavelength radio
waves from space. The enormous Arecibo radio dish
antenna measures 305 meters in diameter over three
football fields.
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Scientists can link the signals from an array of
separate radio antennas to focus on tiny slices of
distance space. Such array acts as a single im-
mense collector. This giant New Mexico array uses
27 parabolic dish antennas shaped into a giant wire,
which each arm capable of stretching for 13 miles.
ﬁﬂﬁmmmmﬂﬁﬁﬂm@a&nmqmLmemeimmﬂ
mmfﬁmqLﬁ@ﬁ%@”m@mﬁmmmmﬁﬂlummﬂ
fivinelng udazunaazi T aitewsauiudty oy
1m Inny ﬁf;Lﬁuz@a&nmmmm‘lmﬁﬁmmmﬂ
Tda1aa n1ALLLNIITUANAIUIU 27 AnuaaeT
afluanaainiaauinlug Fausinzuauilinanenn
0913 Tug

Scientists have even spread these linked antennas
across the globe. One of the largest stretches from
Hawaii to the Virgin Islands and acts like such a
powerful telephoto lens that a baseball sitting on the
moon would fill its entire field of view.
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Many of the greatest astronomical discoveries have
been made using radio waves. Pulsars, the existence
of giant cloud of superheated plasma, which are
among the largest object in the universe and even
quasars such as this one over ten billion light years
away, were all discovered using radio waves.
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Radio waves also provide more local information.
Astronomical objects that have a magnetic field
usually produce radio waves such as our sun.
NASA'’s stereo satellite is able to monitor bursts

of radio waves from the sun's Corona.
pavANgTaaananlideyatastutieldde
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Wave sensors on the wind spacecraft record the
radio waves emitted by a planet's ionosphere

such as the bursts from Jupiter whose wavelength
measures about 15 meters. Radio waves fill the
space around us to bring entertainment,
communlcatlons and key scientific information.
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We can't hear these radio waves. When you tune
your radio to your favorite station, the radio receives
these electromagnetic radio waves and then vibrates
a speaker to create the sound waves we hear.

We may not be able to tap our toes to the cosmic
radio transmissions but we certainly discovered
much of that our universe is Grand Cosmic Dance

by listening to them.
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