GECRETS IN SUNLIGHT

UNDERSTANDING SPECTROSCOPY

STARRING CAMNILLA CORONA AND COLOURS O'IRIS




HEY CAMILLA, I'VE
ALWAYS BEEN FASCINATED
BY THE STARS- I THINK T'LL
GET A TELESCOPE TO STUDY

THEM.

BUT COLOURS, NO
MATTER HOW BIG YOUR i ;

TELESCOPE, A STAR ONLY 1Y 1 Ao
SHOWS AS A POINT OF LIGHT. (N
WHAT YOU REALLY NEED IS A [ [l

SPECTROGRAPH.
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THE BEST WAY TO LEARN

ABOUT DISTANT OBJECTS LIKE THE
SUN AND 6TARG |16 THROUGH THEIR LIGHT
- THE ENERGY THEY PRODUCE. WE CALL

THIS COLLECTION OF ENERGY THE

LIGHT HAS SECRETS
INGIDE, WHICH PROVIDE
INFORMATION ABOUT THE|
SOURCE. IT'S LIKE
SOLVING A MYSTERY !

ELECTROMAGNETIC (EM)
SPECTRUM.

MYSTERIES ARE FUN!
HOW COULD LIGHT HAVE
SECRETST HOW CAN We
UNCOVER THEMZ WHAT DO
THEY TELL UGS ABOUT THE
STARST

GOOD QUESTIONG! THIS |6 WHERE THE
SPECTROGRAPH COMES IN. IT'S ACTUALLY
A SIMPLE TOOL TO STUDY THE “INSIDE” OF

LIGHT. THINK OF IT A% A WAY TO LOOK AT
THE SPECTRUM OF LIGHT.
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WHAT’S THE SPECTRUM OF

---AN I A GPECTRUMN
OF LIGHT?

ANYTHING HOTTER THAN ABSOLUTE
ZERO (THE COLDEST POSSIBLE
TEMPERATURE) EMITS ENERGY, |.E.
LIGHT. YOU & I EMIT ENERGY, ROCKS
EMIT ENERGY, RUBBER DUCKIES EMIT
ENERGY, £ STARS EMIT ENERGY!

/L

THE SPECTRUM OF
LIGHT 1S THE
COLLECTION OF
ENERGY/RADIATION
SOMETHING EMITS.

SUN & STARS EMIT A
CONTINUOUS SPECTRUM OF
RADIATION (I-E. LIGHT). A




YIKES - WHAT 16 A
“CONTINUOUS
SPECTRUN OF
RADIATION”?

| | e en sprecreum | o

INFRARED LIGHT

MICROWAVE

yall
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THINGS LIKE RADIO WAVES, VISIBLE
LIGHT, AND X-RAYS ARE ALL THE
SANE TYPE OF ENERGY. ..

X-RAY

THEY ONLY DIFFER BY THE SIZE OF
THEIR WAVELENGTH.




Visible Light

CAN YOU SHOW ME 700nm 600nm S00nm 400nm
THE
EM SPECTRUM?

Ultraviolet X-rays Gamma

<—LONGER WAVELENGTH (meters) SHORTER——>
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THE ONLY PART YOU
CAN SEE WITH YOUR EYES IS
VISIBLE LIGHT- HERE'S A
CHART OF IT-

500 550 600

Wavelength (nm)
Visible Spectrum




A SPECTROGRAPH WORKS
LIKE A PRISM - IT BREAKS VISIBLE
LIGHT INTO ITS COLORS. IT'S
REALLY SIMPLE!

OUTPUT OF A SPECTROGRAPH

BUT ALL T SEE
IT'% LIKE LOOKING AT A
ARE THE COLORS OF <ibi RAINBOW WITH A NICROGCOPE. IF
THE RAINBOW- ""”5’2% o YOU LOOK. VERY CLOSGELY AT THE
e o' SPECTRUMN OF COLORS, THERE ARE
? N GECRETS INGIDE.




SOMETIMES YOU SEE EXTRA BRIGHT
COLORS:

AND SOMETIMES YOU SEE MISSING
COLORS:

THE EXTRA-BRIGHT OR MISSING
COLORS INDICATE CERTAIN CHEMICAL

ELEMENTS HAVE AFFECTED THE LIGHT.

Periodic Table

of the Elements

WHAT’S A CHEMICAL
ELEMENT?
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CHEMICAL ELEMENTS ARE THOSE
THINGS YOU SEE ON A PERIODIC
TABLE OF ELEMENTS - THE
BUILDING BLOCKS OF THE
UNIVERSE, LIKE HYDROGEN,

HELIUM, GOLD, AND EINSTEINIUM. fsss



BUT I
THOUGHT
ELEMENTS WERE
ONLY ON EARTH-
THEY ARE IN THE

SUN AND STARS /o

TO0?777

YIKES, HOW
DID THAT

APPEN? 7 Zggr 3

ALL THE ELENENTS CAME FROMN THE
STARS !
&y ‘u y PO y :

EACH CHEMICAL ELEMENT CHANGES
THE SPECTRUM EITHER BY MAKING
CERTAIN COLORS BRIGHTER OR
REMOVING CERTAIN COLORS.- EACH
ELEMENT HAS A DIFFERENT AND
UNIQUE PATTERN OF COLORS.-

Periodic Table
of Elements
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YES,
LIGHT HAS
FINGERPRINTS | 1!

HERE ARE THE SUN'G FINGERFPRINTS




CHECK oUT
THESE
EXAMPLES!

IN THIS IMAGE, THE DARK LINES ARE BECAUSE HYDROGEN HAS ABSORBED
THOSE PARTICULAR COLORSG. HENCE WE CALL THE DARK LINES “ABSORPTION

THOSE BARS, THE LITTLE
STRIPES OF COLOR, ARE
CALLED LINES CAUSE THEY,
AH, LOOK LIKE LINES IN THE
SPECTRUM. .

LINES” .

THE BRIGHT LINES IN THE LOWER IMAGE SHOW THAT HYDROGEN
HAS EMITTED EXTRA COLORS. S0 WE CALL THOSE LINES
“EMISSION LINES” .

Hydrogen Absorption Spectrum SO AN ELEMENT
EITHER ADDS OR SUBTRACTS THE

SAME SET OF COLORS, OF

®
@ X%

Hydrogen Emission Spectrum
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T GET IT! ELEMENTS CAN
AFFECT THE LIGHT BY EITHER ABSORBING OR
EMITTING CERTAIN COLORS. EACH ELEMENT'S S
COLORS ARE ALWAYS THE SAME, LIKE HUMAN 0>
FINGERPRINTS-

WHETHER SOMETHING PRODUCES AN ABSORPTION OR

- EMISSION SPECTRUM DEPENDS ON ITS TEMPERATURE,

THE TEMPERATURE OF ANY GAS BETWEEN IT AND THE
OBSERVER, AND THE OBSERVER'S LINE OF SIGHT-

Hot blackbody

Absorption line spectrom

Proom

Continuous spectrum Emuvsson hine spoctrum

I'LL TELL YOU ABOUT THAT IN ANOTHER STORY .

77



CAN YOU gHOW me
i HOW THIS WORKS?

SURE. T HAVE A LITTLE SPECTROGRAPH
I GOT FROM THE STANFORD SOLAR
CENTER. IT’S REALLY CUTE, AND I

MADE IT MYSELF.-

LL IT HAS IS A CARDBOARD FRAME,
A DIFFRACTION GRATING, A SCALE

TO READ THE SPECTRUM. IT ALSO i
HAS AN EYEPIECE AND NEEDS AN ~

EYE TO LOOK THROUGH IT. @

L E ‘*\% WHAT'S A
P , | — DIFFRACTION
_ % . GRATING ?

A GRATING WORKS A BIT LIKE A PRISM - OK, I GET
IT SEPARATES OUT THE COLORS OF IT. THE
LIGHT- RAIN DROPLETS DO THE SAME DIFFRACTION
WHEN THEY CREATE A RAINBOW. OR YOU GRATING BREAKS
CAN SHINE LIGHT ON A CD. OR YOU CAN U'Gc"g JSE@ €& 0
LOOK AT AN OIL SLICK, OR .... - gl
W s
“ =%
WANNA TRY IT WITH CAMILLA AND COLOURS? BUILD
VOUR OWN SPECTROGRAPH NOW.! THEN FINIGH -
READING "GECRETS IN SUNLIGHT"/ %
| SRy
HTTP =/ /60LAR-CENTER . STANFORD .EDU/ACTIVITIES/ e ——

COTG _HTML
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HERE - POINT THE SLIT
(OPENING IN THE BOX WHERE THE
LIGHT CAN GET IN) AT THAT
INCANDESCENT LIGHT BULB. THEN
LOOK THROUGH THE EYEPIECE!
WHAT DO YOU SEE?

WOW - I SEE WHAT LOOKS LIKE A
RECTANGULAR RAINBOW! JUST
LIKE THE PIECE OF RAINBOW YOU

SHOWED ME EARLIER-

YES! THAT'S WHAT WE CALL
A CONTINUOUS SPECTRUM ——
MEANING ALL THE COLORS OF

VISIBLE LIGHT ARE THERE-

NOW, TRY LOOKING AT
THIS FLUORESCENT BULB.-
WHAT DO YOU SEE?

IT/S KINDA THE SAME
RAINBOW, T MEAN CONTINUOUS
SPECTRUM, EXCEPT THERE ARE SOME EXTRA
BRIGHT LINES. I SEE A YELLOW ONE, A BRIGHT
GREEN ONE, AND A PURPLE ONE- WHAT
DO THEY MEAN?




WHERE DO YOU THINK
THE BRIGHT COLORS
COME FROM?

THE BACKGROUND
COLORS COME FROM THE
LIGHT-PRODUCING ELEMENT IN
THE FLUORESCENT LAMP.-

OH-TI GOT IT -
MERCURY! THERE
MUST BE MERCURY IN

THE FLUORESCENT
LIGHT!!!]

orescent lamps, metal halide

amps, and sodium vapor lomps.

4
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: |
WHAT OTHER SECRETS DO EMISSION OR ABSORPTION LINES
SPECTRA TELL US? |
MEAN A SPECIFIC CHEMICAL ELEMENT
HAS AFFECTED THE LIGHT-

SPECTRA ALSO
TELL US ABoUuT
TEMPERATURE,
MOVEMENT, AND
MAGNETIC FIELDS.-

EVEN MORE,
BUT LET'S
START WITH
THESE.--

TEMPERATURES?777
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SURE- IF YOU LOOK
AT THE MOST PROMINENT
WAVELENGTHS OF LIGHT COMING
FROM A STAR, YOU CAN CALCULATE
ITS TEMPERATURE. LOTS OF LONG
WAVELENGTH, LOW ENERGY COLORS,
LIKE RED, MEAN A DIM STAR. HIGH
ENERGY, SHORT WAVELENGTH
COLORS LIKE BLUE SHOW A
HOT STAR-

SO A RELATIVELY COOL STAR MIGHT
BE RED OR ORANGE, WHILE A HOT STAR
MIGHT APPEAR BLUE OR VIOLET?

ALMOST.... S WP somE sTARS

THERE AREN’T ANY VIOLET AL : EVEN PEAK IN THE
STARS, BUT THERE ARE LOTS ULTRAVIOLET OR '
OF RED, ORANGE, AND = INFRARED RANGES!
BLUE ONES. . - -

/7 OUR SUN PEAKS <
IN THE VISIBLE LIGHT
RANGE, MEDIUM
WAVELENGTHS, SO
LOOKS WHITE.




YES, BUT BACK TO
TEMPERATURES - IT TAKES
DIFFERENT TEMPERATURES TO
PRODUCE THE DIFFERENT LINES IN
THE SPECTRA- IF A STAR'S SPECTRA
IS SIMILAR TO OUR SUN'S, You :
KNOW ITS TEMPERATURE IS
ABOUT OO0 K-

SPECTRA ALSO

HOW COULD
S Ti‘(&%ﬁ@ﬁ?j” COLORS TELL ABOUT
COOL..T MEAN _ MOVEMENT 2777

HOT!

YOU LIKE STAR

OF COURSE T DO - &

¢ dway. . . e EPISODE 1V IS MY

FAVORITE!

QP aco In a galaxy £
an T g g aYQe.t'
s




REMEMBER WHEN ‘ Y/ OH SURE. THAT WORKS

THOSE GUYS WERE FOR AMBULANCES AND
ZOOMING AROUND ON TRAINS TOO. IT'S THE

THEIR SPEEDERS? DOPPLER SHIFT. V-

, WHEN THEY CAME :
TOWARD YOU, THE PITCH OF
THEIR ENGINE WENT UP. AFTER
THEY PASSED YOU, THE PITCH

- WENT DOWN.

YES - THE DOPPLER SHIFT. IT HAPPENS WHEN A SOUND 1S MOVING TOWARDS
OR AWAY FROM US. AS IT MOVES TOWARDS US, THE SOUND WAVES GET
BUNCHED UP AND THE WAVELENGTHS BECOME SHORTER- AS IT MOVES AWAY
FROM US, THE SOUND WAVES GET STRETCHED OUT AND BECOME LONGER-

Sound waves stretched Sound waves squashed
out behind vehicle in front of vehicl

I GET THAT- &3 THIS
PITCHES WITH LONGER , WORKS WITH
WAVELENTHS ARE LOWER AND ANY TYPE OF
THOSE WITH SHORTER Y
WAVELENGTHS ARE HIGHER-
BUT HOW DOES THAT WORK
WITH LIGHT? '
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WHEN AN OBJECLT LIKE A STAR OR GALAXY IS MOVING AWAY FROM US, ITS
SPECTRUM GETS STRETCHED OUT, MEANING ITS WAVELENGTHS GET
LENGTHENED AND THE COLORS GO DOWN IN “PITCH" - THEY SHIFT TO LONGER

WAVELENGTHS. SO VIOLET BECOMES MORE BLUE, GREEN BECOMES MORE
WE CALL THIS A “RED SHIFT”

YELLOW, AND ORANGE BECOMES MORE RED-
(he Spectrum of 5%
FOR AN OBJECT
MOVING TOWARDS
us, ITS COLORS
GET “SQUEEZED"
MORE TOWARDS
THE SHORT-
WAVELENGTH BLUE
END OF THE
SPECTRUM, HENCE
THE TERM “BLUE
SHIFT”.

On Eartl

\ SIGH, T DUNNO-
Incaponacs MAYBE CAUSE OUR
: | EYES DON'T SEE VIOLET
o et T | VERY WELL. SCIENTISTS
USUALLY TALK ABOUT THE
VISIBLE SPECTRUM AS RED-
YELLOW-GREEN-BLUE-
WHY DON'T YOU TRY /£
GOOGLING THAT?

oK, I
GET THE RED AND
BLUE SHIFTS. YOU ALSO
SAID THAT SPECTRA TELL US

ABOUT MAGNETISM. HOW
DOES THAT WORK?

19



NOT MAGNETS,

MAGNETIC
FIELDS!!!

B AN
537 e @™ Split line
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WHOA -
THAT'S AWESOME! COMPLICATED AND
WHY DOES THAT HAS TO DO WITH HOW
HAPPEN? ELECTRONS BEHAVE IN
ELECTRIC AND MAGNETIC f—d 15 6 LOT TO
FIELDS. I/LL TELL : LEARN
YOU LATER--- \

NOT EXACTLY. SCIENTISTS
USE COMPUTERS, AND
COMPUTERS DON'T DEAL WITH
COLORS VERY WELL -

SCIENTISTS
W MUST SPEND ALL
DAY LOOKING AT
RECTANGLES OF

INSTEAD, THE
SCIENTISTS GRAPH
THEIR SPECTRA DATA. A spectrum can be graphed

as wavelength vs. intensity.
That turns the colors into
numbers.

THIS WAY THEY
CONVERT COLOR PICTURES
INTO NUMERICAL DATA THAT
COMPUTERS CAN HELP Location and shape changes
THEM ANALYZE. of the line give us a lot of

additional information. _
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ey po THE EVE INGTRUNENT ON NOGEH'S SOLAR
; yES. JMFACT : DYNAMICS OBSERVATORY 16 A SPECTROGRAPH.
Y ALMOST ALL ASTRONOMY

IS DONE WITH
SPECTROGRAPHS.

Y

e sRa (i) 16 DBIAELY
SPECTROGRAPH (IRTS) 16 OBVIOUSLY A HERE BN G BRI G
SPECTROGRAPH e

i ---YOU SHOULD HAVE
HOW COME NOBODY EVER i
TOLD ME ABOUT . | PAID MORE ATTENTION

SPECTROGRAPHS IN CLASS..-
BEFORE??7




TO GET SPECTROGRAPHS FOR YOUR CLASSROOMS =
HTTP:=//EOLAR-CENTER. STANFORD .EDU/POSTERS /POSTERS . GPEC.. BUK HTIL

ABOUT NASA SOLAR MISSIONS =

SIEE@ HTTP'//\AJWW NA&L&MM.&&I_N_E&E_&/_S_IEE@/_MA_N/
SOHO - HTTP://SOHOWWW-NASCOM-NASA.GOV/

FOR STUDENTS -
/ FOR A COOL VIDEO ON HOW THE STANFORD SOLAR. TELESCOPE 16 /

REALLY A SPECTROGRAPH, GEE -
HTTP =//GOLAR-CENTER. . STANFORD . EPU/COLORS

FOR LOTS OF EXPERIMENTS AND ACTIVITIESG ON SPECTRA, GO TO
HTTP=//NASAWAVELENGTH.ORG AND SEARCH ON "GPECTRA"

THE STANFORD SOLAR CENTER HAS ACTIVITIES ABOUT THE SUN TO EXPLORE -
HTTP=//SOLAR-CENTER. . STANFORD .EPU/ACTIVITIES

FOR. TEACHERS -

FOR RESOURCES RELATED TO SPECTROSCOPY SEE -
HTTP =/ /SOLAR-CENTER. STANFORD .EDU/ACTIVITIES /COTS _.HTHL

FOR A POWERPOINT PREGENTATION ON THIG TOPIC, SEE -
HTTP:z//6OLAR-CENTER . GTANFORD .EDU/ACTIVITIES /FINGERPRINTSINGUNLIGHT/

THE STANFORD SOLAR CENTER HAG TEACHING RESOURCES
RELATING TO THE SUN:
HTTP=//60LAR-CENTER. . STANFORD .EDU/TEACHERS
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