


Bestamning av |jusets
hastighet

@ Galilei lyckades inte
bestamma |jusets
hastighet trots
flitiga forsok




Ljuset fdardas med en hastighet av 300000 km/s
genom tomma rymden (vakuum)

 Ar 1676, upptdckte den
danske astronomen Olaus

Rgmer att den exakta tiden cart nearJupiter:
.e . . . we observe eclipses \
for formorkelsen av Jupiters of Jupiter’s moons
manar beror pa avstandet fill earlier than expected.  ngrq ypposition
Jorden

Jupiter
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« Detta pa grund av att det tar
olika langa tider for ljuset  Earth
att fardas till Jorden

eftersom avstandet hela tiden = —— = TT=<__ Jupiter
varierar
Earth far from Jupiter:

. o we observe eclipses a - i
uppmatt tid ger ljusets later than expected. )
hzs’righe’r C (?a’rin: celeritas b= loemy

r=2AU

= fart)



Ljus ar elektromagnetisk stralning och
karakteriseras av sin vaglangd (M)

White light

Prism breaks light
into its spectrum

White light

First prism breaks
light into its spectrum

Spectrum falls on screen
700 nm

600 nm
500 nm

400 nm

Screen lets only one
color pass through
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Second prism bends light,
but does not change its color




Vagldangd och frekvens

Screen lets only one

color pass through
White light \ /

First prism breaks
light into its spectrum Second prism bends light,
but does not change its color

Frekvens och vaglangd hos en elektromagnetisk vag

&
UV = —

A

vV = frekvens (i Hz)

¢ = ljushastighet = 3 108 m/s
A = vaglangd (i meter)



Elektromagnetisk stralning

Magnetic field Electric field

Direction of
propagation

|<-Wavelength )\—»l

@ Pa 1860-talet, lyckades den skottske matematikern och
fysikern James Clerk Maxwell att med hjalp av fyra
ekvationer beskriva elektrisitet och magnetism

@ Hans arbete demonstrerade att elektriska och
magnetiska krafter dar tva aspekter av samma fenomen,

elektromagnetism



Maxwells ekvationer
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Shortest
wavelength

Longest
wavelength

10 nm +
105 nm +
104 nm +
10-3nm +
102 nm +
10-Tnm +
1Tnm 4
10 nm 4
100 nm 4
103nm=1pum+
10 um +

100 pm +

1000 pm =1 mm +
10mm=1cm-+
10cm +
100cm=1m-+
10m -+

100 m +
1000m=1km+
10 km +
100 km +

Gamma
rays

!

Xrays

Ultraviolet
/radiation

400 nm
Violet
Blue
Green

\ Yellow
Visible li Noﬁmge
isible lig Red

\ Infrared 700nm *
radiation

Micro;vaves 1 A (&ngsfram)

‘ =0.1nm .,

Radio waves

Pa grund av sina
elektriska och
magnetiska egenskaper
kallas ljus ocksa for

elektromagnetisk
strdlning

Synbart ljus ligger
mellan 400 fill 700 nm

Stjarnor, galaxer och
andra objekt sander ut
ljus over ett brett
spektrum



Tre temperaturskalor

Kelvin Celsius Fahrenheit

% % %7 Sun’s core temperature
5800 5527 2981 Sun’s surface temperature

T = 9/5 (Tc+32)
Boiling point of water
Freezing point of water
Absolute zero




Ett ogenomskinligt objekt sander ut elektromagnetisk
stralning vars intensitet bestamms av temperaturen

Hot:
glows deep red

Hotter: Even hotter:
glows reddish-orange glows yellowish-white







Wiens (forskjutnings)lag och Stefan-Boltzmanns lag
ar anvandbara vid studiet av t.ex. stjarnor

Visible light

e

@ En svartkropp ar ett
hypotetiskt objekt som
absorberar allt |jus vid alla
vaglangder
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@ Stjarnor kan till en forsta
approximation antas skicka ut
stralning som en svartkropp

@ Intensitieten hos denna
emitterade (utsanda)
stralning kan beskrivas med
en enda temperatur

0 500 1000 2000
Wavelength (nm)——

2R A®
exp(hc/AkT) — 1
[T s7! m=? ster! m]

I\(T) =



Wiens (forskjutnings)lag

\ B 0.0029 Km
max - T

The higher the temperature of a blackbody, the
shorter the wavelength of maximum emission
(the wavelength at which the curve peaks).

Visible light
i |

|

|

Wiens lag sager att den
dominerande vaglangden
(Amax) som en svartkropp
emitterar ar inverst
proportionell mot dess
temperatur (T)

The higher the temperature
of a blackbody, the more light
is emitted at all wavelengths.
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12,000 K

Intensity ——

—A
0 500 1000 2000 3000
Wavelength (nm)——




Intensity ——

Visible light
|s—]
Blackbody curve at 5800 K
N
l Sun’s intensity curve
0 500 1000 2000 3000

Wavelength (hm)——



Stefan-Boltzmanns lag

@ Stefan-Boltzmanns lag sager att en svartkropp
utsander elektromagnetiska vagor med ett totalt
energiflode F direkt proportionellt mot
temperaturen upphojt i fyra:

F=ocT?

dar 0=5.6693x10® IJm2s"'K-* ar Stefan-Boltzmanns
konstant



Solarkonstanten

: o,

At a distance of 1 AU % >

from the Sun, this square meter %. 4

of area receives 1370 watts of ‘:oo 6{::

light power from the Sun. "’@ o
Y o

Close-up of this
square meter of area.

o Energikonservering
F(r1)47rr% = F(T2)47T7“§

konstant
= F =

r2



Rakna ut solens luminositet [Watt]

med F(1 AU) = S (solarkonstanten)

L = S4qrs = 1370 Anflls < 10~ )21
= 3G 1O "B L

Rakna ut solens temperatur

L 3¢ J02°
> ®2 = ¢ W m_2
4rRs,  4m(6.96 x 10%)2

—6.41 x 10" Wm 2

e
. <—@> — 5800K

Fo

O



Ljus har bade partikel och vagegenskaper

Bright bands:
where light waves from the ]
* Dots: X Crosses:

Slits two slits reinforce each other leatiane lotatians
where crests where crests

Screen— overlap crests overlap troughs
and the waves and the waves

H‘ | | | | | reinforce. cancel.

Dark bands:
where light waves from the Water waves emerge from openings in a barrier.
two slits cancel each other

@ Newton thought light was in the form of little packets of energy
called photons and subsequent experiments with blackbody
radiation indicate it has particle-like properties

@ Youngs Double-Slit Experiment indicated light behaved as a wave

@ Ljus har en dualitet: det uppfor sig som en strom av partiklar
(fotoner) men varje foton har vaglika egenskaper



Fotoner

@ Plancks lag relaterar energin hos en
foton till dess frekvens eller vaglangd

E = energin hos en foton

h = Plancks konstant
¢ = ljushastigheten
A = vaglangd
@ Experiment ger

h=6.625 x 10734 J s



Varje kemiskt element producerar sin

uppsattning spektrallinjer
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1. Add a chemical
substance to a flame

2. Send light from
the flame through

a narrow slit, then
through a prism

3. Bright lines in the
spectrum show that
the substance emits
light at specific
wavelengths only



Kirchhoffs lagar

Hot blackbody

//\..

(b) ABSORPTION LINE SPECTRUM
(atoms in gas cloud absorb light of
certain specific wavelengths,
producing dark lines in spectrum)

(a) CONTINUOUS SPECTRUM (c) EMISSION LINE SPECTRUM
(blackbody emits light at all (atoms in gas cloud re-emit absorbed
wavelengths) light energy at the same wavelengths

at which they absorbed it)




Molecular
hydrogen

Neon
Lithium
Iron
Barium

Calcium

The Sun

Incandescent
lamp

Fluorescent
lamp




- | H | b
Absorption I [— | i
seectum — | [[111 [0 B 0 O B TR

of the Sun

spectrum of H ”
iron (in the T TT T TT T T T
laboratory For each emission line of iron, there is a corresponding

on Earth) absorption line in the solar spectrum;
hence there must be iron in the Sun’s atmosphere

Emission —————




Spektrum mot en ung stjarna (IRAS 16293-2422)

Image Frequency (MHz)
221500 221400 221300 221200
l i 1 1 ] I I 1 1 T I 1 ] ] 1 I

CH, 0'cs
[ 5yody3 18517
0 WW '

= 1 i i ] i ! 1 | ] 1 i | ] ] 1 ] |

218200 218300 218400 218500
Rest Frequency (MHz)

Info om vad gasen kring stjarnan bestar av, vilka
temperaturer rader, tathet, hastigheter etc.




CH5; OH as Evolutionary Tracer

Large variations in excitation temperature

] -9 7
Abundance jump from 10 to 10
above 90 K

—-> lce evaporation

Haln Baam Frightness Teamparaturs (K]

~ Rosetie Nebula/GL 961 " KPNO 1

van der Tak, van Dishoeck & Caselll 2000




Relative intensity

0.5

—1.5

Evoluticn of Solid and Gasecus CO, and CG
I L 1 L I L 1 L I

NGC?5638 IRS1

solid CO

Solid CO,
W3 IRS5

Solid + Gaseous CO -

Solid CO, -

GL 4178

Geaszecus CD

Solid GO,

4.4 4.8 5.2
Wavelength (um)

vean DMsheoeck st al. 1988

Data fran ISO
(Infrared Space
Observatory)






The atmosphere scatters

blue light more effectively

than red light — hence P 5
mostly blue light reaches ™
your eye when you look

at the sky.

(a) Why the sky looks blue



The atmosphere scatters blue light
more effectively than red light —
Blue hence mostly red light reaches
Blue Your eye when you look through
a thick slice of atmosphere at the
_setting Sun.

\

Blue

(b) Why the seing Sun looks red



En atom bestar av en liten, tat karna
omgiven av elektroner

A.

B Gold foil
(seen edge-on)

« Atomkdrnan bestar av protoner och neutroner

* Rutherfords experiment med alpha partiklar
(helium karna) som trdaffade en guldfolie
hjalpe till med att bestamma dess struktur



Electrons

\ \'\_ / J.
/ -
ot
Nucleus has

protons (shown
in red) and neutrons
(shown in blue)




8 Periodic Table of the Elements

* Antalet protoner i atomkarnan ger amnets atomnummer, ex Syre med 8

e Samma amne kan ha olika antal neutroner i sin karna

* Dessa kallas isotoper, ex Syre O, 170, 180 (dar '*O vanligast)



Spektrallinjer uppkommer da en elektron i en atom
gar fran en energiniva till en annan

Allowed

Bohr orbits:
n=1

n=2

n=3

n=4

etc.

n ar huvudkvanttalet

D

Atomkarnan omges av elektroner
som bara kan ga i vissa specifika
banor eller eneginivaer

Ndr en elektron gar fran en
energiniva till en annan sa
absorberar eller emitterar den en
foton av lamplig energi (alltsa med
en specifik vagldngd)

Spektrallinjerna hos ett givet
amne motsvarar
elektronovergangar mellan dess
energinivaer

Bohrs modell for atomen
predikterar noggrannt vatets
spektrallinjer



Incoming photon, Emitted photon,
A =656.3 nm A =656.3 nm

n=2
n=3
(a) Atom absorbs a 656.3-nm (b) Electron falls from then =3
photon; absorbed energy causes orbit to the n = 2 orbit; energy lost
electron to jump from the n = 2 orbit by atom goes into emitting a

up to the n = 3 orbit 656.3-nm photon



Lyman series (ultraviolet) of spectral
lines: produced by electron transitions
between the n = 1 orbit and higher orbits
(n=2,3,4,...)

Balmer series (visible and ultraviolet)

410nm | o spectral lines: produced by electron
transitions between the n = 2 orbit and
higher orbits (n=3, 4,5, ...)
7,
0-9¢,’ Paschen series (infared) of spectral lines:
n

produced by electron transitions
between the n = 3 orbit and higher
orbits (n=4,5,6, ...)



Bohrs atommodell

1
— i
A 3 N2 n?

N = kvantal for inre banan
n = kvanttal for yttre banan

R = Rydbergs konstant (1.097 X
107 m1)

A\ = vagldngd hos den absorberade
eller emitterade fotonen

c
og
ot
o
-
(=]
wvi
£
<

Emission

II\o’isible and .
Ultraviolet I Ultraviolet ! Infrared

Paschen
series

Ground state
Lyman series




lVisible and,
A Ultraviolet !Ultraviolet! Infrared

13.6 eV
A
I I rl
T 12.1 eV
g Paschen
B series
-
o
0
= - YYY 10.2 eV
Balmer
series
5|8
I
Elc
wi|o
Y YYYY Ground state 0eV

Lyman series

emission - absorption- jonisation



Shorter wavelength
<—

I-I40 H30 H20 I-I15




Vagldngden hos en spektrallinje som en observator mater
upppaverkas av den relativa rorelsen mellan kdllan och

. observatoren
Wave crest 1: emitted when

light source was at S,

Wave crest 2: emitted when
light source was at S, 1

Wave crests 3 and 4:
emitted when light

source was at S; and
S, respectively

Motion of
. X
light source

This observer
sees redshift

This observer
sees blueshift



Dopplerskift

objektet ror sig ifran observatoren

: objektet ror sig mot observatoren

AN

Ao
Al = skift i vaglangd

A, = vaglangd om Kallan i vila (lab-vaglangd)
v = Kallan hastighet

Cc = liusets hastiahet



SiO runt Kolstjarnor

Sio(5-4)
NRAO

Info om hur mycket SiO som finnes, hastighet med
vilken gasen ror sig (har en stjarnvid med 10-15 km/s)



