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Isaac Newton
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https://www.youtube.com/watch?v=ovZkFMuxZNc
https://www.youtube.com/watch?v=ovZkFMuxZNc
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A - amplitude A - wavelength



Characteristics of a wave

Wavelength - A
Frequency - f
Period - P = 1/f
Velocity ¢ = A/P = Af
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Young's double-slit experiment (1801)

+ Light passes through two apertures. You can think of
these two apertures as two light sources.

* Young showed that light from these sources produces an
Interference pattern (recall the animation with the
Interference of water waves).

- S0, Young showed that light is a wave!



The Photoelectric Effect

E photon = hv

5
200 nm Viax = 6.22x10" m/s

1776V 550nm -2 96x10° mis
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Potassium - 2.0 eV needed to eject elactron

No matter how many photons impinge on the surface,
no electrons will be ejected unless Epqon2 Epyi

http://hyperphysics.phy-astr.gsu.edu/hbase/imgmod2/pelec.qgif



Light is

a stream

of particles
photons)

Nobel Prize
1921



So what is light ?

Sometimes light appears as a wave
and sometimes as a stream of photons



What kind of wave is light?

In 1864, Maxwell completed a unified theory of electricity
and maghetism.

Maxwell used his equations to show that, if
an electric charge oscillates back and forth,
it produces an electromagnetic wave.

He was also able to predict that the speed of the wave is
c=3108m/s

This speed agreed well with the measured value of the speed of light!

His conclusion: light IS an electromagnetic wave!



Light is an electromagnetic wave

It can propagate in vacuum!

> -




Basic properties of light

» Light is an electromagnetic wave |
* Light can propagate in vacuum |

* The speed of light does not depend on
the relative motion of the source of
ight and an observer.

* Light is a stream of particles (photons)!
Epho’ron:h'v
h - Planck constant




Color depends on temperature




Colors and the Spectrum
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But what governs the distribution of light across the
spectrum and the color we perceive?



Max Planck to the Rescuel

In :Bn = 2 hn/kT 1 &

C e research-in-germany.de

h = Planck's cst  k = Boltzmann's cst ¢ = speed of light

Intensity / (arb. units)

10 [~ ultraviolet ; visible | infrared |
| 4 I
w l Fig. 18.2. Spectral intensity distribu-
: : tion of Planck’s black-body radia-
| . . ~
8 E u tion as a function of wavelength for
| different temperatures. The maxi-
' mum of the intensity shifts to shorter
6 - wavelengths as the black-body tem-
perature increases.
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Two Additional Useful Relations

Wien's Law

Says: wavelength of peak emission is
where derivative of Planck
curve is zero, and is given by:

A, T =2.898-106 nm-K

The Stefan-Boltzmann law

Says: integral under Planck curve equals

the total power emitted per
unit area of a blackbody:

Emml = (\8¥Evd/7:5T4 /

S = Stefan - Boltzmann cst o el
F?IE g
Z g
o
= 7 4
o}
S 6
=5
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Ey=1 Ex
B
a )
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266 nm (IR) Wawelangth (nm)

Both laws can be used to derive the surface temperature of a star!
How...?
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Cosmic microwave background spectrum (from COBE)
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Stellar Luminosity = total power (E/sec)

Stefan-Boltzmann Law
describes E/sec per unit area
=cT*

Luminosity = total power from
entire surface area (4nR.?):

L = 47R .20 T4

0=5.67x10°8 W m= K-

Lo=4mn - (7x108)% - 5.67-108 - (5800)*
Example: Rg=7-108 m o= 4m - (7x10%) ( )

To=5800 K =3.95-10°°W(=1J/s)
=1 Solar Luminosity (L)



Distances to Stars:
The Principle of Parallax
a=1AU=1.4910"11m d=distance to star n AU p=parallax angle*

sinp = tan p = p,q = 1/day

But parallaxes are !

Let’s express them in arcsec (7):

Py =D/206265 = 1/d,,

Let’s define a new unit: parsec (pc)
1 pc =206265 AU
N 1 1
So: L

206265 d.s  206265d,

> |P - d and dpc - ? *In practice, we make measurements 6 months
apart, so total angular shift is 2p.




Inverse square law: Flux declines as 1/d?

Flux= energy received per unit area per unit time e.g. W m=2

At larger d, the same
total amount of light
1s spread more thinly;
less falls on each area:

F, =L
dy A,Udlz
W A ¢ sauares

= F,

mmf‘ 9 squares

P
L

\f ource
ézm«

adapted from: www.uta.edu/ physics/ main/ faculty/ rubins/

Recall: L = Luminosity = total power output from star (£F(d)



J Thomson
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Electrons carry charge and have mass
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The appacatus wsod by Millikan m his cdl-drop cxperiments.

Millikan measured charge of an electron






Detection screen

Gold foil Particle deflected
at a small angle

Particle deflected

at a large angle g

L,

Beam of a particles

The Rutherford experiment (1911)



Spectrum of hydrogen gas
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Atoms and Light

Max Planck (1900) radiation is composed of packets of energy E = hv.

h

Louis de Broglie (1923) particles can be treated as waves A = —, p = muv - momentum
P

Planetary motion (Newtonian gravity)

mpv?  Gm,M,

T Tz

Rutherford experiment (1911) positive charge concentrated in the nucleus is sur-
rounded by a cloud of electrons.

Simple model of an hydrogen atom: central proton + electron on a circular orbit.

Classical electrodynamics — accelerated charge — emits radiation — inspiral collapse
in 1078 s !



h

Double slit experiment with electrons de Broglie A = >



Bohr model
of an atom



http://www.walter-fendt.de/html5/phen/bohrmodel_en.htm
http://www.walter-fendt.de/html5/phen/bohrmodel_en.htm
http://www.walter-fendt.de/html5/phen/bohrmodel_en.htm

The hydrogen atom



The Bohr model of an atom

here o = 8.98 - 10 N?m?2?C~2 (C - Coulomb - unit of the electric charge) is a constant
related to the permittivity of empty space, Z - charge of the nucleus, e - unit of electric
charge, m - mass of an electron.

Electrons can move only on orbits that satisfy quantum condition

J = mur =nh

where J - is angular momentum, n - natural number and h = —. It is now easy to show

27
that: ,
h 2

r, = ———n°.
amZe?



Energy of an electron moving on a circular orbit around a nucleus is:

| B Ze? 1 Zé? Ze? 1 Ze?
EF=—_-m’—-—a—=-a——a—=——a—.

2 r 2 7 r 2 r

Notice that E < 0, electron is bound to the nucleus by the Coulomb forces.
Substituting r = r,,, we get

m(aZe?)? 1
2?:1'-2 '1'12 !

E?1 —

and
aZe? 1
h n

t"ﬂ, =

It is time to make some calculations for the hydrogen atom but before let us introduce
some more convenient units:



Energy spectrum of H atoms:

1 1
AE:IE’H_Eﬂllel(@_@
hc 1 1

— i (— — —
Anm 1(n2 m?

1 Fi,1 1
— ( o 2)

A hc ' n?2 m

E 2 4 .
L_2CMe _R Rydberg constant

he — 2h2he

R=1.097-10"m~ ' =1.097-10"34"

1 o
— =912A4
R



Now let us calculate E(1)

1 ae? 1 e’
- "1 -{T.H.,:CEEE}
1
E(2) = —E

22

(1)

2.4

e ;'”’ — 9217 x 1078 = —13.6eV
oh

_ _lis6— 340v

= —713.6 = —3.4e



Units
Angstrom (A) = 1078 c¢cm or 107 °m = 0.1 nm

Nanometer =107° m

Picometer = 10712 m

Femtometer = 1071° m

leV=16-10"1"7J



From Bohr model: e "
2—n, .~ Lyman Series .. Balmer Series ",
{Ultraviolet) (Visible) ",

v 410.2nm 5,
. violet '

" Paschen Serieé'»,
', (Infrared) .

486.1 nm
bluegreen

R E s camamem S ®




Every atom (and ion) has a distinctive

fingerprint...

http://socphysics.blogspot.com/2010/08/bohr-model-of-atom.html
http://astronomy.nju.edu.cn/~lixd/GA/AT4/AT404/IMAGES/AACHCLS0.JPG
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Fraunhofer spectral lines
Spectrum of the Sun (1814)

Jay i rasachion
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Element % of total atoms % of total mass

Hydrogen 91.2 71.0

Helium 8.7 27.1 .
Chemical

Oxygen 0.078 0.97 Compos”.lon

Carbon 0.043 0.40 Of The Sun

Nitrogen 0.0088 0.096

Silicon 0.0045 0.099

Magnesium 0.0038 0.076

Neon 0.0035 0.058

Iron 0.030 0.014

Sulfur 0.015 0.040



