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What is Light?

Wave

Energy

Particle
(photon)




Light is Quantized

Photons of light can

only have certain
discrete

values of energy =




Energy of a Photon

E=n
A

/
Energy Frequency
[J] [HZ]
Planck’s Constant h 6.63 x 1034 ] s




Energy of a Photon

E=nhf c=fA
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_hc

A
E ¢ =3.00x108ms1




Quick Recap of eV

e/ - electron — volts

Unit of Energy

{Energy in J}
1.60 x 1019

{Energy ineV} =




IB Physics Data Booklet

Sub-topic 7.1 — Discrete energy and radioactivity Sub-topic 7.2 — Nuclear reactions

E =hf AE = Am ¢?

1= hc
" E
Stefan-Boltzmann constant o 5.67 x 10 Wm 2K
Coulomb constant k 8.99 x 10°Nm?*C-?
Permittivity of free space £g 8.85x10-12C2N-1m2
Permeability of free space T 4n x 10" TmA-!
Speed of light in vacuum C 3.00 x 108 ms-?
Planck's constant h 6.63 X 10-34]s
Elementary charge e 1.60 x 10-19C




Try This...

Calculate the energy carried by one photon of microwaves of
wavelength 9 cm (as might be used in wifi signals) in J and eV
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0.09 m
hc  (6.63 x 1073%)(3 x 108
=gl A ) _ (221 x 1072
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L9 X 10 38 105 ev
1.60 x 10-19 29710 "€




Shortcut time ©

Since h and ¢ are both constants,
hc acts as a constant as well

@,

1 light year (ly) =9.46 X 10> m A

1 radian (rad) = %

Temperature (K) = temperature (°C) + 273

1 parsec (pc) =3.26 ly

1 astronomical unit (AU) =1.50 x 10" m 1 99 X 10—25 ]m 4
1 kilowatt-hour (kWh) =3.60 x10¢] O 09 m — 221 X 10 ]
he=199x1035m=124x10%eVm
1.24 X100 eVt _
= . €

0.09 m




Energy Levels

Electrons in an atom exist at discrete energy levels
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MEEAARSVERS

A photon is emitted whenever an electron transitions from one
energy level down to a lower energy level

E, How many different transitions
are possible between these four
3 energy levels?

E,




Energy Levels

_3 -1.51 eV EXCited StateS

1sev | Ground State




Energy Transitions

Different Energy transitions result in different energies (wavelengths)
of light that are absorbed or emitted

n =00 0.00 eV
n=>5 -0.54 eV
n=4 | -0.85 eV
n=3 — -1.51 eV
H_}
Paschen Series (IR)
n=2 e N VVYVY _340 ev
Balmer Series (Vis ble)
n=1 -13.6 eV

Y .
Lyman Series (UV)




Continuous Spectrum

When white light from the sun passes through a prism, the light
is dispersed into its component colors in a continuous spectrum




Emission Spectrum

If an electric current is passed through an element in the form of a
low-pressure gas, it will produce its own unique emission spectrum
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Emission Spectrum

These spectra can be used to identify elements like a fingerprint

These are known as Line Spectra

Hydrogen
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Absorption Spectrum

If white light is passed through a sample of gaseous atoms or
molecules, it is found that the light of certain wavelengths is missing

Cold and transparent
cloud of gas absorbing Prism
some colors | X

Absorption spectrum

Hot source
emitting a
continuous spectrum




Absorption Spectrum

HYDROGEN SPECTRUM

t t 1 1
400nm 500nm 600nm 700nm

The emission and absorption spectra
are negative images of each other




THE
ELECTROMAGNETIC
SPECTRUM

THESE WAVES TRAVEL THROUGH THE
ELECTROMAGNETIC FIELD THEY
WERE FORMERLY CARRED BY THE
AETHER, WHICH WAS DECOMMISEIONED
IN 1897 DVE TO BUDGET CUTS.

QTHER WAVES:

ABSORPTION SPECTRA.

VISIBLE

LIGHT

o &

ﬁmﬂf
l \L= E 1S

I\unn By o
B WS e N

Bl A0V LOonivd Y30 Q330

RADIO E TV | i o] RSB 0V 12 xcravs | omrmcosmi s
o ' e et ch>' T uz" le" ig" lfi 00 8 a0t gt et e o 0?
2 T B e i M e T e Bem 3 e e S 0t

P TN~ { R P

n

(i T " A A L O N L L A A S AT LA A e” 1™
F t‘Al;— {OWe :;ﬂ- l: :l;k W 1M DR RO 100 Jo0% 00K I0R  0OTH KW OTHER GSOAWWG GRELL MRVRES CNE PEA- AMD EXA- AND 2AA-
PN —— N + + . e — —
Q e y 17 m r 17 ” ¢ e
From Randall Monroe | xkcd.com



Calculating Wavelength Emitted

What is the wavelength emitted?

E=13.6—-151=12.09eV

~ 1.24 % 1076 eV

‘m

= 1.03x 107" m

12.09 eV

}

103 nm

n =00 0.00 eV
n=>5 -0.54 eV
n=4 -0.85 eV
n=3 -1.51 eV
n=2 -3.40 eV
n=1 -13.6 eV

hc

1.99 x 102> | m

1.24 x 10° eV m




Try This...

o 200ev What is the wavelength emitted?
n=4 T
"= l ot E =340—-0.85=2.55eV
n=2 -3.40 eV
1.24 X 107 % e¥ m B
= ——— = 486x 107" m
2.55 eV 1
_ 486 nm
n=1 -13.6 eV
hc
A= T he | 1.99x1025]m | 1.24 x 106 eV m




Working Backwards...

Hydrogen emission spectrum

What is the energy in eV for a in the visible region
434 nm blue emission line?

!

ElE|E &

434 x 10°m S|sle S
he 1.24x 1076 eV m hc
E=— = —|2.86 eV 1 =—
A 434 X 107° mi E

hc | 1.99x102%°]Jm | 1.24 x 10°eV m




Working Backwards...

e e Draw in the Energy Transition for a
= 085 eV 434 nm blue emission line?

n=3 151 eV

n=2 240ey What transition has an energy

difference of 2.86 el/?

Hydrogen emission spectrum
in the visible region

- o _

E =340—-0.54 =2.86¢eV

410 nm
434 nm
486 nm
656 nm




