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0. Photons and the quantum of light
1. Simple model of the atom
2. The wave properties of particles
3. Wave-particle duality and bound states
4. Solutions of Schrödinger’s equation in one dimension
5. Applications of Schrödinger’s equation 
6. Photons and quantum states
7. Quantum amplitudes and state vectors
8. The time dependence of quantum states
9. Particle scattering and barrier penetration
10. Angular momentum and spin
11. Angular momentum of atomic systems
12. Quantum states of three-dimensional systems
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Modern Physics
(YHU\WKLQJ�GHYLDWLQJ�IURP�1HZWRQLDQ�0HFKDQLFV�KDV�

WUDGLWLRQDOO\�EHHQ�FRQVLGHUHG�DV�PRGHUQ�SK\VLFV�

� 6SHFLDO�5HODWLYLW\

� *HQHUDO�5HODWLYLW\

� 4XDQWXP�0HFKDQLFV

� 2WKHU�WKLQJV�GLVFRYHUHG�LQ�WKH��� � � &HQWXU\

,Q�3K\VLFV�����ZH�ZLOO�PRVWO\�EH�FRQFHUQHG�ZLWK�4XDQWXP�0HFKDQLFV��PRUH�
VSHFLILFDOO\�QRQ�UHODWLYLVWLF�TXDQWXP�PHFKDQLFV���7KH�FRXUVH�FDQ�WKHUHIRUH�DOVR�
EH�FRQVLGHUHG�DQ�,QWURGXFWLRQ�WR�4XDQWXP�0HFKDQLFV DQG�ZLOO�EH�WKH�EDVLV�IRU�
XQGHUVWDQGLQJ�WKH�SKHQRPHQD�FRYHUHG�LQ�3K\VLFV�����DQG�LQ�PDQ\�FRXUVHV�
GXULQJ�D�3K\VLFV�HGXFDWLRQ�
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3K\VLFV�DURXQG������
�� 1HZWRQLDQ�PHFKDQLFV�DQG�0D[ZHOO V�ODZV�RI�HOHFWURPDJQHWLVP�ZRUN�YHU\�ZHOO�

WR�GHVFULEH�PDFURVFRSLF�REMHFWV�
�� 7KH�0LFKHOVRQ�0RUOH\�H[SHULPHQW��������VKRZHG�WKDW�WKH�VSHHG�RI�OLJKW�GRHV�

QRW�GHSHQG�RQ�WKH�GLUHFWLRQ�RI�WKH�OLJKW�ZKLFK�ZDV�H[SODLQHG�E\�(LQVWHLQ V�
VSHFLDO�UHODWLYLW\��������

�� 7KH�SURSHUWLHV�RI�JORZLQJ�KRW�ERGLHV�FRXOG�QRW�EH�H[SODLQHG�
�� 7KH�DWRPLF�VWUXFWXUH�RI�PDWWHU�ZDV�QRW�NQRZ�DQG�VHYHUDO�H[SHULPHQWV�SURYHG�

WKH�H[LVWHQFH�RI�DWRPV��DPRQJ�WKHP�(LQVWHLQ V�%URZQLDQ�PRWLRQ�H[SHULPHQW�
DQG�KLV�H[SODQDWLRQ�RI�WKH�SKRWRHOHFWULF�HIIHFW��������
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Light and photons

T 

According to James Maxwell’s theory, light was just an electromagnetic wave.  After the creation of
electromagnetic waves by Heinrich Hertz in 1888, this seemed certain.  But this certainty only
lasted a dozen years and was shattered when the radiation from glowing bodies could not be
described.
Simplifying idealization
Black body: A body which only radiates, but does not reflect at any

frequency.  It is therefore black when cool.

The black-body box: heated to temperature T

νν dRT )(

νν dRT )( : Energy/ area/ time in the frequency interval from Q to Q+dQ
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The radiation properties are those
of the used material,

Only that the reflection has been
artificially reduced to zero:
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visible

Stefan’s law: Energy/ area/ time =

Wien’s displacement law:

➨ only depends on

Black body radiation
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700 nm 400 nm

T=6000 K
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