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(a) Emission and absorption of light
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Allowed orbits
electron @

The electron jumps
to a lower-energy
stationary state and
emits a photon.
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Approaching The electron absorbs

photon the photon and jumps
to a higher-energy
stationary state.

(b) Collisional excitation

Partlcle loses energy
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The particle transfers
energy to the atom

in the collision and
excites the atom.
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TABLE 38.2 Radii, speeds, and energies for the first five states
of the Bohr hydrogen atom

n r,(nm) ¥, (m/s) E,(eV)
1 0.053 2:199¢ 10° —13.60
2 0.212 1.09 X 10° -3.40
3 0.476 0.73 X 10° -1.51
4 0.846 0.55 X 10° —0.85
5 1.322 0.44 X 10° —0.54
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TABLE 38.3 Comparison of hydrogen-like ions withZ = 1,2,and 3

[onization Wavelength

Ion Diameter 2r, energy | E | of 3 —>2
H(Z=1) 0.106 nm 13.6eV 656 nm
He™ (Z = 2) 0.053 nm 544 eV 164 nm
Li*" (Z = 3) 0.035 nm 125.1eV 73 nm
2 2 V Z
vV, = 1z, ro=Nas. V., =Z—1:(—)2.19><106 m/s;
Arg, 1 v 7 n \n
Z? Z? a1 A 91.18 nm
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Greek model Thomson'’s plum-pudding Rutherford’s model Bohr’s model Charge-cloud model
(400 B.C.) model (1897) (1909) (1913) (present)
1803 John Dalton 1897 J.J. Thomson, a British 1911 New Zealander 1913 In Niels Bohr 1926 Erwin Schrodinger
pictures atoms as scientist, discovers the electron, Ernest Rutherford states | T\ '? S bonrs develops mathematical
tiny, indestructible leading to his "plum-pudding" that an atom has a dense, ,mOd(;’ ! ele ectrons ]Tove equations to describe the
particles, with no model. He pictures electrons positively charged nucleus. I & erlca]: orblLs at "ied motion of electrons in
internal structure. embedded in a sphere of Electrons move randomly in distances from the nucleus. atoms. His work leads to
positive electric charge. the space around the nucleus. the electron cloud model.

1800 1805 1895 1900 1905 1910 1915 1920 1925 1930 1935 1940 1945
I
1924 Frenchman Louis 1932 James
1904 Hantaro Nagaoka, a de Broglie proposes that Chadwick, a British
Japanese physicist, suggests moving particles like electrons physicist, confirms the
that an atom has a central have some properties of waves. existence of neutrons,
nucleus. Electrons move in Within a few years evidence is which have no charge.
orbits like the rings around Saturn. collected to support his idea. Atomic nuclei contain
neutrons and positively
charged protons.
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