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Rutherford Scattering Formula

The formula that Rutherford obtained for alpha particle scattering by a thin loil on the
basis of the nuclear model of the atom is

srior NntzZe*
Rulhrz‘fmd N) = : 2: — 4.1)
scattering formula (87reg)r~ KE~ sin(8/2) N(0)

This formula is derived in the Appendix to this chapter. The symbols in Eq. (4.1) have
the following meanings:

N(8) = number of alpha particles per unit area that reach the screen at a
scattering angle of 6
N; = total number of alpha particles that reach the screen
n = number of atoms per unit volume in the foil
Z = atomic number of the [oil atoms
r = distance of the screen from the foil
KE = kinetic energy of the alpha particles -t;y

t = foil thickness ~ %
Zinc sulfide

\, Microscope
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Because N(f) is inversely proportional to sin* (6/2) - o l' "
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4.2 FE 78 Electron Orbits
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Example 4.1

Experiments indicate that 13.6 eV is required to separate a hydrogen atom into a proton and an
electron; that is, its total energy is E = —13.6 eV. Find the orbital radius and velocity of the

electron in a hydrogen atom.

Solution

Since 13.6 eV = 2.2 X 107'®J, from Eq. (4.5)

¢’ (1.6 X 107" ©)?
81eF (87)(8.85 X 107 F/m)( —2.2 X 107" ))

=53X10"m

An atomic radius of this magnitude agrees with estimates made in other ways. The electron’s
velocity can be found from Eq. (4.4):

e 1.6 X 10 7P C
Vé4meomr "V (4m)(8.85 X 1072 F/m)(9.1 X 10! kg)(5.3 X 107! m)
= 22 % 10° mi/s

v

Since v << ¢, we can ignore special relativity when considering the hydrogen atom.
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4.3 [RTF5¢E% Atomic Spectra
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FIGURE 6.15 Apparatus for observing absorption spectra. A light source produces a
continuous range of wavelengths, some of which are absorbed by a gaseous element. The
light is dispersed, as in Figure 6.14. The result is a continuous “rainbow” spectrum, with
dark lines at wavelengths where the light was absorbed by the gas.
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Emission Spectra Examples

-‘:Eﬂge Rarefied gases can also be excited to emit light. This is
done by intense heating, or more commonly by applying
a high voltage to a “discharge tube” containing the gas at

v low pressure.

I—l—"_(,'_".
il

BN 700

The emission spectrum is characteristic of the material and can serve as a
type of “fingerprint” for identification of the gas.



In 1885, Johann Balmer found an empirical equation that
correctly predicted the four visible emission lines of
hydrogen

—H, isred, A =656.3 nm
—Hg is green, A =486.1 nm

—H, is blue, A =434.1 nm
—Hy is violet, A =410.2 nm

1 1 1
]:RH(ZZ _nzj

nis aninteger,n =3, 4, 5,...The spectral lines correspond
to different values of n. R,, is the Rydberg constant,
R, =1.097 373 2 x 107 m-!

A(nm) /* f 486.1 656.3

364.6 410.2 434.1

©2004 Thomson - Brooks/Cole

n>>2 A =4/R,=3.646 x 10" = 364.6 nm
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Rydberg 5 #; R=1.097x10" m' =0.01097 nm"'
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Example 4.2

An electron collides with a hydrogen atom in its ground state and excites it to a state of n
= 3. How much energy was given to the hydrogen atom in this inelastic (KE not conserved)
collision?

Solution

From Eq. (4.15) the energy change of a hydrogen atom that goes from an initial state of quan-
tum number n; to a final state of quantum number ny is

E; E, (l 1)
AE=EFE—E=— —— =E|— — —
J A P

Heren, = 1; n =:3; and E; = —13.6 eV, so

11
AE = —13.6 (—2— - —2) eV =121eV
P 1



Example 4.3

Hydrogen atoms in states of high quantum number have been created in the laboratory and
observed in space. They are called Rydberg atoms. (a) Find the quantum number of the Bohr
orbit in a hydrogen atom whose radius is 0.0100 mm. (b) What is the energy of a hydrogen
atom in this state?

Solution

(a) From Eq. (4.14) with r, = 1.00 X 107 m,

[ 1, 1.00 X 10 m
n= |— = \/ ——— =435
V q, 529X 10 "'m

(b) From Eq. (4.15),

E, —136eV p
E,= — = — = 719X 1075 eV
n (435)°

Rydberg atoms are obviously extremely fragile and are easily ionized, which is why they are
found in nature only in the near-vacuum of space. The spectra of Rydberg atoms range down
to radio frequencies and their existence was established from radio telescope data.
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FIGURE 6.22 Result of Franck-Hertz experiment using mercury vapor.
The current drops at voltages 0f4.9V,9.8 V(=2x49V ), 147V (=3x49V).
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4.7 |5 5% & &) Nuclear Motion
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CHAPTER 4

1. 1.60x 1071°C
3. (a)9.58 X 107 C/kg (b) proton
(c) 2.19 X 10° m/s ~0.01¢
(d) For a speed of 0.01¢ there is no need to use relativity.
5. (b)speed = 2.39 X 10% m/s = 0.795¢ Using p = muv gives
r=0.0769 m and y = 0.00408 m. Using p = ymuv gives
r= 0.1267 m and y = 0.00243 m.
7. mass = 8.418 X 107! g, mg/E = 25.96 X 1071° C,
g=1661% 10712 ¢C
9. 6.00 X 1075 m
11. 656.112 nm, 486.009 nm, 435.937 nm
13. (a)3 (b) no
15. (a) E, = (—13.6 €V) Z2/n® = (—54.4 eV)/n?
(b) 54.4 eV
17. ryer = 0.0265 nm, ry;z+ = 0.0177 nm,
rped+ = 0.0132 nm
19. (a) 1.B9 eV (b) 658 nm (c) 4.56 X 10 Hz
21.  (a) Apax = 1874.606 nm, Ay, = 820.140 nm
(b) E i, = 0.6627 eV, E_ .. = 1.515 eV
23. (a)0.0529nm  (b) 1.99 X 107 kg-m/s
(c) 1.05 X 1073 kg-m?*/s = h (d) 13.6 eV
(e)—272 eV (f) —13.6 €V
25. (a) 1.60 x 10!* Hz (b) For n = 3,
f=244 X 101 Hz. Forn =4, f=1.03 X 10!* Hz.
29. (b)3.23xX10°8%
33. (a)3.1 X 10 P m (b) —18.9 MeV
35. rp-ositr::rnium = Erhj.rdn:rgens Epositrnuium = %Eh!_,rdmgen
39. (a) 49000134 eV (b) 1.31 X 10°m/s = 4.38 X 10~ 3¢
(c) 3.60 m/s (d) 3.68 x 10~ eV
41. A = 634 nm, red
43. (a)— —10°m/s? (b) =1 m



