BOHR'S ATOM - (The Hydrogen-Like Atom)

Postul ates:
1 Quantized angular momentum,
(1) mvnrn:nl, n=1,23,..
2
m = mass
v, = linear velocity, n" level
r = radius, n" level
h = Planck's Constant = 6.6260755x10* J-s
2. Electrons move in circular orbits.
3. Electron doesn’t radiate while in orbit.

By balancing the centripetal force (toward the center) , dueto electrostatic attraction (: ze* | rnz) (whereZ =
number of protons and e = electronic charge = 1.60217733 x 10™ C) with the centrifugal force, dueto
acceleration in arotating frame, (away from the center) (: —mv,f / rn) (Notethat mis approximately the mass

of the electron, m. = 9.1093897 x 10 kg, however, one should use the “ reduced mass’, but we will ignore
that at present.) the equation of motion for an electron in orbit can be written as:

ze V2

(2) oo
v
or, rewriting:
e (mass m)
electron
Ze'r, 2
= (V)
m
Substituting from egn. (1) above:
zer, ( nh Y
m m- 2z
Solving for ry:
1 h? , an’ "
(3) r=—|——— |n°=—-, a=0.53x10"°cm=0.53 A (for hydrogen Z =1)
Z\ me*-4r Z
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The energy of the system is given by:

(3 e =325

Finally, substituting for r, from egn. 3 gives:

£ _ Z% (4’ L, 2n'met 1 Z°E
"2 h?n? h> n® n’
47°me’ 18
E =- T 2.179x10 " J =-13.595eV (for hydrogen, Z =1)

For photons (E = hv) associated with transitions (absorption, emission) one looks at the absolute value of the
difference between energy levels of the hydrogen atom:

hvm:Em—En:22|E1|(n—12—$J, (n<m)

or, since YA = vin/C
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17t = Zz@

mn

1 1
)

Rydberg's constant = % =R, =1.0973731x10°cm*

Emission Line Series (Hydrogen Atom, Z = 1)

Lyman m>1ton=1
Balmer m>2 to n=2
Paschen m>3 to n=3
Brackett m>4 to n=4
Pfund m>5to n=5

A sometimes useful relationship:

Ultraviol et

Visible

Infrared

Infrared

Infrared

MA) < 12398/ E(eV)

so for E; = 13.595 eV:

M= 912A =91.2nm

(n<m)

A note on units: The above formulation is done using Gaussian units (cm, g, ) rather than MKS (m, kg, s)
and this impacts the units since the constants for space associated with el ectromagnetic behavior are different.
(These constants, the electric permittivity, €o, and magnetic permeability, po, in vacuum and € and p in a non-
vacuum medium connect to the electric and magnetic fields by Maxwell’ s equations.) In the Gaussian system
€o = 1 and po = 1 giving the potential energy between two point charges as W = (q,p)/r, whilein the MKS
system €, = (1x10)/(4nc?) and po = 4n x 107 giving the potential energy between two point charges as W
=(U4mep) x (quqp)/r. (Chargein the Gaussian system isin statcoulombs and isin coulombs, C, inthe MKS

system — (1 C = Naxe = 3x10° statcoulombs))
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