Chapter 7: Ordinary Differential Equations

7.5 Exercises
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7.5.7 A quantum mechanical analysis of the Stark effect (parabolic coordinates) leads to the differential

equation
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Here ais a constant, E is the total energy, and F'is a constant such that F'z is the potential energy added to
the system by the introduction of an electric field.

Using the larger root of the indicial equation, develop a power-series solution about £ = 0. Evaluate the first
three coefficients in terms of ag.
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applying our series solution of the form: Z;io aj£8+j. We have,

d*u  du m? 9
@ tEt (E““w—g‘z“) (4)
00 2
0= ay(s +9)(s 7~ DE + D ayls + ) + < BE+a— o - —F£2) 2wt
Jj=0 =0

we can simplify this as follows,
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Our indicial equation is given as,
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the solutions are s = j:%

The remaining terms can be simplified as follows,
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And combining like power coefficients, first for £&* we have,
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So our first coefficient a; = —ag —5. For the coefficient of &+ we have,
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Hence for our third coefficient we have,

r [2(m + 2(;(m ) 4(mE—|— 2)] (27)

Our solution with the first three coefficients in terms of a is given:
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Note that the perturbation F' does not appear until as is included.

7.5.8 For the special case of no azimuthal dependence, the quantum mechanical analysis of the hydrogen
molecular ion leads to the equation
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Develop a power-series solution for u(n). Evaluate the first three nonvanishing coefficients in terms of ay.
ANS: indicial equation s(s — 1) = 0

Solution:
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