5. Quantum Mechanics (Fall 2003)

A sample of hydrogen atoms in the ground state is placed between the plates of a parallel plate
capacitor. A voltage pulse is applied to the capacitor at { = 0 to produce a homogeneous electric
field, =, between the plates of:
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where 7 is a constant. A long time compared to 7 passes.

(a) To first order, caleulate the fraction of atoms in the 2p (m = 0) state.

(b) To first order, what is the fraction of atoms in the 2s state?

You may find the following helpful. The normalized radial wavefunctions of the hydrogen atom
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where r is the radial coordinate, a is the Bohr radius, and £ = 1 for a hydrogen atom. The first

spherical harmonics are:
Viol0.8) = [ cost0)  ¥isa(0.6) = % sin(0) expleio

a. P('F) (¥ YT whece {\?r]"]’) S{, ———I+<cp+, HHn@)e’""%{f
and HE)=eb=-eEz =-eE % so
(2Zle[W@)ieo) = ~eE e (210|z2) 100)
(210]2] 1007 = [*[TGr R () Yolo,) rcoste) Rolr)Yeols,0) *sin(0) drdlody
- j‘mfﬂjw*ﬁﬂa's’zre—rﬁ:a .r_?? cas(o) rews®) 2" g’r’&ﬁ’-;-,-T 2 sinle) dr Jodd
- If% = a™ Pcosiﬁﬁ'ﬁmfa]de f gﬂa'ﬁ"r;\f"

a0 (U - «3;

Therefore P(]i\aﬂ =| ﬁ, e&ﬁgga)ﬁ e ‘“*JTGH“J

s~
o

A useful integral may be:
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