Phys 222: Modern Physics Spring 2025

HOMEWORK SET 7: 3-D SCHRODINGER EQUATION I
Due Wednesday, February 12, 2025

PROBLEMS FROM TZDIT!

1) 8.43 The probability of finding an electron in the regionr > ais J.P(r')dr' . What is the prob-

ability that a 1s electron in hydrogen would be found outside the Bohr Radius, ag? (Look Up RisIN TABLE
8.2, FOLLOW INSTRUCTIONS IN THE FOOTNOTE OF THE TABLE TO WRITE THE PROBABILITY DENSITY, P(R), THEN INTEGRATE BY
PARTS. DOES YOUR ANSWER MAKES SENSE? MAKE A PHYSICAL ARGUMENT AS TO WHY IT DOES OR DOES NOT.)

2) 8.47 a) Write down the 8 equation (8.65) for the 2p states P(x,y,z) or (r, 6, ¢)
with m = £1. Show that the solution is ®(0) = sin(B). This means

that the complete wave functions for the 2p states with m = 1

are
. I y
V1.4 =R, (r)sin(6)e™ N
21,41 Rzp( ) ( ) ———\——— X = rsin 0 cos ¢
b) Prove that the sum of these two wave functions is the 2px wave  “x y =rsin 6 sing
function (times an uninteresting factor of 2) and that the differ- FIGURE 8.11

ence is the 2 ction (times 2i). [Hint: Rewrite et as cos(¢) +
nee ! py function (tim ). [Hin wr as cos(¢) The spherical polar coordinates of a

isin(¢) and remember the relations for x and y in terms of r, 6, point P are (r, 6, ¢), where r is the
and ¢ in Fig. 8.11.]. Comment on what this means in a radial poten-  distance OP, 6 is the angle
tial. between OF and the 7 axis, and ¢

is the angle between the x-z plane

and the vertical plane containing
OP.
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! Taylor, Zafiratos, & Dubson, Modern Physics for Scientists and Engineers, 2™ Editon, Pearson, Prentice Hall, 2004



