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Potential Energy in the Hydrogen Atom

To solve this problem, we must specify the potential
energy of the electron. In an atom, the tu(r)
Coulomb force binds the electron to the nucleus.

This problem does not separate in Cartesian
coordinates, because we cannot write I~
U(x,y,z) = U,(x)+U,(y)+U,(z). However, we can U(r)=-
separate the potential in spherical coordinates r
(r,0,0), because:

U(r,0,0) = U(r) + Ug(6) + U,() k=T _9x10° Nm/C?

2
_Kke 0 0
r

Therefore, we will be able to write:

y(r.0.¢)=R(r)0(6)®(¢)

Phys 214



Supplement: Potential Energy in the Hydrogen Atom

Time Independent Schrodinger’s Equation

vy ()= Eu ()

In Cartesian Coordinates:

he [ 0° 0° 0° K€’ ~ ~
{_2m£8x2+6y2+822]_ r }”(r):Ew(r)

In Spherical Coordinates:

2 2 2 2
{ 7 1(arza Ll o, .08 10 )_Ke }u(f)=Ew(f)

— Si +
2mr’\or  or sin@ 06 00 sin® 6 o¢°

"2
This is SEPARABLE! (thankfully!!)
Phys 214



Supplement: Potential Energy in the Hydrogen Atom

In Spherical Coordinates:

[0 0 L 0G0, 1 O ) Ky (r)
omrZ\or or sin@od. 00 sinf@of ) r | v

Let’s separate the r dependence from the 6 and ¢ dependences. Write

I}

w(F)=R(r)Y(6,¢) same
Plug this into TI-SEQ. Divide by RY. Multiply by —2mr?/#?

1d ( ; de 2mr? [ xe’ 11 1 o . oY 1 0%

— r = +E ||=——| ——=—=SIN0—+— =

R dr dr h r Y|sing o6 060 sin“ 6 o¢

\ J \ J
| |

Only depends onr Only depends on 6 and ¢

Therefore each side equals a constant, I(I +1), | mustbe 0, 1, 2, ...
This comes from solving diff eq for Y. S Phys 214



Supplement: Potential Energy in the Hydrogen Atom

1d ( ) dR) 2mr? [ ke’ 1| 1 o6 . oY 1 0%

— r F—— +E||=—=| ——==SIN0—+— =

R dr dr h r Y|sing o6 06 sIn“6 o0¢

\ J \ J
| |

Only depends onr Only depends on 8 and ¢

Therefore each side equals a constant, I(I +1), | mustbe 0, 1, 2, ...
This comes from solving diff eq for Y. M/

e 2o

I

L 0Gne209), L V(04,1 (ag)
sinéd 06 06 sin“6  0¢

Phys 214



Effective radial potential

Verr [eV]

2 2
V., (r)=— A (1 +1)?
Arg,r  2ur

10t

-20
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Radial wave functions R

Radial wave function
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Radial probability density
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Ry [m™]

for increasing n

Radial wave functions R |

Radial wave function
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weor — Angular wave function - Y,
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The Angular Wave Function, Y,.(0,0)

=1 ‘

Length of the
dashed arrow

is the magnitude
of Y,,as a
function of 0.

Lljl o e+i(¢—a)t)

Positive L,

\Pl,_l - e+i(—¢—a)t)

Lecture 18, p 12



The Angular Wave Function, Y,.(0,¢)

| =2

Y, 0| ¢ ‘(3 cos® 0 — 1)‘

Y,.,, csingcosd

oC ei‘¢

o] (0

o pt2if

‘Yz,iz

Lecture 18, p 13



Magnetic moment

current in a loop creates/is Y, (6,4) = sin(6)e**
affected by a magnetic field: ’

i . =Y
[ ¥ ‘:_.-
d)‘ | /2 § ’ 3/2
The loop has a ‘magnetic *

moment’ u = IAR ry—pe
I = current

A = loop area H(4,t)oc €*¢ ot
n = normal to loop = g*i(¢ - ot)
(using RHRule)

~electron current

around the z-axis
U=-H.B=_IU:ZBZ S1L.=h

. . ” I=1 |
= “principal quantum number my=+-1

= “total orbital angular momentum” L=rXxp
= projection of the angular momentum along z-axis Y

x

Lecture 17, p 14
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