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This is an acceptable wavefunction. Ignore the incorrect statement within the box.



2.  
function finite? continu

ous? 
first 
derivative 
continuous? 

single-
valued? 

quadratically 
integrable? 

u = x, x ≥ 0, and 
u = 0 otherwise 

not for 
x=+∞  

yes not at x=0 yes no 

u = x2 
 

not for 
x=±∞ 

yes yes yes no 

u = e−|x| yes yes not at x=0 yes yes 
u = e−x  
 

not for  
x=-∞ 

yes yes yes no 

u = cos(x) 
 

yes yes yes yes yes 

u = sin( |x| ) 
 

yes yes not at x=0 yes yes 

u = exp[-x2] 
 

yes yes yes yes yes 

u = 1-x2,  
-1 ≤ x ≤ +1, 
 u = 0 otherwise 
 

yes yes not at x=±1 yes yes 

 

















4. Ψ(r) = N exp[-r/a0], find N 
Normalization: ∫Ψ*Ψdτ = 1  
∫ ∫ ∫ N2 exp[-2r/a0] r2dr sinθdθ dϕ  
Integrating over  dϕ  gives ϕ |02π  gives 2π.   
Integrating over sinθdθ   gives -cosθ |0π gives 2. 
Finally integrating over r: 4π ∫0∞ N2 exp[-2r/a0] r2dr =1 
Given ∫0∞xnexp[-ax]dx = n!/an+1with n=2, a= 2/a0 gives 4π N2 2! (2/a0)-3 = 1 

N2 = 1/ π a0
3    N =  [π a0

3] - ½  

Therefore the normalized function is  Ψ = [π a0
3] - ½ exp[-r/a0] 

 
The probability of finding the electron within a volume of magnitude dτ is  
Ψ*Ψ dτ.  The probability of finding the electron inside a small volume of 
magnitude 1.0 pm3 located at the nucleus  is  [π a0

3] - ½ exp[-0/a0] 1.0 pm3 

1 pm = 10-10 cm 

[π (0.529x10-8)3] - ½  10-30 = π - ½  10-18 /0.5293/2 = 1.466 x 10-18

 
The probability of finding the electron inside a small volume of magnitude 1.0 pm3 
located at a distance a0 from the nucleus is 
 [π (0.529x10-8)3] - ½  exp[-2] 10-30 = 0.20 x 10-18

 
5. (a) V = -Ze2/r1 + -Ze2/r2 + e2/r12 
    (b) Lz = xpy  - ypx = x (h/i)∂/∂y - y (h/i)∂/∂x 
    (c) V = -qr•E = -qz E z 
    (d) T =  -(h2/2me) {∂2/∂x1

2 + ∂2/∂y1
2 + ∂2/∂z1

2 + ∂2/∂x2
2 + ∂2/∂y2

2 + ∂2/∂z2
2 }   

    (e) Be+3 ion has Z=4 and one electron.   
           H =  -(h2/2me) {∂2/∂xe

2 + ∂2/∂ye
2 + ∂2/∂ze

2 }   -(h2/2Mn) {∂2/∂xn
2 + ∂2/∂yn

2   

                                                                                                                                                + ∂2/∂zn
2 } -Ze2/ren

 
6. (a) -(h2/2M) {∂2/∂x1

2 + ∂2/∂y1
2 + ∂2/∂z1

2 + ∂2/∂x2
2 + ∂2/∂y2

2 + ∂2/∂z2
2+ ∂2/∂x3

2  

                  + ∂2/∂y3
2 + ∂2/∂z3

2+ ∂2/∂x4
2 + ∂2/∂y4

2 + ∂2/∂z4
2 } Ψ(x1,y1,z1, x2,y2,z2,  

                x3,y3,z3, x4,y4,z4) = E Ψ(x1,y1,z1, x2,y2,z2, x3,y3,z3, x4,y4,z4) 
     (b) He atom has a nucleus of charge 2e and two electrons 
 {-(h2/2m) [∂2/∂x1

2 + ∂2/∂y1
2 + ∂2/∂z1

2 +∂2/∂x2
2 + ∂2/∂y2

2 + ∂2/∂z2
2 ]    

 -(h2/2Mn) [∂2/∂xn
2 + ∂2/∂yn

2  + ∂2/∂zn
2 ]  -2e2/r1n  -2e2/r2n }Ψ(x1,y1,z1,  

 x2,y2,z2, xn,yn,zn) = E Ψ(x1,y1,z1, x2,y2,z2, xn,yn,zn) 
      (c) { -(h2/2me) [∂2/∂xe

2 + ∂2/∂ye
2 + ∂2/∂ze

2 ] -(h2/2Mn) [∂2/∂xn
2 + ∂2/∂yn

2  + ∂2/∂zn
2 ] 

  - e2/ren  -e zn E z  +e ze E z} Ψ(xe,ye,ze, xn,yn,zn) = E Ψ(xe,ye,ze, xn,yn,zn) 



      (d) { -(h2/2me) [∂2/∂x1
2 + ∂2/∂y1

2 + ∂2/∂z1
2 +∂2/∂x2

2 + ∂2/∂y2
2 + ∂2/∂z2

2]  
 -(h2/2MH)[∂2/∂xH

2 + ∂2/∂yH
2  + ∂2/∂zH

2 ] -(h2/2MD) [∂2/∂xD
2 + ∂2/∂yD

2  + ∂2/∂zD
2 ] 

  - e2/r1H  - e2/r2H - e2/r1D - e2/r2D } Ψ(x1,y1,z1, x2,y2,z2, xH,yH,zH, xD,yD,zD)  
 = E Ψ(x1,y1,z1, x2,y2,z2, xH,yH,zH, xD,yD,zD) 
 
 
 
 
 
 
 
 
 
 
 
 




