
Week 3 Orbitals, Atoms, and Waves  
 
1. Which of the waves below are standing waves?  How many nodes do the standing waves 

have? 
 A      B 

 
  C     D 

 
2. Draw the nodes in the first five modes for a squuare drum: 

Which modes are degenerate? 

 

3. Which of these modes is degenerate 
4. Draw the nodes in the first six modes of a round drum, indicate the number of radial and 

angular nodes for each: 

 
5. For H atom orbitals fill in the table below: 

 
orbital n l radial nodes angular nodes total nodes 
1s      
2s      
6f      
3s      
2p      
8g      
3p      
3d      
 
6. Fill in the table below. 
Total node radial 

nodes 
angular 
nodes 

n l designation  

4 2 2 5 2 5d  
 8  12    



 1  2    
  2 4    
 4  7    
8 3      
5  1     
 3 2     
     12p  
   3 2   
   7 4   
   5 1   
 
7. Draw Ψ vs r;    Ψ2 vs r;   and    r2Ψ2 vs r      for 1s, 3d, 2p,  3p and 2s orbitals.  
8. Draw the shape of the 3d, 2p, 4p, and 5s orbitals 
9. Compare shapes of 3s, 3p and 3d. 
10. Draw an energy level diagram for orbitals up to n=5. 
11. Penetration:  Put the following orbitals into the order in which they penetrate best: 

2s, 2p 3s, 3p, 3d, 4s 
Draw r2Y2 (on anti nodes) vs. r for the above orbitals and show why you have put them in the 
above order. 

12. Which has lower energy: 
a. 3p or 4s 
b. 4p or 5s 
c. 3d or 4p 
d. 5d or 4f or 5p 

13. State: 
a.  the Pauli exclusion principle 
b. the Aufbau principle 
c. Hund’s rule.  Why is it true? 

14. Show the electron occupation for the following atoms 
B5, C6, N7, O8, F9, Al13, Si14, P15, S16, Ti22, V23, Cr24, Mn25, Fe26, Co27, Ni28, Cu29, Zn30 

15. if the rule for ml was 0, 1, 2, ... l  but the rules for n, l, and ms were the same what are the first 
3 noble gases. Give the ground state and first excited state configurations for: 
C6, N7, O8, F9, 

 
 
 
 



Answers 
1. A yes, B No, C yes, D no 
2.  

 

3.  
4. A and B are degenerate not C 
5. For H atom orbitals fill in the table below: 
orbital n l radial nodes angular nodes total nodes 
1s 1 0 0 0 0 
2s 2 0 1 0 1 
6f 6 3 2 3 5 
3s 3 0 2 0 2 
2p 2 1 0 1 1 
8g 8 4 3 4 7 
3p 3 1 1 1 2 
3d 3 2 0 2 2 
 
6. Fill in the table below. 
Total node radial nodes angular 

nodes 
n l designation 

4 2 2 5 2 5d 
11 8 3 12 3 12f 
1 1 0 2 0 2s 
3 1 2 4 2 4d 
6 4 2 7 2 7d 
8 3 5 9 5 9h 
5 4 1 6 1 6p 
5 3 2 6 2 6d 
11 10 1 12 1 12p 
2 0 2 3 2 3d 
6 2 4 7 4 7g 
4 5 1 5 1 5p 
7. Draw Ψvs r;    Ψ2 vs r;   and    r2R2 vs r      for 1s, 3d, 2p,  3p and 2s orbitals.   

See H radial plots handout look at http://winter.group.shef.ac.uk/orbitron/admin/references.html 
http://www.uky.edu/~holler/html/orbitals_2.html 
http://www.orbitals.com/orb/ 
http://www.orbitals.com/orb/orbtable.htm 

8. Draw the shape of the 3d, 2p, 4p, and 5s orbitals. 
See handout H orbital pictures. 
 Download the program Orbital viewer from http://www.orbitals.com/orb/. 
look at http://winter.group.shef.ac.uk/orbitron/admin/references.html 
http://www.uky.edu/~holler/html/orbitals_2.html,  http://www.orbitals.com/orb/,  
http://www.orbitals.com/orb/orbtable.htm 

9. Compare the shape and energy (both single electron and multi-electron atom) for a 3p and 4d 
orbital. 

10. Draw an energy level diagram for orbitals up to n=5. 
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11. Penetration:  Put the following orbitals into the order in which they penetrate best: 

2s, 2p 3s, 3p, 3d, 4s   order (2s 2p 3s 3p 4s 3d) 
Draw r2Y2 (on anti nodes) vs. r for the above orbitals and show why you have put them in the 
above order. 

12. Which has lower energy: 
a. 3p or 4s  3p 
b. 4p or 5s   4p 
c. 3d or 4p 3d 
d. 5d or 4f or 5p  5p 

13. State: 
a.  the Pauli exclusion principle No two electrons can have same 4 quantum 

numbers 
b. the Aufbau principle  Electrons go into the lowest energy orbital available 
c. Hund’s rule.  When two states are possible that only differ by electron spin the 

state with the highest spin is lowest in energy. Why is it true? occup different 
regions of space so their interaction energy is lower. 

14. Show the electron occupation for the following atoms and the number of unpaired spins () 
B5, 1s22s23p1  C6, 1s22s23p2   (2 unpaired spins) N7  1s22s23p3, (three unpaired spins) 
O8, 22s23p4 (2 unpaired) F9,  1s22s23p5 , (one upaired) Al13 1s22s23p63s23p1 (one upaired) 
Si14, 1s22s23p63s23p2 -(0)  P15, 1s22s23p63s23p3 (3)  S16, 1s22s23p63s23p4 (2)  Ti22, 
1s22s23p63s23p64s23d2  (2) 
Fe26, 1s22s23p63s23p64s23d6 (4)  Cu29, 1s22s23p63s23p64s23d9  (1) 

 
15. if the rule for ml was 0, 1, 2, ... l  but the rules for n, l, and ms were the same what are the first 

4 noble gases. He, (N=2), O (N=0), Si (N=14), Fe (N=26) 
a. Give the ground state and first excited state configurations for: 

C6, 1s2 2s2 2p2  (2 unpaired) 1s2 2s2 2p2 (0 unpaired) 
b. N7, 1s2 2s2 2p3 (1 unpaired) 1s2 2s2 2p23s1 (1 unpaired but 2 electrons in their 

own orbitals) 
c. O8, 1s2 2s2 2p4, (0 unpaired) 1s2 2s2 2p33s1(2 unpaired) 
d. F9, 1s2 2s2 2p43s1,( 1 unparied)  1s2 2s2 2p33s2 (1 unpaired but 3 electrons in 

their own orbital). 


