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Packet Overview 

Date Objective(s) Page 
Number 

Monday, March 30   
Describe line spectra, and review the basic light equations. 

3 

Tuesday, March 31   
Define the Bohr model of the atom. 

6 

Wednesday, April 1   
Review last week’s material.  
 

10 

Thursday, April 2  

Review this week’s material 

 

13 

Friday, April 3   
Test on the wavelength equations, orbitals, and the 
electromagnetic spectrum. 

17 

 

Additional Notes:  

Hi students, 

I still miss you all. 
 
This week is going to be tough. The electron orbitals unit overlaps with the quantum mechanics 
unit, and the readings are more theoretical and less practical in nature. For that reason, there will be 
less calculation and practice problems and more reading and annotation to do for the next two 
days. On Wednesday, you’ll start reviewing for the test Friday and I’d encourage you to spend 
Thursday brushing up on what you find difficult on Wednesday. Send emails to me Wednesday 
(and Thursday). Since there is no class review session, you don’t have the opportunity to ask me 
one-on-one questions in person. Email me. Don’t be confused for long periods. Good luck :) 
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Monday, March 30 
 Chemistry Unit: Electrons and orbitals 
 Lesson 1:  Line Spectra 
 
Unit Overview 
Pure substances, when releasing energy, do not emit all the colors of the rainbow, as most (white) 
lights do. This collection of colors, which is unique for every substance, is called its line spectrum. 
A spectrum of colors that contains all the colors of the rainbow is called a continuous spectrum. 
 
Each type of light (color) has its own unique energy level, which can be calculated using the equation 
E = hν.  
 
An old equation (learned 2-3 weeks ago) allows one to find the wavelength, frequency, or speed of 

light (given two of the variables): 𝜈 =
𝑐

λ
 

 
E = energy 
h = Planck’s constant 
ν = frequency 

λ = wavelength 
c = speed of light 
 
A Question for Lesson 1: Why do glowing, pure substances not emit all the colors of the rainbow? 
 
Objective: Be able to do this by the end of this lesson. 

Use the equations E = hν and 𝜈 =
𝑐

λ
 to find the energy of light colors, given the wavelength (λ) of 

the light it emits. 
 
Introduction to Lesson 1 
 
Line Spectra 
 
What happens when you shine light into a prism? 
 
If you recall the glasses we used before (spring) breaking, you’ll remember that visible light (the 
fluorescents in the ceiling, the sun) contains all the colors of the rainbow. This is true for many 
light sources, especially the ones you’d see walking around campus or downtown.  
 
However, under some circumstances, light is emitted that does not contain all the colors of the 
rainbow1. When you take a sample of Hydrogen gas (H2) and pump it full of energy (by burning it or 
running an electrical charge through it), it emits (to the naked eye) red light. If you were to wear the 
prism glasses from two weeks ago, however, you’d see: 
 

 
1 Chemists refer to this as a “continuous spectrum”—in other words, the rainbow is not “broken up” into just some of 
the colors of the rainbow. 
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[If this packet is black and white, you should see violet, blue-violet, blue-green, and bright red lines] 
 
Now, in past lessons we’ve discussed that the energy possessed by light2 can be expressed by the 
equation: 
 

E = hν 
 

In other words, Energy is equal to Planck’s constant (h) multiplied by the light’s frequency. 
 

Planck’s constant is 6.62607004 × 10-34 J/m 

The light’s frequency should be expressed in 
1

seconds
  (Hz). 

 
 
Take a look at those emission lines. The light lines that appear (and you’d see all four of these in the 
prism glasses, but no other colors) have wavelengths of 410 nm, 434 nm, 486 nm, and 656.2 nm. 
 
 
Remember that to calculate the frequency of light based on its wavelength you can use the equation 
 

𝜈 =
𝑐

λ
 

 
 λ is wavelength. c is the speed of light (3.00 x 108 m/s) 
 
Using the formula above, calculate the energy of each light color above. You’ll have to calculate the 
frequency of the light given the wavelength first. 
 

Red light: λ = 656.2 nm.  ν = _________________ (write units always!!) 
 

E = _________________ (write units always!!) 
 
 

Blue-green light: λ = 486 nm  ν = _________________  
 

E = _________________  

 

 

Blue-violet light: λ = 434 nm ν = _________________  

 
2 (and this includes x-rays, UV rays, gamma rays, radio waves, microwaves, and infrared waves) 
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E = _________________  

 
 

Violet light: λ = 410 nm ν = _________________  
 

E = _________________  
 

 
Now answer these challenging questions. 
 
Which light type is the most energetic? (which has the most energy)  
 
 
Why does the hydrogen only emit light of certain colors (4, specifically)? Why doesn’t it produce 
light of all colors when you pump it up with energy? 
 
 
 
 
 
 
Read and annotate the following selection. 
 
When scientists first detected the line spectrum of hydrogen in the mid-1800s, they were fascinated 
by its simplicity. In 1885 a Swiss schoolteacher named Johann Balmer, and later a man named 
Rydberg, showed that the wavelengths of these four visible lines of hydrogen fit an intriguingly 
simple formula:3 
 

 
 

Easy there. Lambda (λ) means what it usually means (wavelength) and “n1” and “n2” stand for any 
two integers4. RH is a number that just fits. Rydberg tried different numbers and found that 

10,973,731.6 m-1 always works. Since he (and we) didn’t understand exactly why it works, he simply 
wrote it down and included it in the equation. It has to be in there for the equation to work. 
 
So, this equation was designed to describe the four lights that appear when hydrogen is burned.  
Here’s the interesting thing. Plug in 2 and 3 for n1 and n2, then use basic algebra to solve for λ. 
You’ll get 656.2 x 10-9, or 656.2 nm. 
 
Plug in 2 and 4 for n1 and n2, then use basic algebra to solve for λ. You’ll get 486 nm. 
 

 
3 He did this by trial and error, by looking at the data. 
4 i.e. n1 could be 1, while n2 could be 2; or n1 could be 6, while n2 could be 4.  
   n1 and n2 couldn’t be 6.2, because 6.2 isn’t an integer (whole number). 
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Plug in 2 and 5 for n1 and n2, then use basic algebra to solve for λ. You’ll get 434 nm. 
 
And finally, plug in 2 and 6 for n1 and n2, then use basic algebra to solve for λ. You’ll get 410 nm. 
 
This really (relatively) simple equation ties the wavelength of light being emitted to two integer (non-
zero) numbers. For Hydrogen, the four colors emitted by hydrogen atoms being pumped with 
energy correspond to the four pairs: 2 and 3, 2 and 4, 2 and 5, and 2 and 6.  
 
 
What does this mean? We’ll have to wait for tomorrow, but do the closing problems below.  
 
Memorize these definitions below.  
 
Reread your notes and email your teacher quick if you have any questions. 
 
continuous spectrum: the rainbow of colors, containing light of all visible wavelengths. 
line spectrum: a spectrum containing radiation of only specific wavelengths (e.g. the rainbow of 
colors, but with some colors missing). (plural “line spectra”). 
 
 
 
 
 
Closing: 
 

1. Some stars in the sky appear red. Another star appears blue-white. Which star is hotter? 
 

2. Suppose visible light was used to eject electrons from a certain metal surface. Do you think  
this would work if UV light was used? 

 
 

Tuesday, March 31 
 Chemistry Unit: Electrons and orbitals 
 Lesson 2:  Hydrogen electron orbit radii and energy “levels” 
 
Unit Overview 
Bohr postulated three points about electron orbits, which corresponded directly to electron “levels” 
defined in the Rydberg equations as “n” and predicting exactly the energy quantity and wavelength 
of light released or gained when an electron moved from one “n”-level to another. The “n”-levels, 
while somewhat vague, have some basis in reality in predicting how far an atom is from the nucleus 
as well as the energy released or gained (as radiation and/or light) when an electron moves between 
orbit levels. 
  
Objective: Be able to do this by the end of this lesson. 
Describe the importance of the principal quantum number and its effect on wavelength and energy 
level. 
Understand the Bohr model of the atom. 
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Introduction to Lesson 2 
 
What do these numbers mean? If two specific integers can be used in a simple equation to predict 
the fact that Hydrogen will produce red light of wavelength 656.2 nm, and the same can be done for 
the three other wavelengths hydrogen produces when energized, what does that tell us about the 
atom? 
 
Bohr thought it meant three things: 
 

1. Only orbits of certain radii, corresponding to certain definite energies, are permitted for the 
electron (in a hydrogen atom). 

a. An electron in a permitted orbit, will not lose energy and therefor be pulled into the 
nucleus. 

b. As the electron changes from one permitted orbit to another, it will absorb or emit 
energy. 

 
Mark closely what Bohr is saying. Summarize the first point on the next page. 
 
______________________________________________________________________________ 
______________________________________________________________________________ 
______________________________________________________________________________ 
 
 
Check your answer below. 
 
 
 
 
Before you move on: Speculate as to how Bohr’s model explains the fact that hydrogen gas 
emits a line spectrum rather than a continuous spectrum. 
 
______________________________________________________________________________ 
______________________________________________________________________________ 
______________________________________________________________________________ 
______________________________________________________________________________ 
 
Just checking: 
 

1. Would you expect an electron orbiting closer to the nucleus to have less energy or more 
energy than an electron orbiting further from the nucleus? 
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Summary of the first point of Bohr’s model: 

1) In the hydrogen atom, an electron can be orbiting at specific distances, but can’t orbit 
between those distances. For example, it’s permitted to orbit 10, 8, or 3 angstroms away 
from the nucleus, but for some reason it’s impossible for the electron to orbit 7 angstroms 
away from the nucleus. If it did, it would fall into the 8-angstrom orbit or fall back to the 3-
angstrom orbit.  

2) An electron in the 10-angstrom orbit will have a specific amount of energy, while if it fell to 
the 8- or the 3-angstrom orbit it would have two different specific amounts of energy. 

 
 
Continue to read and annotate: 
 
Bohr took the three equations: 
 

E = hν   ,   , and  𝜈 =
𝑐

λ
 

 
 

and rearranged them to form the equation:  
 

E = (-h c RH)(
1

𝑛2
) 

 
to calculate the energy possessed by an electron at different radiuses. Go on, try it yourself. It’s very 
fun, and is totally within your ability5.  
 
What does this long equation mean? Notice those three constants: h (Planck’s constant), c (the speed 
of light), and RH (Rydberg’s constant). n, of course, as usual indicates some integer number (take 
your pick). 
 
Now, things get a bit more solid. “n” refers to some number. It’s the same “n” from the Rydberg 
equation. Try solving this equation, using 1 through 7 for “n”. Don’t calculate it (unless you want 
to)—just set it up. 
 

If n = 1:  E = (-h c RH)(
1

𝑛2
) = -(h c RH)

1

____
  (solve for n2 here) 

 

If n = 2:  E = (-h c RH)(
1

𝑛2
) = -(h c RH)

1

____
 

 

If n = 3:  E = (-h c RH)(
1

𝑛2
) = -(h c RH)

1

____
 

 
5 A general and badly worded but still-helpful hint: use the third equation to solve for lambda, then use the 
first equation to solve for nu (ν), then plug the results into the second equation to relate E to the right half. 
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If n = 4:  E = (-h c RH)(
1

𝑛2
) = -(h c RH)

1

____
 

 

If n = 5:  E = (-h c RH)(
1

𝑛2
) = -(h c RH)

1

____
 

 

If n = 6:  E = (-h c RH)(
1

𝑛2
) = -(h c RH)

1

____
 

 

If n = 7:  E = (-h c RH)(
1

𝑛2
) = -(h c RH)

1

____
 

 
Now, do some brief analysis. Which value for n—1, 2, 3, 4, 5, 6, or 7—has the lowest energy? The 
highest? Remember the negative sign—big negative numbers are smaller than medium negative 
numbers6. 
 
 
Bohr said that these values for n—and you can keep calculating them for n past 6—correspond to 
distance from the nucleus. In other words, as an electron is further from the nucleus, it must have 
more energy (less negative E). However, if n continues to get larger (you can try this by plugging in 
a big number—try 2238093—for n), the energy of the electron becomes infinitesimally small. If, in 
theory, the electron was infinitely far from the nucleus (try plugging in ∞ for n), its energy would be 
zero. 
 
n signifies some kind of energy level for the electron—it corresponds to the electron’s distance 
from the nucleus, and seems to indicate that electrons can only have distinct quantities of energy 
corresponding to whole numbers (e.g. the electron can’t gain 0.1 n worth of energy, but only 1 
whole n of energy at a time). We call it the principal quantum number. 
 
 
Let’s take our heads out of this problem and turn to another. 
 

1. Does the energy of the electron go up or down when it moves from the n=3 level to the 
n=7 level? Therefore, does it emit (release) or absorb (gain) energy? Consider the electron to 
be the system, does it release energy into its surroundings, or does it absorb energy from its 
surroundings? 

 
a. So if an electron moves further away from the nucleus (e.g. from the n=3 to the n=7 

level), it is an (endothermic/exothermic) process (circle one). 
 
 
 
 
 
 

 
6 E.g. -2300 is less than -49. 
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I hope this was fun. Take some time now and write: What have you learned about the structure of 
atoms? About the behavior of electrons around the nucleus?  
 
(Write four sentences. Try to be concise, but all-inclusive) 
 
______________________________________________________________________________ 
______________________________________________________________________________ 
______________________________________________________________________________ 
______________________________________________________________________________ 
 
What do the line spectrum data emitted by Hydrogen atoms have to do with Bohr’s model of the 
atom and the electron? Why does Hydrogen only emit some of the colors of the rainbow, instead of 
all colors like most glowing substances?  
______________________________________________________________________________ 
______________________________________________________________________________ 
______________________________________________________________________________ 
______________________________________________________________________________ 
______________________________________________________________________________ 
 
 

Wednesday, April 1 
 Chemistry Unit: Electrons and orbitals 
 Lesson 3: Review. 
 
Unit Overview:  
You will be reviewing last week’s and this week’s (this unit’s) material.  
 
Lesson 3 Socratic Question: Keep these questions in mind as you study this lesson! 
(At every point) What does this tell me about the atom?  
 
Objective: Be able to do this by the end of this lesson. 
Put asterisks/mark each section that you require further practice in.  
Form questions and/or send an email to Mr. Luke asking for further practice in sections you found 
difficult. 
 
 
Unit: Electron “Orbitals” Study Guide: 
You may use 1) a periodic table and 2) a calculator to answer these questions. Try not to use the 
periodic table with ionization energies, your notes, or any other resource when completing these 
questions. 
 
Fill in the blanks for each element. 
 
Mg 
# of valence electrons:     _______ 
# of electrons it wants to gain/lose (circle one):      _______ 
Charge once it has gained/lost electrons:   _______ 
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N 
# of valence electrons:     _______ 
# of electrons it wants to gain/lose (circle one):      _______ 
Charge once it has gained/lost electrons:   _______ 
 
I 
# of valence electrons:     _______ 
# of electrons it wants to gain/lose (circle one):      _______ 
Charge once it has gained/lost electrons:   _______ 
 
Br 
# of valence electrons:     _______ 
# of electrons it wants to gain/lose (circle one):      _______ 
Charge once it has gained/lost electrons:   _______ 
 
Answer the questions. 
 

1. How many distinct energy levels (“layers”) do electrons fall into? _____ 
 

2. What are the four known orbit shapes that electrons can take within these layers? (simply 
name them) ___________________________ 

 
3. Using the terms “atomic radius” and “atomic mass”, explain why ionization energy decreases 

as you move down a column in the periodic table. 
______________________________________________________________________________
______________________________________________________________________________ 
 
For each element, write its electron configuration, showing the principal quantum number, 
the orbital shape, and the number of electrons each one contains. E.g.: 1s1 shows that the 
atom has an s-shaped orbital with a principal quantum number (n) of 1, and that level is 
holding only 1 

 electron. 
 
Lithium:  ___________________________ 
  electron configuration 
Carbon:  ___________________________ 
  electron configuration 
Fluorine:  ___________________________ 
  electron configuration 
Neon:  ___________________________ 
  electron configuration 
Magnesium:  ___________________________ 
  electron configuration 
Argon:  ___________________________ 
  electron configuration 
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Write the electron configuration for the ion. Remember you have to subtract or add from the 
particular number of electrons that atom has normally. 
 
Al3- : ___________________________ 
      electron configuration 
Li+:  ___________________________ 
      electron configuration 
 
Br-: ___________________________ 
      electron configuration 
 
Kr: ___________________________ 
      electron configuration 
 
Orbital Shapes 
 

Identify each shape by name (s, p, d, or f). Lines and shaded planes are only there to give 

you a sense of the 3D shape. 

 

 ____________ 

____________ 

 

____________ 

____________ 

____________ 

____________ 

____________ 
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____________ 

____________ 

____________ 

____________ 
 
Write the name of the element that corresponds to the electron configuration: 
 
1s22s2   Element: ______________ 
 

[Ne]3s23p1  Element: ______________ 

 
[Ar]3s23p2  Element: ______________ 
 

1s22s22p2  Element: ______________ 

[Kr]5s1   Element: ______________ 

 

[Xe]6s24f145d6  Element: ______________ 

 

[Ar]4s2   Element: ______________ 
 
Write the eléctron configuration for the ions below: 

 

Fe2+  ______________ 

 

Ag+  ______________ 

 

Li+  ______________ 

 

N3-  ______________ 

 

H-  ______________ 
 
 

Thursday, April 1 

 Chemistry Unit: Electrons and orbitals 
 Lesson 4: Review (continued) 
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Unit Overview:  
You will be reviewing last week’s and this week’s (this unit’s) material.  
 
Lesson 3 Socratic Question: Keep these questions in mind as you study this lesson! 
(At every point) What does this tell me about the atom?  
 
Objective: Be able to do this by the end of this lesson. 
Put asterisks/mark each section that you require further practice in.  
Form questions and/or send an email to Mr. Luke asking for further practice in sections you found 
difficult. 
 
 
 
Unit: Electron “Orbitals” Study Guide (part II) 
You may use 1) a periodic table and 2) a calculator to answer these questions. Try not to use the 
periodic table with ionization energies, your notes, or any other resource when completing these 
questions. 
 
Use the equation below 

𝜈 =
𝑐

λ
 

 
to solve for the frequency or wavelength of different types of radiation: 
 

Example #1: What is the frequency of electromagnetic radiation having a wavelength of 210.0 

nm?  

 

Example #2: What is the frequency of violet light having a wavelength of 4000 Å?  

(1 Å = 1.0 x 10-10
 meters) 

 

Example #3: What is the frequency of EMR having a wavelength of 555 nm? (EMR is an 

abbreviation for electromagnetic radiation.)  

 

Example #4: What is the wavelength (in nm) of EMR with a frequency of 4.95 x 1014 s¯1?  

 

Example #5: What is the wavelength (in both cm and Å) of light with a frequency of 6.75 x 1014 

Hz?  
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https://www. chemteam.info/Electrons/LightEqu ations1.html 

Use the equation below 
 
 

E = hν 
 
to solve for the energy contained of each type of radiation below. 
 

Example #1: What is the energy of electromagnetic radiation having a frequency of 

1427583133.33333 MHz? (remember your SI prefixes—look up what M (Mega) stands for if 

you must). 

 

Example #2: What is the energy of violet light having a frequency of 749481145 MHz? 

 

Example #3: What is the energy of EMR having a frequency of 540166590.990991 

MHz?  

 

Example #4: What is the energy of EMR with a frequency of 4.95 x 1014 s¯1?  

 

Example #5: What is the energy of light with a frequency of 6.75 x 1014 Hz?  

 
 
Summarize the three important points Bohr outlined in his model of the atom.  
 
 
 
 
Re-write or copy onto flashcards all definitions (in bold). Definitions from last packet are found 
below. 
 

Ionization energy: the minimum motive force required to remove a specific electron from 
an atom (thereby making it an ion). 
Periodic trends: patterns you see in the periodic table when looking at the elements’ 
properties or behaviors. 
Orbitals: 3D patterns or shapes the electron’s path takes around the nucleus. They have 
many different known shapes (see diagrams in the packet) and have names like “The 2s 
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orbital”, which tell you what energy level they’re on (e.g. level 2) as well as their possible 
shape (the s orbital is a sphere shape). 

 
 
Calculate answers to the questions below, using the Rydberg equation and the given values 
for n. 
 
In a hydrogen atom, how much energy does an electron emit when it falls from the n=7 to the n=3 
orbital? 
 
 
 
 
In a hydrogen atom, how much energy does an electron need in order to rise from the n=3 to the 
n=7 orbital? 
 
 
 
 
Is the n=7 orbital further from the nucleus or closer to the nucleus than the n=3 orbital? 
 
 
 
 
 
 
Answer the questions below. 
 
What orbital shapes (s, p, d, etc) does the n=3 level contain? How many of each orbital shape does 
it hold? 
 
 
 
How many electrons can each orbital shape contain? 
 s 
 p 
 d 
 f 
 
 
How many total electrons can the n=4 level hold? Helpful hint: pick the noble gas that has all the 
4-level orbital shapes in it and write its electron configuration. 
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What is the significance of the variable “n” in the Rydberg equation? What information does it tell 
us about the electron in a hydrogen atom?  
 
 
 

What is the significance of the fact that “n” is an integer, and never a mixed number like 6.2, 
4.63, etc? 

Some final notes.  
 
This is part of a developing unit on quantum mechanics. The line spectra of hydrogen, the equations 
for the energy, wavelength, frequency, and speed of light, and the new equations we’ve discussed 
this week form the basis of what is known as “quantum theory”. At its heart lies the theory that 
energy is quantized, energy is discrete—it exists in “atoms” of energy, if you will, certain indivisible 
units of energy that cannot be split. Yet how much energy is that? We don’t know—it seems to vary, 
depending on the wavelength/frequency of the energy in question. 
 
It really seems that “n” is a funny variable. It corresponds directly to distance from the nucleus (n=3 
means that the electron is further from the nucleus than with n=2). It corresponds directly with the 
amount of energy an electron has (n=3 means that electron has more energy than with n=2). 
However, the variable has no units—its units are not distance! Nor are they Joules. We’ve simply 
found that energy of an electron and distance from the electron are linked to whole-number—
integer—increases and decreases. That seems to be its significance. 
 
 
 
 

Friday, April 3 
  
Chemistry Unit: Electrons and orbitals: Test 
 
 
Before turning to the next page, clear your work space. Take out a calculator and a pencil. 
 
Do not use the periodic table with ionization energies, your notes, or any other resource 
when completing these questions. Remember, this is a test, and should be treated as such. Good 
luck! 
 
 
When you are ready, tear out the next two pages and begin. A fresh periodic table is provided for 
you, as well as an answer sheet.  
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Name: __________________ 
Answer Sheet 

 
For #1-10: if you do not put units on your answer, you may lose full credit for that question. 
 

1 _____________  21 ____ 
2 _____________  22 ____ 
3 _____________  23 ____ 
4 _____________  24 ____ 
5 _____________  25 ____ 
6 _____________  26 _____________ 
7 _____________  27 _____________ 
8 _____________  28 _____________ 
9 _____________  29 _____________ 
10 ____________  30 _____________ 
Challenge: ______  31 _____________ 
11 ____   32 _____________ 
12 ____   33 ____ 
13 ____   34 ____ 
14 ____   35 ____ 
15 ____   36 ____ 
16 ____   37 ____ 
17 ____   38 ____ 
18 ____   39 ____ 
19 ____    
20 ____    
 
40. What do the line spectrum data emitted by a Helium atom have to do with Bohr’s model of the 
atom and the electron? Why is Helium only emitting some of the colors of the rainbow, instead of 
all colors like most glowing substances? Use the terms electrons, energy levels, and orbitals in your 
answer. 
______________________________________________________________________________ 
______________________________________________________________________________ 
______________________________________________________________________________ 
______________________________________________________________________________ 
______________________________________________________________________________ 
______________________________________________________________________________ 
 
41. What is the significance of the variable “n” in the Rydberg equation? What information does it 
tell us about the electron in a hydrogen atom?  
 
______________________________________________________________________________ 
______________________________________________________________________________ 
______________________________________________________________________________ 
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Test:  
Line Spectra, Bohr’s Model, and Electron Orbitals 

 
What’s nu? 
Answer the questions below. Use this page as scratch paper and show your work. 
 

1. The yellow light given off by a sodium vapor lamp used for public lighting has a wavelength 
of 589 nm. What is the frequency of this radiation? 

 
 
 
 

2. A certain microwave has a wavelength of 0.032 meters. Calculate the frequency of this 
microwave. 

 
 
 
 

3. A radio station broadcasts at a frequency of 590 KHz. What is the wavelength of the radio 
waves? 

 
 
 
 

4. Microwave ovens emit microwave energy with a wavelength of 12.9 cm. What is the energy 
of exactly one photon of this microwave radiation? 

 
 
 
 

5. Calculate the energy of one photon of yellow light that has a wavelength of 589nm.  
 
 
 
 
 
Energy and Frequency 
Answer the questions below. Use this page as scratch paper and show your work 
 

6. A hypothetical wave has 6.6 J of energy. What is its frequency? 
 
 
 
 

7. UVA penetrates more deeply into the skin, but UVB more readily causes sunburn. These 
UVB photon travel with a frequency of about 1.0 x 1015. How much more energy do they 
carry?  
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8. The wavelength of a doctor’s x-ray is only 0.01 nm. Calculate its frequency. 
 
 
 
 

9. A certain electromagnetic wave has a wavelength of 625 nm. What is the energy of the wave? 
 
 
 
 

10. The blue color of the sky results from the scattering of sunlight by air molecules. The blue 
light has a frequency of about 7.5 x 1014 Hz. 

 
 
 
 

Challenge (Bonus) 
Come back to this problem when you finish the test. 

 
A student removes the spinning plate from his microwave oven. He places a chocolate bar inside 
on a paper plate and zaps it for 10 seconds. Removing the candy, he sees two melted spots 
approximately 6cm apart. The microwave says on the back that it operates at 24.5 GHz. 
Considering that the speed of light in air is very close to the speed of light in a vacuum, he 
calculates the wavelength of a microwave. 
 
 

 
Orbital Shapes 
Answer the questions below. 
 

11. The s orbital shape can hold 
a. 2 electrons 
b. 6 electrons 
c. 10 electrons 
d. 14 electrons 

 
12. The d orbital shape can hold 

a. 2 electrons 
b. 6 electrons 
c. 10 electrons 
d. 14 electrons 

 
13. The p orbital shape can hold 

a. 2 electrons 
b. 6 electrons 
c. 10 electrons 
d. 14 electrons 
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14. The f orbital shape can hold 
a. 2 electrons 
b. 6 electrons 
c. 10 electrons 
d. 14 electrons 

 
15. Is the n=6 orbital further from the nucleus or closer to the nucleus than the n=5 orbital? 

a. Farther 
b. Closer 

 
16. What orbital shapes (s, p, d, etc) does the n=2 level contain? How many of each orbital 

shape does it hold? 
a. 1s22s22p6 
b. 1s22s22p63s23p6 
c. 1s22s22p63s23p63d104s24p6 

d. 1s22s22p63s23p63d104s24p64d¹⁰ 5s² 5p⁶ 
 

17. What orbital shapes (s, p, d, etc) does the n=4 level contain? How many of each orbital 
shape does it hold? 

a. 1s22s22p6 
b. 1s22s22p63s23p6 
c. 1s22s22p63s23p63d104s24p6 

d. 1s22s22p63s23p63d104s24p64d¹⁰ 5s² 5p⁶4f14 5d10 6s2 6p6 
 

18. What orbital shapes (s, p, d, etc) does the n=5 level contain? How many of each orbital 
shape does it hold? 

a. 1s22s22p63s23p6 
b. 1s22s22p63s23p63d104s24p6 

c. 1s22s22p63s23p63d104s24p64d¹⁰ 5s² 5p⁶ 

d. 1s22s22p63s23p63d104s24p64d¹⁰ 5s² 5p⁶4f14 5d10 6s2 6p6 
 
 
True or False: The Bohr Model 
Write “T” or “F” on the answer sheet. 
 

19. A hydrogen atom’s electron can only be found at certain specific distances from the nucleus. 
 
 

20. A hydrogen atom’s electron can be found at any distance from the nucleus, so long as it is 
not outside of the pull of its proton. 
 

21. An electron orbiting the hydrogen nucleus will naturally lose energy and be pulled into the 
nucleus, unless it is at a specific “allowed” distance from the nucleus. 
 
 

22. An electron in a hydrogen atom, when it moves closer to the nucleus, must be losing energy. 
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23. An electron in a hydrogen atom, when it moves away from the nucleus, must be gaining 
energy. 
 
 

24. When an electron in a hydrogen atom loses energy and moves closer to the nucleus, it emits 
energy. 
 

25. One can move a hydrogen atom’s electron further away from the nucleus by pumping 
energy into it (heat, electricity, etc). 
 

 
Electron Configurations 
Write the electron configuration for each atom below on the answer sheet. 
 

26. N3-  
 

27. C 
 

28. Ar 
 

29. Cl 
 

 
Identify the element, based on its electron configuration. 
 

30. [Ne]3s23p1   
 

31. 1s22s22p2   
 

32. [Ar]3s23p2   
 

 

Identify the orbital shape.  
Write “s”, “p”, “d”, or “f” on the answer sheet. 
 

33.   

 

34.  
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35.  

36.  

 

37.  

 
 

38.  

 

39.  
 

 

Written Answers 
Answer the questions below, using full sentences.  
 
 

 
 

The line spectrum for a helium atom, emitted upon heating. 
 

40. What do the line spectrum data emitted by a Helium atom have to do with Bohr’s model of 
the atom and the electron? Why is Helium only emitting some of the colors of the rainbow, 
instead of all colors like most glowing substances? Use the terms electrons, energy levels, and 
orbitals in your answer. 

 
WRITE YOUR ANSWER ON THE ANSWER SHEET. 

 
Turn to the next page. 
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41. What is the significance of the variable “n” in the Rydberg equation? What information does 
it tell us about the electron in a hydrogen atom?  

 
 

WRITE YOUR ANSWER ON THE ANSWER SHEET 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


