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Teacher’s Preparatory Guide 

Lesson 1: Introducing the Nanoscale 
Purpose: This activity is designed to familiarize students with size and scale and should be used 
before an activity that introduces nanotechnology. It can be used as an introduction or a review 
of SI units and their corresponding prefixes. 
Level: Middle and high school 
Time required: 30–45 minutes 
Safety Information: None 

Materials per student group: 
• tape measure 
• masking tape 
• pencil 

Guided Dialog:  Show the images included to the class for the following dialog: 
• a bee 
• pollen grains on a bee’s leg       
• a pollen grain         
• pores on pollen 

 
How small is small? It depends on how small you are. A bee is small to us—it’s only about 12 
mm long. You can squish one with the tip of your finger—if you are careful! But a bee is big 
when compared to a pollen grain—thousands of them can be stuck to the leg of a bee!  

A bee is considered to be at the macro- or “large” scale. An individual pollen grain is 
about 30 µm (micrometers) in diameter, and this is at the microscale. This is pretty small, but can 
we think smaller? What about the size of the pore on the pollen grain? Individual pores on the 
surface of this pollen grain are only about 1 µm in diameter. Are we talking small yet? Yes, but 
we are still not at the nanoscale! The nanoscale is a billionth of a meter and is 100 times smaller 
than a pore on a pollen grain. 

How can we express the size and scale of a bee and pollen grain? We can do it using 
scientific notation as seen in the table below (Power of Ten column). But what if you did 
research on the habits of bees and were explaining our results to colleagues?  It might be easier 
to express the magnitude of numbers with words or symbols instead of with scientific notation. 
These words represent powers of ten and are typically applied as prefixes to units of 
measurement. Some common prefixes are below: 
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Metric Prefixes for some Powers of Ten 

Factor Power of ten Prefix Symbol Example 
1 000 000 000 000 1012 tera- T teraherz 

1 000 000 000 109 giga- G gigabyte 
1 000 000 106 mega- M megabyte 

1 000 103 kilo- k kilogram 
100 102 hecto- h hectometer 
10 101 deka- da dekagram 
0.1 10–1 deci- d deciliter 
0.01 10–2 centi- c centimeter 
0.001 10–3 milli- m milliliter 

0.000 001 10–6 micro- μ micrometer 
0.000 000 001 10–9 nano- n nanometer 

0.000 000 000 001 10–12 pico- p picogram 
0.000 000 000 000 001 10–15 femto- f femtosecond 

0.000 000 000 000 000 001 10–18 atto a attomole 

 
Metric Conversions 
The metric unit chosen depends on the size of the object that is being measured. SI (International 
System) units can be converted to another unit by simply moving the decimal in either direction 
to increase or decrease the size of the number (see the Factor column). Then the appropriate 
prefix for the new unit must be given. 
Demonstrate conversions with students using whiteboard/chalkboard  
Example: Convert 1.23 millimeters (mm) to nanometers (nm) 
1.23 mm × 1.0 ×106 nm = 1,230,000 nm or 1.23 × 106 nm 
  1 mm 
Another way to think about it: 
1.23 mm = 1.23 ×10–3 m =  0.00123 m 
 
Change 0.00123 m to nm: 0 001230000. nm 
 
 
Ask students to try these conversions on their own: 

1. What would be the length of your pencil in 
nanometers if it were 18.5 cm long?   1 cm = 1×107 

nm, so 18.5 x 107 nm, or 1.85 x 108 nm 
2. If an ant is 1 cm long, what would be its length in 

nanometers?           1 × 107nm 

 
 

 
 
 

Quick Activity 
Group students into pairs. Ask them 
to measure the height of their partner.  
Ask: How tall are you in cm? In μm? 
In nm? 
Example answer: A 1.8 m tall person 

        
   

Move the decimal to the right 9 times because:  
1m = 1.0 ×109 nm 

Move the decimal over to the left 3 times. 
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Standards Addressed 
NCTM Standards 3–5 
• understand the place-value structure of the base-ten number system and be able to represent 

and compare whole numbers and decimals 
• explore numbers less than 0 by extending the number line and through familiar applications 

NCTM Standards 6–9 
• compare and order fractions, decimals, and percents efficiently and find their approximate 

locations on a number line 
• develop an understanding of large numbers and recognize and appropriately use exponential, 

scientific, and calculator notation 

National Science Education Standards 
Middle School Content Standards 
Standard A : Ability to do scientific inquiry 
Standard B: Properties and changes of properties in matter 
Standard G: Nature of science 
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Lesson 1: Introducing the Nanoscale: Metric Conversion Problems 
 

Student Guide (with answers in red) 
 

Below are some interesting facts that you need to convert into nano units.  
1. The world’s smallest newspaper was made in the country of Brazil. The paper measured 

2.5 × 3.5 cm. What would this be in nanometers?  
 2.5 × 107 nm by 3.5 × 107 nm 

 
2. So you think you think everybody is looking at you! Check this out: 

The tallest person in the world lives in Mongolia. He went through a growth spurt when 
he was a teenager and he is now a total of 2 m 36.1 cm tall. How many nanometers is 
this? 
 2.361 × 109 nm 
 

3. Ever hear of Gene Simmons and the band Kiss? Mr. Simmons was the guy with the habit 
of sticking out his long tongue, (his long, long tongue)! In fact, his tongue is about 8.75 
cm long. How many nanometers would this be? 
 8.75 × 107 nm 
 

4. Want to run with the “Big Dogs”? Well, this big dog is only 13.8 cm tall. He is the 
world’s smallest dog. His name is Danka and he is a long-haired Chihuahua. How tall is 
Danka in nanometers? Woof! 
 1.38 × 108 nm 
 

5. Did you know that the world record for the highest jump by a dog was 167.6 cm! That’s 
almost as tall as the average man! The dog was a greyhound named Cinderella and she 
did it at the Purina Dog Chow Incredible Dog Challenge in 2003. How many nanometers 
did Cinderella jump? 
 1.676 × 109 nm 
 

6. Say what? I didn’t hear you, my ears got in the way! That is because my name is 
Nipper’s Geronimo and I am a rabbit with the world’s longest ears. No joke! This bunny 
from Bakersfield, California, USA has a 79 cm long ear! How many nanometers is this? 
 7.9 × 108 nm 
 

7. This goat has bragging rights! With the world’s longest horns at 132 cm from tip- to-tip, 
Uncle Sam (the goats name), would have a hard time getting through the door. How 
many nanometers is this? 
 1.32 × 109 nm 
 

8. This cell phone is gigantic! As the world’s largest cell phone, it is a whopping  
2.05 × 0.83 × 0.45 meters. Definitely not your typical cell, but what would these 
dimensions be in nanometers? 
 2.05 × 109 nm × 0.83 × 109  nm× 0.45  × 109 nm 
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9. A professional stuntman held his breath for 2 min 38 s—while on fire! This stunt set the 
world record for a full-body burn without oxygen supplies. How many nanoseconds did 
the stuntman hold his breath? 
 1.58 × 1011 ns. 
 

10. Ever hear of the rapper Ricky Brown? This guy can rap 723 syllables in 51.27 s! He set 
this record on his No Clue track at B & G Studios in Seattle, Washington, USA. How 
many nanoseconds was this? 
 5.127 × 1010 ns 
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