
Circle the letter of the best answer to each question below. 

1. The prefix nano- means 

a. ''tiny." 

b. "microscopic." 

c. "billionth." 

d. "robotic." 

2. How wide is an atom? 

a. less than one nanometer 

b. several nanometers 

c. thousands of nanometers 

d. one millimeter 

3. Which of the following statements is true? 

a. All computer microchips are built at the nanoscale. 

b. All computer microchips are larger than the nanoscale. 

c. Most computer microchips are built at the nanoscale. 

d. A few computer microchips are built at the nanoscale. 

Write your answers on the lines below. 

4. Briefly describe the top-down method used in nanotechnology. 

5. Now, briefly describe the bottom-up method. 

6. During the Industrial Revolution 200 years ago, steam power, machines, and factories were 
introduced and changed the world dramatically. Some scientists think nanotechnology could have 
the same effect. What do you think? 



Lesson 5.9 
nan1>robots: robots 
that are built and 
operated at the 
molecular level 

nanotechnology: the 
science of controlling 
and building materials 
at the atomic or 
molecular level 

nanoscale: a scale of 
measurement that 
ranges from I to l 00 
nanometers 

proteins: substances 
that contain carbon, 
hydrogen, oxygen, 
and nitrogen, and that 
are essential for life 

microchips: tiny 
groups of electrical 
devices on a slice of 
silicon 

film: thin skin or 
membrane 

etched: produced 
lines or patterns on a 
hard surface by eating 
away at the material 

Nanorobots don't 
quite exist yet. 
Scientists are still 
experimenting with 
ways to give energy 
and motion to matter 
built at the nanoscale. 
For now, 
nanotechnology has 
been most successful 
in creating chemicals 
that are used in things 
like sunscreens, 
clothing, and paints. 

Building the Future Atom by Atom 
How small is the smallest machine? 

In the last few years, nanorobots have become popular features i~ 
fictional books, films, and cartoons. These tiny devices aren't total science 
fiction, though. Scientists in the field of nanotechnology have found ways 
to create machines at the molecular level. 

The prefix nano- means "billionth." In nanotechnology, the main unit of 
measurement is the nanometer, which is one billionth of a meter. A human 
hair, for example, is about 30,000 nanometers wide. 

Although atoms are only about one-tenth of one nanometer wide, the 
other building blocks of nature fall into the nanoscale, meaning they are 
somewhere between 1 and 100 nanometers in size. This includes the 
individual molecules of proteins, viruses, and many drugs. 

The ability to work at such a small scale is exciting for many scientists. 
Designing new molecules, particles, and even simple machines at the atomic 
level opens up a new world of technologies. For example, tiny human-made 
particles might be able to break up the chemicals in an oil spill. They might 
enter a cell and destroy the molecules of a deadly virus. 

The electron microscope is an important tool for the nanoscientist. The 
beams of electrons that scan objects to magnify them can be used in a 
similar way to move around single atoms and molecules. Electrical charges 
that attract or repel other charges can push or pull atoms into place. Building 
molecules or other matter one atom at a time is known as the bottom-up 
approach in nanotechnology. 

The top-down approach begins with a much bigger piece of matter that is 
carved down. Computer microchips are made this way. They begin as tiny 
squares of silicon covered by a film. The film is etched away until all that 
remains of it are thin pathways running across the silicon chip. These 
pathways carry the electrical current that makes the chip useful. Most chips 
aren't small enough to be measured on the nanoscale, but the top-down 
approach is used to manufacture many other kinds of nanotechnology. 

Nanoscientists hope to produce a nanorobot someday that can make 
copies of itself. What if populations of these tiny machines get out of 
control? Critics say they could upset nature's delicate balance, but 
nanoscientists argue that the reproduction would be carefully controlled. 
What do you think? 


