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From the biggest to the smallest 
	For centuries, scientists have been pondering the nature of matter. Even if it was impossible for them to see the infinitesimally small, many scientists—including Rutherford—nonetheless designed models to attempt to understand what they could not observe. This activity will help you put into perspective the different orders of magnitude in the matter that makes up our world.


identifying THE RESEARCH SUBJECT
For help in answering questions 1 to 6, read pages 6–7 and 11–13 of your student book.
1.
What is an atom? 
	
	

	
	


2.
According to Rutherford’s atomic model, what are the two particles that make up the atom?

	•
	
	
	•
	


3.
What are the characteristics of the nucleus of an atom?
	
	

	
	


4.
What is the electrical charge of an atom? How can this charge be explained? 

	
	

	
	


5.
What is an atom mainly made up of?
	
	


6.
Give three examples of comparisons to demonstrate the order of magnitude of an atom.
	
	

	
	

	
	

	
	

	
	

	
	


PLANNING your RESEARCH 
7.
Intuitively, how would you rank the items in the list below in descending order of size? Number them from 1 to 13, from the biggest to the smallest.
	Item
	Rank

	
a)
The diameter of a red blood cell
	

	
b) 
The diameter of a hair
	

	
c)
The size of a house mouse
	

	
d)
The length of a DNA molecule
	

	
e)
The size of a man
	

	
f)
The size of a virus
	

	
g)
The height of Mount Everest
	

	
h)
The size of a louse
	

	
i)
The average diameter of the most common atoms
	

	
j)
The length of a blue whale
	

	
k)
The size of a (single-cell) paramecium
	

	
l)
The diameter of the nucleus of an atom
	

	
m)
The size of a bacterium
	


8.
What additional information would  you need in question 7 to ensure that you put the items in the correct order?
	
	


9.
Complete the table below. (See page 13 of the Toolbox.)
Units of length

	Unit of measurement
	Symbol
	Value

	
	km
	

	
	hm
	

	decametre
	dam
	101 m

	metre
	m
	100 m

	
	dm
	10-1 m

	
	cm
	10-2 m

	millimetre
	mm
	10-3 m

	
	µm
	

	
	nm
	

	
	pm
	


CONDUCTING your RESEARCH


10.
Refer to the appendix to this activity to find the value of each of the items listed in question 7. Write the values in the table below. Then, rank the items in descending order.
	Item
	Value
(in the appendix)
	Rank

	
a)
The diameter of a red blood cell
	
	

	
b)
The diameter of a hair
	
	

	
c)
The size of a house mouse
	
	

	
d)
The length of a DNA molecule
	
	

	
e)
The size of a man
	
	

	
f)
The size of a virus
	
	

	
g)
The height of Mount Everest
	
	

	
h)
The size of a louse
	
	

	
i)
The average diameter of the most common atoms
	
	

	
j)
The length of a blue whale
	
	

	
k)
The size of a (single-cell) paramecium
	
	

	
l)
The diameter of the nucleus of an atom
	
	

	
m)
The size of a bacterium
	
	


REFLECTING ON your approach

11.
Is the ranking of the items in question 10 the same as your ranking in question 7? Do the differences surprise you? Explain your answer. 

	
	

	
	

	
	



12.
Compare the size of a bacterium to that of an atom by answering the following questions.

a)
How many times smaller is an atom than a bacterium? Show your calculations.
	
	

	
	

	
	

	
	

	
	



b)
Does the difference in size between an atom and a bacterium surprise you? Explain your answer.
	
	

	
	



13.
Compare the size of an atom to that of its nucleus by answering the following questions.

a)
How many times smaller than a whole atom is the nucleus of an atom? Show your calculations.
	
	

	
	

	
	

	
	



b)
Does the difference in size between an atom and its nucleus surprise you? Explain your answer.
	
	

	
	

	
	



c)
Compare the answer to question 13 a) with the answer to question 12 a). Do the differences in size between an atom, an atomic nucleus and a bacterium surprise you? Explain your answer.
	
	

	
	

	
	



d)
What does the answer to question 13 a) reveal about the space occupied by electrons in an atom compared to the space taken up by all the protons and neutrons in its nucleus?
	
	

	
	

	
	

	
	



e)
Given that the mass of an atom is concentrated almost entirely in its nucleus, how does the answer to question 13 a) show that an atom is mostly made up of empty space?
	
	

	
	

	
	

	
	

	
	


14.
Answer the following questions about the diameters of the most common atoms.

a)
Referring to Appendix 1 of your student book, write the diameter of the following atoms in nanometres.
	
	H:
	
	N:
	

	
	C:
	
	O:
	



b)
Compare these values with those mentioned in the appendix to this activity.
	
	

	
	

	
	

	
	

	
	


Appendix

	orders of magnitude in matter
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Our environment is made up of objects that vary greatly in size, from the very large to the infinitely small. With orders of magnitude, we can represent the size of one object in comparison to the size of another. Let’s consider a few examples.


The animal kingdom abounds in extremes. The largest mammal in the world, the blue whale, is 24 m long. Meanwhile, the house mouse measures an average of 15 cm from the end of its nose to the tip of its tail. In comparison, a paramecium—considered a “large” single-cell organism—measures 150 µm, or 0.000 15 m. Quite a difference from the 24-m stretch of the whale!


The average height of a human is about 1.75 m for a man and 1.64 m for a woman. However, our bodies carry extremely small entities, both inside and out:


One molecule of our DNA, which makes up our genes, measures 2 nm.


The diameter of our red blood cells is approximately 7 µm. 


Given their small size, the bacteria and viruses that attack our immune systems can easily pass through our airways and enter our cells. A bacterium such as E. coli is 5 µm long, and a virus like the common cold virus measures 110 nm.


A louse, which may unfortunately find its way onto a human head, is about 3 mm long.


A hair harbouring that louse is about 0.08 mm in diameter.


Humans have always tried to push limits and conquer their surroundings—by climbing mountains, for example. The highest mountain on Earth, Mount Everest, reaches 8.85 km up into the sky. In spite of its impressive height, the mountain is composed entirely of atoms containing mostly empty space. The most common atoms have a diameter of about 0.1 nm, and the nucleus of an atom has a diameter of approximately 0.001 pm. Everest and its atoms are yet another demonstration of the multitude of extremes existing side by side in our complex world.
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