Maghnifying Cells

. The number of living things in your environment that you
can’t see is much greater than the number that you can see.
Many of the things that you cannot see are only one cell in size.
To see most cells, you need to use a microscope.

Trying to see separate cells in a leaf, like the ones in Figure 12,
is like trying to see individual photos in a photo mosaic picture
that is on the wall across the room. As you walk toward the wall,
- it becomes easier to see the individual photos. When you get
right up to the wall, you can see details of each small photo. A
microscope has one or more lenses that enlarge the image of an
object as though you are walking closer to it. Seen through these
lenses, the leaf appears much closer to you, and you can see the
individual cells that carry on life processes.

Early Microscopes In the late 1500s, the first microscope
was made by a Dutch maker of reading glasses. He put two mag-
nifying glasses together in a tube and got an image that was
larger than the image that was made by either lens alone.

In the mid 1600s, Antonie van Leeuwenhoek, a Dutch fabric
merchant, made a simple microscope with a tiny glass bead for a
lens, as shown in Figure 13. With it, he reported see-
ing things in pond water that no one had ever Imag-
ined. His microscope could magnify up to 270 times.

Another way to say this is that his microscope could

make the image of an object 270 times larger than its

actual size. Today you
would say his lens had a
power of 270X. Early
compound microscopes
were crude by today’s
standards. The lenses
would make an image
larger, but it wasn’t
always sharp or clear.
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As You Read
WW You'll Learn

= Compare the differences between
the compound light microscope
and the electron microscope.

B Summarize the discoveries that
led to the development of the cell
theory.

W Relate the cell theory to modern
biology.

Vocabulary
cell theory

Wéy It’s Important

Humans are like other living things
because they are made of cells.

Figure 12

Individual cells become visible
when a plant leaf is viewed using
a microscope with enough mag-
nifying power.
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Observing Maghnified
Objects

Procedure

1. Look at a newspaper
through the curved side and
through the flat bottom of
an empty, clear glass.

2. Look at the newspaper
through a clear glass bowl
filled with water and then
with a magnifying glass.

Analysis

In your Science Journal, com-
pare how well you can see the
newspaper through each of
the objects.

T,

“ Physics

INTEGRATION

A magnifying glass is a
convex lens. All micro-

SCOpes use one or more
convex lenses. In your
Science Journal, diagram

a convex lens and describe
its shape.
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Modern Microscopes Scientists use a variety of micro-

scopes to study organisms, cells, and cell parts that are too small’

to be seen with the human eye. Depending on how many lenses

a microscope contains, it is called simple or compound. A sim- .

ple microscope is similar to a magnifying glass. It has only one
lens. A microscope’s lens makes an enlarged image of an object
and directs light toward your eye. The change in apparent size
produced by a microscope is called magnification. Microscopes

vary in powers of magnification. Some microscopes can make

images of individual atoms.

The microscope you probably will use to study life science is
a compound light microscope, similar to the one in the Refer-
ence Handbook at the back of this book. The compound light
microscope has two sets of lenses—eyepiece lenses and objective
lenses. The eyepiece lenses are mounted in one or two tubelike
structures. Images of objects viewed through two eyepieces, or
stereomicroscopes, are three-dimensional. Images of objects
viewed through one eyepiece are not. Compound light micro-
scopes usually have two to four movable objective lenses.

Magnification The powers of the eyepiece and objective
lenses determine the total magnifications of a microscope. If the
eyepiece lens has a power of 10X and the objective lens has a
power of 43X, then the total magnification is 430X (10X times
43X). Some compound microscopes, like those in Figure 13,
have more powerful lenses that can magnify an object up to
2,000 times its original size.

Electron Microscopes Things that are too small to be seen
with other microscopes can be viewed with an electron micro-
scope. Instead of using lenses to direct beams of light, an elec-
tron microscope uses a magnetic field in a vacuum to direct
beams of electrons. Some electron microscopes can magnify
images up to one million times. Electron microscope images
must be photographed or electronically produced.

Several kinds of electron microscopes have been invented, as
shown in Figure 13. Scanning electron microscopes (SEM) pro-
duce a realistic, three-dimensional image. Only the surface of
the specimen can be observed using an SEM. Transmission elec-
tron microscopes (TEM) produce a two-dimensional image of a
thinly-sliced specimen. Details of cell parts can be examined
using a TEM. Scanning tunneling microscopes (STM) are able
to show the arrangement of atoms on the surface of a molecule.
A metal probe is placed near the surface of the specimen and
electrons flow from the tip. The hills and valleys of the speci-
men’s surface are mapped.




Development of
the Cell Theory

During the seventeenth cen-
tury, scientists used their new
invention, the microscope, to
explore the newly discovered
microscopic world. They examined
drops of blood, scrapings from
their own teeth, and other small
things. Cells weren’t discovered
until the microscope was
improved. In 1665, Robert Hooke
cut a thin slice of cork and looked

Table 1 The Cell Theory

All organisms are made up An organism can be one
of one or more cells. cell or many cells like
most plants and animals.

The cell is the basic unit of Even in complex organisms,

organization in organisms. the cell is the basic unit of
structure and function.

All cells come from cells. Most cells can divide to form

two new, identical cells.

_

at it under his microscope. To Hooke, the cork seemed to be
made up of empty little boxes, which he named cells.

In the 1830s, Matthias Schleiden used a microscope to study
plant parts. He concluded that all plants are made of cells.
Theodor Schwann, after observing many different animal cells,
concluded that all animals also are made up of cells. Eventually,
they combined their ideas and became convinced that all living

things are made of cells.

Several years later, Rudolf Virchow hypothesized that cells
divide to form new cells. Virchow proposed that every cell came
from a cell that already existed. His observations and conclu-
sions and those of others are summarized in the cell theory, as

described in Table 1.

WILEELTTRGTIS  Who made the conclusion that all animals are

made of cells?

Section g Assessment

2. What is stated in the cell theory?

1. Explain why the invention of the micro- Skill Builder Activities
scope was important in the study of cells.

3. What is the difference between a simple microscope to an electron microscope. For more
and a compound light microscope? help, refer to the Science Skill Handbook.

4. What was Virchow’s contribution to the 7. Solving One-Step Equations Calculate the
cell theory? magnifications of a microscope that has an 8 X

5. Think Critically Why would it be better eyepiece, and 10X and 40X objectives. For
to look at living cells than at dead cells? more help, refer to the Math Skill Handbook.

6. Concept Mapping Using a network tree
concept map, compare a compound light
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