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Regents Biology Laboratory Investigation

MEASURING WITH THE MICROSCOPE
Background Information

Microscopes allow us to peer into a world that is magnitudes of order smaller than our own.  Using the ‘scope, we can become privy to the lives of single-celled organisms, or learn more about the construction of our own tissues.  However, by the very nature of the instrument, ‘scopes cause us to loose a sense of the actual size of a specimen.  They beautifully magnify the slide, but give us no clue as to how big the item in question might actually be.  Since it would be impossible to measure an amoeba or something similar using a conventional ruler, we are forced to compare the size of the specimen to something whose size we already know.  The diameter of the area seen through your microscope – known as the field of view – is a convenient, consistent, and accurate measurement to use as a comparison.


As you well know, the metric system is the standard measurement system in science, and in most of the civilized world.  Indeed, the metric system is the wave of the future, so get on your surfboard and get with the program.  There are a few specific measurements with which you must be familiar to complete this lab:

1. 1 meter (m) = 1,000 millimeters (mm)

2. 1 millimeter (mm) = 1,000 micrometers (µm)  N.B. – the symbol for micrometers uses the greek letter mu, which looks like a “u” with a tail on the left side.

It is easy and fun to convert from one metric unit to the next, because the system is based on powers of ten.  To convert a measurement in millimeters to micrometers, simply multiply by 1,000, because there are 1,000 micrometers in each millimeter.  This has the effect of moving the decimal point three places to the right.  Conversely, to convert from the smaller unit (µm) to the larger unit (mm), simply divide by 1,000, which has the effect of moving the decimal place three places to the left.  

You may also find it easy to use scientific notation to understand this concept.  Recall that anything raised to the 0 power is 1.  So we start with the main unit of length in the metric system, the meter, as 100.  Then, decameters, or ten meters, would be 101, and so on.  See the number line in figure 1.  Whichever method you choose to use to convert one metric unit to another, remember this one simple fact:  If you are converting a larger unit to a smaller unit, you should end up with more at the end, and if you are converting a smaller unit to a larger unit, you should end up with less.  After all, there are more small units in one large unit, and one large unit can contain many small units.  
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Figure 1.  Selected metric units and their relationships.

We can see, then, that a micrometer is 106 times smaller than a meter, or 103 times smaller than a millimeter.  This means that a micrometer is 1,000,000 times smaller than a meter, and that 1,000,000 micrometers fit into one meter.


There are many other prefixes, some smaller and some larger.  A million meters (106) is called a megameter, while a billion (109) meters would be a gigameter (pronounced with either a hard or soft initial “g”).  A gigabyte, therefore, is one billion bytes.  A septillion meters (1024; a one with 24 zeros) is known as a yottameter.


On the smaller side, one billionth of a meter (10-9) is a nanometer, while one sextillionth of a meter (10-21; twenty zeros after the decimal point then a 1) is known as zeptometer.  Fun stuff, really, and great conversation starters at any good party.    

Purpose

Whilst it is fun, exciting, and even mildly entertaining to view slides under the microscope, it is often useful to know how big a particular specimen is.  You cannot simply place a ruler next to things on a slide, so you will learn a roundabout way of measuring what you see, and you will become familiar with the concept of field of view.

Materials


Microscope
Clear ruler


PENCIL
Calculator


Prepared slides
Procedure
1.  Obtain a clear plastic ruler, and locate the millimeter marks on it.

2.  Place the ruler on the stage of your ‘scope, and focus on low power.

3.  Put one millimeter mark at the extreme left side of your field of view, as shown in figure 1.

4.  On such a small scale, even the thickness of the lines on the ruler can become confusing and difficult to deal with.  A millimeter is the distance from the middle of one line to the middle of the next.  Estimate your field of view to the nearest tenth of a millimeter.  This means that you will have to guess if your field of view is three “and a little bit.”
QUESTION 1:  What is the width of your field of view, in millimeters, under low power?

QUESTION 2:  What is this measurement in micrometers?  Show your calculations.


It would be very difficult, if not impossible, to measure the field of view under high power using this technique.  The magnification would be so great that no more than one line on the ruler would be visible at one time, and lighting and focusing the ruler would be very difficult.  Luckily for us sciencey-types, there are some mathy-types who have figured out a rather nice formula for us, relating the field of view and the magnification.  


We already know the low power field diameter (in micrometers), and we know both of the magnifications, so we can simply solve for the high power field diameter by cross-multiplying and then dividing.  

QUESTION 3:  Re-write the formula below, substitute in the values that you know, and then solve for the high power field diameter.  Show all your work, and give your answer in micrometers.

5.  Remove the ruler from the stage, and focus on a cross-section of a stem under low power.

6.  It would be difficult to measure the diameter of one cell, but, using what we know about microscopes, we can suss out the measurement fairly accurately.  What you need to do is find out how many cells fit across the field of view, and then divide the number of cells that you counted by the field of view

QUESTION 4:  How many cells fit across the diameter of your field of view under low power?

QUESTION 5:  Divide the diameter of the low power field of view by the number of cells that fit across it.  Show your work below, and report your answer in micrometers.

7.  Using the same slide, switch to high power.  You will now do the same calculation as in question 5, but using the high power field of view.

QUESTION 6:  How many cells fit across the diameter of your field of view under high power?

QUESTION 7:  Divide the diameter of the high power field of view by the number of cells that fit across it.  Show your work below, and report your answer in micrometers.

QUESTION 8:  You used the same slide, and the same cells for questions 5 and 7.  However, your answer may have been different.  Were your answers different?  If so, did the cells on the slide actually change size?  What might have caused the difference?

8.  Remove the stem slide from your ‘scope, and obtain a slide of a paramecium.  

QUESTION 9:  Using the technique described above, determine the size of the paramecium.  Show your work below, and report your answer in micrometers.

Analysis
1.  Compare the measurements that you calculated for questions 5 and 7.  Although you used the same cells to make the measurements, the measurements may have differed.  Why do you think this is?

2.  If Baron Jameson St. Claire’s microscope has an eyepiece with a magnification of 10x, a low-power objective with a magnification of 10x, a high-power objective with a magnification of 40x, and a low-power field of view diameter of 1,600 micrometers, what is the diameter of the high-power field of view, in micrometers?  Show your work in the space below.

3.  How many micrometers are there in one millimeter?

4.  There is a unit of measurement called the nanometer (nm), which is 1,000 times smaller than a micrometer.  How many nanometers are there in one micrometer?

5.  Name two things that you would change in this lab if you had the chance.
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Figure 1.  Ruler under low power
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