LAB 2:  CELLS and SCIENTIFIC MEASUREMENTS
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LEARNING OBJECTIVES
Students should be able to :

I. 
The Metric System

1. state and use metric units of measurement for length, temperature, weight, and volume. 
2. convert from English units to System international (metric) units.
II.
Use of the Compound Light Microscope 

3. name and give the function of the basic parts of the compound  microscope.

4. know how to bring an object into focus with the compound light microscope.
5. describe how the slide of the letter e provides information on the inversion of the image in the compound light microscope.
6. calculate the diameter of the field and the total magnification for both low – and high – power lens systems.
7. explain how the slide of colored threads provides information on the depth of field.  
III.
Microscopic Observations

8. identify the three kinds of cells studied in this exercise.  

9. state two differences between onion epidermal cells and human epithelial cells.  

I.  The Metric System
The metric system is the standard system of measurement in the sciences, including biology, chemistry, and physics.  It has tremendous advantages in conversions because all of the conversions, whether for volume, mass (weight), or length, are in units of ten. 
Measuring Procedure: Length

Metric units of length measurement studied in this laboratory include the nanometer (nm), micrometer (mm), centimeter (cm), and meter (m), Table 2.1. 

1.  Obtain a small ruler marked in centimeters and millimeters.  How many centimeters are represented? _______________   One centimeter equals how many millimeters?________________  To express the size of small objects, such as cell contents, biologists use even smaller units of the metric system than those on the ruler.  These units are the micrometer (mm) and the nanometer (nm).  Refer to Table 2.1 to answer the following; 1 m = ____________mm  and 1 nm = ____________ m.  

Therefore, 1 mm = _________________ m   =  ______________ nm. 
2.  Using Table 2.1 complete the following conversions:

1.5 mm    =
________ m

7.5 m      = __________ nm

1.5 cm 
     =
________ nm

100 mm    = __________ km

1,500 m  =   ________ mm

Table 2.1  Metric units of measurement used in biology.





 

	[image: image2.jpg]Figure 2.5 Compound light microscope.
Compound light microscope with binocular head and mechanical stage.
Courtesy of Olympus America, Inc., Precision Instrument Division.




Value (Exponent)
	Length Unit
	Weight unit
	Volume unit
	Relative size

	103
	kilometer (km)
	kilogram (kg)
	kiloliter (kl)
	largest

	102
	hectometer (hm)
	hectogram (hg)
	hectoliter (hl)
	

	100
	meter (m)
	gram (g)
	liter (l)
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	10-2
	centimeter (cm)
	centigram (cg)
	centiliter (cl)
	

	10-3
	millimeter (mm)
	milligram (mg)
	milliliter (ml)
	

	10-6
	micrometer (m)
	microgram (g)
	microliter (l)
	

	10-9
	nanometer (nm)
	nanogram (ng)
	nanoliter (nl)
	smallest


To convert to a larger unit, move the decimal one place to the left for each 101.  Example:  1 cm = 0.01 m (move decimal 2 places because exponent difference between 100 and 10-2 is 2).  To convert to a smaller unit, similarly move the decimal t the right one place for each 101.  Example: 1 cm = 10 mm. 
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3.  Measure the diameter of the circle shown to the nearest millimeter.  This circle is 

_________________mm = ________________ m = ______________ nm.
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APPENDIX

Metric System

Approximate

English-to-Metric
Unit and Abbreviation Metric Equivalent Equivalents Units of Temperature
Length
nanometer (nm) 10 m * T

micrometer (Jm)
millimeter (mm)
centimeter (cm}

meter (i)

kilometer (km)
Weight (mass)
nanogram (ng)
microgram (ug)
miiligram (mg)
gram (g}

kilogram (kg)
metric ton (t)

Volume

microliter (ul)
milliliter (ml)

liter (I)

kiloliter (kl)

= 1,000 liters

10*6 m 230 110
- 220 5=
= 0.001 (107*) m 212°— g,oﬁ {100 —1007
= 0.0l (10 m linch = 2.54cm ' 71

1 foot = 30.5cm
100 (10%) cm 1foot = 0.30m
= 1,000 mm lyard = 091m
= 1,000 (10°) m 1 mi = 1.6km
134° -
107°%¢
10'6 8 1058 — ———
107 ¢
1,000 mg lounce = 283¢g
1 pound = 454 g o — — 70— | g-wz0a°
1,000 (10%) g = 0.45kg .
1,000 kg 1 ton = 0911t
= 10° 1 (10 ml)
1077 liters ltsp = 5ml
= 1cm?® (co) 1floz = 30ml

1,000 mm?

1,000 ml 1pint = 0.47 liters
1 quart 0.95 liters
1 gallon 3.79 liters

]

To convert temperature scales:

i

Fahrenheit to Centigrade °C = § (°F — 32)

°C °F
100 212 Water boils at standard temperature and pressure.
71 160 Flash pasteurization of milk
57 - 134 Highest recorded temperature in the United States, Death Valley, July 10, 1913
41 105.8 Average body temperature of a marathon runner in hot weather
37 98.6 Human body temperature
20.3 68.6 Human survival is still possible at this temperature.
0 32.0 Water freezes at standard temperature and pressure.
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.  

4.   Obtain a meter stick.  On one side, find the numbers 1-39, which denote inches.  One meter equals 39.37 inches; therefore, 1 meter is roughly equivalent to 1 yard.   Turn the meter stick over, and observe the metric subdivisions.  How many centimeters are in a meter?_______________  How many millimeters are in a meter?_________________

The prefix milli means?_______________________.

5.  Use the meter stick to measure the length of a piece of string.    Record the length of the two strings .   One string length= ____________ cm = ___________ mm.  
Another string length __________ cm = ______________ mm. 
Conversions

English to Metric units 
To convert the following from English to metric units use the conversion values. 






1.    If a pencil is 7.5 inches, how long is it in cm =___________
2. If you drive a car 64 miles, how many meters has the car
traveled?




_______________

3. How many liters does a 12 oz can of soda contain? 









4.    How many ml are in a pint of milk? 


__    
5.    If a sample of corn seeds weighs .34 lbs how many grams does it weight? 



_______________

Measuring Procedure: Weight

   Metric units of weight are the gram (g) and the milligram(mg), Table 2.1.   A paper clip weighs about 1 gram, which equals 1,000 mg.  2 g = ____________ mg; 0.2 g = _____________mg;  and 2 mg = ________ g.  
1. Use a balance scale to measure the weight of a bag of seeds.
2. The bag of seeds weighs =  ____________ grams =  _____________ mg. 

3. How much does one seed weigh? ____________________ grams

4. How could you use this measure to estimate how many seeds are contained in the bag?

__________________________________________________________________

5. Weigh one of the seeds from the bag.  How much does it weigh? ______________grams. 
Experimental Procedure: Volume

Two metric units of volume are the liter (l) and the milliliter (ml), Table 2.1.  One liter = _________________ ml 

1. In the biology laboratory, volume usually is measured directly in liters or milliliters with appropriate measuring devices.  For example, use a graduated cylinder to add 20 ml of water to a test tube.  First, fill the graduated cylinder to the 20ml mark.  To do this properly, you have to make sure that the lowest margin of the water level, or the meniscus  (Figure 2.1), is at the 20 ml mark.  Place your eye directly parallel to the level of the meniscus, and adjust the water level until the meniscus is at the 20 ml mark.  A dropper bottle filled with water can help you do this.  A large, blank, white index card held behind the cylinder also can help you to see the scale more clearly.  Now, pour the 20 ml of water into the test tube. 
2.  How could you find the total volume of the test tube?____________________________________________________________________________________________________________________________________________________________________________________________________________________________

What is the total volume of the test tube? _________________________________

Figure 2.1  The proper way to view the meniscus
(illustration from McGraw Hill: available at www.mhhe.com/tlw3/)
Conversion Procedure: Temperature
1. To convert from the Fahrenheit to the Celsius scale, use the following equation:

 oC = 5/9 (  oF-32o )

       Human body temperature of 98 oF is what temperature on the Celsius scale?_______

II.  The Light Microscope

Light microscopes use light rays that are magnified and focused by means of lenses.  The compound light microscope is used for examining small or thinly sliced sections of objects under magnification that is higher than that of a binocular dissecting light microscope.  The term compound refers to the use of two sets of lenses; the ocular lenses that are located near the eyes and the objective lenses, which are located near the object.  Illumination is from below, and the light passes through clear portions but does not pass through opaque portions.  To improve contrast, the microscopist uses stains or dyes that bind to cellular structures and absorb light.  
Identification of Parts


After your instructor has explained how to carry a microscope, obtain one from the cabinet and place it securely on the table.  Identify the following parts on your microscope, and label them in Figure 2.3.  

1. Eyepieces (ocular lenses):  What is the magnifying power of the ocular lenses on your microscope?__________________

2. Arm:  supports upper parts and provides carrying handle.

3. Nosepiece: revolving device that holds objectives. 


Objectives (objective lenses): 
a. Scanning power objective:  This is the shortest of the objective lenses and is used to scan the whole slide.  The magnification is tamped on the housing of the lens.  It is the number followed by and X.  What is the magnifying power of the scanning lens on your microscope? ______________

b. Low – power objective:  This lens is longer than the scanning lens and is used to view objects in greater detail.  What is the magnifying power of this lens on your microscope? __________

c. High-power objective:  This lens will be longer than the Low-power objective lens.  It is used to view an object in even greater detail.  What is the magnifying power of this lens on your microscope? _____________

4. Coarse-adjustment knob:  Knob used to bring object into final focus.  Do not use this knob while the Low-power or High-power objective lenses are in place. 
5. Fine – adjustment knob:  Knob used to bring objects into final focus and to focus objects using the high-power objective lens. 
6. Condensor: Lens system below the stage used to focus the beam of light on the object being viewed.  

7. Diaphragm and diaphragm control lever:  Controls amount of illumination used to view the object. 

8. Light source:  An attached lamp that directs a beam of light up through the object. 

9. Stage:  Holds and supports microscope slides. 

10. Stage clips:  Hold slides in place on the stage. 









Figure 2.3  Compound light microscope.  Write the identification next to the numbered structure. 

Focusing the Microscope----- Lowest Power
1. Turn the nosepiece so that the lowest power lens is in straight alignment over the stage. 
2. Always begin focusing with the lowest power objective lens (4x [scanning]).

3. With the coarse-adjustment knob, lower the stage (or raise the objectives) until it stops. 

4. Place a slide of the letter e on the stage, and stabilize it with the clips.  Center the e as best you can on the stage or use the two control knobs located at the side of the stage to center the e. 

5. Again, be sure that the lower power objective is in place.  Then, as you look from the side, decrease the distance between the stage and the tip of the objective lens until the lens come to an automatic stop or is no closer than 3mm above the slide. 

6. While looking into the eyepiece, rotate the diaphragm lever to give the maximum amount of light. 

7. Using the coarse-adjustment knob, slowly increase the distance between the stage and the objective lens until the object – in this case, the letter e---- comes into view, or focus. 

8. Once the object is seen, you may need to adjust the amount of light.  To increase or decrease the contrast, rotate the diaphragm slightly. 

9. Use the fine-adjustment knob to sharpen the focus if necessary. 

10. Practice having both eyes open when looking through the eyepiece, as it greatly reduces eyestrain.  

Microscope exercise: Inversion

Inversion refers to the fact that a microscopic image is upside down and reversed. 

1. In the space provided here, draw the letter e as it appears on the slide (look at the e on the slide, not through the microscope eyepiece). 

2. Next to the #1 box, draw the letter e as it appears when you look through the eyepiece.  

3. What differences do you notice? _________________________________________________________

4. Inversion refers to the image being upside down and reversed.  Move the slide to the right.  Which way does the image appear to move?____________________. 


            1.





   2.
Microscope exercise: focusing the microscope – higher powers


Compound light microscopes are parfocal; that is, once the object is in focus with the lowest power objective, it should also be almost in focus with the higher power objective lenses.  

1. Bring the object into focus under the lowest power by following the instructions in the previous section (focusing under the low power objective).  

2. Make sure that the letter e is centered in the field of the lowest objective. 
3. Move to the next higher objective (low power 10X) or high power (40X) by turning the nosepiece until you hear it click into place.  Do not change the focus; parfocal microscope objectives will not hit normal slides when changing the focus if the lowest objective is initially in focus. (If you are on lower power (10X), proceed to high power (40X) before going on to step 4.)

4. If any adjustment is needed, use only the fine-adjustment knob.  Always use only the fine-adjustment knob with high power.   On your drawing of the letter e, draw a circle around the portion of the letter that you are now seeing with the high-power magnification. 
5. When you have finished your observations of this slide (or any slide), rotate the nosepiece until the lowest power objective clicks into place, and then remove the slide. 

Rules for Microscope Use

Observe the following rules for microscope use:

1. The lowest power objective (scanning or low) should be in position at both the beginning and end of microscope use. 
2. Use only lens paper of cleaning lenses. 
3. Do not tilt the microscope when viewing a wet mount. 
4. Keep the stage clean and dry to prevent rust and corrosion. 
5. Do not remove parts of the microscope. 
6. Report any malfunctioning. 
7. Always return the microscope to the shelf area that corresponds to the number on the microscope. 


 Microscope exercise: Depth of Focus

The vertical distance that remains in focus at one time is called the depth of focus.

1. Obtain a prepared slide with three or four colored threads mounted together. 

2. With low power, find a point where the threads cross.  Slowly focus up and down.  Notice that when one thread is in focus, the others seem blurred.  Determine the order of the thread, and complete Table 2.2.  Remember, as the stage moves upward (or the objectives move downward), objects on top come into focus first. 

Table 2.2  Order of Threads









Depth






Thread color

Top






____________
Middle






____________
Bottom





____________


3. Switch to high power, and notice that the depth of focus is more shallow with high power than with low power.  Constant use of the fine-adjustment knob when viewing a slide with high power will give you an idea of the specimen’s three-dimensional form.
III. Microscope Observations

When a specimen must be prepared for observation, the object should always be viewed as a wet mount.  A wet mount is prepared by placing a drop of liquid on a slide or, if the material is dry, by placing it directly on the slide and adding a drop of water or stain.  The mount is then covered with a coverslip, as illustrated in Figure 2.4.  Dry the bottom of your slide before placing it on the stage. 
Microscope exercise: Epithelial Cells

 Epithelial Cells cover the body’s surface and line its cavities.  

1. Prepare a slide as follows:

a.  Obtain a sterilized flat toothpick. 

b.  Obtain a clean dry slide. 

 
c.   Add one small drop of distilled water.

 
d.  Gently scrape the inside of your cheek with the toothpick, and place the scrapings        

     on the slide ( you may use a small drop of water if necessary but do not cover the 

slide with water).  

e.   Add a small drop of methylene blue to the slide surface. 

f. Place a coverslip on the slide (refer to figure 2.4).  
2.  Observe the epithelial cells under the microscope. 
3.  Locate the nucleus (the central round body), the cytoplasm, and the plasma membrane   


(outer cell boundary).  Label Figure 2.5. 

Figure 2.4.  Illustrations of how to prepare a wet mount slide (Mader 2001).













2.

1.



Figure 2.5  Human cheek cells.  Label structures 1-3. 
Microscope exercise: Onion Cells
Epidermal cells cover the surfaces of plant organs.  Onions are bulbs with fleshy leaves (plant organs). 

1. With a knife, strip a small, thin transparent layer of cells from the inside of a fresh onion leaf. 

2. Place it gently on a clean, dry slide and add a drop of methylene blue.  Cover with a coverslip. 

3. Observe the onion cells under the microscope. 

4. Locate the cell wall and the nucleus.  Label Figure 2. 6
5. Note some obvious differences between the human cheek cells and the onion cells, and list them in Table 2. 3. 

Table 2. 3  Differences between human epithelial and onion epidermal cells


Differences


Human Epithelial Cells

Onion Epidermal Cells

Shape (sketch)














 1.

      2.
             3.
Figure 2.6  Onion skin cell.  Label structures 1-3 (note structure 3 will not be visible on all layers of onion).
Microscope exercise: Protozoan

1. Make a wet mount of Paramecium by using a drop of Paramecium culture and adding a drop of Protoslo  onto a slide.  The Protoslo slows the oragnism’s swimming. 

2. Add a coverslip and view under the microscope. 

3. Scan the slide for paramecia:  Start at the upper left-hand corner, and move the slide forward and back as you work across the slide from left to right.  

4. Experiment by using scanning, low-power, and high power objective lenses, by focusing up and down with the fine-adjustment knob, and by adjusting the light so that it is not too bright. 

5. You are now finished with the compound light microscope.  Turn the nosepiece to the lowest power objective, remove the slide, and be sure the stage is dry and clean. 
6. Return your microscope to its correct location in the cabinet. 
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