Lab Methods

Microscopy and Small Measurements
Week IV, Spring 2005
This lab will introduce you to high-magnification microscopy, using compound microscopes. You will learn how to partially disassemble, clean, and reassemble a compound microscope, and how to use the microscope to make dimensional measurements of very small objects.

You will also use a laser to measure the diameter of small fibers, including a strand of your hair, and micrometers and digital calipers to measure thickness of very thin foils.

Microscopy

You will be provided a handout which illustrates the parts of a compound microscope. Before you can use the microscope, you must check that it is clean, and has all the parts necessary for your exploration.

Activity 1:
Follow the demonstration and (1) Remove, one at a time, each objective lens; (2) Check that the spring-loaded end moves smoothly; (3) Clean only the outside of the lens with lens tissue moistened with a drop of lens cleaning solution. Do not apply cleaning solution directly to the lens, and never use any kind of solvent on the lens, except lens cleaning solution! Solvents can loosen the glues with which lenses are cemented. Lens cleaning solution is usually a mix of water and ethanol, with a small amount of detergent; (4) Check that one eyepiece has an “occular micrometer”, a numbered grid etched on a disk, which should be in one of the two eyepieces, and that it is in the right way round; (5) Clean, with ethanol, the stage, and ensure the spring clamp holds a glass slide properly; (6) Take the eyepieces out, blow out with dry air (a pipet bulb which you confirm has no liquid in it functions well for this. Do not use the compressed air from the building spigots! This air is usually oily or filled with water, and will damage the optics of the microscope; (7) Remove the prism head, if possible, and blow out any dust on the optical faces; 

Activity 2: 
Put a glass slide and two cover slips on the stage. Rotate the longest objective lens, usually the 100X, into position on the turret. Loosen the Set Stop adjustment, and carefully adjust the coarse focusing knob until the bottom of the 100X lens is almost, but not quite, touching the top cover slip. This must be very close (a fraction of a millimeter) to allow proper focusing on objects. Set the set stop.

Activity 3:
Remove the slide from the stage, and put a stage micrometer onto the stage. You will use this, along with the occular micrometer, to find a calibration ratio for each of the four objectives: 4X, 10X, 40X, and 100X. Follow this procedure:

(1) Starting with the 4X objective, focus on the stage micrometer markings;

(2) Line up a set number of the stage micrometer markings with a set number of the occular micrometer markings. For example, you may find that 1.0 mm (on the stage micrometer) lines up perfectly with  a count of 63 on the occular micrometer;

(3) Your calibration, then, for the 4X objective, is 1.0mm/63 occular units;

(4) To measure the actual length of anything you are observing with the 4X objective, you would measure how many occular micrometer units it occupied, then multiply this by your conversion ration. For example, if you were looking at a fiber, whose diameter measured, in the eyepiece, 24 occular units, you would do this: (24 o.u.) x (1.0 mm / 63 o.u.) = 0.38 mm.

(5) Repeat this for each objective. Record these in your lab notebook, and use them as necessary.

Activity 4:

Measure the diameter of your hair, and a couple fibers (wool and silk would be fine), using this technique.

Now measure the diameter by trying the following:

(1) Focus on the bottom of your fiber or hair, and heard the number on the focusing knob dial;

(2) Focus on the top of your fiber, and record the value;

(3) The difference between the two is a measure of the height of your object. For a cylindrical object, like a hair, this should be the same as you obtained using the occular micrometer.

Activity 5:
You will measure the thickness of aluminum foil, using (1) A digital caliper, and (2) A micrometer. Record these values. Record what you believe to be the uncertainty in your measurement.

Now stack ten sheets of foil, and repeat the experiment. Divide the measurement total by 10 to arrive at the thickness of one sheet. Be sure you compress the foil firmly when you measure its thickness, so that you are not measuring the air gap between sheets as well.

Measurement with Lasers

Introduction:

Diffraction gratings are pieces of glass with many very closely ruled lines on them, often between 100 and 1200 lines per millimeter. These ruled lines have the effect of acting as multiple slits in the glass, an extension to the extreme of the double slit experiment.

When light of one wavelength—monochromatic light—is shined through the grating, the rays which pass through each slit interfere with each other, both constructively and destructively, to create a pattern of light and dark bands on a screen placed in front of the grating. The more lines / slits there are, the narrower the bright bands get, and the wider the dark bands become, until we see only a series of evenly spaced dots of light on a dark background.

There is an equation which describes the relationship between the distance from the grating to the screen (L), the distance from the central bright spot on the screen to the first bright spot to either side (x), the spacing between lines on the grating (d), and the wavelength of the light (():

d(x/L)=(
This equation is quite accurate as long as L is large compared to x (at least five times larger), for we have simplified the equation more commonly used: d(sin ()=n(, with (sin () being the angle between the central ray, and the ray which makes the first bright spot to either side. In the equation, n signifies whether we are measuring ( and x to the first side spot (n=1), or the second (n=2), third (n=3), etc.

You can use this equation and experimental setup to determine the spacing between two slits (d). You can also use it, unchanged, to determine the width of a thin fiber. A deeper study of the equation reveals that a scenario where the laser light passes through two closely-spaced parallel slits is defined by the same equation as a scenario where the laser light passes around a thin fiber.

Activity 6:
You will measure the thickness of your hair, and of the two fibers you used in Activity 4 (if you have time), using a laser. Use the following protocol:

1) You should determine the peak wavelength by using the Ocean Optic fiber optic system, and measuring the spectrum of your laser. The highest emission will occur at the peak wavelength.

2) Place a piece of your hair in a slide holder, and set it in front of your laser such that the hair is vertical, and intersects the laser on its way to a wall.

3) Measure the distance from the hair to the brightest spot on the wall, directly in front of the laser. This is the central spot, and appears in the same place as it would if you remove the hair from in front of the laser. This is “L”

4) Measure the distance from the central spot to the first spot, on either side. This is “x”

5) Determine the thickness of your hair, using the equation: d = ((L)/x

6) Repeat the experiment using the two fibers you used in Activity 4.

7) Try to measure the thickness of your hair using the digital calipers, or the micrometer.

