Laboratory #10a

Chem 6614
Instrumental Methods of Chemistry

SUNY Alfred State College

Optical Microscopy: Koehler Illumination (20 pts)



Koehler Practicum evaluation by appointment during the week 4/20-4/27
10.1a. 
Background

Optical microscopes are rarely even mentioned in modern chemistry courses. This is unfortunate. Microscopic examination is often the method of first choice to examine objects in  a wide range of  technical disciplines including: forensic science , biology,  metallurgy, glass technology and ceramic science.   The omission of microscopy from chemical curricula probably reflects the field’s bias towards molecular, rather than macroscopic methodologies. Such a bias ignores the fact that many drugs, inorganic salts, glasses and fiber types can be identified unequivocally, and in a matter of a few minutes from macroscopic traits observable via optical microscopy.  To do so, properly, however, requires that the microscope be properly `tuned.’   This is not to be confused with the elementary step of getting the microscope into focus.  To tune a microscope `Koehler illumination’ must be achieved. 

`Koehler’ illumination means aligning the light source,  light condenser lens, substage

diaphragm and field diaphragm so that the incoming light is correctly collimated down the optical observation line , and,  that it is  `in-phase’ and focused at the back focal plane of the objective. This optimizes microscope performance.

Koehler alignment is analogous to  trying to spray a stream of water (the light)  through several doughnuts (objective, phase ring, diaphragms, light condenser) without `wetting’ the doughnut sides , and additionally so that you can hit a precise `target’ on the other side of the doughnuts (create a sharp real image on the back focal plane of the objective)  so that the `water’=light splashes in a nice symmetric circle.

In practical terms, this means  you must lower water flow, tighten the spray focus and move the doughnuts. Additionally, you must `aim’ the spray.  The procedure for such an alignment for a microscope is below. (Note that since we do not have  polarizing elements, some of the  general Koehler alignment steps are omitted. The interested reader may consult the instructor for references taken from the MaCrone Research Institute to see what else is involved.)

10.2a Purpose

An Olympus BH-2 microscope initially out of alignment will be tuned without reference to the written instructions below.

10.3a Procedure

The instructor will identify the key parts of the Olympus BH-2 and demonstrate the basic control features that give rise to Koehler alignment.  He will demonstrate the instructions below after which students will master producing Koehler illumination through guided practice. 

A final `Koehler practicum’ will occur Friday during the lecture period.  The student will not be allowed to refer to the instructions.  Proper identification of parts will be included in the practicum.

9.4a What to Report

No written report is necessary. If the student attains proper Koehler alignment during the practicum and correctly IDs key components full credit (10 pts) will be awarded. Improper alignment will result in 0 pts.


Procedure for Setting the Olympus BH-2 Microscope in (non-polarizing) Koehler Illumination


step


action









          


1.
Turn on the source lamp and make sure it is set on a low intensity to avoid burning out the bulb 



(use the slide rheostat on right hand side of scope)


2.
Turn the objective mounting  until the 10X objective is in place.


3.
Turn the substage annulus wheel to `o’  e.g. no  phase annulus in place


4.
Select a mounted slide with reasonable microscopic objects and carefully clamp it in place on the stage.

5.
While watching  the space between slide and objective carefully, turn the focus knob so that the objective moves as closely as possible to the slide without touching it.1 


6.
While looking down one or both of the binocular eyepieces, slowly turn the coarse (outer) focusing knob

so that the objective  moves away from the sample stage. Do this until the sample slide `pops’ into focus. 

Continue to adjust the fine (inner) focus knob until you see objects as `clearly’ as you can in the field.

7.
Adjust the eyepiece spacings (use serrated thumb levers above eyepieces) so that while you examine the sample
using both eyes, the two circles of the field just begin to `blend’ together. Now practice `relaxing’ your eyes so that the two partially `blended’ circles fuse into a single circle. [This takes some practice-rather like seeing the popular ‘pictures within a picture’  palimpsets....If you can’t don’t worry]


8.
Readjust focus so that this `blended’ image is sharp. 


9.
Adjust the light intensity so that a `daylight’ blue color is attained through the eyepiece. (Make sure the 

daylight blue filter is lying on top of the light condenser lens). Daylight blue ~ => an absence of orange.

10.
Close the ‘field’ diaphram (ring around the condenser lens) to a minimum opening e,g. so that only a small polygon  of light is visible through the eyepiece. If you don’t see a polygon, adjust the condenser focus (cylindrical knob hanging  below stage on left hand side) until the polygon is in focus.


11.
Adjust the condenser focus so that the polygon’s edge is just `between’ the red and blue fringe colors.


12.
Adjust the condenser position with two fine thumbscrews below stage until the polygon is `centered’ .
13.
Open the field diaphram until the polygon is `just’ beyond the field circle.

14.
Remove the left hand eyepiece and set it carefully aside. Look down the hole left by the eyepiece you just removed. You should see a `doughnut’ or ring. This is the phase `ring’ (or phase plate).


15.
Adjust the small lever arm at the front of the microscope and just below the stage until the outer ~20%  of  the light circle is `blocked’. (This `snips’ off high order deviated light that can produce  image distortion.)

 
16.
Replace the eyepiece and turn the phase annulus to 10X (or whatever objective magnification you want)

You are now in Koehler alignment. You may vary objective, focus and light intensity, but don’t fiddle with the rest, or you 
move `out’ of optical alignment, and therefore away from optimal resolution and contrast. 


1 In many instances, this is not necessary. The Olympus scope is designed so that for standard slide and coverslip (Corning 0.15 mm)  thicknesses, none of  the objectives  can reach  the slide surface. The tolerances for the high magnification objectives, however, are tight. Under no circumstance do you , want to run the risk of `driving’ an objective through a sample. This can destroy the objective...and your chances for a passing grade. So take care here !!!

