OPTI 502L –Fundamentals of Applied Optics Lab 

Lab #1 – Orientation, mechanical measurements

In this lab you will learn where the equipment is stored in the lab, and basic techniques for mounting optics.  You will use common measuring instruments and will learn basic methods of estimating accuracy.

Preparation:

Review the Error Analysis handout.

Get a lab book.

Orientation:

Pay close attention.  The TA will show you around the lab and demonstrate the basic optomechanical hardware that you will be using all semester.

Mechanical measurements:

Have your lab instructor demonstrate use of some simple measuring tools.  Make sure you know how to read a vernier.  

1) Use each instrument to make several measurements of things you find in the lab.  Estimate the precision and accuracy of your measurements.

2) Measure a gauge block with calipers, outside micrometer, and indicator.  What is the accuracy of the gauge block?  What is the repeatability for your measurement?  What limits the ultimate resolution for each?  What limits the accuracy?

Questions:

1.) How you would measure the length of a 10 mm bar aluminum bar to get results with the following accuracy.  What temperature control would you require? (Aluminum coefficient of thermal expansion CTE is about 23 ppm/°C).

a ) 0.5 mm

b) 10 µm

c) 0.1 µm

d) 5 nm

e) 0.01 nm

Common tools for measuring length

· Plastic ruler:  Good for quick, rough measurements.  Most practical measurements in the lab will be made with the ruler.  Be careful  -- the end of the ruler usually does not coincide with the 0 mark

· Steel rule:  Allows much more accuracy, costs more.

· Tape measure:  Good for quick measurements over wide distance variations.  High quality surveying tapes can be used for measuring over dozens of meters to sub-millimeter accuracy.

· Calipers:  These are common, inexpensive, fairly accurate, and versatile.  Use them for measuring outside dimensions, inside dimensions, and depth.

· Indicator:  Can be digital or dial.  Often used for measuring motion, such as runout on a spindle. 

· Micrometer:  This is a fine pitch screw with accurate marks.  Use the vernier for highest accuracy.

· Outside micrometers:  A frame holding a micrometer for measuring outside dimensions.  These can be purchased for measuring up to about 10 inches.

· Inside micrometers:  Holds a micrometer for measuring inside dimensions.  These are made with extensions that can be put together for measuring up to 20 feet.

· Gauge blocks:  Highly accurate for defining length standards for 0.1 – 4 inches.  Special length standards can be purchased for much longer distances.

· Depth gauge:  Uses a micrometer or indicator to measure depth.

· Telescoping gauges:  Measures small gaps, calibrate with outside micrometer

· Height gage:  used on a flat granite table.  Measures height from ~1 to 30 inches

Units of length measurement:

We live in strange times.  Most tooling is graduated in inches, most science is done in metric.  Learn to converse fluently in both.  Make a practice of converting inches to mm and visa versa so you become familiar.

Basic conversion

1 inch = 25.4 mm


other terms -- use the metric powers of 10

0.001”(called a thousandth, or a mil) = 25.4 µm, 

0.000001” (called a millionth) = 25.4 nm

1 mm is about 1/25, or 0.040” (forty thousandths).  

1 µm is 0.000040 (forty millionths)

Standards

All measurements must have some ultimate standard.  The length standard is defined using a particular atomic transition, which is not easily used in the lab.  An excellent secondary reference uses the Ne20 transition that causes the HeNe laser to give red light.  Interferometers using this laser can be purchased for a few thousand dollars that can measure distances with 10-7 accuracy with few nm resolution.  A reference bar or gauge block can then be measured in a temperature-controlled environment and used as a standard to calibrate other instruments. 
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