PH 481
Physical Optics






Winter 2012
Laboratory #1

Week of January 16
Read:
Handout (Introduction & Projects #2 & 3 from Newport Project in Optics Workbook), pp.150-170 of “Optics” by Hecht 
Do:

1. Experiment I.1:  Thin Lenses (Project #2:)  #1-12 on pp. 52-53.  Use optical rail described below.  A target on a photographic slide is provided.  A piece of cardboard with a slide sized hole cut in it will help to reduce stray light reaching your image plane.

2. Experiment I.2:  Alignment Project below

3. Experiment I.3:  Expanding Laser Beams (Project #3)  #5-10 on pp. 57-58 and #1-3 on p. 58.  Place all lenses on optical rail.  Use a third mirror at the end of the rail to reflect the expanded beam back toward the laser.

4. Experiment I.4: Familiarization with Lab Equipment

Experiment I.2 Alignment project:


For many situations, it is convenient if the laser beam is parallel to the top of the optical table and above a line of holes on the table.  This will make insertion and adjustment of other components much easier.  The Newport Project in Optics Workbook describes experiments where a "U" shape geometry is used.  To make life easy we will modify their experiments so that we do everything in the last arm of the "U."  In addition we will use an optical rail in this last arm.  This rail is bolted to the table and has carriages that ride on the rail.  Components can be mounted on the carriages so that they can be easily moved along the optical axis defined by the rail.


The first two arms of this U geometry are already set up.  We now want to adjust things so that the third arm is along the optical axis defined by the rail.  We also want to ensure that the laser beam is parallel to the table top.  Mount the second beam steering mirror on the optical table and position it close to the beginning of the optical rail such that the center of the mirror is above the center line of the rail and is at a height greater than 14.5 cm above the table (this height will ensure that it is not too low to pass through the center of components mounted on the rail).  Set up two adjustable irises on the optical rail, one as close to the mirror as possible and one as far away as possible.  Adjust the iris heights (again > 14.5 cm) to be as nearly equal as you can.  We now want to direct the laser beam through these two holes which define our optical axis.


Close the irises down.  Adjust the first beam steering mirror so the beam reflected off the second beam steering mirror goes through the first iris.  Now adjust the second beam steering mirror so the beam passes through the second iris.  Note that this adjustment should do little to perturb your first adjustment since the first iris is so close to the second beam steering mirror.  That is the trick!  You may have to open the irises some to start and iterate a few times to get it just right, but the procedure should converge very rapidly.  Note how the beams move and play with this arrangement enough so that you can quickly and correctly determine which knob needs to be adjusted and which direction the knob must be turned to move the beam the correct direction (left, right, up, or down).  Note the kinematic construction of the mirror mount; there are two orthogonal pivots about a single point.


Leave the laser beam aligned so that you can use it in Part 3.


Do not remove the irises from their posts; they can easily be damaged.  If you need another post to mount something else, ask and you shall receive.

Experiment I.4: Familiarization with Lab Equipment:

USB Camera

Connect the camera to the computer through a USB port. On your desk top you will find the camera’s program IC Capture 2.1. The program should automatically recognize the camera when you open the program. With Lens on the camera take a picture of something in the lab. Do not take pictures of the laser unless you have decreased the laser intensity. Now open your image in the program ImageJ. Using the rectangular highlighter, highlight a portion of the image and look at its profile. Explain what this function does.
USB Stages

Connect the translational stage to control box and the control box to the computer using the USB cable. Open the program APT User on the desk top. The program should automatically recognize the stage when you open the program. Play around with the stage. What is the minimum speed at which the will travel? What is the range of the stage?

Repeat for the rotational stage.
Photodiodes

Connect the photodiodes to the oscilloscope with a coaxial cable. Make sure to turn off the photodiode when not in use. Measure the intensity of the room lights when pointing the detector at the lights and at the floor. What is the maximum voltage output of the photodiode?

Equipment needed:


Item
Qty
Source (part #)


Helium-Neon Laser
1
Melles Griot 05 LHP 121


Optical Rail
1
Newport PRL-36


Rail carriage
3
Newport PRC-1


Lamp
1



Target slide
1
OSU


100 mm lens
1
Newport KPX094


200 mm lens
1
Newport KPX106


25 mm lens
1
Newport KPX076


-25 mm lens
1
Newport KPX043


Index card
2



Filter holder
2
Thor Labs FH2


Al mirror
3
Newport 10D10ER.1


Iris (adjustable)
2
Thor Labs ID12



Meter stick
1


Beam Steering Assembly: (BSA-I)

1.
Place the 1 inch mirror (A) into the mirror mount (B) and tighten the nylon-tipped set screw (C) to hold the mirror in place.  Be careful not to get your fingerprints on the mirror; holding the mirror with lens tissue will help.

2.
Attach the mirror mount (B) to the 1/2" post (E) by screwing the 8-32 set screw (CC) on the post into the base of mirror mount.

3.
The post holder (F) can be fixed to the table or the rail in several manners.  You can bolt it directly to the table or rail carriage by using a 1/4-20 set screw (BB).  Another possible option is shown here (see Lens Chuck Assembly).

4.
Place the post assembly in the holder and tighten the side screw sufficiently to hold the unit together.  The posts fit quite well so you needn't tighten too much.

Lens Chuck Assembly: (LCA)

1.
Remove the delrin retaining ring from the lens mount (J).  Place the 1 inch diameter lens in the holder and screw the retaining ring down snugly, but not too tight.  Be careful not to get your fingerprints on the lens.  To turn the retaining ring, use a pointed object (e.g., ball point pen) that will fit in one of the holes on the ring, but that won't go all the way through the hole and scratch the lens.

2.
Screw the 8-32 set screw (CC) which is in the end of the post (E) into the bottom of the lens mount.  Note that there seem to be two possibilities here.  However, one end of the lens mount is marked with an M, signifying that this end has a METRIC hole.  Use the other end!!!

3.
Place the post holder (F) over the center hole in the base plate (K), insert a 3/8" long 1/4-20 screw through the base plate and tighten until the postholder is securely attached to the base plate.

4.
Insert the lens mount-post combination into the post holder and tighten the thumb screw by hand to hold the complete assembly together.
