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1 Goals
This exercise will introduce you to the optical laboratory and some of its equipment. You will begin to use
optical mounts and practice some beam alignment skills. You will also investigate the characteristics of a
commercial optical power meter and use it to calibrate optical lters. A written report is not required, but
you will need some of the values you measure for subsequent experiments.

2 Background
You should take some time to explore the laboratory and learn what is there. The yellow bins under the
table hold a variety of mounting hardware. The parts are all based on common dimensions for mounting, like
an erector set or Legos. They can be assembled in many dierent congurations; feel free to play with them.
Later, you may need to mount something in an unusual position while providing angular or translational
motion, and it helps to know what is available.
The manuals for all the equipment are in the laboratory, either in the le cabinet or on the shelves. If
you want to check one out to read at home, ask me. For this experiment you should read the manual for
the

Newport optical power meter [4], Model 1815-C, and the detector head[3] 818-SL (the only one we have).
Verdeyen[6] or Siegman[5]

For a good general reference on lasers, see
Laser Safety

The world's most powerful laser, used at Lawrence Livermore Laboratory to initiate nuclear fusion reactions,
has a Safety Hazard Classication 4. You will be working with a Helium Neon (HeNe) laser of moderate
power that has a Hazard Classication of 3a. Don't panic; the close numerical ratings say more about the
classication system than about the dangers of our laser. There is a low, {\em but non-zero}, risk of eye
damage with a Class 3a laser, even for direct exposure to the full beam, because your natural blink response
and head movement will limit the time of exposure. Even so, if the beam should enter your eye, you will
∗
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not be able to see anything for awhile; it's like having your picture taken with a {\em really bright}\/ ash
camera, and it is not pleasant. Plus, there is some chance of permenant damage.
note: Never look directly into any laser or any beam! NEVER!!!

Even if the laser is o, unplugged, and the plug is in your pocket, just don't do it! You cannot see what is
inside a laser that way, so there is no reason to try, and it is a really unsafe practice. Repeat ten times, Do
not look into the laser.
note: Never look at a direct, specular reection of the beam!

In particular, be careful when putting any shiny object into the beam; make sure any reection will go
somewhere harmless. Sometimes you do not even realize you are putting a reecting object in the beam
like the face of your wrist watch or other jewelry.

With this laser, a reection from uncoated glass will

not damage your eye, but you will feel like you had your picture taken with a big red strobe light. Good
laboratory practice will help you to avoid this problem:

•
•

Know where all the beams and reections are located; enclose beams that you do not need to access.
Conne all beams to the area of the table; use screens to block all beams that would propagate beyond
the table edge; be sure to account for the surface reections from all components in the beam. Then
when you bend over to pick up the lens you dropped on the oor, you will not get blinded. Personally,
I always close my eyes whenever they pass through beam-height; it is a good habit.

•

Be particularly careful when inserting or removing components from the beam; tilt the surface so any
reection goes in a harmless direction. Remember that many of the mounting components are also
reective and may send beams in unanticipated directions, for example the cylindrical mounting posts.
Thus, closing your eyes when you insert or remove a component is a good habit, too, although it does
not help your lab partners; warn them.

•
•
•

The table surface is quite reective, so it is not a good place to direct unwanted beams.
Keep all body parts out of the beam; remove particularly shiny jewelry before working in the lab.
Stay alert and be aware of potential problems. Do not work when you are tired or cannot concentrate
on your task.

Do not rush; think before you act.

There are many dierent types of hazards in a

laboratory.

•

If you have any questions or concerns, ask before proceeding. It is your responsibility to know and
follow safe laboratory procedures.

More information on laser hazards and safe practices can be found in the booklet
published by the Laser Institute of America

\cite{LIA93}.

Laser Safety Guide [1]

There is a copy in the lab and you should read

it.
Finally, not everything is dangerous.

This laser beam will not damage normal skin, and there is no

danger in looking at the image of the beam on a scattering surface, such as a card, paper, or the wall. The
uniqueness and beauty of laser light is one of the pleasures of working in optics, so enjoy it, but protect
yourself.

3 Alignment
You will use the Newport 1815C Optical Power Meter with the 818SL detector head to measure the power
of the HeNe laser and to calibrate attenuating lters. The basic setup is shown in Fig.∼\ref{Setup-2mirror}.
The alignment is not critical for these experiments; you just have to get the laser beam through the lter
and into the detector.

However, it is convenient to align the laser beam, which denes the experimental

axis, parallel to the table surface and along a line of tapped holes, because that is the way all the standard
mounting hardware is designed. Establishing the optical axis is the function of the two steering mirrors
M1 and M2. While it is possible to so align the laser directly, it is not easy. Also, the laser is less likely to
be dropped and damaged when it is xed in place. Of course, many lasers are too big to be moved easily,
making the steering mirrors essential.
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Establish the Optical Axis

Dening the experimental optical axis consists of setting up two targets for the beam that can be used
to align the laser.

Many dierent types of targets can be used; sometimes the axis is already dened by

another piece of (immovable) equipment, or by the beam from another laser, which may be invisible.

In

some situations, a good deal of ingenuity is required in devising and positioning suitable targets. In our case,
there are no such restrictions and we will use two adjustable apertures to dene an axis:

•

Place one iris, mounted on a post, in a post holder, about 8∼inches from the right end of the table,
and centered on the $6^{\rm th}$ row of tapped holes from the front edge. Secure the base with two
1/420 machine screws and washers, but not tightly; just snug the screws by hand.

•

Adjust the height of the center of the aperture to 15 cm using a ruler; just look through the iris at the
ruler and adjust the height; close the iris to get a more accurate adjustment; great accuracy, however,
is not required here.

•

Now adjust the horizontal position so that the center of the iris is above a line of tapped holes. Again,
use the ruler (assuming it is square) and your eye. Tighten the bolts moderately.

•

Repeat the process with a second iris placed at about 15∼inches in from the left end of the table, on
the same row of holes, of course.

Aligning the Laser to the Axis

Now your task is to align the laser beam through the two apertures.

The adjustable apertures are nice

because you can open the rst one wide initially to get the beam roughly through and see what the error is,
and then close it down to get more accuracy as the alignment gets better. You should place a screen at the
far end of the table, past the second iris, so you can see the beam position easilyand to conne the beam
to the table, a good safety practice.
Since the value of two steering mirrors may not be obvious, rst try using just one. Besides, you need
the practice.

3.1 The Hard Way

•

Bolt the HeNe laser mount at a convenient place on the table, parallel to the left end, about 5∼inches
in from, and roughly parallel to, the table edge. Adjust the laser height so the beam exiting the laser
is about 15mm above the table, and roughly parallel to the surface; you can adjust the pitch angle
(angle in a vertical plane) using a bolt in the mount below the laser.

•

Place a steering mirror at the intersection of the laser beam and the optical axis you have dened, so
that the beam hits the center of the mirror and the beam exits in the desired direction. The steering
mirror is mounted on a magnetic mount that can be turned o and on. This is not the most stable
optical mount, but it is convenient, because even with tapped holes every inch, steering mirror mounts
usually manage to miss them all. This is probably a good time for you to examine the mirror mount and
understand how it works, which way each knob will steer the beam. Set the adjustments in mid-range,
so that the two plates of the mount are approximately parallel.

•

Now adjust the mirror to get the beam through the two apertures. You will nd that you need to do
more than just adjust the angle of the mirror; you will need to translate the mirror horizontally and
the laser vertically to get the pivot point of the angular adjustment in the right place: on the optic
axis you have dened.

Do you see the problem? The alignment is quite dicult because with this setup, there is no ne motion
for translation, and when you move the laser, or the steering mirror mount, you destroy rather completely any
angular adjustments you may have made. You need four degrees of adjustment freedom that are independent
and reasonably orthogonal. The second steering mirror provides this.
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3.2 The Easier Way

Leave your steering mirror where it is, but move the laser and add another steering mirror so the table looks
like Fig. 1:

•

Mount the laser near the center line of the table, about 55cm from the front and left sides, pointing to
the left.

•

Now place another steering mirror so that it intercepts the beam and sends it to the initial mirror;
position it so the laser beam hits the center of the mirror and the reected beam is parallel to the edge
and surface of the table.

•

Now use the two mirrors to send the laser beam through the two apertures. You may have to move the
mirror mounts initially to keep the beam on the mirrors, but you should not have to touch the laser.

This is such a common task in an optics laboratory that it is worth some thought about how the
arrangement works. Adjustments to the second mirror, M2, change the {\em angle} of the beam, pivoting it
about a xed point on the mirror surface. Adjustment of the rst mirror has two eects. Most importantly, it
moves the location of the pivot point on the second mirror, which is a translation of the beam. Unfortunately
the translation is not pure, because adjustments to the rst mirror also change the angle of the beam entering,
and thus leaving, the second mirror. The degree of mixing is related to the spacing of the mirrors. A skilled
experimenter can achieve a pure horizontal or vertical beam translation (or an eective pivoting about a
xed external point) by adjusting both mirros simultaneously at the proper rates, and in the proper
directions, one with each hand. This takes practice, and is called walking the beam in optics jargon. Thus,
in all experiments the two steering mirrors should be placed within an easy arms reach of each other.
When aligning the beam to a particular axis, as through two apertures, or a laser tube, it is easiest
to align the beam to the reference point nearest M2 rst (the beam pivot point), using the rst mirror
(primarily a translation). Then observe the resulting angle and correct it with M2; of course, adjusting the
angle will move the beam o the rst reference point as well, which is where walking the beam comes
in.

It is an iterative process, and while it is not trivial, it is a lot easier with two steering mirrors than

with just one, or none.

One can construct or buy beam steering mechanisms that give true independent

and orthogonal degrees of freedom, but they are elaborate, expensive, and require quite a bit of alignment
themselves. Sometimes they are necessary, but usually the arrangement you have built here is sucient.

4 Newport Optical Power Meter
The Newport Model 1815-C power meter contains electronics suitable to both semiconductor and thermopile

manual[4]. You will be using
detector head[3], which uses a semiconductor photodiode in the unbiased, photovoltaic mode. This

detectors. The basic operation of the unit is described in the handout from the
a 818-SL

combination is quite simple and easy to use, yet is surprisingly versatile. Look at the dial and note the range
of powers that can be measured: from 2∼watts to 20∼nanowatts, a range of 10^8! Of course, 10^3 of that
is achieved using an attenuator, but still, a linear dynamic range of 10^5 is very large for any type of sensor.
A large dynamic range is one of the hallmarks of photodiode detectors.
Make sure the meter is o and then unscrew the attenuator on the front of the detector head so you
can see the actual photodiode. It is the shiny black circle in the center. When making measurements with
the attenuator, remember that the active area is considerably smaller than the input area of the attenuator.
One common measurement error is to fail to collect all the light you think you are measuring.
Sensitivity and Background Light

While you have the attenuator o, explore the ultimate sensitivity of the detector and get a feel for what a
few nanowatts of light is. It is not much, so you will need to shield the detector from as much room light
as possible. A handy way to do this is to put a cardboard box over the detector head. I know it sounds
crude, but boxes are readily available, easy to cut to the right shape with your handy pocket knife, and
you can make holes wherever necessary for beams to enter. Every working optics laboratory I've seen has a
collection of good cardboard boxes stashed away somewhere. Look around this lab and nd a box of the
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appropriate size. It will probably have a few holes in it from previous use; cover them up with black masking
tapeanother secret tool of optical experimenters.
Put your custom light shield over the detector head; set the meter to the most sensitive scale, and
turn on the meter. You will nd that the meter is o scale and you cannot zero the reading using the Zero
control: there is still too much light reaching the meter. Turn o the overhead lights and you should then
be able to use the Zero control to set the meter reading close to zero. Now shine the ashlight around to see
how sensitive the detector is. Turn on the room lights and change the scale on the meter to read the actual
light leakage of your shield in watts; about how many photons per second are striking the detector? If we
really needed better shielding (some experiments require a background of only a few photons per second),
we could use black tape to seal the seams in the box and to seal it to the table, then maybe throw a black
cloth over the whole thing, and turn o the lights, too. Sometimes one even has to disable or block the
panel lights on instruments. That's really working in the dark!
Power Measurements

You have seen that the "bare detector is too sensitive to use in room lights. Even with the 10^3 attenuator,
the detector can measure the ambient light, but this value can usually be subtracted from measurements
using the Zero control, if the ambient light is constant.

4.1 Ambient Light Correction

•

Install the attenuator on the detector head and block the input by putting a card right up against the
detector. Do not use your hand, because it emits a signicant amount of infrared radiation, plus it can
change the temperature of the detector. Changes in temperature of the photodiode cause signicant
changes in diode response and dark current.

•
•

Adjust the meter to read zero at the lowest scale possible.
Remove the blocking card and adjust the meter scale to measure the input ambient light. Move the
detector around to get a sense of the variation and sensitivity; point it up at the overhead lights. Clearly,
zeroing the detector as you have is not a good way to subtract ambient light from a measurement.

•

Set the detector on the table, pointing down the table as if taking a measurement along your optical
axis. Do not block the detector input, but again null the reading on the lowest scale possible (go in
steps to lower scales). This eectively subtracts the eect of the ambient light entering the detector.
Now move, or have your lab partner move, around the table as you monitor the power meter. Note the
changes and the errors this could cause in a measurement. Changing ambient conditions is the second
common cause of measurement errors. Remember, if you can see the detector as you move around,
then the detector can see you as a changing ambient signal. Shield the detector; or don't move!

4.2 Laser Measurement

Turn on the HeNe laser. It will take only a few seconds to turn on, but you should let it warm up for 30
minutes or so to stabilize. As the temperature of the laser head rises, the length of the optical resonator
changes and the number and relative intensity of the resonating optical modes varies.

Thus, the output

varies in a pseudo-periodic manner. I hope you have read this far in advance so that you have turned on the
laser earlier and blocked it, so it is already warmed up.
If not, you can rst observe the HeNe power uctuations using the power meter, and then spend some
time learning about the other equipment in the lab. In particular, learn how to operate the Hewlett Packard
54502A digital oscilloscope and the Stanford Research Systems (SRS) DG535 digital delay/pulse generator.
Setup the SRS generator to produce a 1kHz rate, 4∼volt output pulse with a width of 5 microsec, and check
it on the oscilloscope. Can you narrow the pulse (go in steps) to 5 ns and still observe it?
When the laser is warmed up, you are ready to make measurements:

•

Place the power detector head on the table so that the optical beam is well centered in its aperture
(remember the limited size of the now-impossible-to-see photodiode), and bolt it down. Rotate the head
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so it is approximately perpendicular to the beam by aligning the faint reection from the attenuator
front surface back along the input beam. You don't want it exactly aligned because optical feedback
into the laser will produce instabilities.

•

Block the laser beam using a card or screen placed near the laser, perhaps at the position of the rst
iris dening your optical axis. As you demonstrated before, you want the detector to see the ambient
light so you can null it out. Set the power meter to a low scale where all three digits are nonzero, then
use the Zero control to set the reading to zero. You can turn to lower scales and repeat the adjustment
if you wish, but it is not necessary. Why?

•

Unblock the laser beam and read the power on the meter. It should be a few millijoules. Note the
range of variations over time and note your expected accuracy.

The third major cause of measurements is detector saturation:

exceeding the dynamic range of the

detector and operating at a level where the response is nonlinear. This is a very common error because it is
easy to do and easy to miss; there is no obvious indication that something is wrong. In particular, when you
are measuring a time-varying signal, the detector may be saturated even for very weak input signals by
a dc ambient light that you are not setup to measure at all. Imagine trying to measure the v-i characteristic
of a diode using a sinusoidal signal, but with a large and unknown dc bias. Obviously your results would
depend strongly on the bias level you set.
The only real way to check for detector saturation is to change the input light to the detector a known
amount, like a factor of 2, and see if the indicated reading changes the correct amount. Saturation is not a
problem with this laser and this detector, but you should get in the habit of being suspicious and checking.

•

Use the New Focus wheel of calibrated attenuators to check the linearity of the power meter system.
The attenuators are labeled with their optical density or OD value. Optical density is analogous to
the electrical power units of Bells (or 10 dB): the logarithm, base 10, of the ratio of the optical input
to output power. Thus, 0.3∼OD refers to a 50% attenuator. Check the linearity of your measurement
system using a few of the attenuators on the wheel. (The 0.04∼OD lter is not very useful.) Do not
spend a lot of time being extremely accurate, the lters are only about 15% accurate; the meter is
probably better.

4.3 Filter Attenuation

In future laboratories you will need to attenuate light by several orders of magnitude, more attenuation than
is available on the New Focus wheel. Besides, as our "laboratory standard, the wheel should not be used
for routine measurements, where it is subject to damage, but used only to calibrate other lters. The lter
wheel cost about $250; uncalibrated lters cost only a few dollars apiece and are expendable. Expendable
does not mean disposable; you should still handle them with care.
You will nd a number of lters in mounts on the table labeled with letters. Look through them toward a
bright surface or the overhead lights and try to guess their attenuation value. Your eye is a handy detector,
and this is a useful skill, but remember your eye is logarithmic, just like OD values. If you look closely at the
lter holders you will probably nd a notation in pencil indicating their approximate OD. But, of course,
the real way to measure them is to use the calibrated power meter:

•

Select a lter, screw a mounting post into the holder, and place it in a post holder. Place the lter in
the beam and center it on the beam; do not bolt the holder down to the table, you want to be able to
move it in and out of the beam easily.

•

Place the lter in the beam between the laser and the detector and read the transmitted power. Note
the sensitivity of the reading to the angle of the lter with respect to the beam. What is the cause
of this variation? What limit does it impose on your calibration of the lter? For consistency, try to
place the lters in the beam at the same angle, using the reection from the front surface as a guide.

•

Note the power detected with and without the lter in place.

Make several measurements,

your data in your notebook [2]along with a rough sketch of the setup.
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Repeat the process with all the lters.
After the lab, make a table in your notebook giving the average attenuation of each lter, along
with an estimate of your accuracy. You will use these values later.

There is another type of lter on the table that you should measure: a 633 nm "spike lter. A spike
lter is sequence, or stack, of many thin lm coatings that has a reasonably high transmission at one
particular wavelength and a very low transmission for other wavelengths.

The index of refraction of the

layers alternates between high and low values; usually just two dierent materials are used, such a SiO2
and TiO2.

The wavelength sensitivity of the stack results from interference between the reections from

the various layers, each of which is delayed by the travel time through dierent layers.

In this case, the

transmission peak is located at 633 nm, the HeNe laser wavelength. The lter is useful for detecting a weak
HeNe signal by eliminating all other wavelengths of light. A spike lter is really a miniature, xed wavelength
monochrometer, the optical analog of a very high Q tuned electrical circuit. The half power bandwidth of
the lter is about 10 nm; what is the equivalent Q?

•

Hold the spike lter in front of your eye and look through it at a bright surface. The transmitted light
will appear red, similar to the color of the HeNe laser beam. As you tilt the lter you will note that
the color changes signicantly. The wavelength of peak transmission depends on the thickness of the
coatings, and the eective thickness changes with transmission angle. Based on your observation of
color change, what is the relationship between lm thickness and transmitted wavelength?

•

Place the lter in the beam in front of the detector. Measure the transmission of the lter and note the
sensitivity to angle. Align the lter normal to the incident beam (Is this the maximum transmission
angle?), and make several measurements of the spike lter attenuation, as with the other lters.

•

Estimate the angle from normal incidence where the transmitted power drops by 50%. You can make
a rough measurement of angle by measuring the position of the reected beam from the lter front
surface, or you can get some experience using optical mounts and use a rotating stage; all the parts
are readily available for making a more precise measurement of transmitted power versus angle of
incidence.

5 Clean Up
The heading says it all. When you are nished, leave the lab the way you found it. In particular, you should
not leave the apertures, steering mirrors, and laser all set up and thereby deny the next group the pleasure
of aligning them. Be sure to turn o all the equipment, especially the power meter and the HeNe laser.
Pop Quiz

•
•

When is it acceptable to look directly into a laser?
List the three common errors of optical power measurement, and ways to avoid them.
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