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1 Purpose

This experiment is a continuation of Experiment #4. It is assumed you have an aligned spectrom-
eter.

2 Safety/Protocol

1. The gas discharge tubes run at high voltage. The electrical contacts are covered up but don’t
touch them.

2. The tubes also become quite warm so be careful if you try to remove them.

3. Turn the power off before removing discharge tubes.

4. Use the curtains to provide useful “black” backgrounds for the telescope. There are also
bristolboard screens to cut down on glare from the source.

3 Preparation/General Instructions

To prepare for this lab, you should read the corresponding section in your textbook (pages 60-67
in Pedrotti3). The most useful formula which will allow you to determine the refractive index is

n =
sin [(A + δ)/2]

sin(A/2)
(1)

where A is the angle of apex of the prism and δ is the angle of minimum deviation. Cauchy’s
formula to approximate the index of refraction is

n = A +
B

λ2
+

C

λ4
+ · · · (2)

A, B, and C are emperical constants that come from fitting the n(λ) curve.

4 Procedure/Analysis

4.1 Alignment/ Setup

The key to aligning any instrument is to have a clear set of steps, making one adjustment at a
time, and then never needing to adjust it again. Otherwise you go in circles. I am still working on
the “best” procedure but let’s try the following.

1. Make sure you have some way to adjust the level of the spectrometer. Some have levelling
screws but for others you might need to put the wooden mounting panel on 3 “set screws”
that you can screw into an optical bench. Set them up in a “T” shape with the long arm of
the “T” along the collimator direction.
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2. Now use a spirit level to level the telescope with telescope at θD ≈ 0 o. You might need a flat
spacer between the telescope tube and the spirit level. You can use either the screws on the
telescope or the base to do this levelling step but I would suggest the base since that is most
likely to be incorrect.

3. Now swing the telescope out to the lefthand side and the righthand side. More than likely
the “bubble” will move.

4. If the bubble moves “symmetrically” i.e. to the left from both the left and right orientation
of the spectrometer then you know that the axis of rotation of the spectrometer is misaligned
side-to-side with a plumb line. Adjust the side-to-side feet or set screws to bring the bubble
back to the middle and you should be able to nearly eliminate the symmetric component of
the bubble motion.

5. If the bubble moves “antisymmetrically” (one side left and one side right or you might think
of it as both going in or both going out) then you need to correct both the back to front
levelling of the spectrometer and the levelling of the telescope. If the bubble goes “out”
on both sides then the telescope end of the spectrometer needs to be higher. Go back to
θD = 0 and either adjust the screw at the long end of the “T” or adjust the other two screw
symmetrically. Adjust until the spirit level is roughly as far off as it just was. Now adjust
the telescope levelling screws to bring the telescope level. Again check it side to side. With
a little patience you’ll get it.

6. In principle the axis of rotation is vertical and the telescope is in a plane normal
to the vertical. The incoming and scattered beam should stay in this plane.

7. You should be able to adjust the position of the eyepiece in and out relative to the crosshairs.
You should also be able to rotate the cross hairs. First adjust the eyepiece by sliding it to
bring the cross hairs to the ffl. Now adjust the focus of the telescope to bring a distant object
into focus. If possible set up a level object so that you can rotate your crosshairs (but just
by hand is likely fine). Also (as much as possible) make sure there is no parallax between the
real image of the distant object and the cross hairs by very slightly adjusting the gaze of your
eye. If one seems to be “hanging” in front of the slide the eyepiece and readjust to correct.1

The telescope is now ready to accept a parallel beam of light, the angle of which
can be determined from the scale once the crosshairs are in-line.

8. Now illuminate the slit (a lamp is fine) and move the telescope so it is in-line with collimator.
Adjust the collimator focus until you see a clear image of the slit. Again there should be
no parallax. Can you tell which edge of the slit image is “fixed” and which can be adjusted
by adjusting the slit width? You should make measurements from this fixed edge. The
collimator is now producing a parallel beam of light from the slit.

9. Rotate the slit to a horizontal orientation. Adjust the collimator leveling screws until the
fixed side of the slit image is right on the horizontal crosshair. Collimator and telescope
are now fine adjusted for the same plane.

10. The last step is to level the prism table. To make it easy on yourself use the spirit level to get
it roughly correct. Now rotate the telescope to roughly 90o. Clamp it in place. Put a prism
on the table with one of its polished sides normal to the engraved line. Rotate the table until

1Looks back to notes on parallax but if you look towards the right the object that shifts to the right is closer.
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the you can see the reflection of the slit in the telescope. Now adjust the table leveling screws
along the engraved line to bring the horizontal crosshair and slit into coincidence. Now rotate
the prism on the table by 90oand then the prism table 90 the other way to bring the reflection
back again. Now adjust the leveling screw that is not on the line. Rotate the prism table to
the other polished side to verify that everything is level.

11. Remove the prism and go back to the 0oposition for the telescope and bring the slit back to
vertical.

Great. You are now ready to go!

4.2 The minimum deviation angle

Refer to diagrams in Pedrotti3 such as Figure 3-9. You don’t have a single ray but instead a
collection of parallel rays. Start with a sodium source (essentially only λ = 590 nm) and verify
the behaviour of Figure 3-10. Doing this is challenging because it involves moving both the prism
table and telescope which are referenced to each other through the Vernier scale. Try the following
procedure. Jim and I can help.

1. Change to the sodium source.

2. With no prism in place, clamp the prism table.

3. Bring the telescope to the zero deviation location using a combination of clamping and fine
adjustment. Record the angle.

4. With the prism table still clamped, bring the telescope to 60o0’. Clamp the telescope.

5. Install the prism so its apex roughly points to the collimator. You rotate the table however
you wish. The apex angle of the prism is should be 60o.

6. Now rotate/clamp/fine adjust the table to bring the slit in-line with the crosshair. Record
the Vernier reading. You now know where the normal of the prism is. Question: what is the
angle of incidence? Drawing a picture is a big help.

7. Now to get something like Fig. 3-9 you will need to rotate the prism table. Set for a zero
degree incident angle. Does it look like θi = 0? Record the Vernier angle.

8. Now go to your starting incident angle. Might be easier to start at a high value say 70o0’.
Again record the Vernier angle. Clamp the table.

9. Assuming you kept the telescope clamped it should still be at θD =60o0’. Now move the
telescope to find the transmitted ray. The yellow line is predominant but you will likely see
red and green as well. You should be able to determine θD. Read the Vernier. Comparing to
the value recorded in part 8 you know how far you have gone from θD =60o0’. If you have
gone farther from 0othen θD has increased so add a positive value. You will need to make
sure you keep track of the signs. I suggest converting the Vernier angles to θi and θD at each
step. Don’t get sloppy with reading and recording because a mistake propagates through all
the other measurements.

10. Now clamp the telescope and change to θi =60oby changing the Vernier reading by 10 degrees.
Record, clamp, move the telescope to the yellow line. Record the angle and determine θD.
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11. Continue to adjust the incident angle θi and find the θD taking care to keep track of your
angles and clamp. Make a plot of θD versus θi. If you can handle minutes of arc in your
lab book the computer can make short work of the conversions to degrees (use a “Quick
Transform” with col(3)=col(1)+col(2)/60 or something similar). Figure 1 shows a sample
plot with a fit.
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Figure 1: Sample data for deviation angle of the sodium D line λ = 589.2 nm

12. Once you have a good idea of the θi and θD that correspond to δ return the spectrometer
to that position. While looking through the telescope slowly rotate the prism table and you
should be able to see θD go to a minimum Clamp the table at the θD position and record the
value to give you θi. Now move your telescope to actually measure δ. Calculate n with an
error.

4.3 Cauchy’s formula

If you are low on time (less than an hour) just keep everything the same as above and move the
telescope to measure δ for the red and green sodium lines. I believe the wavelengths are 616 nm
and 568 nm.

If you have more time replace the sodium source with a helium source. Just leave θi constant
and measure the deviation angles. They will be very close to δ for each wavelength. You should
see the following lines Measure the δ values then calculate n for each λ.

Once you have a listing of n verus λ make a plot of n versus λ−2 and find the A and B Cauchy
coefficients (assume C is not needed). Figure 2 shows an example. You don’t need to do this but
Figure 3 shows how well the Cauchy formula fits the n(λ) curve.
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Colour/Description Wavelength (nm)
Deep Red 706.5

Prominent Red 667.8
Bright Yellow 587.6

Prominent Green 501.6
Dark, Dim Green 492.2
Dark, Dim Blue 471.3
Medium Violet 447.1

Table 1: Listing of prominent He visible wavelengths.
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Figure 2: A Cauchy plot for the index of refraction versus the inverse square of the wavelength.
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Figure 3: Index of refraction versus wavelength fitted to Cauchy’s formula.
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