PHY385HI1F — “Introductory Optics”
Practicals Day 2 — Laws of Reflection, Refraction
September 26, 2011

Group Number (number on Intro Optics Kit): .

Facilitator Name:

Record-Keeper Name: . [Turn this sheet in for marks]

Time-keeper:

Computer/Wiki-master:

NOTE: The roles for the above must be different than last week!

Activity 2.1 — The Law of Reflection
Light Source

Alignment Rail
Ray Table

Component
Holder
Ray Table Base

The PASCO OS-8500 optics bench is shown in the figure. The light source, component holders, and
ray table base all attach magnetically to the bench. For proper alignment, the edge of each of these
components should be mounted flush to the alignment rail, which is the raised edge that runs along one side
of the bench.

Turn on the light source. The Filament Knob on the top of the unit moves the light bulb from side to
side. The vertical edge of the notch at the bottom indicates the position of the light bulb filament, so that
accurate measurements can be made during experiments.

Notice that the Ray Table Base is slightly slanted. When mounting the base on the Optics Bench, be
sure the Ray Table slants down toward the Light Source. This ensures sharp, bright rays on the surface of the
Ray Table. Either side of the Ray Table may be used. One side has a rotational scale, the other has both a
rotational scale and a grid that may be used for linear measurements.

The Slit Plate is attached to a component holder between the Light Source and the Ray Table.
Adjusting the distance between the Light Source and the Slit Plate can vary the quality of the rays. Narrower,
less divergent rays may be obtained by sliding the Light Source farther away from the slits, but there is a
corresponding loss of brightness.

Single Ray Setup

The law of reflection is most easily investigated using a single ray. This can be obtained by using the
Slit Mask, as shown the figure below, to block all but the desired ray. For accurate measurements using the
rotational scale, the incident ray must pass directly through the center of the Ray Table. To accomplish this,
alternately adjust:
1. the lateral position of the Slit Plate on its Component Holder,
2. the position of the light source filament with respect to the optical axis, and
3. the rotation of the Ray Table.
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When one of the rays is aligned in this manner, place the Slit Mask on the other side of the Component Holder to
block all but the desired ray.

To align a single ray:

4. Use the Slit

Mask to block

all but the

desiredray. 1. Adjust the lateral
position of the Slit
Plate.

3. Adjust the
rotation angle
of the Ray
Table.

2. Adjust the position
of the filament.

Carefully align the flat reflecting surface of the mirror with the a line on the ray table that is perpendicular to
the ray of light. With the mirror properly aligned, the ray is normal to the reflecting surface, and reflects
back onto itself.

Angle of
Reflection

Angle of
Incidence

A. Rotate the Ray table and observe the light ray. The angles of incidence and reflection are measured
with respect to the normal to the reflecting surface. Choose angles of incidence of 10°, 20°, 30°, 40°,
50°, 60°, 70° and 80°, and measure the angle of reflection. Repeat your measurements with the
incident ray coming from the opposite side. Compare the two sets of measurements, and estimate the
error in your individual angle measurements. Are the two measurements “within error”? [Please fill
in your answers in the table on the next page.]
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B. Are there any sources of systematic error in this experiment? (Systematic error is not necessarily
random or governed by Gaussian statistics, and it may, in principle, be eliminated with careful
experimental practices.)
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Activity 2.2 — The Law of Refraction (Snell’s Law)

Set up the equipment as you did in Activity 2.1. Align the flat surface of the Cylindrical Lens with a line on
the Ray Table that is perpendicular to the incident ray. With the lens properly aligned, the radial lines
extending from the centre of the degree scale will all be perpendicular to the circular surface of the lens.

Slit Mask
Angle of 4 =~
Incidence

P

Slit Plate

Angle of
. Refraction

S o

A. Rotate the Ray table and observe the light ray. The angles of incidence and refraction are measured
with respect to the normal to the reflecting surface. Choose angles of incidence of 10°, 20°, 30°, 40°,
50°, 60°, 70° and 80°, and measure the angle of refraction. Construct a graph if sin(6,) on the
horizontal axis, and sin(#;) on the vertical axis [See the template on the next page]. Draw the best fit
straight line for your data, and measure the slope to obtain the index of refraction, n, of acrylic
(assume that the index of refraction of air is 1.000).

0 sin(f)) 6> sin(6,) Notes

10°

20°

30°

40°

50°

60°

70°

80°




PHY385H1F Optics Practicals Session 2 - Page 5 of 7

1 sin(6,)

1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0 sin(0,)
—0.1

—0.1 0 0.1 0.20.30405060.70.809 1 1.1




PHY385H1F Optics Practicals Session 2 - Page 6 of 7

Activity 2.3 — Total Internal Reflection

In Activity 2.2, you determined the relationship that exists between the angle of incidence and the angle of
refraction for light passing from air into a more optically dense medium. Does the same relationship hold
between the angles of incidence and refraction for light passing out of a more optically dense medium back
into air? That is to say, if the light is travelling in the opposite direction, is the law of refraction the same or

different?

Set up the equipment as you did for Activity 2.2. Rotate the Cylindrical Lens by 180° so that the incident
ray passes through the curved side of the lens at a normal incidence, and then emerges from the flat side at

the centre of the Ray Table.

Internal Angle

of Incidence

(Incidence,

1,

(Refraction,)

Angle of
Refraction

A. Rotate the Ray table and observe the light ray. The angles of incidence and refraction are measured
with respect to the normal to the reflecting surface. Choose angles of incidence of 10°, 20°, 30°, 40°,
50°, 60°, 70° and 80°, and measure the angle of refraction (if you can’t use all these angles, make a
note of that!). What is the critical angle for total internal reflection? Knowing that sin(6.)=1/n, what
is the index of refraction using this single measurement?

%\
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Critical Angle:

Index of refraction, as inferred from Critical Angle:
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B. Measure the angle of incidence corresponding to angles of refraction of 10°, 20°, 30°, 40°, 50°, 60°,
70° and 80°. Compare these numbers to the results of Activity 2.2, when the ray propagation
direction was reversed. The “principle of reversibility” in optics states: “Any actual ray of light in an
optical system, if reversed in direction, will retrace the same path backward.” Do your
measurements agree with this principle?

0, A6, 0, A, Notes

10°

20°

30°

40°

50°

60°

70°

80°

Activity 2.4 —Lab Tour: Thywissen Ultra-Cold Atoms

Take a tour of the Thywissen Lab in MP023, either from one of the graduate students there or from Professor
Thywissen himself, who said he would be available between about 4:30 and 5:00. Name at least one of the
optical elements on one of the optical benches, and, if you don’t know what it is, ask: What is it? What does
it do? Or, perhaps, ask: How does “Doppler Cooling” work?

TOUR NOTES:




