Engineering Physics —E & M Lab 10
REFLECTION AND REFRACTION

LASER SAFETY

1. NEVER LOOK DIRECTLY INTO A LASER BEAM. This could result in severe

eye damage.

The laser’s shutter should be closed at all times when you are not taking data.

3. Be observant of other people walking around the room and other groups working

near your laser beam. Remember they do not know that your shutter is open till

the beam hits them in the eye and causes severe damage!

Always turn the laser off after all your data has been taken.

5. Nominate one person in your group to control the laser. This person should be
observant of others and keep the laser’s shutter closed between data collections
and turn the laser off before leaving the lab room.
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DEFINITIONS of OPTICAL APPARATUS

Laser

We will use a He-Ne laser with a wavelength of 632.8 nm. The power output of the laser
is less than 1 mW so it cannot be used to burn holes in pieces of paper or to light
cigarettes. However, it is sufficiently bright to cause eye damage if you stare into it.
DO NOT STARE INTO THE LASER OR ITS REFLECTION. It is common
practice to remove rings, watches and other shiny objects to prevent inadvertent
reflections. The laser is more stable after it has warmed up for a few minutes, so
keep it turned on until you complete your experiment. It’s a good idea, though, to
close the shutter when the laser beam is not in use.

Optical Bench

The optical bench has a scale along one edge—this edge should be facing you. The back
edge of the bench is raised slightly and should be used to align everything placed on the
bench. The bench’s surface is magnetized so all of the optical equipment (laser,
component carriers, angular rotation stage, linear translator) will stick to it since they all
have metal strips attached to them.

Angular Translator

This is used to align optical components to within one degree. The top surface rotates so
that an object can be moved to a certain angle. This also has a “stage holder” that rotates
around the outside of the translator. This “stage holder” will be used to hold a scale.

Procedure I: Alignment of Apparatus

1. Set up the laser at the left end of the optical bench and the angular translator at the
right end of the bench with the 0° mark towards the laser. Make sure both pieces
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of equipment are flush against the raised back edge of the bench. Turn the top
surface of the angular translator until the arrow indicates exactly 0°.

2. Position the acrylic plate on the top surface of the translator so that the front edge
is lined up with the axis of the surface(the top surface’s pivot point). i.e. if the
arrow of the top surface is aligned with zero this is the axis that would go from
the 90degree to the 270 degree markings on the translator. When this plate is align
properly the laser beam is reflected from the front surface of the plate straight
back onto the face of the laser. This assures us that the laser beam will always
strike the glass plate at the same place as you rotate the stage.

3. Now if the rotational stage is turned, the angle between the laser beam and the
normal to the glass plate is simply the angle indicated by the arrow on the stage—
this is the angle of incidence. Whenever the stage is set to 0° the laser beam
should be reflected straight back onto the laser. Once the apparatus is aligned you
should not change the position of the laser or the position of the glass plate on the
rotational stage!

4. With the stage set to 0°, rotate the screen holder to 180°. Place the screen on the
screen holder and position the screen so that the laser beam passing through the
acrylic plate strikes the screen at the center point on the scale. No further
adjustment of the screen should be made after this initial positioning.

Procedure 2: Measurement of Angle of Reflection

5. Refer to Figure 1 below. 0; is easily set as discussed above in step 3. To determine
0y, set the rotational stage to the desired angle of incidence. Now hold both sides
of the top platform and rotate the screen holder until the laser beam reflected from
the front surface of the glass plate strikes the screen at the center point on the
scale. The angle of reflection is simply the angular position of the screen holder
minus the angular position of the rotational stage.

thickness, t

incident beam

plate
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6. Measure and record the angle of incidence, 0;, and the angle of reflection, 0y, for
reflections from the surface of the glass plate. Take 6; in increments of 10° on
both sides of the laser beam and fill out the table on the worksheet. NOTE:
YOU MUST GO BACK TO STEP 2 AND 3 TO RE-ALIGN THE LASER
AND THE ACRYLIC PLATE FOR EACH ANGLE TO MAKE SURE THE
PLATE HAS NOT MOVED BETWEEN ROTATIONS!

Procedure 3: Analysis of Law of Reflection Data

7. Using your data from Procedure 2, make a graph of 6, vs 6; (i.e., y vs X). Model
your results as 0, = m6; + b (i.e., y = mx + b) and use the LINEST function in

EXCEL to determine m and b.
8. What are the theoretical values for m and b from the law of reflection?

9. What is your percent error?

CHECKPOINT 1: Your instructor must check your Table, Graph and Calculations
before you can proceed.

Procedure 4: Measurement of Index of Refraction

10. Measure the thickness, t, of the plate with the calipers.

11. Again, using the acrylic plate measure and record 6; and d as shown in the figure.
Use the same values for 6; as in Procedure 2. Make sure to use angles of incidence
on both sides of the laser beam and to re-align the laser before each angle of

incidence.
12. Calculate 6, from the equation below and record sin6; in the table on the
worksheet.
tan( ,) _d4
2tcos( ;)

13. Complete the table on the worksheet by calculating sin®; .

Procedure 5: Determination of Index of Refraction

14. Using your results from procedure 4, graph sin6; vs sin6; (i.e., y vs x). Determine
the slope of the graph using the LINEST function in EXCEL.
15. Snell’s law is
nsin( ;) nsin( ),
where n; if the index of refraction for the incident medium(in this case air so n;=1).
Therefore the slope of your graph should be n;, the index of refraction for the

plate.
16. Compare your results with nacryiic = 1.489 to find the percent error.

CHECKPOINT 2: Your instructor must check your Table, Graph and Calculations
before you can proceed.
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REFLECTION AND REFRACTION-WORKSHEET

Measurement of Angle of Reflection

LEFT SIDE OF THE BEAM

(.)i(°) 15° 25° 35° 45° 55° 65° 75°
0.(°)
RIGHT SIDE OF THE BEAM
(.)i(°) 15° 25° 35° 45° 55° 65° 75°
6.(°)
Analysis of Law of Reflection Data
From your graph:
m= b=
Theoretical Values:
m= b=
Percent Error=
CHECKPOINT 1: Table, Graph and Calculations
Measurement of Index of Refraction
t=
LEFT SIDE OF THE BEAM
Bi(o) 15° 25° 35° 45° 55° 65°
d(m)
0:(°)
sin(()i)

sin(()i)
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RIGHT SIDE OF THE BEAM

0,(°) 15° 25° 35°

45°

55°

65°

d(m)

0:.(°)

sin(ﬂi)

sin(ﬂi)

Determination of Index of Refraction

Slope= (experimental)

From Snell’s Law, what should the material in this case be? Air or Acrylic

Percent Error=

In your estimation, which part of the procedure or equipment contributed most to the

experimental error?

CHECKPOINT 2: Table, Graph and Calculations




