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Purpose
I – Observe light rays refracting and reflecting, in order to verify Snell’s Law
II – Use light rays to determine focal lengths of simple converging and diverging lenses, using       various methods.





Theory
Snell’s Law:  ().                [1]
Snell’s law is the relationship between two refractive indexes of different mediums, 
(Ex. nair = 1.00, nwater = 1.33) and the angles of incidence () and refraction () of the light that passes through the two media.
Thin Lens Equation:                [2]
The thin lens equation represents the relationship between the distance from an object to a thin lens (p) and the distance from that lens to a corresponding image point (q) in order to get the constant focal length of said lens (f).
Real Image: A point in space where light actually converges after passing through lenses.
Virtual Image: A point in space where light appears to have diverged from





Setup and Procedure
3.1 Reflection
3.1 – Measure the reflective angles, with respect to the normal, of a light ray bounced off of a mirror. 
3.2 Refraction
3.2 – (i) Use the laser box to shine a single ray perpendicularly through a surface on the Plexiglass rectangular prism. How is the beam’s trajectory affected?
         (ii) Use the laser box to shine a single ray through the Plexiglass rectangular prism at 45o to the surface. How is the beam’s trajectory affected? Use Snell’s Law to calculate θ2.
        (iii) Use the Plexiglass semi-circle and circular protractor provided. Shine a single laser ray through the semi-circle between 0o and 45o to the normal (in order to avoid total internal refraction). Graph this data to get the refractive index of Plexiglass.
3.2.2 – Shine white light through a triangular prism. The double bending of the light will cause the “rainbow effect” , and you will see colours. Which colours have the largest and smallest refraction angles?
3.3 Lenses
3.3.1 – Use three laser beams from the ray box, which represents the light source coming from infinity. Shine these through the converging lens, measure from the centre of the lens to where the rays converge. This is the focal length of the lens.
3.3.2 – Shine the three rays through the diverging lens, and trace the diverged rays back. Where these 3 traced lines meet is the focal length of the diverging lens.
3.3.3 – Both the converging and diverging lense have the same radius of convergence. What happens when you shine light through them when they are directly beside each other? How do the focal lengths compare?
3.4 Real Images
3.4.1 – Point your optical bench at a distant object (20m+ will be fine), and focus the distant object on the screen. Measure the f value (focal point) directly and estimate the depth of focus.
3.4.2 – Use the number “4” light picture to project a crisp, real image on the screen using different p and q values. Graph the 1/q against 1/p to get a linear series. The y-intercept will be your 1/f value.
Results
3.1 Reflection
We shined a single laser ray into a plane mirror at 45o and measured the reflected ray to also have an angle of 45o. Therefore we proved that when reflected off a surface, light has the same angle of incidence and reflection. See Figure 3.1 in “Lab 4 Figure and Calculations Booklet”.
3.2 Refraction
3.2.1 Parallelepiped and semi-circle
(i) After shining the light ray perpendicularly through the prism, we observed no change in the beams trajectory. See Figure 3.2(a).
(ii) Shining the light ray rough the prism at 45o to the surface, we measured the angle of refraction to be 30o. See Figure 3.2(b). Knowing that n1= nair = 1.00, we can rearrange Snell’s Equation to:
   , and now solve for n2 = 1.41. Therefore the measured refractive index is 1.41.
(iii) We measured refractive angles from 0o to 40o in increments of 5o. We then took the sin of both the angles of incidence (SinX) and refraction (SinY). We then graphed their relationship (SinX being the independent variable). See Graph 1. We found our y-intercept (index of refraction) to be 1.52. Therefore our graphically obtained index is 1.52.
3.2.2 Prism
[bookmark: _GoBack]We observed the white light being “split” by prism into the colours of the rainbow(Red, Orange, Yellow, Green, Blue, Indigo, Violet). The red light had the smallest refraction angle, while the violet light had the smallest. This is because red light has a larger wavelength than violet light, and larger wavelengths travel faster than smaller wavelengths. The double bend of going through the prism causes light with larger wavelengths to bend more. This is why we use red lasers; so we can see the bending of light more easily.
3.3 Lenses
3.3.1 Converging lens
After shining the light through the converging lens, we found the focal length to be 8.6cm. See Figure 3.3.1.


3.3.2 Diverging lens
After tracing the light through the diverging lens and tracing the lines back, we found the focal length to be 7.6cm. See Figure 3.3.2.
3.4 Real Images
3.4.1 p  ∞ 
After focussing our real image (far away building) on the screen, we determined our focal length to be 9.8cm. We also noticed that our image did not change its sharpness for a span of about 0.2cm. Therefore our depth of focus, or uncertainty, is 0.2cm.
3.4.2 p > f
We measured the q values for p values between 20cm – 60cm in increments of 5cm. We then did 1/p and 1/q and put them on the x and y axis respectively. From the linear fit we got a y-intercept (1/f) of 0.09757. 1/0.09757 = 1/f = 10.25cm. Since the lens should have a focal length of 10.0, our uncertainty is 0.25cm. Therefore, from our graph, we got a focal length of 10.25cm and an uncertainty of 0.25cm for our thin lens.













Discussion
4.1 Questions
(Find questions in Lab Manual)
Section 3.2.1
(i) The beams trajectory is not changed by going through the prism on the normal. The only thing that changes is the light’s speed while in the Plexiglass.
(ii) The transmitted beam is parallel to the incident beam. This would not be your first guess, but it makes sense when you look at Figure 3.2(b). The beam of light slows down as it enters the Plexiglass and the angle decreases, but as the light leaves the glass it speeds up again, increasing the angle back to its original angle.
Section 3.3.3
The focal length of the converging lens is 1.0cm larger than that of the diverging lens. This is probably because of human error in drawing the lines and measuring. Since the 2 lenses have the same radius of curvature, they should also have the same focal lengths. When they are placed together, the light rays will converge and diverge to the same intensity and therefore produce parallel lines.
4.2 Discussion of Results
In 3.2.1 (ii) we got a refractive index of 1.41 and 1.52 for (iii). These numbers are actually pretty close, which is somewhat surprising, considering how rudimentary the tools we used were. I found on the actual refractive index of Plexiglass to be 1.4914 on the internet (http://en.wikipedia.org/wiki/Poly(methyl_methacrylate) ). Since this value is in between our 2 values, I’d say we did this part of our lab to a high accuracy.
In 3.4, for the object at infinity we got a focal length of 9.8cm ± 0.2cm, and for our graphical result we got a focal length of 10.25cm ± 0.25cm. These 2 focal lengths have a common value of 10.0 cm, which conveniently is the value for what the thin lens focal length should be.
4.3 Source of Error and Improvements
A major source of error in this Lab is in 3.4 when concentrating the real images. Since there is a depth of focus in which our eyes cannot determine the best focus, it gives a fairly wide array of values for the focal lengths. Another possible source of error is the light in the room. We cannot say with 100% certainty that our data is correct because there could have been some light interference. An improvement would be to do this lab without any light from the outside.
4.4 Conclusion
I – We did in fact verify Snell’s Law by the refraction of light rays. 
II – We determined focal lengths of diverging lenses by way of laser ray boxes, and focal lengths of converging lenses by way of laser ray boxes and optical benches.
