Reflection and Refraction of Light Problem Set 2010
Formulas:

· Index of refraction (n)     n=velocity in vacuum/velocity in medium = c/vm=3.0x108m/s/vm

· Vacuum 1

· Air (nonpolluted) 1

· Water 1.33

· PMMA 1.49

· Crown glass 1.523

· Diamond 2.417

· Cornea 1.376

· Zeiss hi-index 1.8

Law of Reflection: The angle of incidence is equal to the angle of reflection 

% Reflected = (n’-n/n’+n)2 X 100  if the n is greater, then the R is greater.
Another way to think of Reflection = Reflected light (IR) /incident light (IO): Also remember that whatever is not reflected is TRANSMITTED

Transmittance = IT=(I-R)Io
Law of refraction (Snell’s law) :    nsin  = n’sin’  
note:  deviation = angle of incidence – angle of refraction
Critical Angle    c=sin-1(n’/n)

 Fermat’s principle (of least time) t=dmeters/v sec

Apparent displacement    n/l=n’/l’
1) If the incident angle is 45 degrees and the reflected angle is 15 degrees, how much is the ray of light deviated?  Deviation = 45-15 = 30degrees

2) If a ray is deviated by -20 degrees and the angle of incidence is 60 degrees, what is the angle of refraction?  Deviation = 60-(-20)=80 degrees

3) If deviation is 10 degrees and the reflected angle is 25, what is the angle of incidence? 25+10= 35 degrees.

4) If a ray traveling through thin air is incident on a plane surface at 60 degrees and is deviated 5 degrees from the original path, what is the angle of refraction? 55 degrees.

5) If a ray traveling from glass to air has an incident angle of 30 degrees and a deviation of -4 degrees, what is the angle of refraction? 34 degrees. 

6) If a ray of light travels from air to glass with an incident angle of 30 degrees, what will be the refracted angle? What is the deviation? (hint, use the Law of Refraction nsin  = n’sin’  )  1 sin 30 = 1.5 sin The refracted angle is 19 degrees, making the deviation 11 degrees. Note: deviation = angle of incidence – angle of refraction Note that the refracted angle is less than the incident because of the change in index.

7) A ray travels from an unknown material into air with an angle of refraction of 20 and an incident angle of 13. What is the index of the material? (again, use same formula as #6).  Index = 1.52

8) What is the critical angle in air of water (n=1.33)? A. 49 degeres. 

9) Which of the following is true about refraction of light at interfaces?

a. Light will bend toward the normal as it enters a medium of higher index

b. The index of any material is greater for longer wavelengths

c. Total internal reflection renders the anterior chamber angle invisible with the slit lamp

d. Light traversing a plane parallel plane at any incident angle is not refracted

Answer a and c are correct.

10) You are viewing a the anterior capsule during surgery.  It appears to be 1.5mm from the posterior cornea. What is the actual depth of the anterior capsule?

Known: 

Index of AH= 1.33

Index of air = 1

Apparent position of capsule = 1.5mm

Capsule is located within the AH

Unknown:

Actual position of the AC.

Equation: n/l=n’/l’

1.33/l=1.5/1.0 = 

1.33 * 1.5 = l

L= 1.995 mm

11) What is the percentage perpendicular incident light reflected from a surface between air and glass with an index of 1.62?  A. % Reflected = (n’-n/n’+n)2 X 100   or  5.6%

12) Which of the following statements about refraction of light at interfaces is/are true?
1.  Light will bend toward the normal as it enters a medium of higher index of refraction

2. The index of refraction of any given substance is greater for longer   wavelengths

3. Total internal reflection renders the anterior chamber angle invisible by slit lamp

3. Light traversing a plane parallel plate at any incident angle is not refracted. 

Answer 1 and 3 are correct.
13) True or False: UV A light has longer wavelengths than UV B light.  Answer: True
14) A child is watching her goldfish swim inside a tank with an internal radius of curvature of 1/3m.  If the goldfish swims up to her and returns her gaze at a distance of 1/3m from the tank wall, where will the child believe the fish to be (assume the index of refraction of water is 1.5?)

a. 1/5m inside the tank

b. 4/15m inside the tank

c. 1/2m inside the tank

d. 4/9m inside the tank

e. 1/3m inside the tank

Answer c.  recall apparent position formula is n/l=n’/l’ solve for l’ or

1.0/.33=1.5/l’  l’=0.495m.  Remember this!! When viewing from a low index into a higher index, the apparent position (l’) is farther away than the actual position. 
15) Which of the following substances has the highest index of refraction?

a. Air

b. Cornea

c. Vitreous

d. PMMA

e. High index refractive lenses

Answer e. 

Problems adapted from: Loshin DS. The Geometric Optics Workbook , 1991. Butterworth –Heinemann and MEEI Review Manual for Ophthalmology, 3rd ed, 2006, Lippincott Williams and Wilkins

