Problem set Prism and Curved Surfaces
Note: you may not be able to do all of these until after the lecture

Formulas Prism:

Apical angle = sum of internal angles  (=1’+2)

Deviation of a prism= 1+2-
Deviation of an ophthalmic prism=  (np/ns-1) if the surrounding media is air, then it is (np-1)
Formulas curved surfaces:
F=n’-n/r where F= surface power in diopters, n= index before refraction , n’= index after refraction , r=radius of the surface in meters.

Image/Object Position: 

Reduced vergence (for a light ray traveling in media other than air) = index of media/radius of wavefront

Incident vergence or reduced object vergence = L= n/l where n= index of object space and l= distance from refracting surface to object (measured right to left and therefore a negative number)

Emergent vergence or reduced image vergence = L’=n’/l’ where n=index of image space and l’= distance from refracting surface to the image (measured left to right and therefore a positive number).

Gaussian Imaging Equation: L’=L+F where L’= emerging reduced vergence leaving surface after refraction, L=incident reduced vergence striking the surface and F= power of the surface in Diopters.  The type of object or image (real/virtual) and the resulting type of vergence (parallel,  convergent, divergent) must me known before the equation can be used properly.

Power of a surface: F=-n/f=n’/f’ Where F=1/f and F’=1/f’
Lateral magnification = LM= image size/object size=h’/h = nl’/n’l

Refraction of a prism
1) A ray emerges from a 40 degree plastic (n=1.49) prism at an angle of 25 degrees.  If the prism is under water, what is the incident angle at the first refracting surface of the prism?

Known: emergent angle ’2=25 degrees, n water= 1.33, n prism= 1.49, apical angle  =40

Unknown: incident angle 1=?

Equations/concepts: refraction through a prism, n1sin1=npsinq’1, =1’+2,

Solution: the incident angle is determined by  tracing the ray backwards through the prism. First the internal refracted angle at the second refracting surface is calculated. Note the surrounding media is water.

npsin2=nssin’2
1.49sin(2)=1.33sin(25)

sin2=0.5621/1.49=0.3772

2=sin-1(.3772)=22.16 degrees

Then, calculate the internal refracted angle at the first surface

’1=-2  = 40-22.16=17.84 degrees
Solve for the incident angle (q1) using

nssin1=npsin’1

1.33sin1=1.49sin(17.84)

sin1=0.4564/1.33=0.3432

1=sin-1(0.3432)=20.07 degrees

Deviation of a prism

2) A glass prism as an apical angle of 38 degrees.  If a ray is incident on the first refracting surface at an angle of 10 degrees, the total deviation of a prism is 21 degrees.  What is the emergent angle at the second refracting surface?
1+2-or     'therefore,  '2= 21+38-10=49 degrees
A patient with an inferior orbital wall fracture has a right hypertropia of 20 diopters. She has an Rx of plano OU.  What will you prescribe for optimal cosmesis?
A. 10D base down OD and 10D base up OS
4) A patient has a constant left esotropia. What is the orientation of the base of the prism placed in front of the left eye to correct the problem? What is the orientation for cosmesis? Explain  your answers

Answer: Functional correction, base is OUT  OS, Cosmetic correction, base is IN OS

Curved Surfaces

5) A negative single refracting surface between air and glass (n=1.75) has a radius of 25cm. Calculate the power of the surface. 
Known: index of surface 1.75, Radius of curve = 0.25m, index air= 1.0

Unknown: power of surface

Equations: F=n’-n/r

Solution: For the power to be in diopters, the radius has to be changed to meters. 

So, F=1.50-1.0/+0.05=.50/.05=+10D

F= 1.75-1.0/-0.25= -3.00 D
6) A lens clock measures a power of -8.50D on a plastic surface n=1.49.  What is the radius of the surface? What is the actual power of the surface?

      Known: Lens clock power -8.50D, index of material 1.49, calibrated index of lens clock 1.53 (crown glass)

Unknown: radius, actual power

Equation: F=n’-n/r

Solution: r=n’-n/F = 1.53-1.00/-8.50=-0.0624m
Using the calculated radius and index of the surface, the actual power becomes:

F=n’-n/r = 1.49-1.00/-0.0624=-7.85D

You can see that a significant power error can occur when a lens clock is used to measure the power of materials other than crown glass. 

Image/Object Position

      A crystal ball with an opaque rear surface sits on a pedestal. Its internal radius of curvature is 50cm. Its index of refraction is  3.00. Which of the following statements about this “lens” are correct (considering only the front surface of the crystal ball)?
1. Its refractive power is +8.00
2. Its primary focal length is 25cm
3. Its secondary focal length is 25cm
4. Light originating at infinity will come to focus inside the crystal ball.
a. 1,2 and 3
b. 1 and 3
c. 2 and 4
d. 4 only
e. 1,2,3 and 4
The power of this lens is +4.00 (F=n’-n/r). so, the primary focal length is 1/F or -25cm.  The secondary focal length is ¾ or 75cm.  the total diameter of the ball is 100cm (since the radius is 50cm).  The secondary focal point is where light from infinity will focus, so the answer is c.
7) Consider another crystal ball with an index of 1.5 and internal radius of curvature of 10cm. Which are true?
1.  Its primary focal length is 20cm

2. Its power is +15.0D

3. Its secondary focal length is 30cm

4. Light form infinity will come to a focus inside the ball

a. 1,2 and 3

                                  b.1 and 3

c.2 and 4

d.4 only

e.All are correct

 Answer b- Power is +5D, 1/5 is 20cm for primary focal length, 1.5/5 is 30 cm for secondary focal length. The diameter of the ball is only 20cm, so light will not focus inside the ball. 
8)  A single refacting surface has a power of -6.00D with primary and secondary focal lengths of 22cm and 25 cm, respectively.  Calculate the index of refraction of object space and image space.  F=n’-n/r Answer:  use Index of object space 1.32; index of image space 1.50. 

9) You have a patient with keratoconus who has a topography reading of 85.00D at the corneal apex.  You need to order a contact lens that will just align with  the cone.  What will be the base curve of the contact (in radians) that you will order for the patient? Assume the index of refraction of the cornea is 1.376.

Answer: 85D = 1.376-1.0/r and solve for r, which is 4.42

Lateral Magnification
10) An object is placed 1 m in front of a +5D single refracting surface and a real image is located 37.50cm from the surface.  The index of object space is 1.0 and the index of image space is 1.5.  Solve for the lateral magnification . Is the image inverted or erect?

 Solution: 

LM=nl’/n’l=(1.00)(+37.50cm)/(1.5)(-100cm)=37.50cm/-150cm = -0.25 (image inverted b/c negative number)

11) Which of the following statements about linear magnification is true?

1. Magnification is equal to the ratio of object size to image size

2. A magnification value < zero implies inversion of the image relative to the object

3. Magnification is equal to the image vergence divided by the object vergence.

4. A magnification value >-1 and<=1 implies that the image is smaller than the object

a. 1,2 and 3

b. 1 and 3

c. 2 and 4
d. 4 only

e. All of the above

Answer: Magnification is equal to image size/object size (I/O) or object vergence/image vergence (U/V) sometimes expressed as (L/L’), since size and vergence are reciprocally related.   Anything that is negative implies an inverted image. If the magnification is <1 (or if negative >-1), imiplies an image smaller than the object (minimized). 

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
