PROBLEM SET – SPHERICAL LENSES 2010
Thin lens formula: 1/do + 1/di= 1/f          

Recall that F=1/f  , which says that  the power of a surface is the reciprocal of  either the primary or secondary focal length. 

Total lens power = F1+F2  , written another way if you only have the radius: F=(n’-n)/(1/r1-1/r2)  This assumes surrounding media is air. 

The Gaussian Imaging formula is used to calculate image-object power relationship

· L’=L+F   

· F=total power of the lens

· Incident vergence (L)=nobject/l=nsurround/l=1.0/l (in air)

· Emergent vergence (L’)=nimage/l’=nsurround /l’=1.0/l’(in air)

· Where l=object distance and l’=image distance
Linear Magnification: Image size/ Object size = di/do 

 LM=h’/h=n’/l’=nsl’/nsl=l’/l   also   LM=-f/x=-x’/f’  Where x=dist from primary focal point to object  and x’=dist from seconary focal point to image    

· xx’=-(f)2

Apparent size  tan=h’/f=-h’/f’

h’=-f’tan
Thin lens formula: 1/do + 1/di= 1/f          Recall that F=1/f2
Linear Magnification: Image size/ Object size = di/do
Angular Magnification: tan02/tan01
Prentice’s Rule for Prism Power:  P=decentration (cm)x F (power in diopters)
There are several versions of this formula. Since we use it for measurements that we take in the clinic, and since we usually use mm in the lab instead of cm, there is another form of the formula. This form of the formula does not require you to remember to convert the measurement to cm. 

    dD 
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where: 
    P = the amount of prism present at a particular point, 
    d = the distance of that point from the optical center, in mm, 
    D = the dioptric power of the lens.
Effective power: Fx=1/f’x=1/f’-d  or Fx=F/1-dF

Extra Info:

Real images are formed when light rays from an object actually cross. This occurs with convex lenses.   The image will be inverted. Note that height of the image is positive if the image is upright. 

Virtual images are formed when the light rays appear to come from a point although they never actually cross (no image will be formed on a screen). They are always upright. Note that the height of the image is negative when the image is inverted.

1).  The secondary focal point of a positive lens is defined as:



a. The point in space to the left of the lens through which light at infinity will pass



b.  The point of a lens through which the chief ray will pass



c. The point to the right of the lens through which a ray located at infinity will pass



d. The point at which refraction is assumed to occur




1) B only




2) A and D




3) C only




4) C and D

Answer: C and D

2) When an object is placed 25 centimeters from an equiconvex lens, a real image is formed 1m from the lens. If the radii of the surfaces are 40 cm, what is the index of refraction of the lens?

Known (assume object is real b/c it is “placed” in real space”

Object distance (l= -25cm or -0.25m)

Equiconvex = both surfaces are positive

Radii r1= -r2 = 0.40m

Real image position l’=1m

Unknown = n

L=1.0/l = 1.0/-0.25 = -4.00 D      L’=1.00/l’= 1.00/+1.00 = +1.00D

So F= L’-L or +1.00 – (-4.00) = +5.00 total lens power.

 Use the lensmakers formula : F= (n’-n)/(1/r1-1/r2) and since the lens is equiconvex we know r1 = -r2 you get:
+5.00 = (n lens-1.00)(2/0.40) =   (n lens-1.00)(5) and nlens = (5/5) +1.00 = 2.0
3) A slide is placed 33 cm to the left of a thin lens. What is the power of the lens if the image comes into focus 1m to the right? 

A.  F=L’+L so, L=1/l which is 1/-0.33m = -3 and L’= 1/1 or +1D, so the power is 

F= 1-(-3), or +4D
4) A biconvex intraocular lens has a front surface with a radius of curvature of +20 mm and a back surface with a radius of curvature of -30mm and an index of refraction of 1.54, what is the power of this lens in air? In aqueous?
Please note in original problem, the second radius was +30mm. This cannot occur for a biconvex lens, the second radius has to be negative.
Answer: Recall that the Ftotal = F front surface + F back surface
We know the index of the aqueous is assumed to be 1.33.

Use the formula F=n’-n/r to get the power of the front and back, then add them together. You will have to repeat the procedure in water. 

So, in air: F front = 27D, F back = 18D, total is 45D

And, in aqueous: F front = 16.5D, F back = 11D, total is 27.5D

5) A patient comes in complaining that the new glasses they got at Costco are causing problems when she reads.  You confirm that the refraction is correct and that the glasses are made to specification. Her prescription is -3.00 OD and +2.00 OS with a +2.00 Add OU.  Exasperated, you resort to doing a cover test through the glasses which is normal at distance but there is a tropia when the patient holds text at 16 inches.  You take a Sharpie pen and dot the position of the visual axis in this position at near. You then note that the visual axis is .2cm nasal and .2cm inferior to the geometric center in the right eye and .1cm nasal and .1cm superior to the geometric center in the left eye.  She then tells you that when she was a kid she had strabismus surgery in both eyes. Which of the answers summarize her problem?
A) Induced prismatic effects from inappropriate alignment of spectacles at distance and near. 

B) Induced prismatic effects from ocular misalignment

C) Induced prismatic effects from inappropriate alignment of spectacles at near

D) Anisometropic effects

1) A only

2) B and D

3) C

4) B,C and D

Answer: 4

5) The patient in problem number 5 would have what kind of a deviation on cover testing without glasses?

A) Left hyper

B) Left hyper with R eso

C) Right hyper with L eso

D) Right hyper with R eso

E) Left hyper with L exo

Answer: B

6) What is the induced prismatic  effect for this patient? Pt would have a  8 prism diopter vertical imbalance and a 4 prism horizontal imbalance. Note for 2 eyes, vertical prisms of different orientation are additive, for horizontal prism, prism of the same orientation are additive.  Note: prisms were not calculated  correctly- In problem #4 the total prism is as follows;
OD: 0.6D BD and 0.6D BI

OS: 0.2D BD; 0.2D BO

Total deviation for the vertical is 0.4 BD and total deviation for the horizontal is 0.4D BI
7) What is the prismatic effect of looking through a point 3mm above the optical center of the Rx -3.00-5.00x045?

a. You will have to use an optical cross to figure out the power in the vertical meridian.  (it is -5.50D because the amount of cyl at 90 degrees is ½ the total cyl or -2.50D plus the sphere power of -3.00)

So, use the same formula Prism = .3x5.5=1.65D base UP

8) If you have a patient who has a -12.00 glasses Rx, what contact lens power would you prescribe if the vertex distance is 15mm? What if it were a +12.00 Rx? +13.84
Use the formula for effective power F=F/1+dF

So for the first instance F=-12/1+(.015)(-12) = 10.16D  and for the second situation it is F=12/1+(.015)(12) = 14.62D

9)A lens with a focal length of +50mm (what is the power??) has a 20mm tall object that is 40mm away. What type of image is produced and where is it located? 
Because you know f’ (50mm), you can calculate F (1/.05m=20D)

You also know l, which is -40mm, so you can calculate L (1/-.04m= -25D)

Since L’=F+L, you can then solve for L’, which is -5D.
Then you can find the image position (l’), which is -1/5 or -.2m. So the image will be virtual and -.2m to the  right of the lens. 
To get the image size you could do the following:

Set up the ratio as follows h/l=h’l’

Which becomes .02m/.04m=h’/-.2m = 0.5/-.2=h’/-.2 and you get

 -.05m =h’ 

Problems adapted from : Loshin, DS. The Geometrical Optics Workbook c 1991 Butterworth Heinemann. 

