OPTI 502L –Fundamentals of Applied Optics Lab 

Lab #6 – Zoom lens

The purpose of this lab is to study the basic principle of a zoom lens system. 

Preparation:

Design a simple two lens zoom system with first order optics, verify the design in Zemax.

Part I:  Two lens paraxial zoom design
1 Pre-lab preparation: 

Design with paraxial calculations using a spreadsheet and verify it with a Zemax model.

Using the following two lenses, design a zoom system to cover the range of focal lengths from 200-750mm:

                         F1=+200mm, lens located at L1

                          F2=-150mm. lens located at L2

 

  Lens separation =t

                          Image location=I
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To maintain focus at I, move both of the lens as a unit, so that the new distance between L2 and the image I is equal to the new back focal distance (BFD).

Paraxial calculations (derive following equations in your lab notebook):

1) Choose the effective focal length fT  (200-750 in steps of 50mm )

2) Calculate t

[image: image2.png]t = fi+H-(f;*£,/f1)




3) Calculate the BFD

[image: image3.png]BFD=fT* (f] -t)/ fl




4) Fix the position of the image plane I, and calculate the location of the two lenses L1 and L2. Choose I to be at 900mm on the optical rail

L1=900-BDF-t

L2=900-BFD

5) Repeat back to step (1)

(6) Plot L1 and L2 vs fT

2 System setup (check Magnification vs. focal length) 

(1) Collimate a “diffuse pinhole” source 

(2) Replace the pinhole with a transparent ruler (include the diffuser)

(3) Set up a 35mm slide holder (24mm×36mm) with a white screen at the end of the optical rail, to mimic the use of photographic film. The location of the holder defines the image plane and its boundaries act as the field stop, limiting the size of the image on the “film.”
(4) Set up the two lenses for a focal length of 300mm; locate then along the rail according to your pre-lab calculations. Is the image in focus on the screen? If not, double check your calculations

(5) For 3 other values of focal length, measure the image size. Calculate the magnification.

(6) Describe the effect that changing the focal length has on what you see on the ‘film’.

Part II:  Real telephoto Lens


1.  Measure the length of the entire lens.

2.  Using the nodal slide, locate the principal planes of the system, and measure the focal length.  How does it compare to the length?

3.  Assuming the lens has two elements, sketch two lenses that would give the behavior shown into your drawing of the system.  Also sketch the marginal ray paths through those elements.  

(Don’t make any real measurements for 4 – 6.  Just inspect the lens and its behavior and try to figure out what’s going on!  If you have trouble, talk to the TA.)

4.  There’s an adjustable ring on the lens with numbers written on it:  Either 2.5, 3, 4, 7...( feet or 7, 8, 10, 12...( ft.  Can you figure out what these numbers mean?  What is happening to the lens as you turn this ring? (you can check your thought by measuring it with nodal slide)

5.  There’s another adjustable ring on the lens with the numbers: Either2.8, 4, .......22 or 4.5, 8, 11…22.  What do these numbers mean?  What is happening to the lens as you turn the ring? (you can check your thought by measuring it with nodal slide)

6.  Estimate the depth of focus in the image plane for two settings of the aperture stop.  Use an object at infinity, and make sure that the aperture of the lens is completely filled when you do this.  From your estimates, calculate how the depth of focus varies with f/#.  How does this compare with theory?

Questions:

1. When used in a modern-day camera, why is a telephoto lens used to provide a magnified image, instead of a single positive lens of long focal length?
2. What‘s the answers for question 4 and 5 in part II?
3. What’s the depth of focus?
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