
EE 119  Homework 6 Solution 
                Professor: Jeff Bokor  TA: Xi Luo 
 
1. Solution:  

(a) The angular magnification of a telescope is eo ffm /=  so the focal length of 

the objective lens is cmmff eo 180454 =×== . 

   (b) The clear aperture of the exit pupil is 3.5 mm. The distance between the 

objective lens and the eyepiece is cmffd eo 1841 =+=− . The magnification 

at such a distance is 45/1/)/()/( 1 −=−=+−=+= oeeoeeee ffffffdffm . 

So the exit pupil is 45 times smaller than the objective lens, meaning that the 
objective lens has a diameter of 3.5 x 45 = 157.5mm. 

   (c) The object field angle is the angle subtended by the chief ray that barely 
touches the outside of the eyepiece lens. So it is given by  
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   (d) The object and image field angles are related to each other by the angular 

magnification, so the image field angle is . o14=× oM θ

   (e) The diffraction limited angle is determined by diffraction at the entrance pupil, 
which is the objective lens. It has a diameter of 15.75cm = 0.1575 m. 
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     The image angle that this corresponds to is . mrad19.010917.145 4 =×=× −θ

This is smaller than the resolution of the eye, so the limit of resolution on the 
telescope is the eye, not diffraction.  

 
Or 
 
 The maximum magnification of the telescope for its not being diffraction 

limited satisfies that 3.695.2/75.151111max =×== oCAM  > 45. 

 Therefore, the limit of resolution on the telescope is not diffraction, but the 
observer’s eye. 
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   (f) Since the limit on the resolution of the microscope is the observer’s eye, 
through the telescope, one can resolve objects separated by an angle of  

           . mradMmrad 64 107.645/103/3.0 −− ×=×==α

      So the minimum distance in meters between the Eminent British Captain and 
the mysterious black-flagged ship of potential doom is  

          . kmmD 15105.1107.6/1.0/1.0 46 =×=×== −α

 
2. Solution: 

As this is a design problem, there is no exact answer. The following parameters 
should be included in your answers, and the grading is based on them: 
(1) Magnification;  
(2) Choices of CAo and CAe;  
(3) Diagram with ray trace, entrance and exit pupils;  
(4) Choices of fo and fe. 
If your design flow is reasonable, you’ll get full credits. 
 
A sample design scheme: 
The telescope must be able to resolve a feature that is 74500mile/10 = 7450mile 

wide and miles away, which corresponds to an angle of  610746×

rad66 109666.9)10746/(7450 −×=×=θ   

The magnification that would be required for the cones of the eye to resolve this is 
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   To make sure the telescope is not diffraction limited,  

     
oCA

M5.560 ≥  => MCAo 60
5.5

≥  or oCAM 11max ≤            (*) 

Since the iris of the eye is 4mm, the size of the exit pupil should match, or slightly 

larger than that, i.e. . From solution of prob. 1(b), we know that the 

transverse magnification of the objective lens (entrance pupil) and its image (exit 
pupil) through the eyepiece is  

mmCAe 4~=

         . 30/1/ −=−= oe ffm

   The diameter of the objective lens must be at least cmmm 12120304 ==× . 

Plugging this value of inchcmCAo 8.412 ==  into the resolution criterion Eq(*), 

we see that MCAo 60
5.5

≥  is valid. So with this choice of M,  and , the oCA eCA
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telescope is not diffraction-limited. 
 

   Now we need to choose and . These two numbers can be any, but let’s choose 

those with reasonable arguments.  

of ef

 
   The object field angle θ  is determined by the size of the eyepiece. Let’s choose 

the size of the eyepiece to be 1.2”= 3cm, then )5.1(tan 1

s
cm−≅θ .The image fielld 

angle 'θ is simply related toθ by magnification.  

We also know that  and eo ffs += 30==
e

o

f
f

m . Let’s choose , then 

 and . 
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If s = 62cm, then we have  
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For summary, 

    , , 30=M inchcmCAo 8.412 == mmCAe 4~=  

cmfe 2= , , , cmfo 60= cms 62= cms 067.2'=  

eyepiece size = 3cm. 
 
 
3. Solution: We want to see if the working distance for this microscope is larger than 

2mm. If that is the case, then we can put the glass slide between the microscope 
objective and the sample to be examined.  
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Given ,  and 20=totM cmfe 5= mmx 160'= , we know that  
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Using Lens’ law to find s1, we have  
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   Hence s1 = -5cm > > 2mm. 
    

So it is possible to use this microscope to look at a sample underneath a glass slide 
of thickness 2mm  

 
 
4. Solution:  

(There can be many answers, as long as you clearly specify selection of 
magnification; focal length and diameter of the objective; focal length of the 
eyepiece, and ray trace of the system, you’ll get full credit.) 
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The eye can resolve an object size of ~0.08mm = 80 μm at the distance of 25 cm. 
To have a resolution of 1μm, the total magnification of the microscope is  
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Pick a common 20x objective, then the eyepiece should have the magnification of  
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Since the standard tube length is 16cm, from 2016'
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we get the focal length of the objective lens to be mmcmfo 88.0 == . 

Also, 208.016
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   Since 
e
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=  (25 cm is the standard viewing distance; near point),  

         cmcmfe 25.6
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   The distance between the objective lens and the eyepiece is then  

         cmfxfd eo 05.23' =++= . 

   In order for the microscope to be not diffraction-limited,  

         NAM 240max ≅ . 

   For , . Let’s choose 80≥M 33.0≥NA 4.0=NA  

   n = 1, 4.0
2/

1

=≈
s

CAoθ . Thus mmCAo 72.624.84.0 =××= . 

  Summary: 
 

  Mtot = 80;  

objective , mmfo 8= 20=oM , 4.0=NA ( mmCAo 72.6= ) 

eyepiece mmfe 25.6= , 4=eM    

cmx 16'= ,  working distance mmmms 54.81 >=

cmd 05.23=  
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If the object side were immersed in oil (n=1.5),  
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That means we can resolve smaller feature size with the same design. The 
magnifications will increase by 1.5, which are 
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For the microscope not to be diffraction-limited, NAM 240max ≅  =>  5.0≥NA

Therefore, with the above design, the working distance becomes 5.6mm when 
the objective is immersed in oil n = 1.5. This still meets the requirement 

. Also, NA increases, microscope has better resolution and it is not 

diffraction limited. M

mms 51 >

tot increases too, which means that fo can be made larger 
(Mo can be smaller). 
 

5. Solution:  
(a)    
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(b) The distance between the slide and the projector lens is s2 in the diagram. 
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(c) The distance between the projector lens and the screen is d2. 

   As 100
1

2 −==
d
dm , mdd 2.20100 12 =⋅−= . 

(d) The distance between the filament and the condenser is s1 in the diagram. 
   By Lens’ law, we have  
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