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Secondary mirror for objective assembly design.
Oleg  Makarov
 Abstract.  The mirror objective assembly design usually requires two or more parts – primary could be consist of lenses and mirror and the secondary.  The secondary aspheric mirror surface design is developed based on second order curve properties abd the primary part  focus distance and  physical and optical parameters of device to be engineered.  For the Hubble Telescope secondary mirror  shape compared with ZEMAX design are done.     
       For objective assembly of optical devices the first lens or mirror could be chosen depending on the purpose of unit. For example the system for long distance observation usually a paraboloidal lens or mirror is very appropriate   
   The second lens or mirror surface is a matter of other requirements of unit. If we have some specific requirements for  a focus length , distance between  the first and second optical surfaces etc  coming out of optical and physical performance there will be the need to create it . 
  For a job to be done there are the the different tools and methods. For example The optical  design software is very powerful tool. But before using it one steel needs to create a sketch of the unit.  For example  ZEMAX is a program which can model, analyze, and assist in the design of optical systems.  Although the program will do many things to assist you in designing and analyzing optical systems, you are still the designer.[1]  Hence the first steps of creation is still should be done with a designer. 
  In this article we describe the very simple method of finding out the secondary  mirror surface type  for   the two mirrors  system based on optical properties of  second order curves (surfaces).
   On Fig 1  -  
                      M (yellow) -the surface to be found  
                     M0 (blue ) - focusing system prior to M 
To find out the shape of M surface lets post the helping surface of the same (to be found)  shape 

H(red) on distance MF between M and F0.   
        The ray coming to F0   is reflected by M and  has the optical path PF and the the phase of Fourier  component in point F is

                                         Φ=(Φp + Π-  ∆(PF))  =  ( Φp + Π -2πR/λ )                           (1)'

Where               λ -  wave length
                         Φp   - phase in point P      
                                                                         Fig 1
                                                      
                                                                P'
                        Π – the phase change added by M reflection and does not depend on ray position
                         ∆ (PF) -the phase change added by passing PF.
                          R=PF
 Φ must be fixed for all rays because of optical requirements of system design. Indeed to have most effective image of a focused pixel transmitted all rays at any fixed moment of time must be in the            same phase.  The phase difference between any two rays could be  Δ=(Φ+n* 2π) where n is integer and would not effect on image quality but not accepted because  Φ   should be the same for any ray even between two infinity close rays. Hence
                              Φ = ( Φp + Π -2πR/λ ) = C(t)                                                                 (1)
The phase in F0  
                             Φ0 =( Φp -Δ(PF0))  =  ( Φp  - 2πR0/λ )                                                     (2)' 

And  Φ0 =C0 (t)  as well.
                             ( Φp -2πR0/λ )= C0 (t)                                                                              (2)

We have
      Φ  -  Φ0 = C(t) - C0 (t) =  Π  + 2πR0/λ  - 2πR/λ                                                              (3)

Π  + 2πR0/λ  - 2πR/λ  does not depend on time because the F and  F0 are fixed  and  λ  is constant    for any moment  of time. Then   C(t) - C0 (t) does not depend on time and is constant                       
              2πR0/λ - 2πR/λ   = C(t) - C0 (t) – Π  = C'                                                                (4)'

or   
            R0 -R= C' * λ /2π                                                                                                     (4)
The curve defined  by (4) is a Hyperbola [ 2] and  the required optical surface is  a Hyperboloid. 

Hyperbola is defined  by two constants a and c.  (Fig 1) where  

                         a=(F0  - F)/2-d   and c =  (F0 +  F)/2                                         (5)

       and   finally  in standard (ZEMAX)  coordinate system 
                        z2/a2  -  y2/(c2-a2) = 1                                                                   (6)   

Formulas (5) and  (6)   could be used for the design of optical systems where the mirror used after  previous   focusing system.                                                       
Examples:  

1) For  d= F0/2  and   F = ε,  a = -ε/2,  c =  (F0  + ε)/2    

 Formula (6)  become with (c2-a2) = ( F02 + 2*F0 *ε )/4         

4*z2/ε 2  -4* y2/(F02  +2*F0 *ε) = 1   we have  

z=±(y2/ (F0 2+2*F0 * ε)+1/4)1/2  *ε 
and if ε = 0   we have   z=0   straight line and the plane mirror instead of hyperboloid.
2)  For  F= F0   a = -d, (d ≥  F0 )    c =  F0   and helping (red on Fig 1) surface is located on the right  from   M0  and working surface is the left branch of hyperboloid with the center of Hyperbola on M0 .  
 Formula (6)  become with (c2-a2) = F0 2 - d 2 :     z2/d 2  - y2/(F0 2 - d2)  = 1  or  

 z=±(y2/(F0 2 - d2)   + 1)1/2  * d   where the working is the left (-) branch of hyperboloid.          
3)  Finally   to check the  method usability lets  compare the results of ZEMAX design for Hubble telescope to be found in 2005 ver. April 9 Samples  [3].

The primary mirror for this device is hyperboloid   close to paraboloid.  The conic coefficient is   k=-1.002299 and curve radius is 11.040 m. Then    F0  =5.520 m.    F=1.500.129 m and d=4.906.071 m  could be found from Lens Data Editor of this system. And we have with formula (5)   a = 2896.1355m, c =3510.0645m.   The calculations give the difference Δ  between ZEMAX secondary mirror  with semi-diameter  0.14559 m hyperboloid surface with conic  k= - 1.496860  [4]  and hyperboloid (6) with  F0  =5.520 m,  F=1.500.129 m and d=4.906.071 m 

                       Δ  <  0.3  mkm.                                                                                            (7) 

is  about   λ/2  for visible light. 
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F0 -focus of first mirror M0


F- focus of the system


d-distance between M and M0
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