ULTRASPEC 
Specifications for Manufacture of the Optics
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[bookmark: _Toc309030099]General system description
This document gives the specifications for the manufacture of the ULTRASPEC optics, and the nominal mounting position on the telescope, in the configuration for the Thai 2.4 m telescope. 
[image: ]
Optical Layout: the illustrated rays include the extreme ray set (yellow). The filter can be positioned anywhere between the last lens in the fore-optics group and the first lens of the camera group, but positioning the filter at approximately the mid position, as illustrated, is preferable since that telescope stop is imaged there.
The lens radii of curvature and thicknesses have been toleranced to give reasonable ease of manufacture. To achieve the required performance over the full spectral range of the instrument it will be necessary to optimise the system to adjust the lens spacing prior to assembly. Therefore, after manufacture of the lenses, the manufacturer is to provide the measured radii and element thickness to the system designer (via Vik Dhillon) so that the required spacings can be found. In the case of the two doublet lenses the individual element thicknesses and radii must be given. The system operates over a very wide spectral band – 350 to 950 nm – and cannot be re-focused during operation between bands; therefore some of the tolerances are quite tight.
[bookmark: _Toc309030100]System requirements and system performance
For the nominal, as designed, system including the telescope, the details are as follows:
	
	As designed
	Requirement

	Focal length
	5954 mm
	-

	Paraxial plate scale
	34.64˝ per mm
	

	Ray traced full field plate scale
	36.6˝ per mm
	-

	Field (actual)
	8.117 ʹ square
	6.8ʹ - 8.5ʹ

	Detector pixel size
	
	13 µm square

	Pixel scale (paraxial)
	0.45˝
	0.45˝ (0.4˝ - 0.5˝)

	(Expected median seeing)
	
	(0.8˝– 1.0˝)

	Working spectral range*
	350 – 950 nm
	330 – 950

	
	
	

	Distance mounting flange to CCD
	629.9 mm
	

	Distance mounting flange to cryostat back end
	1032.9 mm
	< 1103 mm

	
	
	

	
	
	



* The system will operate over the full spectral range 0f 330 – 950 nm, but the transmission and rapidly changing refractive index of the glasses below 350 nm means that the actual performance (image quality and throughput) cannot be reliably predicted. The system design is optimised for performance at the peak transmissions of the uʹ, gʹ, rʹ, iʹ and zʹ filers scaled by the CCD QE and the glasses chosen for good uʹ transmission.
The performance of the system is predicted to be as follows: The as designed P-V spot pattern over the full field and spectral range is contained within one square pixel and the fraction of the incident energy falling within one pixel for a centred image (FFT ensquared energy) is 95% at all wavelengths. The predicted diffraction MTF is >80% for all wavelengths and all fields out to the corner pixel of the CCD at up to 40 lines per mm (theoretical limit 38.46 lpmm). Distortion is -0.4% in gʹ and between -0.44% and 0.35% over the full spectral range. The variation in the relative positions (centroid separation) of the image of a point source between the five bands should be at or below the limits of image processing resolution – subject to displacement due to filter parallelism etc. It follows that the system should be seeing limited, or pixel limited under exceptional seeing conditions.
The above performance prediction is for the as deigned optics with the spacing between the lenses optimised after lens manufacture and assumes no focusing of the telescope.
[bookmark: _Toc309030101]General comments on performance and assembly
[bookmark: _Toc309030102]Lens barrels
The two groups of optics are to be mounted in separate barrels: the fore-optics barrel and the camera barrel. Between the two barrels the filter wheel unit is mounted. The camera barrel is mounted to the cryostat and the last lens (Part drawing: Camera group lens 6) acts as the cryostat window. Details of the mechanical mounting of the two lens barrels and the interfaces to the filter wheel assembly and the cryostat are to be agreed between the manufacturer and Vik Dhillon at Sheffield University.
[bookmark: _Toc309030103]Lens mounting
Accurate centring of the lenses is critical to performance. The centring of all surfaces, relative to the optic axis, is given on the component drawings.
The last lens in the fore-optics group is an N-BK7 / N-LAK21 cemented doublet. The adhesive used should have good UV transmittance in the 350 nm to 950 nm range. The first lens in the camera group is an N-SK14 / CaF2 doublet. The CaF2 element is fairly thin at the edges. All other lenses are singlets.
In the engineering drawings of the lenses the specified edge diameters may be treated as suggestions which the mechanical engineer may alter to aid lens manufacture and mounting providing the specified clear apertures remain as given on the drawings.
[bookmark: _Toc309030104]Glass types
All glasses are Schott N-type or calcium fluoride, with refractive index and Abbe tolerances at the Schott Step 3 designation. The designation for striae is given as 4 which should be met by any Schott glass.
[bookmark: _Toc309030105]Coatings
The coatings should be suitable for the spectral range 350 nm to 950 nm.
[bookmark: _Toc309030106]Fabrication data
[bookmark: _Toc309030107]Mounting position relative to the telescope
The first surface of the ULTRASPEC fore-optics is positioned at a distance of 50 mm from the nominal telescope surface, thus placing the first surface at a nominal distance of 106 mm from the mounting flange.
[bookmark: _Toc309030108]List of surface vertex axial coordinates
 The following list gives the nominal position along the optic axis of the first vertex of each lens measured from the first vertex of Lens 1 to the CCD plane. These are for the as designed system, prior to optimisation, with the manufactured lens thickness and radii of curvature. All distances are in millimetres.
Fore-optics group lenses:
Lens 1  		0.000 	Reference surface
Lens 2    	242.230
Lens 3    	295.419
Lens 4    	301.461
(Filter: 		356 	nominal position)
Camera group lenses:
Lens 1		385.468
Lens 2    	404.776
Lens 3   	 410.678
Lens 4    	430.985
Lens 5    	482.355
Lens 6   	503.155
(Cryostat face:	510 	approx.)
CCD       	523.853
[bookmark: _Toc309030109]Element drawings
The set of drawings entitled ULTRASPEC v5.2d fitted, Revision 2.0 are to be used for manufacture. The drawings are provided as separate files.
Please note: The drawn edge diameters are indicative only and the mechanical engineer designing the mounting of the optics, in consultation with the manufacturer of the lenses, is free to alter the edge diameters and chamfers to suit the preferred mounting technique and manufacturing method.
The ten element drawings provided are the following:
	Part
	Title
	Revision
	Component type

	Fore-optics lens 1
	ULTRASPEC v5.2d fitted
	2.0
	Singlet

	Fore-optics lens 2
	ULTRASPEC v5.2d fitted
	2.0
	Singlet

	Fore-optics lens 3
	ULTRASPEC v5.2d fitted
	2.0
	Singlet

	Fore-optics lens 4
	ULTRASPEC v5.2d fitted
	2.0
	Doublet

	
	
	
	

	Camera group lens 1
	ULTRASPEC v5.2d fitted
	2.0
	Doublet

	Camera group lens 2
	ULTRASPEC v5.2d fitted
	2.0
	Singlet

	Camera group lens 3
	ULTRASPEC v5.2d fitted
	2.0
	Singlet

	Camera group lens 4
	ULTRASPEC v5.2d fitted
	2.0
	Singlet

	Camera group lens 5
	ULTRASPEC v5.2d fitted
	2.0
	Singlet

	Camera group lens 6
	ULTRASPEC v5.2d fitted
	2.0
	Singlet
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