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Off-Axis Angle

Optical Surfaces Ltd specialises in the design and manufacture 
of off-axis paraboloids. The company has developed 
manufacturing techniques over its 40 years history blending 
modern methods with a high degree of craftsmanship. With 
this combination we are able to offer a reliable service tailored 
to individual customer needs. Whether the requirement is for 
custom optics or off the shelf mirrors, we work to the highest 
specifications possible.
A cost effective solution
The solution to many problems in optical design may be found 
by using off-axis parabolas (OAPs). They can often provide the 
most cost effective answer with no compromise in performance.
OAP!s offer the advantage of an unobstructed aperture, giving 
access to the focal plane in system designs. This ensures pure 
diffraction patterns on axis with no spikes caused by “spiders” 
or other obstructions. This is particularly important if MTF and 
similar measurements are being made. Off-axis parabolic mirrors 
are especially suitable for broadband and multiple wavelength 
applications due to their completely achromatic characteristics.
Applications include: 
• Collimators 
• Beam Expanders 
• FLIR testing 
• High power laser beam focusing
• Target projection 
• MTF reference surfaces 
• MRTD test systems 
• Spectrograph mirrors

Quality and value
Optical Surfaces Ltd pioneered a technique 
of making OAPs from single blanks, 
reducing the need to invest in a number 
of fixed focal length “parent paraboloids” 
from which segments are cut to make 
the required mirror. This gives us greater 
adaptability in providing a specification to 
suit you at almost no cost penalty. Only our 
smaller standard mirrors (generally <152mm 
diameter) are made from parents; above this 
size we make them as stand alones.
Mounted mirrors
Accuracy and stability are essential to the 
use of high precision mirrors, and Optical 
Surfaces Ltd offers a range of gimbal 
mounts suitable for most table or bench 
use. Correct fitting is necessary to avoid 
distortion, and all mounted mirrors ordered 
from us have interferograms and OPD maps 
after coating and mounting.
See also our Tube Collimator data sheet.

Off-axis paraboloidsOptical Surfaces Ltd

optisurf.com

h = off axis distance (OAD)  h = 2f(tan /2)
g = apparent focal length

 = off axis angle (OAA)
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Provisional Layout

Alex Rea (Cavendish Labs, Cambridge) Image Quality and Stability Criteria 7th May 2010 3 / 9



Image Quality

Criterion was that spread of the image should be no more than two Airy
disks across a field of view of ± 10 arcseconds. Elements were set up
correctly, and then perturbed.

Element Degree of Freedom Allowed movement
Dichroic ∆x, ∆y, ∆z Insensitive

∆θx, ∆θy 6 arcmin
∆θz Unconstrained

OAP ∆x, ∆y Unconstrained
∆z 600µm
∆θx, ∆θy 12 arcmin
∆θz Unconstrained

CCD ∆x, ∆y Unconstrained
∆z 600µm
∆θx, ∆θy Insensitive
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Image Quality - Summary

I From a quality perspective, the defocus constraint is easy to meet.
I The angular requirements require the light reflected from the dichroic

and the axis of the parent parabola of the OAP to be parallel; it is only
the relative angle between the OAP and the dichroic that concerns us
for the image quality.

I This fact can therefore perhaps be used to our advantage in the design
of the mount?
There are still a couple of sources of potential error not included here...
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Image Quality - Implementation

Manufacturing uncertainties of the parabola can be corrected for, but we
need to know what those are. Unfortunately, no indication of the expected
uncetainty on the direction of axis. In communication with SORL.

Field is ±0.2 degrees, which is the uncertainty in the OAP off-axis angle
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Image Stability - Absolute

Absolute stability requirements are hard - but we already knew this.
Criterion was image should not move by more than 0.015 arcseconds, or ∆
= 1.2µm for the focal length being considered here.

Element Degree of Freedom Allowed movement
Dichroic ∆x, ∆y, ∆z Insensitive

∆θx, ∆θy 0.36 arcsec
OAP ∆x, ∆y 1.2µm

∆z Unconstrained
∆θx, ∆θy, arctan ∆

f ′ = 0.21 arcsec
∆θz arctan ∆

OAD = 0.76 arcsec
CCD ∆x, ∆y 1.2µm

∆z Unconstrained
∆θx, ∆θy Insensitive
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Image Stability - Expansion
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Image Stability - Expansion - < 1.2µm

∆T ∆yD ∆zD ∆yP ∆zP ∆yC ∆zC Movement
0.5 2.13 1.68 4.14 0.19 -0.1775 2.40 1.53
1 4.25 3.35 8.28 -0.38 -0.355 4.81 3.08
2 8.50 6.70 16.56 -0.76 -0.71 9.62 6.14
5 21.25 16.75 41.4 -1.88 -1.78 24.05 15.4
0.5 0 3.56 2.05 0 -0.23 0.43 1.4
1 0 7.12 4.10 0 -0.46 0.85 2.81
2 0 14.24 8.20 0 -0.92 1.70 5.58
5 0 35.6 20.5 0 -2.3 4.25 14.07

Lengths in µm, temperature in ◦C

(Uniform) expansion of the table does not affect angles. Top data have the
expansion about the centre of the table, bottom data have the expansion
under the light ray.
Defocus is not shown, but is under 50µm in all cases.
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