MERZ SUN POLARISCOPE
The Merz Sun Polariscope is a variant of the solar polarising eyepiece, popular in the late C19th. It has four reflecting
surfaces. Less elaborate polarising eyepieces were made with two reflecting surfaces, by Thomas Cook & Son, York,
and with three reflecting surfaces, by Sir Howard Grubb. Engravings of the latter maybe found in Chambers, "A
Handbook of Descriptive and Practical Astronomy" 1890, Vol.II, Bk.VII p28. <http://www.scribd.com/doc/40040803/A-Handbookof-Descriptive-and-Practical-Astronomy-Volume-2-From-www-jgokey-com#fullscreen:on>

The principle upon which it works owes to the discovery of Etienne-Louis Malus, who in 1808 noted the curious
property by which light is polarised when reflected at the plane surfaces of transparent bodies. Polarisation by
reflection is utilised to attenuate the brilliance of the solar image. If two polarisers are placed one after the other (the
second being referred to as the analyser), the mutual angle between their polarising axes, when orthogonal, (or
crossed) extinguishes the light of the object almost completely. The relationship between the image intensity and
mutual rotation angle about the polariser's axis, is called Malus' Law.
Now it just so happens that when the angle of incidence reaches a critical value, light with the polarising vector in the
same plane as the incident ray and the surface normal, so called 'p'-polarisation, will not be reflected. This angle is
referred to as the Polarising or Brewster angle. For air to glass it is almost 57º. Light reflected off a surface at the
Brewster angle is entirely polarised perpendicular to the incident plane, so called 's'-polarisation.

The Merz Sun Polariscope comprises a two mirror polariser and a two mirror analyser. The polariser stage receives the
incoming beam of the solar image onto an unsilvered flat mirror with a frosted back surface at a slight angle to the
front surface so as to eliminate secondary reflections. The incident beam strikes the first mirror at the Brewster angle
and is reflected in a polarised state to the second black mirror (made from obsidian glass) where it is further
attenuated. The beam is then reflected into the analyser, where it is received by the third black mirror at the same
critical Brewster angle. The analyser is free to rotate about the optical axis of the telescope. When the mutual angle
between the analyser and polariser is 0º (as is depicted in chain dot-dash lines) the polarised beam strikes the inside
of the box and cannot enter the eyepiece. Rotate the analyser 180º and the beam is reflected off the third onto the
fourth mirror and into the eyepiece, with considerable attenuation.
Because the angle of incidence is critical, rays from every part of the solar image must be received at that angle, so
the beam ideally needs to be collimated. In practice this means the polarising eyepiece must be used with a beam
slower than f/20 and ideally closer to f/40 or f/50, by means of a Barlow lens. The Barlow lens should be wider than
the solar image, otherwise it will heat up and crack, and if it is a cemented doublet, the Canada Balsam or Xylene
resin will fry and craze.
Fresnel's equations of polarisation by reflection off plane transparent surfaces can be used to determine the precise

attenuation, assuming the wavelength of light is monochromatic. Because the received image covers wavelengths
across the visual spectrum, the p-polarisation attenuation is not ideal. The Brewster angle is wavelength dependent
because the index of refraction of glass is wavelength dependent. However the yellow-green portion of the spectrum
predominates owing to the eye's preferential selective sensitivity to this portion of the spectrum, and so the resulting
dimmed image has a neutral tone. The apparent brightness of the image may be adjusted from the brightness of
Venus to almost nothing by rotating the analyser from 180º to 90º, at which the polariser and analyser are crossed
and the image practically extinguished.
The mathematical theory for those curious about such matters is as follows:

The solar B value is in units of Candles per sq. ft. A brightness B value of 2400 is similar to the that of Venus at
maximum.

This is a photograph of my 3-inch f/16 Tyler-Irving refractor being used to observe the Sun with a Merz Sun
Polariscope polarising eyepiece. The nosepiece of the accessory houses a -4-inch Barlow lens, 8 inches from the
eyepiece. This gives an amplification of 3x and an effective focal ratio f/48. The eyepiece is a simple 20mm Ottway
brass Orthoscopic, giving a power of x180 and a field of about 15'arc, or roughly half a solar diameter.
The advantage of using a polarising eyepiece to observe the Sun in white light is the enhanced contrast it provides.
The brightness can be adjusted so it is comfortable, and the eye pupil relaxed at about 2mm. The exit pupil is a lot
less, 1/60" in this instance, but the eye operates at its optimum contrast sensitivity. The image itself is also plane
polarised, and consequently white light photospheric details enhanced.
Providing it is used with a classical refractor plus Barlow lens, at an effective focal ratio slower than f/20, it is perfectly
safe. It cannot be used with a modern SCT or MAK with an off axis stop, or a Newtonian reflector, or a fast apo.
In its day (1870 thru' 1910) the solar polarising eyepiece was regarded as the prince of white light solar accessories.
Its manufacture nowadays would be prohibitively expensive because of the requirement of obsidian black glass for the
analyser and polariser second mirror.
The theory upon which polarising eyepieces were designed rests on the Fresnel equations for polarization by
reflection. A useful work which describes the approach Fresnel adopted based on Young's principles is available here
<http://www.archive.org/details/historyoftheorie00whitrich> p133-134.
I have reworked Fresnel's derivation which can be downloaded from my logbook page <Fresnel's equations derivat.pdf>

