THE F/RATIO CONJECTURE
PUTTING A FALACY TO THE TEST
The consensually accepted explanation of the F/ratio conjecture contends that high f/ratio
refractors require more corrective focussing than low f/ratio refractors, in proportion to the square
of the ratio of their F/ratios. Following my analysis of the F/ratio conjecture published in the ATM
Letters Journal observational tests have been conducted comparing the image stability of a 3-inch
f/16 Fraunhöfer achromatic refractor, a William Optics Megrez 90 stopped down to 3-inch aperture,
and a 5.5-inch f/7 TEC140APO apochromatic refractor. According to accepted theory the
achromatic would present a more stable image due to its higher focal ratio. According to my
analysis, the TEC140APO ought to present a more stable image given the higher polychromatic
Strehl ratio.
Telescope specifications:
3-inch f/16 Fraunhöfer achromatic refractor:

•

Aperture - 76mm
• Focal Ratio - f/16
• Focal Length - 1216mm
• Objective Type - Fraunhöfer Doublet BK7 / F2 Air Spaced

Polychromatic Strehl ratio 1/20 wave RMS: 0.72
e-line Strehl ratio: 0.9
defocus range e-line: 0.57mm
C-F chromatic defocus: 0.75mm
r-g chromatic defocus: 4.3mm
Conrady Depth of Focus: ±0.56mm.
Relative power:
from ATM Letters Journal, Vol. 08, Iss. 04, 2010, p56 Eq.24

highest useful magnification x180, eyepiece focal length 6.8mm, actual eyepiece 7mm HD Abbé ORTHO x174 (x58/
inch)
WILLIAM OPTICS MEGREZ 90 3.5-inch f/6.9 apochromatic refractor - stopped down 3-inch f/8.2

•

Aperture - 76mm
• Focal Ratio - f/8.2
• Focal Length - 621mm
• Objective Type - ED Doublet FPL53 / KZFN2 Air Spaced

Polychromatic Strehl ratio 1/20 wave RMS: 0.93
e-line Strehl ratio: 0.98
defocus range e-line: 0.07mm
C-F chromatic defocus: 0.18mm
C-r chromatic defocus: 0.47mm
Conrady Depth of Focus: ±0.15mm.
Relative power:
from ATM Letters Journal, Vol. 08, Iss. 04, 2010, p56 Eq.24

highest useful magnification x207, eyepiece focal length 3.0mm, actual eyepiece 2.8mm TAK HI LE ORTHO (x74/inch)
highest useful magnification ratio = (242.5-198)/198 = 1.18:1

TEC140APO 5.5-inch f/7 apochromatic refractor:

•

Aperture - 140mm
• Focal Ratio - f/7
• Focal Length - 980mm
• Objective Type - Triplet FPL-53 / BK7 / K4 Oil Spaced

taking glass types K10/FPL53/BK7
Polychromatic Strehl ratio 1/20 wave RMS: 0.94
e-line Strehl ratio: 0.99
defocus range e-line: 0.07mm
C-F chromatic defocus: 0.29mm
r-g chromatic defocus: 0.37mm
Conrady Depth of Focus ±0.11mm.
Relative power:
from ATM Letters Journal, Vol. 08, Iss. 04, 2010, p56 Eq.25

highest useful magnification x319, eyepiece focal length 3.1mm, actual eyepiece focal length 2.8mm TAK HI LE ORTHO
x350 (x64/inch), highest useful magnification ratio = (242.5-153.4)/242.5 = 1.37:1
METHODOLOGY
To test my hypothesis I measured the ratio of time the image was in focus compared to when it was out of focus, due
to seeing. According to the accepted F/ratio conjecture the classical refractor would enjoy 5.2 times greater in focus
time compared to the apochromatic, whereas my hypothesis predicts the apochromatic would enjoy 1.37 times greater
in focus time compared to the achromatic.
Sirius was observed over several nights during an anticyclone in late November, 2010, which brought freezing
temperatures and crystal clear skies to the Fylde coast. Observations were made with the telescopes set up side by
side in my back garden, which is lawn, overlooking neighbouring gardens which are also lawns, and allowed time to
aclimate. The seeing varied from Antoniadi III-IV to IV-V, below average seeing necessary to put the F/ratio conjecture
to the test. Both telescopes have apertures less than the Fried length for Seeing AIII-V (4 to 6-inches) which means
seeing causes the image to dance around the field of view as well as go in and out of focus.
Focus was set by racking the eyepiece through the defocus range and then setting to the mid-point, as judged by how
the Airy disc pattern changed, intra & extra focus. At the magnification limit of a refractor these changes are most
readily seen, even in poor seeing, by an experienced observer. Once established the focus was not adjusted throughout
the observation interval.
The first and second diffraction rings were scrutinised, and an electronic stop watch used to measure the accumulated
time they could be seen, during each half hour observation interval. This was done for both telescopes concurrently on
each night. Observation was timed so Sirius transited midway between the one hour test duration. The order in which
the telescopes were tested was reversed from night to night, to try and eliminate bias. The reason I chose Sirius is
because it is bright enough for the first two diffraction rings to be easily seen at high power, and it's low altitude made
it comfortable to follow for 30 minutes seated at the eyepiece, without resorting to a star diagonal.
The experiment was repeated later in December 2010 comparing the 3-inch F/16 to a William Optics Megrez 90
stopped down to 76mm F/8.2.
OBSERVATIONAL TEST RESULTS
Both telescopes were allowed to acclimate on each of seven nights, and observations and timings carried out over a
one hour period each night, half hour per telescope. The ratio of time in focus to out of focus was measured for each
telescope. The results are tabulated below:

RATIO MEGREZ90APO/ACHRO = 1.24[+0.35-0.26]
RATIO
TEC140APO/ACHRO = 1.41[+0.41-0.32]
CONCLUSION
Despite the apochromatics having a shallower depth of focus, a shallower defocus range, and less chromatic defocus,
the image remained in focus longer by approximately 1.24:1 & 1.41:1 compared to the achromatic. In very close
agreement with my prediction based on relative highest useable powers (1.18:1 & 1.37:1 in favour of the
apochromatics) and not at all in agreement with the prediction based on Conrady depth of focus (3.8:1 & 5.2:1 in
favour of the achromatic). My hypothesis was based on my finding that the higher the Strehl ratio the greater the
available seeing induced defocus within the available defocus range. The apochromatics have a polychromatic Strehl
ratio 0.95, compared to the achromatic's polychromatic Strehl ratio 0.72. What this means in practice is that the
acclimated achromatic is less tolerant of seeing induced defocus, contrary to the untested claims of aficionados of
classic refractors.
NB The available defocus range based on diffraction theory is related to the Strehl ratio by:
where

is the RMS wavefront error

, from which the defocus range is given by:

where N is the OG focal ratio & ø is encircled energy ratio of the PSF at the first null
radius. Taking the e-line wavelength 546nm and calculating the ratio of the defocus ranges for the f/7 and f/16
refractors putting 1/20th wave RMS, the achromatic will have 5.2 times the available defocus range. Similarly 3.8
times for the Megrez 90.
The reason the depth of focus theory is fallacious is because a 1/4 wave seeing induced wavefront retardation
produces a 1/4 wave shift at the focal plane of any telescope regardless of its focal ratio. The focus shift will take up 1/
6th wave the available defocus range of the achromatic refractor, leaving ±1/12th wave, whereas the apochromatics
have ±1/5th wave available defocus. I have published a mathematical proof of this in the ATM Letters Journal, Vol.08,
Iss. 04 2010, pp36-38. The reason the image presented by the apochromat remained in focus longer is simply because
the OG's higher Strehl ratio accommodates marginally wider seeing induced defocus within the defocus range, ref: ATM
Letters Journal Vol. 08, Iss. 04, p40.
OSLO optical analysis courtesy Vladimir Sacek

