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One of the key indispensableelemeris for video obsena-
tions of meteorsis a good lens. The quality of the result-
ing image of the sky depends not only on the detector
characteristics but alsoon the lensquality. A poor lens
can produce imageswith large o -axis optical aberra-
tions, distortion and vignetting, causingproblems with
determining the properties of meteors obsened at the
edgeof the eld.

Lensedor CCTV (closed-circuittelevision) are cheap
but quite complicated devices. Typically, their optics
cortain many lenseelemeris made with di erent kinds
of glass,with di erent shapesin di erent structures and
arrangemerts. It is not easyto build a good quality in-
strument at that small size. Thus the lensesof di erent
manufacturers with the sameparameterscould produce
completely di erent results.

During the last two years, the Polish Comets and
Meteors Workshop (CMW) started two projects which
use video techniques extensively. These are the Polish
Automated Video Observations (PAVO) project
(Wi sniewski et al. 2003) and the Polish Firelall Net-
work (Olech et al., in preparation). These projects are
nancially supported by SiemensBuilding Tednologies
and Factor Security. Of coursethe funds arelimited and
thus we are interested in buying only equipmert with
the best quality to price ratio. Thanks to Factor Secu-
rity we had accesgo many CCTV lenseso ered by this
compary and thus we decidedto test their usefulnessn
meteor astronomy.

Optical parametersof CCTV lensesare describedin the
sameway as for photographic lenses: f =x, where x is
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somenumber, tells us how fast a lensis! and f = x is
its focal length (for examplef =1:2, f = 8 mm). The
ratio of these gives us the diameter of a lens which is
the most important factor in determining the amount
of light gathered by our equipmert.

There is relection and refraction of light at ead air-
to-glass surface. Of coursewe want to avoid re ection.
The re ected light does not hit our detector, causes
a decreaseof the lens' optical e ciency and produces
ghost images. In a typical air-to-glass surface about
95% of light goesthrough it but 5% is re ected. This
looks asa small number, but typical lens contains more
than 10 such surfaces. This givesus a transmission of
0:95'"  0:60 and as much as 40% of the light lost!

To solve this problem, manufacturers of optical in-
struments cover the lenseswith thin layers of materi-
als such as MgF,, SiO; or TiO,. The most sophisti-
cated multilayer coatings made by top manufacturers
can decreasethe light loss at one air-to-glass surface
even down to 0.2%.

Light goingthrough lensescan su er from the in uence
of many aberrations. We list them here briey . For
further details of these, seetextb ooks on optics such as
(Hecht, 1998;Ray, 1977; Welford, 1991).

Chromatic aberration is the result of dispersion in
the glassand occurs when shorter wavelength light is
refracted more than longer wavelength. In other words
a lensthat suers from chromatic aberration will have
a dierent focal length for eadh color. In color CCTV
camerasthis producesviolet rings around bright stars.

In most common cases,the surface of a single lens
is a section of a sphere since this is the easiestshape
to make. But with a spherical surface, incoming rays
from dierent distancesfrom the optical axis focus at
slightly di erent points along the axis. Soif the certer
of the image stays in focus and is bright, the edgesof
the eld appearblurry and dimmer. This e ect is called
spherical aberration.

Coma (Latin, related to the origin of the word
‘comet) is 0 -axis spherical aberration causedby rays
erntering the lensat an angle. Due to this phenomenon,

1This strange but traditional notation describesthe focal ratio
f =d, where f is the focal length and d the lens diameter. For
example f=1:2, f = 8 mm' says that the diameter is f =12, i.e.
8/1.2 or 6.7 mm. {Editor.



point-lik e images of stars become blurry comet-like
structures at the edgeof the eld of view.

Astigmatism is another o -axis aberration. The in-
coming rays passingthrough the lens at oblique angles
with respect to the optical axis focus dierently from
paraxial rays. (Seethe Glossary below.) Depending
on the incidence angle of the o -axis rays entering the
lens, the refracted plane is oriented either tangertially
or sagittally. Sothe resulting image dependsupon the
location in the focal plane and thus produces blurry
images, more or lesselongated, of which the intensity
and contrast decreaseas the distance from the certer
increases.

Distortion is an e ect of the focal length of the lens

Glossary

Optical axis: the axis through the certre of all the
lens elemerts, at right-anglesto them.

Paraxial : a light ray not parallel to the optical axis,
but at only a small angleto it.

Chief ray: aray passingthrough the certre of a lens
elemen, but at an angleto the optical axis.
Tangential : considera plane which contains both the
optical axis and the chief ray: this is the tangential
plane. A ray within this plane, but not passingthough
the certre of the lens elemen, is a tangertial ray.
Meridional  (plane or ray): synornym for tangertial
(plane or ray).

Sagittal : considera plane which contains the chief ray
but is at right-anglesto the tangertial plane: this is the
sagittal plane. A ray within this plane, but not passing
though the certre of the lens elemen, is a sagittal ray.

varying with the distance from the optical axis. As a
result someparts of the image are more magni ed than
others. Distortion occursin two main forms: barrel and
pincushion, also called negative and positive distortion
respectively.
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Name f F FOV FWHM LMg LM, OE  distnax dist;  dists

(mm) ) (pix)  (mag) (mag) % (pix) (%) (%)
ERNITEC (a) 28 14 120.8 1.82 0.70 6.26 49 -2.608 85 100
COMPUTAR 80 12 432 1.89 3.98 851 54 -2.654 78 100
SIEMENS 120 1.2 279 1.86 4.30 8.88 33 0.697 100 100
COMPUT AR 40 12 91.2 1.69 2.95 7.76 94 17.976 57 62
ERNITEC 80 12 421 1.52 3.65 855 47 -4.106 62 73
SIEMENS 40 12 85.6 1.84 2.30 6.88 47 12.536 66 76
PENTAX 80 12 421 2.18 3.41 857 43 1.998 92 100
SIEMENS 6.0 1.2 559 1.93 3.86 790 72 -7.934 62 69
TAMRON (2) 2.8 1.4 1034 1.86 1.34 6.14 59 -18.150 53 59
EVETAR 120 14 29.7 2.25 3.65 850 28 -0.940 100 100
TAMRON (2) 3.0 1.0 115.2 2.00 1.84 6.43 38 -4.927 62 71
SIEMENS (a) 40 1.2 856 2.18 2.91 6.57 61 12.254 57 67
COMPUTAR (a) 3.8 0.8 90.9 2.72 2.06 574 14 4,946 64 74

The CCTV detector is always a at plane but the
resulting image plane given by the lensis not. This phe-
nomenonis called eld curvature and produces prob-
lemswith obtaining sharp imagesacrossthe whole eld
of view.

Our tests were made on 2004 February 21 at the Os-
trowik station of Warsaw University Astronomical Ob-
senatory. In total, we tested the 13 lensesshown in
Figure 1; their basic parametersare givenin Table 1.

As a detector we useda monochrome Mintron MTV-
13V3 camerawith a frame integration function avail-
able. The imagesfrom the camerawererecordedwith a
high quality PanasonicAG-TL300 videorecorder. First,
we cheded the appearanceof the sky for single frame
normal mode. Second,we used the integration mode
of the Mintron camera. We recorded images made by
accunulating 128 frames. For normal and integrated
modes the exposure times were of 0.02 and 2.56 sec,
respectively. Integrated mode gave us a chanceto see
more faint stars and to nd even slight di erences be-
tweenthe limiting magnitudes of particular lenses.All
the optical defectsdescribed above are more visible in
integrated images. Our testing equipmert is shown in
Figure 2.

We useda Matrox Meteor Il card to convert analog
imagesinto digital form. We used the grab program,
which is a part of MetRec padkage(Molau 1994,1995,
Molau & Nitschke 1996, Molau et. al 1997). Examples
of integrated imagesare shawvn in Figures 3 and 4. We
grabbed images at the resolution of 384 288 pixels
used by MetRec software. (This software halvesthe
horizontal and vertical resolution with 2 2 binning.)

We looked for distortion e ects on long exposure im-
ages. We usedthe Refst ars program (Molau, 1992)
to identify stars. Obserwed stars' positions were com-

pared with the theoretical positions for ideal optics.
The graphs showing the di erences (in pixels) between
the obsenedand correct positions of the stars asa func-
tion of the distance of the star from the certer of the
FOV (eld of view, also in pixels) are showvn in Fig-
ure 5 (page 29). The eld sizes(in percertages of the
distance from the image certer to the corner) at which
the above-mertioned di erence is below 1 pixel (dist;)
and 2 pixels (disty) are given in Table 1. This table
shows also the maximal di erence (distmax) which was
measuredfor ead lens.

Distortion hasan in uence onthe true eld of view.
Knowing the positions of the stars in our recordedim-
ages,we were able to determine true elds of view and
comparethem to those given by the manufacturers.

The determination of limiting magnitudes for long and
short exposureswas made by eye by three personsin-
dependertly and the results averaged. Limiting mag-
nitudes, after correcting to the same size of aperture,
translate into the optical e ciency .

An ideal lens would produce almost point-lik e images
of stars acrossthe whole FOV of the camera. Of course
this was not the casefor lensestested by us. Aber-
rations such as coma, astigmatism, eld curvature and
chromatic aberration combine to produce stellar images
which are blurry and elongated. To estimate this e ect

we measuredthe pro les (FWHM 2) of about 100 star
images per recorded long exposure frame. The mean
values of FWHM derived for ead lens are also shovn

in Table 1.

2Full width, half maximum. This describesthe full width (i.e.
edgeto edge, not center to edge) at which the intensity has fallen
to half the maximum.
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Name f F FWHM OE distmax  dist; dist,  Total

(mm) (0{10) (0f10) (0f3) (0f3) (0f6) (0{32)
ERNITEC (a) 28 14 9 6 2.1 2.4 6.0 255
COMPUTAR 80 1.2 8 6 2.1 2.1 6.0 24.2
SIEMENS 12.0 1.2 8 4 2.7 3.0 6.0 23.7
COMPUT AR 40 1.2 10 10 0.3 0.9 2.4 23.6
ERNITEC 80 1.2 10 6 1.5 1.2 4.2 22.9
SIEMENS 40 1.2 9 6 0.3 1.8 4.8 21.9
PENTAX 80 1.2 5 5 2.4 2.7 6.0 21.1
SIEMENS 6.0 1.2 7 8 0.9 1.2 3.6 20.7
TAMRON (2) 28 1.4 8 7 0.3 0.6 1.8 17.7
EVETAR 120 14 3 3 2.7 3.0 6.0 17.7
TAMRON (2) 30 1.0 7 4 1.2 1.2 3.6 17.0
SIEMENS (a) 40 1.2 5 7 0.6 0.9 3.0 16.5
COMPUTAR (a) 3.8 0.8 1 1 1.2 1.5 4.2 8.9

A summary of our testsis givenin Tables1 and 2. The
categorieswhich weretakeninto accourt to getthe nal
mark were: mean FWHM (0{10 points), OE - optical
e cency, (0{10 points), distnax - maximal distortion
(0{3 points), dist; - sizeof eld of view with distortion
below 1 pixel (0{3 points), dist, - size of eld of view
with distortion below 2 pixels (0{6 points). An ideal
lenswould get the total number of 32 points. The num-
bers of points collected by ead lens in ead category
and the total scoresare preseried in Table 2.

The bestlensesin our tests werethose produced by Er-
nitec and Computar. Our work was performed in order
to choosethe bestlensesto useon video camerasof the
Polish Fireball Network. We were mostly interested in
4 and 8 mm lensesand thus we have naturally chosen
Computars and Ernitecs.

The results for very fast lenseswere a big surprise
for us. Thesetwo lenseshad the worst optical e ciency
and poor FWHM. They were also the most expensive
among the lensestested. We suppose that the mate-
rials used for their construction comesfrom the early
1990s. Thus their quality of, for example, multila yer
anti-re ection coatings could be much worse than in
those lensescurrently manufactured.

Full results of our tests will be available on the PFN
web pageat http://pfn.pkim. org .

This work was supported by a SiemensBuilding Ted-
nologiesgrant for the Polish Fireball Network.
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