








Image 5: Spot diagram and diffraction simulation for the CDK17.
The performance 21 mm off-axis is 6.5 micron rms spot sizes. 21
mm off-axis is the corner for a full-frame CCD.

Image 6: The spot diagram and diffraction simulation for the
CDK12.5. The performance 21 mm off-axis is 12 micron rms spot
sizes. 21 mm off-axis is the corner for a full-frame CCD.
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Image 7: Image of NGC7331 taken with a CDK12.5 and an SBIG
STL11000 camera. This is a single 600-second image that has been
dark subtracted and flat fielded. The image is 42 mm on the diagonal
and is meant to show the pinpoint stars across the entire field.

Image 8: Blow up of the upper left-hand corner of Image 7 showing
the pinpoint stars 21 mm off-axis of the CDK telescope.  

tions demonstrate how the optical design
performs if you treat light as a wave. Both
are useful tools in understanding how a tel-
escope will perform.    

But spot diagrams can be misleading.
Many companies demonstrate spots of only
one wavelength making it impossible to tell

how it will perform under different wave-
lengths. Some diagrams also hedge bets by
showing performance for a curved field. If
the telescope is to be used only visually, that
may not be a problem because the eye can
compensate for some amount of field cur-
vature. But, if the telescope is used for im-

aging, then such reports can be misleading.
If a telescope has a curved field, stars in the
center will be in focus and stars at the field
edges will be out of focus. If the spot dia-
gram is displayed for a curved field, off-axis
stars will look much better in the diagram
than the system will deliver when imaging.
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Another way to hedge spot diagrams is to
conceal the scale or spot size. Such a diagram
may show a favorable comparison against a
relatively poorly performing design, while
not allowing meaningful comparison to
high-performing designs for lack of mean-
ingful spot scale.

This is why we try to provide the fullest
meaningful disclosure of our optical design.
Our spot diagrams reflect performance on a
flat focal plane and are shown in three wave-
lengths so you are getting the complete
story. We also provide a scale to compare
against as well as the RMS spot size of off-
axis stars (typically the point of interest as
on-axis spots are going to be limited by dif-
fraction). 

Image Performance
So, in our efforts to explain the merits

of the CDK design, we provide what we
know to be meaningful spot diagrams. But,
the more we show people these spot dia-
grams, the more we realize that they fail to
convey the full story. We eventually con-
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Image 9: An example of a 52-mm field of view taken with an Apogee U16 camera and a
CDK12.5. On the left is a star near the center of the field and on the right a star near the
lower left corner of the field 25 mm off-axis.  



cluded that showing actual results of stars on
and off axis was a much better way to go
(see the examples in Images 7, 8, and 9).
Image 7 presents a full frame of NGC7331
– the field is 42 mm on the diagonal. Image
8 shows a blow up of the upper left hand
corner of that image and demonstrates the
pin-point stars produced at the edge of the
field. Image 9 was taken with a CDK12.5
with an Apogee U16 camera that has a 52-
mm field on the diagonal. The image pres-
ents a star near the center of the field and a
star near the corner of the field, again best il-
lustrating the incredible performance of the
optical design.  

PlaneWave CDK Features
The PlaneWave CDK is not just a high

performance optical design, it is also a well-
engineered instrument. As explained earlier,
the features start with the optical perform-
ance. The design has a flat, coma-free field,
with no off-axis astigmatism over a 52-mm
focal plane. The system is f/6.8 for the
CDK17 and the CDK20, and f/8 for the
CDK12.5. The CDK17 and CDK20 come
with a 3.5-inch ID focuser that can be 
manually rotated 360 degrees, and the
CDK12.5 features a 2.75-inch ID focuser
which can also be rotated. Both focusers run
on a lead screw so there is no slipping or
movement as the angle relative to gravity
changes.

The primary mirrors are conical shaped
and thus have lower thermal mass, so equi-
libration is fairly fast. The primary mirrors
are glued to the mirror cell at the center of
mass so no external torques act on the mir-
ror as the gravity vector changes. The mir-
rors are also laser aligned to the mirror cell
so their optical axes are true to the mechan-
ical axis. This ensures that you won’t end up
with a tilted field at the focal plane and
makes collimation surprisingly easy for such
a high-performance imaging platform. Since
the secondary mirror is spherical, collima-
tion is accomplished by tip-tilt of the sec-
ondary only. There is no need to go to great
the lengths necessary to center the secondary
over the optical axis of the primary as with
an R-C design.
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Image 10: M33 taken with an Apogee U16 with a 52-mm field corner to corner taken on a
CDK20. Notice the perfect stars across the entire field. Image courtesy of Andre Paquette.



The CDK17 and 20 optical tubes use
dual carbon-fiber trusses to minimize 
thermal expansion and contraction and to
provide a light-weight, stiff structure. The
CDK12.5 uses a closed carbon-fiber tube.
And the large dovetail used to mount the
telescopes features an expansion joint to
allow for the different thermal expansion 
of aluminum versus the carbon fiber struc-
ture.  

These features, along with the benefits
inherent to the CDK optical design, 
ensure that each PlaneWave telescope is a
high-performing, well-engineered instru-
ment.    

What is New at PlaneWave
PlaneWave Instruments is currently

working on several exciting new projects, in-
cluding a 0.66 reducer we are soon intro-
ducing that will work with the CDK12.5,
CDK17 and CDK20. We also have a
CDK24 under design that is probably about
six months away from production. It will
have a focal ratio of around f/6.8 and will
feature more back focus than the current
models. It will also cover an even larger 70-
mm focal plane.

We are also working on an observatory-
class complete system designated the
CDK700, a 0.7 meter alt-az CDK with

Nasmyth focus and with direct-drive motors
and high resolution encoders on each axis.
The CDK700 will be around f/6.5 and will
also cover a 70-mm field of view. The direct-
drive motors have zero backlash and zero 
periodic and non-periodic error. This 
telescope is intended to bring the features
and advantages of larger professional tele-
scopes to a much wider market and we an-
ticipate delivery of the first unit by the end
of this year.  

I invite you to visit www.planewavein-
struments.com for regular updates on these
and other new products.

THE PLANEWAVE INSTRUMENTS CDK

Astronomy TECHNOLOGY TODAY 39

CAD drawing of the CDK700. This
is a Nasmyth focus 0.7 meter 
alt-az telescope.

Image 11: A portion of the Veil Nebula taken with the CDK17 and the SLT11000 camera. It
combines LRGBs of 20 minutes each and is courtesy of Johannes Schedler. With a 42-mm 
diagonal, this image is another example of the full-field performance of the CDK design.  




