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1) Introduction Rev01

We all know about teleconvertérghe opticalaccessories that attach to the reanof a

objectivelens to increase its focal length. We also know about their drawbacks, such as

slowing down the lens and generally degrading enguaglity. The loss of image quality is

largely unavoidablé a teleconveer magnifies the image formed by the objective lens,

and the aberrations are also magnified. Despite these drawbacks, teleconverters have been

a photographerdés staple for many decades bec

Ever since the introdition of DXand APSC f or mat DSLRO6s many have

i snbét pbowislidblaen tfioi nverseo teleconverter that
all, this sort of attachment, called a focal reducer, is widely available for telescopes. The
shotanswer here is that the reflex mirror of I
of a true general purpose DSLR focal reducer essentially impossible.

Recent advances in electronic viewfinders have resultékiapectacular rise of salled
mirrorless camerasSince these cameras have no need for a reflex nriineyr typically



have a very short lens flange to image plane distance compared with SLR cameras with a
similar image size. Examples of mirrorless cameras include the Micro Four Thirds
canmeras manufactured by Olympus and Panasonic, the Sony NEX series cameras, the
Fujifilm X series cameraandthe Canon EOS Mseries cameras. The flange distantiee
distance from the lens flange to the image planaall of these cameras is relatively small.

In Micro Four Thirds cameras the flange distance is approximately 20mm, and in Sony
NEX cameras the flange distance is approximately 18mm. By contrast, the flange distance
in 35mm SLR cameras with a Nikon F mois46.5mm. The large difference between the
flange distance of 35mm SLR cameras and mirrorless cameras allows for the design and
implementation of a wideange of adapters to moUsLR lenses onto mirrorless cameras.

The Speed Boostas the first gaeratpurpose focal reducer for increasing the speed and
reducing the focal length of SLR lenses when mounted to mirrorless carireths.
remainder of this paper we will cover the basic specificatiexy@ain some of the
seemingly impossible performamcharacteristics, give brief historical perspective, and
show somesample phototakenwith a prototypeSpeed Booster.

2) Specifications

Magnification: 0.71x

Maximum input aperture: /162

Maximum output aperture: f/0.90

Lens elements/groups: 4/4

Objective lens mounts: Candit, NikonF (LeicaR, Contax C/Y, Contarex and Alpa planned)
Capabilities, CanciF version: Electronic iris controAF and VR

Capabilities, Nikor- version: Manual iris control of G type lenses

Camera moust Sony NEXMicro Four Thirds (Fuifilm X planned)

Length reduction (Sony NEXcersion): 4.16mm

Length reduction (Micro Four Thirds versior§:17mm

DimensionsSony NEX versior{diameter x lengths9mm x 27mm (with tripod mount removed)
WeightSony NEX version194grams

Tripod mount: Removable type with Arca Swiss compatibility

3) Design Basics

A focal reducerschematically illustrated in Figurei§,basically a positive lens that fits
behind an objective lens, and its function is to reduce the focal léhgtrever, the
entrance pupil Demains fixed. Because of this, the f/#, given by f/# = (focal length) / D,
is reduced. In other words, the speed of the lens is incrédsethe same reason, why a
teleconverter reduces the speed of the.lens

The amout of focal length reduction and speed increase can be calculated by the
magnification of the focal reducer. So, if the focal reducer has a magnification pf 0.7x
then the focal length of theewsystem is 0.7 timethe original focal length of the

objectve. Similarly, the f/# of the new system is 0.7 times the original f/# of the objective.



Another unavoidable consequence of adding a focal reducer is that the new image is
reduced in size compared to the original image formed by the objective. 8o, if t
combined optical systemustcover a certain size formadhen the objective must cover a
larger format. The change in image size can be calculated from the magnification of the
focal reducer. For example, if a 0.7x focal reducer is added to an objective and the
resulting system must coveDX formatsensor wh a 28mm diagonal then the objective

by itself must be capable of covering a 40mm diagonal forfRattunately, all fullframe
35mm SLR lenses meet this requirement since they cover a 43.3mm diagonal format.

Original Image
Reduced Image

Focal Reducer

Objective Lens

Figurel: Basic function of a focal reder.

Compatibility of Lens + SPEED BOOSTER

Canon EOS-M
Fujifilm X Micro 4/3
Sony NEX
FX Lens yes yes
DX Lens no yes *

Figure 2: FX lenses can be widely used, X lenses cad be used on aensor sizes
*) Seenote onpage 14 foDX lenses with fixed lens hoods



FX lens + Speed Booster

DX lens DX lens + Speed Booster

Figure 3: lllustration of how the reduced image circfaégo the different sensor sizes.
Also see note on page 14.

4) lt&too Good to be Trueli Part 1, Ultra-High Speed

Past attempts to come up with a general purpose focal reducer suitable for use with very
high speed lenses have come up short. Usually, the problems involve insufficient
correction for spherical aberration at large apertures, insufficient correctiotnéor o
aberration$ especially field curvaturensufficient working distance (even mirrorless
cameras neesbmeworking distance!pr all of the above

The Speed Booster introducessentially zero spherical aberration for an extraordinarily
large output aperture of f/0.90. Note that in order to reach this output aperture it is
necessary to attach the Speed Booster to an /1.2 lens used wide open. All other
aberrations, includinfield curvature, coma, astigmatism, distortion, and chromatic
aberration are also wetlborrected.Figure4 shows longitudinal aberration plots of

spherical aberration, astigmatism, field curvature, and distortion for the Sony NEX version



of the Speed Bodosr when used with a perfect aberratioge objective lens. The lefhost

plot indicates that the Speed Booster has a very small amount of undercorrected spherical
aberration at f/0.90, but this was done intentionally to improve the bokeh when the Speed
Booster is used with ultra high speed f/1.2 objectives.

In fact, we could have designed the Speed Booster to work at apertures as large as 1/0.70.
However, in order to do this the lens element closest to the objective lens would have to be
dramatically ncreased in sizevhich would have severely restricted the variety of

compatible lenses. As itis, the Speed Booster is fully compatible with Canon EF or Nikon
F mount SLR lens, and will not block the central ray bundle for lenses /1.2 or slower.

Perfect Objective Lens Sensor

Filter Pack

/
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I

Speed Booster

f/0.90 W/ IH=14.1Tmm
‘02 0 02 02 0 02 2 0 2
Spherical Ab. (mm) Astigmatism (mm) Distortion (%)

Figure4: Longitudinal derrations othe Sony NEX version of the Speed Boosiéf/0.90when
using a perfect objective lens.



5) Itéstoo Good to be Trueli Part 2, Field of View is Increased

A big problem with DX, APSC, and Four Thirds format sensors is that they crop the full

format image produced by conventional 35mm full frame op&iece the Speed Booster

essentially compresses the image formed by the objective lens into a smaitenedzeto

undo the cropping effect. The Speed Booster
original lensi it would have to have a magnification of 0.67x or 0.5x, respectively, to do

that for DX or Four Thirds formatsHoweverjt does provie a very useful and welcome

field of view increase with its 0.71x magnification.

Figure3 below shows how the Speed Booster increases the field of view (FOV) for a given

image size. In this figure the red ray is the chief ray for the objective |lames alod the
blue ray is the chief ray for the objective lens with Speed Booster attached.

Objective Lens Speed Booster

FOV without Speed Booster . J
Image Plane with Speed Booster

FOV with Speed Booster

Image Plane without Speed Booster

Figure5: Speed Booster increases FOV for a given image size.

Al t hough we feel that the most fmagical o thi
speed p any lens by a full stop (hence the name!), its ability to increase the field of view

of a lens used on a crop format sensor is also very interesting. For example, the widest

lenses currently available for Micro Four Thirds format are thdmim zooms déred by

Olympus and Panasonic. However, by attaching a Speed Booster to a Sigman@®X

fomat lens you wind up with a 5BL.2mm zoom that covers Four ThirdSb, in addition

to providing the fastest possible lens in many focal lengths, the SpeeteBmas also

provide the widest possible lefes certain formats



6) Itéstoo Good to be Trueli Part 3, MTF is Increased

There is a widespread belief that adding optical elements to an existing lens always reduces
optical performance. This miscontem is probably due to the fact that teleconverters do
indeed reduce optical performargimply because they magnify the aberrations of the
objective lens.

Fortunately, the opposite situation occurs with focal reducers. Here, the image formed by
theobjective lens is compressed by the reducer, so the aberrations are actually reduced. Of
course, the focal reducer itself is not completely aberrdite®) but in a welexecuted

design these aberrations can be kept small enough that the reducer abiyraeke a

significant improvement in MTF compared to the objectereslused alone

Figure6 below shows MTF at 20 Ip/mm as a function of image height for the 50mm /1.2
AIS Nikkor lens under various conditions. The red curves show sagittal and tangential
values for the objective lens used by itselle-open at f/1.2 In this case, the radia$ the
image circle is 21.63mrf#3.27mm diameter). The green curve shows the resulting MTF
when the Micro Four Thirds version of the Speed Booster is added to the lens. Again, the
lens is evaluated wide open, but this time the aperture is /0.90, italdength of

35mm. Amazingly, the objective lens plus Speed Booster has significantly better MTF
over most of the Micro Four Thirds image circle radius of 10.8mm, even though the
combined 35mm lens is evaluated at f/0.90 and the original lens is tedbid/1.2.

The Speed Booster for the Sony NEX is optimized for a larger format size than the Micro
Four Thirds version, and as a result the performance in the outer part of the field is reduced
slightly. The blue curve in Figugshows the MTF resuitg from combining the NEX

Speed Booster with the 50/1.2 AIS Nikkor. Performance near the axis is very similar to the
Micro Four Thirds version, and is significantly better than the objective lens used alone.
Offtaxi s, the perf or manotceurse iscovers a queh largerar@as g oo d
Note that the offixis position at 14mm for the blue curve originates from the 20mm

position of the original 50/1.2 lens. Keeping this in mind, it is clear that most of the off

axis performance drogt the coner of the NEX formats due to the 50/1.2 olggve. In all

cases a patent design corresponding to the 50/1.2 AIS Nikkor lens (U.S. Patent 4,621,909,
Example #3 of 3) was used for evaluation purposes.

This MTF behavior turns out to be typical of masmtdes when used with the Speed

Booster, namely: 1) both the Sony NEX and Micro Four Thirds versions give a dramatic
MTF enhancement near the center of the image; 2) the Micro Four Thirds version is better
than the original lens used by itself over neatlyf the Micro Four Thirds format; 3) in

the outer parts of the field the Sony NEX version has slightly reduced contrast relative to
the Micro Four Thirds version where their image circles overlap; and 4) the Sony NEX
version in the extreme corner of tNEX format has similar MTF to the original lens in its
original image corner.
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Figure6: MTF at 20 Ip/mm vs Image Height fdtre50mm /1.2 AIS Nikkor with and without 0.7x
Speed Booster.

Figures7 and8 show the same MTF analysis given in Fig8réut this time with the

28mm /14 AF Nikkor and 85mm 1.4 AIS Nikkor, respectively, to illustrate that the

Speed Booster is truly a general purpose device capable of being used with a wide variety
of lenses.In this case, the 28/1.4 (U.S. Patent 5,315,44ample #1 of 2and 85/1.4

(U.S. Patent 4,396,256, example #3 of 4) are transformed into 20mm /1.0 and 60mm /1.0
hyperspeed lenses, respectively. As before, all MTF evaluations are done at full dperture
f/1.4 for the original lenses and f/1.0 foetbonverted lenses.
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Figure7: MTF at 20 Ip/mm vs Image Height for the 28mm /1.4 AF Nikkor with and without 0.7x
Speed Booster.
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Figure8: MTF at 20 Ip/mm vs Image Height for the 85mm /1.4 AIS Nikkor with and without 0.7x
Speed Booster.



7) Itéstoo Good to be Trueli Part 4, PhysicalLength is Reduced

This part really does sound too good to be truerdsitassured thétreally is true: when
you attach the Speed Booster to an objective teesphysical length of the combination as
measuredrom the frontlens surfac¢o the image plane is actually shorter than that of the
objective lens aloneThe Micro Four Thirds version shortens the systeri.Bynm

( ~ 1 [aAddthe Sony NEX version by slightly lesgt&mm( ~ 1 / Adtliolgh these
amouwnts may not seem large, it can result in a very noticeable improvement in compactness
when @ pan obgestieesaresusey. | Fer example, when the Speed Booster is
combined with the compact recent version of the 50mm /1.8 AIS Nikkeresulting

35mm /1.2 is actually more compact than any 35/1.2 lens on the market, and it handles
quite well on a tiny Sony NEX camera body.

Figure9 shows a marginal ray trace through an objective lens and the Speed Booster
illustrating the shortening effectwo things are going on here: first, the Speed Booster is
occupying otherwise empty space behind the objective, so its not adding to the overall
system length; and second, the increased steepness of the marginal rays means that the
focal plane is shifted towattie objective.

Objective Lens Speed Booster
I |
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Image Plane with Speed Booster

Image Plane without Speed Booster
Figure9: The Speed Booster actually reduces the overall lens length.
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Example 1
Attach an inexpensivésOmm /1.8

pancakednswith a plain mechanical
adapter, and you get a rather boring

50mm /1.8
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Example 2
By using the SPEED BOOSTER insteac

you now get a slightly more compact
combination and a more @king

35mm /12
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Example3
To get something almost

as fast as Example 2
without the SPEED
BOOSTER, you can
mount the big, heavy and
expensive

35mm f/1.4

Example 4
However, with the SPEED

BOOSTER this big lens is
worth its bulk, because you
now have &lightly more
compact andeally exciting

24mm /1.0

d31.S00

Y1 28T %9

Figure1l0: Comparison of Speed Boostes. plain mechanical adapténere for m4/3)
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8) It&stoo Good to be Trueli Part 5, Telecentricity is Improved

Another nice benefit of the Speed Booster is that it moves the exit pupil further from the
image plane for any objective lens. In other words, it actually improves the telecentricity
of the lens system. This helps toprave corner illumination and reduce sensor artifacts
such as color variations caused by pixel crosstalk.

Figurellillustrates how telecentricitig improved by the Speed Booster. To find the exit
pupil location you need to extend a chief ray (i.e., the ray that passes through the center of
the aperture stop and the corner of the image) back through the lens until it crosses the
optical axis. Themount by which the exit pupil location is increased by the Speed

Booster changes depending on the degree of telecentricity of the objectivautahs,

general trend is the same for all existing SLR objective lenses.

Exit Pupil Location with Speed Booster
— Exit Pupil Location without Speed Booster

Figurell The Speed Boostanproves telecentricity

9) Itéstoo Good to be Trueli Part 6, Filter Effect is Cured

A dirty little secret in digital photography is that the filter pélokv-pass filter + infrared

filter + sensor cover glas&und in virtually all digital camerasan contributesignificant
aberration to the image when a lens designed for film is used. This problem is particularly
troublesome for very fast lenses. The Speed Booster corrects this defect, and automatically
corrects for filter pack aberrations redass of the objective lens used.

12



10) Comparison toFront Mounted Wide Converters

Frontmounted wide converters, sometimes called afocal wide converterdydmwesed

for many decades and are still in wide use today. They are especially populariothus
small format video cameras and consumer digicams. Even the ultrarfdgimamorphic
lenses used in cinematography are a special type of front mounted wide conveuseghat
cylindrical lens elements.

The problem with front mounted wide convestés that they generally have low image
guality unless they are optimized to work with one particular objective lens, or a narrow
range of objective lenses. Distortion and lateral color are particularly difficult to correct.
Focusing can cause difficylbecause the front converter can interfere with the floating
element optical correction found in high quality objectivBstter quality front converters
are also quite largespecially if they must work with wide angle objectives.

But perhaps the biggt disappointment with front mounted wide converters is that they
offer no increase in lens speed. By comparison, adesiigned rear mounted focal
reducer is very compact (heck, it actualbcreaseshe size of the system!), can work with
virtually arny objective lens, can actually increase the MTF, and most importantly will
increase the lens speed.

11) Comparison to Relay Type Wide Converters

In the early days of digital photography, relay type wide convertersagessionallyused

to help overcoméhe large crop factor of early digital sensors. Unfortunately, these optical
relays were very bulky, they couldndét be wuse
Nowadays these are best used as museum display items.

12) Comparison to Teleconvertes

Focal reducers and teleconverters are really part of the same general family of rear optical
attachments. However, because teleconverters have a magnification greater than unity they
increase focal length, decrease lens speed, and magnify aberratweysare almost

always used to increase the reach of telephoto lenses, and are not commonly paired with
shorter focal length objectives. By contrast, we expect that the Speed Booster focal reducer
will most commonly be paired with normal and short foeabith objectives to increase

lens speed and increase the field of view.

13) Some Intriguing Combinations

Untold millions of SLR lenses in hundreds of different designs have been manufactured in
the last 50 years, so all sorts of interesting Speed Bquatangs are possible. Some of

the more interesting possibilities are:

Fastest Lenses AvailableThere are only a handful of production lenses that are f/1 or

faster, and even the fastest are only f/0.95. However, the Speed Booster can be combined
with an f/1.2 SLR lens to yield a true f/0.80mbination with excellent performance.

13



Compact High Speed Lense85mm /1.2 lenses are available and can be used with
mirrorless cameras via various mount adapters. However, these lenses are bulky and
expensive. By contrast, the Speed Booster can be combined with a tiny inexpensive 50mm
f/1.8 lens to produce a vecpmpact and high performance 35mm f/1.2.

Ultra-Wide Lenses:As mentioned in Section 6 above, the Speed Booster can be combined
with ultrawide lenses such as thel8mm Sigma zoom lens to produce a redaeaking
5.67 11.2mm ultrawide zoom for Micro Bur Thirds(but see note below)

Fast/Wide TiltShift Lenses: Canon and Nikon have recently made major upgrades to

their fullframe tilt shift lens offerings. The Speed Booster allows these phenomenal lenses

to be used on mirrorless cameras without lpsheir field of view. For example, a Canon

17mm f/4 TSE now becomes a 12mm /2.8 ulttide tilt shift for either the Sony NEX or

Mi cro Four Thirds platfor ms. Whtdtshifts mor e,
objective can be used even aftee Speed Booster is attached.

Note for using DX lenses with the Speed Boost&he micre4/3 version of the Speed
Booster can be used with almost all Nikon DX lenses, with the exception of lenses with
fixed lens hoods, such as the Nikon AF 10.5mm f/ZBdye and the Sigmal®mm

Zzoom.
_ ﬁ

& ‘

Fig. 12: Extreme test by shooting with the 10.5mm fisheye + Speester into a white bowlyith
thefocusset toinfinity, aperturenvide-open éffectivelyf/2.0) and the aspect ratio of the Panasonic
Lumix GH1 set to 4:3

This is the worst case

With close focus, smaller apertures and aspect ratio 3shddow of the fixetbns hood gradually
disappears. With the Speed Boosterrtbminal image circle of the DX lens (&828.8misiyeduced

to @20.5mm, whik is around 5% smaller than the image circle of mal3DX lenses still have
plentyof reserve to fill the entire m4/3 frame, but unfortunately the fixed lens hoods become
visible. After cropping away the dark shadows, the remaining image matchesgimalofOV .
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Figure 13: The picture on top shows the FOV of a NikoRS"¥5mmf/1.8 DX lenswhen used on a
Nikon DX body.

Belowis the same lens + Speed Booster (nad&mmf/1.2 system) on a m4/3 camera. The FOV
is noticeably widerBoth pictures \ere taken stoppedown the light wagoo bright for /1.2)
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