TV OPTICS 111



PUR2 2

oM 3

v ZooM JHENEEET
= ———

The Number One Lens




4




CONTENTS

1 Zoom Lens Functions -

1.1 Principles and Structure of
Scaling «weesesereressessnsenens
1.2 Focusing System e
1.3 How Zooming Changes the
Ang|e Of VleW .....................
14 Depth Of F|e|d ......................

2 Fundamental Optics -

2.1 Image Size :wweeeeereeresreneens
2.2 Focal Length -eeereeeeseeranenss
2.3 Angle of View,

Object Dimensions -«
24 Zoom Ratio ..........................
25 F_Number .............................
2.6 Minimum Obiject Distance

(M.O.D.) weeessemmmnsemnsensanasennes
2.7 Flange-Back and

Back Focal Length -«
2.8 Glass Compensation =«
2.9 EXit Pupil reeveemseeesssasesnnsenans
2.10 Light Distribution -eseseseeeeeee
2.11 Resolving Power and MTF
2.12 Chromatic Aberration
2.13 Seidel’s Five Aberrations -
2.14 Large-Aperture Aspherical

Lens Technology <
21 5 Distortion ..............................
2.16 Coatings -+ eeresesesseseaseseess
2.17 Comparison of Lenses with

Different Image Sizes -

3.1 Differences between Pick-up
Tube Cameras and

CCD Cameras .......................... 36
3.2 Reduction of Ghosting and

Flaring ........................................ 37
3.3 Reducing the Size and

Weight ooeeeeeeersersmmssmssmimsnssiee. 37

4 HDTV System ........................... 38

4.1 Comparison with the NTSC

System ....................................... 38
4.2 The Depth of Field for HDTV

SyStem ....................................... 38
4.3 The Sensitivity of the HDTV

System ....................................... 38
4.4 Aberration Correction for HDTV

LenseS ....................................... 38
4.5 Standardization of Lens-Camera

Interfaces .................................. 39
4.6 Compatibility between

2/3” SDTV and 2/3” HDTV - 39
4.7 Digital Cinema Lenses -« 41

Using a Zoom Lens

Correctly ...................................... 42
51 FB Adjustment .......................... 42
5.2 Registration Examination - 43
5.3 White Balance Adjustment - 43
5.4 White Shading Adjustment - 44
55 Hints on Focusing ...................... 44

5_6 Cleaning ...................................... 45



6 Optical Accessories - 46

6.1 Wide Converter ::erreeeereererseeee 48
6.2 Wlde Attachment :::eoreerereeeeereeees 49
6.3 Fisheye Attachment «eeweeeeeeeees 49
6.4 Tele-Side Converter «weweeeee: o0
6.5 Extender ...................................... 51
6.6 Close_Up LEensg rorrerererrrrrnesensenenens 52
6.7 Optlcal Filters «reteererreecemsaenaennanne 54

7.1 Configuration of Color
Separation Optical System - 58

7.2 Spectral Characteristics -« 59
7.3 Low Pass Filter ««eweeeeeeremeseeasenen 61
7.4 Color Reproducibility ««-e=e-seeeseee 62
7.5 The F-Number of a Prism e+ 64
7.6 Color Separation Prism for

3 CCD Camerg - weeeresesersrerens 64
7.7 Spatial OFfS@t ++wrevererseresnesesnsninnns 66
Index and Glossary - 68

Major enclosed articles

VariOUS Zoom SyStemS ............................ 7
CAFS (Constant Angle Focus System) - 8
F[oating System ........................................ g
Optical Vibration-proof System - 1
The Depth-of-Field Formula «eweeeeeeeee: 15
Auto-Focusing Technology -« 16
Principal Points and Image formula - 19
Calculation of the Object Dimensions - 20
T_Number ................................................. 22
Macro ...................................................... 23
Optical Path Elongation Caused by a

GIaSS BIOCk ............................................ 24
Practical Application of Fluorite and

Hl-UD GlaSS ........................................... 29
Principles of Diffractive Optical

E|ement .................................................. 30
Paraxial Theory and Aberration

THEOKY = weeseersrssesstsstssnisnsinsensnnsnsinae, 32
Large-aperture Aspherical Lens

Technology « e, 32
ST o111 = 11170 TR RS R 34
Vacuum Evaporation «weeeeeeneens 35
Diﬁraction lelt ........................................ 39
Advantages of Lenses for HDTV oo 40
Afocal Converter ..................................... 48
Bu"t_in Extender ...................................... 51
Relation between Object Dimensions

and Object Distance « -« sweesersesene: 52
Color Temperatures for

VariOUS "|umination .............................. 55
POlarization .............................................. 56
Prisms for HDTV Cameras e 98
Using 1/4 Plate to

Correct Polarized Light «eeweeeeseseeeeenes 61

Double Refraction ................................... 62



IZoom Lens Functions

1.1 Principles and
Structure of Scaling

A zoom lens is a lens that can be
changed in focal length continuously
without losing focus. The name comes
from the strong visual impression that
results, as if the viewer were zooming
skyward in a fighter plane.

How does a zoom lens zoom in on or
back from an image? Here is a simple
explanation.

Anyone who has held a lens in his
hand knows that changing the distance
from the lens to the object changes the
size of the image. The position where
the image is formed also changes, so
the image has to be refocused each
time the lens is moved. (Fig. 1)

If two lenses are combined, by mov-
ing them in coordination it is possible
to change the magnification without
destroying the focus. This type of
configuration, with a group of divergent

Fig.1 Changing magnification with a single lens
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Fig.2 Zoom lens consisting of two lens groups

and a group of convergent lenses, is

used in the 35-70mm zoom lens for film

photography, which has a small zoom
ratio. (Fig. 2)

The zoom lenses used in television
broadcasting cameras are more com-
plex, but the basic principle remains
the same—move one part of the lens
system to change the size of the image,
and move another part to keep it in
focus.

A zoom lens therefore has at least
two moving parts. The part that moves
to change the image size is called the
variator. The part that moves to main-
tain focus is called the compensator.
(Fig. 3)

Figure 3 shows the optical path of a
hand-held zoom lens, which has a
four-part structure. The second group
of lenses is the variator that changes
the image size. The third group is the
compensator that maintains the focus.

The first group is called the focusing
group, because it is used to focus the
image. The fourth group is a stationary

Focusing group

lens group called the relay lens.

At the wide-angle end of the zoom,
the variator (the divergent lens
component)is brought forward, creat-
ing a retrofocus type of lens structure.
At the telephoto end, the variator is
moved back, so the lens structure
resembles the telephoto type. (Fig. 5)

To keep the image in the same posi-
tion as the two lens groups move, the
lens groups must move along precise
curves determined by the laws of geo-
metric optics. The motion of the varia-
tor and compensator is controlled by
the barrel cam mechanism. (Fig. 4)

The inner barrel has a linear guide
groove (linear cam), and the outer
barrel has a curved cam groove match-
ing the track of the lens motion (curved
cam). When the outer, curved cam
barrel is turned, the variator and com-
pensator move following the curved
cam grooves.

If the correct cam curve is not fol-
lowed precisely, focus will be lost
during zooming. The cams are there-
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Fig.3 Optical path of hand-held zoom lens



Fig4 Barrel cam mechanism

fore machined to micron tolerances by
numerically controlled machine tools.

A zoom lens must also correct optical
aberration so that the image will stay
sharp when zoomed. The path of the
light rays through the lenses undergo
complex changes during zooming. To
correct aberration at all focus lengths,
the aberrations caused by each of the
lens groups must be minimized, and
the aberrations that the individual lens
groups cannot correct on their own
must be carefully balanced so that one
lens group corrects another. To sup-
press aberrations, a television zoom
lens uses many more component lenses
than a film camera lens.

Designing a zoom lens requires a
great deal of ray tracing. Computer-
aided design, using a large-scale com-
puter, is essential. Modern zoom lenses
with high zoom ratios and exacting
specifications could not be produced
without the foundation of theoretical
aberration analysis, design know-how,
and production technology.

The hand-held zoom lens shown as an
example above has a divergent variator and a
divergent compensator. The track followed by ~ gent, the compensator is convergent, and the
the compensator takes it forward, then back.

This zoom system was invented around
1955 by a Canon optical design engineer,
Yamaji. Eminently suited for compact zoom
lens applications, it has been widely used.

Wide-angle
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Fig.5 Lens positions at wide-angle and telephoto ends of zoom
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As another example, Fig. 6 shows a zoom
lens for studio use. Here the variator is diver-

compensator moves in only one direction.

A number of other zoom systems are pos-
sible. For example, there can be more than
just two moving groups of lenses.

Fig.7 Other types of zoom lenses




CAFS (Constant Angle Focus System)

‘When shooting movies and so forth, the pic- the picture is enlarged (zoomed in) when a Angle Focus System). Focusing on an object
ture size may unfavorably change in the course  close object is brought into focus. with this system active effectively eliminates
of focusing between the objects at the back For TV lenses, Canon developed the tech- the associated change in image size.
and front with the frame fixed. Such unwanted nique of preventing the picture from being A 32-bit CPU mounted inside the lens body,
changes in angle of view with focus control are enlarged by the focus group movement coupled with Canon’s proprietary correction
often termed “lens breathing.” through use of a compensating technique that technology, implements a high-precision, high-

This optical phenomenon occurs because the  zooms the picture in the opposite direction (the  speed control over focusing and zooming when
focusing group exerts the picture size change picture size is reduced or the angle of view is exercising normal lens operational controls

effect when it moves for focusing. Basically, widened). This is called the CAFS (Constant during production.

The focusing group exerts the picture size change effect
when it is moved out.

The compensator suppresses the picture size change effect
when it moves toward the wide-angle side.




1.2 Focusing System

Background of the
Development of Internal
Focusing Lens

In designing a zoom lens, it is very
important to reduce the change in aberra-
tion during focusing as well as the change
during zooming.

Conventional TV Camera zoom lenses
adopted one of the two focusing methods
shown in Fig. 34 on p. 23, i.e. the front
group rotate-out system, and the system in
which the front group is divided into convex
and concave elements with rotate-out
applied to the concave elements.

Further improvements in performance
are required for the zoom lens as CCD
cameras are widely used and HDTV tech-
nologies progress. Canon has been re-
searching the possibility of improving the
performance through the use of internal
focusing with a view to putting the idea into
practice.

What Is Internal Focusing?

Internal focusing for a TV zoom lens can
be simply explained as the application of
floating to the front group of a zoom lens.

Some single-lens reflex camera lenses
with fixed focal lengths employ a focusing
method called a floating system. The float-
ing system is also called aberration correc-
tion mechanism for a short object distance.
And it provides high imaging performance
from infinity distance to the minimum object
distance (M.0.D.) by changing some air
spaces between the elements to compensate
the change in aberration during focusing, as
shown in Fig. 8.

When the air space between the lens
elements is changed, the aberrations are
affected. But if the air space is changed over
some particular range, it becomes possible to
mainly change only the spherical aberration,
or the curvature of field, etc. The floating
system is a focusing method which stabilizes
the change in aberration during focusing
by presenting air spaces between the lens
elements appropriately and changing them in
accordance with the movable amount of the
focusing group.

If the front group are split into two or
three subgroups and the inner subgroup is
moved for focusing, the front and rear
spaces of the focusing group are changed.
The difference of the influences of the two
spaces on the aberration is used to compen-
sate the change in aberration during focus-
ing. Internal focusing works only when the
distribution of aberration between the fixed
group and the focusing group is appropri-
ately designed.

Characteristics of
the Internal Focusing
System

1. Improvement in optical performance

It is possible to improve the optical
performance making use of the larger
degree of freedom of aberration correction.

‘The performance has been improved to
increase the angle of view, to reduce the
change in chromatic aberration change
during focusing, and to reduce distortion,
etc.

2. Square hood

A square hood can be used because the
barrel of the front group is stationary. In a
conventional lens the hood had to be circu-
lar because the front group were designed
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Fig.8 Floating system for a wide-angle lens

to rotate. The internal focusing lens can
eliminate ghosting and flaring more effec-
tively than the conventional lens by cutting
unnecessary light fluxes at the square hood,
and is suitable for CCD cameras.

3. Reduction of the weight of the focus-
ing lens group

This is an important factor in terms of
operation,

Focusing lens group which are lighter
than those in a conventional lens can be
moved quickly using little electric power,
enabling smooth movement even during
manual operation.

4. The use of filters

The hand held lens is used with various
filter attached to front barrel. However, the
filters whose properties change with rota-
tion, such as polarizing filters, cross filters,
and half ND filters, were difficult to use with
a conventional lens whose front portion
rotates.

These filters can be used with the internal
focusing lens without any problem because
the front group does not rotate, thereby
enabling the filters to be used to their full
effect.

5. Optical accessories

Optical accessories, such as a wide
converter or tele-side converter attached to
the barrel of the front group do not influ-
ence the focusing operation.

A handy mattebox can be attached di-
rectly to the barrel of the front group.



Examples of Internal
Focusing System

In the internal focus system developed for
wide-angle zoom lenses intended for hand-
held and studio cameras, the front group
(consisting of numerous lens elements
required to correct optical aberrations
associated with wide angle lens settings) is
divided into three groups; a concave group
and two convex groups, and the convex
group in the middle is moved for focusing.
In this case, the focusing lens group is
moved toward the image plane, which is
contrary to the conventional system, for
focusing on the close object. Using the
internal focusing system, it is possible to
attain a wide-angle zoom lens without
increasing its physical size. (Fig. 9)

Features of this internal focusing system
are as follows:

1) Variation in optical performance due to
focusing is small.

2) Breathing due to focusing action is
small.

In the internal focusing system for stan-
dard and telephoto lenses, the front group is
divided into two subgroups and the rear-
side convex subgroup is moved out for
focusing. At the optical design stage, a
sharing of aberrations between the front
fixed lens subgroup and the moving focus-
ing group is carefully implemented in a
manner that ensures a highly stable optical
performance.

This internal focusing system achieves an
optimized compatibility between high
performance and compactness. Lens breath-
ing due to zooming are somewhat larger in
the standard and telephoto lenses than
those of the internal focusing system for
wide-angle lenses.

The focusing mechanism of the internal
focusing system for hand-held cameras is
shown in Fig. 11.

The Helicoid screw in which the focusing
elements are mounted is connected to the
external focusing ring by means of a driving
pin, and rotation of the focusing ring moves
the focusing elements back and forth.

Though the mechanism of the internal
focusing system is more complicated than
that of the conventional systems, compact-
ness, lightweight, and high quality are fully
ensured by means of computer simulations
using 3-dimensional CAD.

Fig.9 Three-group internal focusing for wide-angle lenses
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Fig.10 Two-group internal focusing system for standard and telephoto lenses

internal focusing system discussed above is

I nte r n a I FI 0 ati n g limited in its ability to elevate the optical

performance of an HDTV system with

FO c u S i n g S vste m large-aperture high-variable-ratio field zoom

lenses over the entire zooming and focusing

With front-lens focusing systems widely ranges.
used in broadcasting zoom lenses, the A more recent enhancement (especially
longer the focal length of the telephoto end,  important to HDTV) to the two-lens-group
the more the movement of the focusing internal focusing system is the so-called
group associated with changes in the “internal floating focusing system,” whereby
subject distance is known to affect optical a floating lens group moves independently
performance. to correct aberration variations to make two

The floating effect of the two-lens-group groups floating.
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Focusing ring
Helicoid screw
Fixed barrel
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Fig.11 Internal focusing mechanism

The internal floating focusing system
significantly suppresses monochromatic
aberrations (spherical and comatic) and
chromatic aberrations associated with
changing scene subject distances caused by
changing subject distances.

The internal floating focusing system
enables HDTV high-magnification field
zoom lenses to image powerful, high-defini-
tion pictures under a variety of shooting
scenes.

—— Internal floating focusing system
—— Internal focusing system
Front group rotate-out system
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Fig.12 Performance changes with distance

The ultra-high-power lens MJ86x9.3B
released by Canon in 2000 was the
world’s first zoom lens incorporating a
lens-shift-type vibration-proof system.

According to the result of the market
research conducted when developing
the MJ86x9.3B, customers demanded
a vibration-proof feature because they
thought lenses with a focal length
longer than that of the PJ70x9.5B were
useless due to wind and jiggle of the
platform on the top of scaffold.

To meet the customer demand, Can-
on refined the well-proven vibration-
proof technology used for EOS lenses
in terms of performance, precision, and
operation speed and designed it into
the HDTV lenses.

Canon developed a combination
of shake sensor and lens-shift-type

1. No shake
(Focusing group) (Compensatar)

Optical Vibration-proof System

EOperating principle of lens-shift-type
vibration-proof mechanism (MJ86x9.3B)

compensator which is most suitable for
suppressing the vibrations caused on
the telephoto side of ultra-high-power
HDTV lenses.

The optical compensator is packed
with technical know-how that restricts
the scope of lens shifting to the optical
axis to suppress aberrations that could
lead to flaring and single-sided blur-
ring.

Before developing the lens-shift-type
vibration-proof system, Canon suc-
ceeded in developing a vibration-proof
adapter IS-20B employing a variable-
apex-angle prism system. This adapter
is attached at the front of the lens. The
apex angle of the prism is changed
to correct the optical axis deviation,
preventing the image from fluctuating
due to vibrations.
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f = 4.5mm, horizontal angle of view 88.7°

1.3 How Zooming
Changes the Angle
of View

As it continuously varies its focal
length, a zoom lens also changes the
angle of view (the angle that the lens

Zooming enables the operator to
adjust the image size and change the
composition without moving the cam-
era. This is a highly effective feature
when the camera has to be used in
restricted conditions.

The more wide-angle a lens is, the
larger its angle of view is, and the
smaller its image size is. A wide-angle
lens is therefore suited for panoramic
photography, and for indoor situations
where it is not possible to move very far
back from the subject. For this reason,
wide-angle zoom lenses are used in
studio cameras.

A wide-angle zoom captures both the
foreground and background simultane-
ously, giving a powerful feeling of
depth.

A telephoto zoom, because of its long

focal length, gives a large image size
but a narrow angle of view. Telephoto
lenses are used to bring a distant sub-
ject close-up, or to get a clear picture of
a subject that cannot be closely ap-
proached.

Telephoto zoom lenses with long
focal lengths are used, for example, in
live broadcasts of golf matches.

A telephoto zoom produces a flat
image with no strong feeling of depth—
the foreground and background seen to
be at about the same distance. This is
called the telephoto compression effect.

f=125mm, horizontal angle of view 4.0°

Fig.13 Changing angle of view caused by
zooming (with 2/3” lens)



f = 830mm, horizontal angle of view 0.54°

f = 500mm, horizontal angle of view 1.01°

f = 300mm, horizontal angle of view 1.68°
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1.4 Depth of Field

Ideally, a subject on a flat plane
perpendicular to the optical axis is
focused onto a flat image plane. Actu-
ally, even if the subject has depth, the
image will appear to be in focus within
a certain range in front and in back of
the point on which the lens is focused.

If an image is out of focus by less
than a certain amount (the “permissible
circle of confusion”), the out-of-focus is
undetectable, and the image appears
sharp.

The permissible circle of confusion of
a television lens can be approximately
determined from the width of the raster
lines. Specific values are given in the

table below as a guide. Needless to say,
these values are also affected by the
performance of the monitor, and the
conditions under which the screen is
viewed.

The zone in front and back of the
image plane in which the defocus is
less than the permissible circle of
confusion is called the depth of focus.
(Fig. 14)

Permissible circle of

ynaga st confusion

J(2/37) 0.021mm
PH(1/27) 0.016mm
HJ(2/37) 0.005-0.010mm

The depth of field is the zone within
which the subject forms an image that
is within the depth of focus. Anything

N\

within the depth of field will appear as
sharp as if it were in focus.

The depth of field has the following
features:

1) Larger F-numbers give greater
depth of field.

2) Shorter focal lengths give greater
depth of field.

3) Greater subject distance gives
greater depth of field.

4) Depth of field is greater behind the
subject than in front.

Feature 1) means that the more the
lens is stopped down, the greater the
depth of field is. The lens aperture does
more than just control the amount of
light. It has the second important func-
tion of controlling the depth of field.

When depth-of-field effects are ex-

Depth of field

Permissible circle of confusion

Depth of focus

Fig.14 Relation between depth of field and depth of focus

With aperture fully opened

With aperture stopped down




ploited in shooting, the aperture cannot
be adjusted to compensate for bright-
ness. Instead, an ND filter must be
used to adjust the amount of light for
the desired F-number.

If the focal length is changed, the
depth of field also changes, decreasing
toward the telephoto direction.

Since a wide-angle lens has great
depth of field, it can give both a sharp
foreground and a sharp background. A
telephoto lens, by throwing the back-
ground completely out of focus, can
emphasize the subject it is focused on.

The Depth-of-Field Formula

When the lens is focused at a distance {, the
distance di beyond £ within which a sharp im-
age is obtained is called the far limit of depth
of field, and the distance ds in front of { within
which a sharp image is obtained is called the
near limit of depth of field. The depth of field
is the sum of these two distances, d; + de.

The hyperfocal distance H is the focusing
distance that brings the range from infinity to
1/2 H within the depth of field. Focusing is
unnecessary within this range.

Since the hyperfocal distance is the dis-
tance at which the far limit of depth of field d,
becomes infinite,

Let the focal length of the lens be {, the £2
F-number be Fuo, and the permissible circle H-=
of confusion be 8. Then (Fig. 15) we have: d-Fro
§-Fro- 2 (see Fig. 16.)

Far limit of depth of field d. = T 6-Fro l

8- Fyo-?

Near limit of depth of field d» TP 6 Fo b

di 2 T < ‘
1 - P ’_d__,--"‘_ =L
Far limit of depth of field Depth of focus —_— - _ =2

H: Hyperfocal distance

//" !
;,;,__5
o =
T E—

Near limit of depth of field

Fig.15 Far limit of depth of field and near limit
of depth of field

Fig.16 Hyperfocal distance



Most of today’s consumer products, includ-

focus (AF) capability. All AF methods imple-
mented in such products fall into one of two
broad categories: (1)the triangulation system
and (2)the sharpness detection system.

apart from each other by a specified interval
known as the reference length) are shifted
from each other, so that the subject distance
will be determined from the angle formed by
the reference lens axis and the view lens axis
when the two images match.

(2)the sharpness detection system detects
the amounts of blur in the images that is
formed in position by the two lenses to find
out the length of lens delivery that yields the
sharpest image.

The AF methods may be divided into four
types: active AF, passive AF and TTL AF, as
well as a fourth method that uses separate
ranging optics from the main lens. Active AF

ing home video cameras, compact cameras and
single-lens reflex cameras, incorporate an auto-

(1)the triangulation system has an automat-
ed double-image matching finder, whereby the
images captured through a reference field lens
and a separate view field lens (that are spaced

Auto-Focusing Technology

emits light or a sound towards the subject from
the camera. The second method, Passive AF,
relies on receiving light from the subject as op-
posed to the camera emitting light or a sound,
for sharpness detection. The third method
known as TTL(Through-The-Lens) AF, uses
the same optical path as the main lens. Use of
separate optics dedicated to ranging is vulner-
able to the so-called “parallax error”.

To address the need for higher accuracy
in broadcasting zoom lenses, Canon unveiled
TTL-AF? (Through The Lens/Active Auto
Focus) at an NAB show in 1981 and released
the YH16x7 KTS-AF as a remote-control zoom
lens in 2003.

The YH16x7 KTS-AF, which combines pas-
sive and TTL AF outlined above, introduces
video signals from the camera into the lenses
and determines their sharpness for AF detec-
tion.

The XJ100x9.3B AF introduced at an Inter
BEE in 2006 adheres to the TTL-secondary
image registration phase-detection system, the
mainstream in single-lens reflex cameras (still
imaging), to achieve both high accuracy and a
high tracking capability for HDTV.

A

Secondary imaging

lenses
rnegs glane Line sensor |
-\\". i I.
:r‘; E}
— Field lens =
f ] s - |

Fig.17 TTL-secondary image resistration phase-detection system

Sensor

Figure 17 schematically shows the TTL-
secondary image registration phase-detection
system. The secondary imaging lenses shown
in the figure are a pair of lenses placed across
the optical axis. They serve to focus the light
transmitting through the shooting lens on
different sensors as images. The states of in-
focus, forward focus and rear focus are shown
from top to bottom in this figure. In the in-
focus state, sharp images are formed on both
sensors A and B. The separation between
these two images is taken as d. In the forward
focus state, images appearing on the sensors
are blurred, with their separation being nar-
rower than d. In the rear focus state, blurred
images are also formed on the sensors but with
a wider separation than distance d. The more
remote from the state of in-focus images are
located (that is, the more they are defocused),
the more they deviate from d. The TTL-
secondary image registration phase-detection
system determines the relative positional
relationship between the two images to detect
the amount and direction of defocusing.
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gFundamental Optics

Lens specifications contain a large
number of figures. To interpret
them, to tell whether the lens is
right for a given purpose, requires
some basic knowledge of optics.

This chapter explains the basic
optics of a TV zoom lens.

2.1 Image Size

The first item to check in the specifi-
cations is the image size. There is no
point fitting a 2/3" lens on a 1-1/4" cam-
era. The image it forms is too small—
the edges will be left in eclipse.

The image formed by the lens is
round, not rectangular like the shape of
the television screen. The range of the
image is called the image circle.

In a television camera, the image
pick-up device (CCD, CMOS) occupies
a rectangular area inside and touching
the image circle. Its size is the image
size. Aberration is corrected within the
range of the image circle. (Fig. 18)

Image pick-up devices varying in
image size are used in modern TV
cameras, and lenses are available in
families to suit specific image sizes.
The starting symbol of a lens name
designates an image size.

The ratio of width to height of a
screen is called an “aspect ratio.” Nor-
mally, the conventional broadcasting
scheme (SDTV) has 4:3, when com-
pared with 16:9 for HDTV.

The five TV lens families are shown
in Fig. 19, with some film lenses for
comparison.

2.2 Focal Length

If parallel rays of light pass through a
convex lens, they will converge to one
point on the optical axis. This point is
called the focal point* of the lens. The
focal length of a single thin lens is indi-
cated by the distance from the center of
the lens to the focal point. (Fig. 20)

The lenses actually used in cameras
are compound lenses, consisting of
single lenses combined so as to correct
aberrations. They function, however,
like a single lens located at an imagi-
nary point called the principal point.
(Fig. 21)

The focal length is the basic param-
eter used to calculate the image posi-
tion and magnification of a lens.

~ Image circle

(Aberration is corrected) Image size

Fig.18 Image circle and image size

16mm movie
SDTV
2/3"
35mm movie
T |
HoTV| 12 i | 35mm still
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Fig.19 Image sizes for television and film (actual size)
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KT 1/3" 5.23 2.94 $60
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HLMILXJKS | 23 | 96 54 | o110
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Fig.20 Focal length of a single lens

Fig.21

Focal length of a compound lens



The focal length of a television lens is
important as a parameter expressing
the angle of view, described in the next
section.

* A lens has two focal points, one on the object
side, called the primary focal point, and one on
the image side, called the secondary focal point.
‘When the term “focal point” is used alone, it
means the secondary focal point.

2.3 Angle of View,
Object Dimensions

The angle of view is the angular
range that can be focused within the
prescribed image size. Usually it is
expressed as the angle from the princi-
pal point of the lens to the image plane,
measured in the horizontal, vertical and
diagonal directions. (Fig. 22)

If the focal length and image size are
known, the angle of view w can be
found as follows. (Fig. 23)

’

w
From the figure, tan — = 5 , SO

, 2 2f
a1y

2f

If the width (8.8 for a 2/3” camera) of
the image is substituted for y’, this
formula gives the horizontal angle of
view. If the diagonal length (11 for a
2/3" camera) of the image is substi-
tuted, the formula gives the diagonal
angle of view,

The focal length and principal point
of a zoom lens are changed by zoom-
ing, so it is possible to change the angle
of view. (Fig. 27)

A short focal length gives a wide
angle of view, and a long focal length
gives a narrow angle of view, within
which the image is magnified. (See Sec-
tion 1.3.)

When the focusing distance is finite,
instead of the angle of view, it is pos-
sible to give the actual object dimen-
sions to fill the image format—the
actual width and height that can be
framed within the picture.

The Canon range calculator for TV
lenses indicates the above relationships
on a disk scale, so that the angle of view
and object dimensions can be found
without mathematical calculations. This
calculator is also useful for comparing
different image sizes. (Fig. 26)

The object dimensions can also be
found from the chart in Fig. 29.

w =2 tan

Image
size

w: Angle
ofvtew/\ o
s

-

f: Focal length

Angle of view : w = 2 tan™

Horizontal angle
of view

1Y
of

Fig.22 Angle of view Fig.23 Calculating the angle of view

Principal Points and Image formula

A lens has two principal points, called the
primary principal point and the secondary
principal point. For a thin lens, both points are
at the center of the lens. The plane perpen-
dicular to the optical axis at a principal point is
called a principal plane. (Fig. 24)

The principal points have the following

. . b
Magnification equation f=- y

The minus sign in the magnification equa-
tion indicates that the image is inverted.

If the subject is so far away that the focal
length is negligible in comparison with the ob-

important properties: ject distance, the magnification can be found
(1) A ray incident on the primary principal from the following simpler formula:
plane parallel to the optical axis will leave £

f=-

the secondary principal plane at the same
height, traveling toward the focal point.
(Ray (D in Fig. 25)

(2) An incident ray directed toward the pri-
mary principal point will leave the second-
ary principal point at the same angle. (Ray
@ in Fig. 25)

From these properties, a graph can be
constructed showing the relationship between
the object and image. (Fig. 25)

The distance a from the principal point to
the object and the image distance b are used
in the following important formulas:

1 1

IR
Primary principal plane
H: Primary principal point

a

The principal points do not have to be inside
the lens system; they may be located outside
it. A lens in which the secondary principal
point is behind the lens is called a retrofocus
lens. The retrofocus type is suited for wide-
angle lens systems. If the secondary principal
point is located in front of the lens, the lens is
a telephoto-type lens.

The principal points of a zoom lens move
when the lens is zoomed. At the wide-angle
end of the zoom, the lens is of retrofocus type.
At the telephoto end, it is nearly of telephoto
type, as explained in Section 1.1.

Lens equation

Secondary principal plane
H'": Secondary principal point

F Imaga focal point

F: Object focal point
N

- 'L_J

Ilz Focal length f: Focal Iengtlh

Fig.24 Cardinal

points and planes of a lens

Fig.25 Relation between principal points and image
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fw: Focal length at wide-angle end

Fig.26 Canon Range Calculator for TV lenses

fr: Focal length at telephoto end

Fig.27 Changes in angle of view in a zoom lens

Fig.29 Width

of field
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2.4 Zoom Ratio

The zoom ratio is the ratio of the
focal length at the telephoto end of the
zoom to the focal length at the wide-
angle end.

The zoom ratio indicates how much
the size of the image on the monitor
can be changed. If a zoom lens has a
zoom ratio of 10x, the image it gives at
the telephoto end will be magnified
exactly 10 times as much as the image
at the wide-angle end.

The larger the zoom ratio is, the
more the size of the image can be
changed.

It is important to select an appropri-
ate zoom ratio. A large zoom ratio is
desirable, but it also makes the lens
bigger and heavier.

2.9 F-Number

An item of equal importance with the
focal length is the F-number, which
indicates the brightness of the image
formed by a lens. A smaller F-number
means a brighter image.

As was explained in Section 1, the
F-number is closely related to the depth
of field.

If fis the focal length of a lens and D
is its effective aperture, then the F-num-
ber I, NO is:

{

FNO D

For a given focal length, the larger
the aperture of the lens is, the smaller
its F-number is. (Fig. 30)

Entrance pupil Diaphragm

\ / ?(it pupil

| \

[
I

T

Fig.32 Entrance pupil

The stop ring of the lens is marked
with a series of numbers with a ratio of
V2:14,2,2.8,4,5.6,8,11, 16, 22. The
amount of light entering the lens is
proportional to the cross-sectional area
of the flux (to the square of its diam-
eter), so the brightness of the image is
in inverse proportion to the square of
the F-number. Each time the ring is
turned one number up the F scale, the
brightness is decreased by half. (Fig. 31)

The effective aperture D of a real lens
is not its actual diameter, but the diam-

\

D: Effective
aperture ==
‘5\ ’//
I/ 1
\

eter of the image of the diaphragm seen
from in front of the lens (called the
entrance pupil*). The position of the
entrance pupil of a zoom lens changes
when the lens is zoomed, and its diam-
eter also changes in proportion to the
focal length; so that it is small at the
wide-angle end and large at the tele-
photo end. This property is the cause of
the F drop, which is described next.

*The image of the diaphragm formed by the part
of the lens in fronf of it is called the entrance
pupil. (Fig. 32)

Fig.30 Definition of F-number

When the F-number is magnified by /2,
the image brightness is decreased by half

Fig.31

Relation between aperture and F-number



F Drop

If you have zoomed with a zoom lens
open to full aperture, you may have
noted a drop in video level at the tele-
photo end. This is called the F drop.
(Fig. 33)

The entrance pupil of a zoom lens
changes in diameter as the focal length
is changed. As you zoom toward the
telephoto end, the entrance pupil gradu-
ally enlarges. When the entrance pupil
diameter is equal to the diameter of the
focusing lens group, it cannot become
any larger, so the F-number drops. That
is the reason for the F drop.

To eliminate F drop completely, the
focusing lens group has to be larger
than the entrance pupil at the telephoto
end of the zoom. It has to be at least
equal to the focal length at the telepho-
to end divided by the F-number.

To reduce the size and weight of a
zoom lens, it is common to allow a
certain amount of F drop. For better
composition effect, however, in some
studio zoom lenses the focusing group
is made large enough that no F drop oc-
curs.

T drop is a major determinant of the
value of zoom lenses used in live on-site
sports broadcasts, which require a long
focal length and must frequently con-
tend with twilight or inadequate artifi-
cial illumination.

F drop
———
l Master
F/1_6i"
.l \
201
| 1.5% extender
-\
28
2.0 % extender \
—raeslass —— — s e \
a0t N
56
| . L 1 —— 1 J
11 20 40 100 200 300

Focal length (mm)

Fig.33 F drop of a zoom lens

T-Number

As many people know, movie camera
lenses are rated by a T-number instead of
an F-number.

The F-number expresses the speed of
the lens on the assumption that lens trans-
mits 100% of the incident light. In reality,
different lenses have different transmit-
tance, so two lenses with the same F-num-
ber may actually have different speed.

The T-number solves this problem by
taking both the diaphragm diameter and
transmittance into account. The T-number

and F-number are related by the following
formula:

Trumber - —— F-number

————————x 10
JTransmittance (100%)
Two lenses with the same T-number will
always give the same image brightness.




2.6 Minimum Object
Distance (M.0.D.)

The minimum object distance
(M.0.D.) is the closest distance to
which the subject can be approached,
measured from the vertex of the lens
(the front-most surface of the focusing

group).

Because of the restricted space in a
studio, studio camera lenses have to
have a short M.O.D.

If you need to get closer than the
M.0.D., a macrophoto mechamism
enables you to do so. If your lens does
not have a macro feature, a close-up
lens can be used.

In a macro zoom lens, lens groups other
than the focusing group are shifted to focus on
objects closer than the M.O.D.

As the object moves closer, the image point
moves farther back from the lens. Macro shoot-
ing with a zoom lens is possible if one of the
lens groups can be moved to return the image
point to the normal image position.

The range where macro shooting is possible
varies with the focal distance of the zoom lens.

Generally, the distance that allows macro
shooting becomes shorter as the focal distance
of the zoom lens becomes shorter.

Macro focusing can also be used to throw
the image out of focus at the wide-angle end
where the image cannot be defocused by nor-
mal focusing.

Besides the focusing group, several lens

Length of shift

Length of shift

i/

M.O.D.

Focusing group

._,_-f-'-"\_j.
\ﬁ—}

Focusing group

Fixed group

Fig.34 Focusing system of TV lens

groups can be shifted for macro focusing, such
as the relay group, variator or compensator.

In Fig. 35, the rear relay group is shifted for
the macro effect.

If the lens does not have macro focusing but

does have a flange-back adjustment, a similar
effect can be achieved by using the flange-back
adjustment. Flange-back readjustment is then
required when the lens returns from macro to
normal shooting, however.

Macro

Fig.35 Macro focusing of TV lens
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2.7 Flange-Back and
Back Focal Length

Flange-back is one of the key factors
in lens selection.

Flange-back is the distance from the
flange surface of the lens mount to the
image plane. (Fig. 36)

This distance must, of course, pre-
cisely match the distance from the
camera flange surface to the surface of
the image pick-up tube. A camera has a
specific flange-back so a lens with the
same flange-back must be chosen.

The flange-back of a television cam-
era lens is converted in air and indi-
cated as, for example, 48mm in air, or
58mm in air. This is to give a fixed
value, independent of the type and
thickness of glass in the beam-splitting
prism, filters, and CCD face plates
inserted in the optical path. The actual
length is converted to what the length
would be in air if these components
were removed.

If a glass block of thickness d (mm)
and refractive index n is inserted be-
hind the lens, the flange-back is affect-
ed according to the formula:

F.B.(in air) = F.B.(actual) - (1 - %) xd

Ordinarily you will never have to
worry about the actual flange-back. All
you need to work with is the flange-
back in air.

A television zoom lens is shipped
setting to a specific flange-back, but has
a flange-back adjustment mechanism
with which the flange-back can be
changed up to about +0.5mm by mov-
ing part of the lens.

Back focal length is the distance from
the back-most surface of the lens to the
image plane. Like flange-back it is
usually indicated by the converted
in-air valtue. It is designed to avoid
contact with the camera’s filter and
dust-protection glass.

Y A A/ RT TV AAPYTIAC TT

Flange-back
adjustment ring

A — "Back focal length

Flange-back

Fig.36 Flange-back and back focal length

Optical Path Elongation Caused by a Glass Block

A coin under water appears to be “floating”
higher than its actual position. This is because
apparent length is shorter in a medium with a
higher refractive index. (Fig. 37)

If d is the true depth of the coin and n is the
refractive index of water, then the apparent
depth of the coin is:

d
Apparent depth = .
A glass block has the same effect. If its

thickness is d and its refractive index is n, it is
equivalent to a length of d/n in air. (Fig. 38)

<

/' Water

Fig.37 Coin appearing to float in mid-water

If a glass block of thickness d is inserted in
the optical path, the total length is increased

by (1- %) « d. Tf the refractive index of the

glass is 1.5, the elongation is 1/3 the thick-
ness d of the block.

As will be seen in the Section 2.8, the glass
block also affects aberrations.

Glass with n
,—/— Actual image
{'\ 77 {posilion
U |
¢ ] 1 (1-——)xd
) n
& 4 Air Image positicn

~ converted to
in-air value

Fig.38 Lengthening of optical path by glass block

2.8 Glass
Compensation

A television camera contains a beam-
splitting prism, filters, and other glass
blocks. Its lens has to be corrected so
that it will deliver optimum perfor-
mance when these glass blocks are
inserted.

Different television cameras have
different beam-splitting prisms, so the

lens glass compensation has to be
matched to the type of camera.

At present, the glass compensation of
2/3" HDTV cameras is nearly standard-
ized, but 2/3” SDTV cameras still use a
wide variety of beam-splitting prisms.

When the glass blocks inserted
behind the lens differ from the de-
signed glass compensation, the main
effects are increased spherical aberra-
tion and longitudinal chromatic aberra-
tion.



When the glass thickness differs

Over-correction of spherical aberra-
tion occurs at the entrance surface of
the glass blocks inserted in a conver-
gent optical path, and under-correction
of spherical aberration occurs at the
exit surfaces. The further the rays are
from the optical axis, the greater the
spherical aberration is, so the glass
block as a whole gives rise to an over-
correction.

The lens is therefore designed to
leave spherical aberration under-cor-
rected, to cancel out the over-correction
of the glass block. (Fig. 39)

When the thickness of the glass
block differs from the design value, this
balance is lost, spherical aberration
occurs, and the modulation transfer
function (MTF—see Section 2.11)
degrades at high frequencies.

Over-corrected
spherical aberration
\ Under-corrected

\— spherical
/ \ ) r 7 aberration
| {.

T =

Under-corrected  Over-correcte:
spherical spherical
aberration aberration

Fig.39 Correction of spherical aberration taking
a glass block into account

With an SDTV lens, differences in the
compensation thickness of 2 to 3mm
can be ignored, but as the F-number
becomes smaller, the miscompensation
effect becomes larger. With an HDTV
lens, the difference must be kept within
Imm.

Since the miscompensation effect
lessens as the F-number increases, if
the lens is stopped down to F5.6 or
above, the effect almost completely
disappears. (Fig. 40)

The letters and numbers at the end of
the lens designation indicate the glass
compensation type. If the designation is
J17e x 7.7B4, for example, the letter B in-
dicates that the lens is glass-compensated,
and the number that follows indicates the
type of compensation.

J17ex7.7B4
A {Glass compensation

type;depends on the
camera
Glass compensated
(beam-splitting prism type}

Lenses with different glass compensa-
tions have the same zoom components,
but different relay lenses to match the
glass compensation aberration.

100%

740p/mm(%:“HDTV)
F1.4
50%T
Variation in glass thickness
| 1 |
~2 s (¢ 1 2 mm
100%
.--"--—-_____—___—_—-—'_‘-——_._
308p/mm(%4” SMHz)
F1.6 50%1
{ O | ! | | | 1 |
-4 -3 2 =1 0 1 2 3 4mm
300p/mmi%4" 5MHz)
F2.8 508+
[ | | 4 | ) | L ] | | | ] |
-8 -7 -6 -5 -4 -3 -2 -1 O 1 2 3 4 5 6mm

At F5.6 and above, even variations of £10mm in glass thickness do not affect MTF.

Fig.40 Variation in MTF caused by departure of glass thickness from design correction value

2.9 Exit Pupil

Unlike a photographic lens, a televi-
sion camera lens is coupled to a color-
separating optical system behind it. The
position of the exit pupil is therefore
particularly important.

The exit pupil refers to the (virtual)
image of the diaphragm formed by the
lenses behind the diaphragm.

The position of the exit pupil is usu-
ally expressed as its distance from the
image plane. (Fig. 41)

In a television lens, the lens group
(the relay lenses) behind the dia-
phragm does not move, so the exit pupil
position remains constant, and is not
affected by zooming. The apparent posi-
tion of the exit pupil does move, how-
ever, due to vignetting, which will be
discussed in Section 2.10.

The rays that exit from the lens
toward the image appear to exit from
the exit pupil.

A ray that travels from the center of
the exit pupil (the point on the optical
axis) to any point on the image plane is
called a principal ray. As the diaphragm
is stopped down, the exit pupil becomes
proportionately smaller, until finally
only the principal rays are left.

When the exit pupil is at infinity (in
which case it is said to be telecentric),
all the principal rays are parallel to the
optical axis.

The color separation prism in a
television camera has a dichroic coat-
ing. The spectral characteristics of this
coating differ depending on the angle of
incidence; the smaller the angle be-
tween the principal rays and the optical
axis, the better these characteristics
are, This point will be covered in more
detail when we come to prisms.

Exit pupil

(22

Fig.41

Exit pupil distance ‘

Exit pupil and exit pupil distance



2.10 Light Distribution

The F-number, which expresses the
speed of a lens, indicates the amount of
light collected at the center of the
image. The off-axis points of the image
do not necessarily receive this amount
of light.

Light distribution is expressed in
form of the ratio between the bright-
ness at the center of the image and
off-axis point.

Less light reaches the edges of the
image than the center for two reasons:
vignetting, and the cosine 4th-power
law. The marginal light density is the
product of these two factors.

If you open the stop and peer into the
lens from the center, the entrance pupil
will look round, but if you peer in at an
angle the entrance pupil will appear to
have an oval shape, because the lens
barrel eclipses part of the marginal
light. This is called vignetting.

The area ratio of the peripheral to the
center incident pupil is called an “aper-
ture efficiency.”

As the aperture is stopped down, the
oval becomes closer to a circle, even
when observed at an angle. Stopping
down the lens therefore reduces the
effect of vignetting, and improves the
light distribution. (Fig. 42)

Vignetting can be eliminated by
increasing the diameter of the lens. In
practice, a certain amount of vignetting
is allowed so that the lens can be rea-
sonably compact.

The second factor, the cosine 4th-
power law, is present even in a lens that
has no vignetting. The light reaching
the margin of the image decreases as
the 4th power of the cosine of the angle
of view. This effect therefore increases
as you zoom toward the wide-angle
direction.

On the wide-angle side, the diameter
of the entrance pupil changes accord-
ing to the angle of view, reducing the
aperture efficiency to take care of the
cosine 4th-power law.

With a zoom lens, zooming affects
both the vignetting and cosine 4th-
power factors. The cosine 4th-power
factor changes because of the changing
angle of view.

At the wide-angle end, the center of
the image is generally flat, but there is
a rapid fall-off at the corners (due to

Center

Y

Margin Front lens frame

Vignetting

Diaphragm Rear lens frame
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Fig.42 Vignetting and light distribution

both vignetting and the cosine 4th-

power law.) At the telephoto end, there

is a gentle drop-off from the center
toward the margin (mainly due to
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Fig.43 Light distribution at wide-angle, middle,
and telephoto positions

vignetting). (Fig. 43)

The flat region in the center is small-
er on the telephoto side, so rapid zoom-
ing can make the bright central circle
appear to shrink, causing a light-ring
effect.

2.11 Resolving Power
and MTF

The imaging performance of a lens is
often expressed as its resolving power.
Resolving power is determined by
photographing a chart with lines of vari-
ous widths and seeing how far down
the lens can still separate and repro-
duce the lines.

It is common knowledge, however,
that a lens with high resolving power
does not necessarily give good image
quality. Resolving power expresses only
the limit value of the lens. It says noth-
ing about the lens’ performance at
comparatively low spatial frequencies,
below the limit value.

This fact is particularly important in
connection with television zoom lenses.
A television camera converts an image
to electrical signals. The bandwidth of
the signal transmission path limits the
fineness of detail (spatial frequency®)
that can be reproduced.

* Spatial frequency is a measure of the fineness of
a grid. It counts the number of lines (number of
black-white pairs) contained in 1mm. The video
frequency fv and the number of TV lines are
related by the formula:

Spatial frequency (lines/mm)
video frequency (MHz)

diagonal image size (mm)

) TVlines

: diagonal image size

= 65.873 x

=0.83



In the NTSC system, the transmis-
sion bandwidth is limited to 4MHz,
which corresponds to the following
frequencies on the image plane:

It is clear from the table below that
whether a television lens has a resolv-
ing power of 75 lines/mm or 100 lines/
mm does not make an important differ-
ence. What is more important is the
reproducibility (contrast) of the image
at lower spatial frequencies, such as 24

lines/mm for a 2/3” SDTV camera lens.

| Spatial frequency

e corresponding to 4MHz

o | 24.0 lines/mm
1/2° | 33.0 lines/mm

Because of this shortcoming of re-
solving power, the total performance of
a lens is evaluated by its modulation
transfer function (MTF, also called
optical transfer function, or OTF).

Before discussing the MTF of a lens,
we shall consider how the faithfulness
of an amplifier is measured electrically.

Suppose a waveform of gradually
increasing frequency (sweep wave-
formy) is input to an amplifier as in Fig.
44 and the output is measured. Up to
point @ the amplitude of the output
remains constant, but at frequencies

above (@ the amplitude decreases, until
at point (® the signal is not reproduced
at all. The frequency characteristic of
the amplifer can be indicated by draw-
ing a graph with frequency on the
horizontal axis and output amplitude on
the vertical axis.

MTF is the same concept applied to a
lens.

If alens is used to focus an image of a
chart on which the lines are gradually
more closely spaced, as the spacing
becomes closer the contrast of the
image falls off, until the lines can no
longer be resolved.

‘When the lines are widely separated,
contrast is reproduced with nearly 100%
faithfulness: white is white and black is
black. When the lines become so fine
and so closely spaced that black and
white can no longer be distinguished
and the image is a uniform gray, the
contrast is zero.

Since MTF expresses the reproduc-
ibility of contrast, the MTF characteris-
tic is shown by a graph with spatial
frequency on the horizontal axis and
contrast reproducibility on the vertical
axis, as in Fig. 45.

Of the two lenses A and B with the
MTFs shown in Fig. 45, which would

Electrical frequency characteristic

Amplifier

Sweep waveform

Optical MTF

Intensity

Contrast

Fig.44 Electrical frequency characteristic and optical MTF
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NOTE) Horizontally
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enhance contrast
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1
X Intensity

Spatial frequency (lines/mm)

make the better television lens?

If we compare resolving power, lens B
wins. The high skirt of its MTF curve
means that it can resolve high spatial
frequencies. The transmission band-
width of a television camera is limited,
however, as noted above. For a 2/3"
camera, it is the contrast at 24 lines/
mm, corresponding to 4MHz, that is
important. Lens A, which has the higher
MTF at lower spatial frequencies, would
therefore be the better television cam-
era lens.

Canon television zoom lenses are
subjected to MTF evaluations in stages
of manufacture as early as design devel-
opment to yield optimal aberration
balances for a variety of broadcasting
formats.

50 \T}\\\'x
® T
R
e il el
24 50 100 lines/mm

Spatial frequency

Fig.45 Comparison of lens performance by MTF
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2.12 Chromatic
Aberration

Chromatic aberration arises from
dispersion—the property that the
refractive index of glass differs with
wavelength.,

There are two types of chromatic
aberration: longitudinal aberration
(which corresponds to tracking error)
and lateral aberration (which corre-
sponds to registration error).

(1) Longitudinal chromatic aberration

This form of aberration causes differ-
ent wavelengths to focus on different
image planes. It corresponds to track-
ing error.

In a zoom lens, the amount of the
longitudinal chromatic aberration
varies as the lens is zoomed.

In Fig. 46 focal length is plotted on
the horizontal axis and on-axis chro-
matic aberration on the vertical axis.
The aberration is largest at the telepho-
to end.

If a large longitudinal chromatic
aberration is left, tracking error will
occur on the blue and red channels and
cause color blurring, even when the
tracking adjustment is optimal.

In a long-focal-length, high zoom ratio
lens, chromatic aberration is the great-
est problem, particularly the secondary
spectrum, which is a high-order chro-
matic aberration.

T an PN —

The chromatic aberration of a lens is
usually corrected at two wavelengths.
The secondary spectrum is the residual
chromatic aberration left at the wave-
length midway between these two.

Two-wavelength correction is inad-
equate in a television camera that has
three (red, blue, and green) channels.
The secondary spectrum also has to be
corrected.

The main cause of the problem is the
residual chromatic aberration of the
focusing group of lenses. It is difficult
to solve because of inherent limits in
the dispersion (wavelength characteris-
tic of refractive index) of optical glass.

The secondary spectrum of Canon
lenses is corrected by using flourite

0.-’1"

crystal, which has a different dispersion
from ordinary optical glass, or by using
a type of glass with an extraordinary
dispersion characteristic.

(2) Correction of Longitudinal Chromatic
Aberrations

The variation in the magnitudes of
longitudinal chromatic aberration of a
zoom lens is generally small between
the wide-angle end and the middle, and
is large on the telephoto side. In the
lenses for HDTYV, the longitudinal
chromatic aberration at the focal length
between the wide-angle end and the
middle are designed to match with the
standard of the CCD fixation positions
mentioned above, so that the best
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Fig.46 Change in longitudinal chromatic aberration caused by zooming
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Fig.47 An example of the longitudinal chromatic aberration in a HDTV lens
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efficiency on the CCD surfaces can be
obtained for the entire focal length.
(Fig. 47)

Though the secondary spectrum of
longitudinal chromatic aberration tends
to be large on the telephoto side of a
zoom lens, its magnitude can be low-
ered by the proper use of fluorite and
extraordinary dispersion glass.

Fig. 48 shows the capability of fluorite
and the extraordinary dispersion glass
in correcting chromatic aberrations,
compared with ordinary optical glass.

In Fig. 48, the focal length is set at
100mm, and the magnitudes of the
chromatic aberrations are magnified by
100 times. The chromatic aberration is
corrected for two wavelengths, g-line
(436nm) representing blue light and
C-line (656nm) representing red light,
and the remaining discrepancies from
elline (546nm) representing green light
are shown. The amount of the discrepan-
cies corresponds to secondary spectrum.

In comparison with the case in which
ordinary glass is used, the amount of
the secondary spectrum diminishes by
about half when the extraordinary
dispersion glass (S-FPL51*) is used,
and is further diminished by half when
fluorite (CaFs) is used.

With the appropriate use of optical
crystals and extraordinary dispersion
glass, as shown above, it becomes
possible to minimize chromatic aberra-
tions which cannot be avoided in the

S-TIH53" f{ |~ s-ss_m_ri-_ eCg
"I\ B j
100 012
o S-FPL5T*
S-LAMSB'--/{ ),/ _ 1
. 100 0.06
s-LAHsn.ﬂ, CaF2
o 100 0.03

Fig.48 Comparison of second spectrum in
cemented lenses

use of ordinary optical glass.

(3) Lateral chromatic aberration
Lateral chromatic aberration occurs
because the magnification of the image
differs with the wavelength. In a televi-
sion camera it causes registration error.

Lateral chromatic aberration also has
a secondary chromatic aberration,
making it difficult to correct all three of
the red, blue, and green wavelengths at
the same time.

In Fig. 49 focal length is plotted on
the horizontal axis and lateral chromat-
ic aberration on the vertical axis. Note
how the red and blue registration lines
trend across the green line as they
move from wide-angle to telephoto.

Red

1= Green

(4) Correction of Lateral Chromatic
Aberrations
According to aberration theory,
chromatic aberration must be corrected
for principal points as well as the focal
length in order to correct lateral chro-
matic aberrations (Fig. 50). For a zoom
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f" A lens with uncorrected
chromatic aberration
at the principal point
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/ A Ieﬁs with correc{ed

chromatic aberration
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Fig.50 Lateral chromatic aberration
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Fig.49 Change in lateral chromatic aberration caused by zooming

Practical Application
of Fluorite and
Hi-UD Glass

The fluorite having an unusual disper-
sion characteristic not found in optical
glass, which can be used to remove chro-
matic aberration, was discovered by Abbe
(1840-1905). At that time, natural fluorspar
crystals were used, so applications were
limited to small-diameter lenses such as
the objective lenses of microscopes.

Canon noted the possibilities of fluorite
long ago, studied the artificial crystalliza-
tion technique, and succeeded in produc-
ing materials, 200mm or more in diameter,
that can be used to produce large-diameter
lenses.

Fluorite lenses are used in the focusing
group of zoom lenses, and are especially
effective for correcting chromatic aberra-
tion on the telephoto side.

On the other hand, the latest zoom
lenses for TV broadcasting use a complete-
ly new optical material called Hi-UD (High
Index Ultra Dispersion) glass. The Hi-

UD glass features a high reflective index

which allows correction of spherical aber-
ration in addition to the above mentioned
secondary spectrum correction effect.

Hi-UD glass lenses are used in the
front lens group and compensator of a
zoom lens to effectively correct not only
chromatic aberration that occurs on the
telephoto side but also other aberrations
that occur due to focusing and zooming.

* SFPL51, STIH53, SBSM16, SLAM66, SFPL51
and S-LAH51 are registered trademarks of
OHARA INC.



lens, it is required that the good correc-
tion conditions of the chromatic aberra-
tion of the principal points and focal
length are maintained as a whole even
with movement of the inside elements
in the zoom lens

Special attention has to be paid to the
variators used within zoom lenses.
They are powerful and move over a
considerable distance, and in addition,
their chromatic aberrations tend to be
non-symmetric due to a necessity of
compact size, which causes insufficient
chromatic aberration correction at the
principal points.

Fig. 51 shows the examples of the
shapes of an ordinary conventional
variator and a variator for an HDTV
lens which has more symmetric chro-
matic aberration.

The use of fluorite or extraordinary
dispersion glass is also effective in
reducing lateral chromatic aberrations.

The lateral chromatic aberrations of
an HDTV camera lens designed by this
technique are shown in fig. 52. They
have positive values for both B-ch and
R-ch at the wide-angle end and negative
values at the telephoto end, and their
variations over the entire zooming
range are minimized.

Shooting lenses are typically manufactured
by machining optical glasses into a lens form
for imaging through refraction.

Light has the quality of slightly varying in
refractive index from wavelength to wave-
length (which quality is called “dispersion” in
optics terms). Lenses used over a broad range
of visible wavelengths, such as broadcasting
lenses and single-lens reflex camera lenses,
may make differences in the imaging point as-
sociated with the slight differences in refractive
index. Such differences are known as “on-axis
color aberrations.”

The slight differences in refractive index will
in turn make differences in image size on the
screen among different wavelengths (colors).
These resultant differences are called “magnifi-
cation color differences.”

If a group of lenses that acts to condense
light, as from the front broadcasting zoom lens,
is considered, on-axis color aberrations can be
corrected by using low-dispersion materials for
convex lenses and high-dispersion materials
for concave lenses so that the color aberrations
produced by the convex lenses will be canceled
by the concave lenses.

HDTV zoom lenses and super-telephoto lens-
es for single-lens reflex cameras make exten-
sive use of fluorite, a lower dispersion crystal
material, and a special, costly nitric material,
such as UD glass, to reduce color aberrations

Fig.51 Variators with nearly symmetrically corrected chromatic aberration
(mm)
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Fig.52 An example of the lateral chromatic aberration in an HDTV lens

Principles of Diffractive Optical Element

to a minimum.

Diffractive optical elements represent a field
of technology that manipulates the phenomena
of “diffraction” of light to correct color differ-
ences. Commonly known as “DOE” (initial
characters of Diffractive Optical Element).

If white (visible) light is condensed through
a convex lens, images are formed in the
ascending order of wavelengths, from blue,
through green, to red, regardless of the mate-

(1) Refractive optical elements (2) DOE lens

I
’ﬂ:L

=

rial used, glass or fluorite (Figure (1)).

In contrast, if light is condensed through dif-
fraction, images are formed in the descending
order of wavelengths, from red, through green,
to blue in a manner totally opposite to refrac-
tion (Figure (2)).

Use of an imaging action that works in
opposition to refraction helps to correct color
aberrations (Figure (3)).

Combination of (1) and (2)

|
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—— e’:’
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Green
Blue
Fig.(1) Fig.(2) Fig.(3)
Color aberration Reverse color aberration Cancels color aberrations

Fig.53 Principle of color aberration correction by DOE Ienses




2.13 Seidel’s Five
Aberrations

The five basic aberrations of a lens
are named after the researcher Seidel
who classified them. In addition to
them, there are the two chromatic
aberrations described above.

Seidel’s five aberrations are (1)
spherical aberration, (2) coma, (3)
astigmatism, (4) curvature of field, and
(5) distortion.

The first four of these aberrations
affect the sharpness of the image and
degrade the MTF.

(1) Spherical aberration

Of the pencil of rays leaving a physi-
cal point on the axis of a lens, those that
enter the lens at a large height above
the axis are refracted to a different
point on the optical axis from the par-
axial focal point. If a screen is placed
perpendicular to the axis at the paraxial
focus, (at the paraxial image plane),
instead of a point image, a small disc
will be seen. This phenomenon is called
spherical aberration. Spherical aberra-
tion is expressed as longitudinal aberra-
tion (distance on the optical axis). In
Fig. 54 it is plotted with height at the
entrance pupil on the vertical axis. On
the horizontal axis is plotted distance
from the paraxial focal plane at which
the ray crosses the optical axis.

Spherical aberration can be greatly

Aberration curv Incidence
) =] height
‘l = e b 7 Paraxial
‘ — | F=——siill, foous
s : =
Optical axis / 1
Paraxial rays /

(Gaussian region)

Fig.54 Spherical aberration
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|
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Fig.55 Coma

improved by stopping down the lens.
Two or three stops down from full
aperture it almost completely disap-
pears. If the aperture is stopped down
further, diffraction gradually appears,
so the sharpness gained is lost again if
the lens is stopped down too far.

(2) Coma

Even if a lens is completely corrected
for spherical aberration, other types of
aberration appear at off-axis points.
Coma is one of these, Rays incident at
an angle to the optical axis are not
focused to a point on the image plane,
but form a comet-like image with a tail.

The tail may point toward the center
of the image plane or in the opposite
direction, giving rise to inward coma or
outward coma. An object which con-
tains concentric lines with respect to
the optical axis will suffer serious blur
along one edge of each concentric line.
If a lens is not corrected for coma,
contrast around the edges of the image
will be poor.

Coma can be improved by stopping
down the lens. (Fig. 55)

(3) Astigmatism

A lens corrected for spherical aberra-
tion and coma will still not focus a point
off the optical axis to a point image.
Instead, the image will be oval-shaped,
or will consist of one of a pair of lines
called focal lines. This aberration that
prevents a point object from focusing to
a point image is called astigmatism. If

the focusing plane is moved backward
and forward, a single point will be found
where a sharp image is formed in the
center of the plane, but away from the
center, the point of sharp focus is not
unique. Concentric circles come into
sharp focus at one point; radial lines at
another. A point gives rise to two per-
pendicular line images: the sagittal
image line and the meridional image
line. In the foreground and background
of the focused object, image blur occurs
in a concentric pattern, giving the lens
what is termed “uneven blur.” (Fig. 56)

Stopping down the lens aperture and
thereby increasing the depth of focus
absorbs astigmatism to some extent,
but does not remove it completely.
Resolving power charts with concentric
circles and radial lines are used for
testing astigmatism. (Fig. 57)

(4) Curvature of field

Curvature of field is the failure of a
lens to focus a plane object as a plane
image. If the center of the object is
brought into sharp focus, the edges will
be out of focus. If the edges are brought
into sharp focus, the center will be out
of focus. The image planes formed by
the sagittal and meridional lines result-
ing from astigmatism are not flat
planes, but are curved. If the two planes
are separate, the image plane of practi-
cal interest lies between them, and this
plane is usually also curved. This curva-
ture is called curvature of field. Like
astigmatism, curvature of field can be

M: For meridional resolving power test
S: For saggital resolving power test

Fig.57 Resolving power test chart

M @/{ $S i
a ol agittal
&b °

s ® image line

s [N, ,
|l A -’-,_’_I\_/I_eridional image line
2 ,) Rays in meridional

-~ ~plane
—Rays in sagittal plane

Fig.56 Astigmatism

(9]
|
/
A.-"
A
N
I
JI\
\iA
] W i
] Iil I'II
AN
Ll baq
E A

Fig.58 Curvature of field

P — L, |



absorbed by stopping down the lens to
increase the depth of focus. (Fig. 58)

Paraxial Theory and
Aberration Theory

In Snell’s law of refraction

n sind’
— =

n sinf

when 8 is extremely small, the approxi-
mation siné ~ 8 can be used. In paraxial
theory it is assumed that sing = 8. Under
this assumption there is no aberration and
an ideal image is formed.

Aberrations in optical systems occur
because this approximation is not true. If
siné is expanded into a power series and
approximated by the terms up to the 3rd
power, the resulting theory is called 3rd-
order aberration theory. That is the theory
Seidel used in classifying the five aberra-
tions.

If the approximation is extended to the
5th-power term, the theory is called 5th-
order aberration theory, and twelve more
forms of aberration arise. This 5th-order
aberration theory is what propelled the
Japanese optical industry to the world-class
level. Its practical application was worked
out by Dr. Yoshiya Matui of Canon.
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2.14 Large-Aperture
Aspherical Lens
Technology

Traditionally, lens elements having a
spherical surface have been commonly
used as within lenses intended for
television imaging; mainly because the
lens surface is polished to relatively
high precision and spherical lenses are
easy to volume-produce.

Spherical lenses are characterized by
light more strongly refracted in the
margins rather than the center. For this
reason, a single spherical lens (convex
lens) is unable to condense rays of light
at one ideal point, resulting in a flared
image (spherical aberrations). To
remove flares, more convex shaping
needs to be added to ease the share of

aberration per lens or concave lenses
need to be introduced to produce
counter-aberrations. To use spherical
lenses alone and still attain enhanced
performance, many lens elements
would have to be employed, resulting in
an oversized lens assembly.

An aspherical lens, as its name im-
plies, does not have a spherical lens
surface but has an optionally shaped
surface. As shown in figure 60, for
example, an optimally shaped aspheri-
cal lens that condenses rays of light at
one ideal point each produces an ex-
tremely sharp, spot image with little
flare.

Thus, a single side of an aspherical
lens successfully corrects flares, offer-
ing an optimal solution to combining
enhanced optic performance with
compact, lightweight lens assembly
geometry.

The concept of aspherical lens tech-

Large-aperture Aspherical Lens Technology

Figure 59 shows correlations between the
zoom ratio of field zoom lenses developed by
Canon to date and the lens overall length.

Broadcasting zoom lens users had feared
that proportional increases in the zoom ratio
and the lens overall length as marked by a
chain line in Figure 59 might lead to a bulky,
heavy and hard-to-carry product by the time
the zoom attained a 100-fold increase.

In 1999, when HDTV began to claim popu-
larity, a market survey was conducted to pave
the way for the development of a field high-
magnification zoom lens. The survey identi-
fied three broad areas of customer satisfac-
tion.

(1) Superior optic performance compatible

(mm)

with an HDTV system

(2) Compact, lightweight geometry to ease
setup and handling

(3) Vibration insulation

The survey spurred Canon to introduce
large-aperture aspherical lens, and associated
new optics design and large-aperture lens
machining technologies to combine enhanced
optic performance with compact, lightweight
geometry in the entire lens family in its de-
velopment of the XJ86x9.3B (announced and
released in 2000).

Field high-magnification lenses that have
been unveiled in the wake of the XJ86x9.3B
have a constant lens overall length, regardless
of the zoom ratio.
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Fig.59 Zoom ratio and overall length of broadcasting field lenses




nology has been known for a long time,

but it requires significant advances in

lens machining capabilities to address

the critical requirements for precision

posed by broadcasting zoom lenses.
Techniques available for machining

aspherical lens available include:

(1) Aspheric lens polishing, which
polishes the surfaces of medium-
sized to large aspherical lenses little
by little using a small-aperture
polishing tool until an ideal aspheri-
cal geometry is worked out.

(2) Glass molding, which molds small-
aperture materials into an ideal
aspherical geometry.

Spherical lens

Aspherical lens

Fig.60 The effect of aberration correction for
aspherical lenses

2.15 Distortion

Whereas the aberrations described
above are all related to the sharpness of
focus of the image, distortion concerns
the overall shape of the image. Distor-
tion is usually expressed as a percent—
the percent of the ideal image height by
which the points depart from their
position in the ideal image. Let Y be the
image height of a principal ray on the
image plane, and let Y be the ideal
image height. The distortion is then:

Y-Y

Distortion (%) = x 100
Distortion alters the exact resem-
blance of the image to the object, giving
either a pincushion effect or a barrel
effect. (Fig. 61)
Distortion caused by a television lens

) ; Fig.61 Distortion
is expressed in the same way as the
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Fig.62 Television lens distortion
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distortion caused by the television
camera—as the Ah/h percent in the
figure below.

4h 100

TV. Dist (00 & h
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A zoom lens usually has negative
(barrel) distortion at its shortest focal
length (at the wide-angle end), and
positive {pincushion) distortion at its
longest focal length (at the telephoto
end). (Fig. 62)

Distortion remains unchanged even if
the lens is stopped down.

Lens-caused distortions threaten hori-
zontally extended HDTVs with a ratio
of 6:9, as they have distortions en-
hanced by about 30%. Correction of
distortion of a zoom lens is complicated
because the height of rays vary in the
focusing group or in the variator group
during zooming. For this reason, new
optical configurations of a focusing
group and a variator group have been
devised.

2.16 Coatings

If the refractive index of glass in ng,
at the interface between glass and air,
orthogonally incident light will be
reflected with a reflectance of:

-1

r= (S

ng+1
When ng = 1.5, r = 4%
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Fig.63 Effect of coating on reflection

Spuf

Collision of fast ions (main components are
ionized inert gases) against a target (a coat-
ing material) causes atoms and molecules to
sputter from the target surface owing to the
momentum exchange. This symptom is called
sputtering. The method by which sputtered
materials are built up on the opposing mate-

It follows that 4% to 10% reflection
occurs at each lens surface. In a zoom
lens, which has many lens surfaces,
this can amount to a considerable loss.
Multiple reflections within the lens
system can also cause flares and ghost
images. To reduce troublesome reflec-
tions, lens surfaces are given special
coatings.

A coating is a thin, transparent film
on the lens surface that uses interfer-
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Fig.65 Effect of coating in a zoom lens

ring

rial to form a coating as shown in figure, is
called a sputtering method (or simply called
sputter or sputtering). The sputtering method
features high-density hard coatings built up
without substrate heating, because of high
adherence to substrate by heightened energy
of sputtered materials.

Material

Vacuum chamber
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ence effects to reduce reflection and
increase transmittance.

If the refractive index of the lens
glass is ng, the refractive index of the
coating material is n, and the thickness
of the coating is d, then the conditions
that prevent reflection by single-layer
coatings are: (Fig. 63)

n = vng (Amplitude condition)
n-d = A/4 (Phase condition)

Multilayer coatings that prevent
reflection more effectively than single-
layer coatings have been developed.
Most broadcasting zoom lenses have
multilayer coatings. (Figs. 64 and 65)

Vacuum Evaporation

Lenses are coated in a large vacuum
chamber called a bell jar. (Fig. 66) The
coating material, such as magnesium fluo-
ride (MgF>), is heated by an electron beam
at the bottom of the jar. It evaporates, trav-
els through the vacuum, and is deposited
on the lens surface. Vacuum evaporation is
characterized by easy coating process with
many materials. It also shows a perfor-
mance advantage in high-precision optical
thin coating.

A multilayer coating is built up by
evaporating different materials in alternate
sequence.

A dichroic coating is created in the same
way, but it has more layers than an anti-
reflection coating, and the process is more
complex.
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Fig.66 Vacuum evaporation process

2.17 Comparison of
Lenses with
Different Image
Sizes

Modern TV cameras have image
sizes of 2/3", and 1/2". It is frequently
necessary to compare lenses with
different specifications. Here is some
simple advice on three methods of com-
parison by: (1) focal length, (2) F-num-
ber, and (3) depth of field.

(1) Focal length

If you want to use a 1/2” camera to
shoot the same scenes as a 2/3" cam-
era, what lens do you need?

From Section 2.3, the angle of view w
is:

y’
2f
y’: Image size
f: Focal length

To get the same angle of view with
the smaller y’, it is only necessary to
choose a smaller f.

In other words, if the ratio of the
image size to the focal length is the
same, the angle of view is the same.

Taking Canon’s lenses as an example,
the J17e x 7.7 (2/3"), and KH16e x 5.7
(1/2") all have nearly equal angles of
view. (Fig. 67)

(2) F-number

To state the conclusion first, to main-
tain the same brightness, the smaller
the image size of the lens is, the smaller

w = 2tan™

Horizontal

(brighter) its Fnumber needs to be. In
other words, the F-number should be
proportional to the image size.

In a television camera the number of
raster lines is the same regardless of the
image size, so reducing the image size
reduces the area of the pixel. The
amount of light received by the pixel
therefore decreases as the image size
decreases. This decrease has to be
compensated for by reducing the
F-number in the same proportion. (Fig.
68)

A film camera is different; the same
F-number can be used with any image
size. The pixel on film is the grain of
silver chloride, the diameter of which is
the same for all film sizes. As the image
size is reduced, however, resolving
power is lost, even though the F-num-
ber is not affected.

(3) Depth of field

When the image size changes, the
diameter § of the permissible circle of
confusion changes in proportion. (Sec-
tion 1.3)

If the focal length f and F-number F
are selected as described in (1) and (2)
above, the depth of field will remain the
same. This is shown by the equation in
Section 1.3.

In other words, if the focal length and
F-number are selected in proportion to
the image size, the depth of field will
stay the same.

The depth on the focal point side,
however, decreases as the image size
decreases (because of the decreasing &
and Fyo), so tracking has to be more
carefully adjusted.

2000(mm)

80"  50° 30° 107 5 3 1
angle of
view
o 7 10 20 30 5 70 100 200 300 500 7001000  2000(mm)
J(z4” : 1
45 7 10 20 30 50 70 100 200 300 5007001000
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Fig.67 Comparison of lenses with different image sizes (1)
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Fig.68 Comparison of lenses with different
image sizes (2)



< CCD camera Lenses

When the first edition of this
book was published, pick-up tubes
such as plumbicons and saticons
were being used for color TV cam-
eras.

Subsequently, however, CCDs, a
kind of solid state imaging device
were applied to TV cameras, and
the use of CCDs has been increas-
ing rapidly since that time. With the
replacement of pick-up tubes by
CCDs, the required lens perfor-
mances became very strict in some
respects.

Differences
between Pick-up
Tube Cameras and
CCD Cameras

In the image pick-up tube camera, as
shown in Fig.69, tubes were supported
on the alignment housing which con-
tains color separation prisms. And the
focus could be adjusted when the tubes
moved their positions back and forth.
Furthermore, registration and linearity
could be adjusted by electrically con-
trolling the deflection of the electron
beams. Though these adjustment
techniques were used originally to
correct errors that the tubes had in
themselves, adjustments of the lens
aberrations were carried out as well as
a result.

For this reason, with regard to the
lens for pick-up tube cameras, longitu-
dinal chromatic aberration, lateral
chromatic aberration and distortion can
be adjusted by the camera. Therefore,

the absolute magnitude of these aberra-
tions dose not pose any practical prob-
lems, as far as their fluctuations are
small. However, these adjustments are
not possible on CCD cameras because
CCD chips are fixed to the color sepa-
ration prisms.

Since CCDs are free from the burn-
ing, high-intensity light may enter the
lens. Therefore, ghosting and similar
problems must be prevented more care-
fully when CCDs are used.

The required characteristics for a
CCD camera lens are summarized in
Table. The following are the explana-
tions of each item.

Characteristics of CCD cameras and required lens efficiency

Fixation of CCD position

Standardization of CCD installation position. Diminution of longitudinal
chromatic aberration. Optimization for CCD position:

Registration not adjustable

___ |Decrease in the absolute value of lateral chromatic aberration.

Freedom from distortion

Distortlon reduction.

Uniform responses all over the area Improvement in the peripheral MTF.

No burning

Reduction of ghosts and flares.

Miniaturization of the camera

Miniaturized and lightweight lenses,

PICK-UP TUBE CAMERA

LLLLs)

2

v
P

,ALIGNMENT HOUSING
SCAN SIZE ADJUSTMENT

CCD CAMERA

Fig.69 Differences between a pick-up tube camera and a CCD camera



. Reduction of
Ghosting and
Flaring

Because CCD cameras are free from
the nuisance of burn-in, regardless of
the broadcasting format, they could
allow highlights, such as sunlight and
illumination, to enter the screen. There-
fore, in a CCD camera, ghosting and
flaring occurring when the light source
is in the image area cause trouble,
though they are not detected in a pick-
up tube camera.

Some of them are caused by reflec-
tions between the CCD surfaces and
the surfaces of the lens elements,
scattering by the inner surface of the
lens barrel or the lens edges, etc.

Concerning the reflection from the
lens surface, multilayer anti-reflection
coating newly developed for TV lenses
is applied to increase the transmission

Inner reflection
. atthe lens edge

(] ®
%% ese

Ordinary anti-reflection paint

Canon'’s special anti-reflection paint for glass

Fig.70 Anti-reflection paint for the inner surface
of glass

and simultaneously diminish the flar-
ing.

In order to prevent the scattering
from the lens edges, a special anti-
reflection paint is applied. This paint is
made of high refractive index medium
and minimal black particles as shown in
Fig. 70, and works very well to diminish
the reflection from the inner surfaces of
the glass.

To prevent scattering reflection
inside the lens barrel, such methods as
painting of frosted black paint, anti-
reflecting grooves, and hair flocking are
employed appropriately. (Fig. 71)

-~ Reducing the Size
and Weight

As HDTV cameras are becoming
smaller, lenses which are well balanced
with the HDTV cameras and are easy to
use are now in demand.

It is very difficult to improve the
optical characteristics and performance
of a lens for the HDTV camera, and
simultaneously to achieve the reducing
size and weight. Smaller size is accom-
plished by the use of light weight glass,
the use of appropriate glass and the
introduction of the new lens configura-
tions.

Improvement of operation is achieved
by the introduction of ergonomic de-
sign based on human technology, in
addition to the light weight design
using three-dimensional CAD (com-
puter aided design).

A: Frosted black
paint

-
-

Reflectivity

Incident angle, 8

Fig.71
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.HDTV System

4.1 Comparison with
the NTSC System

Whereas one field of the conventional
NTSC system consists of 525 scanning
lines, the number of scanning lines is
more than twice for the HDTV system
(see the notes). Furthermore the den-
sity of the scanning line is even higher
because the HDTV system has an
aspect ratio of 16:9, which is wider than
that of the NTSC system. The spatial
frequency required for the HDTV
system is about 2.5 times that required
for the NTSC system (Fig. 72).

Overall, the resolution of the HDTV
system is 2.5 times that of the NTSC
system, and therefore the lens, which is
the eye of the system requires much
higher performance than the conven-
tional lens uses.

4.2 The Depth of Field
for HDTV System

As the HDTV system has high resolu-
tion even a small out-of-focus area can
be detected. Since the radius of the
permissible circle of confusion is about
a half of that of the conventional sys-
tem, the depth of field becomes propor-
tionately smailer. Therefore, the focus-
ing has to be done with great care.

When thinking of applying the HDTV

HDTV NTSC
2/3"Iimage format | 9.6x54 88x686
Nominal frequency 800 TVL 400 TVL
Spatial frequency 74 lines/mm | 30 lines/mm

- NT:
_~HDTV 4.389_
v b S
“ 16‘\9 /
/] 1
T/ y
|/ A
o< [- ____@'_1_1__———-—-'_"' 1
@ (0| f||
\ /
£ /
o

[Sr—

~_ 96

—0.02 —0.015 —0.01—-0.005 0

system to motion pictures, the problem
of the depth of field cannot be ignored.
HDTYV system is of benefit to the mo-
tion picture industry too, because they
can produce high-quality images and
the images can be easily processed
electrically. When making pictures, a
large aperture is often used to throw
the background out of focus and to
clearly distinguish the subject. For this
reason, large-aperture lenses with small
F-numbers are used.

A series of HDTV lenses with fixed
focal lengths and an F-number of 1.2
have been developed for that purpose.

4.3 The Sensitivity of
the HDTV System

Two factors have to be taken into
consideration when comparing the
sensitivity of the HDTV system with
that of the conventional system.

The first consideration is the fact that
the HD camera has an aspect ratio of
16:9. This makes the sensitive area
smaller and causes a 10-percent differ-
ence in sensitivity.

The second factor is related to the
depth of field.

As mentioned before, the depth of
field in the HDTYV system is half that in
the conventional system.

Therefore, on HD cameras, the
lenses must be stopped down until their
F-number becomes double in order to

NTSC 400TVL
Fi1.6 100% (30 Ip/mm)

: | 80% -+

60% ! /

HDTV 800TVL ]

40% + (74 Ip/mm)

¢ 20% -

: L L 0% P |

0.005 001 0.015 0.02
defocus (mm)

Fig.72 Comparison between HDTV and NTSC systems (for 2/3” format)
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get the same depth of field as that in
the conventional system. This reduces
the sensitivity to one forth.

Thus explained, HDTV systems have
their practical sensitivity degraded due
to the implications of the depth of field,
but solid-state coupling components
have come to offer improved sensitivity.

4.4 Aberration
Correction for
HDTV Lenses

The pixel size is less than a half in the
HDTYV system, and therefore the spread
of a point image caused by a spherical
aberration, coma, etc. should be dimin-
ished to less than a half.

Even if the image is slightly out of
focus, MTF is greatly influenced. The
Tig. 72 shows how MTF varies when
the focus changes. The amount by
which an image is out of focus which
causes only a 10-percent MTF loss in
an NTSC lens causes a 50-percent MTF
loss in an HDTV lens, which is not
acceptable. This suggests that reducing
the curvature of field has an important
role in improving corner MTF in an
HDTV lens.

Distortion is affected by the aspect
ratio. Since the image area is wide, the
distortion of horizontal lines is more
noticeable than with conventional
lenses.

To correct lateral chromatic aberra-
tion and longitudinal chromatic aberra-
tion, it is necessary to make consider-
able use of optical crystal like fluorite
or particular extraordinary dispersion
glass. Some kinds of new extraordinary
dispersion glass have been developed,
providing new possibilities for chro-
matic aberration correction.

To realize the high performance men-
tioned above, the methods mentioned
below are used.

By using fluorite or newly developed
extraordinary glass in the front group,
not only chromatic aberration correc-
tion but the spherical aberration and
comatic aberration are minimized due
to the alleviation of the power of each
lens element.

Variators must use lens elements
with small radii because they require a
lot of power. In this case, aberrations
are corrected by separating a cemented
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element or increasing the number of
lens elements.

4.5 Standardization
of Lens-Camera
Interfaces

To make the HDTV system easy to
operate for users in various fields, the
system is required to exhibit full perfor-
mance irrespective of the combination
of the lens and the camera. For this
reason, broadcasting stations, camera
manufactures and lens manufactures
discussed standardizing the interface,
and made a proposal. Some of the
proposed standards are shown in the
table.

These interface standards were
considered mainly in the EBU (Euro-
pean Broadcasting Union) and enacted
(see the note).

Note: Specifications for the optical, mechanical,
and electrical interface between lens and
camera for 1” HDTV CCD cameras. EBU.
1991.

2/3"HDTV Camera Optical Interface Specifications and Optical Requirements

4.6 Compatibility
between 2/3” SDTV
and 2/3” HDTV

The optical interfaces for lens and
camera of the 2/3" SDTV system (Can-
on designation: B4 mount) are made
compatible with those of the 2/3"
HDTYV system to meet the user demand
that they want to use conventional
B4-mount lenses with the HDTV sys-
tem.

As shown in Figs. 73 and 74, the both
systems use the same mechanical
interface. For the optical interface, the
overall thickness of glass blocks is the
same but the glass material and thick-
nesses of individual glass blocks are
different. The reason is that the offset
+30 um of the B-G used by the SDTV
system is not sufficient to obtain high
MTTF at the high spatial frequencies
handled by the HDTV system and
consequently the glass block diversion
is modified so that the B-G becomes
minimum even when a 2/3” SDTV lens

On-axis color aberra- |R-G: +10um, B-G: +5um

tion reference values

Using a glass block of 33.0mm (BaF52°) + 13.2mm (BK7)

Flange-back 48.0mm (in air)

Imaging circle @ 11.0mm min.

* BaF52 is aregistered trademark of SCHOTT AG.

A lens that has no aberration and that
can image a point object ideally is called an
aberration-free lens. However, some blurring
appears even when the aberration-free lens is
used. This is caused by the phenomenon called
diffraction.

Diffraction occurs because light has the char-
acteristic of waves. Although light generally
travels in straight lines, it has the characteristic
of turning in behind an object just like waves
on the water. This characteristic of light causes
the blurring in the aberration-free lens.

The area of the blurring caused by diffrac-
tion is small when a lens with small F-number
is used, and it becomes larger as the lens
is stopped down. Therefore, the more the
aberration-free lens is stopped down, the lower
its MTF becomes. Fig. 75 is the MTF of an
aberration-free lens shown as parameters of
the spatial frequency and F-number.

As shown above, there is a point in an opti-
cal system where the performance does not
improve, no matter how much the aberration is
reduced. This is called the diffraction limit.

There is a residual aberration in a general

zoom lens or a camera lens. So the blurring
caused by the aberration is larger than that
caused by diffraction when the F-number is
small. The lens is nearly being free of aberra-
tion when it is stopped down until the F-num-
ber is about 5.6. If the lens is stopped down
further, however, the MTF is not increased,

is attached to the HDTV camera, thus
maintaining the compatibility.

Fixed-focus lenses with relatively
small chromatic aberration can be used
with the HDTV system. In zoom lenses
for SDTV, however, chromatic aberra-
tion remains within the tolerance speci-
fied for the SDTV system and so it is
recommended that the lenses opti-
mized for HDTV be used with the
HDTYV system.

Correction of aberrations of HDTV
lenses is summarized in the next chap-
ter.

GBR
BaF52* {Bif;?z o
| (ssmm) ey
Sum
L 10um
L F.B. = 48mm (in air)
I

Fig.73 HDTV CCD fixation position

“_ F.B.=48mm (in air)

Fig.74 SDTV CCD fixation position

but is lowered.

In an HDTV lens, the influence of diffraction
cannot be ignored because the evaluation fre-
quency is high. When using a HDTV camera,
care must be taken not to stop down the lens
too much, and for this reason, ND filter or the
like is attached to the lens or camera.
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2/3” NTSC 1/2” NTSC
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800TVL

2/3” HD
800TVL

Fig.75 Theoretical MTF for an aberration-free lens




The lenses for HDTV have the following
advantages over the lenses for SDTV:

1) The image is formed uniformly from the
center to the periphery of the frame. (Fig.
76)

2) The image uniformity is maintained over
the focusing range from the wide-angle end
to the telephoto end. (Fig. 77)

3) The image is formed uniformly from object
distances from infinity to short distance.
(Fig. 77)

4) Especially at the telephoto end, lower longi-
tudinal and lateral chromatic aberrations.

The above advantages are prominent at the
nearly maximum aperture. :

Lens aberrations may improve as the aper-
ture becomes smaller. That is, the advantages
may lessen as the F-number becomes greater.

To keep up with these advantages, exten-
sive expertise in respective of optics design,
simulation, optical material and other relevant
technologies is of vital importance to the suc-
cessful correction of aberrations.

When compared with traditional SDTV
lenses, HDTV products dictate quality control
powered by certain concepts of manufacturing
expertise (such as 1 to 4 below) to reproduce
their design superiority in the form of product
quality.
1. Tolerances (allowable variations from de-

sign values) of optical and mechanical parts
must be tightly managed. (Fig. 78)

2. Assembly accuracy of optical and mechani-
cal parts must be very closely controlled.
(Fig. 78)

3. The number alignment and adjustment
steps related to optical performance should
be increased to attain the specified design
performance.

4. MTF must be maximized at the high spatial
frequencies required for HDTV.

For this reason, use of an HDTV lens family
optimized to work with HDTV is recommended
for HDTV systems.
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Advantages of Lenses for HDTV
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Fig.76 MTF angle of view characteristics
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4.7 Digital Cinema
Lenses

Optical features of lenses for Digital
Cinema are as follows:

1) The contrast and resolution are high
from the center to the periphery of
the frame, ensuring an optimized
MTF profile over the image plane.

2) The image quality is high in the
entire focusing range, from the
center to the periphery of the frame,
with minimum chromatic aberra-
tions.

3) The image quality is natural with
small distortion (the distortion of the
fixed-focus lenses is extremely
small).

4) During zooming, the angle of view
(breathing) changes only slightly,
thus a very smooth rack focus can
be performed. (Fig. 79)

5) Color reproducibility is faithful to
the object and the color temperature
variation between digital cinema
models is small.

Also, a number of techniques exist
for evaluating the lens quality of color
reproducibility, including one using a
vector scope with proven performance
for broadcasting lenses, and ISO/CCI
commonly used for silver films. (See
Fig. 80)

An ISO/CCl-compliant display meth-
od of numeric evaluation would be
worthwhile to standardize color repro-
ductions, one of the features of digital
cinema lenses, in addition to a vector
scope approach.

Following extensive evaluations
based upon the ISO/CCI techniques,
lens materials and associated coatings
were optimized to achieve the desired
tight consistency in color reproduction
between our digital cinema zoom and
prime fixed focal length lenses.

Zoom lens focusing system

Focusing

Fixed-focus lens focusing system

PR

Focusing

Fig.79 Example of focusing system suppressing the change of angle of view
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Fig.80 Evaluation by ISO/CCI




EUsin a Zoom Lens Correctly

E

5.1 F.B. Adjustment

F. B. adjustment is to fit the flange
back of a zoom lens to the flange back
of a camera. Without this adjustment,
the surfaces of the image sensors do
not coincide with the correct image
plane of the zoom lens, which causes a
focus change during zooming. Then the
lens does not function as a zoom lens.

The zoom lenses for a TV camera are
equipped with the F. B. adjustment
mechanism. The mechanism enables
the adjustment of a flange back within
the range of about +0.5mm from its
standard length by moving some part of
the relay lens.

The image plane for the green chan-
nel can be made to coincide with the
surface of the imaging device by the F.
B. adjustment. However, since there
are three image planes corresponding
to the red, green, and blue channels in
a TV camera, the flange backs for the
other two channels also have to be
adjusted. The adjustment of each chan-
nel is called the tracking adjustment.

Tracking adjustment is not needed in
a CCD camera because the fixation
positions of the CCDs are standardized
in accordance with the longitudinal
chromatic aberration of the lens. (See
p. 28.)

(1) Mount the camera and lenses.

— Place a siemens star chart™ at an ap-
propriate distance’.
If a chart is not available, use another
object with high contrast.

— Open the lens aperture.
Adjust the ND filter or other elements,
not the aperture, for an approptiate
light quantity.

(2) Turn the lens to the telephoto end of the
Z00m.,

(3) Turn the focusing ring to bring the image
into focus.

(4) Turn the lens to the wide-angle end of the
Z0om,

(5) Loosen the lens FB adjustment lock and
turn the adjustment ring until the green
channel is in sharp focus.

(6) Repeat steps (2) to (5) several times, until
the image is in focus at both ends of the
Z00M.

(7) Turn the lens to the wide-angle end of the
zoom and check the focus on the red and
blue channels.

Lens Flange-Back Adjustment Procedure

Notes:

*1) An appropriate distance is about 3m for
a studio or ENG lens, and 5 to 7m for
an outdoor lens.

*2)A Siemens star chart has a pattern that
becomes finer toward the center, as in
the figure, so it is easy to focus on.




9.2 Registration
Examination

Registration means aligning the three
images formed on the red, green, and
blue channels so that they overlap
precisely. With a three pick-up tube
camera, registration adjustment was
necessary before using the camera
every time. That was because the
registration of the pick-up tube was
sometimes influenced by the terrestrial
magnetism and changes in tempera-
ture.

However, the registration in a CCD
camera is so stable that the adjustment
is not necessary. In a CCD camera lens,
the lateral chromatic aberration is
minimized in the entire zoom range
from the wide-angle end to the telepho-
to end. (See p. 29.)

5.3 White Balance
Adjustment

A zoom lens consists of many compo-
nent lenses, so differences in coatings
and the absorption coefficient of the
glass lead to slight differences in the
transmittance.

White balance must therefore be
readjusted after changing lenses.

The white balance adjustment proce-
dure is to focus on a white (colorless)
object and adjust so that the red, green,
and blue outputs are in 1:1:1 ratio.

(in microns) on the image plane. However,
the shift of the registration are sometimes
represented by a TV camera as the time delay
of the image signal (in nsec).

A shift of 1 micron on the image plane is
converted to nsec as follows:
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Representation of Registration
The residual lateral chromatic aberration by 53 5.9nsec
is usually represented in the form of the shift 1]1//2 s 8.2nsec

The shift of the registration is sometimes
expressed as a percentage. Generally, the
ratio of the shift to the image height is ex-
pressed as a percentage.

Recent cameras have an auto-white
balance feature with which the entire
adjustment can be performed by press-
ing a single button.

(1) Focus on a gray scale so that it fills the

a sheet of white paper.

screen. If a gray scale is not available, used

White Balance Adjustment Procedure

(2) Press the auto-white balance button.

AARIAK TV ADTIAe 1 T




9.4 White Shading
Adjustment

In cameras that use a dichroic coat-
ing in their color separation system, the
coating properties give rise to white
shading. (See Section 7.2.) The result is
that when the camera is focused on a
white subject and the white balance is
correct at the center of the image, so
that the center looks white, the top and
bottom of the image will be out of
balance, and will have a magenta or
green cast.

The amount of shading is related to
the exit pupil of the lens, so white
shading has to be readjusted when a
lens is replaced by a lens with a differ-
ent exit pupil distance.

An extender also changes the exit
pupil, hence the shading.

BT ~ ANARN TV ADTIAC T

9.9 Hints on Focusing

(1) Focus at the telephoto end, then
zoom toward wide-angle.

If the lens is first focused on the wide-
angle side, then zoomed toward tele-
photo, focus may be lost, because
telephoto focusing is more delicate than
wide-angle focusing. A slight deviation
from focus that would be unnoticeable
on the wide-angle side becomes in-
creasingly apparent as the lens is
zoomed toward telephoto.

(2) The focusing ring turns past the «
mark.

If the focusing ring of an ordinary
film camera is turned all the way toward
infinity, it will stop just at the « mark,
in which position it is focused on infin-
ity. A telephoto lens with fluorite com-
ponents however, can be turned slightly
past the mark. The refractive index of
fluorite changes with temperature more
than the refractive index of glass, so if
this margin were not allowed, the lens
could not be focused to infinity at low
temperatures (air temperatures below
0°C, for example).

Television zoom lenses use fluorite
lenses to correct chromatic aberration,
so like telephoto lenses, they can be
turned past infinity.



9.6 Cleaning

Maintenance inspection

Although it depends on how frequent-
ly, under what conditions, and in what
environment the lens is used, the lens
should receive a maintenance inspec-
tion about once a year, and an overhaul
if necessary. Requests for maintenance
inspection can be made to a service
agency, or directly to Canon. (Caution;
If the lens mechanism or parts have
been altered at the user’s discretion or
the discretion of a third party, Canon
may be unable to repair the lens).

Dirt and dust on the lens surface

If there is dirt or dust on the lens
surface, it should be removed with an
air blower or wiped off gently with a
brush. Never wipe the lens hard. A
hard wipe can cause dirt to scratch the
lens surface.

0il, fingerprints, and stains

Oil, fingerprints, and similar stains on
the lens should be removed by applying
a small amount of commercial lens
cleaner to a clean, dry, cotton cloth or
lens-cleaning paper, and wiping with a
circular motion from the center toward
the periphery of the lens.

Use in a humid location

The lens is not completely water-
proofed. Adequate protection must be
given when the lens is used in rain or
snow or other conditions in which it is
directly exposed to drops of moisture.
After the lens is used in a high-humidity
environment, any external moisture
should be wiped off with a dry cloth,
then the lens should be sealed in a vinyl
bag with a desiccating agent to remove
all moisture from it.

Handling precautions

Careless, rough handling is apt to
occur during use or transportation, but
the utmost care should be taken to
avoid strong impact. If the lens is used
in a dusty environment, it should be
mounted and demounted quickly. It
may be advisable to place a cover over
the lens mount to prevent dirt and dust
from getting in.

Sudden changes in temperature
should be avoided. They may cause the
lens to fog internally, making it unus-
able for a period of time.

Consult Canon before using the lens
in a special environment, such as in the
presence of chemical vapors.
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6.1 Wide Converter

A wide converter is useful for getting
a large number of people into one scene
in a narrow space. It shifts the focal
length range of the zoom lens in the
wide-angle direction, converting it to a
more wide-angle lens. If the W80IIA-
8511 wide converter is attached to the
J17e x 7.7B lens, for example, its focal
length range shifts from 7.7 ~ 131mm to
6.2 ~ 104.8mm. The F-number remains
exactly the same, so the illumination
does not have to be changed. The
minimum object distance becomes
smaller in proportion to the square of
the converter magnification, so subjects
can be shot closer-up. The lens can still
be zoomed through the entire focal
length range.

Change in focal length

With wide con-

Masterlens | orer attached

J17e x 7.78 7.7 ~ 131mm 6.2 - 104.8mm
J22e x 7.6B| 7.6 ~ 168mm 6.1 ~ 134mm

Changes caused by wide converter
An example in case of J17e x 7.7B

Focal length 0.8 x
Minimum object distance

(magnification)® x (Minimum 0.38m
object distance of master lens)

Zooming Usual Operation
F-number Same as usual

An afocal system consists of a convergent
lens and divergent lens with the same focal
point, as in Fig. 81.

Parallel rays entering the system leave it as
parallel rays, so there are no focal points or
principal points and no image is formed. The
telescopes and finders of still cameras are
configured like this.

An afocal system changes the focal length
of a taking lens with which it is combined. If
rays entering at height h leave at height I,
the afocal system has a magnification factor
of h/h’, and it changes the focal length of the
taking lens by this factor.

Because the object point relative the zoom
lens does not change even if an afocal con-
verter is mounted on the zoom lens, zooming
does not result in a focus shift.

Afocal Converter

Fig.81

Wide converter

Principle of an afocal converter



6.2 Wide Attachment

A wide attachment is used for the
same purpose as a wide converter, but
it has a simpler structure.

With a wide attachment, focus is
adjusted using the macro mechanism
(or the flange-back adjustment feature),
so zooming is not possible. The attach-
ment can be used only at the wide-angle
end. (If the lens is zoomed, focus is lost.)
If the lens does not have a macro mecha-
nism and the focus is adjusted by the
flange-back adjustment, the flange-back
must be readjusted when the attachment
is removed to resume normal shooting,

Example: when
used with
J17e x 7.7B lens

Changes caused
by attachment

Fixed focal length

Focal (magnification) x  [Fixed focal length

length (wide-angle focal  |Approx. 5.8mm
length)

Zooming |Not possible Not possible

a:gwle -if Fixed

Focus

adjustment By macro mechanism

6.3 Fisheye Attachment

A fisheye attachment is useful for
achieving special effects by distorting
the image the way a fisheye lens does.

Like the wide attachment, the fisheye
attachment can be used only at the
wide-angle end, and the focus must be
adjusted with the macro mechanism.

With a master lens, the angle of view
is:

’

y
2f
A fisheye lens introduces an inten-

tional negative distortion, making the
angle of view:

w=2tan™"

.1y
w = 4sin™
Sin Af

(Equisolidangle projection)

When the fisheye attachment is used
with the J17e x 7.7B lens, the focal
length becomes 4.6mm, and the diago-
nal angle of view becomes 146.9°.
Although that is less than 180°, it is
enough to permit compositions that
would be unattainable with the master

lens alone.

Example: J17e x 7.7B with fisheye attachment

Focal length 4.6mm, fixed focal length
Zooming Mol possible

Focus adjustment |By macro mechanism ]
Angle of view 114,912 841

diagonal 146.9°




6.4 Tele-Side Converter

A tele-side converter attached in front
of a zoom lens shifts its focal length
range in the telephoto direction, con-
verting it to a more telephoto lens with
greater reach. For example, the
T1511-85 tele-side converter converts
the focal length range of the J17e x 7.7B
lens (which is 7.7 ~ 131mm) by a factor
of 1.5, making the maximum focal
length 196.5mm.

A tele-side converter does not have
the F-drop that occurs when the inter-
nal extender is inserted. The F-number
remains exactly the same as with the
master lens alone.

A tele-side converter is designed to
be used only on the telephoto side of
the zoom, however. If the lens is
zoomed to the wide-angle side, the
converter diameter would have to be so
large that the camera would become
unwieldy. That is the reason for the
word “side” in the name “tele-side.”
With a T15I1-85 tele-side converter on a
J17e x 7.7B lens, peripheral eclipse
occurs from about f = 60mm down to
the wide-angle end, making this part of
the range unusable.

The minimum object distance chang-
es in proportion to the square of the
magnification factor. For the J17e x
7.7B and T15II-85 combination, for
example, it changes from 0.6m to
1.35m.

e g

gy et
SESI0E coneprgp y5a-t 1150

*Minimum object distance = (magnifi-
cation factor of tele converter)? x
(minimum object distance of master

lens)
(J17e x 7.7B) + (T'15-85) 1.3m
(J22e x 7.6B) + (T'1511-85) 1.8m

(HJ22ex x 7.6B) + (T15HD-98II) 1.9m




6.5 Extender

An extender is the accessory that
brings in enlarged, close-up, shots of
players’ faces in live sports broadcasts.
It is mounted between the camera and
the lens to enlarge the image of the
subject, or shoot more distant subjects.
It increases the focal length of the
master lens, making it into a more
telephoto lens.

Inserting a 2.0x extender into a J17e
x 7.7B lens, for example, changes the
focal length range from 7.7 ~ 131mm to
15.4 ~ 262mm. An extender also multi-
plies the F-number by the same
amount, however. The 2x extender
doubles the F-number, leaving only 1/4
the speed, the same as if the lens aper-
ture were stopped down to half its diam-
eter. The reason is that the focal length
is doubled without changing the lens
diameter.

Example of J17e x 7.7B with extender

Master Lens With extender
Focal length 7.7 ~131mm 15.4 ~ 262mm
F-number 1.8~23 36~486
Lens speed 1 114
(relative value)

Built-in Extender

A built-in extender can be thought of as an
adaption of the afocal converter.

Accuracy was formerly a serious problem
with built-in extenders, but production tech-
nology has improved and their performance is
now very high.

Since extenders are useful and are frequent-
ly used, many zoom lenses now have them
built in. (Fig. 82)

Alarge studio lens may have two or three
builtin extenders, giving the cameraman
versatile lens-work options.

Variator Relay group
! 0

Compensator

Zooming Frontrelay  Rear relay
Focusing group  group = component component Beam spliting
Built-in prism

extender

(a) System without built-in extender
(b) System with built-in extender

Fig.82 Zoom lens with built-in extender




6.6 Close-Up Lens

A close-up lens is effective for close-
up photography of, for example, flowers
and insects.

If the 82CL-UP1300H close-up lens is
mounted in front of the J17e x 7.7B
lens, when the focusing ring is turned
to oo, the lens is actually focused on a
distance of 1.3m. When the focusing
ring is turned to the minimum object
distance of 0.6m, the actual focusing
distance is 0.4m.

At a focusing distance of 0.4m the
object dimensions to fill the image
format is 411mm x 308mm, so the
screen is filled by a subject about the
size of a 3bmm side. Focusing becomes
difficult, because the depth of field is
extremely shallow. The lens should be
stopped down as far as possible.

In principle, a close-up lens is a single
convex lens. If the focal length (fc) of
the close-up lens is 1300mm, then a
subject placed at the object focal point
(1.3m from the lens) will be focused by
the close-up lens to form an image at
infinity, which the zoom lens can shoot
if the focusing ring is turned to the «
mark. (Fig. 83)

fc: Focal length of close-up lens

Fig.83 Principle of close-up lens

(1) When focusing ring of lens is turned to
infinity
f: Focal length of lens
fc: Focal length of close-up lens
Object distance = fc
Magnification M = f/fc
Object dimensions = (1/M) x
(image size on CCD)
(2) When focusing ring of lens is turned to
finite value
S: Distance setting on focusing ring
f,: Focal length of focusing lens

feS

Object distance = Siie

msy: Magnification due to close-up lens
ma: Magnification due to zoom lens

mz=i+1 ms =

f
fc S-f

Magnification

M=mzms=(-—+1) d
fc

( S-1f; )
When object distance is enough so fi < S
.S f
M= ( o +1) S

Object dimensions =
(1/M) x (image size on CCD)

EImaging range for J17e x and HJ17e x with close-up lens

Close-up 800mm (82CL-UPBO0H 1sheet)

Close-up 1300mm (82CL-UP1300H 1sheet)

J17ex7.7B  (mm) 131

L7/

131 7.7

0.6

(Focusing scale) (m)| |
0.34

(Object distance) (m) 08
Imaging range  (mm)| 53x40 |

| 08
21x16 | 908681

(=]

06 o
0.34

| 06 [ = | 06
13 | 04 1.3 | 04

341x256

B7x65 | 25x19 |1499x1124] 411x308

Close-up 800mm(HD) (105CL-UPBOOHD 1sheet)

HJ17e x 7.7B

7

7

(Focusing scale) (m)| o

o0

0.75

(Object distance) (m)| 0.8

0.8

0.38

Iinaging range  (mm)

1000x563

446x251




The approximate field size when same focal length. is therefore better to avoid using a

using a close-up lens can be obtained When detailed objects such as docu- telephoto end for focusing at short

with the graph shown below. ments are focused on at a short dis- distances. With the use of a close-up
There is not much difference in the tance, problems such as lateral chro- lens, the same object dimensions can

field size of different lenses with the matic aberration become noticeable. It be obtained at a middle focal length.
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6.7 Optical Filters

(1) UV filter, skylight filter

A UV (ultraviolet) filter is nearly
colorless. It absorbs short-wavelength
ultraviolet rays that the naked eye
cannot see. (Fig. 84)

A skylight filter has a light pinkish
color. Used when shooting on clear
days, it removes ultraviolet, and pre-
vents natural light from giving a bluish-

(2) ND filter

An ND (neutral density) filter uni-
formly reduces light of all wavelengths
which enters a lens.

It is used when the subject is too
bright for the light to be adjusted by the
diaphragm alone.

An ND filter can be used to control
the light in order to shoot a subject
such as a person or flower with a large
aperture. This creates a shallow depth
of field, making the subject’s beauty

green cast to shaped foliage etc.

A zoom lens contains so many lens
components that almost all ultraviolet
light is absorbed inside the lens.

A filter is still advisable to protect the
front lens surface, however.

stand out against the defocused back-
ground, and emphasizing the impres-
sion of three dimensions.

The strength of an ND filter may be
expressed as a density D, transmittance
T, or exposure factor. These param-
eters are related as follows.

Density D = -logiT

Exposure factor = 1/T

where T is expressed as a decimal
fraction (so 100% = 1). Commercial film
lens filters are usually specified by the

° 70 ;
o ol Skyl:gh\[

i i i Il 5 i

400 500 600 700750
Wavelength (nm)

Fig.84 Transmittance of UV fillter and skylight filter

200 300

exposure factor.

A dense ND filter absorbs light a little
more strongly at shorter wavelength, so
it may necessitate white balance read-
justment.

ND filter type Transmittance | Density
ND2 50% 0.3
ND4 25% 0.6
ND8 12.5% 0.8




(3) Color conversion filters

These are also called CC filters.

Color temperature expresses the
balance of colors of a light source. It
refers to the color radiated by a per-
fectly black body when heated. A low
color temperature is reddish. As the
color temperature rises, the color
changes to yellow, then blue.

An amber filter reduces the color
temperature, while a blue filter raises
the color temperature. Television
cameras are designed for the standard
illumination in a television studio,
which has a color temperature of 3000K
to 3200K, so an amber filter is neces-
sary for outdoor shooting.

The color conversion capability of a
CC filter is measured in mired (micro
reciprocal degree: 1,000,000 divided by
the Kelvin temperature) or decamired
(10 mireds) units.

A filter that converts a color tempera-
ture T; to a color temperature Ty has a
decamired value of:

100000 100000
T, T

A hand-held camera usually has two
internal CC filters: a 16 decamired filter
to convert the color temperature of
sunlight (5600K) to 3000K, and a 10
decamired filter to convert the color

temperature of fluorescent illumination
(4300K) to 3000K.

HCanon

P b
A

Color Temperatures for Various Hlumination

color temperature of the TV camera (33.3 if
the standard color temperature is 3000K, or
31.3ifit is 3200K).

To find the decamired value of the cor-
rect filter to use, read the decamired value
of the illumination from the chart below, and
subtract the decamired value of the standard

1

Light from clear
blue northern sky

7000

5000

6000

__North window light
"~ from clear blue sky

I Sunlighl plus light from |

cloar sky

— Light from overcast sky |

sl — Light frem clear
! biue sky

|
. I e )
ER0TI0 ) ioht from hazy sky i
9000 - .
| i
8000-{_ _Lighl from bright i
overcast sky !

—1— Daylight, fluorescent lamp

16 mm carbon arc

T—Dayhght biue flashbulb

Electronic flash

White-flame carbon arc

0

Noon

'— Daylight, blue floodlamp
1
T

Cool, white, fluorescent lamp
Two hours after sunnse

|
4000+ |
. 1} Giear fiashiamp with metal flament

Warm, white, fluorescent lamp
/ White No.1, No.2, or No.3 flocdlamp
One hour after Reflector floodlamp except R32
SEADSS Shredded-foil clear flashlamp
+30 R32 refiector lloodiamp
Zirconium concantrated arc
3,200 Kelvin floodlamp
500-watt tungsten projection lamp
————  1,000-watt tungsten lamp; warm, white, ftuorescent
~ 500-watt tungsten lamp 2950K lamp
- ——— 100-watt tungsten lamp 2860K
60-watt tungsten lamp 2790K
- 40-watt tungsten lamp 2760K

e Standard color lemperature of TV camera

1
:
" (Decamireds) {

Color temperature Artificial light

of light souce

Natural light

N AR IRl Tt 7 I~ v T




(4) Polarizer

A polarizer is used to intercept light
reflected from the surface of water of
glass.

Since light scattered by the atmo-
sphere is partly polarized, a polarizer is
also effective when shooting subjects
aginst a blue sky. It can suppress the
sky and make mountains or other
objects stand out.

A polarizer is screwed into the
threads of the hood, turned, and
stopped in the position in which the
reflected light is removed.

A polarizer reduces the total amount
of light to about 1/4 and changes the
color balance, so the white balance
must be readjusted.

T pmam D ——

Light consists of transverse waves which
oscillate in a particular plane. In natural light
the planes are oriented randomly, so no polar-
ization can be detected.

‘When light is reflected at an interface
between two media, however, light oscillat-
ing in some planes is reflected more strongly
than light oscillating in other planes, so the
reflected light is polarized.

The polarized component oscillating in the

r S polarized light

... P polarized light
S polarized light

Fig.85 Polarization of reflected light

Polarization

plane of incidence is called P polarized light.
The polarized component oscillating perpen-
dicular to the plane of incidence is called S
polarized light (S stands for ‘senkrecht’ in
German.).

Reflected light contains a stronger S compo-
nent. (Fig. 86)

A polarizer transmits only one linearly
polarized component. (Fig. 87)

Polarizer
Fig.87 Polarizer

Plane of polarization

Fig.86 Principle of polarization



(5) Soft-focus filter

A soft-focus filter has a mat-like
surface that imparts a soft, misty effect
to the entire picture.

Soft-focus filters are frequently used
for lyric scenery shots.

(6) Cross filter

A cross filter creates a cross or star of
light by scattering rays from a strong
light source in the subject in a radial
pattern. The brighter and more point-
like the subject is, the better the effect
is. Cross filters are often used to en-
hance night scenery or stage show
broadcast.

*Types of cross filter

—Cross filter: Scatters light in a four-
pointed cross

—Snow cross filter: Scatters light in a
six-pointed star

—Sunny cross filter: Scatters light in
an eight-pointed star

Without filter With snow cross filter

With cross filter With sunny cross filter



4 Color S

epar

ation Optical System

/.1 Configuration of
Color Separation
Optical System

A color television camera contains an
optical system that separates light into
its component colors. This system is of
key importance: besides determining
the faithfulness with which the camera
reproduces color, it influences the
arrangement of the image pick-up
devices, and therefore the camera
design itself.

Most modern broadcast cameras
used an arrangement of prisms. (Fig.
88)

A trimming filter is located at the exit
of each prism to eliminate unwanted
light and improve color reproduction.

Most arrangements have a color
conversion filter and an ND filter,
replaceable using a turret, set up in
front of the prism, with a crystal filter in
the foreground. The crystal low-pass
filter has an IR cutoff filter being inte-
grated into it. .

As was pointed out in Section 2.8, a
camera that uses this type of prism
system requires a special zoom lens
that is corrected for the prism system.

As can be seen from Fig.88, the
beam-splitting prisms make ingenious
use of selective reflection at dichroic
layers and total reflection to separate
incident light into its three consituent
colors.

A dichroic layer is formed by vacuum
evaporation of several tens of layers
with alternating high and low refractive
indices. Proper choice of the material
and thickness can give the dichroic
layer the property of reflecting only one
color and passing other colors through.
(Fig. 89)

Infrared cut filter
Low pass filter R,
\\ Total reflection ~ _ Blue trimming filter
\
\\ \ Blue-reflecting dichroic coating
NN rE /
| - Pick-up device
| ; Green image
\ e
Zoom lens E
.’
' e — Green trimming filter
' Red-reflecting dichroic coating
F::‘— \_;1 Red trimming filter
Red image
ND filter
CC filter
Fig.88 Color separation optical system of a TV broadcast camera
100 =
f * Red
! ed-reflecting
<0 Blue-reflecting : ; :
r_) dichroic cogting dichroic coating
8 sof-
c
Y]
=
£
[%]
=
S
E o= .

400 50 600 700
— A{nm)

Fig.89 Transmittance of dichroic coatings

Prisms for HDTV Cameras

The performance required for the HDTV of a prism are standardized.
system is more than twice that required for High accuracy is required in the manufac-
the conventional system, And the matching turing of prisms. That is because the accuracy
between the lens and the prism is important of the surface and angle influence the MTF.
to use the lens at maximum performance. Lens mounts and electrical interfaces lack-
For this reason, the standardization for the ing in compatibility among camera makers
prism is included in the camera/lens interface  used to stir user confusion. In an HDTV
standard. system, however, compatibility is ensured

Since the shift in chromatic aberrations by setting a standard in the first place, which
greatly influences the optical performance in benefits the user.

an HD system, the material and the thickness

WSpecification for 2/3” type HDTV camera optical interface

Offset in focusplanes R-G: +10#m B-G: +5pm

Glasslength 46.2 + 0.5mm

Glass 1 : Refractive index 1.52to 1.75 Standard value 1.612 (BaF52%)
Abbe number 46.5 + 4.0 Glasslength 33.0 + 4mm

Glass 2 : Equivalent of BK7 Glasslength 13.2 + 4 mm

Flange back 48.0 + 0.01mm in air
* BaF52 is a registered trademark of SCHOTT AG.




/.2 Spectral
Characteristics

The special characteristics of the
prisms are the determining factor in the
quality of color reproduction achieved
by the camera.

Figure 90 shows the typical spectral
characteristic of a blue-reflecting di-
chroic coating.

Dichroic coatings do not transmit
100% of the light even in their passing
wavelength range, but some proportion
of reflections is left. This residual needs
to be cut with trimming filters, because
it could mix with other color channels
to detract color reproducibility. The

A(nm)

Fig.90 Transmittance-reflectance characteristic
of blue-reflecting dichroic coating

trimming filters also reshape the spec-
tral characteristics to improve the
reproduction of neutral colors.

Figure 91 shows an example of the
spectral characteristics of an entire
color separation system.

The physical properties of the dichro-
ic coatings used in the color separation
system give rise to three unwanted
effects, described next.

(1) White shading

Due to differences in the angle of
incident light on the dichroic coatings,
when the white balance is correct at the
center of the image, the upper and
lower edges may have a magenta or
green cast. (Fig. 92)

A dichroic coating exploits the intet-

100 -
T =
(%) 50 [
400 500 600 700
A(nm)
Fig.91 Spectral characteristics of an entire color

separation prism

Fig.92 White shading effect

_‘_f.—ﬂ_.f\._l'

Exit pupil

ference of light. Different angles of
incidence result in different light paths
in a multilayer coating, causing varia-
tions in the color separation character-
istic. As a general rule, the larger the
angle of incidence, the more the char-
acteristic is shifted in the short-wave-
length direction. (Fig. 93)

A pencil of rays exiting from a zoom
lens diverges from a point on the exit
pupil, so the rays directed toward the
upper and lower edges of the image
strike the dichroic coating at different
angles, as can be seen in Fig. 94. The
resulting differences in characteristics
shade the upper and lower edges of the
image toward magenta or green.

Due to vignetting, when the lens is
zoomed or stopped down, the exit pupil

1"
|
100
T(%)
50
i i 1
400 500 600 700
A (nm)

Fig.93 Incidence characteristic of a blue-
reflecting dichroic coating

100

700

Fig.94 Relation between exit pupil and white shading



changes slightly, causing changes in
the shading. Use of an extender also
causes shading effects by changing the
exit pupil.

White shading can be eliminated
electronically within the camera.

(2) Color shading of defocused images

This effect is not present when the
image is in focus, but when the subject
has depth, so that part of it is defo-
cused, the colors of the defocused part
are shaded in the vertical direction.
(Fig. 95)

As with white shading, the cause is
the difference in spectral characteristics
at different angles of incidence on the
dichroic coating.

Because rays a and b strike the
dichroic coating at different angles, ray
a is transmitted as green light and ray &
as closer to magenta. When the image
is in focus, both rays arrive at the same
point, and their colors average out so
that no shading occurs. When the
image is out of focus, however, part of it
looks magenta and part of it looks
green. This effect is difficult to correct
electronically.

(3) Characteristic variations due to
polarization

Light can be thought of as a mixture
of transverse waves, some oscillating
perpendicular to the plane of incidence
(S components) and some oscillating
parallel to it (P components). Natural
light contains equal proportions of
S-polarized light and P-polarized light.
Light reflected on a glossy subject,
such as a glass surface or water sur-
face, makes polarized light.

A dichroic coating has different
characteristics for S polarized light and
P polarized light. The color of polarized
light is therefore different from its origi-
nal. (Fig. 96)

This effect can be prevented by plac-
ing a quarter-wave plate in front of the
prism to change the plane polarization
of incident light to circular polarization.

Quartz filters are used as 1/4 plates,
but they have a disadvantage of a high
material cost (Fig. 97).

As modern cameras continue to
feature CCDs, they tend to have a
crystal low-pass filter arranged in front
of their prism assembly to produce the
A/4 effect.

This can almost completely eliminate
the polarization effect.

a: Green
b: Magenta

100 =
P

T L
(%) 50

|
400 500 600 700
A{nm)

Fig.96 Polarization characteristics of color
separation prism
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Defocused image
b ! " , _Green

o\

0 I

— Magenta

| £}

— il

e " 1| White

L W - Magenta

e = qu-\'—.

L0

=0 — |~ Green

Circularly

polarized ; ;
Plane 450, light . Dichroic
e % h mirror

A4 Plate

Fig.97 Correction of polarization by a quartz filter



A quarter-wave plate has an internal optic
axis. It generates a quarter-wave phase dif-
ference between light polarized in the plane
parallel to the optic axis and light polarized in
the plane perpendicular to the optic axis.

Circularly polarized light can be thought of
as a composition of two components that are
polarized in perpendicular planes and are one-
quarter wavelength out of phase. A quarter-
wave plate therefore has the following proper-
ties:

Plane polarized light =

Low Pass Filter

CCD chips have all their light sensi-
tive spots (pixels) lined up regularly,
and the image signal is obtained by
sampling the optical image in two
dimensions. However, the sampling
sometimes causes Moire patterns
which result in a spurious signal when
the picture of a detailed object is taken.

Figure 99 (a) shows black and white
grids superimposed over the pixels in
the CCD. Figure 99 (b) shows the
output signal of the CCD. Despite the
presence of three black lines for five
pixels in (a), only two black lines are
noticeable in the output signal. A signal
that gives the appearance of an output
different from a pattern is called a
“spurious signal,” in which spatial
frequencies in the image appear in a
frequency region higher than twice the

(1) It changes circularly polarized light to light
polarized in a plane 45° to its optic axis.

(2) It changes light polarized in a plane 45° to
its optic axis into circularly polarized light.
(See Fig. 98)

A quartz plate is double-refractive, with dif-
ferent indices of refraction for ordinary rays
and extraordinary rays. If the refractive index
for ordinary rays is o, the refractive index for
extraordinary rays is #e, and the thickness of
the quartz plate is d, then the plate is a quarter-

Optic axis

In-phase

Fig.98 Function of a quarter-wave plate

wave plate for wavelengths A satisfying the
equation:

(N+%) A = (no -ne)d

no = 1.5443
ne = 1.5534
N: integer
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Fig.99 Aliasing by sampling



pixel pitch.

To eliminate this problem, an optical
low pass filter is set between the lens
and the prism. Optical low-pass filters
come in several variations. Among
them, a low-pass filter that works on the
principle of crystal double refraction
(see Figs. 100 and 101) is introduced
here. Its principles of operation are
illustrated in Figure 102. Suppose that a
pattern whose spatial frequency is twice
that of the pixel cycle is projected.
‘When this pattern goes through a
crystal plate whose separation width is
the same as the pixel cycle, the sepa-
rated images overlap on the CCD, with
no pattern projected. Therefore it does
not cause a spurious signal.

Although low pass filters eliminate
spurious signals, they reduce the re-
solving power. The characteristics of
the low pass filter are determined
considering the balance between the
prevention of spurious signals and the
loss in resolution.

The phenomenon where a light flux is sepa-
rated into two when passing through some
crystal (Fig. 100) is a well known phenom-
enon occurring in calcite or the like, Quartz
crystal is example. When the optic axis of
a crystal is not parallel to the normal line of
the crystal surface, as shown in Fig. 101, the
incident ray, even if it is perpendicular to the

No? —Ne?
2:No-Ne
Separate width
Thickness of quartz
: Index of ordinary rays
. Index of extraordinary rays

Double Refraction

incident
rays

|
wﬁr axis

=X~

Extraordinary ray el

(a) Input image

-~

Ordinary ray

N =

T

(b) Output imag CCD

pixels

Fig.102 Crystal low pass filter

surface, is split into two. One is refracted

at the surface and changes direction in the
crystal, and the other does not change direc-
tion. The former is called an extraordinary
ray because it does not obey Snell’s law of
refraction, and the latter is called an ordinary
ray. The separation of the rays can be varied
by changing the thickness of the crystal.

Crystal

Extraordinary rays

01 0,
|

Ordinary rays

axis

/.4 Golor
Reproducibility

Color is a subjective property. To
treat it quantitatively, it is expressed in
coordinates on a chromaticity diagram.

If I(A) is the intensity of light at
wavelength A received from an object,
the coordinates of the object on an x-y
chromaticity diagram are found as
follows:

X = [I(W)x@A)dA

Y = [I()y(*)da

Z=[IA)z@A)da

X Y

x X+Y+Z v X+Y+Z

The functions X(1), y(1), and z(1) are
the international standard tristimulus
functions shown in Fig. 104, which
represent average values derived from
measurements on a large number of
human subjects.

In the CIE x-y coordinate system that
uses these x and y coordinates, the
distance between two points does not
correspond to human perceptions of
color difference. (Fig. 105) To obtain
distances that match human percep-
tions, a transformation of coordinates to
uniform chromaticity scale (UCS) is
required. The u-v chromaticity coordi-
nate system is an approximate type of
UCS coordinate system. (Fig.106)

The transformation from x-y to u-v
coordinates has the following equa-
tions:

e 2x ve 3y
C6y-x+3/2  6y-x+3/2

In u-v coordinates, the ellipses of
discrimination are all about the same
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size.

Figure 107 shows a computed simula-
tion of the colors of an object and its
image on a television monitor, plotted
in u-v coordinates.

In the simulation, the color of the
object is its color under illumination by
a Dgs light source. The image color is as
reproduced to Dgs while shooting a
subject illuminated at 3200K. (Fig. 107)

If a linear matrix circuit is used in the
camera, the reproduced colors can be Fig.107 Chromaticity diagram of reproduced color Fig.108 Result of linear matrix
matched fairly precisely to the color of
the subject. (Fig. 108)

Vector scopes and other instruments
are also used to make field checks.




. The F-Number of a
Prism

Since a prism has no focusing effect,
it has no real F-number, but it is still
common to speak of a beam-splitting
(color separation) prism as being F1.6,
say, or F1.4.

An F1.4 beam-splitting prism is a
prism that will separate colors correctly
when the incoming light is focused by
an F1.4 lens.

The color separation prism of the
3CCD color camera for broadcasting
consists of three pieces as shown in
Fig. 109. After passing through the
lens, the rays enter the first prism,
which has a dichroic coating that re-
flects only blue light. The reflected blue
light undergoes a further total reflec-
tion at surface 1, then forms the blue
channel image.

The red and green light that passes
through the blue-reflecting dichroic
coating enters the second prism, where
it is separated into red and green com-
ponents by a red-reflecting dichroic
coating. These components form the
red-and green-channel images.

The angle of surface @—the angle at
the vertex of the first prism—is deter-
mined by the F-number of the lens and
the refractive index of the prism glass.
The requirement that all blue light be
reflected internally at surface (D places
a lower limit on the vertex angle. The
requirement that light other than blue
be transmitted at surface @ places an
upper limit on the vertex angle. The
smaller the lens F-number, the larger
the lower limit is and the smaller the
upper limit is.

As the F-number of the lens is made
smaller, there comes a point where the
upper and lower limits of the vertex
angle are the same. The F-number
cannot be reduced further. This F-num-
ber limit occurs at F1.4, and varies only
slightly with the refractive index of the
prism glass. Thus, the 3-piece color
separation prism can attain the aperture
of up to F1.4.

Figure 109 also indicates what hap-
pens if a brighter lens, such as an F1.2
lens, is fitted to an F1.4 beam-splitting
prism. If the rays incident at @, the
blue light is reflected from surface @
back to surface D, but because of the
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Fig.109 F1.2 lens fitted to a three-piece F1.4 prism

small angle of incidence at surface (D,
total reflection does not occur and some
of the light escapes to the outside, Rays
entering at ® strike surface @ at too
large an angle—more than the angle of
total internal reflection—so red and
green light that should be transmitted
is completely reflected and fails to
reach the red and green channels.
These problems affect white shading
and color shading of defocused images.

(... Color Separation
Prism for a CCD
Camera

1. Characteristics of color separation
prisms for a CCD camera
Color separation prisms used in a
CCD camera have three main charac-
teristics in terms of the way imaging
devices are fixed and the property of
the device.

(1) Stability in holding CCDs

In a pick-up tube camera, the pick-up
tubes were held on an alignment hous-
ing which contained the prisms. On the
other hand, CCDs are fixed directly to
the color separation prisms in a CCD
camera. For this reason, the color
separation prisms for a CCD camera
are required to have the characteristics

mentioned below.

e The mechanical strength of the
adhesive layer has to be sufficient to
keep the CCDs steady when vibration
or a shock is applied.

e The prism base and prism glass have
to have the same coefficient of linear
expansion to prevent registration
errors when the temperature changes.

To solve the problems mentioned
above, the material used for the prism
base and the adhesive were carefully
selected. For the adhesive, in particu-
lar, experiments were repeatedly car-
ried out to check the temperature
dependence and the adhesive strength.
The way it is used and so further were
reconsidered in detail to enable opti-
mum use under any circumstances. It is
also necessary to improve the manufac-
turing precision of the prism compo-
nents themselves.

(2) Spectral characteristics

CCDs have a high level of spectral
sensitivity nearing the near infrared
region such that they require some
means to prevent near infrared light
leakage.

To solve these problems, the use of
the cyan filters shown in Fig. 110 as
chain lines is effective. Cyan filters
inhibit near infrared regions significant-



ly, such that a CCD camera fitted with a
cyan filter will produce a very close
approach to the spectral sensitivity
characteristics of the pick-up tube
camera used previously, as marked by
a chain line in the figure. Optimal prism
spectral characteristics have been laid
out to allow for this.

(3) Countermeasures against ghosting
Unlike pick-up tubes, CCDs are free
from burning. For this reason, ghosting

and flaring which occur when a light
spot is in the image area cause prob-
lems in a CCD camera, which has never
been thought of in the conventional
pick-up tube cameras. This may be
attributable to the metallically lustered
acceptance surface of the CCD, micro-
lenses installed for better sensitivity and
pixels arranged in regular order, caus-
ing reflections that accompany diffrac-
tion. Therefore, stronger countermea-
sures are taken against ghosting caused
by high-intensity light passing through
the color separation prisms as well as
through the lens on a CCD camera.

2. Precise fixation of CCDs

In a CCD camera, tracking cannot be
adjusted mechanically and registration
cannot be adjusted electrically. They
are determined by the precision of CCD
fixation. Therefore the positioning of
CCDs with high accuracy is required.

There is a standard for the positions of
three CCDs along the optical axis (track-
ing positions) which ensure compatibil-
ity (see Figs. 73 and 74). A master
projector whose longitudinal chromatic
aberration is designed in accordance
with the standard is used to adjust the
CCDs to the standard positions.

3. Compatibility of prisms made of
ditferent materials

In practice, non-standard glass is
often used for cameras because of the
special designing requirements or to
reduce the cost.

Since the longitudinal chromatic
aberration changes with the Abbe
number of the prisms, there would
appear to be a danger that the tracking
of the lens will shift. However, the
compatibility is maintained as follows:

In Fig.111, X is a prism whose mate-
rial conforms to the standard, and the
CCDs can be fixed at the standard
positions using a master projector.

Color separation prism for a CCD camera
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Fig.110 Spectral sensitivity differences between a CCD and pick-up tubes
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Even if the lens is replaced by the lens
A, B, etc., which have chromatic aberra-
tions matching the standard, images
are still best focused on each CCD.

Then what happens if prism Y which
is made of different glass is used? If the
CCD positions are determined using
the same master projector, they will be
fixed at different positions. That is
because the longitudinal chromatic
aberration is changed by fixed amount
when the different glass is used. How-
ever, even if the lens is replaced by lens
A B, etc., best focused images still
form on each CCD, resulting in no
tracking errors. That is because the
change in the longitudinal chromatic
aberration caused by the prism is the
same as that of the master projector.

As mentioned above, the compatibil-
ity for the lenses can be maintained
even if the material for the prism is
different, provided the CCD positions
are determined using a master projec-
tor.

Spatial Offset

In a three-CCD camera, the CCDs for
the blue and the red channels are fixed
with a half pixel shifted horizontally
from the CCD for the green channel.
This is called spatial offset (half-pixel
offset). The resolution appears to be
improved when the pixel offset tech-
nique is used. Its principle will be
explained using a figure.

Fig. 112(a) shows the horizontal
arrangement of the CCDs for the blue
and the red channels, and the images of
a black and white grating formed on
them are also shown. The black lines
are repeated with the cycle double that
of the CCD pixels, and the lines are
shifted by a half pixel from the CCD
pixels for the green channel. In this
case, the output signal from the CCD of
the green channel cannot form a grat-
ing image. If the CCD pixels for the
blue and the red channels overlap with
the pixels for the green channel, no
image can be formed, either.

However, if the CCDs for the blue
and the red channels are fixed with a
half pixel shifted from the CCD for the
green channel, the output signals from
the CCDs for the blue and red channels
will be the repetition of the black and
white colors coming from each neigh-

boring pixel pair. Since the luminance
signal Y is a combination of the signals
from the green, red, and blue channels
with the ratio of 6:3:1, the luminance
signal shown in Fig. 112(c) is obtained
by adding the signals shown in Fig.
112(b) with this ratio. The image of the
grating is then formed. If the black
lines overlap with the CCD for the
green channel and the CCDs for the
blue and red channels are shifted by a
half pixel, unlike in the figure, the
image of the grating is formed in the
same way.

As explained above, spatial pixel
offset helps to improve the resolution in
the luminance signal.
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INDEX AND GLOSSARY

Terms not discussed in the text are defined briefly below.

Abbe number
A quantity expressing the dispersion of optical glass. Let
nr Ny, and nc be the refractive indices at the F spectral line
(486.1 nm), d line (587.6 nm) and C line (656.3 nm). The
Abbe number vq is then:

Na—1
d=———
NF—Nc
Aberration ....................................................................................... 31
Aberration free |ens ..................................................................... 39
Aberration theory ......................................................................... 32
Achromat

A lens whose chromatic aberration is corrected by combin-
ing two or more lens elements.

AF (AULO FOGUS) woorverrermsressemsesssrsst s
AFOCAI SYSTEM +ovvvvesseoriseemsemms st
ANGIE OF VIGW +rrerveresrmsssmmienissn
Anti-reflection coating
Anti-reflection grooves -
Aperture efficiency e
Apenure FALIO oorrrerrree
Apochromat

A lens whose chromatic aberration is corrected for three
different wave-lengths.

Aspect ratio .................................................................................... 18
Aspherical Lens ............................................................................ 32

An aspherical lens is a lens having its lens surface formed
into an arbitrarily ideal, not spherical, shape for aberration
correction purposes. Aspherical lenses are produced in one
of two ways: polishing and molding.

ASTIGMATLISIM +orrvveerereserems st 3

B

Back foca| Iength .......................................................................... 24

Beam splitting prism e 58,64
Same as color separation prism

BIACK DOy ++revwesereeremmessessssisni s 55
Same as double refraction

Burning ........................................................................................... 36

A phenomenon in which an image remains even after the
light is cut off, occurring when bright light enters a pick-up
tube.

e [ I

CAD .................................................................................................. 37
Computer aided design
CAFS (constant Ang|e FOCUS System) ..................................... 8

The Canon-proprietary name of a technology of canceling
the changes in the angle of view caused by the movement of
the lens unit in the front lens group in a focusing operation by
shifting the scaling unit in a direction of counteraction.

CCD (Charge coupled device) .................................................. 36

CCDs are made up of minute optical sensors arranged
on the surface of silicon crystals. The charges stored in the
sensors are read-out by transferring them to neighboring
sensors one after another. They are categorized into FT (frame
transfer), IT (interline transfer) and FIT (frame interline trans-
fer) types, according to the method of charge transferral.

cc f“ter (color Conversion f"ter) ............................................ 55

Change Of focus ............................................................................. 6
Movement of the image plane due to zooming.

Chart ........................................................................................... 42’44

(1) A black and white chart used to measure the resolving
power of a lens.
(B) A test pattern used to adjust a camera.

Chromatic aberration e 28
Circular polarized light e 61
ClOS@-UP +eesesermsssermss st 52
ClOSE-UP [ENS ++rvrvrermeseeremsemmissetmnt i 52
CO@EING w+orvereessserssseesssssenss s 34
Color CONVEISION fIlter i s 55
Color separation Prism e 58,64
COlOr LEMPEFATUFE -+ ervererrerermmsssensssessis e 55
COMAtiC ADEITFAtiON e ereererereesemecrerernininccnrcn s 31
COMPENSALOE +rrveeerresserressermissriss s 6
CONEFASE ++rereerrerermereermmiene et s 27
COSY AW weoeereererreeriis i 26

Critical angle

The minimum angle of incidence at which total reflection
occurs, when light is incident from a medium of higher refrac-
tive index onto a medium of low refractive index.

Cross FIt@r creverererermermre 57
0urvature of field .......................................................................... 31



C —pmaie ]
| — )
Density ............................................................................................ 54
Depth of focus ............................................................................... 14
Depth Of field oo 14
Diaphragm ...................................................................................... 21
Dichroic coating ........................................................................... 58
Diffraction ............................................................................. 30,31,39

An effect of the wave nature of light that causes it to bend
into areas that should be in shadow.

Diffraction ||mit .............................................................................. 39
Dispersion ...................................................................................... 28
Distortion ........................................................................................ 33
DOE (Diffractive 0pt|ca| Element) ........................................... 30
Double refraction .......................................................................... 62
Eclipse ............................................................................................. 26
Effective aperture ......................................................................... 21
Entrance pupll ............................................................................... 26
Extender .......................................................................................... 51
Extraordinary ray .......................................................................... 62

A ray whose velocity varies depending on the direction
that it propagates after being split into two when entering a
double refraction crystal.

Ghost .......................................................................................... 34’36
GIaSS Compensation .................................................................... 24

NE o |
Hair ﬂocking .................................................................................. 37
Halo

An aberration effect that causes a circular flare around a
point image.

|2 15 1T AR PPN 38
High definition television.
Hyperfocai distance ..................................................................... 15
He|ICOId ........................................................................................... 10
|mage Cirele v 18
|mage size ...................................................................................... 18
IN=QF VAIUE -veereremmrmmni s 24
|R cut fllter ................................................................................. 58’65

A filter opaque to near infrared rays. The filter works by
absorption or dichroic reflection.
Interference

An effect of the wave nature of light that causes light waves
to reinforce each other or to cancel each other out.

Extraordinary dispersion ....................................................... 28,29 Internal focusing System .............................................................. 9
F drop .............................................................................................. 22 Lateral chromatic aberration ..................................................... 29
Filter ................................................................................................. Lateral magnification ................................................................... 19

Fisheye attachment

FISHEYE QNS - -rvmrrremsr et
A lens with an intentional negative distortion, resulting in
an angle of view of 180°.
Flange back ................................................................................... 24
Flare ................................................................................................. 34

A “fogging” effect on the screen, caused by aberration or
stray light.

Floating system .............................................................................. g
FIUOKItE - 29
F_number ........................................................................................ 21
Focal |ength ................................................................................... 18
Focal point, focus ......................................................................... 18
Focusing group ............................................................................... 6

The magnification of an object in the direction perpendicu-
lar to the optical axis. Usually simply called magnification.
Lens barrel
A tube that holds the lens components in their correct posi-
tions.
Longitudinai chromatic aberration .......................................... 28

Magnification in the direction of the optical axis. If the lat-
eral magnification is A, the longitudinal magnification is 3.

LOW pass f“ter ............................................................................... 61
Macro ............................................................................................... 23
Magnificatiorl ................................................................................. 18



M atte box ........................................................................................... g

An apparatus installed on the front of a lens that enables
various optical filters to be inserted for special effects as well
as acting to shade the lens from the sun. Matte boxes are
often used for cine photography.

Meridiona| ...................................................................................... 31
Minimum obiect Distance (MOD) ............................................ 23
NHEr@ oo 55
ModulatiOn Transfer Function (MTF) ....................................... 26
JVIOIE@ «orrvvevreersesomenreer et 61

A pattern produced by overlaying one regular pattern on
another.

IVIOUIRIL +voseeeresesreressssmresssstsstss st ettt st 24
v 1
Whd e D
ND (Neutral density) filter « e, 54

Near infrared
The wavelength band from 700 nm to 1300 nm.
Numerical aperture
A quantity expressing the brightness of an optical system.
Let o be the angle subtended with respect to the entrance
pupil by an object point in a medium of refractive index n.
The numerical aperture (NA) is then n sin &. The brightness
of microscope objective lenses is often expressed in terms of
NA. The relationship with the F-number is:
F-number = 1/(2:NA)

0pt|ca| Vibration,_proof System ............................................... 11

A process of canceling blurs in imaging caused by camera
shaking and other conditions by varying the optical axis in
an optical means. Processes that have reached the stage of
practical usefulness include lens shifting and variable apex-
angle prism.

ordinary ray ................................................................................... 62
A ray whose velocity does not depend on the direction
that it propagates after being split into two when entering a
double refraction crystal.

Parallax

Para"el p°|arized ||ght ........................................................... 56,60
Paraxia| theory .............................................................................. 32
Permissible circle of cOnfuSIon <, 14
Perpendicu|ar|y p°|arized "ght ............................................ 56,60
P|ane p°|arized ||ght ............................................................... 56’61
P°|arizer ..........................................................................................
Polarization

Principa| ray ................................................................................... 25
Pupil

A general term for entrance pupil or exit pupil.

a e |

Quartz p|ate ................................................................................... 61
_ — ] — e
S | l i ‘
Obiect dimensions ....................................................................... 19 Range calculator .......................................................................... 20
Optic axis ........................................................................................ 62 Reﬂectlon

A direction along which the refractive index is constant in
an optical crystal.
Optical axis
The line on which the centers of curvature of the surfaces
in an optical system lie.
Optical glass
A homogeneous glass with specific optical properties.
Optical transfer function (OTF)
Same as MTF. See Section 2.11.

T e [ —

A phenomenon in which light incident on a boundary be-
tween media returns into the medium on the incident side.
Refraction
The bending of light rays incident on a medium at the sur-
face of a medium.
Refractive index ............................................................................ 24
The ratio of the speed of light in a vacuum to the speed of
light in a medium.
Registration .............................................................................. 29,43
Relay group ..................................................................................... 6
Residual chromatic aberration .................................. D0O00GAAGO0 28

The slight aberration that remains after the main aberration
have been corrected.

Resolving power ........................................................................... 26



Retrofocus type .............................................................................. 7
Saglttal ............................................................................................ 31
S-component ............................................................................ 56,60
Secondary image resistration phase-detection system - 16
Secondary |mag|ng |ens ............................................................. 16
Secondary spectrum ................................................................... 28
seidel’s fiVe aberrrations ........................................................... 31

Siemens star
Sing|e |ens .....................................................................................

A lens with a single components, or a lens with a fixed fo-
cal length (as opposed to a zoom lens).

Sky"ght fl'ter ................................................................................. 54
Smear
A phenomenon in which blurring is caused by high-intensi-
ty light entering the surface of sensors on a imaging device.
In a CCD, peculiar smears in which vertical lies appear above
and below a high luminance object sometimes occur. How-
ever, recently these smears have become uncommon due to
improvements in CCDs.

Sne"’s IaW ......................................................................................
Soﬂ focus fllter .............................................................................
Spat|a| frequency ....................................
Spatial Offset -+
Spherica| aberration ....................................................................
Spurious resolution

A phenomenon in which black and white stripes finer than
the resolution limit appear to be resolved, but with black and
white reversed. Occurs when the MTF is negative.

Spurious Signal ............................................................................. 61
Same as aliasing.

Spuuering ....................................................................................... 34

Tangential

In the tangential direction. Same as meridional.
Tarnish

A thin, altered layer on the surface of optical glass, caused
by the action of moisture, acid, etc. One effect of a coating is
to prevent tarnish.

TEIQCENLIIC ++vvveerererrerrrermrmmsessessesesnisisaes sttt 25
Telephoto type ................................................................................. 7
Tele_side CONVEILEE ++orerrerrreiii 50

T number ........................................................................................ 22
Total reﬂection ............................................................................... 58
When light passes from a medium of higher refractive
index to a medium of lower refractive index, if the angle of in-
cidence is greater than a certain critical angle, all of the light

is reflected at the boundary between the media.

Tracking .......................................................................................... 42
Trimming fllter ............................................................................... 58
TTL (Through The Lens) ............................................................. 16

= — — — S

UCS (Uniform chromaticity sca|e) ........................................... 62
Ultrav'olet ....................................................................................... 54
The wavelength band from 300 nm to 400 nm.

vV W S T

Vacuum evaporation .................................................................... 35
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