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compared to orbital and spin angu
lar momenta of bound electrons, but 
in reality (unless the beam is treated 
in the paraxial approximation) the 
two contributions to angular mo
mentum are intermixed, making it 
difficult to distinguish one from the 
other. All one can say in the general 
case is that the field has a net angular 
momentum, which is obtained by 
integrating r X p over the beam's 
cross section.11,12 

Rays at the focal plane of a lens 
As a f inal example, we show the 
complex pattern of ray distribution 
that can be obtained by focusing a 
relatively simple beam through a dif
fraction-limited microscope objec
tive lens. Consider a beam of con
stant a m p l i t u d e and phase but 
nonuniform polarization, where one 
side is linearly polarized at +45° and 
the other side at - 4 5 ° relative to the 
X-axis. The distribution of polariza
tion angle over the beam's cross sec
tion is shown in Figure 4a (see page 
55). Let this beam be brought to fo
cus by an aberration-free 0.5 N A 
lens. The distribution of total E-field 
intensity (i.e., |Ex|2 + |Ey|2 + |Ez|2) at 
the focal plane is shown in Figure 4b. 
Note the elongation of the focused 
spot along the X -ax is , which is a 
consequence of the particular polar
ization pattern of the incident beam. 
Figure 5 (see page 55), left column, 
shows the computed intensity distri
butions for the x-, y-, and z-compo
nents of polar izat ion at the focal 
plane. The corresponding phase pat
terns are shown in the middle col
umn. O f particular interest here are 
the focal plane distributions of Sx, Sy 

S z , s h o w n in the right-hand 
c o l u m n . 9 There are two equal but 
opposite vortices in this picture, 
which may be discerned by consider
ing the combined effect of Sx and S y. 
A schematic of the projection of S in 
the focal plane, namely, S x x + Syy, is 
given in Figure 6. These as well as 
more complex momentum distribu
tions can now be routinely created 
in the laboratory, and used to trap 
and manipulate small objects within 
the confines of the focal region of a 
microscope. 
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Figure 6. Diagram showing the vortex structure of the 
Poynting vector for the focused spot depicted in Figures 
4b and 5. The arrows represent the projection of S in the 
focal plane, namely, S x x + S yy. 

Patent Design 

Wide-range TV 
Zoom Lens 

BY J. BRIAN CALDWELL 

Patent: U.S. 5,815,322 
Issued: Nov. 10, 1998 
Title: Z o o m Lens System 

Having High Zoom Ratio 
Example: #2 of 3 
Inventors: Takashi Enomoto and 

Takayuki Ito 
Assignee: Asahi Kogaku Kogyo 

Kabushiki Kaisha (Pentax) 

Zoom lenses for T V cameras are 
required to have a large zoom 

range while maintaining high image 
quality at a large aperture. These re
quirements are similar to those for 
consumer video camera objectives, 
although the latter tend to sacrifice 
image quality to attain compactness 
and low-cost. Since cost, size, and 
weight are less important than im
age qual i ty and z o o m range, T V 
zooms can be substantially larger, 

Figure 1. 20:1 TV zoom lens. 
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and often incorporate one or more 
abnormal dispersion glass elements 
to reduce secondary color. 

This month's design, (see Fig. 1 
and Table 1) is a 20:1 four-group 
zoom suitable for use as a TV cam
era objective. The groups are 
arranged in a positive-negative-neg
ative-positive power sequence, and 

although the design ap
pears to be fairly conven
tional the distribution of 
powers and object magni
fications is somewhat un
usual. In a traditional 
four-group zoom with 
positive front and rear 
groups, the second group 
is a variator with negative 
object magnification, and 
the third group is a low-
powered positive or nega
tive compensator, which 
has a back and forth mo
tion to anchor the focal 
plane position. 1 , 2 An ear
ly example of this type of 
lens designed by Yamaji3 , 4 

is shown in Figure 2. The 
change of object magnifi
cation for the compen
sator is very small in such 
a lens. In this month's 
design, however, the pow
ers of the second and 
third groups are nearly 
equal, and the object 
magnifications of these 
two groups switch signs 
within the zoom range. In 
addition, the object mag
nification of the third 
group changes signifi
cantly during zooming, 
enough so that it is inac
curate to think of this 
group simply as a com

pensator. The distrib
ution of group powers 
and object magnifica
tions in the current 
design are actually 
very similar to that of 
the old Watson 5:1 
zoom lens designed 
by H.H. Hopkins (see 
Fig. 3), which was 
one of the earliest TV 
zooms. 5 - 7 

The first and last 
groups remain sta
tionary during zoom
ing, which is typical 
for four group T V 
zooms. The exit pupil 
position is stationary 

Figure 2. Tradit ional four-group zoom by Yamaj i . 

Figure 3. Early four-group TV zoom by Hopk ins . 

Figure 4. M T F at 2 5 c y c l e s / m m as a funct ion of image height for 
three different zoom posi t ions c a l c u l a t e d at w a v e l e n g t h s of 4 8 7 , 
5 8 8 , and 6 5 6 nm we igh ted 0 .5 , 1.0, and 0 .5 , respect ive ly . 

Table 1. Opt ica l prescr ipt ion for the object ive , where m e a s u r e m e n t s are 
g iven in mi l l imeters . Foca l length is 1 2 . 0 - 2 3 4 . 0 m m , aperture is 
f / 1 . 6 - f / 2 . 8 , and the f i lm plane d iagonal is 8 .4 m m . 
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relative to the image plane during 
zooming because the aperture stop 
is located with the last group and 
does not move. The design is also 
quasi-telecentric to minimize prob
lems with the CCD detectors. Two 
elements are made of abnormal dis
persion glass to partially correct 
secondary axial chromatic aberra
tion, which becomes significant at 
the longer end of the zoom range: 
Figure 4 (page 57) shows the MTF 
at 25 cycles per millimeter as a 
function of image height for three 
different zoom positions. This fig
ure indicates that the performance 
of the lens is stable throughout the 
zoom range, and that the image 
quality is adequate for normal 
broadcast television applications. 
Figure 5 shows distortion for the 
same three zoom positions. The dis
tortion near the wide angle position 
is a little troublesome because it ex
ceeds 5% and is primarily third 
order, without any compensating 
higher order terms. 
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Figure 5. Distortion in percent for three different 
zoom positions. 

Recent Research 

SUMMARIZED BY GEORGE LEOPOLD 

These post-deadline papers were presented 

at CLEO®/Europe -EQEC '98 

September 14-18, 1998 

Glasgow, Scotland, U.K. 

SELF-MODE-LOCKED SEMICONDUCTOR 

LASER IN A RING CAVITY 

The Canadian team generated 
short (2 ps) pulses directly from 

a self-mode-locked semiconductor 
amplifier inserted into a ring cavity. 
The amplifier is a super-luminescent 
diode consisting of a 500-mm-long 
double quantum-well InGaAlAs 
ridge waveguide with strained 
InGaAs active layers. 

The amplifier is placed in a ring 
cavity with three gold mirrors and 
an 83% transmission output cou
pler. Collimation of the laser output 
and careful alignment of the cavity 
mirrors allowed laser emission with 
a threshold bias current near 46 mA. 

Self-mode locking is achieved 
when the dc bias current is set at 
~1.2 Ith, and when the cavity was 
slightly misaligned. 

Research continues on the physi
cal mechanism behind the self-mode 
locking regime. One key observation 
is the emission of counterpropagat
ing pulses of different frequencies, 
which are well synchronized. 

Patrick Langlois and Michel Piche, Université Laval, 
Quebec, Canada. 

FAR-IR S T R E A K C A M E R A 

The spectral range of conventional 
streak cameras is limited by the 

spectral response of the photocath
ode used. The sensitivity of most 
photocathode materials is limited to 
wavelengths shorter than 1.5 μm. 

The Dutch investigators con
structed an atomic streak camera in 
which the photocathode used in 
conventional cameras is replaced by 
a sample of gas-phase Ryberg atoms 
for the conversion from photons to 
electrons. The low binding energy of 
the electrons of Ryberg atoms 
means the IR photon energy is al
ready sufficient to photoionize the 
atoms and create the electrons. 

They conclude that the combina
tion of a low ionization threshold 
with the high photoionization cross 
section makes the Ryberg atom pho
tocathode highly suitable for an IR 
streak camera. 

Using a free-electron laser (FEL), 
they have also characterized the op
eration of a far-IR streak camera over 
a wide spectral range (5-100 μm). 
The camera has also been used to 
study the FEL itself in different op
erating regimes. 

C.W. Rella, M. Drabbels, G.M. Lankhuijzen, and L.D. 
Noordam, FOM-AMOLF, Amsterdam, The Netherlands. 

ALL-OPTICAL P S E U D O R A N D O M BIT 

S E Q U E N C E GENERATOR 

Akey requirement for future pho
tonic networks will be the ability 

to perform all-optical digital process
ing. The use of semiconductor optical 
amplifier-based, all-optical interfero
metric switches has permitted demon
strations of advanced functionality. 

Continued on page 60 
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