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THE COLLINEAR TRANSFORMATION

The collinear transformation is a geometrical mapping con-
necting two spaces, which we shall call the cbject space and the
image space, although in the present context the names are merely
labels for the spaces and have no other meaning.

In order for there to be a mapping between the two spaces, a
necessary and sufficient condition is that points in either space
must bte in a gne-to-one correspondence with the pcints in the
other space; that is, for each object point there must be one and
only one image point corresponding to it, and vice versa. If we
use a cartesian coordinate system to locate points in each of the
spaces, then a paint in the abject space is represented by its
coordinates x,y,z and a point in the image space is represented
by x",y",2'. Even though the locations of the origins of the
coordinate systems and the orientation of the coordinate axes are
arhitrary, the one-to-one correspondence can be represented by
the implicit equations

X' = 2" lx,y,2)
s y'(x,yY,2} (1
and 2" 5 2z (%, y,2).

The mapping is collinear if, for every three collinear
points in object space, the correspanding three points in image
space are also collinear. It necessarily follows that the
straight lines defined by the collinear sets are also in one-to-
one correspandence with each other. Moreover, it also follows
that planes in the two spaces are in one-to-one correspondence.’
Elements (points, lines, or planes) which are in ane-to-one cor-
respondence are called conjugate elements.

In order to obtain explicit relationships for squations (1)
in a collinear transformation, it is easier to use the plane-to-
plane correspondence rather than the line-to-line correspondence
in the derivation.

An arbitrarily selected plane in obhject space and its conju-
gate in image space can be representad by the eguations

Ax +By +Cz +D =20
A'x" + B’y + L'z” +# D" =0

and . {(2)

For any set of coefficients (A,B,C,D) in object space there is a
carresponding unique set (A',B",C*,D°) in image space.



Consider the functions

i Ax + By +
and M = A'x" + B'y" +

Cz +0D
C'z” + 0D, (3)
Note that M' is implicitly a function of (x,y,z) as well.

As M and M' take on various values, equations (3) repre-
sent families of parallel planes in each space. However, only
when M and M° are both zero do we necessarily have conjugate
planes. Moreover, whenever M is zero then M’ must siaulta-
neously alsao be zero, and this must be true for all sets
(B,B,C,D)} with their corresponding sets (A',B",C',D’). In order
for this to be true in general, M° must contain M as a factar;
that is, '

M-
or M /P

Mix,y,z) Pix,y,z)
N, {4)

where P is yet to be determined.

The expression P can only vanish when M vanishes, for
otherwise M’ would be equal to zero with a nonzero value for M,
which is not possible. Similarly, the recipracal of P can only
vanish when N' vanishes.

Writing out explicitly the second of equations (4), we
obtain i

Ax'/P + B'y"/P + C'2'/P + D'/P = Ax + By + Cz + D. (3)
Since the right side of the equation is linear in x, y, and

Z, then each term on the left, individually, must alse be linear
in x, y, and z. Thus we obtain

1 /P = aox + bBoy + Co2z + do

A)('IP F g4xX * h;Y + L2 + dg

Y'/P = dax + bgy + ca1 + da {6)
and 2°/P = ayx + bay + c3z + ds.

Solving equations (4) for x', y', and z' gives us our expli-
cit foras for equations ({) in a collinear transformation. These
are

{asx + by + €12 + dy) / lagx + boay *+ Coz + do)
{aazx +# bgy + £z + dz} / (agx + bhey + Coz + do) {7)
tazx + byy + c3z + d3) / (aox + boy + coz + do).
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Standard Eye — Engineering Drawing

— MIL HDBK-141

Fy,
Lens CORNEA 43D Anatomical variation 1
Quter n = 1. 386 LENS 18D Axial Length 21-26 mm
Inner n = 1.406 TOTAL 58. 86D Corneat power 38-48 D
v = 48.1 OPTIC AXIS Lens power 17-26 D
VISUAL LINE
ANTERIOR FOCAL - ANGLE a = 5% to 7°
LENGTH I,
17.13 AIR 1 = 1.000
DIAMETER OF CORNEA
l 15.589
DIA. OF PUPIL
ANTERIOR SURFACE
OF CORNEA
. \ : POSTERIOR SURFACE
1ST. PRINCIPAL fe— 12 TO 13 OF CORNEA
POINT ANTERIOR SURFACE
OF LENS
1.54 _
‘-“—ﬂ |
TN T
L | —|=]- = - 7 3.54
T 7 - - = l
2ND. PRINCIPAL 250
7.682 POINT o 5
7.30 POSTERIOR SURFACE
1ST. NODAL. - N\ OF LENS
3 POINT
2ND, NODAL
POINT
22.39
DIAMETER OF
CRYSTAL / VITREQUS n = 1. 337 24.15
LENS
DIAMETER OF OPTIC || DIAMETER OF
DISC ABT. 2.5 MACULA NOTE:
ABT. 2.5 AQUEOUS n = 1. 336
CORNEA n = 1,376
POSTERIOR FOCAL J
LENGTH { TOTAL INDEX OF
2 LENS n = 1,42
AL’ — fs - " | "
7o —
’ 1
s m DIAMETER OF FOVEA
5/ 5": Fp ABT. 1.5
NASAL SIDE 7 TEMPORAL SIDE
iy 1025
NOTE: ALL DIMENSIONS, EXCEPT WHERE
NOTED OTHERWISE, ARE IN MILLI-
RIGHT EYE METERS.

Figure 4.2 . Optical constants for a "standard eye.



Glass Map — Schott Glass Technologies, Inc.
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Data Sheets

Refractive indices
The refractive indices n are listed for a maximum of 23 wavelengths in
the range between 248 2 nm and 23254 nm.

Constants of the dispersion formula
From the Sellmeier dispersion formula

BN _ BN BN

n*(A)-1=
hﬂ_C1 hE_CE hE_CE,

the refractive indices for any wavelength within the range from the near
UV to 2.3 pm can be calculated with the help of the constants B,, B,, B,
and C,,C,,C,.

Constants of the formula dn/dT
The temperature dependence of the refractive index can be calculated using
the following formula:
dng. (A, T) Nk Ty)-1
= (Du+2D1&T+3D2.&T2+
dT 2n(h Ty)

E, + 2 E,AT )
NN

The constants are valid for a temperature range from -100°C to +140°C and
a wavelength range from 0.365 pm to 1.014 ym. The temperature coefficients
in the data sheets are guideline values.

Temperature coefficient of refraction
Ang, [ AT referring to air at normal pressure 1013.3 mbar
Ang, /AT referring to vacuum

Internal transmittance 1

The internal transmittance in the wavelength range between 250 nm and
2500 nm is listed for thickness of 10 and 25 mm. The infernal transmittance
and color code listed in the data sheet represent median values from
several melts of one glass type. For HT and HTultra grade, the internal
transmittance in the visible spectrum includes guaranteed minimum valuas.

Color code

The color code lists the wavelength Ay and A; at which the transmittance

is 0.80 and 0.05 at 10 mm thickness. The values are rounded off to 10 nm
and denoted by eliminating the first digit. For high index glass types with
nd=>1.83, the data of the color codes (marked by *) refers to the transmittance
values 0.70 and 0.05 (A and A;).

Relative partial dispersion
The relative partial dispersions P,, and P',, for the wavelengths x and y are
derived from the equations.
n -n n -n
=—— und P, =——
Ng - N Ng - Ne

xy

Deviation of the relative partial dispersion from the "normal line" AP
The term AP,, quantitatively describes a deviation relation of the dispersion
from the "normal glasses".



Other characteristics

Lo J— = The coefficient of thermal expansion in the temperature range
between — 30°C und + 70°C in 109K

Q. 200 = The coefficient of linear thermal expansion in the temperature
range between + 20°C und + 300°C in 10%/K

Tg = Transformation temperature in °C

Tigizo = Temperature of the glass in °C at a viscosity of 10" dPa-s

Tig7s = Temperature of the glass in °C at a viscosity of 107 dPa-s

Cp = average specific heat capacity in J/(g-K)

A = Thermal conductivity in W/(m-K)

AT = Yield point/sag temperature in °C

p = Density in g/cm?

E = Elasticity modulus in 10* N/mm?

u = Poisson's ratio

K = Stress optical coefficient in 10° mm%N

HK = Knoop hardness

HG = Grindability class (ISO 12844)

Abrasion Aa" = Grindability according to JOGIS**

CR = Climatic resistance
Resistance to moisture in the air expressed in CR classes
1 (high) to 4 (low).

FR = Stain resistance
Resistance to stain formation expressed in FR classes 0 (high)
to 5 (low).

SR = Acid resistance

Resistance to acid solutions expressed in SR classes 1 (high)
to 4 (low) and 51 to 53 (very low).

AR = Alkali resistance
Resistance to alkaline solutions expressed in AR classes 1
(high) to 4 (low).

PR = Phosphate resistance
Resistance to alkaline phosphate containing solutions
expressed in PR classes 1 (high) to 4 (low).



SCHOTT N-BK 7¢
517642.251

ng=1.51680
ne=1.51872

vg= 64.17
ve= 63.96

Ng -nc = 0.008054
ng-ne= 0.008110

Refractive Indices

Internal Transmittancer;

Relative Partial Dispersion

A [nm] A [nm] T (10mm) | t; (25mm) Py 0.3093
[ P 23254 1.48921 2500 0.665 0.360 Pes 0.5612
N 1970 1 19701 1.49495 2325 0793 0.560 Pac 0.3076
[ . 1529.6 1.50091 1970 0.933 0.840 Pes 0.2386
[T 1060.0 150669 1530 0.992 0.980 Par 0.5349
n, 1014.0 150731 1060 0.999 0.997 P, 0.7483
n, 852.1 1.50980 700 0.998 0.996
n, 706.5 151289 660 0.998 0.994 Py 0.3076
ne 6563 151432 620 0.998 0.994 Pos 0.6062
ne 6438 151472 580 0.998 0.995 Puc 0.2566
Ngap §32.8 151509 546 0.998 0.996 P'Le 0.2370
ng 5893 151673 500 0.998 0.994 P'or 0.4754
ng 587 6 151680 460 0.997 0.993 P'in 0.7432
n, 5461 151872 436 0.997 0.992
ng 4861 152238 420 0.997 0.993 Deviation of Relative
ne 4800 152283 405 0.997 0.993 Partial Dispersions AP
n, 4358 | 152668 400 0.997 0.992 e el
ng, 4047 1.53024 390 0.996 0.989 APy 0.0218
n; 365.0 153627 380 0.993 0.983 APcg 0.0087
[ P 334 1 154272 370 0.991 0.977 APe, -0.0009
Nazg 3126 154862 365 0938 0.971 AP g -0.0009
Noge 7 2067 350 0.967 0.920 APy 0.0035
Ngags 280 4 334 0.905 0.780
Mgyq s 2433 320 0770 0520 Other Properties
310 0.574 0.250 Oag7oe [108 /K] 1
Constants of Dispersion 300 0.292 0.050 0 e annee [10 51K
Formula 290 0.063 T,[*C] 557
B, 1.03961212 280 T 0] 557
B 0231792344 270 Tm?.s cl 19
B 1.01046945 260 ¢, [gK) D858
C, 0.00600069567 250 A [Wim-KJ] 1.114
Cs 0.0200179144
C,y 103.560653 p [alem?] 251
E[10°N/mm?] 82
Constants of Dispersion Color Code u 0.208
dn/dT hag/hs 33179 K102 mm2iN] 277
Dy 186 -10° (*= Ayglhs) HK g 120 610
D, 131-10° HG 3
D, -1.37 - 101 Remarks
Eo 434 107 step0.5available
E, .27 - 10°10
A i [um] 0.17 CR 1
FR 0
Temperature Coefficients of Refractive Index SR 1
AR /AT[10 2 /K] AN 5o /AT0E/K] = =
] 1060.0 e g 1060.0 e g bl =
40/ 20 24 29 a3 03 0.8 12
+20/ +40 24 a0 as 1.1 16 21
+50/ +80 25 3.1 37 15 21 27




N-LAKS
713538.375

ng=1.71300
ne=1.71616

vg=53.83
ve=53.61

Ng -nc = 0.013245
ng-nee= 0.013359

Refractive Indices

Internal Transmittancer;

Relative Partial Dispersion

A [nm] A [nm] T (10mm) | 7; (25mm) Pt 0.2861
N 33054 23254 167294 2500 0.398 0.100 Pes 0 5408
N 1g70.1 1970.1 1.68075 2325 0.707 0.420 Pac 0.2042
N 15204 1529 6 168890 1970 0.950 0.880 Peg 02383
N 10800 1060.0 169710 1530 0992 0979 Por 0 5450
n, 10140 169802 1060 0998 0.994 P 0.7764
n, 852 1 1.70181 700 0.008 0.996
n, 706 5 1 70668 660 0998 0.995 Py 02836
ne 656.3 1.70807 620 0.008 0.994 Poe 0.5843
ne 643.8 1.70062 580 0.008 0.994 P'ac 0.2536
Ngazg £32.8 1.71022 546 0.008 0.995 Ped 0.2363
ng 5893 171289 500 0.998 0.994 Par 0.4838
ng 587 6 1.71300 460 0.005 0.987 Pin 0.7698
n, 546 1 171616 436 0992 0979
ng 486.1 1.72222 420 0938 0.970 Deviation of Relative
ng 480.0 1.72297 405 0.981 0.952 Partial Dispersions AP
n, 1358 | 172044 400 0977 0.943 D
ny 4047 1.73545 390 0.965 0.915 APgy 0.0266
n; 365.0 1.74573 380 0.946 0.870 APc, 0.0124
Maae 334 1 1.75687 370 0.905 0.780 APgg -0.0026
Na12g 3126 365 0.877 0.720 APgr -0.0083
Nage 7 2967 350 0.739 0.470 APy -0.0428
N3ag.4 280 4 334 0.500 0.185
Nagn 2483 320 0.276 0.040 Other Properties
310 0137 0.010 U-a(:\'ﬁc-’c[m-ﬁ”'(] 56
Constants of Dispersion 300 0.044 0,20 somec [10 " 57K] 6.7
Formula 2490 0.010 T,rcl 643
B 1.23183167 280 Tm”'”[’C] 635
B 0. 546623206 270 T, °rcl =
B, 1.19084015 260 o [Mig-K)] 0.620
C, 0.00620023871 250 A [Wim-K)] 0.840
C, 0.0216465439
Ca 82 5827736 p [giem?] 375
E[10° N/mm?] 115
Constants of Dispersion Color Code u 0.289
dn/dT [ 37/30 K10 mm?N] 1.81
Dg 410 -10°% (*= Arg/hs) HK g 120 740
D, 125108 HG 2
D, -1.60 - 10-1 Remarks
Eg 430 - 107
E, B.29 - 10-10
Ay [um] 0.212 CR 3
FR 2
Temperature Coefficients of Refractive Index SR 523
An o /AT[10 8 /K] An o /AT[102 /K] il L
] 1060.0 e g 1060.0 e g i =
-40/ -20 40 47 54 17 24 an
+20/ +40 41 50 26 a5 43
+50/ +80 43 52 31 41 50




