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156 g PRINCIPLES OF OPTIOS (4

Let ¢ be the distahoe between the focal points Iy and Fy. Since the image space g
the first transformation coincides with the object space of the second, ‘
Zy = Zj—e, Ty =Y (23
Elimination of the coordinates of the intermediate space from (22) by means of (23]
gives
Y,=Z{Y1=Z;Y3 ZifoYo _ Jofi¥e

: 4 fi J1%q fufo = czo 1 Refrac

_hik _ChAl . Bl J111Ze ; nsider & pe

Zy Zy—co  foly Jofo — ¢y o homogel

&t s in both

P Y 3=znﬂ‘f£c&',

Y=Y, 2= z;+*‘%-

shifted by distances fyfo/c and — ffi/c respectively in the Z.direction. In terms of

these variables, the equations of the combined transformation become

from the foci of the individual transformations are seen from (25) to be y 3

, " where, acco
gfobo, o _ _ffi
c [+

If ¢ = 0, then f = " = oo so that the equivalent collineation is telescopic. The 7 being the
equations (24) then reduce to Let us ex
h g, 1° - . to lie in th
f 0 A P, will ther

- ) rays, 80 the
Z, = Ly Z; ] ~ Now fror
- Jofo -

Yl’

the constants « and ﬁ in (18) of the equivalent transformation, are therefore

_h 1 e Lhi 1, (30), and substit
v folo
The angular magnification is now - .
. - yl =
tan ' a fg

tan y ﬁ 3 (31) ]

If one or both of the transformations are te!escoplc, the above considerations must
be somewhat modified.
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GEOMETRICAL THEORY OF OPTICAL IMAGING

4.4 GAUSSIAN OPTICS

Ve shall now study the elementary properties of lenses, mirrors, and their combina.-

. In this elementary theory only those points and rays will be considered which

lig in the immediate neighbourhood of the axis; terms involving squares and higher

nowers of off-axis distances, or of the angles which the rays make with the axis, will
g: neglected. The resulting theory is known as Gaussian optics.*

' 4.4.1 Refracting surface of revolution

' Consider a pencil of rays incident on a refracting surface of revolution which separates
two homogeneous media of refractive indices n, and n,. To begin with, points and
rays in both media will be referred to the same Cartesian reference system, whose

- mgm will be taken at the pole O of the surface, with the z-direction along the axis of

gymmetry.
Let Pylzg, 4o, 2o) and Py(2y, ¥, ) be points on the incident and on the refracted ray
- respectively. Neglecting terms of degree higher than first, it follows from §4.1 (29),
~ §4.1 (40), and §4.1 (44) that the coordinates of these points and the components of

‘the two rays are connected by the relations

T@
= 28 py + €y,

= e Mﬁo + gQIJ

a7

aql T 2‘@4[ == @%:

- where, according to §4.1 (45),
1 r r

= — = ] 2
S 2 ny — 1y’ . Ty — Ty @
1 being the para.mal radius of curvature of the surface.

Let us examine under what conditions all the rays from P, (which may be assumed
to lie in the plane z = 0) will, after refraction, pass through P,. The coordinates of
P, will then depend only on the coordinates of P, and not on the components of the
rays, so that when ¢, is eliminated from (1b), ¢, must also disappear.

Now from the first equation {1b)

1 1
= 7 {Fﬂ — qo(2 7 + _J";zo)}: (3)

and substituting this into the second equation, we obtain

1 1 1 1 1
n= (M' ——zl)gya+ [g. (M—;ﬁ)(2d+;uzn) —@’] 7o (4)

* As before, the usual sign convention of analytical geometry (Cartesian sign convention) is
. used, The various sign conventions employed in practice are very fully discussed in & Report on
the Teaching of Geometrical Optics published by the Physical Society (London) in 1934,

e
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