Letters to the Editor

Kinematic, Aberration at Optimal Position of the Intermediate
Image in High-Speed Cameras with Image Commutation

On the base of a formula for kinematic aberration
in high speed cinematography cameras with the image
commutation (Miiier type camera) the optimum
working conditions for this camera have been specified.
Formulae for optimal positions of the intermediate
image in the vicinity of the rotating mirror, kinematic
aberration value at the end points of the camera
working sector and the rotating mirror position, at
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which the kinematic aberration approaches zero value,
have been given. The results obtained enable a de-
termination of the basic design parameters of the
camera.

In paper [1] a formula for kinematic aberration,
i.e. for the image spread caused by the mirror rotation
in the Miller type camera [2], has been derived (see
Fig. 1):
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N = z(]pcosJa—cosaj +pcos ysin[a]), M
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where

/- — angte determining the position of the

rotating mirror,
distance of the intermediate image 3
produced by the principa! objective (f.T.)
from the axis of rotation,
— magnification of the hna! image D with
respect of the intermediate image C,
2rfa — angte ofrotationofthe/?.Af. mirror which
corresponds to crossing the secondary !ens
area by the prineipie ray after having been
reflected from the mirror,

y  — angle between the ray hiting the middte
point of the secondary tens and the
optica! axis,

a  — angutar position of the rotating mirror,

A — secondary l!ens diameter,

a  — distance of the intermediate image position
C from the middte point of the secondary
tens,

6 — distance between the middte point of the
secondary tens and the hnat image D on
the htm,

~  — distance of the straight tine segment, by

which a fixed point in the object is shifted
with respect to the htm during exposure
in the direction pcrpendicutar to the
rotation axis of the mirror.

In at! reat cameras the angtes r/fa and y are very
smatt, i.e. of order of tens of minutes of arc. Atso,
the factor p is usuatty smatt because a > /2 In the
camera described in [3] (with concave mirrors used
as secondary objectives) the above mentioned pa-
rameters take the fottowing vatues: <7ace )3.2
0< y< 195 ae® 500, ~"™ 2, 6= 762

Approximate”, it may be assumed that y, )?, r/a, z
and p are constant parameters independent of a.

The purpose of the present paper is to anatyze
the formuta (t) in order to determine optimum con-
ditions for camera operation.

The dependence of the kinematic aberration on a
is — according to the formuta (!) — mainty of cosine
type. Thus, in the vicinity of the angte ao determined
by the condition
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costio = pcosr/a (5)

the minimum kinematic aberration occurs. Conse-
guent”, in order to achieve the optima! conditions
for camera operation it is required that the vatues
of the kinematic aberration at the end points of the
operating sector were the same,

(6)

the operating sector of the camera being determined
by the angutar positions a* and &" of the rotating
mirror, which correspond to the ray incident on first
and the tast secondary tens, respectively, after having
been reflected from 3.Af. When negtecting the term
containing sin )a] the condition (6) is reduced to

Pocost/a —cosa™ = —(pocosr/lu —cosuj. ©)

The futfUtment cf this condition is always possibte
by a proper settkment of the parameter r' during
camera adjustment. From (7) and (4) we obtain

r = - SS rcosa, 8

where

......... o o

denotes an arithmetic mean of cosines of the extreme
angtes of the working sector. Taking account cf (8)
a formuta for optimal- distribution of kKkinematic
aberration within the whole sector may be obtained
from (t) in the form

= 1(]cosa—cosa] +pcos ysin Ja)  (10)

Minimum kinematic aberration appears in this
case in the surrounding of the angte ao determined

by the condition
00sCtQ = cos a. (1)

It is worth noting that in the case of an optimal-
distribution the position ao of the aberration minimum
is independent of r and 3; the tatter being defined
as a radius of the circte surrounding 3.AT, on which
the secondary tenses are distributed.

The vatues of and ao, which are given betow,
were calcutated from (8) and (It) under assumption
that & = 0 for three vatues of a,,:

!
a. ao

30° 0.93r : 2t°05°'
45° 0.85r 31°24'
60° 0.75r 41°25'
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Maximum values of aberration at the sector end
points for optima! position of the intermediate images
increase to

= y(cosa”™—cosa, + 2pcosysin]a,l) (12)

in accordance with (10) and (9) for [aj > [a].

Fig. 2

If in a given camera the principal lens cooperates
with two working sectors located, for instance, on
both sides of the beam incident on the rotating mirror
(Fig. 2), the smaller of the two values ja®,l and ja™I
and the greater of the two values and ja,, 21
should be substituted to (8) and (10) in order to
obtain the optimum conditions.

The formulae (12), (2) and (3) allow to chose
a set of basic design parameters & a"\ rand 7?(Ja, y
and a being dependent on M) so that the kinetic
aberration ~ does not exceed an acceptable value.
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