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Introduction

In the course of the research into the atmospheric turblence, we
were obliged to resort to the method of a photographic surveying, but
it was Impossible to utilize a stereo-camera (especially a stereo-cine-
camera), so we intended to make a stereo-attachment to a single-lens
camera. Though a stereo-attachment to ‘Leica’ has been sold and an
instruction of making the attachment was reported recently,® there
has been scarcely any datum for the design of the attachment S0 we
report in this paper some data for the design. :

- Fundamental idea

In order to take the stereographs, it was necessary to change the
original position of the rays in the object space to another side. For
this purpose we used two plane mirrors (Fig. 1) A rectangular prism
corresponding to a comparatively :
large lens is expensive and it has
not any particular optical advant-
age for this apparatus, so we did
not adopt it.

To obtain two separate stereo-
graphic images on the same sen-
sitive film with one expolure, one
edge of the beam of light in the
image space which torresponded
to a suitably restricted -beam in
the object space was directed to
the optical axis of the camera.

We shall consider the design
of the righthand setting of the

1 This work was carued on as a part of the resealch ‘On the Structure of the
Atmospheric Turbulence Near the Ground’, which has been carried on under a Grant
in Aid for Fundamental Scientific Research from the Ministry of Eduecation.
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attachment, when there are given the radius » of the.camera’s lens,
angular aparture @, base length 2s and angle §, which is made with
the ray (c ray in Fig. 1) coming from the middle po.mt of the field,
and the optical axis.

Let the angles which the Ist and the 2nd mirrors respectively
make with the optical axis be 8 and
a” as in Fig. 2. RN, is one edge
of the beam and N,S coincides
with the optical axis. From the
figure, y=pF—¢ and fB+e=2a, SO
7r=2(f—a) and e=2a—f. So é=
7+0/2 or é=y—0/2 according ‘as

‘ N,R is OA or OB (Fig. 1), where
Fig. 2 : 0=0@)|2.

A) Outward setting

(The case when O”A’ coincides with the optical axis. Fig. 3)

Draw the lines OA, OC, OB, 0,4,, OB, from the right half of the
lens 0O,, where LAOC=2COB=0/2, £A,0,B,=0. By setting the st
mirror ;MlM’{ we obtain 0’0/, the image of 0O,, and then by setting
the 2nd mirror M,M,’, we get 0”0,”. As the attachment must be
symmetrical in respect to the optical axis, the left end of the 2nd
mirror must be G. MM, is the image of M,M,” by thq ‘1st mirror.
In this case 0=2(f—a)+0/2, LADM,' =2a—f3. ;

In order to prevent an overlapping of the images, a sereen is set
on the left from O, 4,, lest any ray which makes a negative angle with
'0A4(0,4)) should fall on the lens. The point of intersection K of M, M’
and G’Q (Q is the right end of the screen) becomes one end of the 1st
mirror.

When the line 0,”Q, which is to be defined by the right end of
the lens O,” and @, makes an angle smaller than 26(= @) with the
optical axis, the rays which fall on the lens directly make an image,
so0 a second screen is needed to shut out the rays. A screen KR is set
~along KG, where R is decided by the intersection of the line KG and
0,”Q, (or the line from @ which makes an angle 2 with the optical
axis, if 0,”Q makes an angle larger than 26 with the optical axis.)
The line parallel to OB which passes R’, the image of R by the 1st
mirror, determines the right ends of the mirrors (N, 7). If the 2nd
mirror (M, M,’) is set nearer the 1lst one and the crossing point of
MyM,’ and F,0/ is right from O,4,, this arrangement diminishes the
quantity of the light, so the right end of the 2nd mirror cannot exceed

3) The sign of the angle is positive when it is measured clockwise from the
optical axis.
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" J. Therofore the right -ends-of . the mirrors are N,T or J',Lor I/, F,
. a8 the case may be. The window must be set so that all beams of rays
which fall on the effective area of the mirror may pass.

Draw OO" perpendicular to GO” (or its production) from O, then
00" is equal to a half length of the base line (s).

00" —=EE’'—EOsin
sin 2a—B—0/2)
EE'=G"E sin (LGG"H)=G"E sin (2a—0/2)
G'"E=0'"E—0'G"=0E—-0'G"

0’G”= O/G Sin 2a
sin (2a—6/2)
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G E=O0D G0 0/2)  sin(2a—0/2)
EE ={lop_80Q@a=p) g sin2a g, 0, g9
sin (2a—pB—0/2) sin (2a—0/2)

- 00"=0p__ 80Ca=h) (4 (9, 9/2)—sinst —OG sin 2
sin (2a—f—0/2) | (2a—0/2) J * .
Fig. 4 shows the attachment ‘
designed by this arrangement, and
Fig. 5 shows the pictures taken
by it.
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B) Inward setting

(The case when O”B’ coincides with the optical axi_'s.‘ Fig, 6) )
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Fig. 6
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The drawing can be made just as in the former case. Here 6=
2(B—a)—0/2, LBFF,=2a—f. A screen is set rightwards from O,B,.
In some cases a suitable 2nd screen is needed, lest the direct rays from
the window should fall on the lens.

Draw OO’ perpendicular to JO” (or its production) from O OO"’
is equal to a half base length ().

00" =EE'—FEO sin §
EE’ =H’E sin (2a +6/2)
HE=0E-OH

P sin (2a— )
OF 0Fsin(2a—/3+6/2)

O’H"———O 'J- M _
| sin 20+ 6/2)

00"'=0F_Sins(1;a(2“ﬂ+0 135 (80 (Gt 0/2) —sin 3} —0'7 sin 2
~ In this case the quantity of the light is smaller than in the :former
case, as is clearly seen from the drawing.
For the arrangement of the mirrors in both cases, there are four
quantities, namely «, #, OD, O”G, (OF,0"J), but when § and s are
given, only one angle and one length must be chosen arbitrarily.

Practical method of the design

When the values of ¢ and s are given, it is more convenient to
design the setting graphically. We econsider this procedure in the lst
case, when OD and « are given (c¢f. Fig. 3). Draw lines OA4, OB, OC,
0.4,, OB, from 00, take the given length OD on OA and draw at D
a line M,M,’ which makes an angle 2a—f=a—§/2+6/4 with OA. Draw
a line OO0 from O which makes an angle —(z/2+0) with OC and on
that line take the length s and, through that point (0"’), draw O’/’O”
perpendicular to O0’’’. Then we make an image (0’) of O by MM/,
and draw a line O’S which makes an angle 7/2—a with O’D. The point
of intersection of O’S and O’’’O” is O”. The perpendicular bisector of
O’0” makes the position of the 2nd morror. Then draw the paths of
light and we can determine the positions of two screens.

Inclination of O”C’ ray

O”C’ ray makes an angle 0/2 with the optical axis in the 1st case
and —60/2 in the 2nd. This means that a picture is taken at the end
of the base with an angle » made with the perpendicular to the base,
where w=—(5—6/2) in the 1st case and w= —(5+ 0/2) in the 2nd (Fig. 7).
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When o is negative, the degree of the relief is magnified, and when
it i3 positive, the degree is lessened. When w=0, then §==0/2 in the 1st
case and §==-—@/2 in the 2nd, but these settings are unavailable, because
the degree of overlapping of the field is not sufficient. Though the
attachment is generally used in the state of w=}=0, we hardly feel any
inconvenience in seeing the plctures by a stereoscope, in so far as 6/2
is less than- about 10°. ‘
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Quantity of light ' ,’I . /; ’
We consider the quantity of - -/ |
the light through the attach- -~ 97 | :
ment of the outward setting. /'// le o :
. P ¢ 1 1/, ¢
The quantity of the light of the 2,/ Ay ;
ray which makes an angle ¢ — o " ol X
191

with the optical axis is propor-
tional to the lens’ area, on Fig. 8
which the rays fall through the attachment. The notations used bel_ow

are shown in Fig. 8.
a) =0
cal) g9
0 = <d¢

SVW’ gde=rfr/2—(1—- Ltango/rﬂ/l (1—Ltan ¢/r)

r—L tan ¢

—sin~(1—Ltan ¢/r)]
P=Q=¢,
SW/ r*—& d&=r[n/2 +L1 tan go1/1 — (L, tan ¢[r)* +sin (Lytan¢/7)]

~Ijtang %

h=¢=0

9 If —Lytang <-—7, the lower limit of the integral should be —7,
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Vg de=r[(l+a/r—L, tan o/r)VI=A +afr—L, tan gz>/o~)2

J —ZLjtan @

gr+x—1:2 tan @

" tsin(1+2/r—Lytan o|r) + Ly tan v/ T=(L, tan ¢Jr)F
+sin (L, tan ¢[7)]
a-2) & Z ¢’2 |
O=9¢=¢

Svrz & de=1*[x/2 — (1— L tan o/r)y/ T~ (1 — L tan ¢/r)

r—Ltan ¢
—sin~}(1— Ltan ¢/r)]
=9 =9 .

ST+:—L2 tan ¢

2\V rP—&de= 7‘2[(1+w/fr-Ltancp/fr)1/l (1+w/’r‘-—L2tangn/r)2

~L tan ¢

+sin~(1+ m/r—-Lz tan ¢/r)— (1 —Ftan ‘P)l/l “"(1 *7tan 50)2

s (=)
sin (1 - tgng;
p=¢=40

Sr+z Lo tan @

o[ a1 rtan) (15 )

—Iy tan ¢4)

+ s1n'1(1 + x/fr —-étan ga) é-tan go‘/l ( Ytan go)

+sin™? (% tan go)]

< —=tanl %
b) <0 ¢s=tan =L

P:=¢=¢

Sr+x—-12 tan ¢

V r—gdé=r[(l+z/r—Ltan ¢/r)V/1— 1A+ x/r— L tan ¢[r)

—-L tan ¢

+sin"Y(1+a/r— L, tan ¢/r)— (1 — L tan 90/9)1/1 (1 Ltan go/r)2
—sin“{(1—Ltan ¢/r)] -
h=¢=40

S? +x~Ig tan ¢

2V r—gae—r [(1 + m/r——L tan g/ry/T=(T+ w/’r"—- L tang[ry

J ~Iytan ob

" +sm‘1(1+x/r L tan ¢/r)+ --'--tan (p‘/l < tan go) :

+ si}n‘1 (L, ta,n <,0/qﬂ)]
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As an example
-we calculated the
widths of both mir- 3]
rors (Fig. 9), and also
the distribution of
the quantities of the
light (H/r*) against
the angle ¢ of the
rays, when a=45, 50,
55, 60, 65, 70 and 75°
in the outward set-
ting, where OF =10
cm., s=bcm, and §=
0° (Fig. 10). We can
conclude that there
are more advantages
when we choose a
larger angle for a,
because the widths
of the mirrors are
smaller and the dis-
tribution of  the
quantities of the light
on the picture be-
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comes more uniform.

The effect of the stop upon
the picture

The 1st screen is set on the
left from O,4; in the 1st case,
and on the right from O,B, in
the 2nd case. When the f-num-
ber becomes larger, the effective
radius of the lens becomes smaller
and O, and O, come closer to O.
Therefore the screen becomes
relatively larger and a dark part
appears in the middle of the
picture. As it is hardly possible
to miake the screen adjustable,

5560 65 70  75°a

Fig. 10

45 50

the attachment ought to be designed for the state in which it is used

most frequently.
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