Nov. 30, 1948.

Filed June 4, 1947

D. B. BRADNER

2,454,987

CALCULATING MACHINE

Nt
o g
= I
9 %
0. Q
o M/t
770
0
s
84
[o})
N 8
S .
VA o
0
= o N
N """ -~ N
H Lr"fﬁf““jr 0
oA . ]
7R - -
—o0l-o |0 )
i - N7 A
ol EnlE,
—¢ | =9 | =R
— 0|00 :
RGNS O I8 B N O - N
v e q
O .
—3 | =R | B2 _ N
— —0H :\%: q
—R | —R | =9 IKR
0
0
—

4 Sheets—Sheet 1

| -
Y‘N ' 9
Q 1l =
ol ANRRRRTLAHE SLARRRRRAVAY o
i @\ ' 3 !
N e
R
D
2 it
B 1)
3
?—“‘Gé! ) o
) A=
. S 3
) : %4)
g =
o}
AP
e
& &
- 3 3 0
N Y
AN N A
o
&~
4
Y
{\.
N Lf)
{;—\-(‘. t() Nd) {8 [% "
Sl s e 0%
Seiois
Y
vede) ¢

/4 \\
_L.@g g
1 .

~= [\
DA A &
© (MTImR-e  © ~
LS ' (H i PQ Jrwentor
T . h‘ DONALD B. BRADNER
@ /1. i :
= | il |
4 & o m/éumbwwmm



2,454,987

4 Sheets-Sheet 2

D. B. ERADNER
CALCULATING MACHINE.

Nov. 30, 1948..
Filed June 4, 1947

TR

%

‘i‘g grwmﬂm

&
0
RADN

Q

=3
o}

\.O .
B

LI
&

Co
0
DONALD B.

ll

]
It

I

I
A
X

i

|

ot
Lz

-9
-Z.Z

|

&\

™

i
N

oS

Q
Dy
D
o,
X
oo
>
oo
.’.’

ONNNOZZIONNGH- o
m\aW‘\\ \ Sl . =3
LT T

o e
SR, Sy SN NN

. N § 8
L2 | Sy @O

Q\Qﬁ"’

5

KzuﬁoQ Flesnde WA gl [Barnonaa
ooy

By

o2 : ”ﬁmﬂ‘mmd.AHVMNDuwm



Nov. 30, 1948. ' D. B. BRADNER 2,454,987

CALCULATING MACHINE

Filed June 4, 1947 " 4 Sheets—Sheet 3
e
<L 7 125
7. 6. 15
P 9042 ) |_sg
a1 i 97
8% - 76
"
90w I~ 1250
72
' 120 301 100 4
o St soojmeny 99 o7
b 1 i =
; Wi = g7
| ' ”’//‘/ —
| 1}29 —
105 = =
N =
nz [ \\}‘%ﬁ§ N =
115 / T — D il "m!\:.\-\\l\\\\\\\% NN 8% —
— S T 72 Nab —
122 S Nm S8
. 7 : opa—
oL T | S =0
S | UL; =i
S I ¢ NN
rl 4’ 7 P21t
11 N
203 | 121 ‘! _ =k
' 110 [! il / 1 - ‘\\-‘"\»‘ @iolfg-
1 . A=
5 7 L B J//// ZN
143 o 15550073 5| 95 oz
62 60 11305 2o > 8s 88
13 as
87 Aa
SIS S Jremtor

s DONALD B. BRADNER

1 duanic s octe Wi, Memnrener
tornay 5



2,454,987

4 Sheets-Sheet 4

D. B. BRADNER
" CALCULATING MACHINE

Nov. 30, 1948
Filed June 4, 1947

WWJ‘

Jrwemaoy

AYNANN AN

L TG

)
G
Q
~

Q
Q
—

!

X\h;V
09
a9

" DONALD B. BRADNER

4 (2 e Ll Wi+

ST

I

L

UL
o

B m..m ¥at .& mﬂV f.



Patented Nov. 30, 1948

2,454,987

UNITED STATES PATENT OFFICE

2,454,987
‘CALCULATING MACHINE
Denald Byal Bradner, Cincinnati, Ohio
Application June 4, 1947, Serial No. 752,549
(CL. 235—79.5)

42 Claims.
1

This invention relates to calculating machines,
of the general type of slide rules, such as are used
for multiplying, dividing and carrying out other
mathematical computations.

The usual type of slide rule comprises a straight
rule or scale having g longitudinally-extending
recess in which a second rule or scale is slidably
mounted. Even a simple form of such slide ruies
has six scales and some of the more complicated
ones have as many as eighteen scales, distribused
on opposite sides of the rule.

Even with a simple form of slide rule of the
type referred to above, it requires considerable
training and experience before one can use it.
Moreover, the speed with which mathematical
computations can be made with such rules is not
as great as is desired.

Slide rules in the form of concentrically
mounted discs and parallel mounted cylinders
have been proposed, but for one reason or an-
other have been used only to a limited extent.

The present invention contemplates a calculat-
ing machine of the slide rule type which, com-
pared to generally similar types heretofore pro-
posed, can be operated faster and more accurately,
is smaller in size for equal degrees of precision,
and is simpler to operate and read and con-
sequently can be used by lesg experienced opera-
tors.

A characteristic of the calculating machine or
slide rule contemplated by the present invention
is that for multiplication or division three sub-
stantially identical movable logarithmic scales
are used, which may be designated A, B and C,
respectively. These scales are preferably of the
endless type, for example, if in cylinder form, a
single logarithmic scale from 1 to 10 extends
around the entire circumference of the cylinder,
the beginning of the scale 1 and the end of the
scale 10 being the same. The movement of the
scales in one direction relative to a line on the
frame may be designated as Ma, Mz, and Mg, re-
spectively, whereas their movements in the op-
posite direction may be designated as —Ma,
—Ms, —Mo. Calculating machines embodying
the present invention may be designated in which
the member carrying scales A and C are next
to each other and the member carrying scale B
is next to either of the other scale-carrying mem-
bers. But in the preferred forms of the machine,
the member carrying scale B is placed between
the members carrying scales A and C. The
member carrying the scale designated as B is
50 mechanically connected with the members
carrying scales designated as A and C that
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Ms+Me=Ms. From this relationship it will be
seen that if scale A is held stationary while scale
C is moved, scale B will move in the same direc-
tion and an equal distance as scale C, or in othar
words, if Ma=0, Mc=Msz. Likewise, if scale B 1s
held stationary while scale A is moved, scale C
will move an equal distance but in the opposite
direction, that is if Ms=0, Mas=—Mc. Consze-
quently, if the mechanical connection between
the scale-carrying members originally is such
that numbers 1 on all three scales coincide with
a stationary hair line carried on the frame of the
instrument, and a mechanical connection bhe-
tween. the frame and the scales permits simul-
taneous movement of all three scales only when
a relative movement in accord with the above
equation takes place between the scales, the num-
ber read under the hair line on scale B always will
be the product of the numbers on scales A and C
under the hair line.

The calculating machine of the present inven-
tion, as hereinafter specifically described, is so
designed that movement of the logarithmic scales

~ 1s s0 controlled, preferably by a gear or other type

of differential mechanism, that they move in ac-
cordance with the above equation. '
Another important feature of the present in-
vention is the provision of mechanism S0 con-
structed and arranged that movement of the three
logarithmic scales according to the above equa-
tion is obtained from a single drive shaft, thereby
simplifying the manner of operating the calculat-
ing machine, reducing the possibility of error and

- reducing the t:me hecessary to perform any

desired calculation.

In order that calculations of the desired order
may be carried out with a calculating machine
of the type contemplated by the present inven-
tion it is necessary, at least in some cases, that
the results of an initial computation be trans-
ferred from one to another of the logarithmmic
scales, 50 that the result of the first computation
may be used in further computations. There-
fore, a further feature of the invention is the
brovision of a suitable means by which such trans-
fers readily may be made.

The invention will be further described in con-
nection with the accompanying drawings in which

Fig. 1 is an edge view of a cylindrical caleulat-
ing machine or slide rule embodying the present
invention,

Fig. 2 is a sectional view on line 2-2 of Fig. 3,

Fig. 3 is a sectional view on line 3-3 of Fig, 2,

Fig. 4 is a longitudinal sectional view of a modi-
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fled form of the invention, the same being taken
on line -8 of Fig. 5,

Pig. 5 is a longitudinal sectional view taken on
line 5—5 of Fig. 4,

Fig. 6 is a transverse sectional view taken on
line 8—0 of Fig. 5,

Pig. 7 is a sectional view taken on line
Tig. 5,

Pig. 8 is a sectional view similar to Fig. 3, but
showing a further modified form of calculating
machine embodying the invention, and

Fig. 9 is a view similar to Fig. 2 taken on line
§—39 of Fig. 8.

Referring now to the drawings and first to the
form of the invention shown in Figs. 1 to 3, the
calculating machine or slide rule comprises a
housing consisting of side disc members 2 and 3
and & cylindrical casing 4 having a transversely-
extending slot 8 in which a viewing window 6 is
retained. A hair line 7 is scribed or otherwise
formed on the underside of the window 6. A
shaft 8, which is the main operating shaft of the
calculating machine is located parallel to but
eccentric to a line through the centers of the two
disc members 2 and 3. The shaft 8 has one of
its end portions so journaled in disc member 2
that the end thereof does not extend beyond the
outer face of said disc member, while the other of
its end portions is so journaled in disc member 2
that it protrudes through said disc member, as
shown in Fig. 3, a distance sufficient to permit an
operating knob 9 to be secuved thereto by any
suitable means.

Three auxiliary shafts 18, {02 and (8 are at-
tached to or formed integral with the main shaft
& at approximately the midpoint of that portion
of the main shaft which extends between the side
disc members. Planebary bevel gears ¢, {12 and
{iP are rotatably mounted on the distal end por-
tions of the auxiliary shafts {8, {82 and {8°, Bach
cf the planetary bevel gears meshes with bevel
gears 14 and 5. Bevel gear (4 is permanently
fastened to the inner side of a spur gear (8§ to
form a gear unit which is retatably mounted on
tne main shaft 5 opposite the inner face of disc
member 2. Likewise, bevel gear §5 is permanently
fastened to the inner side of a spur gear {7 to
form a second gear unit which is rotatably
mounted on the main shaflt 8 opposite the inner
face of disc member 3, both of said units being
positioned on the main shaft 8 to correctly mesh
bevel gears 14 and i5 with the bevel gears on the
auxiliary shafts 18, 182 and 18>,

The main shaft 8, the auxiliary shafts {8, {82
and {8°, the planetary bevel gears on said auxil-
iary shafbs, and bevel gears 14 and {5 comprise a
main differential of the calculating machine,
WMotion is fransmitted from this main differential
to a second differential, and from said second dif-
ferential to three coaxially disposed druins 18, 28
angd £i which are peripherally graduated with
identical logarithmic scales A, B and C respec-
tively.

The main shaft 22 of the second differential has
its end portions rotatably journaled in aligned
bearing copenings in side members of the housing.
Two gear units are rofatably mounted on the
main shaft 22. One of the gear units is com-
posed of a small spur gear 2% and a small bevel
gear 27 secured to the inner side face thereof.
The other gear unit is composed of g small spuy
gear 28 and a small bevel gear 29 secured to its
inner face. Spur gear 25 meshes with spur gear
{8, and spur gear 28 meshes with a spur gear 38
which, in turn, meshes with the spur gear {7, Fig.
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2. The spur gear 386 constitutes an idler between
spur gears 28 and {7 and is rotatably mounted on
a shaft 81 which is fixedly journaled in the side
member 3, and offset t0 one side of a line passing
between the centers of the main shaft 22 and
main shaft 3.

Spur gear 26 also meshes with an internal gear
{32 formed on the inner periphery of the drum 18;
and the spur gear 28 meshes with an internal
gear 212 formed on the inner periphery of drum
21,

Three auxiliary shafts 83, 382 and 23b are at-
tached te or formed integrally with and spaced
equidistantly around the main shaft 22 of the
second differential, at approximately the mid-
point thereof, The free ends of the auxiliary
shafts are permanently fastened in openings in
the inner surface of a ring gear 37 which en-
circles the second differential and meshes with
an internal gear 282 formed on the inner veriph-~
ery of the drum Z8. Planetary bevel gears 38,
332 and a8P are rotatably mounted at approxi-
mately the midpoints of the auxiliary shafts 33,
282 and 38", respectively. Each of the planetary
gears meshes with the small bevel gears 27 and 28.
The bevel gears on the shafts 83, 33» and 3%, and
bevel gears 287 and 28, the auxiliary shafts 33, 33~
and 33°, and the main shaft 22 constitute the
second differential.

The thres drums 18, 28 and 21 are supported by
Tour series of balls, 40, &1, 42 and &2 which ride
in sligned circular grooved races formed in the
inner sides of the side members 2 and &, and in
the opposite side faces of the drums 19, 20 and
21, as shown in Fig. 8. These balls are properly
positicned in the grooves in which they ride by
retainers 48, §9, 51 and 52 provided with aper-
tures at spaced intervals along a concentric cir-
cle to receive said balls.

Finger brakes B3, 54 and 55 are spaced trans-
versely of the cylindrical casing & approximately
opposite the side therecf to which the viewing
window 6 iz atbached. Fach of the Anger hrakes
is in the form of a spring arm having one end
thersof permanently fastened to the outside of
the ecasing 8, and its other end bent substantially
at right angles and passing through an opening in
the casing. The free ends of the spring arms
which extend within the casing are provided with
brake shoes 3%, and 542, and 552 which friction-
ally engage the periphery of drums 18, 28, and 21,
respectively, to prevent rotation of said drums
when pressure is applied to said brakes. In opera-
tion however, it is necessary to brake only one
gdrum atb a tiime as will be hereinafter expiained.

The side of drum 18 nearest the side member 2,
has a radially-extending groove 59 located ap-
proximately midway between the internal teeth of
the drum and the ball race formed in the oufer
side of the drum {8,

A spring member 88, for stopping votation of
the drum {8, has one ¢f its ends fastened to the
outer surface of the disc member 2, and its othey,
or free end bent at substantially right angles
and protruding through an aperture in the side
member 2, said free end being provided with an
engaging shoe 6 which may be formed integrally
therewith.

When a transfer cperation is to be performed,
as later described, it is only necessary that the
stopping member 83 be pressed inwardly until
the shoe 8f engages the outer side of the drum
{9 and that drum then rotated until the groove
B9 comes opposite the shoe &1, whereupon the
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shoe snaps into the groove, stopping further ro-
tation of the drum.

For the correct operation of the csleulating
machine it is necessary that whenever one of the
outside drums 18 or 24 is braked, the other out-
side drum and the middle drum move the same
angular distance in the- same direction. Since
an- ordinary differential has an inherent step-
down ratio of one-half, it is necessary that the
ratio of ring gear 37 to internal gear 282 be twice
the ratio of spur gear 25 fo the iniernal gear 182,
and also twice the ratio of spur gear 28 to in-
ternal gear 2i2,

In the operation of the calculating machine, it
is necessary, when a transfer is to be made, to
brake the middle drum 29 and have:the outside
drums 198 and 21 rotate the same angular dis-
tance in opposite- directions. For that purpose,
the idler gear 38 is inserted between. the spur
gears [T-and 28, and the pitch diameter of in-
ternal gears. §82 and 212 is the same. Except as
noted- above with respect to the internal gears
on drums 19, 20 and 21, and the gears with which
they engage, the relative sizes and ratios of the
other gears is relatively unimportant.

The insertion of the idler gear 38 requires that
spur gear {7 be smaller than spur gear {6, but
this does not adversely affect the operation of the
calculating machine, If the outside drum. {9 is

braked, all the motion from the operating shaft 8 3

is transmitted through spur gear {1, and since
the correct ratio has been maintained between
drums 20 and 24 and ring gear 37 and spur gear
28, respectively, those drums will move the same
angular distance in the same direction; or if the
outside drum 21 is braked, and the knob 9 is
turned, drums {9 and 20 will move the same
angular distance in the same direction. The
only difference is that since the ratic. of spur

gear {7 to spur gear 28 is smaller than the ratio -

of spur gear 16 to spur gear 26, it will be neces-
sary for the operator to turn the operating knob
9 a greater amount when drum 19 is braked than
when dum 2! is braked, in order to get the same

angular rotation of drums: {9 and 28, as com-*

pared to drums 19 and 21.

Also, there is no adverse effect on the calculat-
ing machine as a result. of spur gears {6-ang {1
being of different sizes when the center drum

20.is braked and the knob 8 turned. With the

gear train between drum 12 and drum 2! con-
sisting of spur gear 28, bevel gears 271 and 28,
bevel gears 38, 382 and 38°, and spur gear 28; any
braking of the center drum 2U causes the above-
named train of gears to bhecome idlers beftween
said: drums, because bevel gears 38, 382 and 38v
cannot rotate about the main shaft 22 of the
second differential. As there are an odd num-
ber of gears in the gear train, the drums {9 and

21 which are of the same size must rotate through'

the same angular distance in opposite directions
if they are to rotate at all.
In assembling the calculating machine, it is

important that the three drums 19, 20 and 21i.

be positioned with the numeral 1 on the logarith-
mic scale of each drum appearing in transverse
alignment below the hair line 7 on the window 6.
It is.also necessary when drum 19 is in this posi-

tion, that the groove 59 be opposite the stopping
member 60, so that whenever the stopping mem-

ber engages said groove the numeral 1 of the
scale on drum (8 will appear below the hair
line 1.

The manner of operating the calculating ma-

chine as herein described can bast be explained-
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6
by an illustrative example; for instance the-mul-
tiplication of 3 by 4 by 5. With none of the
scales- braked' the operating: knob. 8 is: rotated
until one of the numerals 3, 4. or 5 on-either of

the outside scales-A or C, appears below-the hair
line 1. If, for example, the numeral.3 on scale

C first appears below. the hair line; that scale is
braked by pressing on finger brake. 55:and this
setting maintained. The operating knob § is
then rotated until either the numeral 4 or 5 on
the other outside scale, scale A, appears below
the hairline. Suppose it is the numeral 4 that
first - appears below the hairline. The- product
12.0of 3 on scale:C and 4 on-scale A will appear
below- the hairline on the middle scale B.in:ac~
cordance: with the- logarithmic and algebraic
equation Ma +-Me = Mp. The product 12 of 3
and 4: appearing. on the middle scale B is now
transferred to the outside scale C by pressing on
the finger brake 54 to brake scale B, pressing
stopping member 68 against the side of drum 19
and rotating the operating knob % until the
stopping member snaps .into the groove.§8 in the
side of the drum {8. As before explained, when
the stopping member engages the groove. §9, the
numeral 1 on:scale A.appears.below the hairline 1.
During movement of: scale A to the position in
which the numeral 1 thereon moves beneath the
hairline, scale C moves to.a. position in which the
numeral 12 on it is beneath the hairline so that
the product of 3 and 4 now appears beneath the
hairline on scale C.. Finger brake 84 'and stopping
member 60 are now released:and pressure is ap-
plied to finger brake §5 to brake drum C so that

& the numeral 12 thereon is held keneath the hair-

line. The operating knob ¢ is now rotated until
the numeral 5 on scale A appears below the hair-
line, During such movement of scale A, scale B
will be brought to a position such that the nu-
meral 60 thereon, the product of 5 on scale A and
12 on scale C, will appear beneath the hairline.
Divisions can be performed with the same ease
and- gcecuracy as multiplications. For example,
showid it be desired to divide 69 by b, the knok 9

5 is rotated until the numeral 68 on the middie

scale B appears below the -hairiine. Finger brake
B4 is then pressed inwardly to brake this scale
and this scale held in that position while the
knoh-§-is rotated to bring the numeral 5 on either
of the outside scales, for exampie, the scale C,
beneath the hairline. During this movement the
other outside scale, in this instance scale A, will
bz moved to a position such that the number 12
thereon, the quotient, will be beneath the hair-
Should’ it be desired to carry out a series
of divisions, such as dividing 60 by 5, and the
quotient thereof by 3, the operating knob 9 will be
rotated until the numeral 60-on the middle scale
B appears beneath the hairline, whereupon the
finger brake 54 is pressed inwardly to brake that
scale and that scale maintained in that position
while the knob 9 again is rotated to bring the
numersl 5 on scale A beneath the hairline. Dur-
ing such rotation cof scale A, scale C will be
brought to a position such that the numeral 12
thereon, the quotient, will appear below the hair-
iine, as described above. The quotient 12 is now
transferred fromr scale C to the middle scale B,
by braking the drum.carrying the scale C and
maintaining. it braked and the stopping member
85- depresced-while rotating the operating knob
9 until the stopping member snaps into the groove
55 in the side of the drum {9 carrying the scale
A; at-which time the numeral 12-on scale B-will
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appear below the hairline. The drum carrying
the scale B is maintained in that position by
braking it with finger brake $4 while the operat-
ing knob 9 again is rotated until the numeral 3
on either of the outside drums carrying scales
A or C appears beneath the hairline, at which
time the numeral 4, “the quotient,” on the other
outside scale will appear beneath the hairline.

It will be noted that when a series of divisions
is to be carried out necsssitating a transfer of
the first or succeeding quotient from an outside
drum to the middle drum carrying scale B, it is
necessary, in carrying out each individual di-
vision that the operating knob 9 be rotated until
the divisor on the scale A appears beneath theg
hairline so that the quotient will appear beneath
the hairline on scale C, thereby enabling the
guotient subsequently to be transferred to scale B.

In the form of the invention just described the
differential is of a conventional gear type. How-
ever, it is obvious that the invention is not lim-
ited to the use of such a differential, and, if de-
sired, the gear differential disclosed might be
substituted by s ball-type differential of any suit~
able and known construction.

In Figs. 4 to 7, there is shown a form of calcu-
lating machine in which the scales are formed
on endless tapes, instead of on rotatable drums,
as in Figs. 1 to 3 inclusive. In this form of the
invention the housing comprises a top i, bottom
12, ends 78, and 14 and sides 75 and 76.

The top 71 has & transverse slot 71 approxi-
mately midway its lensth in which a viewing
window 18 is retained. A hairline 79 is scribed
or otherwise formed on the underside of the
window 78. .

A main operating shaft 8 is journaled in the
end 73 at about the center thereof and has one
of its end portions protruding outwardly from
the face of said end a distance sufficient to permit
an operating knob 82 to be fastened thereto. The
other end of the shaft 8! protrudes inwardly a
distance sufiicient to permit two spur gears 83
and 34 to be mounted thereon in spaced relation.
Spur gear 84 is rotatably mounted on shaft 81
and positioned next to the inner face of end 73.
Spur gear 83 is fixedly mounted on the end of
shaft 81 remote from the operating kunob and
meshes with a ring gear §% mounted on and en~
circling a first differential having a main shaft
&8, one end of which is fixedly journaled in the
end member 73 between the operating shaft 8{
and the inner face of side 5. If desired, the
inner end of the shaft 8% may be supported by
any suitable means in order to provide a more
stable support for said shaft.

In order to chtain the most compact unit, the
housing is so constructed that it just encloses the
operating elements of the calculating machine.
However, ag the ring gear 85 protrudes outwardly
farther than the other elements, the housing is
formed with an opening 87 in the side 75, per-
mifting the protruding portion of the ring gear
to enter said opening. A dished cover member
88 is fastened to the outside of the side 75 and
covers the opening without contacting the ring
gear.

Three auxiliary shafts 99, 882 and 98%, are per-
manently fastened in equally spaced openings
on the inner surface of the ring gear 85, each
auxiliary shaft being held by one of its end por-
tions.

Planetary bevel gears 94, 912, and 91* are rotat-
ably mounted on the inner or free ends of the aux-
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iliary shafts 90, 902 and 20P and mesh with a
bevel gear 92 and with one side of a double bevel
gear 93. :

Bevel gear 92 and a spur gear 94 permanently
fastened to its outer face comprise a gear unit
which is rotatably mounted on the main shaft
89 cof the first differential so that the bevel gear
92 properly meshes with the planetary gears §f,
8{> and 9ib. A double bevel gear 83 is rotatably
mounted on the distal end of shaft 88 and po-
sitioned to properly mesh its inclined gear sur-
face 932 with the planetary bevel gears and alsc
to properly mesh its other inclined gear surface
93k with the teeth of a ring gear 85 formed at
one side of a drum 86.

Spur gear 94 meshes with spur gear 84 which
in turn meshes with a spur gear 97 fixedly
mounted near one end of a shaft 98 and posi-
tioned opposite the inner face of the end 13 of
the housing. Shaft 98 has its end porticn, on
which the spur gear 97 is mounted, rotatably jour-
naled in end 13 and located between the operat-
ing shaft 8f and the inner face of the side 78.
The inner or distal end of the shaft 98 may be
supported in any suitable journal.

A evel gear 99 is fixedly mounted on the
distal end of shaft 98 and meshes with the teeth
of a bevel ring gear {838 formed at one side of a
drum {01,

A drum 1§82 is positioned hetween and in axial
alignment with drums 86 and i8i. Drums 9%,
102 and 101, respectively, form the supporting
and driving means for three endless tapes {63,
104 and (05, which carry identical logarithmic
scales Al, B! and C!, respectively.

In order to retain the tapes (03, {84 and {85
on their respective drums, the drums are pro-
vided with suitable side flanges as shown in Fig. 7,
the bevel ring gears 95 and {80 forming the outer
side flanges for the drums 86 and 184, respectively.

The drums 96, (01, and 182 are spaced coaxi-
ally about a main shaft 168 of a second difieren-
fial which is fixedly journaled in the sides I8
and 716 of the housing and has its end portions
substantially flush with the outer faces of said
sides.

Bach of the driving drums 86, {84, and {82
is provided with three inwardly extending guxii-
iary shafts; drum 95 having shafts {18, {182 and
f185 drum 102 having shafts {11, {{{z2 and (i
and drum 101 having shafts {12, {122 and fi2b,
The outer ends of the three auxiliary shafis
carried by each drum are permanently fastened
in equally spaced openings in the inner surface
of their respective drum. Each of the auxiliary
shafts has a planetary bevel gear rotatably
mounted on its inner or distal end, the bevel
gears on shafts 110, 1182 and 1100 heing desig-
nated by reference characters ({3, {132 and {{3>;
the bevel gears on shafts {11, {{{2 and {{{P being
designated by reference characters {4, { {42 and
1 {4b; and the bevel gears on shafts {12, ({22 and
112> being designated by reference characters
{15, 1452 and (5P,

Stationary bevel gears {19 and €28 are mounted
about shaft 108 and permanently fastened to the
sides 15 and 16 respectively. Bevel gear {9
meshes with the planetary bevel gears on the
auxiliary shafts 110, {82, (6% and bevel gear
120 meshes with the planetary hevel gears on the
auxiliary shafts (12, (128 and {12k,

Double bevel gears [2{ and {22 are rotatably
mounted on shaft (03 and so positioned there-
along that one inclined face of double gear 121
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meshes with the planeftary bevel gears on the
auxiliary shafts 110, 110® and 11€* and its other
inclined face meshes with the planetary. bevel
gears on the auxiliary shafts {11, ({12 and 11{P,
Likewise, one inclined face of double gear 122
meshes with the planetary bevel gears on the
auxiliary shafts 111, 1412 and 111>, and its other
inclined face meshes with the planetary bevel
gears on the auxiliary shafts t12, ({22 and {{2b,

The main shaft {89, the auxiliary shafts, the
planetary bevel gears on said auxiliary shafts,
the stationary bevel gears 1 (9 and 126, and double
bevel gears 121 and 122 constitute the second
differential cf this form of the calculating
machine. .

The endless tapes 103, 104 and 105 are sup-
ported by drums 86, 102 and 01, respectively,
and three sets of freely rotatable spools which are
s0 positioned in the housing that the maximum
length of tape can be utilized in the smallest
amount of space. This is important since the
length of the tapes determines the accuracy to
which the scales may be read. The friction be-
fween the respective tapes and their driving
drums is sufficient to prevent slipping of the
tapes. However, if desired, additional means to
prevent slippage of the tapes with respect to the
driving drums may ke provided without depart-
ing from the scope of the invention.

As shown in Fig. 5 each of the endless scale-
carrying tapes, in addition to extending around a
major portion of the driving drums 86, 181 and
182 by which they are driven, also pass around
a, series of spools loosely mounted on supporting
shafts 123, {282, 123% and (23° positioned near
the end 74 of the housing, shafts, {24, {24= and
{245, positioned nsar the driving drums, at the
sides thereof remote from end 73 of the housing,
and shafts 125 and 1252 positioned at the opposite
sides of the driving drums, near the end wall
13. Each of the supporting shafts have their
ends fixedly supperted in the side walls 78 and
75 of the housing.

The supporting shafts 128 and {25 are posi-
tioned adjacent the top wall T4 of the housing so
that the upper flights of the endless tapes passing
hetwzen the spools on these shafts will pass close
to the inner side of the window 78, thereby en-
abling the scales carried by them readily to be
read through the window.

Finger brakes {32, 133 and {34 are spaced trans-
versely of the end 14 approximately opposite sup-
porting shaft 123. These brakes are adapted,
when finger pressure-is applied to them, to fric-
tionally contact with the endless tapes 103, 194
and (85 to prevent movement thereof, and there-
hy prevent movement of the operating drums 83,
{82 and 101, g

The side of operating drum §8 nearest the wall
15 has a radially-extending groove {41 located
approximately midway between its inner and
cuter peripheries. A spring member $8° for
stopping the rotation of the operating drum 98
and through it tape 183, has one of its ends fas-
tened to the outer surface of the side wall 15,
and its other, or free end protruding through an
aperture 52’ in said wall; the free end being
vrovided with an engaging portion 143 which may
ne formed integrally therewith.

When a transfer operation such as described
in connection with the form of the invention
shown in Figs. 1 to 3 is to be performed, it is only
necessary that member 60’ be pressed inwardly
until the end portion 143 engages the side of
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driving drum 86 and that drum then rotated until
the groove 141 comes opposite the end portion
143, whereupon the said end portion snaps into
the groove stopping further rotation of the driv-
ing drum, and through it further movement of
tape 103.

The manner of operating and the initial ad-
justments necessary with respect to this form
of the calculating machine, and the principle on
which it operates are the same as described in
connection with the previcusly described form of
the invention. Therefore, when the middle tape
164 is braked by depressing finger brake {33, and
the knob 82 rotated, the outside tapes, tapes 153
and 105 will move the same distance in opposite
directions; and when either of those outside
tapes is hraked as by depressing either finger
brake 132 or {34, the remaining outside tape and
the center tape will move the same distance in
the same direction.

The second differential of this form of the in-
vention does not have the inherent 2 to 1 step-
down ratio that is common to most differentials
and to both of the differentials used in the pre-
vious form of the invention. Hence it is not nee-
essary in this form of the inventicn to use gears
having special ratios as is necessary in the pre-
viously described form of the invention.

In the form of the invention shown in Pigs. 8
and 9 the housing consists of side disc members
2’ and 3’ and a cylindrical casing 4’ which is pro-
vided with a window & having a hair line 7’
formed thereon. . ‘

A shaft 149, which is the main operating shaft
of this form of the invention, is journaled in
side members 2" and 3’ and is provided with an

Aoperating knob 9.

A retainer disc 158 is attached to or formed
integral with the main shaft {49 and serves as a
retainer for balls {81 which ride against oper-
ating disc gears 152 and (53, said operating disc
gears being kept in contacting relation with said
halls by pressure discs {54 and {55, retainers 156
and {57 and secondary steel balls (58 and {59,
said parts constituting the main ball bearing
differential cof this form of the calculating
machine. .

Motion is fransmitted from the main differ-
ential to a secondary ball bearing differential
through operating disc gears (52 and 153, disc
gear 152 meshing with an internal gear (822
formed on the inner surface of g drum 182, and
disc gear 53 meshing with a spur gear {85, which
in turn meshes with internal gear 1832 formed
on the inner surface of a drum 183, said drums
being part of the secondary differential. Drums
182 and {83 are positioned on either side of a
third drum 184, all the drums being peripherally
graduated with identical logarithmic = scales.
These drums are rotatably and coaxially sup-
ported inside the housing by a clamping cage
{85, hardened rings {88 and 187, and three sets
of palls {88, 189 and 180.

The clamping cage 185 consists of two hard-
191 and 182 and circum-
ferentially spaced curved resilient bridging mem-
bers 193, 194 and 185, The hardened side mem-
bers {181 and {82 are in the form of rings and are
positioned in spaced relation to each other by the
bridging members 192, 184 and {95, each of which
is secured to both of the side raembers af equi-
distantly spaced intervals around said side mem-
bers, as shown in Fig. 9. The hardened side
member {91 is fastened to the inner surface of
disc 2’ by screws or other suitable means.  Cir-
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cular grooves are formed on the inner side faces
of the side members {9f and {82 to provide outer
races for balls 188 and 188, respectively.

The scale-carrying drums (82, {83 and {84 are
T-shaped in cross section and each is provided
with apertures at spaced intervals in the vertical
leg of the T along a concentric circle to recsive
the balls 188, (89 and {93, respectively. Rach of
the hardened rings {188 and 187 is formed with
concentric grooves on ils opposite sides. The
grooves in the outer sides of said ring form the
inner races for balls 188 and 198, respectively;
while the grooves on the inner sides of the rings
form the opposite races for balls {83.

The drums 82, 183 and 184, hardened rings
i86 and 1871, balls 188, 189 and {98 and the
clamping cage 185 constitute the secondary ball
bearing differential. "The various parts of this
differential are held in proper contact with one
another due to the resilient nature of the bridging
members 183, 194 and 185, and the spacing of
the side members 181 and 192 relative to the
combined thickness of balls 188, 189 and 188 and
rings 186 and 181. Suitable means may be pro-
vided for adjusting the forces exerted inwardly
from side members 181 and §92. The forces
created by this construction are sufficient to pre-
vent slipping between the balls and the races in
which they ride.

Finger brakes 53’, 54° and 55’ are secured on
the cylindrical casing 4’ to permit braking of
any desired drum. The drum {82 has a groove
B9’ in its outer surface which cooperates with =
stopping member 68’ which is secured to side
disc member 2’. When a transfer operation,
such as described in connection with the form of
the invention first described, is to be made, the
stopping member €8’" is pressed inwardly and
the knob 9’ rotated until the stopping member
snaps into the groove 59°.

In this form of the calculating machine the
pressure discs 154 and 155 are adjusted along
the shaft 149 so that there is sufficient pressure
between the operating disc gears 52 and (52 to
prevent slipping of the balls 151 relative to the
disc gears.

The manner of operating the calculating ma-
chine of this form of the invention is the same
as described in connection with the form of
invention disclosed in Figs. 1 to 3.

Although the description of the invention has
been given for single logarithmic scales from
1 to 10, which are called C and D scales, it is
obvious that any other scales such as A, B, sin,
tan, log ete. which are provided on ordinary slide
rules can be used. Also the three identical scales
used in the invention may be of the inverted
type, like the CI scale, in which case, the opera—
tions of multiplication and division will be per-
formed in the manner set forth herein.

If desired, the windows used on any of the
forms of the invention may be replaced by a
magnifying glass to give more accurate readings.

It will be appreciated that the invention dis-
closed in this application has important advan-
tages over prior calculating devices. One of the
most important advantages is that unskilled op-
erators may multiply or divide any series of
numbers with little chance of error. For ex-
ample, when the operator has obtained the guo-
tient or product of two numbers and desires to
divide or multiply this product or quotient by a
third number, he may, by use of the transfer
mechanism, mechanically transfer the product or
quotient to the proper scale, thereby eliminating
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any reliance on the memory of the operator.
The transfer operation is practically automatic
since the operator, without looking at the scales
can press the correct brake and the stopping
member, and rotate the operating knoh until the
stopping member snaps into place.

If desired two knobs may be connected to the
main operating shaft by gears having different
ratios. In such case, one knob would be used lor
rapid movement and the other knob woud be
used for vernier movement.

In the present calculating machine the loga-
rithmic scales always are maintained in proper
alignment, even when all the brakes are released,
and, therefore, are not subject to misaligsnment
stuch as in the case in certain forms of calculat-
ing machines heretofore proposed, It will be
noted that once the proper initial adjustments
have been made, it is impossible for the scales
to become misaligned.

The several forms of the invention herein spe-
cifically described are merely exemplifications of
the invention and it is to be understood that var-
ious changes may be made in the several forms of
the Invention disclosed without departing from
the invention or sacrificing any of the advantages
thereof.

¥ claim: ]

1. A calculating machine comprising a2 housing,
three movable scale members mounted in said
housing, means for moving said seale members
including means for controlling the movement
of each of said scale members relative to the other
two scale members and relative to said housing,
said means being so constructed and arranged as
to substantially maintain the algebraic relation-
ship Ma+Me=Ms, in which Ma, Mc and Ms
represent the linear movement of the respective
scale members in the same direction relative to &
fixed point on said housing.

2. A calculating machine as defined in claim 1
in which the movable scale members carry iden-
tical logarithmic scales.

3. A calculating machine as defined in claim 1
in which the means for controlling the movement
of each of said scale members relative o said
housing includes differential driving machanism.

4. A calculating machine as defined in claim 1
in which the means for moving said scale mem-
bers includes a single operating shaft and oper-
ating means connecting said shaft to said scale
members.

5. A calculating machine as defined in claim 1
in which means are provided for selectively pre-
venting movement of each of said scale members
relative to said housing while permitting move-
ment of the other two scale members relative to
said housing.

8. A calculating machine as defined in claim 1
which includes means for selectively maintaining
cach of said scale members immovable and in
which means are provided for bringing one scale
member to a predetermined position with respect
to said housing when one of the other two scale
members is maintained immovable with respect
to sald housing and the operating means is op-
erated to move said one scale member and the
third scale member, the relationship of the scale
members to one another being such that the third
scale member arrives at a predetermined position
with respect to the scale member which is main-
tained immovable at the same time that the said
one scale member arrvives at its predetermined
position.

7. A calculating machine as defined in claim 1
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which includes means for selectively maintain-
ing each of said scale members immovable, in
which the scale members carry logarithmic scales
and in which means are provided for automati-
cally engaging and bringing one scale member o
o, predetermined position with respect to said
housing when one cof the other two scale members
is maintained immavable with respect to said
housing and the operating means is operated to
move said one scale member and the third scale
member, the relationship of the scale members
to one another being such that the logarithmic
scale on the third scale member comes into align-
ment with the legarithmic scale on the scale
member which is maintained immovable at the
same time that the said one scale member arrives
at the predetermined position.

2. A calculating machine as defined in claim 1
in which the scale members are endless belts.

9. A calculating machine as defined in claim 1
in which the scale members are cylinders.

10, A calculating machine as defined in claim 2
in which the means for controlling the movement
of each of said scale members relative to said
housing includes differential driving mechanism.

11, A calculating machine as described in claim
% in which the means for moving said scale mem-
hers includes g single operating shaft and oper-
ating means connecting said shaft to said scale
members.

12. A calculating machine as defined in claim 2

in which means are provided for selectively pre-

venting movement of each of said scale members
relative to said housing while permitting move-
ment of the other two scale members relative to
sald nousing.

13. A calculating machine as defined in claim 2
in which means are provided for bringing one
scale member to a predetermined position with
respect o said housing while simulfaneously
maintaining one of the other two scale members
immovable with respect to said housing and mov-
ing the third scale member into a predetermined
position with respect to the scale member which
is maintained immovable.

14, A calculating machine as defined in claim 3
in waich the means for moving said scale mem-
bers includes a single operating shaft and oper-
ating means connecting said shaft te said scale
members.

i5. A calculating machine as defined in claim
3 in which means are provided for selectively pre-
venting movement of each of said scale members
velative to said housing while permitting move-
ment of the other two scale members relative tc
s2id housing.

16. A calculating machine as defined in claim 3
in which means are provided for bringing one
zcale member tc a predetermined position with

: to seid housing while simultaneously
maintaining one of the other two scale members
immaovable with respect to said housing and mov-
ing the third scale member into a predetermined
position with respect to the scale member which
is maintained immovable.

17, A calculating machine as defined in claim 3
in which the scale members are endless belts.

18, A calculating machine as defined in claim 3
in which the scale members are cylinders.

19. A calculating machine as defined in claim 4
in-which means are provided for selectively pre-
venting movement of each of said scale members.
relative to said housing while permitting move-
ment of the other two scale members relative to
said housing.
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20. A calculating machine as defined in claim 4
in which means are provided for bringing one:
scele member o a predetermined position with
respect to said housing while simultaneously
maintaining one of the other two scale members
immovable with respect to said housing and mov-
ing the third scale member into a predetermined
position with respect to the scale member which
is maintained immovable.

21. A calculating machine as defined in claim 4
in which the scale members are endless belts,

22. A calculating machine as defined in claim 4
in which the scale members are cylinders.

23. A calculating machire as defined in claim
5 in which means are provided for bringing one
scale member to g predetermined position with
respect to said housing while simultaneously
maintaining one of the cther two scale members
immovable with respect to said housing and mov-
ing the third scale member into a predefermined
position with respect to the seale member which
is maintained immovable.

24. A calculating machine as defined in claim 29
in which the scale members are endless belts and
carry identical logarithmic scales, in whicly the
means for controlling the movement of each of
said scale members relative to said housing in-
cludes differential driving mechanism, and in
which means are provided for selectively pre-
venting movement of each of said scale members
relative to said housing while permitting move-
ment of the other two scale members relative to
said housing. ‘

25. A calculating machine as defined in claim 20
in which the scale members are cylinders and
carry identical logarithmic scales, in which the
means for controlling the movement of each of
gaid scale members relative to said housing in-
cludes differential driving mechanism, and in
which means are provided for selectively pre-
venting movement of each of said scale mem-
kers relative to said housing while permitting
movement of the other fwo scale members rela-
tive to said housing.

28. A calculating machine as defined in claim 20
in which the scale members are endiess belbs,
in which the means for controlling the mgovement
of each of said scale members relative to said
housing includes differential driving mecharism,
and in which means are provided for selectively
preventing movement of each of said scale mem-
bers relative to said housing while permitiing
movement of the other two scale membpers rela-
tive {0 said housing.

27. A calculating machine as defined in claim 20
in which the scale members are cylinders, in
which the means for controlling the movement of
each of said scale membpers relative to said hous~
ing includes differential driving mechanism and
in which means are provided for selectively pre-
venting movement of each of said scale members
relative to said housing while permitting move-
ment of the other two scale members relative to
sald housing.

28. A calculating machine comprising a plu-
rality of movable scale members provided with
logarithmic seales, o single operating shaft, and
means for transmitiing power from said shaft to
said scale members, each of said scale members
being movable relative to one cother and to the
operating shaft, sald power-transmitting means
being so constructed and arranged that when the
operating shaff is operated, the scale members
can move relative to said operating shaft only in
a predetermined relationship,
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28. A calculating machine comprising a plu-
rality of movable scale members provided with
logarithmic scales, a single operating shaft, and
means for transmitting power from said shaft to
said scale members for moving said scale mem-
bers, said power-transmitting means including
diffevential means, each of said scale members
being movable relative to one another and to the
operating shaft, said differential means being
such that when the operating shaft is operated,
the scale members can move relative to said
operating shaft only in a predetermined
relationship.

30. A calculating machine comprising a plu-

rality of movable scale members provided with ;

logarithmic scales, means for preventing move-
ment of at least one of said scale members, a
single operating shaft, and power-transmitting
means between the operating shaft and the scale
members including first and second differential
means, said first differential means being coh-
nected to the second differential means and said
second. differential means being connected to said
scale members, said connections being such that
when one of the scale members is prevented from
movement and the operating shaft operated, the
remaining scale members move relative to said one
scale member in a predetermined relationship.
31, A calculating machine comprising s plu-
rality of movable scale members provided with
logarithmie scales, a single operating shaft, and
power-transmission means including first and
second differential means, said movable scale
membhers constituting a part of said second dif-

ferential means, a part of the power-transmission

means, including the first differential means, con-
necting said operating shaft to said scale mem-
bers for moving said scale members, means for
preventing movement of at least one of said
scale members, the last-named connection being
such that when said cne of the scale members
is prevented from movement, the remaining scale
members move relative to said one member in a
predetermined relationship.

32. A calculating machine comprising three
movable scale members provided with logarithmic
scales, the scale members being so arranged as to
constitute a middle and two outside scale mem-
bers, operating means connected toc said scale
members for moving said scale members, trans-
fer means including a first cooperating member
mounted on a part of the machine which is sta-
tionary with respect to said scale members and
a second cooperating member located on one of
the oubside movable scale members, said cooper-
ating members having cooperating and non-co-
operating positions, said second cocperating mem-
ber being so positioned on said one cutside mov~
able scale memher with respect to the logarithmic
scale thereon and the first cooperating member,
that when either of the other movable members
is prevented from moving, and the operating
means operated to an extent such as to bring
the cooperating members into cooperating posi-
tion, the logarithmic scales on said other mov-
able members are aligned. )

33. A calculating machine comprising three
endless tapes provided with logarithmic scales
and so arranged as to constitute a middle and
two outside tapes, separate supporting means for
each of said tapes, said tapes, in the operation
of the machine, being movable only when the
supporting means are moved, an operating shafi,
braking means for each of said tapes, power-
transmission means including a first differential
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means connecting said operating shaft to the
supporting means for the tapes, a second differ-
ential means connecting the several supporting
means for the tapes to one another, and transfer
means including a first cooperating member
mounted on a part of the machine which is sta-
tionary with respect to said tapes and a second
cooperating member located on the supporting
means for one of the outside tapes, the first and
second cooperating members having cooperating
and non-cooperating positions and being normal-
Iy in non-cooperating relation, said second coop-
erating memmber heing so positioned on the sup-
porting means for said one ocutside tape with
respect to the logarithmic scale thereon and the
first cooperating member, that when either of
the other tapes is braked, and the operating shaft
operated to an extent such as to bring the first
and second cooperating members into cooperat-
ing position, the logarithmic scales on the said
other tapes are aligned.

34. A calculating machine comprising three co-
axially-disposed rotatably-mounted drums with
logarithmic scales on their peripheries, said drums
being provided with apertures at spaced inter-
vals and being so arranged as to constitute a
middle and two outside drums, braking means for
each of said drums, an operating shaft for mov-
ing said drums, and a first differential means
including said drums, a race member disposed
between each of said ouiside drums and the mid-
dle drum, a first set of operating balls positioned
in the apertures in the middle drum and con-
tacting both of the races, a second set of operat-
ing balls positioned in the apertures of one of the
outside drums and contacting the race closest
that drum, a third set of operating balls posi-
tioned in the apertures of the other of said out-
side drums and contacting the race closest that
drum and means for forcing said operating balls
against the races which they contact to prevent
said balls from slipping relative to said races, a
second differential means connecting said operat-
ing shaft to the outside drums, the connection
between the operating shaft and the drums being
such that when the middle drum is braked and
the operating shaft rotated, the ocutside drums
move the same distance in opposite directions.

35. A calculating machine comprising a hous-
ing, a window in the housing provided with a hair
line, three movable scale members provided with
logarithmic scales, said scale members being so
located inside and supported by said housing that
their logarithmic scales can be viewed through
said window, a single operating shaft, said scale
members being movable relative to one another
and to the operating shaft, and power-transmis-
sion means including at least two differential
means, said power-transmission means connect-
ing said operating shaff to said scale members,
the connections between the power-transmission
means and the operating shaft, and between the
power-transmission means and the scale mem-
bers being such, that said scale members can
move relative to said hair line only in a predeter-
mined relationship.

36. A calculating machine comprising three
movable scale members provided with logarithmic
scales, said scale members being so arranged as
to constitute a middle and two outside scale
members, a single operating shaft, and power-
transmission means including first and second
differential means, said movable scale members
constituting a part of said second differential
means, a part of the power-transmission means,
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including the first differential means, connecting
said operating shaft to said scale members,
means for preventing movement of at least one
of said outside scale members, said second dif-
ferential means being so constructed and at-
ranged, that when said one outside scale member
is prevented from movement, the remaining scale
members move the same distance in the same
direction.

37. A calculating machine comprising a hous-
ing, a window in the housing provided with a
hair line, three movable scale members provided
with logarithmic scales, sald scale members being
located inside and supported by said housing in
such manner that their logarithmic scales can be
viewed through said window, said movable scales
being so arranged as to constitute a middle and
two outside scale members, a single operating
shaft, a separate finger brake for each of said
scale members, sach of said finger brakes being
attached to said housing and positioned opposite
its respective scale member, each of said finger
brakes being capable, when operated, of prevent-
ing movement conly of the scale member opposite
it, transfer means including a first cooperating
member mounted on said housing and a second
cooperating member located on one of said out-
side movable scale members, and power-trans-
mission means including differential means con-
necting the operating shaft to said scale mem-
bers, said scale members being connected to one
another and movable relative to one another and
to the operating shaft, said first and second co-
operating members having cooperating and non-
cooperating positions, said second cooperating
member being so positioned on said one outside
movable scale member with respect to the loga-
rithmic scale thereon and the first cooperating
member that when either of the finger brakes
opposite the other movable scale members is op-
erated, and the operating shaft operated to an
extent such as to bring the first and second co-
operating members into cooperating position, the
numerals appearing below the hair line on said
other movable scale members will be the same.

38. A calculating machine comprising three
movable scale members provided with logarith-
mic scales, the scale members being so arranged
as to constitute a middle and two outside scale
members, separate braking means for each of
said scale members, operating means, and power-
transmission means including differential means
connecting said operating means to said scale
members, the connections bhetween the power-
transmission means and the scale members and
between the power-transmission means and the
operating means being such, that whenever the
operating means is operated and the middle scale
member is braked, the other two scale members
move the same distance in directions opposite to
one another, and whenever one of the outside
scale members is braked, the remaining scale
members move the same distance in the same
direction.

39. A calculating machine comprising three
movable scale members provided with logarith-
mic scales, the scale members being so arranged
as to constitute a middle scale member and two
outside scale members, separate braking means
for each of said scale members, and operating
means mounted on a shaft supported in said
machine and connected to said scale members,
said operating means being so constructed and
arranged that whenever the operating means is
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operated and one of the scale members is braked,
the other two scale members move the same dis-
tance in directions opposite to one another, and
when one of said other two scale members is
braked, the remaining two scale members move
the same distance in the same direction.

40. A calculating machine comprising three
movable scale members provided with logarith-
mic scales, the scale members being so arranged
as to constitute a middle and two outside scale
members, braking means for each of said scale
members, operating means connected to said
scale members, said operating means being so
constructed and arranged that whenever the op-
erating means is operated and one of the outside
scales is braked, the remaining scale members
move the same distance in the same direction
and whenever the middle scale member is braked,
the outside scale members move the same dis-
tance in the opposite direction.

41, A calculating machine comprising a hous-
ing, three endless tapes provided with identical
logarithmic scales, the endless tapes being so
arranged as to constitute a middle and two out-
side endless tapes, separate supporting means for
each of said tapes, the supporting means for the
tapes being geared to sald housing, said tapes, in
the operation of the machine, being movable
only when said supporting means are moved, sep-
arate braking means for each of said tapes, and
operating means connected to the supporting
means for the tapes for moving said supporting
means, the connections hetween the operating
means and the supporting means for the tapes
being such that whenever the operating means is
operated and one of the outside tapes is braked,
the remaining tapes move the same distance in
the same direction, and whenever the middle
tape is braked the outside tapes move the same
distance in opposite directions.

42. A calculating machine comprising a hous-
ing, three movable scale members mounted in
said housing, operating means connected to said
scale members for moving said scale members,
means for selectively maintaining each of said
scale members immovable, and means automati-
cally engageable with one scale member for
bringing said scale member to a predetermined
position with respect to said housing when one
of the other two scale members is maintained
immovable with respect to the housing and the
operating means is operated to move said one
scale member and the third scale member, the
relationship of the scale members to one another
being such that the third scale member arrives
at a predetermined position with respect to the
scale member which is maintained immovable
at the same time that the said one scale mem-
ber arrives at its predetermined position.,
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