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PORTABLE MULTIPLYING MEASURING TAPE
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San Antonio, Tex., and Leonard Krauss, San Francisco,
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States of America as represented by the Secretary of
the Navy

Application June 6, 1956, Serial No. 589,833
§ Claims. (CL 33—140)

This invention relates to measurmg tapes- and more
particularly to multiplying measuring tapes.

Prior art methods for obtaining the product of a plu-
rality of measured lengths, for example in obtaining the
volume of a rectangular parallelepiped, such as a box,
involved either multiplying by hand, so to speak, the
several measured lengths, which was time-consuming and
subject to error, or using complicated and expensive
equipment for sensing the lengths and mechanically or
electrically computing the product.

"A principal object of the present invention is to provide
a multiplying tape which more or less automatically yields
the product of the several lengths measured by it and
which is simple to build and use, inexpensive, and con-
veniently small in size.

Other objects and many of the attendant advantages of
this invention will be readily appreciated as the same be-
comes better understood by reference to the following de-
tailed description when considered in connection with the
accompanying drawing wherein:

Fig. 1 is an isometric view of a preferred embodiment
of the invention shown with the cover removed;

Fig. 2 is a cross-section of the embodiment of Fig. 1
taken along the line 2—2 of Fig. 1 with certain parts
omitted for clarity;

Fig. 3 is an isometric view of the answer scale of Fig. 1;

Fig. 4 is a top view of a portion of the measuring tape
of Fig. 1 showing some of the punched holes in it;

Fig. 5 is a more or less schematic illustration of another
preferred embodiment of the invention; and

Figs. 6, 7 and 8 are graphs showing progressively the
mathematical development used in the construction of
the tape of Figs. 1 and 5.

The essential principle of the invention involves an ap-
paratus in which a measuring tape is pulled out from its
case to measure a given length, an answer scale is moved
a distance proportional to the logarithm of the given
length and with each succeeding measurement of a length
the answer scale is moved a further distance correspond-
ing to the logarithm of that succeeding length whereby the
total movement of the answer scale is proportional to the
sum of the logarithms of the several measured lengths
and hence represents the product of the measured lengths.
When the answer scale is calibrated in antilogarithms, it
thus reads directly the product of the lengths. One pre-
ferred embodiment of the invention using the principle is
illustrated in Fig. 1. It comprises an ordinary steel
measuring tape in a case. This tape is punched with a
series -of holes spaced according to a logarithmic law.
As the steel tape is pulled out of its case the holés each
engage sequentially a tooth of a toothed pickup sprocket.
As each hole goes by the sprocket it engages a tooth and
turns the sprocket through a certain increment of angle.
Since the sprocket teeth are equally spaced, the total angle
turned by the sprocket is proportional to the total number
of holes which have passed by which, in turn, is piopor-
tional to the log of the length of tape pulled cut. "The
sprocket by means of intermediate gears, movés an
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answer device, conveniently an answer tape, and the dis-
tance moved by the answer tape is thus also proportional
to. the log of the length of measuring tape extended.
After the process has been repeated, the final reading of
the answer tape represemts the product of the several
measurements.

Reference is now made to Figs. 1 through 4 of the
drawing. In the preferred embodiment shown in these
figures the numeral 2 indicates a housing for the multi-
plying tape mechanism generally in the form of a box
which can be 'of a size convenient to be easily carried in
one hand. The housing 2 is provided with a cover 4
{not shown in Fig. 1) allowing easy-‘access to the mech-
anism and held on by any convenient means such as
screws engaging holes ‘6. - Within the housing is fixed,
by any convenient means such as a metal strap 8, a spool
or casing of measuring tape 10. This measur;i‘ng tape
can be conveniently of the conventional type in which the
tape proper 12, made ‘of steel, will remain at any position
to which it is pulled out but will easily feed back into its
casing. The tape 12 feeds out of its case 1 and runs over
roller guides 14 and out through a slot 16 in the face
17 of the housing 2. It lies in contact with the lowermost
two teeth of a pickup sprecket 18 against which it is
held by pressure of rollers 14. Sprocket 18 is formed
with stub shaft portions 28 and 22 having bearing rela-
tion in the cover 4 and wall 24 of the box 2, respectively.
An answer device is provided in the form of an answer
tape 26 which can be of plastic or the like similar to mo-
tion picture film. Each end of the answer tape is pref-
erably fastened to a metal sleeve 28. ‘The answer tape,
shown separately in Fig. 3 for clarity, is normally posi-
tioned with one sleeve 28 mounted on the spindle 30
and the other sleeve 28 mounted on the spindle 32. The
spindles 30 and 32 are fixedly mounted on the wall 24 of
the housing 2. ‘The answer tape 26 feeds out of slots
34 and 35 in drums 36 and 38, respectively, and passes
over the teeth of a feed sprocket 40 which engage ap-
propriate holes 42 in the tape. Passing over the sprocket,
the indicia on the answer tape are visible through a window
44, having a reference mark.

The motion of the measuring tape 12 is transmitted in
a modified form to the answer tape 26 through an inter-
mediate mechanism comprising holes 46 in the measurlng
tape which engage teeth 48 of pickup sprocket 18, pinion
50 ‘fixed to rotate as a wunit with sprocket 18, idler gear
52, displaceable gear 54, and pinion 56 umtary with
feed sprocket 40.  ‘The shaft of idler gear 52 is prov1ded
with stub shaft portions 58 at either end which are jour-
naled in the wall 24 of housing 2 and in the. cover 4.
The shaft 53 of displaceable gear 54 is journaled at one
end in wall 24 and at the other end with stub shaft por-
tion 60 in sleeve bearing 62 longitudinally displaceable
in cover 4 by means of button 64. The dlsplaceab]e
gear 54 is maintained in the position shown in Fig. 2
by sprmg 68 bearing against the interior of wall 24. A
key 68 is provided for rewinding the answer tape by en-
gaweme'xt with a mating portion 70 fixed on the end of
shaft 53. The assembly of feed sprocket 49 is journaled
ifr 'wall 24 and with stub shaft 72 in cover 4.

In brief, the operation of the preferred embodlment of
Fig. 1 can beé understood from the following as applied
to determmmg the volume of an ordinary box. The
measuring tape 12 is pulled out in the usual manner to
the exact length of an unknown-sized box. ~As the tape
issues from the housing 2 the holes 46 in it engage the

- teeth 48 of the sprocket 18 and cause the pickup sprocket

70

18 to rotate in stepped motion. Through gears 56, 52 and
54 and feed sprocket 40, the motion of the measuring tape
12 is transmitted to the answer tape 26 and because of the

_particular spacing of the holes 46 this latter moves a dis-

“ - tatice appfoximately proportional to the log of the length
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of the measuring tape extended. When pulling out the
measuring tape 12 to measure the length of the unknown-
sized box, it does not matter if the mark is overshot in the
process because the aforedescribed mechanism is capable
of transmitting motion bi-directionally from the measuring
tape 12 to the answer tape 26. That is, as the measuring
tape 12 is pulled out of the housing the answer tape 26
moves concomitantly forward whereas when the measur-
ing tape 12 is pushed into the housing the answer tape 26
moves concomitantly backward so that at any instant the
indication on the answer tape is a measure of the logarithm
of the displacement of the measuring tape from its zero
position. After the measuring tape 12 has been extended
to measure the length of the unknown-sized box, the
button 64 acting on the big spur gear 54 is pushed to dis-
engage.: the big gear 54 from the small gear 52 on the
sprocket shaft 18. With the gear 54 disengaged, the
measuring tape is pushed back into the case, thus leaving
the answer tape still at a displacement corresponding to
the length of the unknown-sized box. The measuring
process is then repeated for the height and width of the
unknown box and the final total displacement of the an-
swer tape will then correspond to the sum of the logs of
the three dimensions of the unknown box.
~ The ‘answer tape is calibrated like the scales of a
Mannheim slide rule to read in antilogs of its displace-
ment.- Since by the foregoing manipulation the answer
tape has been displaced an amount corresponding to the
sum of the logs of the three dimensions of the box, the
answer tape will read through the window 44 the volume
of the box since it reads

Antilog (logl4log h+-log w)

which =IxhXw=volume of box. After the volume of
the unknown box has been read, the mechanism must be
re-set before its next use. To do this the button 64 is
pushed in to disengage gear 54 fromidler gear 52 and
the key 68is used to drive the answer tape backward so
that it coils most of itself within drum 38 and reads zero
through window 44. The answer tape is resilient so that
it easilv coils itself within the drums 36 and 38 much as
the steel measuring tave coils itself in its case. During
this resetting overation the gear 54 remains, of course, in
engagement with the wide pinion 56 while it remains out
of engagement with the relatively thin idler gear 52 so
that there is no tendency to drive the measuring tape.

A detailed exvlanation of how. the Fig. 1  preferred
embodiment of the multinlying tape is constructed and
operates is as follows. The steel measuring tape 12 is
pulled out in the usual manner to span exactly a length,
x, of a box to be measured. - As the measuring tape
moves out of its container to measure length x, it causes
to move the answer scale 26 (which may be a dial or
other indicator but preferably as shown, is an indicating
tave) an amount y which is approximately proportional
tolog x. That is, when the measuring tape 12 is extended
to a distance x, a fixed fiducial mark is pointing-to a posi-
tion on the answer scale located at a distance ¢ log x from
the zero point of the answer scale, where ¢ is some con-
venient .constant.. This correlative motion of the answer
scale is accomplished, in" the preferred embodiment, by
punching holes 46 along the length of the measuring tape
spaced according to a law hereinafter exolained, and
causing the tape, as it'is pulled out of its container, to pass
by and in contact with. the teeth 48 of the toothed wheel
18 in such a manner that as each hole in the tape passes
the wheel it engages for a brief moment that tooth of the
wheel which ‘is immediately adjacent the tape and thus
turns the wheel through a predetermined increment. of
angle until, by so doing, the hole disengages itself from
the tooth. The teeth of the wheel are uniformly spaced
around the wheel and are of uniform length so that when
any hole engages and drags any tooth the wheel is turned
through the same increment of angle. The wheel is con-
nected by the intermediate gears to move the answer scale
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26 a distance proportional to the angle through which the
wheel turns.

From the foregoing it should be clear that the total
angle ¢ turned by the toothed wheel 18, and hence the
distance y moved by the answer scale 26, is proportional
to the number n of holes passing by the wheel as the
measuring tape is pulled out. Thus:

ymﬂmn

or
y=na

where “a” is a convenient constant. In order to fulfill
the previously mentioned desideratum that

y=c log x

it must be arranged so that
y=na
and
y=clogz

or that

na=clogz
from which

=2 log =

a

which says that the number of holes punched in the
length x of the measuring tape must be proportional to the
logarithm of x.

To determine how to space the holes, consider .the fol-
lowing. When the total length, L, of the measuring tape
12 is pulled out, the total number, N, of holes has passed
under the wheel 18. Reference is now made to Fig. 6,
which is made with greatly exaggerated proporiions for
illustration.. If the length L appears on the ubscissa,
then the height H o« log L since the curvg is an expo-
nential, That is H « log L as written to the right in
Fig. 6. Also, as previously mentioned, y, the distance
travelled by the answer scale 26 as the length of the
measuring tape 12 is extended, is proportional to log ¥,
where x is the amount of measuring tape pulled out or

y « log x
or
=c log x

The ordinate thus (1) is proportional to the log of the
length of measuring tape extended, (2) is proportional
to the movement of the answer scale and (3), since the
answer scale movement is by uniform steps qccasioned
by the passage of each hole engaging a teoth, is propor-
tional to the number of holes extended, with the constant
of proportionality being the ratio “a” which is the move-
ment of the answer scale per predetermined angular in-
crement of toothed wheel movement as cach tooth goes
by. Thus it can be written that

N «<logL
and

H <« log L
and

Y «<logL

where Y is the total movement of the answer scale cor-
responding to the extending of length L of the measur-
ing tape and, further, that Y is divided into a series of
uniformly spaced steps and that this number of steps
corresponds to. N because, as previously noted, the an-
swer scale 26 is constrained to move in a series of uni-
form steps by each hole in the measuring tape 12 engag-
ing and dragging a tooth as that hole passes by the
toothed wheel. The distance y can also be conveniently
represented on Fig. 6 along the ordinate axis.

_Setting N arbitrarily equal to 5 for illustration only,
the distance Y is thendivided into 5 equal steps, s, S2
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32, 84, 85. 'This means that the answer scale will be moved
successively distances equal to the ordinates of points Pl,
P,, P;, P,, and P; as each of the corresponding holes in
the measuring tape engages and moves a tooth on the
toothed wheel 18. Since each step movement of the
answer scale 26 corresponds to the passage of a hole in
the measuring tape 12 by the toothed wheel 18, the holes
must lie on the measuring tape in positions correspond-
ing to points Py, Py, Ps, Py, P, 1. €. equal to the respective
abscissae of these points along the length L. The loca-
tions of these points are thus found by .dropping perpen-
diculars from the points toward the x axis, as shown in
Fig. 7. The arrangement of the holes can be easily vis-
valized from the series of small circles below the x axis
in this figure.
Now it will be observed that

vg=log ws= log L

or
log ws==1log L (1)
Similarly
log wa=v,=4%6 log L (2)
log wy=v3=% log L (3)
log we=vy=2% log L 4)
etc.

Since any base may be chosen for logs, choose L as the
base for simplicity. Then (1), (2), (3), and (4) can be
re-written thus:

log;, ws=log;, L=1 (5)
logy, ws=% (6)
logp wa=%5 (7
log 1, we=2% " (8)
ete,
Taking antilogs:
W5=L:l (9)
we=L5 (10)
wy==L3/5 (11)
wo=L2/5 (12)
etc.
It is observed that
We =418, otc. = [M5=constant
Wy w3 W2

That is, the holes are so spaced from each other than the
ratio of the distances of any pair-of adjacent holes from
a fixed point, Q, on the tape is a constant. When the
total number of holes in length L is N, instead of 5, this
constant is L/N, Then if the distance w; of the first hole
is known, the location for each succeeding hole can be
obtained by repeatedly multiplying w; by LN, assuming
that N is known. It may be mentioned that at this point
N is not known but must lie within a certain maximum as
determined by the minimum allowable spacing between
adjacent holes. The relationship

2_=constant
n—~1
is however, useful to calculate the spacing from wother con-
siderations. It should be noted that this relation holds
even at wy so that

wi_wr_
’Ll)o_wl— .

The closest practical spacing of two adjacent punched
holes is determined by the -minimum practical spacing of
teeth on the toothed wheel. As a first approximation let
the closest hole spacing be set at d%%":’-‘és’ -for an
ordinary steel tape..

The zero hole, wy,, which is not punched but is im-
portant mathematically, is located at w=1 unit, ¢. g. 1
foot on a typical tape. The closest allowable hole spac-
ing being d, then .

: W1.=W0+,d
wy=1-+4d
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The multlplymg factor of the hole spacing then is
l+d 144

w;
wy

wo=wy. (14-d)

=(14d) (144d)

=(1+d)?
In general, then, w,=(1--d)* where n varies from
zero->N.  Note that n does vary from 1N but from
0->N. Actually, because w, is not punched, wy can be
spaced closer to wy than the minimum practical spacing
between punched holes. Let d=the distance w;—w,.
Then

from which

wop=1
wy=1-}-d
wg=(1-+d)?

wy—wyr=smallest allowable distance between punched
holes=4¢

o=(14d)>—(1+4-d) =1+42d+d%— 1 —d=d*+d
g1V (=8) 1 ++1+4
2 27 2

Assuming

bW dm—p ———-——‘/H;X%G—om'—m"
whereas
d=18"" =Y)g’=.125""

It might be asked why the w, hole is not punched.
This is because the punched hole at any given location
on the measuring tape is for the purpose of actuating the
toothed wheel answer mechanism to move the answer
tape or dial to indicate the logarithm of the distance of
the aforementioned “given location” from the fixed refer-
ence point Q and since for wg that “given location” is at
1 unit from Q and the log 1=zero, then zero motion of
the answer tape is desired and that is accomplished by
not punching the hole. It is observed that the relation
among the holes can be expressed in two ways:

w,.+1

(1) =(1+d)
or
(2 wo=(14-d)»

the first stating that the ratio of the distances of two
adjacent holes from Q is (1-+d) and the second stating
that the distances of the series of holes from Q can be
expressed as the terms of a power series of the form
(14-d)®. In both relations, » starts at ¢ and not at 1.
Thus the first hole wy is at (14-d)° which=1 unit from Q.

Since the answer mechanism moves in abrupt steps as
the measuring tape is pulled out, the answer mechanism
reads erronsously for a large part of the time. That is,
ideally, as the measuring tape 12 is pulled out to its total
length L laid off along the x axis, the answer tape 26
should also be continuously smoothly moving and should
have moved at any given time an amount proportional to
the log of the amount of measuring tape extended so that
the answer tape would be indicating a value proportional
to the ordinate vg, for example, of the smooth curve in
Fig. 8 corresponding to the abscissa wg of any typical
point R. . Instead, the device actually moves in jumps or
steps and the value shown by the answer tape corresponds
to the ordinates of the points forming the dash line stair-
case in Fig. 8. This means, for example, that when the
measuring tape extends a distance equal to wgp>ws, the
answer tape still has moved a distance proportional to
only log wy<log wg and hence the measuring tape reads
lower than it should. As observed from the position of
the dash line staircase relative to the exponential curve
(i e. always below it), the answer tape always reads low
except at those few isolated points Py, Py, Ps, etc. (i. e,
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where it touches the curve), where the holes occur and
at which points it reads accurately.

To render the device more nearly accurate it is thought
to modify it so that it will read high perhaps about as
often as it reads low, with the notion that on the average
the errors will compensate among themselves.  Consider
any typical region on Fig. 8 such; for example, as the
region between Py and P; as the length of the measuring
tape extended increases from wp to ws. Ideally, the
answer tape should simultaneously increase continuously
from vy to vy (although not at a uniform rate because
the graph from Py to Pj is not a straight line). Actually,
when the measuring tape extends to 1w, the answer tape
reads vy and continues to read v, as demonstrated by
the horizontality of the dash line passing through point Py,
and thus is reading low until -the very instant when the
measuring tape extends to w; at which instant the answer
tape jumps suddenly to v; and is again, for this instant,
reading accurately. To remedy this, as a first approxi-
mation, let the hole formerly punched at P,, which causes
the answer tape to read vy=Ilog w;, be moved to the left
and be punched at S such that S lies mxdway on the log
curve between P; and P, i. e.

___Uz+f)3
T2

.

which can also be regarded as

Vg==vg+-14 (va—v3)
or as
Vg=13— Vo (V3—V2)

With the hole thus punched at S instead of P the answer
tape will read v, as the measuring tape extends from wy
to w; as demonstrated by the horizontal solid line ef
extending to right from P,, and thus reads low for this
range P,— S, except at the very point P, where it reads
accurately. = As the measuring tape is pulled out to length
ws the answer tape reading suddenly jumps to v, as
demonstrated by the vertical solid line fg passing through
point S. Since the answer tape ideally should read
ve==log w, at this point but instead reads vy>v, the
answer tape is reading high and continues tc do so in
the range S-»P;, as demonstrated by the horizontal solid
line g/, until the measuring tape extends exactly an amount
ws at which point the answer tape again reads accurately.
Since ef is below the ideal curve while gh is above it,
it is thus seen that.the solid line forms a fair approxima-
tion of the region of the ideal curve between P, and Ps.
It should be noted that. the treads, i. e. the horizontal
lines, of the dash line staircase should in part actually
coincide with the corresponding treads on the solid line
staircase but for clarity they are illustrated as slightly
separated.

To determine the location, wg, of the point on the
measuring tape at which to punch the revised hole, 1. e.
to determine how to shift the hole from P; to the left to
locate the hole at 'S, it suffices simply to determine the
relation between 1v; and wy.  This is obtained as follows.

w,==antilog v,

=antilog 0—2%0—3
but
ve=log w.=log (1-1-4)%
and
vy=log w;=log (1--d)3
hence

2 3
w,=antilog 128 (1d)*Hlog (1+d)

=[(14d)2(1-d)3]1/2
w,=(1+d)¥2=wy(14d)-12

2,824,374
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This means that the new location S for the hole formerly
at P is at the distance

ws

i+

W=

g

meaning that the new distance from Q is the old distance
multiplied by

1
v1+4-d

That this is true in general can be demonstrated by sub-
stituting wy, for ws when P, will be moved to P’ as
wp, changes to wy” and v, changes to vy,

Un—l+vn

w," =antilog v,’=antilog -

Vp-1==log (1-+d)"! and v,=log (14-d)»
log (14-d)»14-log (14-d)»
2

w,/ =antilog

=[(1+a)=1(14d) s
W =[(14d)n-1)2= (1 4-d)n(1 - d)-V2

The improved series of holes will thus be located at the
following distances from Q.

Hole No. Distance

0 (not
punched)

wy =wy (1-+d)-12=(14-d)~1/2= —l-d

Wy =y (1) 12= (1) (1dy=17s= (1) 2
Wy = ag(1-d)=1/2= (14832 (1d) =18 = (14-d)312
' =ws(1+d) 2= (1) (1-+d)-1= (1) o5

etc.

It should be noted that the ratio of successive distances
is still (14-d). Punching the holes according to the
improved series produces readings of the answer tape
which progress according to the solid line staircase. It is
seen that the solid line staircase is not obtained by merely
shifting the dash line staircase bodily to the left in Fig. 8.
While the heights above the floor of the respective risers
of the two staircases are identical, the sizes of the respec-
tive treads are not in general identical. Said in other
words, this means that the location of the solid line risers
from Q is not obtained by shifting the respective dash line
risers the same fixed distance to the left; instead, the solid
line riser distance from Q is found by taking a certain
fixed fraction,

1

Vvidd

of the distance of the corresponding dash line riser from Q.

To construct an actual model of the device as shown
in Fig. 1, choose any ccnvenient size for the sprccket
and gears and let d be the minimum practical distance
between punched holes as determined by the spacing of
sprocket teeth and the type of tape used. With the tape
pushed all the way into its case let Q be the point on
the measuring tape immediately beneath the lowermost
tooth of the sprocket. Then the first hole (which is
not punched) is located on the tape at a distance from
Q equal to

1

V1+d
The first punched hole is at a distance from Q equal to
(1+4d)1/2 and the remaining holes are spaced from Q
at distances (1--d)3/2, (1-+-d)5/2, etc.

The markings on the answer tape must range from zero
to the cube of the length ‘of the measuring tape. The
length of the answer tape will depend on the convenience
of fitting it within the case and the ratios of the gears
interconnecting the pickup sprocket 18 and the answer
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tape drive must be chosen appropriately. As prevxously
noted, the markings are similar to those on the C or. D
scale-of a Mannhelm slide rule, i e. the markings are
spaced according to the logs of an increasing sequence
of numbers but the markings are recorded not as the
value of the log but as the value of the number. For
example, at the beginning (zero point) of the answer-
scale there is placed the mark 1 of which the log is zero.
‘When the measuririg tape is L feet long and the answer
tape (which must read from zero to 1L3) is T feet long
over its markable length, then the formula for marking
the answer scdle is z=Fk log © where z is the distance
from the zero point along the answer tape to the marking
for u cubie feet and

T
k=3 log L
In a typical case where L==6 feet.and T=42 inches=3%2
feet, then the following are sample values:

Mark | Distance
o A0t
2.0 5.42 z= 3 log 6 logu
3.0 8,58 | for u=2'=24""
6.0’ 14.00” | z=1.5log 2=1.5)¢.3
7.0 15207 | z=, 45’—-( 45)(12)”—-5 42"

As mentioned previously, the theoretical value of d is
actually the minimum distance mechanically acceptable
between the first two punched holes, i. e. we—*%; and not
wi—wy. For the improved seriés then the theoretically
proper value for d in the (1--d)* series is determined as
follows: _ _

WZI—WII‘=6
where d=acceptable minithum, say ¥&"’ ==14q’

(14+d)32—(1+d)V2=b
squaring both sides,
(14+a)3—2(1+d)24+-(14-d) =52
B3R A3d 4 1—2d2—4d—2 4 1-Fd=5?
d3+d?=32

d2(14-d) =8
This is a cubic equation and hard to solve classically.
As afirst approximation solve for d thus

or d==

E=rpzor ﬁq_—

but d=5 so that

- & . 3

“Vits (Fom
Expanding by the binomial theorem (14-8)/2 and re-
taining only significant terms (1-+5)1/2=1--8/2. Sub-
stituting
8 .8
(A46)% 1462
Expanding the denominator again by the binomial theorem
and neglecting higher order terms since §<C<1, we ‘have

(14-8/2) 1 (1—8/2)

Substitufitig, d=86(1-—5/2) from which it is clear that
d~:5 but is slightly smaller than 8. If $=14"', then the
new d of the (14-d)™ series=(¥6—%i2s)"".

Theoretically, the new (14-d)™ series should e written
in terms of & anid would appear as follows:

(1+o-

However,‘ since this is 2 much complicated formula and
since d is very closely approximately equal to 5, it will

d=

-1/2,1/2,3/2,5/2, eto.

(=13
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10
be. sufficient for all practical purposes- to locate the.
punched holes according to the simpler formiila..

“For simplicity; the staircases shown in Fig. 8 have been
illustrated with vertical risers, implying that the answer
device changes instantaneously from v, to v,,3. Actially
it takes an observable amount of time for the sprocket
wheel to move as each tooth is engaged in a hole in
the measuring tape. Thus to be theoretically c¢orrect,
the risers of the staircase should be shown as inclined
upward and to the right instead of vertical.

In Fig. 5 is shown a more or less schematic illustration
of another preferred embodiment of the invention similar,
in general, to the embodiment of Fig. 1 but improved
over it in the regard that it does not requiré returning
the measuring tape to zero beéfore each successive meas-
urement of, for example, a length, width, and height of
an- object as is required in the case of the embodiment
of Fig. 1. The principle of operation of the embodiment’
of Fig. 5 is that the measuring tape is pulled out to
measure a given dimension and during this movement
causes a concomitant motion of a gaging element, There-
after a sensing element connected through a one-way
clutch to the answer device, which may be a dial indi-
cator or tape indicator or the like, is caused to approach
the gaging element and sense its position, the position of
the gaging element thus being reflected in the displace-
mernt of the answer device.. In the schematic form illus-
trated in Fig. 5 the measuring tape 76 engages the sprocket
wheel 78 which, through gears 88 and 82, moves a gaging
arm 84 to a position where it, so to speak, “points” to
the logarithm of the distance the tape 76 has been ex-
tended. A sensing arm 90 mounted for free rotation
about the axis of and relative to an accumulator shaft
92 is disposed so as to be rotatable in a counter-clockwise
direction as viewed in Fig. 5 to engage the notch 94 in
the gaging arm 84 to sense the position of the gaging
arm. = Through a one-way clutch illustrated as being
simply a pawl and ratchet drive 96, 98, the sensing arm
drives the accumulator shaft 92. Connected to the ac-
cumulator shaft 92, but not shown in the drawing, is
any suitable answer device such as a dial indicator or a
tape of the type shown in Fig .1. A spring 10@ returns
the sensing arm 90 to its zero position.

The operation of the embodiment of Fig. 5 can be
easily understood from the recitation of the steps taken
in the actual computation of a volume with such an in-
strument. (1) The tape 76 is drawn out to the first
measurement. - It does not matter if the mark is over-
shot in the process and then the tape is adjusted in and
out until the exact distance is at the face of the instru-
ment, (2) A lever or other convenient actuator (not
shown) is moved by the operator to cause the sensing arm
90 to be moved from its zero position until it engages
and is stopped by the notch 94 in gaging element 84.
This operation records the first measurement on the an-
swer tape or other answer device by transmitting the
motion of the lever 28 through the pawl 96 to the ratchet
98 fixed to the accumulator shaft 2. ~(3) The lever or
actuator is released by the operator permitting the spring
100 to return the ‘arm 99 ‘to ifs zero position. Because
the pawl and ratchet 96 and 98 .constitute a one-way
clutch, the answer device is unaffected by the returning
of the arm 90 to its zero position. (4) The measuring
tape 76 is adjusted—in, out, or not at all—to the second
measurement. (5) The lever or-actuator is pulled by the
operator to move the ‘sensing ‘arm 90 to record the sec-
ond measurement -on the answer tape. The appropriate
steps are repeated for the third measurement and the
answer is read directly in the answer window. (6) The
answer scale is reset to zero. The method of doing this
depends on the answer system used. Some methods will
require disconnecting the answer system momentarily
from the arm 99. This could be done by means inter-
posed between the shaft 92 and the answer device or by
means for disengaging the pawl 96 from the ratchet 98,
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The disconnection can be incorporated into the rewind
knob of the answer tape or other answer device so that
there would still be only two control devices for the
operator—the rewind knob and a lever or other actuator
connected to arm 90.

Many modifications of this invention can be made.
For example, a spring return can be used for the reset
process for returning the answer device to zero. Also
the measuring tape can be caused to actuate the mecha-
nism by various means. For esample, instead of using
a plurality of small holes, the measuring tape can be made
with a narrow slot lengthwise along the full length of
the tape, broken by “teeth” or cross pieccs at logarithmic
intervals. If it is preferred.to eliminate punched holes
or the like in the measuring tape, the conversion of the
motion of the measuring tape into a logarithmic move-
ment can be obtained by causing the measuring tape to
drive a shaft, such as 18 in Fig. 1, in direct propertion to
the motion of the tape (by friction roller drive, or by di-
rect gear drive taken from the winding spool of the meas-
uring tape) but interposing in the gear train leading to
the answer device a gear having a logarithmic arrange-
ment of teeth. This gear might be a circular gear with
logarithmically spaced teeth, each actuating a more or less
conventional pinion as it passes by the pinion. Alter-
natively, there could be used a logarithmic spiral gear
mounted, for example, centrally cn the surface of a disc
driven about its central axis in linear proporiicn to the
motion of the measuring tape. In this case a relatively
wide pickup pinion connected to drive the answer device
would be required; this pinion being disposed radially of
the disc and of sufficient width to remain always in mesh
with the logarithmic spiral gear.

If a spring return is used for the measuring tape 12,
the bution 64 can be connected so that as it is depressed
to disengage gear 54 from pinion 5@ it simultaneously
pushes the return release button on casing 18 and the
tape 32 automatizally springs back into casing 18.

To facilitate meshing of the gears 54 and 56 as the gear
24 is urged inito meshing position under the action of
spring 66, the two oppositc edges of the proximate side
of each tooth on each of the two gears can be chamfered
or filed away so that the proximate side of each tooth
on the two gears becomes a knife edge lying along the
radial line through the center of that tooth, the sides of
a spur gear tooth being designated as the two normally
piane surfaces normally parailel to each other and per-
pendicular to the face of the tooth, and the proximate
side being that side which is closer to the other of the
pair of meshable gears.

Jf desired, as a precaution against tearing the answer
tape 26 by accidental attempts. to- drive ‘it beyond its
limit, the edge portions near each end of the tape carrying
the last few heles 42 can be cut away.

Obviously many. other modifications and variations of
the present invention are possibie in the light of the above
teachings. 1t is, therefore, to be understood that with-
in the scope of the appended claims the invention may
be practiced otherwise than as specifically described.

What is claimed is:

1. A device of the character described comprising a
measuring tape; a housing for retaining said tape; an
answer indicator; means for moving said answer indicator
both forward and backward, respectively, in accord with
the displacement out and in of said tape relative to said
housing an amount generally proportional to the logarithm
of the length of tape displaced; and controllable means
for disconnecting said last-named means wiereby said
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tape can be displaced relative to said housing without con-
comitant motion of said answer indicator.

2. The device of claim 1 wherein said tape is provided
with a plurality of holes spaced along its length and said
first-named means includes a tcothed wheel whase teeth
are engageable with said holes in said tape whereby said
wheel is rotated as said tape is displaced while in engage-
ment with said teeth.

3. The device of claim 2 wherein said answer indicator
is calibrated to read in antilogs of its displacement where-
by the preduct of successive measurements taken by said
measuring tape can be read directly on said answer indi-
cator.

4. A device of the characer described comprising a
case; a measuring tape adapted to be rolled up into the
case and extended therefrom; said measuring tape having
a series of holes punched therein along iis length; 2
sprocket wheel having a plurality of evenly-spaced teeth
mounted in said case in such a manner that the tecth of
said wheel are adapted to be engaged by said holes in
said tape as said tape is displaced relative to said casc
whereby said sprocket wheel is turned through a prede-
termined increment of angle as each hole in said tape
passes by said sprocket wheel; an answer tape mounted
in said case; a drive mechanism including said sprocket
wheel whereby said measuring tape drives said answer
tape displacing said answer tape an amount proportional
to the angular displacement of said sprocket wheel; means
for disengaging said drive mechanism whereby said meas-
uring tape can be displaced without transmitting its mo-
tion to said answer tape; the heles in said measuring tape
being spaced approximately according to the formula
W= (14d)?=12 where w, is the distance cf the nt® hole
measured from that point of the measuring tape which is
directly under a tooth of the sprocket wheel when the
measuring tape is fully drawn into the case and where d
is approximately equal te the smallest acceptable distance
between adjacent punched holes on the measuring tape as
determined by the spacing of the teeth on the chosen
sprocket wheel; the markings on said answer tape being
laid out according to the formula

Z="“—""T u

3log L
where z is the distance from the zero point on the answer
tape to the marking 1, T being the total markable length
of the answer tape, and L being the total length of the
measuring tape, T and L being in the same units and
being read in cubic units.

5. A device of the character described comprising a
measuring tape; a housing for retaining said tape; an
answer indicator; means for moving said answer indicator
in accord with the displacement of said tape relative to
said housing an amount generally propertional to the
logarithm of the length of tape displaced; said means in-
cluding an element whose motion determines the position-
ing of said answer indicator drivable by said measurinz
tape in opposite directions, respectively, in accord with
the displacement of said measuring tape out and in rela-
tive to said housing for determining the positioning of
said answer indicator; and controllable means for discon-
necting said aforementioned means whereby said tape can
be displaced relative to said housing without concomitant
motion of said answer indicator.
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