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To all whom it may concern:

Be it known that T, Josper S. Worig, a
citizen Of the United States of Americ,,
residing at New York, in the county of New
York and ot%e of Mew Vork, have invented
certain mew and useful Improvements in
Slide Rules, of which the following is a
specification.

This invention relates to an unprovement
in slide rules, .wﬂ more pa }twnlmlv to a
bridge thmeim, in the use of which the
usual positive readings of the slide rule may
be increased by at least two figires of posi-
tive reading; that is to sa . the unknewn
and nnexpressed hair-line indication bevond
the final indicated division of the slide vule
may be positively Xpressed in one or two
additional figures, that is, fo one or two ad-
ditional places in the terms of the slide ruls
reading.

Tn the use of a slide rule with the ordi-
nary bridge, the hair line in its indication
for final veading is usually hetween two of
the finer line divisions on the slide rule, and
the reading beyond the final line division
of the slide rule is ordinarily ignoved. As
this unknown meastrement is a material
part of the true result, it follows that if
this usnally unknown mmsnremont can he
positively expressed in figures of the slide
rule mmsmement the final vesnlt is that
much nearer the true vesult, and hence the
effectiveness of the shide rule is materially
increased.

The bridge of the present invention is
made of two independent sections mrr‘meeﬂ
for limited rolatne movement and eac
carrying a vernier scale member of fine 11 ne
divisions. This bridge is used as an en-
tirety as is the ordmary bridge in setting
the haijr line for the proper rmchﬂo When
the bridge is used as an ordinary br idge, the
respective vernier scale members have a par-
ticular point, say the zero point on each, in
coincidence. ¥ reading the final number on
the slide rule, it will be fornd for ex tample,
that the hair line is beyond one of the finer
line divisions, thereby expressing a result
which is greater than that mdmated by the
adjacent line division of the slide rule in the
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divection of reading. Under these condi-
tions that section of the improved slide,
which ecarri 93 the hair line, is moved baclk
to the final fine line division of the slide rule
which indicates the final figure of the read-
ing with the slide rule under ordinary con-
ditions. As the vernier on the section of
the bridge which has not been moved still
vemains in the position determined by the
lge, in its initial ﬂpphca‘mon for slide
ule veading, this movement of the hair line
section of the bridge will cause a maovement
of the vernier c%nmd by snch section lat-
u.uH},r ot the vernier carried by the section
remaining fixed, and the velative reading on
the two verniers will indiecate the measure-
ment in vernier 1_-eadin§z‘ of this unknown
rement on the slide rule. This may
essed as 2 figure, say for example, b.
ivety is then adjusted
rmine the (hettw(' on
veen the fwo slide
the hair
¥H IMeas-
by adjust-

and O“(‘:1

1 to dete
’dy) vernt {x’ 10

reading

m'.
;{‘ms 15 neeo

,omnnf
- the bridge as

"y fo cause the
one of these slxdc
‘ab section of the

rmd hen
1;, um the hair hna is moved in-

(1!\ 1.‘370‘1‘3«
"}T!C I“
odently of the other section to cause
hair line tf) coincide with the other line
‘gion of the slide rule. The vernier then
wpresses, in vernler reading, the distance
between these two line divisions of the slide
rule.  Consider this for example to be indi-
eated on the \' ernier reading as 25. This
measurement 25 then, for example, expresses
the full measnrement of ten uniform di-
visions between the two line divisions on the
slide rule heing considered. If the reading
95 on the vernier equals ten divisions of
slide rule measurement between the lines of
division on the slide rule, each of said ten
divisions would equal a reading of two and
half on the vernier. As the unknown
me%snremmt previously determined shows a
reading of 5 on the vernier, and each of the
ten division between the ﬁne division lines
on the slide rule equal two and a half on the
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vernier, the unknown measurement ob-
viously equals 2 on the slide rule. Tf the
vernier reading is 7, for example, in the
measurcinent of the unknown slide rule
reading, the second figure of the nnkocwn
reading is easily determined. The above is
a general statement of the operation which
will be more specifically described horein-
after in direct relation to the accompanying
drawings.

The improved bridge further contemplates
details of construction by which the bridge
sections are initially held in absclute posi-
tion relative to the slide rule, and such sec-
tions are fixed against other thav a predeter-
mined limit of ielative movement; the re-
spective vernier scales having divect and ve-
verse readings, and each slide section having
a hair line for convenience in the use of the
bridge at the respective ends of the slids
rule.

The invention is illustrated in the accom-
panying drawings, in which:

Iig. 1 iz a plan view showing
proved bridge applied o a slide rule.

Figs. 2, 3, and 4, are gimilar views show-
ing the relative positions of the bridee in
determining actual measnrements the
usual unknewn measurement of the glide
rule.

Tig. 5 is a bottom plan of the bridge.

The bridee is made in two sections A and
B, each having the marginal edge portt
to slidably cooperate with the slide
For a purpose which will later appear, each
of the sections A and B is provided with a
hair line 2, and each section iz fuvther
vided with a vernier scale. The vernier
scale 8 of the section A is cecured in a cut
out nortion 4 of the innrer edge of such sec-
tion, the opposing section B having its innex
edge cut out at 5 to receive the end of the
vernier scale 3 when the bridge sections ave
in normal or initially operative positions,
The bridge section B has a vernier seale §
sel, into a cut oub portion 7 of
edge of this section B, and fitting into a cut
ot portion § of the inner edge of rection A
when the sections are together. The vernier
scales 3 and 6 are divided with fine lines of
divisicn, each having a zevo point, and one
of sald scales, ag 3, having the major divi-
slong suceessively numbeved, while the other
such scale;, as 6, bears numbers indicating
the minor divisions. These scales have their
adjacent margins in contact so that the read-
ings may be readily effected.

As stated, each bridee section has a hair
line, and these halr lines arve arranged ad-
jacent the relatively outer edges of the sec-
tions, so that the appropriate hair line may
be nsed when the bridge has been adjusted
near the end of the slide rule, to avoid carry-
ing the other section over beyond the end of
the slide rule. These hair lines are further
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arranged adjacent the outer edges of the
sections, so that when the lines coincide with
the final divisions on the slide rule, the ex-
treme outer edge of the bridge section will
be inwardly of the adjacent free end of the
slide rule, thus permitting convenient ad-
justment of the slide sections of the slide
rule without interfering with the bridge.
As either bridge section may be used in
determining slide rule measurement, it is ap-
parent that the verniers 3 and 6 should have
reverse measurements so as to be used for
either end, and hence said verniers are
shown as of double relatively reversed senle
measurements, as clearly indicated in Fig. 1.
Furthermore, the relative spreading move-
ment of the vespective slide 3t he

seetions m
Iimited accurately in vernier adjustment,
and for this result, a projection 9 is pro-
vided on one of the verniers as 6, which
projects into a recess 10 on the underside
of the other vernier, as 8. When this projee-
tion 9 engages one end of the recess, the zero
marks of the verniers are in registry and
the verniers are in normal relation with the
bridge sections in contact for normal nse,
The opposite wall of projection 9 is threaded
to receive a set screw 11, which meay be ad-
justed therein to engage the projection 9 in
the opening or relative movement of the
bridge sections, limiting this movement as
desired. _

It is further necessary {o maintain ahso-
lute disposition -of the hair lines at vight
angles to the slide rule, and as the vernier
scales extend into vecesses in the bridge sec-
tions, any accumulation of dust or dirt in
such  vecesses would interfere with the
prover relative positions of the bridge sec-
tions and might possibly change the vposi-
tion of the hair lines and interfere with the
proper slide 1ule reading. To avoid this, the
recesses recelving the free ends of the ver-
niers are cut somewhat Tareer than nceces-
sary, and the end marginal edges of the
bridge sections have rounded projections 12
adapted to contact in the normal positions
of the sections & and B. Thus the peint of
contact is tangential to the sections, and
hence ahsolutely aceurate in their velative
positions, while the comparatively enlarged
recesses Tor the vernier scale sections pre-
vent any accumulation of dust or dirt at
these points.

In the use of the improved bridge, refer-
ence is had partienlarly to Tigs. 1, 2, 3
and 4. MNWote from Fig. 1, that the haiv

hEs

line 2 of the section A indicates on the
slide rule a main division numbered seven

and the third minor division thereafter,
which would be ordinarily vead and will be
hereinafter referred to ag 72, and such haiv
line is beyond the third division of the
slide rule, showing an unknown measure-
ment in excess of the 3. TIn this position of
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the bridge, the zero marks of the verniers
are in colncidence. Section A with the hair
fine is then moved until such hair line regis-
ters with the 8 division line on the slide
rvale, that is, with the line immediately ad-
jacent the hair line and indicating the last
pogitive reading on the slide as shown
in Iig. 2. With the section A adjusted
so that the hair line is in coincidence with
this final indicating line on the slide rule,
the section B of the bridge meanwhile re-
meining in its original position, it is ap-
parent that the vespective verniers are
moved relatively, and that the reading now
expressed on these verniers indicates in
vernier reading the unknown measurement
on the slide rule ag the bridge was originally
positioned. Say for example that the
vernier reading after this adjustment is 5.
It is now necessary to determine the vernier
reading for the distance between the two
slide rule division lines in which the hair
line in its original placement was located.
This is accomplished in the following way.
The bridge sections are moved together in
normal relation, that is, with the zero marks
on the verniers in coincidence and the hair
line 2 of section A 1s first aligned with the
division on the slide rule immediately be-
voud that cccupied by the hair line in its
original position as shown in Fig. 8, that
is to say, the line indicated at 13. With
section B of the bridge new held fixed, sec-
tion A is moved to coineide the hair line 2
thereof with the slide rule division line on
the opposite side of that position of the
hair Tine in its original application, that is,
the line marked 14, as shown in Fig. 4.
The vernier then accurately expresses in
vernier reading the distance between the
lines 18 and 14, a portion of which dis-
tance is the unknown reading of the slide
rude in the original position of the bridge,
as indicated in Wig. 1. Asswie for example
that the vernier veading of the distance be-
tween the lines 13 and 14 on the slide rule
is 25, If it is desired to express the un-
known distance on the slide rule, in figures
indicating a number of tenths or ten
divisions between the lines 13 and 14, it ‘will
be appsrent that the veading 25 on the
vernier indicates ten such divisions, that is,
one such division will indicate a reading
of two and a half on the vernier. The
unknown distance measurement on the slide
rule has been found to correspond to a read-
ing of 5 on the vernier, that is, two tenths
of the distance between the slide rule scale
lines 18 and 14. Therefore, the unknown
reading on the slide rule is expressed by 2,
which of course constitutes the next figure in
the slide rule reading beyond those positively
determined by the slide rule indications, If,
for example, the unknown reading was 7
on the vernier, it is merely a matter of

rule,

a

mechanical computation to find the second
figure of the unknown reading.

Thus the improved bridge provides =
siimple convenient means by which the usual
slide rule veading is positively increased
at least two fgures beyond that possible
with the ordinary bridge. Gbviously, either
hair line may be used and either section
become the manipulating section for deter-
mining the measurements. The duplication
of hair lines is for convenience in using the
bridge adjacent the respective ends of the
slide rule without the necessity of extend-
ing the bridge so far beyond the end of
such rule as to permit one or the other of
the sections to leave the slide rule.

The bridge may be constructed of any
usual ov preferred material, and if desired,
and as contemplated, the bridge may be pro-
vided with a magnifying section overlying
the vernier and hair lines for accuracy in
reading, this magnifying section not being
illustrated as it is quite common in use with
slide rule bridges.

The scales indicated at 3 and 6 and here-
in veferred to as verniers, are ierely fine
line divisions having relation one to the
other but having no vernier relation, as
such is commonly wunderstood to the
divisions on the slide rule. The purpose of
these so-called vernier scales is first to de-
termine, according to the vernier scales,
the nnknown reading of the slide rule and
then to determine the full reading on the
slide rule of the distance between the two
scale marks on the slide rule, between which
the nnknown reading oceurs, and to de-
termine the proportion of the unknown
reading to the whole distance between such
scale lines.

What I claim is:

1. A slide rule bridge made up of seec-
tions having a limited relative movement,
each section having a vernier seale arranged
for cooperative reading.

2. A bridge for slide rules, comprising in-
dependent sections, each having a vernier
scale, means for limiting the relative move-
ment of the sections, and a hair line pro-
vided on each section.

3. A bridge for slide rules. comprising
independent sections, a hair line carried by
one of the sections, cooperating vernier
scales carried by the respective sections, and
rounded meeting points of contact for the
sections when the latter are arranged in
normal bridge forming relation.

4. A slide rule bridge, comprising two
sections, a vernier scale carried by each
of the respective sections, the scales being
arranged to remain in edge contact for co-
operative reading in the adjusément of the
sections, and means to limit the relative
movement of the sections to a distance sub-
stantially equalling that of the maximum
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space bebween two divisions on the

shide rule.
5. A brid
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ge for slide rules, comprising
independent sections, a hair line carvried by
one oi the sections, cooperating vernier
seales carried by the respective sections, and
rounded meeting points of contact for the
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sections when the latter are arranged in
normal bridge forming relation, the zevo
marks of the vernier scales being in co-
incidence when said meeting points of con-
tact are in engagement.
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