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The instrument essentially is a simple type of Harmonic
Anzlyser, embodying gquite novel idezs and designed sc that it
can be used not only as a2 Harmonic Analyser, but also as
Planimeter for evaluating areas and as Integrator for measuring
the first and second moments.

PRINCIPLE. Let y = f(x) be the equation to the curve
to be analysed in a Fourier Series over the range 0-2%, which
may be represented by a length a (fig.l). Let the curve meet
the ordinates X = 0 and X = 2T in points A and B respectively.
The area enclosed by the boundary O A B M O is represented by

2% o
,[, £(x) dax . Y
0

Let PW be a bar of length 1
having the end P cver the boundary, ”
and such that for an gbscissa x of ;/
P, PV makes the angle nx with the A
positive direction of the y-axis.
Then, when P is on the curve, the
Coordinates (X,, ¥a ) of W are . i
X, =X + 1 sin fig,, T S

) 27T
Yy =3 + 1 cos nx,
and when P is on OM, the coordinates (l2, Y,) of W are
Xo = x + 1 sin nx ) =
YZ 1l cos nx

If P is brought round thne boundary, the area enclcsed by

the curve traced by W is
x = 27T X = 2%

YEdXQ (along Oii)

l""-j

X

Inn

¥, a Xy (alonz the curve) -

. L

X =0 x =0
This can be shown toc be equal to

2T 2
ydx + nl y cos nxdx
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2T o T :
or ff(x) dx + nl ff(x) cos nxdx .
0 0

A

Hence the areaz swept out by the bar EW alone is
2W
n%J( f(x) cos nxdx
0

Now 1f a wheel be placed on PW at W, with its axis on
PW, such that it can roll on the paper during the movement,
and if r is the distance rolled by the wheel in the complete
circuit of P round the boundary, the area swept out by Pw
is 1r. If d is the diameter of the rolling wheel and my; is the

nggper of revolutions as given by the counter, the area is

1y mad. oo
Eence 1 1% mjd = nl If(x} cos nx dx
0
mld 1 2"?
= S S f(x) cos nx ds
mld

ay, (Coefficient of cos nx in the
Pourier Series).

1t can be shown similarly that if PW makes the angle nx
with the negative direction of x-axis, when P has coordinates
(x, y) at a point on the boundary, the area bounded by the
curve traced by W is

2 2
£(x) dx + nl f(x) sin nx dx
Q O

and if m, is the number of revolutions of the wheel in the con-
plete circuit made by P

m,d 1 2

S & e f(x) sin nx dx
¢! a 0

mzd

- b (Coefficient of sin nx in the Feourier Series).

il

In the instrument d is equgl to 2 em. If all the
readings of wheel are multiplied by 2 and divided by n, the
results are the required coefficients measured in centimetres.



THE INSTRUMENT.

The instrument is designed so that PW can make the angle
nx with the +ve y-dirn. or the -ve x-dirn. for ccordinates (x,y)
of P, according as ap or b, is reyuired, from n = 1 to n = 6.

A T-shaped frame C D E P (see photograph 7291) can move
in the y-direction on 3 wheels Ry, K, and Rz, two of which,
Rk, and R, are carried in the cross plece EF by axles to which
and to the x-axis the axis of R? is parallel. The wheels R; and
Ry run in the groove of a rail & A parallel to the y-axis. A bar

B, B, is fixed to the frame and on its tep surface is cut a

groove G G and to one vertical face & rack KI{ ; beth groocve

and rack being parallel to the x-direction. A trolley L is
suspended by 2 V-shaped wheels V; and V, which sit on the

edges of the groove, and a2 wheel V3 whieh rolls on 1he bar C D.
The trolley can be moved freely in” the x-direction between

stors 8, and 3,, s¢ that a tracing peint T fixed to it can
traverseé a disfance a in the x-direction representing the range

0 - 2%. Thus T can be made to trace any boundary within the
range ; there is no limit to the movement of T in the y-direction.

A bar E HE in the y-direction can be drawn tarough guides
under the trolley by a milled screw nut N, In H E there is a
verticzl hole in which a spindle P can turn. To the upper end
of the spindle can be fixed one of a set of gear wheels of

< a o
radii 5T n n=1 2~~~ 6,

Tc the lower part of the spindle P is fixed 2 small frame
in which is set the integrating rcller W, to roll on the paper,
and with its axis passing througn the axis of the spindle P.

To set the instrument; the trolley is brought up to the
stop §; so that T is at the origin of coowdinates, then by
means of the screw nut N the gear wheel is drawn in to engage
with the rack and so that the direction of PW is the +ve y-dirn
cr the -ve x-dirn, according as an or hn is required.

As T is brought round the bcundary, P will describe a
similar boundary, and P will make the required zngle with the
y or x directions, for & position (x, y) of T.

The curve tc be enalysed must be replotted on the period
length a of the instrument. The base length a is exactly 24 cm.

Using the Instrument as a PLANINETER. Te employ the
instrument as a planimeter (see photograph 7293), tne tralley L
is fixed by a catch to the bar E; By, so that the spindle P can

o/ o
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be moved only in the direction zllowed by the wheels Rl’ Rz and
R,. L tracing arm J T, carrying an auxiliary integrating roller
Wi, the axle of whieh is parallel to the direction JT;, can be

fixed to the sliding bar E H. (The invardly toothed crewn seen

on the photograph plays no part in this eperation). when T

has traced the boundary of a curve, the roller Wl records

the corresponding erea. Thus the coefficient

¥ o

of 2 Fourier Series can be found.

Using the instrumenj_gs 8 NOMERT INTEGRATOR.

Photograph 7293 shows the arrangement for finding the First
Mement ¢f an arec about a line T U. The trolley is fixed to

the bar B,B. so that the line joining T to the pivot P is
perpendiciilar to the sxes of the wheels. The lire T U passes
through the axes of the spindle P and of twec vertical holes

I, and I, in the bar K H (see photograph 7292). On the spindle
PTis fixed z gear wheel (not to engage with the rack) the
radius of which to that of the inwardly tcothed crown is 1 3 2.
A spindle J fixed to the crown a2t its centre is dropped inte
the hole I,, so that the toothed crown and gear wheel engage,
and at the same time the axis of tne first integrating voller W
should be perpendicular to J Ty when T. is on tihe line T U.

The roller W will record the First lioment of the area enclosed
by & boundary traced out by Ty.

Similarly, for the Second lioment of the zarea about T U,
a gear wheel is fixed to the spindle P, whose radius to that
of the inwardly toothed erown is 1 ¢ 3. The spindle J is dropped
into the hole I, in H H, so that gear wieel and crown engage in
such positions that the axis of the first integrating wneel w
is in the direction J T., when T, is on the line T Y. The
reading of W in this caBe is assbciated with toat for the area,
simultaneously found from the auxiliary srea-roller W,, accer-
ding to a formula, and the second moment of the arez zbout T U
is obtained (photograph T7294).

The theory underlying these operations is the same as for
A#ZSLERYS ORIGIRAL IRTEGRATORS.
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The Instrument and the rail are supplied carefully
packed each in a2 wellmade carrying case provided with lock
and key.

Size of instrument case @ about 53 x 37,5 x 10,5 cm
(about 21 x 15 x 4% in.)

Size of rail-ease i about 75 x 8 x 6 cm :
(about 30 x 3 x 2% in.)

veight of instrument in carrying case : about 5,4 kg = 12 lbs.
Weight of rail in carrying case : about 2,0 kg = 45 1lbs.

Weight of instrument and rail packed for despateh ;
about 32 kg = 70 lbs.

Supplementary attachment for Harmonics higher than

On special request and against an extra charge, the
Anslyser can be equipped with double multiplication gears with
edditicnal hermonic pinions, permitting higher harmonics up to

the 14%8 order to be determined. Two such double multiplication

gears with correspeonding harmonic pinions set can be provided,
the one for the even harmenics n = 8, 10, 12 and 14, tne other
for the odds n = 7, §, 11 and 13. Both double multiplication
gears and relative harmonic pinions may be ordered together.

* ¥ X ¥



ALFRED J. AMELER & CO

‘ SCHAFFHOUSE Instruction No. 61/14.
Switzerland. '
D/Sr, AMSLER'S HARVEY HARMONIC ANALYSER
7}12/5?. EEm—m o= —ssso——————s—=——====—===========
Cop.GR. Working Ingtruction
See: Description No. 45/41
Drawing No. 28883/317 - Instrument used as
Anslyser
Drawing No. 28312/317 - Instrument used as
Integrator
Photograph No. 7290 - Analyser and rail, both
,’ packed in their wooden case,

L No, 78291 - Instrument used as Analyser
for harmonics from n= 1 up
to n = 6,

7 No. 7292 - Instrument used as Analyser
with double gear attachment

for harmonies from n = 1 up
to n =10 and n = 12,

o No. 72893 - Instrument used as Integrator
for static moment

e No. 7294 - Instrument used as Integrator
for moment of inertia,

I. Using the instrument as Harmonic Analyser.

T —— o — ] ——— i ——

1l.) Drawing the diagram to be analysed on proper scale.

The diagram to be analysed (generally on small secale)
must be redrawn sc that the abscissa length ef a complete period
(corresponding te 277) is exactly equal to the base length of
the instrument of 24 cm. Conveniently - but not necessarily -
the two points of zero ordinate of the periodic wave line may be
taken as ends of the analysed diagram portion.

The best way is to enlarge the diagram photographically,
or by using a pantograph. The diagram may also be redrawn by hand
dividing the original base length into 24 equal parts, measuring
the 24 ordinates and replotting them to a convenient scale on
24 ordinates all 1 em apart. This latter method howesver is less
advisable, bscause when redrawing the enlarged diagram by hand,
minute subtlenesses il the shape of the wave line, which are
determinant for the higher harmonies, may easily be altered.

ofe



= B ' 61/14

For redrawing the diagram use strong Bristol or
drawing paper, not subject to dilataticn or shrinkage due to
air moisture or temperature changes.

2.) Placing the Analyser.

Place the rail upon the chart of the enlarsed
diagram so that the rail is approximately perpendieular to the
abscissa, the rail being left and the tracing point towards
the operator as in drawing 28883/317, lower part. Depocse the
Analyser in such a way that the two wheels run in the groove
of the rail, and the measuring roller rests on the chart.
Affix the counterweight at the rear of the main carriage frame.
Now shift the rail until the tracing point follows exaoctly
the abscissa-line of the diagram and that when the sweeping-
arm's carriage is in contact with each of the two stops limit-
ing its 24 cm - stroke, the: point exactly coincides with the
ends of the wave period of 2 7 .

The set pin inserted through the wheel base of the
main carriage and the rail is intended to prevent the main
carriage from racing along the rail and falling off the table,
when displaeing the drawing board with the complete instrument
laid out on it.

3.) Inserting the interchangeable pinions for the
different harmonics. '

For hermonies n =1 to n

6 use single pinions

For harmonies n = 7 to n
the double multiplication gear.

10 and n = 12, use

Every pinicn is engraved with the number of the
corresponding harmonic. The interchangeable pinions must
always be inserted so that the numbers are on top.

The adaptation of the double multiplication gear
for harmonics from n = 7 to n = 10 and for n = 12 1s represen-

ted in the upper part of drawing 28883/317. The small pinions
used with the double gear are meshing sometimes with the upper,
sometimes with the lower large wheel on the countershaft. For
inserting those pinions properly even in this case no other
provision must be taken than placing them with the harmonic
number on top, as the pinions are stamped on the correct

upper face.

For inserting the interchangeable pinions proceed
s follows:

i
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Bring the sweeping-arm's carriage in contact with the
left stroke-end stop. Shift the sweeping-arm's axle to & distance
from the rack somewhat larger than the radius of the pinion to
be inserted by turning to the left the milled knob just behind
the tracing point. Unscrew the milled screwnut on top of the
sweeping-arm's axle and insert tie pinion so that the arrow
marked "C" is in line but opposite with the sweeping arm, as
represented in drawing 28883/317, bottom, the set pins in the
axle flarge engaging with the 2 pin-holes in the pinion hub.
Tighten again the milled serew nut.

For cosine readings the sweeping-arm's carriage being
in contact with the laft stop and the sweeping arm turned yerti-

cally away Trom the operator (position in full lines in drawing
No. géSEB;BI?S, by turning the milled fromtknob to the right
bring carrefully the pinion into mesh with the rack so that the

arrow marked "C" of the pinion (C = cosine) is exactly opposite
to the symmetric arrow on the rack.

For sine readings the sweeping-arm's carriage being
in contact with the left stop, and the sweeping arm now turned
horizontally to the left ( position drawn in dotted lines on
drawing No, 28883/317), by turnins the milled front knob to the
right bring carefully the pinion into mesh with the rack so that
the arrow marked "S" of the pinion ( S = sine ) is exactly
Opposite to the symmetrie arrow on the rack.

IMPORTANT : Proper adjustment of tooth pressure between pinion

and rack must be made to personal feeling, neither too
slack (danger of dead play!) nor too strong (danger of foreing
the rack!), so as to ensure a smooth gearing of pinion and rack
everywhere. After adjustment, check degree of contact by running
the sweeping-arm's carriage to and fro several times the whole
rack length.

With the double multiplication gzear proceed as above
replacing the word "rack" by "toothed wheel on the countershaft”.,

4.) Circumseribing the wave line.

. Start from the initial point of the period on the zero
lins (point of ordinste = 0), the sweeping-arm's carriage being
at left stop position, take the initial reading; circumseribe
the wave line with the tracing point in a left to right sense
up to the end of the period (sweeping-arn's carriage at right
stop position), and trace back along the zero line from right to
left to the starting point; take the final reading.

IT the analysed portion of the wave line does not begin
with a point of zero ordinate, but has a finite initial (and
final) ordinate, then, starting from the zero line, follow first
the initial ordinate up to the wave line, then the wave line

o/
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proper, then the final ordinate back to the zero line, and
finally return on the zero line to the starting point.

The figures Lelow illustrate some possible cases.

o§n_
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5.) Readings and calculations.

The instrument indications m, and for cosine and
sine harmoniees are the differences of %he final and initial
readings of the integrating roller after and bsfore circumscrip-
tion of the wave period in the above manner. m. and n are
the numbers of rcvolutions of the integrating “roller.

For accurat: rcsults, the circumscription of the
diagram ought to be repcated several times in sequence , inter-
mediate readings being taken et gvery return to the starting
point, and the average differcnce formed.

The drum of the integrating roller is divided into
100 parts. Tenth of part are read on the vernier. Complete revo-
lutions of the integrating roller are shown on a counting dise,
which advancss one line at cach such revolution. The counting
disc is arranged for total 10 rsvoiutions of the integrating
roller. A sececnd counting disce which advances one lins at each

i

revolutions of tle integrating roller.

Bach complete reading is a figure of two digits and
three decimals, the tens snd the units being read on the second
and Tirst counting disc respsctively, the first and second
decimal on the drum of the measuring reller and the third
decimel on the vernier.

When taking the sscond reading after the first measurc-
ment, be careful to ascertain whether the total motion of the
measuring roller has boen forward or backward and how many times
and in what revelving dircetion the zero of the second counting

Sy
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dise has in fine passed the fixed index mark. Of the total
travel of the measuring rollsr has caused more than one complete
turn of the sccond disc, the figure 100 must be sdded to the
difference of readings; this, however, will occur very seldom.

The dirference between the final and initial readings,
i e. m, and m, may be positive or ncgative according to the sign
of the corrcspénding harmonic searched for. Therefore care muzt
be taken of correctly determining and observing the sign of the
instrument-indications. :

IMPORTANT REMARK :

Due to inversion of the scnse of rotstion of the
swecping-arm by the double multiplication gear, the sign of the
harmonies hi.her than the 6th bscomos partly alterated, and the
Tfollowing rule is to be observed:

When using the double gear, sine readings give gcorrect,
cosine readings inversed sign, so that in the finnl result for
the latter the sien found must be inverted.

Although the proper sizn is given without possible
misinterpretation by the sign of the difference of readings, it
1s rocommendable for the obscrver to wateh with the eyes the
process of rotation of the roller sc as to have a confirmation

of the sign of the ultimate result. As for higher harmonics of
ccrtain curves the momentary number of revolutions of the inte-
grating roller (not the finel resding) becomes so considerable
that adequate supervision of the advancing sense ¢f thes roller
becomes somstimes very difficult, the second counting dise, if
mostly not requircd for usual work, is of value for this purpose.

The wanted harmonics in ¢m or mm for the redrawn
diagram of 24 cm pericdé-lenzth are deducted from the numbers of
revolutions of the intezrating disc for cosine and sine adjustment,
m, and m,, by the formulae:

I
=
foh

aP (coefficient of cos n x in the Fourier Series) 1
L

L (coefficient of sine n x in the Fourier Series)

=

where n is the number of the harmonic and 4 = 2 cm or 20 mm
the diameter of the integrating roller ( in the same unit as
used for the harmonics).

For the orisinal diasgram before redrawing, the effective
rigures of the harmonics are obtained from the above ones by
dividing by the magnification of the ordinste-scale. The enlarge-
ment of the abscissas scale tc 24 cm period lenzth does not in any

e
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way affect the amplitude of the harmonics.

-

6.) Example.

Take as example the isosceles triangle-
y; wave line, drawn on 24 em = 240 mm
base with a heizht h of 10 em =
= 100 mm (amplitude). Choosing twe points

7. pmiias sl
£ v A% of zero ordinate as limits of the wave
N portion to be snalysed, the readings and

?;~5- -~~¢;<---—~~e:%ym--x the calculation of the corresponding
& . e harmonies are found as below. The
s o N : figure was circumscribed 5 times for
N R l each harnonic and the average of the
“ ko anmagg 1RO indications has been taken. The unit
. P N | adopted 1s the millimetre; thus 4 = 20.
< — WD =R, = 7
lSt Harmonic.
Cosine Diffe-~ Sine Diffe-
Readings rences Readings rences
constan 2%
" 0 9. 345 + 4,045 ) Tourier coefficients+
" 0 e + 4,043 ) a, =m xd=0x20 = 0
o 17,436 ‘ 1 = &0
" 31,‘5:{'.'3 s 4:,0'1'? ) Il 1
bl = oy X d =+ 4,0470 x 20 =
n 1
average: O averaze: + 4,0470 = r B0, S8
Bnd Harmonic
constant 0 cons tant o n=2a
n " Fourier coefficients:
g = bz = 0
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_g?d Harmonic.

Cosine Diffe-~ Sine Diffe-
Readings rences Readings rences
constant 0 104 400 - 1.357 S U=
" 103043 o, Fourier coefficients%
" 0 1011881 2~ 1352 ) o T xd=0x20= 0
" 4 iogrsap o om0al k@ kg 3
" ’ 981990 ~ 1,350 ) b - d 1,3506 x 20
" O 97'64? - 1.,54.5 ) 3 - m’2 X E il 4 ] X %_._
_ ) \ mm
average : 0 average : - 1,3506 = - 9,004
4th Harmonic.
constant constant n==4%
" O " 0
Fourier coefficients;
{]4 = b4 = O L]
Sth Harmonic.
(28 B ra¥es —
sy o 0 ig,fﬁ; > 0,832 J 2=°
" 0 131961 + 0,821 3 Fourier coefficients:
] i e + 0,804
" ur"J. X = — ) F—3
" 0 %Z,:?; + 0,798 )% = ¥ % % 0 3% )
: C isiges  * 0,024 )
E ke b, =1, xd = + 0,8160 x 20
P MR 5
= 4 3,264"0
average . 0 average :+ 0,8l60
6th Harmonic.
conﬁtant 0 cogstﬂnt 0 n =5
fourier coefficients:
8,_. = b-. = Ol
0 5]
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7th Harmonic.

(With double multiplication gear)

Cosine Diffe- Sine Diffe-
Readings rences Readings rences
=7
cogstant 0 g,ggg - 0,573 ) n
o 0 2’104 - 0,572 Fourier coefficients:
" J 1,538 =0.066 | . m oxd=0%X20 = 0
" 0 0,956 = 0,5?2 7 e ‘E ‘*a-
" 0 0.390 - 0,576 )
’ b, =m, xd = 0,5718 x 20 =
75 Tg T = ==
n 7
R o = - 1,634 ™
(for cosine indications (for sine indica-
. sign found to be in- tions sign found
verted) correct)
average 0 average : - 0,5718
Bth Harmonic.
(With double multiplication gear)
constant 0 constant 0 n =8
" Fourier coefficients:
(sign found to be (sign found correct) % = Pg = O-
inverted )
. ch Harmonic.
(With double multipliecation gear)
P
Sl jv?ég + 0,449 ) n = g
" 0 ) 5’208 + 0,440 ) Fourier coefficients:
" 0 ) 5 649 + 0,441 )
o ) o +» 0,449 ) 8y =m, X d =0x% 20 = 0
. 0 ) 9,388 F 0 AR | O R 9
i 6,547 ’
by = m, x d =+0,4456 x 20 =
., n 9
= + 0,990™0

(sign found to be
inverted)

average

0

(sign found correct)

average: + 0,4456
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As a control of the above results, there existe incident-
ally, in the case of the isosceles triangle-wave line taken as
example, a known development into a Fouriler series:

Y=8_h (sin x - 8in 3 x + 3in b5 x - 38107 X + «eveess)
]T 2 110 9 245 49

72 n

fOI‘ Qdds n = l, 3, 5, 7 s a8 = etc.

with the general term: + 8 h . St N X
= 2

Thus for the choosen amplitude h = 100 mm, the values of
the Harmonics theoretically must be

n = H. = b:

n n
i 0 + B1,057°0
3 0 - 9,006
5 0 P T
7 0 - 1,654™
9 0 + 1,002

which is in falr agreement with the mechanically determinded
velues.

II. Using the instrument as Planimeter

ls Placing the instrument.

Lock the sweeping-arm's carrisge in the centre of the
rack by means of the little target in middle of the carriage
back.

Place the rail upon the drawing to be measured, this
time parallel to the observer as in drawing No. 28312/3l7. Lay
the wheels of the mein carriage Trame into the groove of the
rail and affix the counterweight to the frame, just as before.

For using the instrument as a linear planimeter, no
further provision must be made concerning the rail.

For use as an Integrator (determination of the static
moment and of the moment of inertia) set the two gauges supplied
with the instrument in such a way that their edges engage in the
groove of the rail and their points rest on the drawing. Then
move the rail backwerds or forwards until the points of the
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gauges coincide exactly to the axis of moments x x (i.e. to
that line with reference to which the static moment and the
goment of inertia are wanted). The rail is then at the proper
distance and parallel to the axis of moments.

2.) Adjustment for determining the area.

By turning the milled knob in front of the sweeping-
arm's carriage, shift the broad head piece bearing the axle of
the sweeping-arm to & large distance away from the rack. Insert
the suxiliary trzcing arm having the large rimmed invardly
toothed crown as a centrepiece with its wertical pivot into the
pivot-hole next to the sweeping-arm's axle, so that the auxiliary
integrating roller rests on the paper.

This latter roller is the area-roller or "A"-roller.

3.) Ldjustment for detormining the static moment.

Insert the auxiliary trecing arm with its vertical
pivot into the pivot-hole next to ths sweeping-arm's axle, just
as for the area. Bring the asuxiliary trecing srm in alignment
with the axis of moment, i.e. perpendicular to the rack. Turn
the main sweeping arm verticslly with the roller towerds the
observer (position in drawings No. 28312/217, bottom). Unscerew
the milled nut on top of the swesping-arm's axle and insert the
harmopijc pinion No. 2 upside down, i.e. with the stamped
harmonic number at bottom, and push it home into mesh with the
large inverdly toothed crown so thrt the arrow marked "M." now
visible on the pinion ( M, = moment of lst order) is exdctly
opposite the symmeiric arrow on the toothed crown. Tizhten again
the milled screw nut.

"With this adjustment the main swseping arm is swept
twice the angle of the auxiliary traeing srm, and the main
integrating roller acts 145 static moment roller or as "UM-roller.

4.) Adjustment for determining the moment of inertiz.

Insert the suxiliary tracing wsrm with its pivot now
into the pivot-hole farthest away from the sweeping-arm's axle.
Proceed just as for tho stetic moment, only inserting now the
third harmonic pinion upside down when the suxiliary tracing arm
ccincides with the axis of moments and the muin sweeping arm is
turned horizontally to the right ( positicn in drawing No.
28312/317, top), and brinzing it into mesh with the invardly
toothed ecrown in such = positiogdthat the arrow merked "M." on
pinion back ("M," = moment of 2 order) is exactly opposite
the arrow on th€ toothed crown.

wif's
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With this adjustment the main sweeping arm is swept
thrice the angle of the auxiliary tracing erm, and the main
integrating roller acts in this case as inertia moment roller or
as "I" - roller. Simultancously with the "I"-roller, readings must
be taken in the present case also from the auxiliary "A"-roller,
fitted to the additional tracing arm as the formula for the
moment of inertia is a two-termed one.

5.) Circumscribing the fisurs.

In addition to the fixed tracing point No. 1, the
auxiliary tracing arm is provided with 2 movable (vertically
sliding) point No. 2 giving a shorter tracing arm length, which
is of value for messuring small figures. Wherever precticable
circumscribe disgrams of smoll height with tho moveable point
No. 2 in order to obtain = greater travel of the rollers and
consequently more accurate results than with the fixed point No.l.

Make 2 mark on the outline of the figure to be evaluated.
Set the choosen tracing point on the mark and write down the
readings of the zradusted measuring rollers. llove the tracing
point carefully along the outline of the Tigure from left to
right in clocekwisc sense until it comes beck to the starting
positvion. Read zgein the messuring rollers and write down the
readings under the corresponding first resdings. Subtract the
first readings from tho second and write down the differences to
the right of the corresponding resdings.

The figures thon express the travel of the respective
rollers,
In the following formulae the
travel of roller ™A (auxiliery) is dencted by a

" 1" i (L’la’.!ill J " " n m
1" " " T (main ] " " 4 il

6.) Readings ang calculations.

The druzs of the integrating rollers are divided into
100 parts. Tenths of a part are read on the vernier. Complete
revelutions of the intesgrating roller are shown on the counting
dise which advanees one line at every such revolution. The first
counting dise is arranged for tot -1 10 revelutions, the second
counting dise for total 100 revolutions of the integrating roller.

Iach complete reading is a figure of Tive or four
digits, the tenthousands and the thousands being read on the
second, respectively the first ecounting disc, the hundreds and

of s
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tens on the drum and the units on the vernier. The method of
taking the reading thus is di’fersnt to that followed when The
instrument is used as Anslyser.

When taking the second resding after the first one, be
careful to ascertain (just as in the case of the Anslyser) whether
the total motion of the measuring roller has been forward or
bacikward, as the static moment may be positive or negative
according as to whether the bulk of the figure i= situated above
or below the axis of moments, and similarly the second term de-
noted "i'" to be subtracted in the two-termed formula for the moment
of inertia may in certoin cases have & negative value ( and thus
become in fact additive).

For accurate results the circumscription of the diagram
ougth to be repeated seversl times in sequence, intermedisate
readings being taken af'ter every complete cycle and the average
of the differences thon struck.

The area A, the static moment M and the inertia moment
I are obtained from the diiferences of readings a and m of the
erea~roller and of the analysing roller adjusted for the first
moment, respectively from the simulteneous differences of readings
a and 1 of the area roller and the anslysing roller adjusted for
the second moment, by the followin: formulse:.

For the fized tracing point No. 1(lonz tracing arm)

Ares: A cmg = }H'x 0,04 x a
Static moment: Moen® =7 x0,20 x m
Moment of inertia: I Gm4 =7 = 4 x (3a - 1)

5]
For the moveable tracing point No. 2( short tracing arm)

Ares : A om =7 x 0,02 x @

2
Etatic moment: i om™ =7 *0,00 x m
Noment of inertia: I om™ = x4 %z (3a - 1)

7.) Bxamples.
@ 15,205 cm

Given a cirele of 15,205 cm in diameter,
To measure: The static moment and the
moment of inertia in reference to the
tangent xx, the circle being on the
ugper side of the axis.

Thus with the harmonie pinion No. 2 and using the
Tixed No. 1 tracing point:
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Main integrating roller

Readings Differsnces

5880 + 2197
PRE s 2197

2 : A : = 1
1274 22 5198 verage: m + 2198,2
347

e - 2199

&
il " 2200
7871

ems

Static moment: M = [ x 0,2 x (+ 2198,2) = + 1381,21 °® ,

Would the circle have been on the lower side of the
tangent the subsequent readings would have been regressing instead
of ingressing as above; thus the differences would have been nega-
tive. This shows that the static moment must now be taken as a
negative quantity.

For the same circle and still the fixed No. 1 tracing
point, using now the harmonic pinion No. 3:

Main roller Auxiliary area-roller
Readings Differences Readings Differences
95604 5199
10306 + 1202 ) oL + 1445 )
= e D044
e ; Average i = - - 1448 )
11912 . T 8088 ) Average
S + 1201 ; + 1202,4 .o+ l4as )
. l” + 1203 aee s 1425 ) 27
14316 197¢<
3 + 1200 ) 10979 . laas ) * 1445,0
15516 ) 12424
4

iMoment of imertia =fx 4 x (3 x 1445,0 - 120,24) = 13'115,1 cm

* ok %k ok ok ok X ®
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