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INTRODUCTORY .

Tith the advent of the long distance high voltage
power transmission line and the use of polyphase cir-
cuits the need for an accurate analysis of weve forms
has become imperative. There is today no-simple inex;
pensive device orn the merket for mechanically accomplish-
ing en anelysis of waves plotted to rectangular coordin-
ates. An Harmpn;c Analyzer is manuféctured by the Fest-
inghouse Electric and llanufecturing Compeany but is
edapted only to the analyéis of waves plotted to polar‘
coordinateé, and is moreover too expensive for the aver-
ege lsboratory. Michelson has patenfed & machine which
will botbh anslize and synthesize waves in rectenguler
coordinates but it is excessively complicated and the

price is prohibitive. ioreover while excellent in theory

the operation of the machine depends on the &ddition of

the forces exerted by heliceal springs so that its prec-
tical accurecy is dubious. In view of these facts the

following design of sn Harmonic Analyzer sdapted to an-

alyze rectengular coordinate curves Just as they come

out of the ordinary oscillograph witkout rerlotting

connot be considered out cf pleace.”

In this paper under the title of "Theory", & dis-
cussion of the'determination of the Coefficients of

Fournier's series will be given togqﬁ%er with & method
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of representing L ‘2 (8) ( ) & 8-
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graphicelly which s far as I Ynow is quite %ﬁew; This
: /\

grephicel method which I have named the "Cylindricel

Graph™, was a "by-product"” in the design of the machlne.

.7 The problem wes attacked ’rom the point of view of a

machine which would evalvaté the 1ntegral Just mentloned._

In exp1g1ning the_theory of 0peration of the Eermonic

Anglyzer it greatly simplifies matters however to reverse

‘this order of events by first develcping the cylindricel

greph end then showing how the enalyzer tekes adventege

of it. .

Under the heeding "Design" a complete.description -
of the anelyzer end its mode of cperetion supplemented

with- detail and ascembly dre wings will eppesar

The gecticn entitled "Operations" is intended to
glve concise directions for sterting aﬁd’using the Anal-
yzer. Soﬁe spaée is elso devoted to 2 few simple tests
0f curves which mey be made by inspection ernd will save

rzuch time in & complete aralysis. N

At the date of this writing the Analyzer 1s still -

unier construction. If time will permit a fourth sec-

tion will be asdded to’this peper when the Analyzer is

comdleted giv ng the results of e test of the machire.

A number of patterns were made of the perts of the




3
Analyzer end these will be left in the Electrical depert--
ment of Throop College in case it should become necessery '

 or desireble to meke duplicate parts.

In the'theoretical development of tﬁis mackine con-
stant reference was mede to Byerly's text entitle&;

""Fourpier's Series and Spherical Hermonics".

In the construction of the mechine I owe much to thg“
,patiencé and skill of severel of my fgllow students. Ir.
Prosser, Mr. Kramer, Mr..Burns, Nr. Heywdod end Xr. Wil-
coXx. Without their help the mechine would never heve
Eeen completed. I wish also to express my thenks to Dr.
Searés of the 2t. Wilson Solar Observatofy who.made it

- pessible for me to have the plenimeter divided on the

dividing engine at the Observetory shops.

Aﬂove 211 I wish to thenk Professor Ford of Throop
College for the kindly interest he has teken in both thre .
‘ work of design and construction. His meny suggestions
and modifications haeve mede the Harmonic Analyzer &

csuccess when otherwise it would heve been a feilure.




" THEORY.

Thé discovery of the fact thet any single velued .
finite‘function of a verieble cen be expressed as & sum
of sine énd cosine funotioné of‘diiferent frequencies

. of that verieble was made Bj Fourdier in 1822. It may“.

' be expressed thus ; o ; } o

(1) £(6) - Ay sin' @ 4 hy ®in 20 + Ag ein B0 + T * X
O

+ B, * By cos & + B, cos 28 = B, cos 58 # FT LR,

| It is evident that the coefficients 41, Ag, ™ ¥, B,
'By, By, ¥ *, here represent the amplitudes of the harmon%
e coméonénfs of £ (8). The presence:of the constent B,
is hermonized vith the remeinder of the expression by '
- Tegarding it‘as the coefficient of the térm Bo cos 094._

Obviously A, sin 06 is omitted. '

The expression (1) is perfectly generel for eny fin-
ite single velued function of €. Then function need not
even be contiruvous so long as it possesseé.only'a finite

number of discontiniuties.

But the curicus end altogether fortunate thirg ebout
this exprescion is that for any given Iunction f (X) the

* * By, By, By, ~ 7, are each end eall

coefficients 4,4, Ap,
unicuely determined. The immense utility of the Fourxier |

ceries is entirely due to this fact.

To understend this & little more clearly see plate




III. This sﬁows some simple sine curves of different
veriods and the resultant curve obtainéd by adding co-
rresponding ordinetes. The component oZf lowesf frecuency
is called the fundementel, that cof three times the frej

quency the third hermonic, ete. How the principle we

- wish to meke clear is that given any curve whatsoever

" such ag £ (6) in the figure III.there is one end oﬁly

one smplitude of fundamentel which will go to make up
this cuive——pne andAonly one amplitude pf second, third
or nth harmonic. Or to put it negatively, in repro-
ducing the curve we cennot have less that the proper
amplitude of one ﬁarmonic end meke up for this defic-
iency by having'more than the proper amplitude'of én-

other harmonic. The form of the function alcne'deterf

"mines irmediately the empvlitude of &ll the harmonic’

components.

:it'is desireble then to find the.law by which the

amplitudes of the various hermonics deperd or the form

of £ (6). We have the expression given :

x %

(1) £ (6) = Aysin © % Apein 26 + 458in 30 + ™ ™ + A sin n®

: - PR a « z > kg . '
*BO ¥ Z,cos e ¢ Zocos 28 + Lscos 20 + + Bncos ns.

If ve multiply both members by sin & 4 © we obtein

£ (B) sin e 4 © = Alsinle 4 © + terme of the form 4 sin ©

£in n8 4 6 + Sosin © 4 © + Bjcos © sin € & © + terme of

the form Bncos no sin e & € .

I{ we now integrate both sides between the limite O
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and 27 we obtain ‘
- [e2w /éﬁ'-
(11) £ (6) sinea®=4,] sin®ea 6.
: o ) Jo . v

All the other terms of the right hand member reduce to
zero when integrsted between these limits s the follow-
ing proof will show.

To prove thet

o | -
Terms of the form A?J[ sin 8 sin n®6 4 8 = 0O
& o ) . ' .

Integratirg by perts

J[Sin & sin n6 4 ¢ -_DBCOS 16 sin'6 - oin
4 | T

'n® cos ©

Between O and 21 this 1s evidently O except in the

case when n = 1. The fraction then becomes indetermin-

A
TNei

ete (% ) end cen be evelueted. Thus the case of n = 1
. 27 ‘ )
gives A,] singe d & egnd is the only term in the sine
0 \ ‘
series which remains. Let us see if any cosine terms

rerain.
To prove thet

2 -
Terms of the form BnJ[ cos r6 sin e da 6 =20
, 0 ~

Integreting by perts

J{cos 70 sin 6 4 € = nSip n6 sin € - cos AL cos ©
2
ne = 1

e

Thie evidently veniches between the limits O and
27 except when n = 1. The frection then becomes in-

determinate and it is necessary to investigate it further.

D

2%
The cese of n = 1 gives the integral)BnJ[ cos &8 sin 6 4 ©
0

But cos @ ein € = 7 sin 20, % sin 26 4 ©

2 cos 28




This evidently venishes between the limits € = O
end 0 = 2% .

Thus 1t,is seen that equation (II) is velid, all
terms having:vanished from the right hend member except

the one cshown.

fointoa e g stnze
2 4

Between the limits €

O and © = 27 this evidently

2

becomes v &and Equetion II becomes,
"o \
,/ f(6) sin©4d 8 = Ay x =
0

2]

Solving for A4, : -
2%
(I11) Alzé/ f (8) sin 6 4 6 .
. 11 0

Eere then is the desired relation between the co-
efficient Ay 8nd f (8). Note thet it is entirely inde--
pendent of the other coefficients. in the series and de-

pends for its magnitude completely on the form of f (9).

This 1s only one coefficient however. All the others
includirg those of the cosire terms must be found. To do
this multiply both members of Eaquation I by sin n6 & &

when n is the number of the sine term whose coefiiciernt

" 1s desired. Integreting both members between the linmits

6 - 0and 6 = 2T eas before 2ll the terms will vanis

in the right hend merber excert the nth term. The result
25 2%

is ~/[ £ (9) sinne 4 € = Aﬂ/ £in2no 4 6 = B AT
o] WA
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. except for the term n = O, where it becomes,

2% S '
(IV) Ap = 1 £ (8) sin n6 4 ©
_ T jo '
Ecre then is 2 general formula for any coefficient

of & sine term in the series.

By multiplying both members of (I) by cos n® 4 ©
ard proceeding similarly we get :

rew
= f (6) cos ne d ©
i Jo

This formule 1S not exactly velid wvhen n is zero es

-1“__1

(V> Bn =

will be evident when the method of its derivation is re- .
the
called, for,multiplying of both members of (I) by cos 06 a6
]\

is identicel to multiplying by d©. The entire right
2
hand member is then either of the form -/[ sin n6 ée = 0
: o

: 2%
or of the form ’/ cos n6 38, which is evidently zero
5 Sl

2% /2%
3, a6 = 24rB, , thus j £ (6) a6 = + 29 By.
0 0 '

25t
[ f (8) ae.
T Jo

(VI) By T

|+

The Cylindrical Greaph.
We now heve sufficient formulae to obtein all the
coefficients

. (2%
(V] By = = £ (0) sin ne ae.
o}




e

2% -
(V) 3Bp = %ijf f (8) cos ne d6, with the exception
" ¢
I
of (VI) By =2 | £ (e)as
2% J0

It is well never to lose sight of the geometric inter-

pretation 0of the problem as it effords a concrete con-

ception for the mind to grasp end retein.

—
~
"

1 o (ein n8)
Eow cen we reprecsent grehpically f (e)( )
0 (

Let this be regerded &s the Integrel of the product

of a differential quentity (sin.né d6) by some finite
e

s

quentity £ (6). Suppose we let sin n® 36 = dA. Then
the thing to be found is ff (6) an .

Ciearly this will eppeer as an area 1f we plot values

of A as zbscissa and £ (9) as ordinates. Bul what is A ?

-~

A - /.sin ne a6 o«
" ~
y 1

= - = CcOS nd + C.
n

RN

1 .
Consequently plot values of (- 5 cos ne + ¢c) as

gbsciccse and values of the f+(2) eas ordinates. Now if

[ ]
-

trics 1s done between the livi e & -« 0 end 6 = 2% , a

curve will te otteined whose erea should be the desired

integral, gnd 1if we divide the arees of this curve by W
we will get the value of A, . EHere then is a simple
rethod of obteiring grevphicelly the coefficients in the

FourRier series for eny function f (6). Xy ruling vaper '
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with verticel lines so spasced that their distances
ressured from en £ (8) exis will be velues of coe né
Zor equel simple increments of n® the work of plotting
cen be-reduoed, for it remains then only to assign to
each vertical line its prcper height eccording to the
value of £ (8) et that point 2nd to connect the ends of

these ordinates with a continuous smooth curve.

If 4t 1s desired to find the coefficient of a2 term
in the cosine series similer reaescning will show that it
is merely necessary to plot values of % sin n6 egeainst
the given £ (©) and the eree divided by T will be the

desired coefficient.

Plate (I) shows en analysis of the curve £ (@) =
1.5 stn & by this method.- The unit for both ebscisse |
end ordinates is one inéh. #ith this unit the ordinery
planimeter will give the co:;ébt erea directly. These
curves will be recognized acs the familier composition
of two simple hermonic motions at right angles. .In gen-
eral, however, the curves are not restricted to this
type as the form of the curve dépends entirely on the
form of £ (€+. Since £ (©8) = 1.5 sin 6, if our method
is correct we should obtein zero for all the cosine
cocffigients and also for all the sine coefficients
except Ay the coefficient in A4 sin € . Obviously A3
should turn out to be 1.5. If the curve for Ay ir Plste

(I) be measured with & planimetexr.it will be found to
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have an area of 1.5 x 1 x~Ar . This is obviously the case

since the curve is an ellipse and its area is & times the

product of the semi-major by the semi-minor exes. Divid-
ing this area by s we obtein 1.5 for the coefficient es
we should expect. 0f courcse the same reasoning eprvlies
to any emplitude r of £ (8) = r sin €6 just as well es

for 1.5. NNotice moreover thet in trecing this curve from

8 = 0 to & =2+ (thet is, from (- % cos 8) = -1 to
(- % cos ©) = -1), the point moves clockwise. If £ (8)

had been -1.5 sin € the point would have traced around the
curve in the counter-clockwise direction, as & trizl will
auickly show. The area would then heve been negative and.
we should end would obtein -1.5 for the coefficient. As
for the coefficiéﬂ%s of 211 the other terms of the series

it will be seen that as the point moves from 6 0 to

6 =277 1t treces either around no grea gt all or else

eround ecguwal pceitive and negative arees so that the re-

sult is zero. This agein is what we should expect.

To vieuelize the whole matter definitely suprose thet
the given f (6) which is to be analized into harmonic com-
ponents is plotted ageinst 6 on e sheef of transperent
paper; and the*t this sheet is then rolled into e right
circuler cylinder so thet the ordinates become elements
0of the cylindricel surface and the point € = O coincides
with the point © = 2+ . The projections of this curve

upon & plaxme parelliel to the axis of the cylinder or its
kY
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appearance viewed at infinite distance would then be ob-
iiously the same s the curve for Ay or Z; in Plate (I).
Plete (II) is an attempt to show this in perspective.'lf
the sheet were rolled twice before bringing 6 = 0 and
© = 24 into coincidence the curve would appeer like
those in Plate (I) which represent Ap or Bo . Here then

#

et last we have a conctete idea of

AL ) fen (sin 8)
2) =3 £ (e ) ae .
B, ) v /0 (cos ©)

Ve can now look at curves to be analyzed with "eyes

that see", for it is merely a matter of visualizing the

curve rolled up and remembering thet the apparent srea -

which is seen is a measure of the amplitude of the curve's
nth hermonic 1f the curve has been rolled n times. (Note
the cylinder should be viewed so that © = O appears on

the extremenleft for the sine series arnd directly in the

center for the cosine series).

We have so far purposely avoided the constant term
in the cosine series because it does not harmonize well
with the rest. Let us mzke both our imegination and our
trensperent sheet of paper very elastic. Then if we
streteh the curve £ (€) on the csheet once around en im-
mense cylinder of infinite dicmeter bringing 6 = O and
e = 25 togehter et the center as before, t?e appearent
curve will cexrteinly bgi a =0 (% cos e8), (£ (8)),

and the area divided by % should be the constant term.

Y
Thic would be cuite convenient if it were not thet
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while the point in trecing from 6 = O'.to © = 247 moves
eround an infinite distence i%/invariably encloses wheat
would be & zero area if the distance were anything ﬁut
infinite. TFor, whatever the curve be, if 1t 1is stretched
but to infinite length any picture we can show of it will
be & straight line parellel to the stretched eaxis. Con-
sequently.any attempt to meesure the erea will -inveriably
result in an indeterminate of the form oo -oco . MNoreover
we cannot view the cylinder from any position which will
help us to eveluete this difference. The writer realizes
the inadequacy of this explanation. The only way to com-
prehend the matter 1s for the resder himself to experi-
ment witk sone gémple curves (known to contein a constant
term) on this infinite cylinder. The problem is fascin-

eting but useless.

Fortunetely the constant term is obtaired very simply
i1f one gives up the idea of its being the coefficient of
cos {(0)6 . Thus as has elready been shown :

/’2?
= £ (8) as
] JO

=

BO”-Z
or in other words B, is the everege cordinate. This can

egsily be obtained from the curve directly with a rlenimeter.

In order to further make clear the analysis ol curves
into harmonic functicons we will now teke a curve egpert and

cal

e

11y end graph
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1ine pessing thru zero; and énalyze it into hearmonic com-
ponents Dby the formulee Iv, V, and VI- We will then teake
a finite number of these componen£§ end adding then to-
gether obtein an epproximetion to f (©) = ©. Then, taking
this epproximetion we will, by the-cylindrical graph, Te-.

solve it into its original componernts again.

b
=
"

If £ (e) = e.
0

2% '_ 2%
£ (6) sin@d@:% 8 sin € ase.
(o]

" »,

=
e’
"

2% 5., | 2w
%zg/[ £ (8) sinnede:%/ e sin nd ae
te 0

An—:i_(s“l n€ - 16 cos n6 (2% _ _ 2

n2 0 n °
Let us see if £ (6) = © conteine cosine terms :
1 2w : fan )
B = 1 f(e)cosedezlj © cos € a6 .
% o & Jo
B. = L (cos 6 - © sin 6)°7 = 0
1- ?‘_ - O L °
And in general :
1 [2% , 2% 5w mm s
B, == | f (@) cos n® a6 = = | ® cos nf de.
- o v _fo
B - 1 (cos ne - n@ sin n8)2% . ¢
n — < 0

e n




o~

except when n = O 1in which case
§ o~
B,o=1 | ©de = oy-
241 jo
Evidently there are no cosine terms exceplt B, which is
equal to 7 . The following then is the expression for

f(8) =6 = 44 —2 sin 6 —sin 26 — % sin 26 —* *

>

S\ o)

o -41% sin n®~—>= " * * ., On DPlate (III) will be found

Hh

the grephs of L, (8) = v, £; (€) =-2 sin 8, £, (B) =-sin 26,

Tz (6) =_2 cin 26 and £, (B) =-} sin <e.

2
<

These have been grapnicelly added together on the curvé
sheet with the result shown &% A. It will be seen thet the
resultant already with only the first four terms of the
infinite series approaches the ideal curve B cuite nearly.
8 is élotted in redians with a scale of one inch equals
one radien end f (6) is plotted to units of one-half inch

each.

low let us start with the curve A in Plete III end by
the cylindricel greph eanelyze it into the same components
out of which we constructed it. The work is shown on
Plate IV. For each velue of © we plot & point whose or-
dinate is the ordinate-of curve A for thet value of € and

whose abscissa i

o}
[}

i cos n2. It 1is evident from an in-
n

spection of these figures thet the trecing point has moved

b

counter-clockwice around the major pert of 2ll of the
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erees up to the graph where n = 5. These areas then eare
negetive end when divided by == 2are ecual to the coeffic-
ients of the first four sine terms. The graph for n = 5
however reglsters a.zero aree with a planimeter for the
closed eareas traversed in a clock—wise direction exectly
equal those travérsed in a counter-cloékwise direction.
The graph for the fundamental cosine term has 21s0 been
plotted end zppears in the lower right hand corner. It
is of course zero consisting as it does of ¢qual positive
end negeative arees. Thus we have anelyzed the curve dback
into the components from wﬁi;h it was built, the graphs
p

showing conclusively that the curve is meade up of four
negative sine terms and no cosine térms. As for the con-
gstent term ¢f the cosine series, its vealue is evidently
™ since that is the average ordinate of the curve es cen
be seen by & glahce et Plete II1 from the symmetry of the
figure. The scale in thece figures is unity equals one

inch, both for the (- 3 cos n€) exis end the £ (6) exis.

As en additional example the ideel curve £ (€) = 6
cshown et B in Plete III has been enelyzed for its first
two hermonics by the cylindricel graph method.. The work

e shown in Plate V. The sca&qbf this greph like the
others is unity equels one inch. Since the graph is not
e closed curvé ettention must be peid to the ares desired.

To go back to fundsrerntale it was shown thet,
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. 9:2’;‘,
Al e-o
where X = - L cos n6 = the abscissa of our graph. This
n

integrel 1s obviously the area under the cur?e es we pess
from O to 2w, areas pacsed over in the positive directicn
being positive and vice-versa. The aree desired is evi-
dently then in this cese by subtraction the area between
tte curve ABC end the ordinete AC. This greph is ob-
viously & sine curve bteing the projection of an irclined
line wrerped eround & cylinder. Since this sine curve
has en amplitude of 1 and a ﬁg}iod of 2%, the area de-
sired is evidently -24 : dividing this by = we get for
the value of 447, -2, which is what we obteined by the
method of direct celeculus. Similarly the esres of the
greph dlvided by & for n = 2 1is -1; and a little consid-

eration of the metkod of construction of the figure will

‘show thet for any graph where n = n the aree divided by

o will bve . , Which ig what it should be. The sresa

n
traced over cen be thought of &s clesed if we consider
that the tracing point finally passes doﬁn the ordineate
from C to the sterting pcint et A. This corresponés

to the verticel pert of the curve shovm ir Plete III.

If this device of closing ir The curve on the veriicel
ordinate is elways strictly observed with the planimeter
the sign of tbe_area will eultomatically beke care of it-

self and we thus heve a perfectly gererel rmethod of

o]

grephicel enelysis cepable of meeting &all problems.
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Having seen the curve on Plete III the resder will
rrobebly esk why, if it is intended to reproduce the
idesl curve B, 1t does not continue on to inFfinity es

£ (8) = © does. At 2+ it. drops off vertically to zero.

The form of the curve.depends entirely on the amp-
litudes Ay, Ap, Az etc. If at any point on the curve
thecse amplitudes heve notv the rroper velue the idezl

curve will not be reproduced. ¥ow the value of these

erplitudes it will be remembered wes obteined by soiving
en equation. (See equatior II 2bove) But this equation
possescses the curious property that it is only an equal-
ity between 8 = 0 and 6 = 2% ZFor if some othér limits
head been useéd, the undesiredble texrms of the form,

Jj sin'me sin ne 39  would not bavé veanished and Zgquetion

II would not rave been true as it stands.  Therefore

vhen © becomes greater than 25 the formule IV does not

glve the correct value for A, and consequentvly the

curve depending as it does on the Ap's cennot even epprox-

imate the ideal f (€). By e

g

roper choice or chenge of
scale however 2% can be made to come enyvwhere on the

f (8) and thus we caon represent &s much of it by the
Fourier's serles as we like, provided we are satisfied
with a finite emcunt. e will now pacses on to the design

of & machine which will autometicelly determine the

integral :

0]
[
3
3
(<3}

few (cin ne)

i T (8 ) ae. -

o e)

> ( ¢ given ihe £ (8).

) |

Q
(@]
(O]
e}
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DESIGN . . *

In the study of alternating current wave forms the
weve 1is now almost inveriebly obtained with an oscilld-
graeph. This instrument causes & fine poirnt of light to

move transversely on & very sensitive photogrephic film

in unison with the veristion of the instantenious value

0f the current weve while et ihe seme time the film hes
& uniform longitudina; motvion. The peridd in inches of
the plot thus formed mey heve eny size whatever within
the prectical limits of the oscillograph} For the ss&k
of simplicity in the fesulting Fourier series it is im-
portent that the units c¢f the curve shell be so assumed
es to meke theé period ecusl to 2 %. To evoid replotting
the curve to & new sceale it is desireble then to have
the méchine devised so it will multiply oxr&inetes what-
ever length the curve mey heppen to heve by the proper

factor to meke it 2 4.

In the oscillographic record of the curve the value
of the scale irn emperes per inch is uwnkrown. A celibd-

retion once for 21l is imposcsible as the oscillogrerh

reqcuires continual ad justment. In order then to ascertein

the scsle to which the oscillogreph has plotted the weve
it 1s customery 1o use a voltmeter or ammeter et the
time the graph of the wave is teken, thus cbteirirg the
L 211 the instenteneous vealues

root mean souveare velue o

of current or veltage grapk over & period 2<wn. It is
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desirstle then thet the instrument shall be capable of

ct

his root mean square ordirete in inches. The

ct

empere or volt reading, effective value may then be di-
vided by this R.ii.S. ordinete thus giving the scele of

the curve in amperes or volts.per inch. Then heving ob-
tained the values of the amplitudes of the harmonics in
inches their values in emperes can .reedily be obteined.’

A'third requirement of the machine whihec is most imper-

ative of all is that its expense be smell--& totel cost

Coh L SR
o

of £75 being the limit.

_—

! - With these things in view the mechine wae designed
as follows. ,Referriné to the assembly drewing,A is e
tatle slidirg uvpcen a2 pair of reils BB. Projecting under
tﬁis teble is a lerge vin C cepable of turnirg without
lost moticn end raving & hole in ite enlarged heed to
teke the rod D, & good sliding fit. This rod D also
pesses through the pin E and through & third and sim-
ilear pin O projecting under the carriege ¥, whkich slides
on the rods 6G. Thue the carriege F and the tadble A
heve a wniform motion elong their guides with respect
to each other, the relative magnitude of which cean be

veried by fixirg the carrizge of the pin E anywhere

elong its guides IH.

The cerriege ¥ 1s fitted with e half nut which
meches with the screw J. The end X of ihe screw J is

adepted to teke change gears which traznsmit moticn be-
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tween the shafts J end L. On the sheft L is a worm K
which drives the gear N thus turning the disc and quill
Q@ on the stétionary stud R. The disc @ hes a hole bored
exectly one inch from the center which contains 2 pin S
with 2 dismetrel hole through its énlarged head. The
eluminum teble T slides upon the rods UU and carries s
rod V which passes through the diametrel hole in S. As
Q is driven round gniformléa%he worm 11 it 1s evident
trhet the teble T will execute en harmecnic motioh of am-
rlitude one inch. At the same time the cerrizge F wil}
t:anslate uniformly ceusing a proportignel motion of the
table L. The columns WW ere fitted with small V-grooved
pulleys in which rests the long rod X. A plenimeter Y
rests witk its vheel on the ta2ble T, its stetionary
roint being fixed in the cutrigger of that teble. The
tracing point P of the planimeter is atfached to the
long ro@ Z and parfggés 0of eny motion which X mey heve.

this same rod comes within & short dis-

[

A pointer Z or

tence of the top of the table A.

"If a curve to be enalyzed is mounted on this teble
the pointer Z cen be mede to follow the.f () ordinste
of this curve es the curve slides along‘under the pointer.
This meene thet the trecing roint of the plenimeter P
is exectuing the same wotion. Whet figure would this

o

tracing point it were eguirped with a pereil, a&i-

scribe on the eluminum table T as that teble maves under

i4? The ordinete of the curve is evidently £ (©) end
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its ebscissa is either of the form & sin b6 or a éos be
where g(aﬁ&-b ;ée determined resyee%&ve&ylby the imitield
position of the point E and the geer retic cornecting X
end L. Consecuently the figure trgced by P upon the
teble T is the "cylindricel graph" of the given curve

on table A. It is evident that the sarea of thié graph
is measured by the planimeter. If the planimeter'is
properly proportiocned the reading on the vheel cen be
made to give the‘traced eree &Ivided by & eand fhus the
reeding on the_mheel would give the amplitude of the de-

sired hermonic directly were it not for-e circumstance

t

shortly ‘o be explained. We myst first give considerstion

to the units to wkich the cylindricel graph is traced.

The wheel ¥ has 72 teeth end since ¥ 1s 2 single
tbreadéd worm 72 revoluticns of I ceuse one revolution
of . The screw J is cut with twelve threads per inch.
Thus to ' mcve the carriege ¥ six inches, 72 revolutions
of X ere necescsery. Vith certzin rare exceptions the

trevel of the carriege ¥ ies elweys six inches for one

ccoplete integration from

(@)
ct
(o]
n
z)

. Iow 1f the gear
rztio between X a2and L is one to one, the crenk disc Q
will meke one complete revolution during the normal six
in?travel of tke ecarrisge, ¥F. I1I the gear ratio-is such

7 4 -
v

that L mekes 2 revolutions fcr esch one made by K then

meke two complete revolu-

[ )
=

obviously the crank disc wi

tions during the travel of the cerrisge F. The mechine
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is nrovided with geears which by ringing verious changes

'will give all the integrel ratios from one to sixteen,

inclusive. 7The initiel position of the carriesge F is.
maerked upon one of the guide rods G. The shaft X has

at the opposite end from the gears a crenk provided ":th

& hole through which 2 pin can be inserted intc the brec-
ket behind. While making the set-up preliminery to en
analysis the positigz of the shaft X is alweys fixed by
thies meens. If the carriage F is put approximetely on

the mark and the helf nut dropped intc place, the cerriege

=
=

e

will te¥xe the prcper initie

]
o]
o

tion with great accurecy.
This position is determined bty means cf the adgustabWe
thrust collars on shait X so that the swinging rod D

ehall Pe exectly parallel to its guides HE at the stert.

el

ct
[S

This prevents the table A from changing ite ini

is changed.

(e ]
N

cition when the position of the point

Having selected the pocsiticns on the curve thet are

-~
(! 1} 174 n

to be.the]zero na 2 % poi , mount the curve on the

teble A with thumb tecks so that the zero line shell be

Ry

rarallel with the guides 2long wnich the teble is TC mcve.
The tsmell merks et the ends of tible 4 facilitate this.
With the carriege P in the initiel position see thet the

A

zero roirt of the curve to be anelyzed is directly under

the tracing point Z. Unlock the half nut on the carriesge

~

P and move the latter to.its extreme rosition six inches

o

along the guide recde. The helf nut will locate the carr-




-reedy mede for the iritial position.

N
™
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iege accurately when it dropp into the threads. Adjust
the pivot E in such a2 position that the point 2% on

the curve will come directly under the tracing point Z.
As ebove stated this will not effect the adjustment al1-
Clamp the pivot E
with its set screw. %When the trecirg point Z hes cqverea
the distance zero t6 2 & of the curve thre carriege F
will have moved ite normel six inches. This will have
rroduced exsctly one complete re?olution of the crenk
disc Q if the gear ratio between K end I is one, or n
revclutions if that ratio is n. It is evident that tThe
crenk disc passes through equal angles as the table A
travels over equel distances. If the position of the
crank disc'Q ié initielly ac shown in the assembly
dr&wing, the pin S as it woves arcund counter-clockwise
will be displaced from the exis of the rodX, a distance
in inches equel to the sine of n6, n being the geer ratio
end © the abscissa of the given curve on teble A, be-
ceuse the redius in inches of the circle described by S

is exactly one. The table T reciprccetes with th

(@]

 Pin Ss

0]

If 2 point had been merked on en externsion of this tadle

directly under the pin P on the rod X while the tebdle

vies in ite initial position, then at eny instent the

)

distance oZf P from thet point wouléd be sin n2, positive
dicstences being meesured on the table T from this point

in the direction merkecd by the smell arrow in the d&reaw-

i

ing end negative distences in *the opposite direction.
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White £5 48 evident that 9% $he polut P on the ol X ‘be
considered as tracing e curve on en extension of table
T it will et 1l times be sin n® inches from the above
mentioned initial mark in the directioh 07 the arrow

and f (9) irnches from this same initial point in the

direction in which the long rod X slides, tke positive:

directions here also/being indiceted by en arrow. Thus
it will trsce & curve whcse erea in square inches will

be n times &s great as the area of the cylindricel greph
expleined under "Theory". It will be n times as grezt

veecaucse the "cylindricel greprh" was plotted between the

-

-

coordinates = sin n® znd £ (8) while here the curve is
rlotted between siﬁ ne and £ (8). Corseguently if we
wish to obtein in inches the emplitude of the nth cosine
hermonic it will ne necessery to divide the area of this

curve by wn. NWow it is evident that the sree of this

graph is measured by the planimeter'as the curve is traced,

for the tracing voint of the planimeter has followed the

grarh with recpect to the table on vhich the planimeter

-

lies. The dismeter of the vheel of the planimeter and

the lergth of its tracer arm gre such’

ct

hat the arece in
scuere inches aivided by +« is the scele reeding. Thus

is necessary only to divide the area obtained oq&he

)
ct

rlanimeter by n the number of the harmonic for which the

curve 1s teing enalyzed, to ottain the desired amplitude

of that harmonic in inches. If the initiel position of
the pin S had been 900 clecckwise from that specified
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above a little consideretion will meke it clear that the
ebscissa of the greph thus traced would have been
- ¢cos nB. The aree thus obteined divided by n is ther
the amplitude of the sine term in the curve. DBoth of

these initiel pcints are plainly merked on the crank

disc and are loceted with greet accurscy when the initial

set-up is made by fixing the position of the shaft L.

~This sheft, like X, has & crank on ore end with & hole

to permit sliding 2 pin through into the bracket behirnd.

Yow thet means have been provided for obtaining the
Sine and cosine terms, the next step is to develop &
method of edepting the instrument to find rootv meean

Sguare. velues of curves.

In "Alterneting Current Phenomena"™ by C.P,Steinmetz,
the following method of obtaining grephically the R.M.S.
value of any curve is developed. Suppose the given
curve be plotted in'polar coordinates with £ (©) as the
radius vector and € as the |
ergument. The smell figure

on the right shows & differ-

ential triangle on this plot.
It is evident that the area of this triangle is

ds = £ (e)2 as

&~ .

arnd the totael arez of the .curve between the limits O

end 2+« 1is
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o o /2’\\'
LSy ~ . o AN
dS = S) — 12- I Zf (9)‘“d6.
0 ° Jo
Yow, the root mean sguare ordinate of any function
f e
2 4
£ (6) is  R.M.S. -7[/91. /ot (e)2 ge.
’rfiw;f./"o
Comparing the last two equatiorns/is it evident that
s
R-l\"LQS. . | = . C

Thus it is evident thet” if the given curve £ (€) be plotted
in poler coordinates it is merely necessary to divide the
aree by % to obtain the mean scuare value end the root

meen sguare value is of course the sqgusre roov of this.

In order to obbtain R.H.S. values with the Esrmonic
Arglyzer it is merely necessery to lif¥ the reciproceting
table T off its guides UU taking with it the pin S which
slides easily out of the hole in the crenk disc Q. Be-
fore doing this the long rod X and the planimefer are re-

moved.

The irregular shaped aluminum casting shown on the

right in the ecsenbly drawing is then fitted onto the

ct

op o the crenk disc & end secured with ithe thumb screws.

v

+-3

he long rod X and the planimeter ere then replaced with
the plenimeter wheel resting on the teble of the elum-

inum cesting. The pole of the planimeter swings on e

pivot on the outrigger of this casting. The trecing
point of the planimeter is pivoted as before in the rod X.

Bow, if the geer ratio between shafts K and L is

-+

mede one to one it is evident that the eluminum ceasting
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will turn once around while the curve orn teble A moves
from to 2+ carrying with it the planimeter. If,
meanwhile the tracing point Z hes been guided along the

given curve it cshould be evident that with respect to

the aluminum cesting the point P has treced the L (©)
plotted in polar coordinetes and that the readings on
the planimeier give the area of that plot divided by % .
If a2 pencil had been secured et P so as to mark on'a
riece of paper festened to the eluminum casting end ro-
teting with it, this pdiler plot would actually have been
dravn. Since the rlenimeter éivides the area in inches
by ¥ eutomaticelly it is evident that the reading on

) the planimeter gives directly in squere inches the mean
square ordinate of the curve f (6). To obtain the root
mean squere extract the sguere root of the plarimetler

rcading. '

In crder to allow the opersztor to coﬁcentrete his
whole ettention on following the curve correctly with.
the tracing point the driving oZf the machine is accom-
plishéd with 2 motor geared to the shaft L. Two smell
bress bevel gears are used. The motor is sdapted To run
directly or elternating currentv at 11C volts sc 1

e

t
merely necessery To plug the ccrd connectvion of the motor

Y

to en ordinery electrie lig socket. -

AT TITD oS
LDIUSEISETS .
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fact, the only 2d justments aside from those incident

to each set-up are the settings of the thrust collaers

on the shafts X and L. The entire eccurecy of the anel-
vzer depends on these collers however so that care should
be teken not to disturd them. It is by meens of the

collars on L that the crank disc is finelly ad justed

Lot
H

accurately for its initiel sine or cosine position. A

kh

good methdéd of locating the initiel point is to follow
the process commonly used in locating the "dead centers”
of a steam engine. Tith the table T in plece on its
cguides end thefthrust collers on L in eny convenient
setvting, turn L by reens of the crenk until the teble

T is epproximetely 90° from its "dead center" and lock
the crenk. Scrive & light mark somewhere on the table T
et right angles to its line of motion .and set up =
ricrometer microscope gbove this mark so thet it is
exactly under the cross heir. Now unlock the crank
arnd turn L until the table T having gone once forward

ark azain under the micro-

7

t3

end back hes brought the

‘meter microscope. Count the turns. Unless the collars

on L are glready in ad justment the crenk will not be in

positiorn to lock. Turn it around however uwntil it i

in position end lock. The c¢renk should have mede an

gigg nunber of revolutions. If it hes not, make an egtra

revolution before locking. The merk will now not eppear
P

under the cross heirs of the micrometer microscope.

e

71th the micrometer screw mensure the distence of the
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seperation end divide it by two. Set the cross hair in
the mid-point of the discrepaency by turning off this

helf distance on the micrometer screw. How adjust the

.thrust collars until the mark comes directly under the

cross helr 2nd lock them. ¥ow if the crank is turned
back the same number of revolutions as it was turned for-
werd, the mark on the-teble T should return to its pos-
ition exectly under the cross hair when the crenk is
locked. If it does not, this is either because the first
discrepency was too large or becsuse the adjustment was
mede toqbear the degd center of -the table. This second
discrepency should then be halved as before end when the
table is again reciprocated the mark should come exectly
gnder-the.cross hair when the crank is locked. The dezd

the nurber of revol-

th

center for the teble then is hel

0]

utions of the crank back from its present position. It

is evident now why an even numbe

H

of revolutions should

ct

B

be made. The number could not be halved otherwise. In
order +0 find the position 90° eway from the dezd center

merely rotete the cranxz 18 tines.

The adjustment of the thrust collers on the sheit
K controll the rerallelism of the rod D with the guides

EF vhen the cerriaze is in the initiel position. This

o]

oy

es explained elove is necessary to fac

ct
ey
o

litate setting
S

rivot E in the pro lzce for the scale of the

st

er

oS

(&)
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pPlace elong its guides so as to bring the point 24 on
"the curve under the tracing point when the cerriage E
_occupies its finel position. After mexing this adjust-
nment the point € = O of the curve would ro longer be
under the trecing roint in the initiel position Qf the
carriage F were it rnot for the initial parellelism of
these rods. The following process is used to set the

thrust collars so that this vergllelism shall be obtained.

Set the cerriage F in the initial position end lock
the c¢rank on rod X. Slide E as neear the pivot wnder
teble A es possible. 1LMerk & point on tsble A and set the
cross helrs of a ﬁicrcmeter microscope exactly over ihis

-~

neer ¥ as pessible. TUnless the

w

voint, @Kow slide E a
rod D was already rerellel with its guives.the teble will
move slightly cerrying the merk awey Irom the cross heir
in the micrometer microscope. Now gdjust the thrust

collars wntil the merk is ht back under the cross

o’
H
=
&

heir. Lock the thrust collsrs. Now slide E back as near
L as poesible. This mey move the merk awaey from tte
erose hair. I{ so, bring the cross keirs to the mark
with the micrometer screw. Push the rivot E again as

‘near to F as possible. If the mark zgzin moves away
h

ct
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from the cross hairs ad just ===
until it comes back. Continue this cyecle of processes

urtil the merk does not move gppreciadbly under the cross

teirs no metter what position T occunies. Wot more than
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two or three rep@titions will ever be necessary. Remenm-

ber always to bring the mark snd cross hairs together

by ed justing the micrometer microscope when E is near 4

o

end by edjusting the thrust collars when E 1s neer F.

If this rule is not observed the discrevency will tend

.to dincrease instezd of diminish. If the thrustv collars

<+
[%

screws there is no

ct

are firmly locked with their se
ho

’.J

reason why the machine

0

1ld not run indefinitely with-

out needing ad justment.

The wheel of the plenimeter has two hundred grad-

o]

netions, each hundred of which is numbered by terns from
ore to Ten in the same directions around the wheel. Tre

whole revolution counter is turned by & ten tooth pinion

‘meshing 2 single thread worm and has twenty graduations

nurtered from orne to twenty. Thus each graduation
represents & half turn.of the planimeter wheel, thet is
it represents the passage of ore hundred wheel divisions
pest the vernier. 1In teking e reading then it is merely
neéessary to teke the first figure or two figures off the
scele of the whole-revolution-counter and the remaining
three figures of{f the planimeter wheel. In taking these
readings it is better to start with the wkole-revolution-
counter sorevhere rneer ten for the initial resding, be-
ceuse the finel reading is just es likely to be less than
the initial one 25 it is to be greater. Thils depends

on whether the ampliitude of the hermonic for which <the
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curve is being enelyzed is positive or regetive. If tEe
initiel reeding were taken near zero the counter might
rotete beckward through zero without being‘noticed by the
operetor end then what would arpeer to be a very large

positive reading wouwld in fact be & small negative reading..

The tracer erm of the planimeter can be varied
sligbfly in length a2s can been seen in the deteil. draw-
ing of the planimeter, by moving the small block convain-
ing the pivot hole to the desired position. Thié cali—.
bretion is best made by causing the plenimeter to measure
the area of & circle of one inck redius. Then it is pro-
perly ad justed the planimeter will read one for. this ares
which we ¥mow in reality to bes . A simpie me%hod of
causing.the plénimeter t0 meesure such an area without

removing it from the rod X is es follows: liake a set wp

for root mean square Tzlues. Plece the pointer Z exactly

over the zero line of the teble A. Tithouv mpving the

T he analyzer through one complete anslysis.
If the reading on the planimeter does not change it indic-
etcs thet the point P is exactly over the center of thre
disc Q wvhen the rointer 2 is on zero. If the readin
changes it may be that the block B on the Rod X has been
moved or that the pivots of the V-grooved pulleys carrﬁ—
ing the rod X khave been changed so thet the rod X is no

longer over the centcer of the disc Q. In eitrer case this

H
4]
o -
ct
ct

should be corrected veifo expting to adjust the plan-

imeler itself. Then the planimeter {inelly remains
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suauionary urnder the above named conditions set the
pointer Z exactly one inch awey from the zero line on
table A and in this position meke one complete R.ii.S.
anelysis. The plenimeter should register a difference
. She : : : g

01 =our square inchgg. If 1t registers high the arm of

the planimeter should be lengthened slightly. If it

registerss low it should be shortened slightly.

For The Analysis O0f Curves

Any curve to be exZprescsed completely (that is foon
- o0 to ¢+ o© ) by & Fourier's series must heve & con-
tinuum of periodically recurring velues. -By this is

meent that if the proper length were choser with a pair

of dividers, the poirts of these dividers placed anywhere
along the 9 exis of the curve would locete ordinates

identically equal. Ve will call this length & reriod.
If & curve does not fulfill this conditicn it is useless

to try to £it o Fouriexr's series to i

entirety. ‘ny finite arount of such & curve n be ex-
pressed &s a Fourier's series however. The first step
then in a TFourier analysis is to decide exsetly whet por-

tion of the given curve we desire to reproduce. If tre

iy

curve is periodic obviously the reproduction will

o’
(¢]
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ck

effcetive 41 & portion of The curve one veriod in lexrg

+ 3
U

3

be chosen. We will omit any consideration oI non-reriod-

i nr . e <L Y yevrre "2 D
ic curves. It is mot elways as easy %0 Lind the vericd



of a2 periodic curve &s one might surpose. Sometimes what
eppears to be & period of the curve is merely the pericd
of some very predominant harmonic. Careful examination
will chow that ordinates separested what-one imagines %o
be & period are not exactly ecuzl but are perheps de-
creasing. DPlate VI shows an excellent example of this.
only _
If a smell portionpof this curve were seen, the distarnce
£B would immediately have been assumed (end wrongly) es
the period. In fact the.pericd is as lcng as CA since
it is only until this distence hes been pacssed over thet
-

\ A\ n «
the velues of the curve begin to repdét. This curve as

-

-

5 5 : Ly 3.}
illustrated has no fundementel nevertheless it has a Tundamenia!

period which must be mede the limits of reproduction if
e
& reproduction to infinity iz both directions is desired.

Having determired the rericd of the given curve 1t is
cu

next necessary to decide what perti argpoint on the

curve will be called O, and whet point 2 . TNo rmetter:
vwret we choose there is a Touricr's series which will re-

rrecsent 1t. The guestion is, "What point will give, if

used,ss zero, the simplest resulting Fourier's series?"

™~ - 9} 5 o G50 5 aa-me R TR -
TETZRE TILL BE N0 COSIFE TERWS IN FOQURIER EX
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PALSICY OF A CURV TEAT CURVE IS SYXMUIETRICAL ABOUT
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THEZ PCIXT 4¢Y AS

ch

Obviously it is desirable to choose the initiel poin
of the curve to be anslyzeld so that if possible the ebove

ne. Ipother words the zero of the
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curve should be chosen, if possible, so:that every ord-
inate on the left of the center or 180° point will be
egual and oprosite in sign to its corresponding ordi

n
the seame distance to the right of the center. Not 211

curves cen ve mede tTo fulfill this recuirement dbut nesrly

21l elternator curves cen be made-to do so. This property

immediately eliminates the necessity of enalyzing for co-

-

sine tTerms thus cutting the work exactly in half. The

following ie & prroof of the ebvove provosition .  If the

<

curve is symmetricel zbout the pointsas e pole this means

tret ' £{8)z -2 (2= - 8).
thet is, A4; sin © + 45 sin 28 = © 7 ¥ = B, - By cos € +

o cos 28 = 77 -4y sin (27 -86) -4
# ¥ *¥ -By -8By cos {27 - 8) - Bg.cos 2(2 - @) = ¥

Simplifying the right hend memder,

Ay sin @ = Lg'sin B8 «+ ¥ * ¥ = B, - By cos § - By cos 29
+ %% = 4 8in 9+ Ay sin2e - * ¥ ¥ -B -
Bl cos © - Bg cos 20 - ¥ ¥ 7,

Since the two members ere iderxticelly ecual the terms of
lixe freguency are separately ecual to each other. But
the only value whick the coefficients B,, B , B., eve.
cen have to meke the separate cosine terns on either side

ecual is evidently zero therefore there are no cosine terms.

Zeving thus located the period points of the curve
to be analyzed it is desirable to know whether there are

even harmonics present. The ordinary alternetor resrely
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perhaps never, gives even harmonics. In order to ascer-
téin the absence of even harmonics slide the curve v
ungas to the left until it comes directly under the leftd’
half. If the two halves ere thern symmevriscl gbout the
© exis the curve cont2inrns no even harmonics. This is

proven as ZTollows. The ebove condition is equivalent to

staeting that f(6) = - £ (0 «% ).
or Ay sin & + 4y sin 20 + ¥ ¥ ¥ +» By « By cos 6 +
Bg cos 26+ * * * = - A) sin{© +T) - A sin 2(8 + %)

#* %% _Bo - By cos (8 +5) - Bg cos 2(6 =%) + ¥ **/

Simplifying the right hand merber,

(

s %

Ay sin € + 4y sin 20 = 7 « By =~ By cos € *~ By cos 26
Aak*- - .9:_***_.0 =,
¥ Ay sin 8 - A, sin 28 Bg * By cos €
* % %

- B2 cos 26 = 7 ° .

Since the expressions are identiceally eaual terms of the

.

seme freouency are separetely egual. 32ut the only values

, B., etc., thet can meke the even
numPered terms in the right hand member equal to the corr-

L 2
espond

(=

ng terms in the left hend member are zero. There-

fore 211 the even terms including the constant term

These two tests can be ezsily made by inspec

are independent of each other. If they are both fulfilled

m
w
(o]
th
<k
ng
(0]

I M. 4
the knowledge whihc they give saves three-quater

=

vory which otherwise would be necessery in the anelysis.

——————————— e ————— .



set up a2t the point

1T e ) ) A s et

o

g L e

-

is sometimes suggested. It is not

S

ts gbove given. The fulfill-

I
2
however ac generel as tre tes

ct

nment of this test indicates the z2bsence of even harmonics

provided there are no cosine terms. If there are cosine

\

terms it indicetes abcsence of even sign harmorics and cdd

cosine hermonics. Occesion might arise when this test
wvould be velueble. The curve might fulfill none of the
tests except this perticuler one irx which cese one kald

the work of anelysis would be avoided. Such could herdly

[

be the case however with curves resulting from alterneting

current generetors.

Beving decided the location of zero, T eand 2% 'on
the curve to be snelyzed, cut off e lengtﬂ of the vselill-
dgram about 73 inches long to include the zero, v and
2'& péints. The zero point chould 5e about three-cuerters
of'Fn inch from one end. ILock the shaft X by pirning its

o

\ ; : .
crenk to the cast iron vrecket. 2Plece the carriege F in

irg to the marks on the guide

-

v

n

:
11

jol}
()

m

its iniviel position b

rods end &ropping the half nut into place on the screw.

the € azls or "zero line" ccrrespcnds with the guide

rer¥s on the smell bresse inserts at either end of thne tebdle.

6]

» the

by

la) o & = A N o - & *
Stending et the teble & end of the anelyzer feein

(¢}

ttive direction-on the € exis of the curve



oy b2 o

<

will be to the right snd the positive direction of the
ordinetes will be eway from the obcerver. Xext 1ift the
helf nut out of the thread end slide the carriege F to
its extreme position asccording to the markston the guide
rods. Drcp the half nut back in the threads. The os-

N

cillcgrépﬁ curve will have moved ealong its guides but th

e
2¢:point will probably not be under the pointer Z. Loosen £
/ 3 ki

the thumb“éérew U end slide the carriage E until the 270

roint on the curve comes exactly under the pointer and
fiz the pivol in this position by tighteneing the thumd
J

screw. Xevurn the carriage F to its origirel positicn.

-
Now lock the shaft 1 by meens of its crank, havirg

n merked sine or

-

first turred the disc to the positi

=
O

cosire, depending on the term Gesired, by meens of the
crznk. Ilext cset up & geer ratio between the shafts X

exrd L ecual to the number of the harmonic desired. The

4]

ﬁngowing teble gives the ratios obtaineble with the

gezrs furniched with the analyzer:

Ratio. L I1dlers. * ; X
k] 20 60 . 20 .
2 - 20 : 60 - 40 Tz
S .20 20 J 60
£ -~ 15 ' &0 60
5 16 2 £0 30 " 60
5} 20 L 40 20 50
7 & 20 40 20 70
5] » 18 60 20 60
9 20 60 20 60
10 1E 60 16 40
1z 15 60 20 60
14 18 60 20 e
Le 16 60 15 . 60
16 15

60 15 60



3

To obtain the eleventh and thirteenth harmorics
with the gcars surplied special setting of the carriasge

0

F is reotired. Insteed of sttting cerriage F on final
roint es per instruvetions for zdjusting T, it shouwld bve

m

et ot point merked 11 if the eleventh harmonic is. de-
sired or on 13 if the thirfeentb hermonic is desired.

In nmakirg the anelysis it shouwld be allowed To run no
arther then the merk a2t which the setvting was mede.

For 11 end 12 the same geer compination is used as for
12, thet is 15, 60, 20, 60. This could be avcided if
special gears were cut to give ratios of 11 end 13. Any-

harmonic can be obtained by useing speciel gears.

The cranks remain locked while the gears are being
’\

secured by meens of the thurdb nuts thet hold them by f

¢

friction.

*\Seefthat the planimeter reeds ebout nine or ten on
the counter disc. Take en exact reading of the planimeter
with the pointer Z exectly over the zero point of the
curve. Low unlccx the brass craenks end start the anelyzer

either by tvrning the ¢renk on shaft L, or by starting

ct
o)
(4]
5]
o
C
o
H
o
a}
<
)
v}
ct
m

eme sheit. As the teble A moves keep -

ct
ch

he curve under test until thre

4

H

the pointer Z exactly ove
finel 2 q” point is reached, then stop immediately. If the
te 0f the curve is not zerc here move The pointer

tack to the 6 2xics =2lons ¢ vertical line. Now rezé the



Ao e

ek

B O PSP

£1

v

ing winus. this finel reeding. If the difference is neg-

tive the result ortained cshows thet there is 2 negeative

amplitude of harmonic of the order just anelyzed for. IFf
<

ve, th

@

anm

s

1itude is positive. The reading of the
rlanimeter is the emplitude in inches multiplied py trhe

nunmber of the harmenic sought. In very accurate work the
process mey be repeéted es often as cesired, the carriagez
I Peing returned to its initiel position without turning
the shefts. The initiel end final readings can then dbe

teXen end their difference divided by the number of the
harmoric and the numbér of repetitions. Thus alﬁost any
degree of accuracy cen be obtained. This device is herdly

necessary except when the emplitude is small.

» WHEN THE CURVE IS TRACED 3UT ONCE TEE DIFFERENCE C
READINGS OX THE PLANIMETER DIVIDED BY TEE FUIBER OF TEE
BARMOWIC SOUGHT GIVES THE AMPLITUDE OF TRE EARMONIC IN

TECEES. | G B
-

Zaving determined the amplitude of as many hermonics
a2e isthought desirable it is in order tec determine <he

ccele of the curve in

o

ct

¥ear Square" value of the curve in emperes or volfe is
rnovn {rom the rceding of en ammeter or velimeter tsken
et the time when the oscillogrem was made. The rext step

e

is to determine the "Root iean Square" value of the curve

3

inchees.

b
&

P R

mperes or volts per inch. The "Root
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.
DETERMIFATICN OF R.M.S. VLIUES

Remove the long rod Z and with i1t the planimeter.

\

‘The planimeter may be lifted from the pivot on tre out-

riggzer of tedble T and folded unéer the rod X where it cen

be secured from swinging. The rod X is then removed frenm

the pulleys by eswinging it up end over out of the way.

Remove the takle T 2nd with it the small steel pin S

which will slide out of the hole in the bronze disc R.

-

Secure the irreguler sluminum cesting upon the top of
the disc Q. The exesct horizontal angle at wktich it s

mekes no difference.

feplace the rod X on its pulleys. Unfold tkre planiﬁeter
end attech its polé end to the pin in the outrigger of the
ifregular gluninun casting allowing the wheel to rest on
the projecting table of same. Now stert the. eneslyzer with
e one to one ratio on the gears as though an enalysis for -

fundemental emplitude were being made. Follow the curve

vith the pointer Z as before teking initial end Finel

m

reedings on the plenimeter. -The difference of these resd-
inges is the mean sguare ordirate of the c¢urve in sausre

nches if the letter has been treced over but once. The

[N

root meen sguare ordinate is evidently the squere root of

tris difference. The root meen square ordinate in amperes
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£3

Then all of the harmonic emplitudes which have been found

ir inches can be multiplied by this factor to get their
Ampares

velue in i=mekes. As rearly all formulee applying to al-

terceting sine waves of current are constructed for effec-

tive or root mean sguere values, it will be then conven-

ient to change the values of the amplitudes (or meximum

velues) Just obtained to effective velues by dividing thenm

by 1.414 or J2 .

-2

It is rarely of any importaence to know the reletive
phese of the Lharmonics of different fregquency in power
work.It is their size in vhich one is more often interested.
If both sine arnd cosine terms of the same order or fre-
guency have been found by enelysis their root mean sguere
or effective values mey be combined by teking the square

effective
root of the sum of the squares of the two sepearate values.
This result is then the total effective value of the rartic-

ular hermonic in ouestion and may be used in impedance

Zormulae, etc.
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