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1, INTRODUCTION

The probleme of harmonic analysis are not new, Nevertheless, however, they
have lost none of their importance and e fast,reliable end, at the same time,
puffioiently scouvate method for finding the coefficiente of a Fourier series
has still not been found, inspite of many intensive searches,

Methods that involve aotual computations and numerical enalysis require &
great amownt of work and time for testing and therefore prove to be but slightly
convenidént in those cases where large-scale investigations are necessary; that
ig, where a large number of curves are resolved into Fourier series with many
harmonics. Existing types of mechanical harmenic analyzers that poseess more
or less videspread application (Ma.dgg! .qoiafii’, Henri‘cfl ’ ete) == although they
facilitate considerably the work of harmonie nndy:a“::“:ﬁﬂer from a number
of serious defects, whose prosence often prevents their use,

In working with these apparatuses one must draw a graphicel representation
of the curve to be analyzed, a8 many times as a harmonic must be found, Thie
workiitaelf requires suffiolent experience and errors depend upon tl:xe personal
qualities of the person onerating the epparatum.

In order to make the results more accurate, 1t is necessary to repeat sev-
eral times the drawing of the curve and to caloulate the average value of the
coefficients found,

Such a method of operation does not even give high accuracy. This is ex~
plained by the fact that a grephico-mechanical method is employed here, and the
acouracy of any graphical calowlation is alvays limited by the accuracy of con-
atruction of the graphs.

Moreover, none of these apperatuses pormit one to conduct synthesle; that
is, to obtain the 'summed' curve corresponding to given coefficlents of e har-
monic series. Such a problem, however, ie often emcountered by researchers and
require as much work as does enalysis $6r ite solution.

Tn this artlcle the author proposes a new apparatus based on principles
other then those of previous analyzers. Thils apperatus permits one to eonduct
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enalyele direatly from the velues of the surve's ordinates given in tabular

[ form. In operations with 1%, high qualifioaticns gre not required and the ao=

| ouraoy 1is 1ndepu'ndant of the peraon operating the apparatus and of predeter=
mined tuo;;‘i:;{;z?ga apparatue oan, in prineiple, be made so that it alwayo
given results with & given degree of soourady). ne apaed of operation on it
exocoeds conaiderably that on other analyzersj thus 4t is hoped that this appa=
ratua can find application especially in those cases where lerge-gcale compu=
tations are pequired. The laboratory of eleotro-modeling and eloctrometry of
the Pover Institute, Acedemy of Sciences VesSR, ie exeouting the fippt practionl

one
design and conatruotion of such an apparatuse whioh permits/\to find in the courss

of ons=half hour 18 hormoniocs of & ourve heing analyzed and Wwith an aoourasy

up te 1% of maximum. Tn this apparatus ond cen find with the game opeed 36 or-

dinatos (every 10°) of & total curve, 4f tho ourve Lo given anelyticelly in & H
Fourier series whose number of harmonion does not exaned 18, \
|

Ao 1o Goflin worked out ‘the construction part of the apparatus.

2, SCHEME OF QPERATION OF THE APPARATUS DURTNG HARMONIC ANALYSIS
The apparatus g intended t° £ind the coefficients of the Fourier series

into which a given function £(x) must be expanded; that 18, to £ind the coef- \
floionts Ax and By (vhere ¥ is 0, 1, 2, 3...) of the following series: k
\
1

£(x) == Ao —— Mpmin x-+ Agysin 2%~ o0 o =By 008 X —=Bac0# 2X—Foee ()

The main detell of the apparatus g the miltiplier, which 18 repreagn'bed
schematically in Figure 1 [ﬁote: A1l fipures are appended in the armea_c7 .
: The primary coll of transformer 7 (terminals M) is connected to an slter-
nating-cur’rent eirouit. The voltage of the gecondary coil is supplied to the

potentiometer.

By moving the slide P on ‘the potentiome‘oer coil oné%’mpply any part of the

voltage Up to the voltage divider CD.
Potentiometer AB 45 praduated, which permits one 4o establish on CD & glven

part of Uz directly according to a potentiometer goale.

The number of miltipliers equals the number of ordinates into which a curve \

graduated into & mumber of portions is divided,
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As an example, an apparatus ie desoribed below whioh calowlates with 36
ordinates and 18 harmoniocs, An apparatus can, in prineiple, be constructed
for any number of ordinates and hermenies.

The apparatua daseribed requires 36 multipliera.

Lot us assume that the multiplier reprssented in Figure 1 correspends to
the n=th ordinate, In thls oase the voltage divider OB must have outputs se-
looted in such o way that: 1) & pert of the voltage applied to CB, which
(part) equals

Uy, == Ugp/ein(10n)0/ | (v)
acts botween point 0 and 1 (Figure 1); 2) a part equal to

Uy, = UOD/uin(2-10n)°/ (b1)
acts between polnts O and 2j....m) 5 part equel to

Upy = Ugp/#in (me10n)®/ (o)
acts between points O and m,

As 18 ssen from the formulas, only a fractlonal part of the voltage Ugp
mist act between point O and any other output, since the absolute value of the
sine of any argument is always either gero or less than unity,

This fact makes it possible to realize a divider in the form of an ordinery
resistance with taps without employing more complex means.

The number 10, which enters everywhere as a faotor in the argument, possesses .
the following derivation: the whole period of the curve analyzed, which is as-
sumed to equal 360°, is broken hp in this case in 36 ordinates of equal parts
which (parts) are spaced from one another, in degrees, by the amount 360/36 =10°

ennsequently, the nmumber of degrees from the origin to the n~th ordinate will

be 10n,

The number of taps of' the divider must equal the number of terms of the
series — in this case 18,

If, besides a sine expension, we also assume a cosine expanslon, then the
divider must possess additional taps besides the indicated taps., The voltages

between these taps and the null point must equal respectively:

-3
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Uy} == Ugp/eon(10n)°/
Up4 === Ugp/c08(2+10n)°/ (a)
ﬁ;&; :.—-;-';l;cé,/'coa(molm)"/

Thus in order to expand a certain function into & Fourler peries contain-
ing 18 harmonion and having ita terms made up of both sines and cosines, each
divider must be provided with 36 taps., However the actual number of divider
taps 4s considerebly less, since many values of /ein(ms10n)°/ and /oon(mel0n)®/
coineida, For this reason the number of taps does not exceed 10,

Aotually, sincs m and n are whole numberas, the product mn also oan be only

whole positive numbers; therefore the arguments of all oines end cosines will

alvays be muiltiples of 10,

Tt is easy to see that the absolute values of the sines and cosines will i

rot be repsated only then mn variss fici. & i @ When mn equels 1C, we hawr.

/edn(1010)°/== /sin100°/ = /siné0®/ = /ein(8:10)°/,
/8in110%/ == /8in70%/, (o)
/8in120°/ = /einé0°/, eto.

/0 /s
Thue/\the mascimum number of taps on the divider dividing the voultage into

quantities proportional to the absolute values of tho sines of angles, whioh
(values) are multiples of 10, Z;-Vafe: src, ﬂ’{f/‘”f sre pit/7 //'0/72f r/ /_é’]

The resistance between the null point and the respective taps must be pro-
portional to the followlng values:

‘ Ry = /81nl0°/ == 0.17 Ryq == /sné0°/ = 0,866

; Rop = /etn20%/ = 0.342 Ry, == /8in70°/ == 0,940

| Roz = /stn30°/ == 0,500 | Rog == /ain80°/ == 0,985

: Ro, ==/eind0%/  =000643 Rog = /e1n90°/ == 1,000 )
Ryg = /etn50°/ = 0.766

: A completely similar dependence cen be obtained for the cosines.
; In order to divide the voltage Uy, into parts proportional to /cos(lOmn)o/ ’
; 1% is necessary to heve befc.ween ‘the null point of the divider and ‘the respactive

taps reelstances that are proportional toi

-
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: RYy = /foosl0®/ = 0,985
; RYp ==//00820°/ = 0,940

2
i

= /a0s60°/ = 0,500
/o0870°/ == 0,342

S‘E

W

gy = /o0s30%/ = 0,866 Rig == /00s80°/ == 0,174
i o (e)
; R54 ¥= [o0040%/ = 0,766 Ryg = /00830°/ == 0,000

RYg == /oon80°/ = 0.643

From a comparison of this table (g) with the preceding one (f), it is ovi-
dent thatt

ROJ.'J-"‘ Rés’ Roz'-:-'—-" R67. Roa == Roé’lt.l'n = 01

that 18, in order to form division by cowsines one can use the same taps ae those
used for division by sines,

Let us conaider now how to determine the coeffioclents of a TFourler series,

Lot us assume thut we neod to determine tho coefficlent for the K-th harmonie !
of the sine.

As ie known from the theory of Fourier series:

At

A ”——/é’ j/") 577 -—-X aIx ()

wherej is the pericd of the funetion f£(x),.
The relation (1) can be approximately deséribed in the form:

‘b""‘ﬂ

= 227/fx ) 5//7,%——)(.

or in computation with cbgreee, inptead of radians:

—_ _Z/ 7[(x . 7 /(,f_j_é’;z Ax,

=N

(28)

In our case the total perliod is divided up into 36 equal parts; therefore

Ax= —;—‘é , X==AAx (<= He 1o, f%fe pm&haé))-

B e———.

thua'l‘l=347'Ax, and formula (2a) transforms into:

—5... i
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“=30

Ay '-%sz 0> sinlfg o ) A (@)

s a2 T N

Since Ax is constant, it can ba carried from behind the swmation signj
=P

thuss = /52 7£('—¢A><) o510 (K104 3

(3)
"—"9
/ . e K0 ) .
_gé ity cos (R102) “

!
H

I

similerly

Let the curve represented in Figure 2 be oxpressed as a Fourler series,
With *his purpose in mind, let us break up the total period of the ourve into
36 equnl parts, as shown in the figure, and 1ot us measure all tho ordinates
from y1 to ¥3¢ corresponding to points of division of the period from 1 to 36,

Lot the maximum ordinate of the curve equal Y.

Lot a voltage be applied on the secondary coil of the trensformer (Figure

1) equel to U . From the relation:

Uy =¥, (5) l‘

we determine the constant of proportionality:
a | 0y = Un/ty (58)

(1t 1s assumed here that identieal voltages Um act on the secondary coils of
the tranaformer T of all multipliers, and that the primary colls are joined
in parallel and connected to the network cireult).

Let us now set up with the aid of potentiometers AB, in the degree soale,

the following volteges on the dividers:

1) on the divider of multiplier No 1: Uch -_:-..t:a:l.y1
2) on the divider of multiplier No 2: Ugp, == 013,
m) on the divider of miltiplier No m:  Ugp, =3y,

G000 0400800080000 00000000000000 0000 4B0RRIIIIY

36) on the divider of multiplier No 36 U0D3 6=°1y36

6

CONFIDENTIAL |

Declassified in Part - Sanitized Copy Approved for Release 2012/05/30 : CIA-RDP82-00039R000100080006-7




i
|
)
¢
b
i
L
!
!
{i
!
{

Declassified in Part - Sanitized Copy Approved for Release 2012/05/30 : CIA-RDP82-00039R000100080006-7

CONFIDENTIAL

8inge the ordinates y oan possees almo negative velues, a gwiteching or re=-
versing device is provided to set up negative values, which (mechanism) varies
the voltage of the current in the potentiometer of the mltiplier, Figure 3
represente schematically the switohing, or reversing, device,

If y has a positive valus, owitohes muat be eet on plus; for negative y 1t
is on minus,

After all the multipliers are set for the ahova-montioned positions (plus
or minus), the following voltegee will act between the terminals O and k of
the dividers of the multipliers:

Multiplier No 11 U = olyl/ain(1'10k)°/

Multiplier No 21 Upp = 01y,/8in(2°10k)%/

Multiplier No i1 Upy = clyi/nin(iolmc)"/ (6)
Multiplier No 361 Uk36"-= 61,;,'5(;/'91:1(36'1%)"/ .

If now the multipliers are joined in series with the sizn of the sines
taken into account (below we shall tell how tho sign of the sines 1s considerd
ered), then we can omit the straight lines indicating absolute values in the
expressions (6) and the totel voltage acting between the origin 0 of the first
pltiplier and the end (terminal) of the divider of the succeeding multiplier

d = %G
—_— . . . (]
Up == o, E v, sin(1+10k) (7)
=/

Figure 4 shows schematioally the hookup of multipliers for a determination

will equal:

of the coefficient of the k-th harmonic of the sine. To eech coefficient A end
B of the Fourier series will correspond its own hookup scheme,

In order to obtain the voltage in accordance with relation (7) one must
connect in serdes the outputs of all the dividers for just & given number of
a harmonie (taking the sign of th- sine into sccount), The megnitude and slgn
of y do not influence at 811 the nature of the hookup, This fact permite one
to make all connsctions beforehand on the controllers oflthe apperatus; in or-

der to obtain the proper hookup it is only necessary 4o ‘turn the controller-

type switch to an assigned position.
- -
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In Figure 4, multiplier No 3 ls connooted in the reverse direction, which is
done hare since pin(3°10k)° has e negative value. The sign of the sines and
cosines is taken into uanaidaration by this simple method,

Let vs divide expresuior(xiby the magnitude of the resulting voltage Uy (re-
lation 7) obtained between terminals P and Q (Figure 4):

/ /
=g o AT %

Lk /8< ()

Thus in order to determine the coefficient Ak it 1s necessary to measure
the resulting voltage Up and to multiply it by the coefficlent 1/1801.

The ccefficients B, are found in a similar way.

Obviously the hookup of multipliers for each coefficient must be its owm,
For this purpose a oontroller-type switch is used.

The determination of the ccefficient A, assumes a somevhat special place,

According to the theory of Fourﬂ.er theorless

""".,L ./ 7[( %) ax or approximately
A, = —,-4/‘3 Fx) Ax (8a)

In our case 7[(X) ==/6‘AX)=%D a.nd,/:; ZCeAX end Ax = con-

stafit; hence:

/
,4a23525¢§74éa; (9)

That ip, to determine Aj it is necessary to connect the potentiometers in ser-
les and, after measuring the total voltage

20
L//? _ Z %D,,; ‘ (9a)

to maltiply it by the factor 1/3601.

There 1s no necessity to use the divider in this case,

8
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3, HARMONIO SYNTHESIS

The basic element of the epparatus for nermondc synthesis ie the same mul-
tiplier whose olrouit scheme is shown in Figure 1.
The difference of thia apparatus from the preceding cne ig that the indi-

vidual miltipliers 4n harmonic synthesis must correspend to the individual har=
mondes, Since the number of terms of the Fourier sories in this case equel s
36 (that is, 18 terms of the form J\k- gin kg and 18 like By’ 008 kX, without count= 11
ing Ag), then the total number of multipliers remain the same, equel 10 36,
The tepe on the divider of & mltiplier must correspond to definite ordinates.
In order to clerify the aotion of the apparatus let us assume that the mul=
tiplier reprager*ed in Figure 1 gorresponds to the 4-th harmonic of & pine. In
this case the miltiplier's aiwider muat have tepe that divide the applied volt- |

age Ugp in the following manners

1) voltege between point 0 and no U= Ucn/ai.n(1-101)°/
3) voltage between point O and 24 Uyp = u@/am(2.101)°/
(o |
n) voltage between point 0 end mt Uiy = Ucn/sin(maloi)°/
18) voltage between point O and 18:  Uy1g == UCD/ain(IS-lOi)°/

Tt 1o evident from this table that the teps (outlets or outputs) on the
divider of the i-th maltiplier for synthesis must be the same as on the divider
of a multiplier for analysis for the 1-th ordinate.

The mumber of teps, oT outlets, muet equal 18 (for 18 sine harmondios); how-
over, it is poseible in thie oase to show that many outlets (outpute) will co=-
fnoide among themselves and that the maximum mumber of non=goincident output
equals 10,

gince the total nunber of terms in the Fourier series equals 36, the appara-

m
tus must have 36 multipliers; that is, the same m};oer as for snalysis. '
An identical number of multipliers. and identiosl outputs on the dividers

meke it poassible 4o use one and the same apperatus for both analysls and syn=-

| thesis, However, the oiroult scheme of geries-connection of miltipliers for

-9 =
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gynthesis will differ from the circult uged in analysis. This fact compells
us to have, in synthesis, a separate controller that has to be in the off po=
sition during operation with the controller for analysis, and vice versa.

The dlviders for cosine harmonies do not differ at all from the dividers
of sines, if we exclude the numbering of the outlet taps,

In harmonic synthesis the coefficlents for the hermonios in the Fourler

series must be given:

A kg 3 B B e By

Let the coefficlent or factor, Am have the greatest value, Knowing the :
magnitude of the voltage on the terminals of tho seoondary coils of the mul-

tipliers'! transformers (namely, Um) we ocan determins the oonatant of propor=

tionality from the relationt

Un == ophm, or 63 = Um/Am;

then we set up with the ald of the multipliers the following voltages on the
dividers:

1) on divider No 1: Ugpy = A1

2) on divider No 2i Ucna = 02A2

18) on divider No 18: U°D18 = 0gh g
19) on divider No 191  Ugp,g==02B)
20) on divider No 20: UCDzo -—_.__-c282

386) on divider No 361 Ucp36=-_ °2518

Now let us assume that we need to obtein the value of the r esulting ourve
et a point corresponding to the k-th ordinate. ‘To do this let us commeot in
geries all the k~th, outputs (outlet taps) of the multipliers!' dividers, take=
ing into consideration the signs of the cosines anfl pines (namely, cos(k+101)°
and sin(ke104)°) according to a circult scheme 1like that represented in Figure

4s The total voltage between the terminal olemps P and Q will be:s

-10-
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=8 =36
4, U, 5im () +Z U oo,
A L=/ =y (4

or, by replacing UODL » Ve obtain;
A=/8 4 =7¢
// =q 2/4 s (R /el) 2 é( ‘w/’é/d(:‘ /‘9-'27}g (11a)
=/7

The ordinate of ourve £(x) corresponding to the abscissa (360/36)ek ==
= (10k) 15 expressed, as we lmcw, by the following depandences

o e = ; " °
>/«~~; /4 St (Fikds) -7/— » )(‘«;?:[{"/aﬂl—/éj

(12)

Comparing relations (11) and (12) y we findi

Ty == (1/0)Up, (13)

Conneoting in series the various outputs of the multipliers, we can ob-
tain by immediate measurements the voltages URk, which are proportional to
all the ordinates of the resulting ourve,

4e THE APPLICATION OF THE CONTROLLERS

The apparatus for harmonic analysis and syntheais which ia conatruoted
on the above-discussed principle aan perform even without the controllers which
are used to obtain the coefficients of the various harmonies or in the Syn-
thesis-ordinate aase.

To do thim, the same number of individual dividers as the number of har-
monics desired to be obtained must be eonnected alternately (by turns) o sach
secondery coll of a transformer, In this case, from each divider one nust ef-
feot in toto one output which would ¥ileld a part of the voltage supplied (volt-
age) to the divider which (part) is proportional to the sine or cosine of the

i ‘corresponding argument,
{ - l;t -
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The outpute of one number of a harmonic are counected, in this case, in &
fixed manner according to the oircuit schemes ccrresponding to va;'ioua posi=-
tione of the controllers, Here the number of divdders employed is inoreased
considerably; however, for a mmall number of harmonies such & way of employ=

ing the apparatus can prove preferable,

5. MEASUREMENTS

In order to measure resulting voltages that give the value of the coef=-
ioients in a Fourier series (or the ordinates of & ourve in synthesis), it is
best of all to employ the compensation method, which reduces oconsiderably er-
rors of measurements.

The measuring potenticmeter can be so greduated that the values of the co-
efficients in tho series or the magnitudes of the ordinates are read off di-
rectly from a scale,

A magneto=slectric galvanometer which is oonnected in series with a vibrat-
ing reotifier oan serve ac the zero indlcator.

Since the apparatus and measuring device are fed from one and the same net-
work and the results of measurements are obtained in relative quantities, the
measured values do not depend upon the osecillations of the voltage from the feed
eircuit,

The general form of the apparetus, which was made in the Laboratory of Elec-
trioal Modeling in the Power Institute (Academy of Soiences USSR), is shown in
Figure 5.

The apparatus ie connected, by & flexible cord and & four-pole Y-connection
to the measuring device (Figure 6), which is connected in its turn to a 110-120
volt slternating~current source,

Work with the apparatus is conducted thus: ‘the ocutlet taps (outputs) of
36 potentiometers are worked out on the' upper 'composing' panel of the appare-
tus, by proper selections; each potentlometer corresponds to a definite ordi-
nate (during anelysis) or to a definite coeffieient (during synthesis), With
the aid of flexible cords, the potentiometers are comnected to the voltege di=-
viders, A voltage proportional to the ordinate (or to the coefficient in the
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case of syntheais) is established at eaoh potentiometer with an aceuracy up
to 1% of maxcimum,

The arrangement of the apparatus is set up by merely joining the connecte
ing cords to the proper corresponding sockets, which is simply done., Thus
is the entire ourve to be analyzed 'oomposed'!, or set up, Afier sslection,
or 'composition', the switch of the apparatus k ic set in the proper hole and
turned 90° to one or the other side, Switching on of the controller is ef-
.reéted by the turned switoh,

To each coeffioient (in analyasis) and to each ordinate (in synthesis) there
corresponds a definite hole for the :ewitch and a definite position of the switeh
in this hole, After turning the switoh, the mggnitude of the coefficient or
ordinate is read off immediately from the scale of the moasuring device,

6, TEST RESULTS

Several tentative analyses and synthewses of ourves whose expansion and
form were already known were carried out in order to test the apparatus, The
velues of the coefficlents in the Fourler series and also of the ordinates of
the whole curve are shown for one of the tests in Tables 1 and 2,

The following funotion is taken in these tables:

£(x) == sinx —}~ 0,88in3x —— 0,58in5x =+ 0,28in7x (14)

The values of the ordinates were caloulated from this function at 10° in-
tervals; and then the curve was selected, or composed, by picking of the proper
wires on the panel of the analyzer in accordance with the table just obtained.

Table 1 shows the values of the coefficients that were obtained on the ana-
lyzer, 1n order to compare the series with the original values of the coeffi-
clents as computed by us; as is evident, the error nowhere excceds 0,5% of max=
imum,

Ta.bie 2 shows the values of the ordinates of the same ocurve for 10° inter-
vals as a) eomputed from the series and as b) obtained from the apparatus (that
is, a test of the apparatus!' operation during synthesis), Hers too the error

does not exceed 0.5% in magnitude, -- Submitted 12 Sep 1945, Power Institute
imeni G. M, Krzhizhanovskiy, Acad Sol USSR, [ Figures and Tables are appended
in the annex,/ s :
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Tatle 1, The Coofficients in the Fourier Series (Analyeis)

[T ———,

A A A A.n
Coeffioient | A :L hz .A.l _A_é_ _Ai Aé ...l\ 8 A -A“.!-.9 My
0 0
Origina:l. oll 0 0.8 0 0.% o] 0.2 0 0
.O 0.000
Measured o|1.005| 0,002 | 0.804 0,003 0,499 | 0.,003| O. 99| 0,00 | 0,001} 0 03
00
Error,% 010.5 0.2 0.4 10,3 |01 0.3 0,00 10,0 |0 103 10
H

(NOTEI The values of all E‘ 1 k= 1,2’3 |o|18 and Ak for k =12. 13| ases
18 vere obtained equal to 0.)

Tatle 2, The Qrdinates of tho 'Summed' Ourve (Synthesis) |
for the First Fourth of the Pericd .

' 6 7 8 9
No of the Ordinate L1 22  _3 4 5 6 18 'l
0 10° | 200 | 30° | 40° | 50° 60° | 70° | 80° | 9°
: .500
y caloulated 1,144 | 1,658 |L1.450 | 0,970 0,662 | 0,606 | 0,606 | 0,569| 0.5
meacured 1,150 | 1,670 11,443 0,965 [0.659 0.608 |0.608 | 0.5691 0,505
y .
|
|
}ll
%
|
Annex-A
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